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CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW

1.1 INTRODUCTION

Embellishment of the cloth takes place through various unit operations of wet processing
such as desizing, scouring, bleaching, dyeing, printing and finishing. To accomplish these
processes, dyes and various chemicals such as acids, alkalies, oxidizing/reducing agents,
electrolytes, organic solvents, surfactants, and polymers etc are used. Some of these are
retained by the fabric and the excess one are discharged in one or more forms of solid,
liquid and gaseous. Many of these dyes and chemicals are toxic and non-biodegradable,
and hence deteriorate the ecological balance and the human health.

Ecological considerations, now days, are becoming important factors in the
selection of consumer goods, all over the world. The consumers demand not only the
right quality product, at right time, at a reasonable price, but also with no harm to ecology
during the manufacture as well as in the use. Hence, there has been a constant urge to
scientists and industrialists to explore and adopt the substitutes, that are non-hazardous
and ecofriendly. The use of natural dyes on textiles has been one of the consequences of
increased environmental awareness. Enzymes are commercially available for the
processes like desizing, scouring, bleaching, and finishing. Eyes are, today, focused
towards biopolymers to minimize the use of hazardous synthetic polymers in textile
processing. Natural polymers are becoming more and more attractive as raw material for
the manufacture of novelty products with wider applications in textiles, medicine and
agriculture. Cellulose the commonest natural polymer is well established source for
standard textiles. Others like polyaminosaccharides, alginates, starch, collagen, gelatin
etc are promising naturally occurring starting materials for specialty products [1]. One
such promising examples among above kind is CHITOSAN (pronounced as Kite-0-san),
which is derived from naturally occurring polymer CHITIN (pronounced as Kite-in). Both
chitin and chitosan are biopolymers and are biodegradable, biocompatible with animal
and plant tissues, non toxic, and renewable [2]. Chitin, the precursor of chitosan, is a
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nitrogen containing polysaccharide and is second most abundant biopolymer after
cellulose. It is widely distributed in the shells of crustaceans such as crabs, shrimps,
lobsters etc as well as in the exoskeleton of marine zoo-plankton, including coral,
jellyfish and squid pens. It is believed that at least ten gigatons (10" Kgs) of chitin are
synthesized and degraded and it is also estimated that over 1,50,000 tons of chitin is
available for commercial use annually [2,3].

The structure of chitosan is very much close to that of cellulose except the
hydroxyl group in C (2) of cellulose is being replaced by amino group in chitosan, figure
1.1. It is composed of a linear (1-4) linked 2- amino-2-deoxy-B- d- glucan (i.e. B- d-

glucosamine) in the chair “C; conformation.

OH
H H H o HOH
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Figure 1.1 Structures of chitin, chitosan and cellulose

Chitosan, due to polycationic nature, is soluble in acidic medium and has gained
enormous interest for its unique properties such as biodegradability, biocompatibility

with animal and plant tissues, non toxic nature, anti bacterial, anti fungal, anti viral, anti
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acid, anti ulcer, non toxic, non allergenic etc as well as film formation, fibre formation,
bead formation, hydrogel formation etc. By virtue of these properties, chitosan has
prospective applications in many fields such as medical, water treatment, cosmetics,
dentifrices, food and textile industries. In textiles it can be in primary production of
fibres, textile auxiliary chemicals and finishing agents [2-5].

Keeping in mind many valuable inherent properties and huge application potential
of chitosan, the aim of present study was focused on the applications of chitosan and its
various derivatives in textile processing. The work was divided into four major areas:

(1) Synthesis of chitosan of different molecular weights and determination of effect of
their applications on cotton fabric,

(2) Synthesis of nano chitosan colloids and determination of effect of their applications
on various properties of cotton fabric,

(3) Synthesis of N-substituted chitosan derivatives and determination of effect of their
applications on important properties of cotton fabric, and

(4) Use of chitosan derivatives in the removal of metal ions from feed and drain water of
textile processing.

Reporting of the work in this thesis comprises six chapters. Chapter 1 deals with
the extensive literature survey and aims of the work. The available literature regarding
applications of chitosan on textiles is reviewed in the introductory part of chapter 2 and
the literature regarding nano chitosan, chemical modification of chitosan and water
treatment is critically reviewed in the initial part of the chapters 3, 4 and 5 respectively.

Chapter 2 deals with the synthesis, stabilization and characterization of chitosans
of different molecular weights, synthesized by hydrolytic degradation of high molecular
weight chitosan using nitrous acid and subsequent applications of these chitosans on
cotton fabrics. The molecular weights of chitosans were determined viscometrically using
Ubbelohde capillary viscometer and Mark-Houwink equation. The viscosity behaviour of
the synthesized chitosans was studied in presence and absence of electrolyte. The
characterization of varying molecular weight chitosans was performed by analysis of
FTIR spectra. The degree of deacetylation (DAC) was verified by *"HNMR spectrum and
elemental analysis. The effects of applications of chitosan on dyeing and finishing

properties of cotton were analyzed. Chitosans of varying molecular weights and
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concentrations were applied onto cotton fabric by conventional pad-dry cure method. The
surface morphology of treated fabric was examined under scanning electron microscope
(SEM). Effect of such treatments on physical properties like looks (in terms of whiteness,
yellowness and brightness), stiffness, strength and water absorbency were examined. The
chitosan was applied before and after dyeing of cotton, with direct dye and its effect on
dyeing properties was examined. The effect of chitosan pre- treatment on the dyeability
towards acid dyes was also investigated. The effect of chitosan on crease antibacterial
resistance of cotton was also examined.

The very large molecular size and consequently high viscosity of chitosan
restricts its penetration into the fibre and fabric structure and leads to only surface
deposition. The surface deposition of this high polymer affects the feel and appearance of
the treated textiles. This may also leads to maximum accumulation of dye on surface
thereby reducing the all round fastness properties especially washing, rubbing and light
fastness. In order to sustain the inherent cotton feel with improved performance, the
particle size was reduced to nano level for the enhanced surface area, greater penetration
in to fibre structure and efficacy of chitosan. In chapter 3, investigations relating to the
synthesis, characterization and applications of nano-chitosan on textiles are reported.
Nano chitosan dispersions were prepared by gel ionization technique through the reaction
between chitosan and pentasodium tripolyphosphate (TPP) in aqueous medium. The
samples were characterized by particle size analysis. Effect of various parameters such as
molecular weight & concentration of chitosan, concentrations of TPP on particle size
were determined. Attempts were made to correlate the viscosity behaviour with particle
size of chitosan. The synthesized nano-chitosan was applied to cotton fabric and
subsequently various properties of the treated fabric like appearance, absorbency,
stiffness, dyeing behaviour, wrinkle recovery, resistance to microbial attack etc were
examined. The fabric samples were pretreated with normal and nano chitosan solutions
by pad-dry cure technique. The surface morphology of the nano chitosan treated cotton
fabric was examined by SEM analysis.

The study reported in Chapter 4 is mainly emphasized on synthesizing a series of
chitosan derivatives belonging to N-substituted quaternary salts having enhanced

hydrophilicity and expected freedom from chlorine retention problem. Trimethyl chitosan
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chloride (TMCHT) was synthesized by the reaction of chitosan (CHT) with methyl iodide
in alkaline medium followed by ion exchange with sodium chloride. Further, N- alkyl and
N-Aryl substituted chitosans of varying molecular size of substituents were synthesized
through the reductive amination of Schiff’s base obtained by the reaction of chitosan with
respective aldehydes. The quaternization of N- substituted derivatives were then
performed by the reaction of these compounds with methyl iodide as carried out for the
synthesis of TMCHT. The chosen N-Alkyl chitosan derivates were N-ethyl chitosan (N-
Et CHT), N-butyl chitosan (N-Bu CHT) and N-dodecyl chitosan (N-Dod CHT). For N-
Aryl substituents N-benzyl chitosan (N-Bz CHT) and N-(1-naphthyl) methylene chitosan
(N-Np CHT) derivatives were chosen. These N-substituted chitosan derivatives were
subsequently quaternized using methyl iodide in alkaline medium. The synthesized
chitosan derivatives were characterized by FTIR spectroscopy, *HNMR spectroscopy,
Elemental (CHN) analysis and conductometry. Various reaction parameter variables like
methyl iodide concentration, alkali concentration and the role of co-solvent (NMP) on the
degree of quaternization of chitosan were studied. The effect of chain length/molecular
weight of alkyl groups and molecular size of N-aryl substituent on the degree of
substitution (DS) of CHT and degree of quaternization (DQ) of N- substituted CHT
derivatives were investigated. The aqueous behaviour of these CHT derivatives was also
studied through viscometry.

Effects of applying varying concentrations of N-substituted chitosan derivatives
on appearance, feel, dyeing behaviour, chlorine retention, absorbency and dyeing
behaviour of cotton were studied. The performance of CHT derivatives on cotton fabric
was also examined for various aesthetics and value additions such as wrinkle recovery,
soil release and antimicrobial properties.

Chapter 5 deals with the study associated with the application potential of
chitosan and its derivatives for the recovery of valuable metals or the treatment of
contaminated effluents. This research investigation was focused at understanding the
chelation property of chitosan of varying molecular weights and trimethyl chitosan
chloride. The study was primarily performed on chelation of calcium ions (Ca*™) for its
ease of analysis. Study included the effect of molecular weight of chitosan, effect of

concentration and kinetic on chelation. The chelation behaviour of nano chitosan
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dispersion was also investigated. Similar study was conducted with copper ions. Besides
volumetric analysis, gravimetric analysis and flame atomic mass spectroscopy were
employed for characterization. Due to presence of hydroxyl and amino functional groups,
chitosan has high affinity for different classes of dyes. The efficiency of chitosan in
regard to the removal of acid and direct dyes was also determined.

Conclusions and future prospects are summarized in chapter 6.

1.2 HISTORICAL BACKGROUND OF CHITIN AND CHITOSAN

Prof. Henri Braconot, Director of Botanical Garden in Nancy (France) in 1811,
first isolated a fibrous substance from the cell walls of mushroom, which he called
FUNGINE. He further observed that this substance did not dissolve in aqueous acidic
solutions, e.g. sulfuric acid. Later in 1823, Odier discovered that this compound is also
one of the major constituent of the exoskeleton of insects and then he renamed as
CHITIN (from Greek khiton meaning tunic or envelope). Prof. C. Rouget in 1859,
prepared a compound from chitin by treatment with concentrated caustic solution and
observed that, unlike chitin, the resulting substance dissolved in acids. This compound
was then named as CHITOSAN by Hoppe- Seiler in 1894 [3]. In the mean time, in 1878,
Ledderhose proposed chitin to be made of glucosamine and acetic acid. However, the
existence of chitosan in nature was discovered in 1954 in the yeast Phycomyces
blakesleeanus.

During 1930’s and 1940’s, researchers in Korea, Japan, Europe and USA have
tested chitin and chitosan in biomedical applications. In Japan, chitosan was first used for
waste water treatment to absorb grease, oils, heavy metals and other potentially toxic
substances. Researchers claim that a tooth paste made from crab's shell could cut dental
infections and reduce the number of visits to dentists [3, 6]. During 1970’s the interest in
these bio-macromolecules resulted in the first ever Chitin-Chitosan conference being held
in the United States in 1977. Pioneering work of Muzzarelli during 1980°s has greatly
advanced our understanding of these materials [2, 3].

Chitosan has been approved as a food additive in Korea and Japan since 1995 and
1983, respectively, and thus considerable attention has given to the use of chitosan as a

natural preservative to improve the shelf-life of food [7]. In the United States, the food
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and drug administration (FDA) has approved chitosan for fruit juice clarification, protein
recovery from food process waste, edible coatings, and as an additive for animal feed [8-
10].

1.3. CHEMISTRY OF CHITIN AND CHITOSAN

Chitosan [(CsH1104N) 1] is a polysaccharide composed of a linear (1-4) linked 2-
amino-2-deoxy-p- d- glucan (i.e. B- d-glucosamine) in the chair “C; conformation. It is
derived by alkaline deacetylation of chitin i.e. (1-4) linked 2-acetaamido-2-deoxy-- d-
glucan (i.e. N-acetyl- B- d-glucosamine), scheme 1.1. Chitin when boiled with highly
concentrated sodium hydroxide solution; deacetylation takes place producing chitosan
having free amino groups and sodium acetate as byproduct. The mechanism of
deacetylation is similar to alkali hydrolysis acid amides [11]. In highly alkaline medium,
the hydroxyl ions of sodium hydroxide (OH") attack the electron deficient carbonyl
carbon of acetamide group on chitin to form an intermediate anion. Chain scission
follows and release free amino group on main chain with liberation of acetic acid. The
liberated acid then gets neutralized with sodium hydroxide. The overall reaction

mechanism is illustrated in scheme 1.2.

NaOH

—_—

Deacetylation

n n

Chitin Chitosan

Scheme 1.1 Synthesis of chitosan by deacetylation of chitin

Between chitin and chitosan, a number of derivatives of partially N-acetylated
chitosans exist, which is characterized by degree of deacetylation (DAC). Degree of
deacetylation has a direct impact on the secondary structure of the polymeric chain and
can also influence the solubility of the polymer in organic or agueous solvents. As an
evolved nomenclature, chitineous substances that do not dissolve in dilute organic acids,

e.g. 1-2% acetic acid, are collectively called ‘chitin’. On the other hand, chitineous
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substances that can dissolve in aqueous dilute acids are referred as chitosan,
approximately 60 % or above deacetylated products fall in this category. Indeed, it is a
copolymer of N-acetyl-glucosamine and glucosamine units. The structure of chitosan is
very much close to that of cellulose except the hydroxyl group in C (2) of cellulose is

being replaced by amino group in chitosan, Figure 1.1 [12-19].

\w&wﬁ \%“M%
{
)lww&w— \Qﬁ& .

chitosan

Scheme 1.2 Reaction mechanism of deacetylation of chitin

Chitin occurs naturally as one of three crystalline polymorphic forms, known as
a-, -, and y-chitin. The chains of a-chitin are antiparallel but the g-chitin has a parallel
stack structure. The y-chitin form has not been fully classified but an arrangement of two
parallel chains and one antiparallel chain has been suggested. Although both o- and p-
chitins possess C=0-----H—N intermolecular hydrogen bonds, the f-chitin does not have
the intermolecular hydrogen bonds between —CH,OH groups, which are present in the a-
chitin. This fact makes it easy for the g-chitin to swell in water to produce hydrates unlike
the a-chitin, which has a strong three-dimensional hydrogen bond network. The a-chitin
is the most abundant and found in crustaceans, insects, and fungi, while the occurrence of
[-chitin is less common and it is found in squid pens. Chitosan mainly occurs in two
molecular conformations, namely (i) as extended two-fold helix and (ii) as extended
eight-fold helix (Figure 1.2). The eight fold helix conformation transforms into two-fold

helix under high humidity. No ordered conformation, however, is present in the aqueous
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acidic solution. The molecular flexibility increases with increase in deacetylation,
increase in ionic strength in the solution and increase in temperature. Chitosan is
characterized by another feature, namely, the molecular weight which governs the
viscosity behaviour. The average molecular weight determined by the viscosity
measurement methods is of the order of 7x10°. The degree of acetylation of chitosan may
be determined by C:N ratio (by elemental analysis ) , *C NMR, N NMR, by L.R.
Spectroscopy, colloidal titration and gas chromatography. The molecular weights are
mainly determined by viscosity measurements, light scattering spectrophotometry and gel
permeation chromatography (GPC) [2, 3, 12]. The chitosan molecule is rather stiff, less
than DNA and more than polyacrylate; increasing degree of acetylation value lead to a

more extended conformation and stiffer chain [20].

(@) Two fold helix  (b) Eight fold helix

Figure 1.2 Molecular conformation of chitosan at the solid state: (a) two fold helix
conformation with side view(above) and a sectional view (below), (b) eight fold helix
conformation with side view(left) and a sectional view (right)

1.4 PRODUCTION OF CHITIN AND CHITOSAN
Chitin, the precursor of chitosan, is a nitrogen containing polysaccharide and
is second most abundant biopolymer after cellulose. It is widely distributed in the shells

of crustaceans such as crabs, shrimps, lobsters, prawns, squilla etc as well as in the
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exoskeleton of marine zoo-plankton, including coral, jellyfish and squid pens. About 20-
40% chitin is present the exoskeleton of these animals. It is also present in smaller
quantities in insects such as butter flies ladybugs, and the cell walls of yeast, mushrooms
and other fungi, Figure 1.3. But since the crustacean shells are waste products (now
byproducts) of food industry, these are commercially employed for production of chitin
and chitosan [2, 3, 21]. Squid pens are also the potential source of chitin and chitosan.
Squid-pens are removed from the squid during processing and are currently regarded as
'waste' so the raw material is cheap. Since, the squid pens are very low in calcium; the
acid extraction step is not required. This intern reduces the cost and acid hydrolysis of
chitin [22]. Therefore, comparatively cheaper and better quality chitin can be produced. It
is believed that at least ten gigatons (10 X 10° T) of chitin are synthesized and degraded
and it is also estimated that over 150,000 tons of chitin is available for commercial use
annually. In India, it is estimated that more than one lakh tons of shrimp processing waste
is being disposed annually which would be gainfully utilized for the manufacturing of
chitin. Another raw material for chitin is squilla. It is estimated that a potential of around
50,000 tons of squilla is available of which nearly 5000 tons is being thrown back into
the sea. This is an important trawl by catch especially in Mangalore (Karnataka) and
could be used for chitin /chitosan production. The estimated availability of crab shell is
about 40,000 tons in Indian waters. The average distribution of chitin in shells of various
living species is listed in Table 1.1 [3].

Chitosan can directly be isolated from some fungi, mainly, Phycomyces
blakesleeanus (yeast), Zygomycetes (fungus) etc species. However, the yield is too low
[6, 23]. Deacetylation of chitin can also be done enzymatically. Powdered chitin is treated
with N-deacetylase (EC 3.5.1.41) or with microbes which secrete N-deacetylase. The
enzymatic method yields chitosan with low degree of N-acetylation and low degree of
polymerization [24, 25]. To-date, chitosans have been produced commercially by the
alkaline deacetylation of crustaceans chitins [22, 26-28].

The crustacean shells mainly consist of chitin (20-30%), proteins (30-40%),
Calcium Carbonate (30-50%), lipids and traces of pigment. The dried/wet shells washed

thoroughly to make it free from sand extraneous matter so as to reduce the ash content of
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final product to less than 2%. The material is then crushed into a pulverous powder to

help make a greater surface area available for the heterogeneous processes to follow.

Lobster

Beetle Mushroom Coral

Figure 1.3 Sources of chitin

The proteins are removed by treatment with sodium hydroxide solution (5%) at about 85°
C to 100° C for 30 minutes in a stainless steel vessal or digested enzymatically by
proteases or micro-organism. The boiled raw material is allowed to cool and is then
washed to with water to remove all the traces of alkali. The deproteinised shells are
transferred to a mild steel vessel lined with fiber glass and is treated with hydrochloric
acid (3 %) at room temperature to remove calcium carbonate. The excess acid is decanted
and the residue is washed till the pH is neutral. Excess water is removed using a screw

press and the dried. Lipids are extracted by soaking in organic solvents such as acetone or
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ethanol. An oxidative bleaching treatment with hydrogen peroxide or sodium

hypochlorite is also given to obtain a white chitin powder.

Table 1.1 Chitin content in shells of living species

Species | * Chitin content, %
Crustaceans

Crab 15-35
Shrimp 14-27
Squilla 15
Insects

Cockroach 10
Beetle 5-15
Mollusks

Krill 40
Oyster shell 4
Squid pen 41
Microorganisms

Aspergillus niger 42
Lactarius vellereus (Mashroom) 19
Saccharomyces cerevisiae 2.9
(baker’s yeast)
*On dry body weight

Conversion of chitin into chitosan involves the deacetylation process, which is a
harsh treatment usually performed with concentrated sodium hydroxide solution. Chitin
flakes are treated in suspension with aqueous 40- 50 % caustic solution at 80 — 120 °C
with constant stirring for 4 - 6 hours and this treatment is repeated for once or more times
for obtaining high amino content product. To avoid depolymerization due to oxidation,
sodium borohydrate is added. Excess alkali is drained off and the mixture is washed with
water several times till it is free from alkali. Most of the alkali is then used either in
deproteinisation or in deacetylation. Excess water is removed in screw press and the wet
chitosan cake is either sun dried or in drier at 60 °C. Chitosan thus obtained is in the form
of flakes and can be pulverised to powder. The flow chart for the manufacturing of

chitosan from the starting material (crustacean shells) is shown in Figure 1.4.
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Raw material

l

Cleaning/ Washing

!

Deproteinization <« | Boiling with 5% Caustic soda
!

Demineralization «_ | Treatment with 3 % HCI
!

Washing and drying

!

Solvent extraction and

Bleaching

l

CHITIN

!

Deacetylation <« | Treatment with 40% caustic
soda at 110 °C/4-6h

l

Washing and drying «— Drying temperature 60 °C

!

CHITOSAN

Figure 1.4 Flow chart for the manufacturing of chitin and chitosan
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Alternatively, if isolation of chitin is not desired, the acid-base sequence may be reversed

to directly produce chitosan.

1.5 PHYSICAL PROPERTIES OF CHITOSAN

Chitosan is a white fibrous material produced in different grades such as fibres,
beads and membranes. The physical properties of chitosan are governed, at large, by two
factors; the degree of deacetylation (DAC) and the molecular weight.Various factors such
as source of chitin and processing parameters deacetylation determine the grades of
chitosan. Chitosan being a primary aliphatic amine, it can be protonated by selected acids
(p* of chitosan= 6.3). It is insoluble in water, organic solvents and alkalies, but is soluble
in organic acid solutions. Structural characterization of chitosan concerning to various
spectral analysis and viscometry is discussed in chapter 2 and physical properties are

discussed below.

1.5.1 Colour of chitin and chitosan

The typical yellowish to brownish colour of chitin and chitosan (if not bleached)
is mainly associated with the carotenoid pigment composed of astaxanthin. The
carotenoids are strongly bound with proteins in the epithelial layer of the exoskeleton of
chitin. The carotenoid level in crustacean is very low and varies depending on dietary
pigment availability, crustacean size, its maturation, and genetic differences. The average
values of pigment concentration found in the shell waste from crab, shrimp and Louisiana
crawfish were estimated as 139, 147 and 108 ppm, respectively. This undesired colour
can be destroyed by bleaching with hydrogen peroxide or sodium hypochlorite or by
chemicking followed by peroxide bleach [28-30].

1.5.2 Degree of deacetylation

The deacetylation process involves the removal of acetyl groups from chitin
molecules. The degree of deacetylation (DAC) is defined as the average number of D-
glucosamine units per 100 monomers expressed as a percentage. It determines the content
of free amino groups (-NH>) in the chitosan and is one of the most important chemical

characteristics that influence the physicochemical properties, biological properties,
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antibacterial activity and applications of chitosan. In other words DAC value determines
the functionality, reactivity, polarity and water solubility of the polymer. Chitin does not
dissolve in dilute acetic acid. When chitin is deacetylated to a certain degree (~ 60%
deacetylation) where it becomes soluble in the acid, it is referred to as chitosan [21, 31].
The DAC value can be obtained directly by determining amino group content of a
chitosan sample or indirectly by determining acetyl content (degree of N-acetylation).
Acid-base titration is one of the simplest methods to determine DD which involves
dissolving a known amount of chitosan in an excess of dilute acid (e.g. hydrochloric
acid), titrating it with a standard sodium hydroxide solution and measuring the pH to
determine the stoichiometry. Conductometric titrations can be the convenient way [32].
Other methods used to determine the DD are IR spectroscopy [33], UV spectroscopy
[34], '"HNMR spectroscopy [35, 36], 13C solid-state NMR spectroscopy [37], gel

permeation chromatography [34], elemental analysis [38] etc

1.5.3 Molecular weight

The molecular weight of chitosan is another important property that determines its
suitability for a particular application. It determines the viscosity of its solution and the
strength of chitosan fibre and film. The molecular weight of chitin and chitosan depend
on its source and deacetylation conditions (time, temperature, and concentration of
NaOH), respectively [2,3]. Molecular weight of chitosan mostly determined by
Viscometry [39], gel permeation chromatography [40] and light scattering
spectrophotometry [32]. Chitosan obtained from deacetylation of crustacean chitin may
have a molecular weight over 10°~10°. Consequently, it is necessary to reduce the
molecular weight by chemical methods to much lower molecular weight for easy
application as a textile finish.

Depolymerisation is a process of preparation of low molecular weight chitosan
from high molecular weight chitosan. It can be achieved by chemical, physical and
enzymatic methods. Chemical depolymerisation using hydrochloric acid, nitrous acid and
phosphoric acid have been attempted [41-43]. The enzymatic depolymerisation with
chitosanase [42, 44] is milder and easy to control but is expensive. Oxidative

depolymerisation using ozone [45] and hydrogen peroxide [46] has also been reported.
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Physical methods such as ultrasonification [47], irradiation [48, 49] have been attempted

by researchers.

1.5.4 Solubility

The solubility of chitosan is very important for its utilization, such as for chemical
modification and film or fiber formation. Neither chitin nor chitosan are soluble in neutral
water. Chitin is a semicrystalline polymer with extensive inter- and intramolecular
hydrogen bonds, which make it difficult to dissolve in dilute acids or organic solvents
under mild conditions. Although the polymer backbone consists of hydrophilic functional
groups chitosan is normally insoluble in water and most common organic solvents (e.g.
DMSO, DMF, NMP, organic alcohols, pyridine). The insolubility of chitosan in aqueous
and organic solvents is a result of its crystalline structure, which is attributed to extensive
intramolecular and intermolecular hydrogen bonding between the chains and sheets,
respectively (Figure 1.5) [50, 51].

Figure 1.5 Crystalline structure of chitosan

The pKa value of chitosan is 6.3 and is therefore soluble in dilute mineral or
organic acids by protonation of free amino groups at pH below about 6.5. This cationic
nature is the basis of a number of applications of chitosan. Acetic and formic acids are
most widely used for research and applications of chitosan [52]. The solubility of
chitosan is determined by molecular weight, DAC value and pH and ionic valency of acid

used. Generally, the solubility of chitin and chitosan decreases with an increase in
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molecular weight. Oligomers of chitin and chitosan with a degree of polymerization (DP)
of 8 or less are water-soluble regardless of pH. When chitin is deacetylated to a certain
degree (~ 60% deacetylation) where it becomes soluble in the acid, it is referred to as
chitosan [21]. Polyions such as pentasodium tri polyphosphate (TPP), EDTA etc lead to
gel ionization at certain concentration and then precipitation at higher concentrations of
acid [53-56]. Chitosan also precipitates in sulphuric acid solution [57, 58]. Such
polyionic acids can be employed in the synthesis of nano- chitosan particles, which is
discussed elaborately in chapter 3.

1.5.5 Viscosity

Viscosity of chitosan solution is another property that determines its commercial
applications and is determined by the degree of deacetylation, molecular weight,
concentration, ionic strength, pH, and temperature [59]. The viscosity of chitosan
increases with an increase in molecular weight and concentration of chitosan, while it
increases with decrease in pH in acetic acid and decreases with decreasing pH in HCI.
Moreover, the antimicrobial activity of chitosan is also affected by its viscosity [60].
Several studies have shown that physical and chemical treatments affect its viscosity.
Viscosity of chitosan decreased with increasing treatment time of grinding, heating,
autoclaving, ultrasonication and ozonation [61], and decreased from 248 to 32 cP with
increasing deproteinization time from 0 to 30 min [62].

In aqueous solutions, above certain polymer concentration, intermolecular
interactions lead to the formation of associations thus exhibiting thickening properties.
The viscous solution shows Newtonian flow. Viscosity can be used to determine the
molecular weight of chitosan. Viscosity behaviour of chitosan and its different

derivatives is discussed elaborately forthcoming chapters.

1.5.6 Chitosan hydrogel

Hydrogels are the crosslinked polymer networks that hold a large amount of
water. The polymers used to prepare hydrogels normally consist of a large portion of
hydrophilic groups and the formed networks are prevented from dissolving due to the

chemical or physical bonds between the polymer chains. Water can penetrate into the
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networks, resulting in the swelling of the hydrogels. Depending on the methods
fabrication, the dimensions of hydrogels can vary from nanometer to centimeters in width
and in different shapes such as films, capsules, sponges, microparticles, composites,
beads, etc.

Chitosan based gels may be broadly divided into thermally reversible gels and
non reversible gels. Reversible gels are normally obtained by physical cross linking via
ionic gelation with anionic molecules while non reversible gels are produced by N-
acylation and Schiff’s base (aldemide) formation. One of the simplest ways to prepare
chitosan gel is to treat chitosan acetate solution with carbodiimide. Chitosan hydrogel
beads by physically crosslinked with TPP was developed as a pH-sensitive drug release
system to encapsulate glipizide, an insulin stimulating drug. The hydrogel beads were
proposed to release the encapsulated drug slowly uponsubcutaneous injection, with good
tolerability and prolonged half life [63]. In chemical crosslinking, the Schiff’s base
formation system with dialdehydes such as glyoxal, glutarldehyde etc is the most widely
accepted one. This involves the covalent cross linkages formation between chains [2].

Chitosan hydrogel found several applications due their unique features depending
on the polymer used, including slow release profile due to physical or chemical
crosslinking, enhanced drug residence time and tissue permeability, mucoadhesive
characteristics, survival against gastrointestinal tract and colon delivery, etc. The
chitosan—polyphosphoric acid gel bead is used as a carrier for the sustained release of
anticancer drugs in simulated intestinal and gastric juice. Further, for food industry,
hydrogel beads may be more feasible to achieve and industrialize, due to the low cost and
controllable preparation parameters, and scalable procedures, compared with
nano/microparticles delivery systems in food industry. Hydrogels are also used as a
media for affinity chromatography for enzymes, media for gel permeation
chromatography, for the isolation of bovine serum albumin, and a wound dressing
materials [2, 3, 64-66].

1.5.7 Chitosan membranes
Chitosan, particularly high molecular weight, exhibits good film-forming

properties as a result of intra- and intermolecular hydrogen bonding. The films are mostly
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flexible, tough, transparent, and colourless with smooth and shiny surface. The quality of
film depends on the source from which the precursor ‘chitin' is obtained. The films of
squid-pen chitosan are clearer and rigid than that of crab and cray fish chitosan [22].
Chitosan films, in general, are produced from acidic solutions containing volatile acid
such as formic or acetic acid. The viscous solution is spread on glass plate and dried on
water bath to evaporate the acid and moisture. The film i.e. chitosan formate or acetate,
which is soluble in water, is detached from glass sheet and the treated with 1M NaOH
solution and washed thoroughly to neutral pH and then dried at 60 °C [67].

The film of chitosan takes place through a series of phases. When the polymer
solution is cast on a surface, cohesion forces form a bond between the polymer
molecules. When the cohesive strength of the polymer molecules is relatively high,
continuous surfaces of the polymer material coalesce. Coalescence of an adjacent
polymer molecule layer occurs through diffusion. Upon evaporation of water, gelation
progresses and allows the polymer chains to align in close proximity to each other and to
get deposited over a previous polymer layer. When there is adequate cohesive attraction
between the molecules, sufficient diffusion, and complete evaporation of water, polymer
chains align themselves to form films [68].

Chitosan membranes are useful in selective isolation of heavy metals ions such as
copper, cadmium, cobalt, molybdenum, zinc, mercury, chromium etc. Other applications
are in edible films for coated food and tablets, tissue engineering etc. These are used as
active transport membrane for halogen and organic ions in protein purification, as affinity
membrane for purification lysozyme, in dialysis, in reverse osmosis and ultrafiltration [3,
5, 69].

1.5.8 Chitosan beads

Chitosan is known to chelate heavy metal ions by residual amino groups, it was
expected that the chelating capacity and adsorption for heavy metal ions or organic
compounds could be modified by reforming standard chitosan into other forms with
increased relative surface. Chitosan formed in porous beads seems to be the most suitable
shape for industrial applications in waste water treatment. Chitosan beads find several

miscellaneous applications such as media for anion exchange and affinity
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chromatography, as controlled release carriers for drug and agrochemicals, as
encapsulating materials for mammalian cells, microbes, and drugs and for immobilization
of enzymes [1, 3]. The fabrication of chitosan beads, chitosan of suitable molecular
weight and desired concentration is first prepared in acidic aqueous solution. A viscosity
regulator such as sodium acetate or urea may also be added to chitosan solution. The
chitosan solution is poured into a coagulating bath through a discharge hole. The
coagulating bath is normally alkaline containing any one of the following: sodium
hydroxide, potassium hydroxide, ammonia, ethylene diamine etc preferably in presence
of alcohol (e.g. methanol). Alcohol reduces the surface tension of bath and moderates the

shocks during pouring and therefore control the specific surface area[70].

1.5.9 Chitosan fibres

The linear structure of chitosan is mainly responsible for the fibre forming
property. Chitosan fibres are produced by wet spinning method. Chitosan is dissolved in
acetic acid to give a solution of 3% w/v and then extruded through the spinneret into a
caustic coagulation bath (0.5%) to obtain a regenerated fibre. Chitosan fibres find use in
the production of textiles having antimicrobial, antithrombogenic, haemostatic,
deodorizing, moisture controlling, and non allergenic properties which are intern used as
bandages for wound- dressing, as sutures, as perfume releasing fabrics, carriers to for
active drugs and artificial limbs [1, 3, 71].

1.6 BIOLOGICAL PROPERTIES OF CHITOSAN
1.6.1 Biodegradability

Chitin and chitosan are biodegradable in the biosphere, in the agriculture soil, and
in the hydrosphere to produce oligosaccharides [3]. These are mostly attacked, in vivo,
by several non specific proteases such as lysozyme, papain, pepsin etc. present in all
mammalian tissues. Their biodegradation leads to the release of non toxic
oligosaccharides of variable length which can be subsequently incorporated to
glycosaminoglycans and glycoproteins, to metabolic pathways or be excreted. The rate of
degradation is governed by molecular weight, degree of deacetylation (DAC) and the

distribution of acetyl groups. The absence of acetyl groups or their homogeneous
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distribution (random rather than block) are reported in very low rates of enzymatic
degradation. This occurs due to differences in deacetylation conditions which influences
viscosity of the chitosan solution by changing the inter- or intra-molecular repulsion
forces. The degradation rate influnces the biocompatibility since very fast rates of
degradation will produce an accumulation of the amino sugars and produce an
inflammatory response. Chitosan samples with low DAC induce an acute inflammatory
response while chitosan samples with high DAC induce a minimal response due to the
low degradation rate. Degradation has been shown to increase as DAC decreases [10, 72,
73].

1.6.2 Non toxicity and biocompatibility

Chitosan is totally non toxic and its degradation products namely glucosamines
are biocompatible. Although the gastrointestinal enzymes can partially degrade both
chitin and chitosan, when both polymers are orally administered they are not absorbed.
For this reason, they are considered as not bioavailable. Chitosan shows a LDs, of around
16g/kg, very similar to the salt and glucose values in assays carried out on mice. LDs is
the amount of a material, given all at once, which causes the death of 50% (one half) of a
group of test animals. No abnormal symptoms are observed with several animals after the
oral administration of chitosan for 8 months at a daily dose of 0.7-0.8 g per kg body
weight, and after the intravenous injection of low molecular weight chitosan for 11 days
at a daily dose of 4.5 mg per kg body weight [3, 74].

Toxicity of chitosan is reported to depend on DAC, which decreases with increase
in DAC. On the other hand, Mw of chitosan did not influence toxicity [74]. Chitosan
presents higher cytocompatibility in vitro than chitin. The cytocompatibility of chitosan
has been proved in vitro with myocardial, endothelial and epithellial cells, fibroblast,
hepatocytes, condrocytes and keratinocytes [75]. This property seems to be related to the
DD of the samples. When the positive charge of the polymer increases, the interactions
between chitosan and the cells increase too, due to the presence of free amino groups
[10].
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1.6.3 Antimicrobial activity

One of the most unique biological properties of chitosan is its antibacterial
activity against different groups of microorganisms, such as bacteria, yeast, and fungi.
This unique property, due to the polycationic nature of chitosan, facilitated its application
in a variety of fields, including food science, agriculture, medicine, pharmaceutics, and
textiles. Different mechanisms are proposed to explain the inhibition of microbial cells by
chitosan. A positive charge on the amine group of the glucosamine monomer at pH<6.3
allows interactions with negatively charged microbial cell membranes that lead to the
leakage of intracellular constituents. Also, the interaction with anionic groups on the cell
surface causes the formation of an impermeable layer around the cell, which prevents the
transport of essential solutes [76]. The second mechanism involves the inhibition of the
RNA and protein synthesis by permeation into the cell nucleus [77]. Other mechanisms
have also been proposed. Chitosan may inhibit microbial growth by acting as a chelating
agent rendering metals, trace elements or essential nutrients unavailable for the organism
to grow at the normal rate [78]. It has also been proposed that the antimicrobial action of
chitosan against filamentous fungi could be explained by a more direct disturbance of
membrane function [79]. Thus, any modifications that increase the cationic charge on the
polymer surface, increase the fluidity and impart the chelation property are key factors
determining the antimicrobial efficiency of chitosan. Cationic charge is increased by
lowering the pH, increased DAC and increased degree of quaternization. Permeability is
associated with molecular weight/viscosity and the particle size (hydrodynamic volume)
of chitosan, which should be lower [10, 77, 80]. The antibacterial property of chitosan is
also variable on the type of the bacteria [7, 81]. Chitosan has shown stronger bactericidal
effect on gram-positive bacteria (Listeria monocytogenes, Bacillus megaterium, B.
cereus, Staphylococcus aureus, Lactobacillus plantarum, L. brevis, and L. bulgaris) than
on gramnegative bacteria (E.coli, Pseudomonas fluorescens, Salmonella typhymurium,
and Vibrio parahaemolyticus).

Besides above properties, chitosan exhibits several other biological properties
which are of interest to medical and other relevant areas, such as: antiviral, antacid,
haemostatic, analgesic, antitumor, mucoadhesive, fat binding, permeation enhancer,

anticholesterolemic, antioxidant, wound healing, sequestering etc [10, 82, 83].
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1.7 CHEMICAL PROPERTIES OF CHITOSAN

Chitosan possesses three reactive groups, viz., primary (C-6) and secondary (C-3)
hydroxyl groups on each repeat unit, and the amino group at the C-2 position on each
deacetylated unit. These reactive groups can be chemically modified to alter the
mechanical and physical properties, and solubility of chitosan. The typical reactions
involving the hydroxyl groups of chitosan are etherification and esterification. The
nucleophilic amino group in chitosan allows reactions such as N-alkylation, N-acylation
and reductive alkylation by reacting chitosan with alkyl halides, acid chlorides and
aldehydes or ketones, respectively. Selective O-substitution can be carried out by
protecting the amino group during the reaction. Cross-linking or graft copolymerization

can also be carried out to modify chitosan [3, 82, 83].

1.8 APPLICATIONS OF CHITOSAN

Chitosan is versatile biopolymer derived from chitin with abundance ranking next
to cellulose and is renewable. The major driving force in the development of new
applications for chitosan lies in the fact that the polymer is biodegradable, biocompatible,
and possesses selective adsorption properties. Attributing to the polycationic nature and
several inherent properties, chitosan is currently receiving a great deal of interest as
regards to its applications in several diversified areas such as medical, food, textiles,
water processing, cosmetics, agriculture, paper etc. An overview on applications of

chitosan and its derivatives is presented below.

1.8.1 Agriculture

Chitosan has many potential applications in agriculture for its essentially
biodegradable characteristics. It is used primarily as a plant growth enhancer, and as an
ecofriendly biopesticide substance that boosts the ability of plants to defend against
fungal infections such as Fusarium solani. Chitosan triggers the defensive mechanisms in
plants, acting much like a vaccine in humans. The biocontrol mode of action of chitosan
elicits natural innate defense responses within plant to resist insects, pathogens, and soil-

borne diseases when applied to foliage or the soil [84, 85].
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In addition to growth stimulation properties, chitosan is used for seed-coating on
cotton, corn, seed potatoes, soybeans, sugar beets, tomatoes, wheat etc, frost protection,
protective coating for fruits and vegetables, controlled release of fertilizers, nutrients etc
into the soil. Chitosan increases photosynthesis, promotes and enhances plant growth,
stimulates nutrient uptake, increases germination and sprouting, and boosts plant vigor.
[5, 86].

1.8.2 Applications in food technology

Chitosan has been already been used as a food ingredient in Japan, Europe and in
United States as a lipid trap, an important dietetic breakthrough. Since, chitosan is not
digested by the human body; it acts as a fibre, a crucial diet component. It binds the lipids
arriving in the intestine, thereby reducing the cholesterol absorption by about 20 to 30%
by the human body [10, 87].

Chitosan and its derivatives has a significant role in food application area in
view of recent outbreaks of contaminations associated with food products as well as
growing concerns regarding the negative environmental impact of packaging materials
currently in use. Chitosan can be used in meat preservation by inhibiting some meat
spoilage bacteria such as Pseudomonas fragi, Bacillus subtilis, Escherichia coli, and
Staphylococcus aureus and some meat starter cultures namely Lactobacillus plantarium,
Pediococcus pentosaceus, and Micrococcus varians. The addition of sunflower oil to
chitosan-based films improves gloss of films and the water vapour barrier properties
when acetic acid was used as a solvent to prepare the films. Besides, chitosan films can
be used as a packaging material for the quality preservation of a variety of food [10, 88,
89].

1.8.3 Applications of chitosan in cosmetics

A cosmetic is defined as any substance to be placed in contact with various
surface parts of the human body (e.g. epidermis, hair systems, nails, lips, and external
genital organs), or with teeth and the mucous membranes of the oral cavity with a view
exclusively or principally to perfume them, protect them, and keep them in good

condition, to change their appearance, or to correct body odour. Chitosan is a natural
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cationic gum that has been used for various cosmetic applications, it is used to maintain
skin moisture, treat acne, tone skin, protect epidermis, reduce static electricity in hair,
fight dandruff etc. Incorporation of chitosan salt in shampoos confer shine and strength to
hair due to the ionic interactions between chitosan and hair proteins. When applied to the

surface of the skin, chitosan forms a protective and moisturizing elastic film[5, 90].

1.8.4 Applications of chitosan in biomedicine

It is in the field of health that the many properties of chitosan (bacteriostatic,
immunologic, antitumoral, cicatrizant, hemostatic and anticoagulant) are of interest. For
example, because of its biocompatibility with human tissue, chitosan's cicatrizant
properties have proven its effectiveness as a component, notably, in all types of dressings
(artificial skin, corneal dressings, etc.), surgical sutures, dental implants, in rebuilding
bones and gums, and in opthalmological applications. Due to the high N-amino content,
chitosan acts as a powerful natural magnetic attraction for lipids, fats, and bile in the
digestive tract, and actually binds with them to prevent their absorption into the
bloodstream. The attracting ability of chitosan can possibly reduce cholesterol and
triglycerides blood plasma levels, which contribute to obesity and cardiovascular disease.
Various hypolipemic formulations including particles, powders, solutions, and injections
containing chitosan, were prepared for oral administration [5, 10, 82,91,92].

It is known that compounds having molecular weights less than 2900 pass through
membranes derived from chitosan. Attributing to non hazardous nature and inexpensive,
chitosan may be suitable for use in the preparation of dosage form commercial drugs.
With reference to pharmaceutical excipient for directly compressed tablets, chitosan-
alginate combination showed an extended drug release property. Dry coated tablets
having a long induction period in drug release have been prepared by an ion-complex of
alginate-chitosan. Sustained intestinal delivery of drugs such as 5-fluorouracil (choice
drug for colon carcinomas) and insulin (for diabetes mellitus) seems to be a feasible
alternative to injection therapy. For the latter, the drug should be delivered at proper sites
(intestine) for long duration for producing maximum pharmacological activity. Sustained

release of oxytetracycline, an antibiotic agent, from chitosan microspheres (5-30 p) for
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both oral administration and injection has been reported. This can be prepared by spray
hardening and interfacial acylation methods [10, 82, 83, 93].

Tissue engineering is the development is the development and manipulation of
laboratory grown cells, tissues or organs that would replace or support the function of
defective or injured parts of the body. Chitosan is a promising polymer as a supporting
material for tissue engineering for its non-toxicity, biocompatibility, biodegradability,
porous structure, gel forming properties, ease of chemical modification, high affinity to in
vivo macromolecules, and so on. [5, 82, 108, 94].

1.8.5 Paper industry

Biodegradable chitin and chitosan can strengthen recycled paper and increase the
environmental friendliness of packaging and other product. Chitosan is already involved
in the manufacture of paper because chitosan molecules greatly resemble those of
cellulose the fain constituent of plant walls [5, 82]. Chitosan can be a useful component
in paper printing due its film forming property. Coating of paper with chitosan/gelatine
coatings improves dye fixation on the paper and kept the light fastness of the printed
image. In ink jet printing, pigment based ink jet inks containing a polystyrene maleic
anhydride polymer system that reacts with a fixer fluid containing chitosan salt such as
chitosan acetate. A gel precipitate is formed on the substrate by the interaction of the
chitosan in the fixer fluid and the reactive polymer system in the ink. The gel forms a
protective film on the substrate providing benefits such as increased drying time, smear

fastness, smudge fastness and water fastness [95].

1.8.6 Chromatography

Chitosans find wide variety of applications in chromatographic separations. The
presence of free amino and hydroxyl groups in chitosan makes it an useful
chromatographic support. Chitosan can be used in thin layer chromatography for
separation of nucleic acid and solid phase extraction of phenols and chlorophenols [82].
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1.8.7 Solid state batteries

Chitosan dissolved acetic acid solution can be employed for the fabrication of
solid state proton conducting batteries. The conductivity is due to the transport of protons
through microvoids in polymer. Small dielectric constants from piezoelectric studies
attributed the presence of many microvoids in polymer structure. The choice of a more

stable electrode material may produce better battery system [82].

1.8.8 Biocatalysis

Chitosan is widely used as supports for enzyme and cell immobilization due to its
appropriate characteristics. Immobilization is the process in which the enzyme, cells or
organelles is confined in a definite position thus rendering an insoluble form which

retains the catalytic activity and can be reused several times[10, 83].

1.8.9 Molecularly imprinted materials

Chitosan, due to the presence of reactive sites, can be used in making molecularly
imprinted polymeric matrices. Molecularly imprinted polymer represents a new class of
materials that have artificially created receptor structures. This potential technology is a
method for making selective binding sites in polymers by using a molecular template.
These have steric and chemical memory toward the template and hence could be used to
rebind it. Choice template for bio fabrication is mainly rendered on the end use such as
dibenzothiophene sulfone for fuel desulfurization, hemoglobin for protein binding, nikel

or copper for metal recovery and photodegradation etc [10].

1.8.10 Water processing

Chitosan can also be used in water processing engineering as a part of a filtration
process. Chitosan causes the fine sediment particles to bind together and is subsequently
removed with the sediment during sand filtration. Chitosan also removes phosphorus,
heavy minerals, and oils from the water. Chitosan is an important additive in the filtration
process. Sand filtration apparently can remove up to 50% of the turbidity alone while the
chitosan with sand filtration removes up to 99% turbidity [5, 82, 96, 97]. Chapter 5

covers various aspects regarding applications chitosan in context to water processing.
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1.8.11 Textiles

In textiles, it finds applications in the primary production of fibers (useful for

sutures, wound dressings etc), in the manufacture of textile auxiliary chemicals and

finishing agents. Investigations have shown that it can be used as a dye fixing agent, for

shade and neps coverage, to improve the fastness of dyed fabrics, as a binder in pigment

printing, as a thickener in printing. Due to its unique ability to dissolve and bind fats, it

can be used as soil repellant agent. By virtue of its bacteria impeding property, chitosan

can prevent garments to develop bad odour. Detailed studies on the applications chitosan

and its derivetives in textiles are discussed in subsequent chapters.
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CHAPTER 2
SYNTHESIS AND CHARACTERIZATION OF VARYING
MOLECULAR WEIGHT CHITOSANS AND THEIR APPLICATION
ON COTTON FABRIC

2.1 INTRODUCTION
Chitosan is polycationic biopolymer that exhibits several valuable inherent properties
such as antibacterial, antifungal, antiviral, antacid, non toxic, total biodegradable as well
as film formation, fiber formation, hydrogel formation etc properties. These unique
properties of chitosan make it suitable for a number of textile applications. The
application of chitosan in textiles can be categorized into two main domains namely in
the production of fibres and in textile wet processing that includes dyeing and finishing.

The linear structure of chitosan is mainly responsible for the fibre forming
property. Chitosan fibres are produced by wet spinning method. In earlier approach
(1980), Chitosan was dissolved in acetic acid to give a solution of 3% w/v and then
extruded through the spinneret into a caustic coagulation bath (0.5%) to obtain a
regenerated fibre. The fibre strength, however, was very poor (2.2 g/d). To obtain the
good fibre out of chitosan a homogeneous solution with maximum polymer to solvent
ratio is required apart from non gelling tendency. Several attempts by making suitable
modifications in spin dope composition and coagulation bath are reviewed in literature
[1]. Spin dope composition can be modified by using urea along with acetic acid or
formic acid. Extrusion of chitosan dope into a coagulating bath containing sodium
acetate, sodium hydroxide, sodium dodecyl sulphate or methanol in aqueous medium was
found to improve the fibre strength by reaching the tenacity to 3.8 g/d.

Chitosan fibres find use in the production of textiles having antimicrobial,
antithrombogenic, haemostatic, deodorizing, moisture controlling, and non allergenic
properties which are inturn used as bandages for wound- dressing, as sutures, as perfume

releasing fabrics, carriers for active drugs and artificial limbs [1-3]. Haemostatic activity

Contents of this chapter is published in:
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of chitosan is high when used as a high molecular weight solid. Therefore, this has been
explored as a modulator of wound healing. It has been found that chitosan has the ability
to form coagulum on contact with erythrocytes, defibrinated blood and washed red blood
cells and therefore the bandages for wound dressing were found to be effective in
regenerating skin tissue of wound area. Recently, chitosan has been proposed to serve as
a non protein matrix for three dimensional tissue growths. Chitosan provides the
biological primer for cell tissue proliferation. The glucosaminoglycan constitutes the
wound tissue play an important role in giving structure and strength to newly formed
collagen in the granulating tissue of the healing wound. Chitosan provides amino sugars
which in turn can be made available to the fibroblasts that proliferate under the action of
interleukin-1 for incorporation into hyaluronate and glycoaminoglycans, thus guiding
ordered deposition of collagen leading to wound healing [4-6].Introduction of
carboxymethyl groups on to chitosan fibres imparts typical gelling property that can
absorb large quantity of fluid. These fibres were found to be more effective than the
normal chitosan fibres as a wound dressing material. By holding water inside the fibre
structure, such wound dressings can limit the lateral spreading of wound exudates, reduce
wound maceration, and generally improve the quality of healing process [7]. Chitosan
fibres can be converted back to chitin fibres by acetylation reaction with acetic anhydride.
These fibres find application as surgical suture, which has enough strength for clinical
uses. The suture is digestible in the tissues by lysozyme and chitinase [2]. A composite
material of chitin/chitosan and cellulose are produced by mixing powder chitin/chitosan
with viscose pulp and then wet spun, known as crabyon (Omikenshi). These fibers have
high moisture keeping property than cellulosic fibres and have dyeability towards direct
and reactive dyes. These fibres are used as textile materials for under wears, socks, etc as
these keep skin from drying. At the same time, these give velvet touch and no irritation to
skin .Therefore; clothes made up of these fibres are excellent for babies and old aged
people, who have weak and sensitive skin [8]. Similar type of fibre exhibiting deodorant
property was produced by a Kokai Tokkyo Koh (Japan), which is useful for clothing,
beddings, interior materials, medical care materials, curtains and carpets [9].

Applications of chitosan in textile processing domain are widely known. Over

last few years, the usage of chlorine containing bleaching compounds has become limited
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due to the formation of highly toxic chlorinated organic byproducts (AOX). Therefore
chorine free bleaching agents like peracetic acid have gained attention as an alternative
ecofriendly bleaching agent [10]. Hashem et al. [11] used chitosan-Mo and chitosan-Co
complexes for the activation of peracetic acid and were able to obtain satisfactory results
at low temperature of 70 °C. Replacement of hydrogen peroxide with other oxidizing
agents, namely ammonium persulphate and potassium bromate was not successful. In
contrast, the perborate did succeed but with lower efficiency when compared with
hydrogen peroxide.

Cotton and other cellulosic fibres, conventionally, are dyed with direct, reactive,
vat, reactive, azoic etc dyes, which are anionic in nature. Cotton also acquires negative
surface charge when immersed in dye baths of above dyes leading to repelling action to
them. To dissipate this -ve surface charge and to facilitate the dyeing, large amount of
electrolytes such as common salt or Glauber's salt are added into the dye bath. These
electrolytes and unexhausted dyes add to the pollution load when discharged through
effluents. Thus attempts have been made to adopt salt free and alkali free dyeing by
cationization of cotton by treatment with glycidyl trimethyl ammonium chloride, N, N-
dimethyl azetidinium chloride, N-methylol acrylamide, chloropropionyl chloride etc.
However, the question of ecological aspects arises here too [12]. Pretreatment of
chitosan, due to its polycationic nature, has found to improve the direct dye uptake
significantly and also reduce the salt consumption [6, 13]. Bandyopadhyay et al. [14]
examined the effect of chitosan treatment on reactive dyeing of cotton. They reported
decrease in salt requirement by 50% to produce a comparable shade to that of untreated
fabric. The chitosan-treated fabric also showed improvement in fixation of reactive dyes.
This result was explained by the increased exhaustion of negatively charged reactive dyes
to the cotton, whose negative potential at the fiber surface was suppressed by the cationic
chitosan treatment. Consequently, when alkali was added to the dye bath, a substantial
quantity of dye was available for the reaction with cotton. It was also suggested that the
amino groups of chitosan reacted with the reactive group in the dye and the fixation was
further improved. The chitosan-treated fabric showed comparable color fastness
properties to the untreated fabric. Lim and Hudson [15] used fibre reactive chitosan

derivative containing quaternary ammonium group O-acrylamidomethyl-N-[(2-hydroxy
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3-trimethylammonium) propyl] chitosan chloride (NMA-HTCC) for the treatment of
cotton. They reported higher colour yield by cotton fabric when dyed with direct and
reactive dyes without using salt. Kavitha et al. [16] studied the effect of chitosan
treatment on natural dyeing of cotton namely turmeric. They reported increased tensile
strength, flexural rigidity and shear strength. Cotton yarn coated with chitosan was found
to be darker compared to uncoated yarn while dyeing for the same shade percentage.
They reported the dyed yarn coated exhibited excellent activity against bacteria.

Often cotton fibres show small lightly colored or white spots due to presence of
immature cotton fibers known as neps. Metha and Combs [17] evaluated nep coverage in
the direct dyeing of cotton by the pretreatment of cotton with chitosan. The chitosan
pretreatment was done by exhaust method. They reported by addition of sodium sulfate
(Na2SO,) during the exhaust process improved the absorption of chitosan on cotton and
fully covered the neps. The neps coverage was only partial when chitosan treatment was
done in absence of salt. Further, the pretreatment was more effective for neps coverage in
direct dyeing than reactive dyeing of cotton. Rippon [18] postulated that the affinity of
chitosan to cotton would be by Van der Waals’ forces due to the similar structures of
chitosan and cotton. Another possibility mentioned for the binding chitosan to cellulose
was cross linking by formation of Schiff base between cellulose’s reducing end (—CHO)
and the amino group of chitosan. In addition to the two possible bindings suggested by
the authors, hydrogen bonding should also play an important role. Houshyar and
Amirshahi [19] observed that the chitosan pretreatment increases the exhaustion of
reactive dyes and the maximum dye up take was achieved by the fabric on which
chitosan was applied by pad-dry cure method.

Though the literature does not explore the possible use of chitosan as pigment
print thickener, it appears to be a good candidate, especially with the recent worldwide
growth in the popularity of textile pigment printing [20-22]. They showed the prints of
satisfactory colour fastness to rubbing, washing and light, however, the major problems
were the poor colour value and undesired stiffness of the printed fabric. Tiwari and
Gharia [23] attempted to use chitosan as a thickener in printing paste using various
organic acids such as acetic, formic and oxalic acid respectively. They observed the

chitosan unsuitable for print paste due very low viscosity and produce a high solid paste.
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The rheology of pastes was reported to be pseudoplastic. Performance of the prints with
respect to KI/S, wash fastness, crock fastness and hand were observed to be
unsatisfactory. Yuen et al.[24] studied the possibility of chitosan in preparing the
pretreatment print paste for textile ink-jet printing. They employed a two bath method for
the pretreatment of fabric with chitosan paste. The fabric was first treated with acidic
chitosan solution by pad-dry cure (170 °C) method and then, in second stage, with
alkaline bath containing sodium bicarbonate and urea. The two bath treated fabric was
reported to give better colour yield when compared with chitosan treated and alginate
treated fabrics.

Cotton fabric has a tendency for wrinkling when it is subjected to severe bending,
which is attributed to the presence of free hydroxyl groups in the fibre molecules. The
creasing problem is minimized by cross linking these free hydroxyl groups on adjacent
molecules in the fibre using a suitable cross linking agent such as N-methylol compounds
(UF, DMDHEU etc resins). However, these finishing agents suffer from one serious
drawback of release of toxic free formaldehyde [25, 26]. As an alternative, on
formaldehyde cross linking agents such as citric acid, butane tetra carboxylic acids
(BTCA) etc are recommended. Among these, BTCA is most effective cross linking
agent; but the cost is very high. Citric acid, although cheaper, is less effective and has
drawback of yellowing problem due to the formation of unsaturated polycarboxylic acid
(due to dehydration of citric acid). To counteract this yellowness, additives such as
hydroxyethyl amines, borates or polyethylene glycols to citric acid bath are
recommended. However, the process is still less effective [27]. The crease recovery
power of citric acid can be improved satisfactorily by the incorporation of chitosan in
presence of sodium hypophosphite monohydrate to the citric acid bath as reported by
Waly and Okeil [28]. Here, the esterification reaction not only occurs between citric acid
and cellulose but also between citric acid and hydroxyl groups of chitosan and the free
carboxylic groups can also react with amino groups of chitosan by salt linkages.
Tahlawy [29] studied the effect of chitosan in the finishing of cotton with citric acid in
presence of sodium hypophosphite catalyst. He reported a recovery of losses (due to citric
acid treatment) in dye uptake and tensile strength, and improved wrinkle recovery by the

addition of chitosan in citric acid bath. The whiteness index, however, was deteriorated.
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Authors proposed citric acid reacts with amino and hydroxyl groups of chitosan and
hydroxyl groups of cotton through ester crosslinking or an inter-ionic attraction. Similar
works were reported by several workers [30-32]. It is well known that the amino groups
of chitosan readily react with aldehyde groups to form Schiff’s base. This property of
chitosan was employed by Bhattacharyya et al. [33] to scavenge free formaldehyde
released from DMDHEU-finished cotton fabrics. They reported that the use of chitosan
as an additive in DMDHEU finishing after dyeing was more effective in reduction of
formaldehyde release as compared to the fabric which is chitosan-pretreated, dyed, and
then DMDHEU-finished. The authors indicated that this result might be due to the
blocking of the amino groups of chitosan by dye molecules on subsequent dyeing in the
case of chitosan-pretreated cotton, and as a result, reduced reactions between chitosan
and formaldehyde.

A major route towards the development of flame retardant cotton textiles has been
the introduction of flame retardant materials containing nitrogen (N) and phosphorus (P)
within the molecular structure of cellulose. Resin finishing with organophosphorus
compounds such as THPC, THPC-APO, N- methylol dimethyl phosphonopropionamide
seem to be most prevailing and reliable methods, but such treatments cause drop in
tensile strength and skin irritation due to the liberation of formaldehyde [34]. Treatment
of cellulosic based textiles with sodium stannate/phosphate to impart flame retardency is
becoming one of the most interesting areas of research due to its non toxic, high
durability, economically favourable, white colour and aesthetic properties [35]. Tahlawy
et al.[36] incorporated chitosan in the phosphorylation bath as a nitrogen source. They
reported that incorporation of 1% chitosan could reduce sodium stannate concentration to
the one third of the amount that is used in the conventional process and hence the harsh
feel of stannate was reduced. Thermogravimetric analysis of the treated fabric showed an
increase in the residual percent of the fabric and decrease in both thermal degradation
onset point (TDOP) and maximum degradation rate points as a function of stannate
concentration. Increasing diammonium hydrogen phosphate from 2 to 10% in the
finishing bath showed an increase in residue at 500 °C to 39.24%.

Chitosan and its derivatives exhibit good to excellent antibacterial and antifungal

properties. The degree of deacetylation (DAC), molecular weight and concentration of
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chitosan influence the antimicrobial activity [1]. Seong et al. [37] reported chito-
oligosaccharide (DP 3 and 10) found to exhibit good antimicrobial activity and durability
to washing without the need of crosslinking agent. The polycationic nature of chitosan is
mainly responsible for the inhibition of bacterial and fungal growth. Fang et al. [38]
reported that the chitosan inhibited growth of Aspergillus niger and induced considerable
leakage of UV-absorbing and proteinaceous materials from it at pH 4.8 which was not
induced at pH 7.6. Similarly, Tsai and Su [39] observed the chitosan-induced leakage of
glucose and lactate dehydrogenase from E. coli cells and suggested that the death of cells
resulted from the interaction between chitosan and the E. coli cell. The maximum
antimicrobial activity exhibited by chitosan at acidic pH is also reported by other workers
[40, 41]. The early work indicated that the antimicrobial effect was potent against a range
of microbes, but the finishing was not durable. To improve durability, chitosan has been
crosslinked to cotton using chemicals such as dimethylol dihydroxy ethylene urea
(DMDHEU), 1,2,3,4-butane tetra carboxylic acid, citric acid or glutaric dialdehyde [30,
42]. These chemicals, some of which are used in durable press finishing of cotton,
crosslink chitosan to cotton through hydroxyl groups. Ye et al.[43, 44] synthesized
nanoscale core-shell particles of poly (n-butyl acrylate) core and chitosan shells and
applied them to cotton fabric in a pad-dry -cure process. The antibacterial activity was
maintained at over 90% reduction levels after 50 washes.

Chitosan has several beneficial applications in wool processing. One of the
undesired properties of wool fibers is felting, which is the process of progressive
entanglement of fibers under mechanical action in the presence of water i.e. directional
frictional effect. The felting shrinkage results from the interlocking and hooking of
contingent fibers due to the scales on the wool fibers [45, 46]. The scaly structure and the
covalently bound fatty acids and the high amount of disulphide bridges make the outer
wool surface (cuticle) highly hydrophobic and hence the diffusion of hydrophilic dyes
and chemicals at and into the fibres is thus hindered [42]. Treatment of wool with
chitosan has been found to reduce the felting problem. The bio-adhesive and cationic
nature of chitosan enables it to form a strongly adhered film on individual fibres and
prevent their entanglements [20]. Julia et al. [47] reported the peroxide pretreatment

(alkaline or acidic) or oxidative plasma treatment could create new anionic groups such
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as sulphonate and carboxylate which can improve the wettability of wool fibre and hence
the binding power of chitosan. In another study of Julia’s research group [48], they
examined the effect of chitosan MW on the shrink-resistance of H,O, pretreated (at pH
9.0) wool fabrics. The higher the molecular weight was, the greater the shrink resistance.
However, such degradative treatments lead to considerable weight loss and damage to the
fibre. Treatment of wool with a surfactant containing anionic groups can lead to higher
pick up of chitosan causing no damage to the fibre. A combination of controlled
enzymatic treatment followed by chitosan treatment can also give satisfactory antifelting
effect. Further, these treatments have also shown increased shrink resistance and
dyeability of wool towards reactive dyes [49]. Erpa et al. [50] reported the enhanced
shrink resistance when air plasma treated wool is treated with chitosan. Jeong et al. [51]
investigated the effect of chitosan treatment on changes in mechanical properties of wool
due to pressure decatizing. They reported that the chitosan treatment increased the
bending rigidity of fabric. The shear rigidity was also found to be increased but the
tensile properties and frictional coefficient decreased. Okeil and Hakeim [52] conducted
an experiment to give a pretreatment of chitosan to wool fabric to increase metal binding
during the mordanting process with copper sulphate. The pretreated mordanted wool
samples were successfully printed with natural dye, lawsone. Radetic et al. [53]
investigated the possibility of improving the sorption of acid dyes from waste water using
non woven material based on recycled wool. The woolen material was treated with low
temperature air plasma and chitosan. These treatments were found to introduce new
favourable functional groups and increased the active surface area. They reported the
remarkably improved sorption properties of recycled wool for acid dyes for chitosan and
plasma + chitosan treatment. Park et al.[54] investigated the antimicrobial and deodorant
activities of chitosan treated wool fabric showed the chitosan of DAC above 70% good
antibacterial and deodorant activity regardless of the molecular weight of chitosan.
Among synthetic fibres, polyester exhibits excellent properties such as elastic
recovery, dimensional stability and blending compatibility with other fibres. However,
polyester suffers from one serious drawback of hydrophobicity and consequently the
static charge built-up problem. This static electricity is mostly responsible for dust/dirt

attraction, sticking of clothes to human skin and uncomfortable feel, overlapping of fabric
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on roller at plaiter end of stenter during heat setting process, malfunctioning of electric
devices, sparks and ignition of its materials etc. To dissipate static charges, the fibre
surface is coated with an antistatic agent, which is mostly synthetic hydrophilic resins, by
simple pad-dry cure method. However, the effect is not durable [25]. An ecofriendly and
durable antistatic finish can be obtained by the treatment of polyester with chitosan.
Chitosan has the advantage that it shows high moisture regain even in low relative
humidity and does not swell much in water. The finish is more stable on polyester that
has under gone a caustic reduction treatment. Eom [55] treated polyester with chitosan in
presence of malonic acid as a crosslinking agent between amino groups of chitosan and
hydroxyl groups of polyester. Halim et al. [56] reported improved water uptake capacity
of polyester and polyester/cotton blended fabrics by chitosan and monochlorotriazinyl -p-
cyclodextrin treatments. They reported increased electrical conductivity and antistatic
properties of finished fabrics.

In order to understand various properties of chitosan, different molecular weight
chitosan derivatives were synthesized and applied on cotton fabric. The present chapter
deals with the synthesis and characterization of chitosans of varying molecular weights,
synthesized by hydrolytic degradation of high molecular weight chitosan using nitrous
acid and subsequent applications of these chitosans to cotton fabrics. The molecular
weights of chitosans were determined viscometrically using Ubbelohde capillary
viscometer and Mark-Houwink equation. The viscosity behaviour of the synthesized
chitosans was studied in presence and absence of electrolyte. The characterization of
varying molecular weight chitosans was performed by FTIR analysis. The degree of
deacetylation (DAC) was verified by "HNMR spectrum and elemental analysis.

The effects of applications of chitosan on dyeing and finishing properties of
cotton were analyzed. Chitosans of varying molecular weights and concentrations were
applied to cotton fabric by conventional pad-dry cure method. The surface morphology of
treated fabric was examined under scanning electron microscope (SEM). Effect of such
treatments on physical properties like appearance (in terms of whiteness, yellowness and
brightness), stiffness, tenacity and water absorbency was evaluated. The chitosan was
applied before and after dyeing of cotton, with direct dye and its effect on dyeing

properties was examined. The effect of chitosan pre- treatment on the dyeability towards
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acid dyes was also investigated. This biopolymer was used as a finishing agent with an
intension to incorporate crease resistant property to cotton. The effect was compared with
the commercially available wrinkle resistant agents and also examined its compatibility
with them. The effect of different molecular weight chitosan treatment on antimicrobial
properties was also evaluated using soil burial test as recommended by AATCC Test
Method 30-2004.The work was further extended to the application of chitosan to cotton
fabric by pad-dry-alkali treatment process.

2.2. MATERIALS AND METHODS
2.2.1 Fabric

100% cotton fabric (warp and weft count 40s, ends/in 142, picks/in 72 and fabric
density: 125 g/m?), at ready for dyeing stage, was procured from Mafatlal Industries Ltd,
Nadiad, Gujarat State. All preparatory processes such as desizing, scouring, bleaching,

mercerization etc were given in factory itself.

2.2.2 Dyes and chemicals

The details of various dyes and chemicals employed in present research
investigation are given in Table 2.1. Other chemicals like acetic acid (CH3COOH),
sodium acetate (CH3COONa), acetone (CH3COCHS3), methyl alcohol(CH3OH), sodium
iodide (Nal), sodium hydroxide (NaOH), soda ash/sodium carbonate (Na,COs), sodium
sulphate (Na,SQO,), sodium nitrite (NaNO;), magnessium chloride (MgCl,) etc used were
of analytical grade obtained Qualikem Fine Chemicals Pvt Ltd, Vadodara. Anionic
detergent (Ezee) was obtained from Godrej India Ltd. Double distilled water was

employed for all synthesis and analytical purposes.

2.2.3 Purification of chitosan

Chitosan (1g) was dissolved in acetic acid solution (1.5 ml/L) using magnetic
stirrer. The solution was filtered through filter fabric (mesh 128) to remove insoluble
impurities. The filtrate was neutralized with sodium hydroxide solution to precipitate out
the chitosan. The recovered chitosan was washed repeatedly with distilled water till
neutral pH and then filtered. The precipitate was dewatered by treatment with methanol,
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filtered and washed with acetone 3-4 times and then oven dried at 60 °C and stored in

refrigerator.

Table 2.1 Specifications of various dyes and chemicals

Sr Name and Supplier Specifications
no
1. C.1.Direct Red 81 NaOgS@IiZNQNZN Soipin
Colourtex Industries Ltd, Gujarat
State, India. G
N—” i ¥
I!I —
e Mol wt. 675.6
2. C.1.Direct Blue 71 Mai., é
Colourtex Industries Ltd, Gujarat NH""
State, India. ona
0=5=0 M=y
NH
dfs“'l:lh!a
|:| 8=0
DNB
e Mol wt 1029 9
3. C.l. Acid Blue 158 Na03s OH 303H
Colourtex Industries Ltd, Gujarat ,
State, India.
e Mol wt 495.45
6. Chitosan
e CHT MC (Marine DAC 89.03%; Molecular weight 654,127; Viscosity
Chemicals, Cochin, 180 cPs,
Kerala)
e CHT (Mahtani Chitosan | DAC 90%; Molecular weight 135,839; Viscosity 22
Pvt. Ltd., Veraval, CcPs.
Guijarat)
7. DMDHEU Grade: Commercial, Active content: 40%,

Mafatlal Industries Ltd, Nadiad,
Gujarat State

Chemical Formula:

)‘\
HO/\NE TN//\OH

HO OH
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2.2.4 Synthesis of low molecular weight chitosan

Chitosans of different molecular weights were prepared by nitrous acid
depolymerization method. A 2 % solution of chitosan in acetic acid (15 ml/L) and sodium
acetate (10 g/L) was prepared. Predissolved dilute solution containing required amount of
sodium nitrite was then added gradually to chitosan solution and stirred for two hrs at
30°C to get desired viscosity level. The depolymerized chitosan was then precipitated out
by caustic solution and washed to neutral pH with distilled water and then filtered. The
precipitate was dewatered by treatment with methanol, filtered and washed with acetone
3-4 times and then oven dried at 60 °C and stored in refrigerator.Different grades of low

molecular chitosan so prepared are listed in Table 2.8.

2.2.5 Fabric treatment with chitosan

Separate solutions of different molecular weight chitosan derivatives were made
in solution containing acetic acid 15ml/L and sodium acetate 10 g/L and applied to fabric
on a laboratory padding mangle (Model -PM0060388, R. B. Electronics & Engineering
Pvt Ltd, Mumbai) with wet pick-up of 70% by two dip- two nip method (Mangle
Pressure: 20 psi, Speed: 3 m/min). After drying the fabric samples were cured in oven at
150 °C for 4 min. The samples were then washed in the following sequence:
Hot wash (Twice) [85 °C /20mins] — Alkali wash [Soda ash 1 g/L, MLR 1:50] — Hot

wash — cold wash —Dry.

2.2.6 Application of chitosan by pad-dry-alkali process

Cotton fabric was soaked for 30 minutes in chitosan solution prepared with
solution containing acetic acid 15ml/L and sodium acetate 10 g/L. The fabric was then
passed through a laboratory padding mangle (Model-PM0060388, R. B. Electronics &
Engineering Pvt Ltd, Mumbai) with wet pick-up of 70% by two dip- two nip method
(mangle pressure 20 psi, speed 3 m/min) and air dried. The sample was then dipped in
sodium hydroxide solution (1 g/L) for 15 minutes, washed thoroughly until neutral pH,

dried and hot pressed.
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2.2.7 Dyeing with direct dyes

The cotton fabric was dyed with direct dye (1% o.w.m.) in presence of Glauber’s
salt (20% o.w.m.) and soda ash (5% o.w.m.) at pH 10.9 and temperature 90 °C for 60
minutes on water bath. The material- to- liquor ratio was maintained at 1:40. The dyed
sample was then rinsed with cold water 3 times, air dried and hot pressed.

The dyed samples were evaluated for colour strength in terms of K/S values on
computer colour matching system namely Spectroscan 5100A (Premier Colorscan,
Mumbai, Maharastra, India) using Kubelka-Munk equation (2.1). The readings were

taken for the average of four scans.

(1-R)*
2R

K/S=

(2.1)

Where, K is absorption coefficient, S is scattering coefficient and R is reflectance.

The washing fastness of dyed samples was evaluated according to 1SO1. The test
was carried out in Launder-o-meter (R.B. Electronics, Vapi, Gujarat). The dyed
specimen (10 X 4 cm), sandwiched between undyed cuttings of same material, was
treated with detergent solution containing: detergent (Ezee detergent, Godrej) 0.5 % w/v
at 40 °C for 30 minutes. The material- to- liquor ratio was maintained at 1:40. The sample
was taken out, rinsed, air dried and hot pressed. The fastness ratings were assessed using
SDC grey scale for change in colour (ISO 105A02, 1993: BS EN 20105 A02, 1995).

The rubbing fastness of dyed samples was determined according to AATCC test
method 8-2005.The dyed test specimen was placed on the base of the crockmeter
(Paramount crockmeter) along the warp. Rubbing was carried out, to and fro, along a
straight line 10 cm long, 10 times and for 10 sec with rubbing finger (under 900g wt)
clamped with dry white cotton cloth. Staining was assessed by comparing with grey scale
for assessing staining (ISO 105A03, 1993: BS EN 20105 A03, 1995).

2.2.8 Dyeing with acid dye
The fabric sample was dyed with acid dye (2% o.w.m.) at 90 °C for 60 minutes
from a dye bath containing acetic acid (1 ml/L) at pH 3.8. The dyed sample was then
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rinsed with cold water, air dried and hot pressed. The dye up take was evaluated in terms

of K/S values using equation 2.1.

2.2.9 Determination of tenacity

The tenacity and elongation of treated and untreated cotton fibres were measured
on Stelometer (SITRA, Coimbatore, India). The breaking load (kg) and elongation at
break were obtained directly from scale. The samples were then collected and weighed.
The tenacity (average of 5 readings) was calculated using following formula.

Breaking Load (kgs) x1.5x10
Sample Weight (mg)

Tenacity (g/tex) (2.2)

Sample Length =1.5cm

2.2.10 Determination of viscosity

The molecular weight and viscosity behaviour of chitosan was determined using
Ubbelohde capillary viscometer (No 1A) at 30 °C having flow time for distilled water,
T-15.57 seconds. Chitosan solutions of different concentrations in 0.25M acetic acid and
0.25M sodium acetate were prepared. During preparation, all the solutions were
magnetically stirred for 1 hour to ensure proper dissolution of chitosan and were filtered
using Whatman filter paper no 4. The flow time of chitosan solutions at different

concentrations and of the solvent was recorded in triplicate and the average value was
calculated. The intrinsic viscosity [n] was calculated graphically by extrapolating the

curve of reduced viscosity Vs concentration to zero concentration. The molecular weight

was then calculated by using Mark-Houwink equation (2.5) [57].

2.2.11 FTIR analysis

FTIR of chitosan samples were taken on a Thermo Nicolet iS10 Smart ITR
spectrophotometer (Thermo Fisher Scientific, USA), equipped with an OMNIC-
Software, a DTGS detector, and a Ge-on-KBr beamsplitter (4000-500 cm™). The FT-IR

ATR spectra (32 scans, 4 cm™ resolution) were recorded using a single reflection
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horizontal ATR accessory with a spherical ZnSe crystal fixed at an incident angle of 45°.

A sample with a 2-mm diameter was measured.

2.2.12 *H-NMR spectroscopy

The *H-NMR spectra of chitosan in D20 were obtained by using a Bruker
Avance 400 spectrometer (USA), at a resonance frequency of 400 MHz using Topspinl.3
software. The *H-NMR spectra were performed at a temperature of 25 °C. Test was
performed at Dept. of Chemistry, S.P. University, Vallabh Vidyanagar, Gujarat.

2.2.13 Elemental analysis

The carbon, hydrogen and nitrogen content of chitosan samples were estimated by
using CHN/S/O analyzer Perkin Elmer, Series Il, 2400. Test was performed at
Sophisticated Instrumentation Centre for Applied Research and Testing (SICART),
Vallabh Vidyanagar, Gujarat.

2.2.14 Scanning electron microscopy

Treated and untreated fabric samples were fixed on carbon coated aluminium
sheets and then were observed under scanning electron microscope (Model JSM5610LV,
version 1.0. Joel, Japan) in vacuum. Test was performed at Dept of Metallurgy, Feculty
of Tech and Engg, Vadodara, Gujarat.

2.2.15 Evaluation of indices

The samples were evaluated on Spectroscan 5100A (Premier Colorscan, Mumbai,
India) for whiteness index (WI) (10 deg/D65/Hunterlab), yellowness index (Y1) (2
deg/C/ASTM D 1925), brightness index (BI) (2 deg/C/TAPPI 452/1SO 2470). The

readings were taken for the average of four scans.

2.2.16 Evaluation of stiffness of fabric

Stiffness of the fabric sample (27 X 200 mm) in terms of bending length was
measured as per standard ASTM D 1388-996 (Prolific stiffness tester, Prolific Engineers,
Noida, UP, India). The readings were taken for the average of four measurements.
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2.2.17 Evaluation of absorbency of fabric

Absorbency of treated and untreated cotton fabrics were evaluated by drop
penetration method as per AATCC test method 79-2000. The fabric was mounted on
embroidery ring and a drop of water was placed on it using burette. The time required for
complete absorption of water drop was measured using stop watch. The absorbency was

recorded for the average of nine readings.

2.2.18 Determination of crease recovery angle of fabric

Crease recovery angles were measured as per AATCC test method 66- 2003. The
test specimen (26 X 52 mm) was folded (26 X 26 mm) and loaded under 500 g weight for
5 minutes to create a folded angle (crease). The specimen was then suspended in crease
recovery tester (SASMIRA, Mumbai, India) for 5 minutes for a controlled recovery and
then the recovery angle was examined. The total of crease recovery angle (CRA)
measured for warp way and weft directions was considered. The average of two readings

was recorded.

2.2.19 Soil burial test

The untreated and treated samples were subjected to soil burial test as per
AATCC Test Method 30-2004. The standard soil for the burial test was prepared by
mixing Garden soil 50 parts, cow dung 20 parts and water 30 parts and allowed to
ferment for one month. The compost soil was covered with polythene paper to prevent
the evaporation of moisture.

The treated and untreated cotton fabrics (15 X 4 cm) were incubated in the
compost soil bed at 30+2°C for a stipulated period of five days. The specimen were then
washed with water and dried in air and tested for strength measurement (tenacity) on

stelometer (SITRA, Coimbatore, India) using equation 2.2.

2.3. RESULTS AND DISCUSSION
Two different grades of chitosan namely CHT and CHT-MC having viscosities 22
and 180 cPs respectively and almost similar degree of deacetylation (DAC) values (90%)

were employed for the present investigation. The purified samples were analysed for
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FTIR spectroscopy and *H NMR spectroscopy for structural characterization. The DAC
values were verified from *H NMR spectra and CHN analysis. Molecular weights were

determined viscometrically.

2.3.1 FTIR spectroscopy

The structural characterization of CHT and CHT-MC was done by FTIR spectra
analysis, which is presented in Figure 2.1 and Figure 2.2. The spectra of these two
samples were found to be almost similar indicating that both the samples possessing same
structural features. In the spectra, the region above 1500 cm™ wavenumber is commonly
known as ‘functional group region’ to identify functional groups such as primary amine,
alcohols, methylene groups etc. Another region which is below 1500 cm™ wavenumber

known as ‘finger print region’ referred to characterize the saccharide backbone [58].
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Figure 2.1 FTIR spectrum of CHT

A broad band observed at wavenumber around 3355 cm™ is mainly attributed to
O-H, NH and NH, stretch [59-61] and the absorption peak in region 2864 to 2874 cm™ is
due to the C-H symmetrical and unsymmetrical stretch. The absorption band at 1651 cm™
is assigned to C=0O (carbonyl) stretching of secondary (amide I) amide group, which is

characteristic of N-acetyl group and the medium peak at 1585 cm™ is due to bending

Studies on applications of chitosan and synthesized chitosan derivatives in textile processing 54



vibrations of N-H of amide Il bond (N-acetyl residue) and the primary amine[59, 60]. The
corresponding peaks of CHT-MC in Figure 2.2 are 1650 and 1572 cm™ respectively.
Another medium absorption peak at 1374 to 1376 cm™ characterizes the N-H of amide 111
bonds [60]. Absorption peaks at wave numbers 1151, 1066, 984 and 895 cm™ are
assigned to secondary hydroxyl groups (-CH-OH) due to C-O bending in cyclic alcohols
or saccharide structure [59-61]. A strong absorption peak at 1025 cm™ is due to 1°
hydroxyl group, characteristic peak of -CH,OH in primary alcohols, arised from C-H
bending [60]. Also, various bending vibrations of C-O at different peaks like 894 and

1151 cm™ in fingerprint region characterize the saccharide structure.
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Figure 2.2 FTIR spectrum of CHT-MC

2.3.2 'H-NMR Spectroscopy

The 'H-NMR spectra have been extensively used in quantitative determination of
degree of deacetylation (DAC, %), degree of quaternization (DQ, %), degree of
substitution (DS, %) etc properties of chitosan due to its reliability and is shown to cause
no degradation of polymer [62-64]. It can be observed from the spectrum of CHT (Figure
2.3) that the signal (chemical shift, ) at 3.114 ppm corresponds to the hydrogen bonded
to the carbon atom C2 of the glucosamine ring and the integral (I) is 3.66. The peak at

6=1.964 ppm corresponds to acetyl group (i.e. H of methyl group of acetamido moiety)
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with intensity (Inac) 1.01. While the signals between 3.30 and 4.00 ppm correspond to the
hydrogen atoms bonded to carbons C3, C4, C5 and C6 of the glucopyranose units. The
signal for anomeric protons H1 (the anomeric protons of the D-glucosamine units) and
H1’ (the anomeric protons of the N-acetyl D- glucosamine units) respectively are traced
at peaks 6= 4.67 and 5.423 ppm respectively having the intensities (In;) 1.03 and (luy)
0.73 respectively.
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Figure 2.3 *H NMR spectrum of CHT

From the signal integrals of *H-NMR spectrum, the degree of deacetylation

(DAC, %) can be evaluated by using following equation (2.3).

1- 1/3 (Signal intensity due toacetylgroup, I a.)

DAC (%) =
(%) [ (Signal intensity due toH of C2, 1H,)

jxlOO (2.3)

I nac= 0 at 1.964 ppm = 1.01
| h2=0 at 3.114 ppm = 3.66

Studies on applications of chitosan and synthesized chitosan derivatives in textile processing 56



1/3(1.01)

DAC = (1
(3.66)

]xlOO =90.80 %

2.3.3 Elemental analysis

Elemental analysis for carbon, nitrogen, oxygen, hydrogen etc of chitosan and its
derivatives can be a useful tool for the determination of parameters like degree of
deacetylation (DAC value) [65, 66]. The DAC value of chitosan can be calculated from
the equation (2.4)

c2
Ll oapy+==xp=E2
N1

= 2.4
N2 N3 24)

Where, D is degree of acetylation. C1/N1 is calculated from the formula of glucosamine
residue, C2/N2 from the N-Acetyl Glucosamine residue and C3/N3 is found value of
sample by elemental analysis.

The empirical formula of chitosan can be written as (CsH11NO4)1-p (CsH13NOs)p ,

from which the CHN values and C/N values can be determined as follows.

Glucosamine C1l (%) H1 (%) N1 (%) C1/N1
44,72 6.83 8.70 5.14

N- Acetyl C2 (%) H2 (%) N2 (%) | C2/N2

glucosamine 47.29 6.40 6.89 6.86

C3/N3 value is determined from elemental analysis of chitosan samples as follows.

Sample C3 (%) H3 (%) N3 (%) C3/N3
CHT 35.52 6.75 6.67 5.325
CHT-MC 35.40 6.80 6.68 5.30

Theoretical values calculated from empirical formula of chitosan (DAC 90%): C45.04%, H 6.78%,

N 8.47% and C/N 5.32

Calculations:
Determination of DAC of CHT
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Substituting respective C/N values in equation (2.4), the value of degree of acetylation

(D) and from which the DAC value can be calculated.

C2
E>< @-D)+ xD = 2
N1 N2 N3
5.14 (1— D)+ 6.86x D =5.325
D =0.1076 or 10.76%

DAC of CHT = 100-10.76 = 89.24 %.

Similarly, the DAC value for CHT-MC was obtained as 90.7 %. The DAC values
obtained from various analytical methods such as *"HNMR spectroscopy and elemental
(CHN) analysis were in close agreement with the data provided by the supplier as
summarized in Table 2.2. Therefore for a common DAC value of 90% was taken for all

the calculations whenever required hereafter.

Table 2.2 Degree of deacetylation of parent chitosan samples

Sample Degree of deacetylation, %
code Manufacturers’ 'HNMR | Elemental
data method analysis
method
CHT 90 90.8 89.24
CHT-MC 89.03 - 90.7

2.3.4 Studies on determination of viscosity average molecular weight of chitosan

The viscosity of polymer solution, at the molecular level, is a direct measure of
the hydrodynamic volume of the polymer molecules which in turn is governed by the
molecular size or chain length and hence the molecular weight [67, 68].Therefore the
viscosity, measured by capillary viscometer, is widely employed to determine the average

molecular weight of a polymer by using the famous Mark-Houwink equation (2.5).

Ml = k[My]° (2.5)

Where My is the viscosity average molecular weight of polymer, a and k are

constants (o = 0.83 and k = 1.4 X 10™ for 0.25M acetic acid and 0.25M sodium acetate
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solvent system) [57] and [n] is the limiting viscosity number or intrinsic viscosity and can
be determined from the Huggins equation (2.6) [68].

] = limu(n- N} M C (2.6)
L—

Where 7 is the viscosity of solution and n; is the viscosity of solvent and C is the
concentration. As indicated in equation (2.6), when (n- ns)/ nsC i.e. reduced viscosity
(nreq) is plotted against concentration (C), the intercept to Y-axis corresponds to intrinsic
viscosity [n].

In general, the viscosity average molecular weight (Mv) of chitosan was
determined using Ubbelohde capillary viscometer by measuring the flow time (T) of
chitosan solutions at varying concentrations (C) through the determination of reduced
viscosity and intrinsic viscosity as shown in Table 2.3 using equations 2.7, 2.8 and 2.9
and Figure 2.4, and using Mark-Houwink equation (2.5). The calculated molecular
weights of CHT and CHT-MC are shown in Table 2.8.

Relative viscosity: 7,,= TL (2.7)
0

Specific viscosity: n,=7,, —1 (2.8)

Reduced viscosity: 7,,,= % (2.9)
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Table 2.3 Viscometric analysis of chitosan solution

Conc CHT-MC CHT
©) F_Iow R’_elati_ve S_pecific R_educ_ed F_Iow R_elati_ve S_pecific R_educ_ed
time | viscosity | viscosity | viscosity | time | viscosity | viscosity | viscosity
g/dL (M), (Mre)) (Msp) (Mreq) (M), (Mre)) (Msp) (Mrea)
Sec Sec
0.05 23.77 1.49 0.49 10.21 - - - -
0.1 34.63 2.18 1.18 11.82 21.27 1.34 0.34 34
0.15 46.65 2.94 1.94 12.93 - - - -
0.2 58.79 3.71 2.71 13.52 28.27 1.78 0.78 391
0.25 76.81 4.84 3.84 15.36 - - - -
0.3 98.90 6.23 5.23 17.44 37.23 2.35 1.35 4.49
0.4 143.91 9.07 8.07 20.17 49.14 3.10 2.10 5.24
0.5 217.25 | 13.69 12.69 25.38 62.61 3.95 2.95 5.89
0.6 330.75 | 20.84 19.84 33.03 78.69 4.96 3.96 6.60
0.7 - - - - 98.32 6.20 5.20 7.42
0.8 - - - - 125.28 7.89 6.89 8.62
0.9 - - - - 157.41 9.92 8.92 9.91
1.0 - - - - 196.00 12.35 11.35 11.35

Solvent: Acetic acid 0.25M, sodium acetate 0.25M, T, 15.87 sec

Calculations

The intrinsic viscosities[n] of CHT and CHT-MC, from Figure 2.4, were determined to

be 2.55 and 9.5 respectively.

Mark-Houwink equation, [n] =k [My]”
Where, a = 0.83 and k = 1.4 X 10™ for 0.25M acetic acid and 0.25M sodium acetate
solvent system
(1) Molecular weight of CHT

Intrinsic viscosity, [n] = 2.55
2.55= 1.4 X 10 M*#

My = 135,839
(2) Molecular weight of CHT-MC

Intrinsic viscosity, [n] = 9.4

9.4=1.4 X 10*Mm°8

My = 654,127

(2.5)
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Figure 2.4 Intrinsic viscosity determination of chitosan

2.3.5 Depolymerization of chitosan for synthesizing low molecular weight chitosans

Chitosan is characterized mainly by two variables, namely, degree of
deacetylation and the molecular weight. Degree of deacetylation determines the number
of free amino groups present in the chitosan macromolecule, which in turn determines the
functionality/reactivity, polarity and water solubility of the polymer. On the other hand,
molecular weight determines the strength of its fiber/film and viscosity of its solution [2,
69]. The molecular weight of chitosan depend on the source of precursor chitin and
deacetylation conditions (time, temperature, and concentration of NaOH), respectively.
The molecular weight of most of native chitosan, obtained from deacetylation of
crustacean chitin, may be of the order 10° to 10° [69], which may be very high for the
textile applications as they produce highly viscous solutions. Consequently, for ease of
applications, it is necessary to reduce the molecular weight to much lower value. Various
methods controlled depolymerization have been proposed to obtain chitosan of desired
molecular weights.

Chitosans of desired molecular weight can be obtained by controlled
depolymerization by methods such as acid hydrolysis (HCI, H,SO4, HNO; etc) [28, 37,
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70-72], free radicals (H20;, K2S,0s) [73], enzymatic [72, 74], radiations (UV, 7y rays)
[75, 76], ultrasound [77], microwave and thermal treatments [78]. In physical methods,
Baxter et al. [77] studied the effect of ultrasonication on the degradation of chitosan.
They found that intrinsic viscosity of samples decreased exponentially with increasing
sonication time and rates of intrinsic viscosity decreased linearly with ultrasonic
intensity. Choi et al. [76] investigated the depolymerization of chitosan using irradiation
with different doses (2~200 kilograys) of gamma rays. Their results showed that viscosity
of irradiated chitosan rapidly decreased with increasing irradiation dose.

Feng Tian et al.[73] reported the method for depolymerization of chitosan by
hydrogen peroxide and their IR and *HNMR studies confirmed the depolymerization
leading to breakage of 1-4 -B-D- glucoside bonds of chitosan. They proposed the attack
of per hydroxyl radical (HO'), generated from the H,O, decomposition, at amino group
leading to hydrogen abstraction. The resulting unstable glucosamine radical in presence
of water leads to rupture of adjacent glucosidic linkage. They also proposed that the
depolymerization in crystalline region mainly takes place at the surface by peeling-off
process while the amorphous region is depolymerized by penetrating pattern. Trzcinski
[75] employed the combined degradation of chitosan using hydrogen peroxide and UV
light for the enhanced degradation rate. Photochemical degradation by means of UV light
also undergoes as a result of free radical reactions along the macromolecules. Kabal’nova
et al.[79] employed the ozonation of chitosan in dilute acid solution and showed a
remarkable decrease of molecular mass of polysaccharide in proportion to reaction time
or amount of applied ozone. According to Demin et al. [80], the initial stage of the
interaction of ozone with polysaccharide is its electrophilic attack on C(1)-H bond with
the formation of labile hydrotrioxides, destruction of which results in depolymerization of
polysaccharide

Enzymatic degradation of chitosan polymer is possible to get low molecular
weight chitosan. Enzymatic process has the advantage of its specificity and the ease in
the fractionation of product [81]. Lee et al.[74] used commercial bromelain for the partial
depolymerization of chitosan. The enzymatic reactions were determined by the liberation
of reducing sugar and the reduction in viscosity. They proposed/recommended 7% w/w
enzyme treatment for 2h at pH 5 for the satisfactory results. Ilyina et al [82] reported
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chitinase and chitosanase as most effective enzymes, which are found in fungus, bacteria
and plants, to hydrolyze chitosan. Other enzymes such as glucosanase, lipase, tannase and
protease were found to have chitosanolitic activities, as reported by Yalpani and
Pantaleone [81].

Nitrous acid method for the oxidative depolymerization of chitosan has been well
documented [28, 37, 52, 83]. When chitosan solution is treated with nitrous acid,
produced from acidic sodium nitrite it undergoes deamination reaction with subsequent
cleavage of B- glycosidic linkages. Mao et al. [83] reported a large series of chitosans
with desired molecular weights could be obtained by changing chitosan/NaNO, molar
ratio, chitosan initial concentration and reaction time. The molecular weight of the
depolymerized chitosan was linear with chitosan/NaNO; ratio. The reproducibility of this
method was fairly good. The overall stoichiometry of the reaction between chitosan and
nitrous acid (HONO) is shown scheme 2.1. Nitrosating species originating from HONO
attack the amino groups and subsequently cleave the B- glycosidic linkages to produce
low molecular weight product and 2,5-anhydro-D-mannose is formed as the reducing end
group of the cleaved polymer [28, 37, 52].

NaNO, + H*  — HNO, + Na"

OH OH
H 5 H Ho§
H HOH,C
Q NH H,C
N 2 o) HO N 7 Vs HNO2 HO 2 (]
o H o) ————— N g o,
H o] Deamination .~ S o
HO N o HO ™ N
H OH H H
H
Chitosan 2,5-Anhydromannitol Oligomer

Scheme 2.1 Depolymerization of chitosan by nitrous acid

On account of these advantages and its better control on the extent of
depolymerization nitrous acid method was used to depolymerize chitosan in this study.
Most of the low molecular weight chitosan derivatives namely CHT-D2, D3, D4 and D5
were derived from the starting material CHT whereas CHT-D1 was obtained from CHT-

MC. During depolymerization process, parameters like chitosan concentration (2 % wi/v),
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acetic acid (15 ml/L), sodium acetate (10 g/L), temperature (30 °C) and treatment time

(2h) was kept constant and the concentration of sodium nitrite was varied as shown in

Table 2.4. The viscosity measurements data, determined using equations 2.7, 2.8 and 2.9

of low molecular weight chitosan derivatives produced from depolymerization of CHT
and CHT-MC are presented in Table 2.5, Table 2.6 and Table 2.7. The intrinsic

viscosities of depolymerised chitosan were determined from the plots of reduced

viscosity against concentration of chitosan as shown in Figure 2.5 and the molecular

weights of chitosan derivatives produced from depolymerization of CHT and CHT-MC

are summarized in Table 2.8.

Table 2.4 Syntheses of low molecular weight chitosan derivatives

Sample Parent chitosan | Sodium nitrite,
code %
CHT-D1 CHT-MC 0.10
CHT-D2 CHT 0.5
CHT-D3 CHT 1.25
CHT-D4 CHT 2
CHT-D5 CHT 3.1

Conc: CHT-MC 10 g/L and CHT 20 g/L, Treatment time 2h,
Sodium nitrite conc was taken on the percentage of parent chitosan, temp 30 °C

Table 2.5 Viscometric analysis of CHT-D1 and CHT-D2 solutions

Conc CHT-D1 CHT-D2
©), Flow | Relative | Specific | Reduced | Flow | Relative | Specific | Reduced
time | viscosity | viscosity | viscosity | time | viscosity | viscosity | viscosity
oAb | (M), | M) | M) | O | (D | ) | (M) | (o)
Sec Sec
0.1 25.73 1.621 0.621 6.21 18.44 1.162 0.162 1.62
0.2 40.50 2.552 1.552 7.76 21.46 1.352 0.352 1.76
0.3 60.00 3.781 2.781 9.27 24.96 1.573 0.573 1.91
04 84.49 5.324 4.324 10.81 28.50 1.796 0.796 1.99
0.5 |112.92 7.115 6.115 12.23 33.01 2.080 1.080 2.16
0.6 | 147.37 9.286 8.286 13.81 37.29 2.350 1.350 2.25
0.7 |203.28 | 12.809 11.809 16.87 42.98 2.708 1.708 2.44
0.8 |268.90| 16.944 15.944 19.93 48.37 3.048 2.048 2.56
0.9 |352.38| 22.204 21.204 23.56 54.86 3.457 2.457 2.73
1.0 |424.68 | 26.760 25.760 25.76 61.26 3.860 2.860 2.86
Solvent ingredients: Acetic acid 0.25M, sodium acetate 0.25M, T,= 15.87 sec
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Table 2.6 Viscometric analysis of CHT-D3 and CHT-D4 solutions

Conc CHT-D3 CHT-D4
©), Flow | Relative | Specific | Reduced | Flow Relative | Specific | Reduced
time | viscosity | viscosity | viscosity | time viscosity | viscosity | viscosity
g/dL (M), (Mre) (Msp) (Mrea) (M), Mrer) (Msp) (Mrea)
Sec Sec
01 | 17.37 1.095 0.095 0.95 16.74 1.055 0.055 0.55
0.2 | 19.08 1.202 0.202 1.01 17.65 1.112 0.112 0.56
03 | 21.15 1.342 0.342 111 18.57 1.170 0.170 0.57
04 | 2298 1.448 0.448 1.12 19.62 1.236 0.236 0.59
0.5 | 25.03 1.577 0.577 1.15 20.73 1.307 0.307 0.61
0.6 | 27.30 1.720 0.720 1.20 21.77 1.372 0.372 0.62
0.7 | 29.67 1.869 0.869 1.24 22.98 1.448 0.448 0.64
0.8 | 32.25 2.032 1.032 1.29 24.12 1.520 0.520 0.65
09 | 35.29 2.224 1.224 1.36 25.25 1.5913 0.5913 0.66
1.0 | 3793 3.391 2.391 1.39 26.67 1.681 0.681 0.68
1.2 - - - - 28.86 1.818 0.818 | 0.68
1.6 - - - - 36.17 2.216 1.216 | 0.76
2.0 - - - - 41.90 2.640 1.640 |0.82
Solvent ingredients: Acetic acid 0.25M, sodium acetate 0.25M, Ty= 15.87 sec
Table 2.7 Viscometric analysis of CHT-D3 and CHT-D4 solutions
Conc CHT-D5
©), Flow Relative Specific Reduced
time | viscosity, viscosity, viscosity,
gl [ (M, | @) (Nsp) (Nrea)
Sec
0.1 16.43 1.035 0.035 0.35
0.2 17.02 1.072 0.072 0.36
0.3 17.63 1.111 0.111 0.37
0.4 18.30 1.153 0.153 0.38
0.5 18.96 1.195 0.195 0.39
0.6 19.70 1.241 0.241 0.40
0.7 20.44 1.288 0.288 0.41
0.8 21.20 1.336 0.336 0.42
0.9 22.00 1.385 0.385 0.43
1.0 22.87 1.441 0.441 0.44
Solvent ingredients: Acetic acid 0.25M, sodium acetate 0.25M, T,= 15.87 sec
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Figure 2.5 Intrinsic viscosities of different grades of chitosan solutions

Table 2.8 Intrinsic viscosity and viscosity average molecular weights of different grades

of chitosan

Chitosan Intrinsic Viscosity | Molecular Weight, Overlap
[l Mv concentration (C*),
g/dL

CHT-MC 9.40 654,127 0.38
CHT-D1 4.72 285,231 0.595

CHT 2.55 135,839 0.735
CHT-D2 1.50 71,676 -
CHT-D3 0.91 38,733 -
CHT-D4 0.535 20,698 -
CHT-D5 0.34 11,986 -

It is envisaged from Figure 2.6 and Figure 2.7 that the IR spectra of chitosan and
depolymerised chitosan are almost similar which indicates that the process of
depolymerisation caused no chemical change in the structure of the polymer except
reduction in molecular weight which is evident from the change in viscosity as presented
in Table 2.8 Similar observations are reported by A. Hebeish et al.[28] and Mao et al.
[83].
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Figure 2.7 FTIR spectra of CHT and its low molecular weight derivatives

Studies on applications of chitosan and synthesized chitosan derivatives in textile processing



2.3.6 Effect of molecular weight and concentration on viscosity of chitosan solutions
It can be seen from Figure 2.5 that the curves of high molecular weight chitosan,
namely CHT-MC, CHT and CHT-D1, do not strictly follow the linearity of the Huggins
equation (2.6) in the selected range of concentration. These curves show the inflection at
a certain critical concentration (C*) and then after the curves bend upwards. Further, the
value of C* increases with decrease in molecular weight and ultimately the curves flatten
for low molecular weight chitosan, used in this research work. This can be explained on
the fact that, when chitosan or any other polymer is added into a solvent, the solvent
gradually diffuse into the polymer aggregates resulting into the swelling of the polymer.
As swelling continues, the segments of polymer are solvated and loosened out. Since the
molecules in a solid polymer are entangled with neighbouring ones, polymer molecules
during dissolution diffuse out as bunches of entangled molecules. Even though all chain
segments of a polymer molecule in solution are unfolded and fully solvated, the
molecules does not assume the shape of an extended straight chain but present in a coil
form. These coils or aggregates offer resistance for the mobility or flow of molecules and
hence impart viscosity [67, 84]. When the molecular size and concentration are increased,

as in this case, the extent of entanglement is increased as shown in Figure 2.8.

c MW
-
i if)

*
c=C

Viscous solution = Viscoelastic gel

Figure 2.8 Aggregation of chitosan molecules as a function of molecular weight and
concentration
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In other words the critical concentration (C*) is, indeed, the ‘overlap’ concentration.
Thus, when C>C* the intermolecular entanglements or aggregation predominate and
precludes the overall molecular motion of polymers, while individual polymer molecules
are statistically separated from other molecules at C<C*. Thus, the critical concentration
(C*) is a measure of molecular size and conformation of a polymer, the higher the
molecular weight and the more rigid conformation, the lower will be the C*. The results
are in close agreement with earlier reports [85, 86]. Hence low molecular weight
chitosans can be conveniently used for textile application and applied at reasonably

higher concentrations.

2.3.7 Effect of storage time on viscosity of chitosan solution

Polymeric chemicals are generally applied to textiles by padding technique where
it is required to prepare a standing bath. Thus the chemical remains in contact with water
for a longer period. As biodegradability of chitosan is a well-known phenomenon the
effect of storage time on the stability of its solution was studied in terms of change in
solution viscosity. The molecular weight of CHT-MC is extremely high for textile
applications and synthesis of various derivatives due its very high viscosity. Hence the
chitosan having moderate viscosity and molecular weight, namely CHT, was chosen for
most of studies hereafter. The stability behaviour of CHT solution in terms of viscosity
behaviour and molecular weight determination as a function of storage time presented in
Table 2.9 and Table 2.10 and Figure 2.9. The intrinsic viscosity of CHT solutions at
different storage times was obtained from Figure 2.9. The molecular weights of CHT
were determined by substituting intrinsic viscosities values in Mark-Houwink equation

(2.5), which are presented in Table 2.11 and graphically in Figure 2.10.
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Table 2.9 Effect of storage time on viscosity of CHT solution

Conc (C), Flow time (T, Sec) at storage time (h):
g/dL
0 24 72 120 192 264
0.1 21.27 20.39 19.92 19.77 - -
0.2 28.27 26.69 2523 | 24.69 | 24.25 23.65
0.3 37.23 35.02 31.79 | 31.20 - -
0.4 49.14 44.40 40.16 | 38.28 | 36.95 35.29
0.5 62.61 56.81 50.45 | 46.98 - -
0.6 78.69 70.03 60.95 | 56.53 | 53.58 50.05
0.7 98.32 86.14 7445 | 68.64 - -
0.8 125.28 105.49 91.14 | 8138 | 74.02 69.83
0.9 157.41 128.8 108.97 | 96.43 - -
1.0 196.00 155.2 130.13 | 114.58 | 100.14 91.57

Solvent ingredients: Acetic acid 0.25M, sodium acetate 0.25M, To= 15.87 sec

Table 2.10 Reduced viscosity of CHT solution as a function of storage time

Conc (C), Reduced Viscosity (1. = msp/C)at storage time (h):
g/dL

0 24 72 120 192 264

0.1 3.4 2.85 2.55 2.46 - -
0.2 3.91 3.41 2.96 2.78 2.64 2.45

0.3 4.49 4.02 3.34 3.22 - -
0.4 5.24 4.50 3.83 3.53 3.32 3.06

0.5 5.89 5.16 4.36 3.92 - -
0.6 6.60 5.69 4.73 4.27 3.96 3.59

0.7 7.42 6.33 5.27 4.75 - -
0.8 8.62 7.06 5.93 5.16 4.58 4.25

0.9 9.91 7.91 6.52 5.67 - -
1.0 11.35 8.78 7.20 6.22 5.31 477

Solvent ingredients: Acetic acid 0.25M, sodium acetate 0.25M, To= 15.87 sec
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Figure 2.9 Viscosity of chitosan (CHT) solution as a function of storage time

Table 2.11 Effect of storage time on stability chitosan (CHT) solution

Storage Intrinsic Molecular Critical
time, viscosity [n] weight (Mv) concentration (C%*),

h g/dL

0 2.55 135,839 0.735

24 2.2 113,704 0.76

72 2.1 107,506 0.84
120 2.05 104,430 0.865
192 1.95 98,323 >1.0
264 1.9 95,294 >1.0

Solvent: Acetic acid 0.25M, sodium acetate 0.25M, T,= 15.87 sec
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Figure 2.10 Effect of storage time of chitosan (CHT) solution on molecular weight

It is seen from Table 2.11, Figure 2.9 and Table 2.12 that the initial molecular
weight and the concentration of polymer have the influence on the stability of the
solution. The reduced viscosity curve is observed to be segmented with an overlap/
critical concentration (C*) at the point of inflection and then flattened as the storage time
was increased i.e. the critical concentration shifted towards right. It is also observed from
Figure 2.10 that the drop in viscosity in first 24 h was much faster and was more
significant at higher concentration i.e. above C* as illustrated in Table 2.11. The loss in
viscosity may be attributed to the biodegradation of chitosan molecules and/or hydrolysis
of polymer molecules and slow detachment of polymer segments from the entanglements
which are present above C*. Initially the large molecules, especially at higher
concentration, occupy large “hydrodynamic” volume due to aggregation as result of
intermolecular cross linkages, which leads to less mobility indicating higher viscosity.
The hydrolytic degradation of the polymer leads to the production of smaller molecular
entities which in turn causes a drop in hydrodynamic volume of the polymer molecules
resulting in higher molecular mobility and as a result reduces the viscosity of the solution
[57, 84, 86]. It shows that dilute chitosan solutions made from low molecular weight
samples (e.g. CHT-D5) are more stable in terms of viscosity behaviour as illustrated in
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Table 2.13, Figure 2.11 and Table 2.14. Hence lower molecular weight chitosan solutions
particularly at low concentration may be preferred for textile applications as their

standing baths have more consistent viscosity.

Table 2.12 Effect of initial concentration on stability of chitosan (CHT) solution

Storage Change in viscosity (%) of
time, h CHT from initial solution at
concentrations:
0.2 g/dL 1.0 g/dL
0 100 100

24 87.22 77.36

72 75.70 63.43

120 71.10 54.80

192 67.52 46.78

264 62.66 42.03

Solvent: Acetic acid 0.25M, sodium acetate 0.25M, To= 15.87 sec

Table 2.13 Effect of storage time on viscosity of low molecular weight chitosan, CHT-D5

solution
Conc (C), Viscosity of CHT-D5 solution at storage time:

g/dL Oh 24 h 120 h
Flow Reduced | Flow Reduced | Flow Reduced
time (T), | viscosity | time (T), | viscosity | time(T), | viscosity
sec (nred) Sec (nred) Sec (Tlred)

0.1 16.43 0.35 - - - -

0.2 17.02 0.36 16.99 0.35 16.97 0.35

0.3 17.63 0.37 - - - -

0.4 18.30 0.38 18.24 0.37 18.18 0.36

0.5 18.96 0.39 - - - -

0.6 19.70 0.40 19.60 0.39 19.47 0.38

0.7 20.44 0.41 - - - -

0.8 21.20 0.42 19.77 0.41 20.88 0.39

0.9 22.00 0.43 - - - -

1.0 22.87 0.44 22.74 0.43 22.39 0.41

Solvent ingredients: Acetic acid 0.25M, sodium acetate 0.25; T, 15.87 sec
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Figure 2.11 Viscosity of CHT-D5 solution as a function of storage time

Table 2.14 Effect of storage time on stability chitosan (CHT-D5) solution

Storage Intrinsic Molecular
time, h viscosity [n] | weight (Mv)

0 0.34 11,986
24 0.334 11733
120 0.33 11564

Solvent ingredients: acetic acid 0.25M, sodium acetate 0.25M, T, 15.87 sec

2.3.8 Effect of electrolyte on viscosity of chitosan solution

Chitosan, being a polycationic material having pKa value 6.3, requires acidic pH
is for its dissolution [69]. The conformational arrangements of polyelectrolyte chains,
mainly responsible for viscosity behaviour, are influenced by various factors such as pH,
concentration of polyelectrolyte, molecular weight, nature of counter ion and added
electrolyte etc [87-89]. Chitosan salts such as acetate, formate, lactate, citrate, chloride,
and nitrate are soluble in water [69] while sulphate salt is insoluble [90, 91]. The effect of
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pH on chitosan chain conformational arrangements in aqueous medium can be
understood due to the protonation of amino groups, which is responsible for the charge
extension on the polyelectrolyte chains [87]. Polyanions such as sodium tripolyphosphate
(TPP) lead to ionotropic gelation of chitosan, which is one of the fundamental principles
of nano chitosan synthesis [92]. Velasquez et al [93] reported the effect of sodium
chloride on the behaviour of two chitosan salts namely nitrate and chloride. The 1eq
values for chitosan nitrate were found to be markedly more affected than chitosan
chloride by the increasing added ionic strength of the medium. According to them, nitrate
counter ions cause a lesser stiffness than chloride counter ions, which has been attributed
to higher screening due to bigger nitrate ions. The application of chitosan for the
syntheses of various derivatives and in textiles, in this research, was mainly employed in
acetic acid solution with sodium acetate as electrolyte. Therefore, the effect of sodium
acetate concentrations on two different grades of chitosan namely, CHT-MC and CHT

was studied as demonstrated in Table 2.15 and graphically in Figure 2.12.

Table 2.15 Effect of sodium acetate concentration on viscosity of chitosan solutions

Sod. Acetate To, sec CHT-MC solution CHT solution
Concentration, Flow time | Relative | Flow time | Relative
g/L (T), viscosity (M), viscosity
sec Mrer) sec (Mrel)

0 15.58 557.8 35.8 110.68 7.1

2.5 15.60 409.2 26.2 82.79 5.3

5 15.63 354.47 22.7 7791 50

7.5 15.68 332.71 21.2 73.52 4.7

10 15.71 310.35 19.8 71.32 45

15 15.78 285.63 18.1 67.92 4.3

20 15.82 282.72 17.9 67.61 4.3

30 15.85 284.75 17.9 67.60 4.3

40 16.23 286.70 17.7 67.81 4.2

50 16.37 289.63 17.6 68.03 4.2

Chitosan 5 g/L, acetic acid 15 g/L, flow time for water = 15.57 sec at 30 °C,
To represents blank reading for solution containing acetic acid 15 g/L and sodium acetate
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Figure 2.12 Relative viscosity of chitosan solution as a function of sodium acetate
concentration

Sodium acetate was found to reduce the viscosity of chitosan solution (Figure
2.12). It was observed that with increase in concentration of sodium acetate, the viscosity
of chitosan solution, for a selected concentration of 5 g/L, decreased up to certain
concentration (~15g/L). No reduction in viscosity was noticed beyond this concentration.
The effect of electrolyte was also observed to be more pronounced on high molecular
weight chitosan, CHT-MC. With decrease in molecular weight of chitosan, the amount of
sodium acetate required to attain the lower viscosity was decreased i.e. about 7.5 g/L of
sodium acetate was required for CHT solution. The decrease in viscosity with increase in
electrolyte concentration can be attributed to the shielding effect of counter ions [69].
Due to ion dipole forces; the acetate ions form a cascade negative charge over each
chitosan molecule establishing repulsive forces between them. This offers low resistance
to the flow or mobility of polymer molecules. As the number of amino groups content is
large in high molecular weight chitosan, higher charge screening is effected due to added
electrolytes resulting in to intensive lowering in viscosity of the solution [93]. The drop

in viscosity of chitosan solution due to sodium acetate was found to be almost uniform

Studies on applications of chitosan and synthesized chitosan derivatives in textile processing 76



during storage period as shown in Table 2.16 and graphically in Figure 2.13. The stability
of chitosan solution, thus, is influenced by storage time and the presence of electrolyte.
Thus almost a stable chitosan solution can be obtained by the judicious selection of low
molecular weight chitosan and optimum concentration of electrolyte.

Table 2.16 Effect of sodium acetate on storage stability of chitosan solution

Storage CHT-MC CHT
time, Flow time (T), Relative viscosity Flow time (T), Relative

h Sec Mrer) Sec viscosity (1)
(A) (B) (A) (B) (A) (B) (A) (B)

0 557.8 282.7 35.80 17.87 | 110.7 67.6 7.11 4.27

3 526.3 227.3 33.78 1437 | 104.0 59.5 6.68 3.76
24 422.7 178.6 27.13 11.29 96.1 53.8 6.17 3.40
48 402.1 155.2 25.81 9.81 89.0 48.5 571 3.07
72 362.5 137.5 23.27 8.69 84.0 46.1 5.39 291
96 321.4 121.1 20.63 7.65 80.2 43.8 5.15 2.77
120 307.5 112.3 19.74 7.10 78.5 41.2 5.04 2.60

Chitosan 5 g/L, (A) Solvent: Acetic acid 15 g/L, T 15.58 sec at 30 °C;
(B) Solvent: Acetic acid 15 g/L + Sodium acetate 20 g/L, T, 15.82sec at 30 °C

40 * CHT-MC (Avcetic acid)
B CHT-MC (Acetic acid +3od. acetate)
35 & CHT (Acetic acid)
# OHT (Acetic acid + 3ad. acetated
301
24 1
F0
14 1
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Chitosan 5 g/L, Acetic acid 15 g/L, Sodium acetate 20 g/L
Figure 2.13 Effect of sodium acetate on storage stability of chitosan solution
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2.3.9 Application of chitosan (CHT) derivatives on cotton fabric: Pad-Dry-Cure

process

Chitosan can be applied to cotton fabric by exhaustion method or by padding
method. The viscous nature of chitosan solution, however, restricts its application by
exhaust method due the possibility of uneven sorption. The second method, which is
prevalent in continuous dyeing or finishing processes of textiles, produces uniform
effects and is most suitable for polymeric applications. Hence, the pad-dry cure method
for the treatment of cotton fabric with different molecular weight chitosan derivatives
(Table 2.8) was adopted. Since the treated fabric samples, in many cases, had to evaluate
with optical instruments (CCMS), any changes in fabric construction due to above
treatments could lead to variations in results. In order to minimize the error, fabric sample
was padded with a solution containing acetic acid (15 ml/L) and sodium acetate (10 g/L),

this sample was termed as ‘control’.

Table 2.17 Effect of various treatments on fabric construction

Fabric Treatment Ends/in Picks/in
Sample (EPI) (PPI)
Untreated - 142.0 72.0
Control Blank treated*, 149.1 76.4
(Pad-Dry cure)
CHT-MC 10 gpl 149.4 75.9
(Pad-Dry cure)
CHT-D1 10 gpl 148.6 76.1
(Pad-Dry cure)
CHT 10 gpl 148.1 77.1
(Pad-Dry cure)
CHT-D2 10 gpl 148.8 76.4
(Pad-Dry cure)
CHT-D3 10 gpl 149.0 77.2
(Pad-Dry cure)
CHT-D4 10 gpl 148.4 75.6
(Pad-Dry cure)
CHT-D5 10 gpl 150.0 76.4
(Pad-Dry cure)

*Blank treatment: Acetic acid 15 ml/L, sodium acetate 10 g/L
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The fabric construction in terms of ends/in (EPI) and picks/in (PPI) (average of
five readings) measured at different stages of treatment is presented in Table 2.17. It was
observed that the fabric construction was not much affected due to such treatments and
was very much close to the ‘control” sample. Therefore the computer colour matching
system was safely employed for the evaluation of appearance (indices) and colour (K/S

values).

2.3.10 Surface morphology of chitosan treated fibres

Chitosan solutions (1 g/L) were applied on cotton fabric by conventional pad-dry
cure technique and the surface morphology of the treated and untreated cotton was
studied under scanning electron microscope, which is presented in Figure 2.14. Chitosan
exhibits an inherent film formation property, which is clearly seen as gloss on fibre
surface as shown in Figure 2.14 (b & c). Further the film deposition on fibre surface can
be confirmed by prolong boiling of treated sample in distilled water so that the broken
appearance of film can be viewed under SEM, as presented in Figure 2.14 (d).
The molecular weight of the treated chitosan seems to play some role on the surface
appearance in micrograph, the higher gloss of notices in higher molecular weight
chitosan (CHT-MC) treated fibres. The micrograph of low molecular weight chitosan
(CHT-D4) treated cotton fibres however looks somewhat different with slightly non
glossy surface [Figure (e & f)] indicating the penetration of polymeric material in to the
fibre structure. This may be attributed to the lower viscosity of low molecular weight
chitosans that facilitates better penetration and high molecular weight chitosan having
high viscosity confined to the surface depositions only.
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Figure 2.14 Scanning electron microphotographs (x1000) of (a) Cotton Fibre (control),
(b) CHT-MC treated fibres, (c) CHT treated fibres (d) CHT treated and then
prolong boiled cotton fibres, (€) CHT-D4 treated fibres and (f) CHT-D5
treated fibres

2.3.11 Effect of chitosan treatment on appearance and feel of cotton fabric

The appeal of the fabric is manifested by its appearance and the feel. Various
factors such as colour and transparency of the polymeric film (chitosan), presence of
functional groups, penetration level of chitosan into fibre/fabric structure etc influence
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the appearance of treated cotton fabric. Level of deposition of polymer film on fibrous
material is determined by the viscosity of its solution (padding liquor) which in turn is
determined by its molecular weight and concentration in pad liquor [67, 68]. These two
factors also influence the feel of the treated fabric. In order to understand the influence of
chitosan treatment on cotton fabric, the appearance was evaluated in terms of whiteness
index (W.1.), yellowness index (Y.l.) and brightness index (B.I.); and the feel in terms of
stiffness (measured in bending length with the average of four readings) of different
molecular weight chitosans at different concentrations. Results of these properties are
presented in Tables 2.18 (A & B) & Tables 2.19(A & B) respectively and graphically in
corresponding Figures 2.15, 2.16, 2.17 and 2.18.

Table 2.18A Appearance of chitosan treated cotton fabric as a function of molecular weight and
concentration

Conc, CHT-MC CHT-D1 CHT CHT-D2

g/L (654,127) (285,231) (135,839) (71,676)
Wi Yl BI | WI | YI Bl WI | YI Bl WI | Yl | BI
25 (914 | 36 |824 | 915 | 3.7 | 823 | 915 |33 | 81l6 | 9.9 | 36 |814
50 | 918 | 36 832|917 | 3.6 | 826 | 919 | 34 | 814 | 90.8 | 3.6 | 81.6
75 | 914 | 47 | 822|915 | 43 | 81.8 | 915 | 43 | 80.6 | 90.4 | 4.0 | 829
100 | 913 | 44 | 819|908 | 43 | 816 | 914 | 47 | 80.6 | 905 | 4.3 | 82.6
150 | 909 | 49 [ 813|905 | 48 | 805 | 915 | 45| 79.8 | 90.1 | 4.7 | 82.3
200 | 90.2 | 54 | 798| 905 | 56 | 80.1 | 90.3 | 54 | 779 | 89.2 | 5.8 | 79.9

Values in parentheses indicate the mol wt of chitosan,
Indices of control sample: WiI=92.5, YI= 2.6, Bl= 84.6

Table 2.18B Appearance of chitosan treated cotton fabric as a function of molecular weight and
concentration

Conc, CHT-D3 CHT-D4 CHT-D5
g/L (38,733) (20,698) (11,986)
WI | Yl | BI | WI | Yl BI Wi | Yl BI

2.5 89.9 | 3.7 798 | 90.2 | 3.6 78.9 89.3 3.8 78.1
50 [ 8.0 74 76.9 | 894 | 55 77.9 87.2 4.8 77.7
7.5 89.2 | 81 769 | 881 | 49 75.3 87.6 54 74.8
100 | 87.7 | 9.2 742 | 882 | 82 74.8 86.2 7.4 73.1
150 | 864 | 135 | 706 | 86.4 | 124 71.5 86.0 13.2 69.4
200 | 841 | 162 | 66.1 | 83.0 | 17.1 68.7 83.3 16.7 66.2

Values in parentheses indicate the mol wt of chitosan,
Indices of control sample: WiI=92.5, YI= 2.6, Bl= 84.6
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Figure 2.15 Whiteness index (WI) of chitosan treated cotton fabric as a function of
molecular weight and concentration
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Figure 2.16 Yellowness index (Y1) of chitosan treated cotton fabric as a function of
molecular weight and concentration
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Figure 2.17 Brightness index (BI) of chitosan treated cotton fabric as a function of
molecular weight and concentration

The appearance of cotton fabric in terms of reduction in whiteness and brightness
indices or rise in yellowness indices was influenced by normal chitosan as shown in
Figure 2.15, Figure 2.16 and Figure 2.17. The whiteness and the brightness of parent
chitosan i.e. CHT-MC and CHT treated fabrics were found to be satisfactory and were
slightly decreased with increase in concentration of chitosan nevertheless they were in
tolerable limits. The appearance of depolymerized chitosan treated fabrics, however, was
found to be deteriorated more than that of parent chitosan treated fabrics. The whiteness
and brightness of depolymerized chitosan treated samples were decreased severely with
decrease in molecular weight and increase in concentration. The loss in whiteness or
discolouration in depolymerized chitosan treated fabric may be due the possible
liberation of nitric oxide gas from NaNO; in acidic medium that gets adsorbed on various
functional groups of chitosan imparting yellowness [94]. The higher extent of (increased)
discolouration of treated fabric due to depolymerized chitosan was thus governed by the
amount of sodium nitrite used. It seems further that the excessive depolymerisation by
sodium nitrite produces undesired impurities containing aldehyde end groups, which may
react with free amino groups to form —N=C bond causing yellowness. The reduction in
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brightness of depolymerized chitosan treated fabric may be ascribed to the loss in gloss of

fibre surface due to morphological changes occurred due to diffusion of oligomer into the

fibre structure, which can be observed as matty surface as shown in scanning electron

microphotographs in Figure 2.14(d & e).

Table 2.19A Stiffness of chitosan treated fabric as a function of molecular weight and
concentration

Conc, Bending length, cm
g/L CHT-MC CHT-D1 CHT CHT-D2
(654,127) (285,231) (135,839) (71,676)
Warp Weft Warp Weft Warp Weft Warp Weft
2.5 2.61 1.76 2.58 1.72 2.44 1.70 2.33 1.85
5.0 3.08 2.10 2.96 2.10 2.98 2.05 2.58 1.85
7.5 341 2.55 3.37 2.40 3.23 2.25 2.68 2.01
10.0 4.29 3.03 4.09 2.89 3.70 2.74 3.05 2.19
15.0 4.90 3.23 4.63 3.11 4.10 3.00 3.39 2.21
20.0 5.38 3.53 521 3.38 4.40 3.33 4.06 2.88

Values in parentheses indicate the mol wt of chitosan,
Bending length of control sample: warp = 2.05 cm and weft = 1.68 cm

Table 2.19B Stiffness of chitosan treated fabric as a function of molecular weight and
concentration

Conc, Bending length, cm
g/L CHT-D3 CHT-D4 CHT-D5
(38,733) (20,698) (11,986)
Warp Weft Warp Weft Warp Weft
2.5 2.15 1.70 212 1.69 2.13 1.70
5.0 2.30 1.71 2.27 1.68 2.24 1.70
7.5 2.48 1.86 2.47 1.76 2.41 1.73
10.0 2.90 2.00 2.75 1.94 2.71 1.88
15.0 3.31 2.38 3.19 2.21 3.03 1.96
20.0 3.53 2.68 341 2.43 3.32 2.11

Values in parentheses indicate the mol wt of chitosan,
Bending length of control sample: warp = 2.05 cm and weft = 1.68 cm
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Figure 2.18 Stiffness of chitosan treated cotton fabric as a function of molecular weight
and concentration

The handle of the fabric on chitosan treatment was adversely affected as seen
from the rise in fabric stiffness with increase in concentration and the molecular weight
of chitosan shown in Table 2.19A and Table 2.19B and Figure 2.18. The fabric stiffness
and feel treated with low molecular weight chitosan namely CHT-D4 and CHT-D5 were
found to be satisfactory and well in acceptable limits. The fabric surface was also found
to be excessively harsh in case of high molecular weight chitosan and the inherent appeal
of cotton or ‘cotton feel’ was almost lost. The rigid conformation of chitosan structure
and due to the formation of large number of intra and intermolecular cross linkages due
to amino and hydroxyl groups as shown in Figure 1.5 (Chapter 1), chitosan produces stiff
films [95]. High viscosity solutions of large chitosan molecules confine the rigid film
deposition onto fabric surface only thus imparting stiffness to fabric. The presence of
chitosan films of high molecular weight chitosans (CHT-MC and CHT) can be clearly
seen from Figure 2.14 (b & c). This property is undesired in pretreated fabrics but may be
beneficial when applied during finishing process, which impart firmness and body to the
fabric. Bhuvana et al.[96], in benefit to the uniform film formation of chitosan on fibre

surface, have reported the low frictional values offering itself a better candidate as
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stiffening agent. The high viscosity solutions, however, cause difficulties during

application in padding mangle.

2.3.12 Effect of chitosan treatment on absorbency cotton fabric

Rapid and uniform absorbency for any pretreated fabric is indispensable for the
better penetration of dyes and chemicals during the subsequent unit operations like
dyeing, printing and finishing. Therefore the effect of chitosan applications on the
absorbency was determined, which are shown in Table 2.20 and graphically in Figure
2.19. Absorbency, measured by drop penetration method, reported here are taken as the
average of nine readings. The absorbency of chitosan treated fabric was found to be
altered by the molecular weight and concentration of applied chitosan. The absorbency of
high molecular chitosan (e.g. CHT-MC, CHT-D1 and CHT) treated fabric was high and
progressively improved with lowering of molecular weight of chitosan. The absorbency
was observed to be reduced with increase in concentration of chitosan. The concentration
effect was more substantial in case of high molecular weight chitosan, where as this

effect was meager in case of low molecular weight chitosan.

Table 2.20 Absorbency of chitosan treated cotton fabric as a function of molecular weight and
concentration

Conc, Water drop penetration time in seconds treated with:
g/L CHT-MC CHT-D1 CHT CHT-D2 CHT-D4 CHT-D5
(654,127) | (285,231) | (135,839) (71,676) (20,698) (11,986)
2.5 51 5.2 4.5 5.0 4.2 4.2
5.0 5.3 5.3 4.6 5.0 4.5 4.3
7.5 8.4 7.2 5.9 6.4 5.3 5.4
10.0 12.7 8.1 7.2 55 5.3 54
15.0 46.0 26.3 7.1 7.0 6.0 7.0
20.0 72.3 44.6 7.2 7.1 6.5 6.9

Values in parentheses indicate the mol wt of chitosan, Absorbency of control sample: 4.02 sec
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Figure 2.19 Absorbency of chitosan treated cotton fabric as a function of molecular
weight and concentration

The decreased absorbency in case of high molecular chitosan may be due to the
formation of rigid film of chitosan over surface thus acting as a barrier for the penetration
of water. The better absorbency conferred by low molecular weight chitosan treatment
may be attributed to the capillary action of rough surface formed, which can be clearly
visualized from scanning electron microphotographs in Figure 2.14 (d & e). The
apparent drop in absorbency of cotton fabric due to chitosan pretreatment, however, is
not expected to cause any hindrance on subsequent processing such as dyeing, printing or
finishing. Since the poor absorbency of the fabric is due to rigid film formation on
surface and not due to the introduction of hydrophobicity. Such chitosan films contain
accessible sites such as -OH and -NH, nevertheless they are heavily crosslinked by

hydrogen bonding.

2.3.13 Dyeing behaviour
Textiles made from cotton and other cellulose fibres are conventionally dyed with

direct, reactive, azoic, vat, sulphur etc dyes. These dyes are characterized by certain
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inherent properties. Vat dye are known for excellent all round fastness properties but
have limitations of high price and problems of poor dye bath stability due to
susceptibility of leuco vat dye to oxidation. Reactive dyes from covalent
linkages/bonding with fibre and confer good fastness to washing. Also, these dyes are
available in wide spectrum of colour range. However, their tendencies to readily
hydrolyze and moderate fastness to light are the major drawbacks. Azoics produce bright
shades but they possess poor rubbing fastness properties. Sulphur dyes are very popular
for black and blue colours and some fancy shades such as dull green or olive green,
brown etc. The dyeings are fast to washing and light but fastness to bleaching is poor.
Direct dyes are known for ease of application and for full colour range availability. These
dyes possess strong affinity for cellulosic fibres and therefore, also known as substantive
dyes. These dyes, however, suffer from poor fastness to washing and other agencies. Any
modifications in fibre, dye bath additives, dyeing process and/or after treatments, direct
dyes respond greatly in its behaviour [97, 98]. Under this background direct dyes were
selected for studying the dyeing behaviour of chitosan treated cotton in the present
research project.

Secondly, the structure of chitosan is very much analogous to cellulose
(except that the —OH group in cellulose at C2 is being replaced by —NH, in chitosan), it is
anticipated that its treatment should influence the cellulose dyeing in complimentary. In
this work, therefore, the effect of pretreatment and after treatment of chitosan on direct
dyeing of cotton and the washing fastness properties of these dyed samples was studied.
Accordingly, two direct dyes namely C. I. Direct Red 81 (Mol wt 675.6) and C. I. Direct
Blue 71 (Mol wt 1029.9) shown in Table 2.1 were selected. Attributing to the presence of
cationic amino groups, the effect of chitosan pre- treatment on the dyeability towards acid
dyes (C. I. Acid Blue 158, Table 2.1) was also investigated.

2.3.13.1 Effect of chitosan pretreatment on direct dyeing of cotton fabric

The chitosan, of varying degree of molecular weight, pretreated at different
concentrations by pad-dry cure method was dyed with direct dyes mentioned above. The
dye uptake, measured in terms of K/S, by these samples is presented in Table 2.21 and
Table 2.22; and fastness properties in Table 2.24 and Table 2.25.
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Table 2.21 C. I. Direct Red 81 uptake of chitosan treated cotton fabric as a function of molecular
weight and concentration

Conc, K/S values of C. I. Direct Red 81 dyed samples pretreated with:
/L
’ CHT-MC | CHT-D1 CHT CHT-D2 | CHT-D3 | CHT-D4 | CHT-D5
(654,127) | (285,231) | (135,839) | (71,676) | (38,733) | (20,698) | (11,986)
25 9.77 9.61 9.41 9.35 9.39 9.28 9.36
[26] [24] [22] [21] [22] [20] [21]
5.0 10.29 10.24 10.16 10.03 9.90 9.77 9.84
[33] [32] [32] [30] [28] [26] [27]
7.5 11.04 11.04 10.90 10.61 10.57 10.86 10.48
[43] [43] [41] [37] [37] [40] [36]
10.0 11.34 11.28 10.97 10.98 11.08 10.74 11.09
[47] [46] [42] [42] [43] [39] [43]
15.0 12.77 12.53 12.17 11.78 11.36 11.48 11.31
[65] [62] [57] [52] [47] [49] [46]
20.0 14.65 14.39 13.48 13.89 12.04 12.54 12.43
[90] [89] [74] [80] [56] [62] [60]

Values in parentheses indicate the mol wt of chitosan, Dye: 1% o.w.m.; K/S value of control sample is
7.73; Values in brackets indicate the per cent improvement in colour value compared to control sample
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Dye: 1% o.w.m, Mol wt of chitosan grades: CHT-MC=654,127; CHT-D1=285,231; CHT=135,839; CHT-

D2=71,676; CHT-D3=38,733; CHT-D4=20,698 and CHT-D5=11,986

Figure 2.20 C. I. Direct Red 81 uptake of chitosan treated cotton fabric as a function of
molecular weight and concentration
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Table 2.22 C. I. Direct Blue 71 uptake of chitosan treated cotton fabric as a function of molecular
weight and concentration

Conc, K/S values of C.1. Direct Blue 71 dyed samples pretreated with:

g/L CHT-MC | CHT-D1 CHT CHT-D2 | CHT-D3 | CHT-D4 | CHT-D5
(654,127) | (285,231) | (135,839) | (71,676) | (38,733) | (20,698) | (11,986)

25 9.89 9.81 9.60 9.39 9.46 9.41 9.34

[33] [32] [30] [27] [28] [27] [26]

5.0 11.04 10.98 10.81 9.90 9.82 9.88 10.01

[49] [48] [46] [33] [33] [33] [35]

7.5 11.96 11.90 11.60 10.05 10.02 10.12 10.45

[61] [61] [57] [36] [35] [37] [41]

10.0 13.44 13.16 12.42 12.58 13.03 12.82 13.08

[81] [78] [68] [70] [76] [73] [77]

15.0 16.50 16.09 15.64 14.18 14.32 14.47 14.39

[123] [117] [111] [91] [93] [95] [94]

20.0 18.83 17.76 16.05 14.79 14.40 14.92 14.63

[154] [140] [117] [99] [94] [101] [97]

Values in parentheses indicate the mol wt of chitosan, Dye: 1% o.w.m, K/S value of control sample is 7.41,
Values in brackets indicate the per cent improvement in colour value compared to control sample
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Figure 2.21 C. I. Direct Blue 71 uptake of chitosan pretreated cotton fabric as a function
of molecular weight and concentration
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The dye uptake (K/S values) for C. I. Direct Red 81 and C. I. Direct Blue 71 by
chitosan treated cotton fabric was improved substantially as observed from Table 2.21
and Table 2.22 (Figure 2.20 and Figure 2.21). The uptake was increased with the increase
in the concentration of chitosan for a particular molecular weight grade and also the same
was increased with increase in molecular weight for varying molecular weight chitosan
treatment especially at higher concentration. The dye uptake of low molecular weight
chitosan treated samples from CHT-D2 to CHT-D5 was almost remained unchanged for a
particular concentration. The dyeing behaviour of chitosan treated fabric, however, was
somewhat different for two dyes selected for the experiment. Blue dye showed high
substantivity towards chitosan treated fabric than the red.

The enhanced dye uptake due to chitosan may be attributed to the cationic amino
groups forming dye sites, which interact with direct dye through hydrogen bonding as
well as ionic linkages. High molecular weight chitosan, due to highly viscous nature of
their solutions, are confined mostly on the fibre surface resulting greater accumulation of
dye on the surface. Also, the number of amino groups is increased with increase in
molecular weight and with increase in concentration. It can be observed from the
structures of C. I. Direct Red 81 and C. I. Direct Blue 71 (Table 2.1) that the molecular
weight of blue dye is high and is characterized by greater degree of planarity due to

conjugation system possessing high substantivity and moderate to good wet fastness
properties. The structure also shows four anionic (-SO3’) groups that can form more

strong linkages with amino groups. Attributing to these two features, C. I. Direct Blue 71
showed greater substantivity towards chitosan treated fabric.

A normal cotton fabric when entered in dye bath acquires negative surface charge
and repels negatively charged dye anions. Conventionally, the negative charge is
neutralized by the addition of electrolytes such as sodium chloride, sodium sulphate etc
and facilitate approach of direct dyes, by their inherent affinity, towards fibre. The
polycationic chitosan can also dissipate the negative surface charge on cotton and drives
dye molecules to the fibre. Such effects can be studied by comparing the dyeing results of
chitosan treated samples conducted in electrolyte free dye bath with that in presence of
electrolyte. The progressive decrease in importance of sodium sulphate taken as
electrolyte with increase in chitosan concentration, as shown in Table 2.23 (Figure 2.22
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and Figure 2.23), clearly elucidates the role of chitosan in the improvement of dye uptake

even at reduced electrolyte concentration.

Table 2.23 Effect of electrolyte (sodium sulphate) on dyeing of chitosan (CHT) treated cotton

fabric
CHT, K/S values
g/L C.1.Direct Red 81 C.1. Direct Blue 71
Conventional Salt free Conventional | Salt free dye
dye bath dye bath dye bath bath
Control 7.73 5.86 7.41 5.48
[-24] [-26]
2.5 9.41 7.62 9.60 7.49
[-19] [-22]
5.0 10.16 8.43 10.81 8.86
[-17] [-18]
7.5 10.90 9.37 11.60 9.98
[-14] [-14]
10.0 10.97 9.89 12.42 10.78
[-12] [-13]
15.0 12.17 11.68 15.64 15.17
[-4] [-3]
20.0 13.48 13.51 16.05 15.98
[+0.2] [-0.4]

Dye 1% o.w.m, Values in brackets indicate % change in colour value form corresponding

conventional dyed samples; -ve sign indicate decrease in colour depth

C. I. Direct Red 81 dye has shown poor washing fastness ratings which may be
attributed to its low molecular weight and the poor substantivity due the lesser
conjugation as can be seen from its structure (Table 2.1). The fastness of this dye on
chitosan treated fabric, as observed from Table 2.24, is improved slightly with increase in
concentration of chitosan, particularly in case of relatively low molecular weight chitosan
treated samples. On the other hand a slight decline in ratings with increase in
concentration of high molecular weight chitosan is noticed. This may be attributed to the
preferential surface deposition of high molecular weight chitosan and hence the dye also
that may be removed easily during washing. However, the effect of chitosan treatment on
washing fastness of dyes having good washing fastness, i.e. C. I. Direct Blue, is only
slightly altered, Table 2.25.
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Figure 2.22 Effect of electrolyte (sodium sulphate) on dyeing of chitosan (CHT) treated
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Figure 2.23 Effect of electrolyte (sodium sulphate) on dyeing of chitosan (CHT) treated
cotton fabric with C.I. Direct Blue 71

Studies on applications of chitosan and synthesized chitosan derivatives in textile processing 93



Table 2.24 Effect of chitosan pretreatment on fastness properties of direct dye C.l.Direct Red 81

Conc, Washing fastness ratings of C.I.Direct Red 81 dyed samples pretreated with:
g/L CHT-MC | CHT-D1 CHT CHT-D2 | CHT-D3 | CHT-D4 | CHT-D5
(654,127) | (285,231) | (135,839) | (71,676) | (38,733) | (20,698) | (11,986)
5.0 2-3 2-3 2-3 3 3 3 3
10.0 3 3 3 3 2-3 3-4 3-4
15.0 2-3 3 3-4 3-4 3-4 3-4 3-4
20.0 2 3 3 2-3 3-4 3-4 3-4
Rubbing fastness ratings
5.0 2 2 2 2 2-3 2-3 2-3
10.0 2 2 2 2 2-3 2-3 2-3
15.0 1-2 1-2 2 2 2 2 2
20.0 1-2 1-2 1-2 2 2 2 2

Values in parentheses indicate the mol wt of chitosan,

Dye 1% o.w.m., ratings of control samples: washing fastness 3 and rubbing fastness 2-3

Table 2.25 Effect of chitosan pretreatment on fastness properties of direct dye C.I. Direct Blue 71

Conc, Washing Fastness Ratings of C.I.Direct Blue 71 dyed samples pretreated with:
g/L CHT-MC | CHT-D1 CHT CHT-D2 | CHT-D3 | CHT-D4 | CHT-D5
(654,127) | (285,231) | (135,839) | (71,676) (38,733) | (20,698) | (11,986)
5.0 4-5 4 4-5 4-5 4 4-5 4-5
10.0 4 4-5 4-5 4 4-5 4-5 4
15.0 4 4-5 4-5 4 4-5 5 4-5
20.0 4-5 4-5 4-5 4-5 4-5 4-5 4-5
Rubbing fastness ratings
5.0 2 2 2 2 2-3 2-3 2-3
10.0 2 2 2 2 2-3 2-3 2-3
15.0 1-2 1-2 2 2 2 2 2
20.0 1-2 1-2 1-2 2 2 2 2

Values in parentheses indicate the mol wt of chitosan,

Dye: 1% o.w.m, ratings of control samples: washing fastness 4-5 and rubbing fastness 2-3

The rubbing fastness, as can be seen from the above tables, reduced with the

increase in the molecular weight and concentration of chitosan in the treatment bath. This

may be due to surface deposition of chitosan that can be easily rubbed off.

2.3.13.2 Effect of chitosan treatment on colour depth of direct dyed cotton fabric

Chitosan, with due regards to its several inherent properties, can be employed as

finishing agent and may be required to apply onto dyed fabrics. Chitosan, due presence of
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various functional groups, is believed to interact with the dyes present on fibre and alter

their properties. In this study, cotton fabric was dyed separately with direct dyes namely
C. I. Direct Red 81 and C. I. Direct Blue 71 of 1% shade by conventional dyeing method.

The dyed fabric was then treated with chitosan solution by pad-dry cure method.

Table 2.26 Effect of chitosan treatment on colour depth and fastness of direct dyed cotton fabric

Sample Chitosan, C. I. Direct Red 81 C.1. Direct Blue 71
g/L K/S Washing | Rubbing K/S Washing | Rubbing
Values | Fastness | Fastness | Values | Fastness | Fastness
Control - 6.59 3 2-3 7.29 4-5 2-3
CHT-MC 5 6.79 3 3 7.24 4 3
Treated [3.0] [-0.7]
10 7.12 3-4 3 7.49 4-5 3
[8.0] [2.7]
CHT-D1 5 7.06 3-4 3 7.19 4-5 3
Treated [7.1] [-0.1]
10 7.28 3-4 3 7.33 4-5 3
[10.5] [0.6]
CHT 5 7.25 3-4 2-3 6.83 4-5 3
Treated [10.0] [-6.3]
10 7.54 3-4 3 7.31 4 3
[14.4] [0.3]
CHT-D2 5 6.98 3-4 2-3 6.75 4-5 3
Treated [5.9] [-7.4]
10 7.21 3-4 3 7.02 4-5 3
[9.4] [-3.7]
CHT-D3 5 7.17 3-4 2-3 6.59 4-5 3
Treated [8.8] [-9.6]
10 6.99 4-5 2-3 6.62 4-5 3
[6.1] [-9.2]
CHT-D4 5 7.11 4 2-3 6.64 4-5 2-3
Treated [7.9] [-8.9]
10 7.19 4 2-3 6.81 5 3
[9.1] [-6.6]
CHT-D5 5 7.21 4 2-3 6.71 4-5 2-3
Treated [9.4] [-7.9]
10 7.34 4-5 2-3 6.74 5 2-3
[11.4] [-3.4]

Dye 1% o.w.m, Mol wt of chitosan grades: CHT-MC=654,127; CHT-D1=285,231; CHT=135,839;
CHT-D2=71,676; CHT-D3=38,733; CHT-D4=20,698 and CHT-D5=11,986,
Values in bracket indicate the per cent change in colour value compared to control sample
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Table 2.26 (Figure 2.24 and Figure 2.25 ) shows that the colour value of C. I.
Direct Red 81 improved whereas that of C.I. Direct Blue 71 decreased by the chitosan
after treatment, nevertheless to very small extent. Any regular trend on the colour depth,
however, is not noticed due to the molecular weight of treated chitosan. In all cases, the
bloom is somewhat enhanced at higher concentration treatment. In case of red dyed
samples, blooming is on higher side on high molecular weight chitosan treated samples
whereas low molecular weight showed somewhat lesser but almost similar level of
blooming. In blue dyed samples, the colour change was negligible when treated with high
molecular weight chitosan and the loss in colour value was observed in low molecular
weight chitosan treated samples. The apparent changes in shade may be attributed to the
migration of dye from the fibre phase to the chitosan phase during padding and
subsequently during drying operations due to the interaction of the anionic sulphonate
group of dye with cationic groups of chitosan. The higher dye migration of C.I. Direct
Red 81 may be attributed to its low molecular weight and poor washing fastness. The
washing fastness of post dyeing chitosan derivative treatment was improved to some
extent. This may be attributed to the complex formation between dye and the chitosan.

Rubbing fastness, however, was not significantly altered.

C 1 Direct red 81

7.6
7.4
7.2

K/S

6.8
6.6

6.2 - 10.0g/L
.6 0 g/L (Control)

; :
& TFF g

Chitosan
|l 0 g/L (Control) M5.0 g/L M10.0 g/L

Dye 1% o.w.m, Mol wt of chitosan grades: CHT-MC=654,127; CHT-D1=285,231; CHT=135,839; CHT-
D2=71,676; CHT-D3=38,733; CHT-D4=20,698 and CHT-D5=11,986
Figure 2.24 Effect of chitosan treatment on colour depth of direct dyed cotton fabric
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C.l1.Direct Blue 71

Chitosan

||:| 0 g/L (Control) B5.0 g/L M10.0 g/L

10.0 g/L

~ 0 g/L (Control)

Dye 1% o.w.m, Mol wt of chitosan grades: CHT-MC=654,127; CHT-D1=285,231; CHT=135,839; CHT-
D2=71,676; CHT-D3=38,733; CHT-D4=20,698 and CHT-D5=11,986
Figure 2.25 Effect of chitosan treatment on colour depth of direct dyed cotton fabric

2.3.13.3 Effect of chitosan pretreatment on acid dyeing of cotton fabric

Chitosan possesses one amino group in its glucosamine unit, which forms

positive charge in presence of acid. This positively charged amino group can form salt

linkage with anions. To characterize the chitosan treated fabric, the work was extended

further to investigate its dyeability towards acid dye (C.I. Acid Bluel158), which is non

dyeable towards normal cotton. The results are presented in Table 2.27 and graphically in
Figure 2.26.

Table 2.27 Effect of chitosan treatment on acid dyeing

Conc, K/S values of C.I. Acid Blue 158 dyed samples pretreated with:
g/L CHT-MC | CHT-D1 CHT CHT-D2 | CHT-D3 | CHT-D4 | CHT-D5
(654,127) | (285,231) | (135,839) | (71,676) | (38,733) | (20,698) | (11,986)
2.5 1.70 1.72 1.47 1.56 2.01 1.54 1.49
5.0 1.61 1.81 2.02 2.28 2.37 2.18 2.19
7.5 2.33 2.53 3.01 2.82 3.55 2.69 2.78
10.0 2.99 3.12 3.83 3.69 3.01 3.77 3.73
15.0 4.40 4.45 4,94 4.90 5.49 4.96 5.09
20.0 6.09 6.59 6.70 6.47 6.26 6.36 7.01

Dye 2% o.w.m, K/S values of control sample is 0.38; Values in parentheses indicate the mol wt of chitosan
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It was revealed from these demonstrations that the chitosan derivatives treated
cotton fabrics dyed substantially with acid blue158 as against only a tint on control and
remained fast to hard soaping. A progressive increase in dye up take was observed with
increase in concentration of respective chitosan. The dye uptake, however, was almost
identical by the samples when treated with varying molecular weight chitosan at any
particular concentration. This kind of dyeability can be purely attributed to the binding of
acid dye to chitosan by salt linkages as shown in scheme 2.2. Thus, the dyeability toward
acid dye can be taken as one of the characterization test for the retention of chitosan on
cotton fabric and the progressive increase in dye uptake corresponds to the number of
protonated amino groups of chitosan present on treated cotton fabric forming ionic

linkage with stoichiometric amount of anionic acid dye.

C.1.Acid Blue 158

5.09/L
0 g/L (Control)

8.
7
6.
5.
(%]
~ 4.
< 5 " 20.0g/L
5 10.0 g/L
1.
0.

Chitosan

||:| 0g/L (Control) @25¢9g/L @5.0g/L O7.5¢g/L O010.0g/L ®15.0¢g/L @20.0¢g/L

Dye 2% o.w.m, Mol wt of chitosan grades: CHT-MC=654,127; CHT-D1=285,231; CHT=135,839; CHT-
D2=71,676; CHT-D3=38,733; CHT-D4=20,698 and CHT-D5=11,986
Figure 2.26 Effect of chitosan pretreatment on acid dyeing
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Scheme 2.2 Reaction of chitosan with acid dye
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2.3.14 Effect of chitosan treatment on wrinkle recovery property of cotton fabric
The aesthetic appeal of cotton cloth or garments is severely affected due to its
creasing tendency. Creasing in cotton fabrics occurs due to the bonding of free hydroxyl
groups, present in the amorphous regions, through hydrogen bonds when pressed or
folded. Thus the creasing behaviour of cotton may be directly associated with the ability
of free hydroxyl groups in amorphous region to get bound to each other. The creasing
problem can, therefore, be minimized by blocking or masking these hydroxyl groups by
means of cross linking of hydroxyl groups of adjacent cellulose macromolecules.
Crosslinking agent based on aminoplast resins, e.g. dimethylol dihydroxy ethylene urea
(DMDHEU) are commercially employed easy care finishing of cotton, Figure 2.27 [25,
26]. The performance of DMDHEU and various grades of chitosan in terms of crease
recovery angle in easy care finishing of cotton are illustrated in Table 2.28 and Table
2.29 respectively. DMDHEU was applied onto cotton fabric by pad-dry cureprocess

using magnesium chloride as catalyst and acetic acid.

0
[ 5] ” &
§ CHE—DcHz—r:I’G“r;[—cHzo— CH. §
3 HO—~C——C—OH 3
H H
DMDHED

Figure 2.27 Crosslinking of cellulose macromolecules by DMDHEU

Compared to commercial cross linking agent DMDHEU treatment, Table 2.28;
the wrinkle recovery of chitosan treated cotton fabrics was not satisfactory, Table 2.29.
There was tremendous decline in CRA with increase in concentration of chitosan.
However, there is slight improvement in wrinkle recovery by lowering the molecular
weight especially for chitosan applications at low concentrations. The high molecular
weight chitosan is believed to form a surface coating thus ignoring the possibility of cross
linking. Therefore, stiff film formed may deform almost permanently when stressed. This

may be the fundamental reason for low CRA values for any stiff finishes. In order to
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minimize the loss in resiliency, addition of commercial cross linking agents to the pad

bath formulation is recommended, Table 2.30.

Table 2.28 Wrinkle recovery property of DMDHEU treated cotton fabric

DMDHEU, Crease Recovery Angle°
o/L

Warp | Weft Total

Control 80 81 161

20 85 95 180

40 106 101 207

60 112 113 215

80 114 112 226

100 119 123 233

Pad liquor: MgCl, 10 g/L, Acetic acid 15 ml/L; Curing temp/time 150 °C/4min

Table 2.29 Wrinkle recovery property of chitosan treated cotton fabric

Conc, Crease Recovery Angle° of cotton fabrics pretreated with:
giL CHT-MC | CHT-D1 CHT CHT-D2 | CHT-D3 | CHT-D4 | CHT-D5
(654,127) | (285,231) | (135,839) | (71,676) | (38,733) | (20,698) | (11,986)
2.5 137 140 140 140 176 167 170
5.0 143 140 140 160 164 163 164
7.5 129 128 119 152 141 151 152
10.0 94 108 125 138 128 140 144
15.0 96 98 110 127 134 141 140
20.0 90 91 98 116 121 138 139

Values in parentheses indicate the mol wt of chitosan, CRA of control sample 161°

Table 2.30 Wrinkle recovery property of chitosan and DMDHEU treated cotton fabric

DMDHEU Crease Recovery Angle°
concentration, | DMDHEU DMDHEU DMDHEU
g/L treated + +
CHT (10g/L) | CHT (20g/L)
treated treated

20 180 153 134
40 207 163 139
60 215 177 158
80 226 191 170
100 233 198 179

Pad liquor: MgCl, 10 g/L, Acetic acid 15 ml/L; Curing temp/time 150 °C/4 min,
CRA of control sample is 161°, CHT (10g/L) treated 125°, CHT (20g/L) treated 98°
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2.3.15 Effect of chitosan treatment on resistance against microorganism of cotton

fabric

Textile products made out of natural fibres provide favourable environment for
the growth of microorganisms (algae, fungi, bacteria etc), due to moisture and warmth.
These organisms are mainly responsible for discolouration, stains, strength loss etc of
fabric and skin allergies, infection diseases etc to human body [42, 99-101]. The rancid
smell is produced when bacteria that are present on the skin work on sweat and
decompose it. The decomposition products that are responsible for odour are ammonia,
methyl amine, hydrogen sulphide, low molecular weight fatty acids, urea etc [102-104].
Antimicrobial finishes can give rise to hygienic freshness and also can be used to fight
against pathogenic and parasitic microorganism. Antimicrobial agents either inhibit the
growth (-static) or kill (-cidal) the microorganism. Using number of chemicals such as
organo-metallics, phenols, thiophenols, formaldehyde derivatives and several quaternary
ammonium compounds, microbial growth can be inhibited. These chemicals, however,
are non biodegradable and toxic. Some of the commercial antimicrobial textile products
currently marketed are: Biogaurd produced by Aegis Environments (formerly Dow
Corning) is quaternary ammonium compound, namely, 3-trimethoxy silyl propyldimethyl
octadecyl ammonium chloride, Reputex 20 (Arch Chemicals) is polyhexamethylene
biguanide, Triclosan (2,4,4’-trichloron2’-hydroxydiphenyl ether) etc. Environmental
issues of these products are still of concern [26, 99]. Cotton fabric with good
antimicrobial activity is obtained by using chitosan, which is attributed to the amino
groups that are present on chitosan macromolecule. Thus the degree of deacetylation,
molecular weight and concentration of chitosan influence the antimicrobial activity [1].
The antimicrobial properties of chitosan and its derivatives are studied in present and
subsequent chapters.

The composted soil bed composed of variety of microbes (e.g. bacteria and fungi)
can be employed in soil burial test. The microbial attack of cellulolytic microflora in a
composted soil bed is considered to be the most rigorous and practical means for the
evaluation of anti deterioration treatments. The treated and untreated fabric strips are
buried and exposed to the microbial attack (cellulolytic microflora) for a stipulated

period. The change in fibre strength (tenacity) of the sample during incubation is taken as
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a measure of the effectiveness of the biocide compound [105]. The effect of different
molecular weight grades of chitosan treatment on cotton fabric for resistance against
microbial attack was studied. Similar study was conducted on chitosan treated dyed
fabrics i.e. post dyeing chitosan treated.

Table 2.31 Effect chitosan treatment on resistance against microbial attack of cotton fabric
(soil burial test)

Sample Tenacity, g/tex Drop in Elongation at break, %
Before soil | After soil strength, % Before soil After soil
burial burial burial burial
Untreated 23.33 18.98 18.65 5.25 3.50
cotton fabric
Control 20.87 18.08 22.50 5.00 3.50
CHT-MC 22.02 19.38 11.98 5.00 3.50
CHT-D1 21.87 19.07 12.76 4.50 35
CHT 21.77 18.64 14.36 4.5 3.75
CHT-D2 21.87 18.83 13.90 45 3.75
CHT-D3 22.03 19.00 13.75 45 3.75
CHT-D4 21.88 18.75 14.31 4.5 35
CHT-D5 22.01 18.51 15.90 45 35

Conc of chitosan derivatives in pad liquor 10 g/L, Mol wt of chitosan grades: CHT-MC=654,127; CHT-
D1=285,231; CHT=135,839; CHT-D2=71,676; CHT-D3=38,733; CHT-D4=20,698 and CHT-D5=11,986
It was observed from Table 2.31 that the tenacity of cotton fibres decreased due
hydrolytic degradation during blank treatment with acetic acid and curing at elevated
temperature. The fibre strength was restored significantly by the treatment chitosan. The
effect of molecular weight of chitosan on tensile properties of cotton fibre was found to
be of almost identical level. The higher molecular weight chitosan, however, showed
somewhat better strength fibre. This improvement may be attributed to the load bearing
capacity of rigid film anchored over the fibre surface. The rigidity of high molecular
weight chitosan and interaction of aldehyde end groups of anhydromannitol on
depolymerized chitosan with cellulose may probably be the contributing factor in
strength determination [37]. The undyed and dyed untreated cotton fabrics, as revealed
from Table 2.31 and Table 2.32 (Figure 2.28), were more prone to microbial attack of
cellulolytic microflora in a composted soil bed. The less loss in tenacity of fibre means

better resistance against microbes. The blank treated samples, both undyed and dyed,
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showed maximum strength loss followed by untreated samples. Samples treated with
chitosan were found to be more resistant to microbial attack as manifested by the lesser
drop in strength. In case of undyed fabric, with increase in the molecular weight of
chitosan, the strength loss was found to be progressively decreased. Further, the dyed
fabrics treated with chitosan were slightly more susceptible for microbial attack in soil
burial test. The elongation capacity of fibre was also found to be affected due to rotting;
nevertheless the extent was almost of same level for all chosen grades of chitosan, Table
2.31.

Table 2.32 Effect chitosan treatment on resistance against microbial attack of dyed cotton fabric
(soil burial test)

Sample C.1. Direct Blue 71 C. I. Direct Red 81
Tenacity, Drop in Tenacity, Dropin
g/tex strength, g/tex strength,
Before After soil % Before After soil %
soil burial burial soil burial burial
Dyed 22.68 18.32 19.33 22.73 18.42 18.96
Untreated
Dyed (Blank 20.66 15.89 23.08 20.81 16.14 22.43
treated)
CHT-MC 21.86 18.75 14.23 21.72 18.66 14.09
CHT-D1 21.72 18.44 15.10 21.41 18.19 15.04
CHT 21.59 18.06 16.33 21.14 17.95 17.04
CHT-D2 21.69 18.18 16.18 21.20 17.71 16.46
CHT-D3 21.36 17.94 16.01 21.25 17.61 17.13
CHT-D4 21.54 18.10 15.97 21.04 17.46 17.02
CHT-D5 2141 17.87 16.53 21.50 17.77 17.35

Dye 1%, o.w.m, Conc of chitosan derivatives in pad liquor 10g/L, Blank treatment was given with acetic
acid 15 ml/L, sodium acetate 10 g/L by pad-dry cure method, Mol wt of chitosan grades: CHT-
MC=654,127; CHT-D1=285,231; CHT=135,839; CHT-D2=71,676; CHT-D3=38,733; CHT-D4=20,698
and CHT-D5=11,986

The susceptibility of blank treated samples to microbial attack may be probably
due to the acid hydrolytic degradation occurred during thermo curing. The mode of
interaction between chitosan, its derivatives and the microorganism may be considered to
be the combination of different mechanisms. Chitosan believed to form a rigid film over
the fibre surface that share the load and also act as a protective layer against microbes

during rotting. Increased losses in strength due to rotting in case of low molecular weight
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chitosans may be due to the greater permeability for microorganisms due to more opened

surface as can be observed from SEM, Figure 2.14 (e & ).
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Loss in tenacit

O Undyed BC.1.Direct Red 81(1%owf) B C.I.Direct Blue 71(1%owm)

Dye 1% o.w.m., Conc of chitosan derivatives in pad liquor 10 g/L, blank treatment was given with acetic
acid 15 ml/L, sodium acetate 10 g/L by pad-dry cure method; Mol wt of chitosan grades:

CHT -MC=654,127, CHT-D1=285,231, CHT=135,839, CHT-D2=71,676, CHT-D3=38,733, CHT-
D4=20,698 and CHT- D5=11,986

Figure 2.28 Effect chitosan treatments on resistance against microbial attack of cotton
fabric

Secondly, due to their polycationic nature, chitosan exhibit inherent antimicrobial
properties. The cell wall of most of the microbes is a polysaccharide composed of
lipopolysaccharide and/or peptidoglycan both having an ionic group due to the presence
of phosphates, carboxylates, N-acetylmuramic acid etc that can interact with poly cations
of CHT derivatives. This cell wall maintains the integrity of cellular components and
shields the cell from the extracellular environments. Immediately beneath the cell wall is
a semi- permeable membrane which encloses intracellular organelles and a myriad of
enzymes and nucleic acid. The enzymes are responsible for the chemical reactions that
take place within the cell, and the nucleic acids store all the genetic information of the
organism. The survival or growth of microorganisms depends on the integrity of the cell
and the concerted action and proper state of all these components. It is believed that the
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polycationic nature of chitosan initiates binding with the cell membrane by means of
electrostatic attraction with negatively charged microbial cell membrane. Once bound to
the cell surface, chitosan is thought to affect membrane permeability which results into
the leakage of proteinaceous material and other intracellular constituents of the microbial
cell causing death due to the loss of essential fluids [99, 106, 107]. Chitosan is also
observed to bind DNA and inhibit mMRNA and protein synthesis. Low molecular weight
chitosan is more effective as it penetrates deeper into the cell of microorganisms [108,
109]. Due to chelation property, chitosan also binds trace of essential metal ions present
in the intracellular fluid. Deficiency of such metal ions may inhibit production of toxins,

enzymes and the microbial growth [110].

2.3.16 Pad-dry-alkali process

Application of chitosan by pad-dry cure process has faced certain challenges
particularly of moisture related and drape. The treated fabrics acquired undesired stiffness
and lost the inherent cotton feel and the absorbency was affected to some extent. In order
to overcome such limitations, an attempt was made to modify the process. Chitosan is
soluble in acidic medium and precipitates in alkaline and this principle was employed in
pad-dry alkali method. This process is the combination of exhaust and padding method
and thermal energy is conserved. Fabric was treated with acidic chitosan solution in
presence of sodium acetate, as viscosity modifier, for thirty minutes and then passed
through padding rollers. The treated fabric was air dried and soaked in sodium hydroxide
solution for ten minutes so that chitosan particles can be deposited in situ of the fibre.
The fabric was then washed thoroughly, dried and hot pressed. The surface morphology
of the cotton fibres treated with chitosan by pad-dry-alkali process, as observed in SEM,
is shown in Figure 2.29. The surface deposition of chitosan on fibre can be easily
visualized from SEM of treated samples. A rough surface together with some discrete
particles is the evidence of chitosan deposition on surface. Swelling of fibres to some
extent is also seen when treated with low molecular weight chitosan.

Table 2.33A and Table 2.33B present various properties of CHT and CHT-D5
treated fabrics by pad-dry -alkali process.
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Table 2.33A Properties of chitosan treated cotton fabric by pad-dry-alkali process

Properties Control Pad - dry cure Pad - dry- alkali
process, 2.50/L process, 2.5 g/L
CHT CHT-D5 CHT CHT-D5
Treated Treated Treated Treated

Whiteness Index, 92.5 915 89.3 92.5 92.4

Bending 2.05 2.44 2.13 2.08 2.06

length, cm

Absorbency, sec 4,02 4.54 4.18 4.22 4.09

Dye up take, K/S

C.1.Direct Red 81 7.73 9.41 9.36 9.47 9.51
[22] [21]

C.1.Direct Blue 71 741 9.60 9.34 9.77 9.63
[30] [26]

C.l. Acid Blue158 0.38 1.47 1.49 1.70 1.58

Washing fastness

C.1.Direct Red 81 3 2-3 3 2-3 2-3

C.1.Direct Blue 71 4-5 4-5 4-5 3-4 3-4

CRA? 161 140 170 138 126

Values in brackets indicate the change in colour value from control

Table 2.33B Properties of chitosan treated cotton fabric by pad-dry-alkali process

Properties Control Pad - dry- cure Pad - dry- alkali
process, 10 g/L process, 10/L
CHT CHT-D5 CHT CHT-D5
Treated Treated Treated Treated
Whiteness Index, 92.5 91.4 86.2 92.3 92.3
Bending 2.05 3.70 2.71 2.32 2.26
length, cm
Absorbency, sec 4.02 7.20 541 5.06 411
Dye up take, K/s
C.1.Direct Red 81 7.73 10.97 11.09 11.43 11.21
[42] [43]
C.1.Direct Blue 71 7.41 12.42 13.08 12.38 12.88
[68] [77]
C.1. Acid Blue158 0.38 3.83 3.73 3.95 3.81
Washing fastness
C.1.Direct Red 81 3 3 3-4 2-3 2-3
C.1.Direct Blue 71 4-5 4-5 4 3-4 3-4
CRA’ 161 125 144 128 134

Values in brackets indicate the change in colour value from control

Studies on applications of chitosan and synthesized chitosan derivatives in textile processing 106



The whiteness index was very much close to that of control. The stiffness was
lower than that was observed with counterpart in pad-dry cure method. Absorbency and
dyeing results were superior to curing method. This method, however, was not suitable
for the treatment of post dyed fabrics due to heavy bleeding of dye. The fastness to
washing of chitosan treated by pad-dry-alkali process and then dyed samples was

unsatisfactory. Wrinkle recovery property was also affected severely.

Figure 2.29 Scanning electron microphotographs chitosan treated samples by pad-dry-
alkali method (x1000) (a) Cotton Fibre (control), (b) CHT-MC treated
fibres, (c) CHT treated fibres and (d) CHT-D5 treated fibres
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CHAPTER 3
SYNTHESIS AND CHARACTERIZATION OF NANO-CHITOSAN
DISPERSIONS AND THEIR APPLICATION ON COTTON FABRIC

3.1 INTRODUCTION

Preliminary experiments reported in chapter 2 shown that some of properties of the
cotton fabric improved on application of chitosan on it. The dyeability of cotton fabric
towards direct dyes was enhanced significantly due to chitosan pretreatment and the
degree of improvement was found to be a function of molecular weight and concentration
of chitosan. The fastness to washing of direct dye on chitosan pretreated fabric, however,
was only slightly improved especially for the low molecular weight chitosan applications.
But the post-dyeing chitosan treatment, in general, has improved the washing fastness of
direct dyed cotton fabric. The moisture related properties were in tolerable limits.
Chitosan treatment was found to impart resistance to microbial attack. The appearance
and handle of the treated fabric, however, was severely affected and lost its natural
‘cotton feel’. The wrinkle recovery property was found to be deteriorated. The very large
molecular size and consequently high viscosity of chitosan restricts its penetration into
the fibre and fabric structure and leads to only the surface deposition. The surface
deposition of this high polymer affects the feel and appearance of the treated textiles.
This may also leads to maximum accumulation of dye on surface thereby reducing the all
round fastness properties especially washing, rubbing and light fastness. Today’s need,
however, is to improve above properties without altering the inherent natural qualities of
cotton. It is possible by achieving the maximum penetration of polymer particles into
fibre structure and increasing its effectiveness at low concentration. Penetration of
chitosan solution can be improved by lowering the viscosity of its solution, which can be
obtained by lowering the concentration and/or by reducing its particle size. Reduction in
concentration of chitosan, however, decreases its effectiveness. An alternative way of

improving its effectiveness is to drop down its particle size towards nano level. Reduction

Contents of this chapter is published in:
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in particle size decreases viscosity, offers greater surface area and hence enhances the
effectiveness of chitosan. This is the basic of ‘nano technology’.

The concept of ‘nanotechnology’ lies in the fact that the properties of substances
dramatically change when their size is scaled down to nanometer range. The first use of
this concepts (but predating use of that name) was in “There’s Plenty of Room at the
Bottom,” a talk given by a Nobel laureate physicist Richard P. Feynman at an American
Physical Society meeting at Caltech on December 29, 1959. Feynman described a process
by which the ability to manipulate individual atoms and molecules might be developed,
using one set of precise tools to build and operate another proportionally smaller set, so
on down to the needed scale. The word nanotechnology, however, was used for the first
time in 1974 by Prof. Norio Taniguchi of Tokyo Science University while explaining the
Silicon machined down to the small particle-smaller than one micron. In 1986, K Eric
Drexler wrote “Engines of Creation” and also introduced the term Nanotechnology. In
general, “Nanotechnology is the engineering and fabrication of objects with size less than
100 nm. Below 100 nm the properties like melting point, hardness, catalytic activity and
magnetic properties vary with size, otherwise these properties in other material are
considered to be constant” or “Nanotechnology is concerned with developing the tools
for characterizing and manipulating materials on nanoscale (1-100 nm) and exploiting
these tools for the development of new products and processes” or “Nanotechnology is
defined as the understanding, manipulation, and control of matter at the nanoscale (1-100
nm) , such that the physical, chemical, and biological properties of materials (individual
atoms, molecules, and bulk matter) can be engineered, synthesized, or altered to develop
the next generations of improved materials, devices, structures, and systems” [1-4]. A
nanometer is one billionth of a meter, roughly the width of three or four atoms. The
average human hair is about 25,000 nanometers wide. The magnitude of nano-size can be
visualized on scale shown in Figure 3.1.

Nanotechnology basically deals with the individually arranging atoms or
molecules in desired places to obtain a hybrid product with desired and diverse properties
[5]. Fabrication of nano matrices can, broadly, be done by two approaches:

e Top down approach: The top-down approach involves the fabrication of

components from larger materials
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e Bottom up approach: An approach to building things by combining smaller

components, as opposed to carving them out of larger ones (top down)

The ‘Nano’

Specific Surface Area Increases

0.Inm  inm  [0nm 100nm lpm  10pm  100pm  1mm

I T
Sing]e Micro
molecule

Water 0.3 nm RBC 7000 nm

Figure 3.1 Nano size on scale

Nature follows the ‘bottom up approach’ rather than the ‘top down approach’
usually followed by humans to produce materials. The shapes are ‘grown’ rather than cut.
All the living being can trace their origin to a single cell. Reduction in particle size to
nanoscale can lead to changes in properties related to specific surface area, reactivity,
quantum effects, strength, electrical characteristics, optical properties, magnetic behavior
etc. As the particle size decreases, greater proportion of atoms are found at the surface
compared to those in the ‘body’ [1, 5].

Nature has already developed polymeric nanoparticles with an elegant approach
that combines chemistry and physics to create super-repellent hydrophobic surfaces.
Lotus leaves are unusually water repellent and keep themselves spotless. The reason for
this phenomenon is understood as the presence of nano sized bead like waxy structures
on the surface of lotus leaf, which prevent water from wetting it. This phenomenon of

water repellency in lotus leaves has actually inspired development of water repellant
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nano-finish, which while conferring the water repellency to textile substrates allows the
textile material to retain its natural handle and feel [6-8]. It has been demonstrated in
recent years that the nanotechnology can be applied to textiles to enhance various
properties, especially in functional coatings, such as fabric softness, durability and
breathability, water repellency, fire retardency, antimicrobial properties, anticrease
properties, U.V. protection, self cleaning properties and like in fibre, yarn and fabrics
[2,6,7,9]. Undyable polypropylene fiber can be made dyeable by dispersing nanoclay,
modified with quaternary ammonium salts, into polypropylene melt before spinning.
After fiber formation the infused quaternary ammonium groups act as efficient dye sites
[10]. A combined effect of wrinkle free and stain repellency can be obtained by treating
fabric with 10nm tiny particles with both polar and non polar moieties imparting
extremely low free surface energy. These nanoparticles cross link with cellulose to give
the desired amount of wrinkle resistance. Such hybrid nanoparticles when incorporated
with highly fluorinated silanes impart stain repellency. Nanotechnology can also be made
applicable in the production of smart textiles. Application of carbon nano tubes can give
rise to textile materials that have thermal and electrical conductivity sensible to touch and
feel. Garments of such fabric can understand any abnormality in heart beat and then send
a signal to family doctor or spouse [6, 11, 12]. The inorganic UV blockers are preferable
to organic blockers as they are non-toxic and chemically stable under exposure to both
high temperature and UV. Usually certain semiconductor oxides such as TiO,, SiO,, ZnO
and Al,O3; are used as UV blockers. Rayleigh’s scattering is dependent upon the
wavelength where the scattering is inversely proportional to the wavelength to the fourth
power. This theory predicts that in order to scatter UV radiation between 200 to 400 nm,
the optimum particle size will be between 20 to 40 nm. UV blocking treatment for cotton
fabric is given by using sol-gel method. A thin layer of titanium dioxide is formed on the
surface of the treated fabric which provides excellent UV protection fast to washing [6,
13]. Nanosized silver, TiO2 and ZnO exhibit antimicrobial properties. Nanosilver is very
reactive to protein when contacting with bacteria and fungus; it will adversely affect the
cellular metabolism and inhibit the cell growth. Fabrics treated with nano TiO2 can
provide effective protection against bacteria and discoloration of stain due to the photo

catalysis effect of this agent. Nano ZnO provides effective photo catalytic properties once

Studies on applications of chitosan and synthesized chitosan derivatives in textile processing 121



it is illuminated by light and it is employed to impart antibacterial properties to textiles
[14-18].

Chitosan is a biopolymer that has received much attention and has been
extensively studied for micro- and nanoparticles preparation. It is possible, for a given
molecular size chitosan, to reduce the particle size to nano level by ‘bottom-up’ approach
as a result of a self assembling or cross linking processes in which the molecules arrange
themselves into ordered nano scale structure either by physical or covalent inter- or
intramolecular interactions. One of the trends in synthesis process is to pursue a nano
scale emulsion, through which finishes can be applied to textile material in a more
thorough, even and precise manner. Finishes can be emulsified into nano -micelles, made
into nano-sols or wrapped in nano-capsules that can adhere to textile substrates more
evenly. One popular method of nano fabrication of chitosan is gel ionization technique by
reaction with polyanions such as sodium tripolyphosphate (TPP) [19-21]. The potential
applications of nano chitosan are well demonstrated in medical field particularly as
controlled drug delivery systems [22, 23]. However, their applications in textiles are not
yet clearly investigated. The practical applications of such nano chitosan to textiles at
shop floor level demands the consideration of establishment of suitable technology for
the productions of nano chitosan dispersions, characterization and the stability of
standing baths. Therefore an attempt, in the present chapter, is made to set a simple
methodology to produce nano chitosan by ionotropic gelation with sodium
tripolyphosphate (TPP). The samples were characterized by particle size analysis and
their polydispersity indices (pdi). Effect of various parameters such as molecular weight
& concentration of chitosan, concentrations of TPP on particle size were determined.
Attempts were made to correlate the viscosity behaviour with particle size of chitosan.

The synthesized nano-chitosan was applied to cotton fabric and then various
properties of the treated fabric like appearance, absorbency, stiffness, dyeing behaviour,
wrinkle recovery, resistance to microbial attack etc were examined. The fabric samples
were pretreated with normal and nano chitosan solutions by pad-dry cure technique. The
surface morphology of the nano chitosan treated cotton fabric was examined by SEM

analysis.
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3.2 MATERIAL AND METHODS
3.2.1 Fabric
The same fabric as specified in chapter 2, section 2.2.1 was used.
3.2.2 Dyes and chemicals
The details of various chemicals employed in present research investigation are

given in Table 3.1.

Table 3.1 Specifications of various chemicals

Sr Name and Supplier Specifications
no
1. Pentasodium tripolyphosphate Grade: Analytical
(TPP) i o O

(Qualikem Fine Chemicals Pvt Nao— lﬁ._ O — E. —0— lﬁ. — g
Ltd, Vadodara, Gujarat) [ FE R
OMNa  ONa  ONa

e Mol wt 367.86

2. Silver sulphate Grade: Analytical
(Qualikem Fine Chemicals Pvt AgSO,
Ltd, Vadodara, Gujarat) e Molwt311.8

3. Sodium borohydride Grade: Analytical
(Qualikem Fine Chemicals Pvt Chemical formula: NaBH,
Ltd, Vadodara, Gujarat) e Mol wt 37.83

4. Trisodium citrate Grade: Analytical
(Qualikem Fine Chemicals Pvt Na;CsH50-
Ltd, Vadodara, Gujarat) e Mol wt 258

Dyes namely C.I.Direct Red 81, C.I.Direct Blue 71, C.I. Acid Blue 158, Chitosan
(CHT) and chemicals namely Chitosan (CHT), DMDHEU, acetic acid (CH3;COOQOH),
sodium nitrite (NaNO;), sodium acetate (anhydrous) (CH3COONa), sodium hydroxide
(NaOH), sodium carbonate (Na,COs3), sodium sulphate (Na,SO,) etc used were same as
specified in chapter 2, section 2.2.1. Double distilled water was employed for all
synthesis and analytical purposes.

3.2.3 Synthesis of low molecular weight chitosan

Low molecular weight chitosans were synthesized using same method described
in chapter 2, section 2.2.4. Different grades of low molecular chitosan so prepared are
listed in Table 3.3.
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3.2.4 Synthesis of nano-chitosan and its characterization

Chitosan (CHT) stock solution (10 g/L) was prepared by dissolving CHT (1g) in
100 ml of acetic acid (10 g/L) solution and then filtered through filter fabric (mesh 128).
Required amount of this solution (e.g. 10 ml) was taken in glass beaker, mixed with water
(65 ml) and kept stirring on magnetic stirrer at about 400 rpm. TPP solution (5 g/L, 3ml)
together with water (22 ml) was added drop wise to above stirring solution to give an
opalescent nano chitosan dispersion corresponding to chitosan concentration 1 g/L. The
sample was allowed to stand overnight and filtered through sintered glass filter of
porosity grade G3 and preserved in refrigerator. The prepared nano-chitosan was
nomenclatured as CHTN.

The particle size and size distribution of the chitosan were analyzed on the
particle size analyzer (Zetasizer Nano ZS90, Malvern Instruments Ltd, UK). The test was
performed at Chemical Engineering Department, Sardar Vallabhbhai National Institute of

Technology, Surat.

3.2.5 Preparation of nano silver (Ag) colloid

Nano silver colloid was prepared using the method as discussed elsewhere [24]. In
brief, a 100 ml solution of 1x10> M AgSOs., kept in the specially designed reaction
chamber, was slowly reduced by drop-wise addition of very dilute chilled solution
(temperature ~2 °C) of sodium borohydride in a nitrogen atmosphere. During the process
of reaction the solution mixture was stirred vigorously. When the colour of the solution
turned to light yellow, 5 ml of 1 % trisodium citrate were added drop by drop with

vigorous stirring.

3.2.6 Determination of viscosity
The viscosity and molecular weight of chitosan were determined as discussed in

chapter 2, section 2.2.10.

3.2.7 Treatment of cotton fabric with nano-chitosan
Nano chitosan dispersion was applied onto fabric on a padding mangle (Model -
PMO0060388, R. B. Electronics & Engineering Pvt Ltd, Mumbai) with wet pick-up of
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70% (Mangle Pressure: 20 psi, Speed: 3 m/min) by two dip- two nip method. After
drying the fabric was cured in oven at 150 °C for 4 min. The sample was then washed in
the following sequence: Hot wash (Twice) [85 °C/20 min] — Alkali wash [Soda ash 1
g/L, MLR 1:50] — Hot wash — cold wash —Dry

3.2.8 Dyeing with direct dyes
Dyeing with direct dyes and the evaluation of colour depth (K/S) and fastness

properties were done as described in chapter 2, section 2.2.7.

3.2.9 Scanning electron microscopy
Treated and untreated fabric samples were fixed on carbon coated aluminium
sheets and then were observed under scanning electron microscope (Model JSSM5610LV,

version 1.0. Joel, Japan) in vacuum.

3.2.10 Determination of indices and stiffness of fabric
Determination of appearance indices and stiffness of fabric samples were done as

described in chapter 2, sections 2.2.15 and 2.2.16 respectively.

3.2.11 Determination of tenacity
The tenacity and elongation of treated and untreated cotton fibres were measured

on Stelometer described in chapter 2, section 2.2.9.

4.2.12 Determination of absorbency and crease recovery angle of fabric
Determination of absorbency and crease recovery angles of fabric samples were

done as described in chapter 2, sections 2.2.17 and 2.2.18 respectively.

3.2.13 Soil burial test
The soil burial test fabric samples was carried out using the same method as

described in chapter 2, section 2.2.19.
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3.3 RESULTS AND DISCUSSION
3.3.1 Synthesis and characterization nano chitosan

Chitosan has fairly long linear structure with rigid conformation. These long
molecules in solid state are, mostly, in the form of tightly folded random coils. Individual
molecular coils are also not discrete and separate but are interpenetrating and entangled
with each other. In solution, the solvent gradually diffuse into the polymer aggregates
resulting into the swelling of the polymer. As swelling continues, the segments of the
polymer are solvated and loosened out. The loosened polymer molecule then diffuses
slowly out of the polymer phase and disperses in solvent phase, forming the solution.
Since the molecules in a solid polymer remains entangled with neighbouring ones,
polymer molecules during dissolution diffuse out as bunches of entangled molecules.
Even when all chain segments of a polymer molecule in solution are unfolded and fully
solvated, the molecules does not assume the shape of an extended straight chain but
present in a coil form with the ‘bound’ solvent in the empty space between the unfolded
segments. Such polymer coils along with ‘bound’, known as ‘hydrodynamic’ sphere or
ellipsoid and the apparent volume is referred to as ‘hydrodynamic volume’[25-27]. The
overall dissolution process of chitosan acidic aqueous medium is schematically shown in

Figure 3.2 and Figure 3.3.

Solid polymer| Swollen polymer in | Solvated polymer molecules
just added to | solvent diffusing out of the swollen
solvent mass

Figure 3.2 Dissolution of chitosan in acetic acid/water solvent
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Figure 3.3 Hydrodynamic spheres of chitosan molecules in solution

The characteristic size of CHT hydrodynamic sphere, in our case, at 1 g/L
concentration was determined to be 4014 nm. Such higher particle size offer higher
viscosity to the solution confining the surface deposition of polymer film. The particle
size of chitosan molecule can be scaled down by to nano level by ‘bottom-up’ approach
as a result of a self assembling or cross linking processes [19]. To build materials by
bottom-up approach, the first requirement is to have clusters of the material consisting of
a few molecules. One such system of clusters of particles is the colloidal system. Colloids
can be defined as: “a mixture with properties between those of a solution and fine
suspension” [5]. Various method of synthesis of nano chitosan are described in literature
[28, 29], which include precipitation or coagulation or desolvation method, covalent
cross-linking, ionic cross-linking, emulsion droplet coalescence and reverse micellar
method.

Drop wise addition of sodium sulfate into a solution of chitosan and polysorbate
80 (used as a stabilizer for the suspension) under both stirring and ultrasonication,
desolvated chitosan in a particulate form. Although the investigators called the resulting
suspensions micro spheres, the precipitated particles were at micro/nano interface
(900£200 nm). Comparatively larger particle was attributed to their higher porosity
observed by higher swelling ability [30, 31]. Dambies et al.[32] prepared chitosan
particles using molybdate. It was observed a double layer structure corresponding to a

very compact 100 um thick external layer and an internal structure of small pores.
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Emulsion-droplet coalescence method, introduced by Tokumitsu et al.[33], utilizes the
principles of both emulsion cross-linking and precipitation. In this method, instead of
cross-linking the stable droplets, precipitation is induced by allowing coalescence of
chitosan droplets with sodium hydroxide droplets. A stable emulsion containing aqueous
solution of chitosan along with the drug to be loaded is produced in liquid paraffin.
Reverse micelles are thermodynamically stable liquid mixtures of water, oil, and
surfactant. Microscopically, they are homogenous and isotropic structures consisting of
aqueous-in-oil droplets separated by surfactant-rich films. Nano particles prepared by
conventional emulsion polymerization methods are not only large (200 nm), but also
possess a broad size range. Preparation of ultrafine polymeric nano particles with narrow
size distribution could be achieved by using reverse micellar medium [34]. In this
method, the surfactant is dissolved in an organic solvent to prepare reverse micelles. To
this, aqueous solutions of chitosan and drug are added gradually with constant vortexing
to avoid any turbidity. The aqueous phase is regulated in such a way as to keep the entire
mixture in an optically transparent microemulsion phase. Additional amount of water
may be added to obtain nano particles of large sizes. To this transparent solution, a cross-
linking agent is added with constant stirring overnight. The self-assembly of chemically
modified chitosan into nano particles can be employed through the fractional conjugation
of polyethylene glycol, PEG, via an amide linkage and subsequent self-aggregation at
basic pH [35-37]. Gong et al [38] reported a facile nonaqueous electrochemical approach
to synthesizing different singlecrystal chitosan nanostructures on a stainless steel
substrate, without using a template, catalyst, or surfactant. Chitosan was dispersed in
propylene carbonate (PC) under mild ultrasonication and LiClO, was used as the
supporting electrolyte during the electrochemical process.

Chitosan, by virtue of primary amino groups, under goes Schiff’s base formation
with aldehydes and ionic interactions with anionic compounds [39]. With the former
property, chemically cross linked leading to a quite stable matrix of nano chitosan are
obtained. Dialdehydes such as glutaraldehyde, salicylaldehyde etc are broadly used for
cross linking the molecule in covalent formulations [19, 29, 40]. In the latter, chitosan
hydrogels can be obtained by ionic gelation, where nano particles are formed by means of

electrostatic interactions with polyanions such as pentasodium tripolyphosphate (TPP),
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ethylene diamine tetra acetic acid (EDTA) etc. [23, 28, 41-43]. Owing to faster ionic
reactions between chitosan and TPP, non toxic nature of these components [19] and ease
of operation, the gel ionization technique for the synthesis of nano chitosan particles was
adopted. From the physicochemical stand point, the interaction of chitosan with TPP is
accepted to be mediated by the intramolecular crosslinking of tripolyphosphoric (P3010 >
) ionic species, product of the dissociation of TPP in aqueous solution, with -NH3 groups
in chitosan. The intramolecular cross linking in chitosan molecule by gel ionization is

schematically illustrated in Figure 3.4 and in Figure 3.5.

Figure 3.4 Chitosan-TPP complex formed as a result of ionic gelation

+TPP () @

le—— 4014 0m—] 3194 nm 3
Chitosan- swollen Chitosan-TPP nano
molecule matrix

Figure 3.5 Schematic presentation of ionic gelation of chitosan with TPP
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Stabilization of nano chitosan dispersion can be explained on the principle of
Coulombic or electrostatic repulsion. Particles in a colloid, due to smaller size, are often
pushed around by the molecular collisions of the surrounding media, an effect called
Brownian motion. The Brownian motion is rather random, causing the particles to collide
with each other frequently and aggregate to form larger particles, which settle down due
to their weight. A prerequisite to utilization of colloids for nanotechnology is that they
remain colloidally stable, i.e. they remain in suspension and resist settling down. This
stability of a colloid can be achieved by means of electrostatic stabilization due to
polycationic nature of chitosan in acidic medium and/or involving the creation of an
electrical double layer arising from ions adsorbed on the surface of the particle and
associated counter ions that surround the particle. Thus, if the electric potential associated
with the double layer is sufficiently high, the Coulombic repulsion between the particles
will prevent their agglomeration (Figure 3.6) [44]. The diffused solvent in nano gel exerts
pressure on polymeric chain of loop, known as osmotic pressure. The osmotic pressure
and intramolecular ionic repulsion tend to swell or enlarge the particle while the elastic
contribution and the degree of cross linking act to shrink the gel. Thus from
thermodynamics point of view, the stability or equilibrium of nano gel is attained when

the forces responsible for swelling are balanced with the forces offering shrinkage [19].

Lttty ++++++++
+ +
+ + + ++
+ :_-'I +
++ + - ++
+++++++ MR

Figure 3.6 Stability of nanoparticles due to electrostatic repulsion between the
same ionic charges

A simple experimental set up designed for the synthesis of nano chitosan sols is
shown in Figure 3.7. Chitosan solution was taken in a glass beaker and subjected to rapid
stirring on a magnetic stirrer at ambient temperature (30 °C). TPP solution was then
added drop wise from the separation funnel and continued stirring for 3 h, stored

overnight and filtered through sintered glass filter of porosity grade G3 and preserved in
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refrigerator. Amount of various ingredients taken for the synthesis of 100 ml of nano
chitosan dispersion corresponding to 1 g/L concentration is enumerated in Table 3.2. The
particle size distribution of above nanochitosan dispersions derived from varying
molecular weight chitosans is shown in Figure 3.8 and their particle size is given in Table
3.3.

Table 3.2 Synthesis of CHTN
Ingredients Quantity,
ml
CHT (10 g/L) 10
Water 65
TPP (5g/L) 3
Water 22
Total: | 100

Conc of chitosan 1g/L, CHT:TPP=100:15, pH 4.3

Figure 3.7 Experimental set up for the preparation of nano chitosan by ionic
gelation method
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Figure 3.8 Size distribution of nano chitosan by intensity: (a) CHTN (319.4 nm) (b) CHT-
D2N (271.6 nm) (c) CHT-D3N (231.1 nm) (d) CHT-D4N (195.2 nm) and (e) CHT-

D5N (110.74 nm)

Table 3.3 Effect of molecular weight on particle size

Parent chitosan Synthesized nano chitosan
Sample Intrinsic Molecular Sample Particle | Poly dispersity
code viscosity, [n] | weight, Mv code size, nm index (pdi)
CHT 2.55 135,839 CHTN 3194 0.422
CHT-D2 15 71,676 CHT-D2N 271.6 0.564
CHT-D3 0.9 38,733 CHT-D3N 231.1 0.466
CHT-D4 0.535 20,698 CHT-D4N 195.2 0.278
CHT-D5 0.34 11,986 CHT-D5N 110.74 0.467
Conc of chitosan 1g/L, CHT: TPP=1:0.15
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3.3.2 Effect of molecular weight of chitosan on particle size

Molecular weight of chitosan is an important property that determines the chain
length and hence the hydrodynamic volume and therefore its influence on particle size of
nano chitosan is expected. Various grades of low molecular weight chitosan can be
produced by controlled depolymerization of high molecular weight one (namely CHT) by
nitrous acid method as discussed in chapter 2. Very high molecular weight chitosans
namely CHT-MC (Mol wt 654,127) and CHT-D1 (Mol wt 285, 231) were not chosen for
the synthesis of nano particle due to their larger size. Chitosan (CHT) and its low
molecular weight derivatives were employed for the synthesis nano chitosans in the

present study.

25 A
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Intrinsic viscosity, [n]
n
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Particle size, nm

Conc of chitosan 1g/L, CHT: TPP=1:0.15
Figure 3.9 Particle size of chitosan as a function of intrinsic viscosity

The influence of molecular weight of chitosan on particle size is shown in Table
3.3 and the graphical correlation between intrinsic viscosity, a function of molecular
weight, and particle size of nano chitosan is demonstrated in Figure 3.9. These data
illustrate that, under a given condition of concentrations of CHT and TPP, with decrease
in molecular weight, the particle size also decreased progressively and obeys a
curvilinear relation. The tendency to form ‘loop’ is expected to be more favoured in

larger chitosan chains than in shorter ones and can be expected to accommodate greater
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amount of solvent to produce higher hydrodynamic volume [25, 45] and hence packed
into relatively larger gelled nanoparticles and vise-versa. The large amount of bound
solvent in nano gel derived from high molecular weight chitosan exerts higher osmotic
pressure and the intramolecular ionic repulsion in acidic pH also contribute to larger size
[19]. This relation of particle size with molecular weight in a definite condition of
parameters may be useful for the preparation of nano chitosan of desired particle size.
The regularity in particle size is determined by polydispersity index (pdi). Higher pdi
value indicates the distribution in larger band width, multi population and varying degree
of size. Almost similar levels of pdi value were observed (Table 3.3). A little deviation in
values may be attributed to the molecular weight distribution of parent chitosan and

depolymerization conditions.

3.3.3 Effect of concentration of chitosan on particle size

The effectiveness of nano chitosan on properties of treated cotton fabric is
determined by its concentration in application bath. The concentration of chitosan in the
formulation can be varied by two methods. Firstly, by the direct preparation method in
which the dispersions of nano chitosan from CHT of different concentrations such as
0.25, 0.50, 1.0 g/L etc are prepared separately and secondly, by dilution method, where
in a higher concentration nano chitosan dispersion (2 g/L) is prepared first and then
diluted to desired concentration with rapid stirring (Table 3.4). The effects of these two
methods and hence the concentration of starting material such as CHT for direct method
and CHTN for dilution method respectively on particle size are presented in Figure 3.10
and in Table 3.5.

It was observed from above results that at higher concentration, in both the cases;
the particle size of nano chitosan (CHTN) was comparatively larger and is progressively
reduced with the lowering of concentration, nevertheless the molecular weight was same.
The larger size of nano particles at higher concentration may be due to the aggregation of
polymer molecules as a result of overlapping and also to the intermolecular cross linking
through TPP bridging. On the other hand, as the concentration is lowered, the distribution
of polymeric particle becomes more discrete and the intramolecular cross linkages in

polymer molecule due to TPP bridging are likely to be favoured for lower particle size.
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These results manifest that the poly dispersity indices (pdi) of directly prepared samples

was comparatively lower and independent while for dilution method the values were

higher and appeared to be dependent on the starting material. The particle size

distribution curves, as illustrated in Figure 3.10, were broader for higher concentration

samples and became narrow for lower concentration samples. Further, these bands were

comparatively narrow for directly prepared samples indicating the uniform size

distribution and are close agreement with their lower pdi values.

Table 3.4 Preparation of nano chitosan dispersions of varying concentrations

Method Ingredients Quantity of ingredients (ml) for the
preparation concentration grades, g/L:
0.25 | 050 | 1.00 | 1.50 2.00
Solution A | CHT (10 g/L) 2.5 5 10 15 20
Water 725 70 65 60 55
Direct SolutionB | TPP (5 g/L) 0.75 15 3.0 4.5 6
method Water 24.75 | 235 22 20.5 19
Total (Solution A+B) 100 100 | 100 | 100 100
Dilution | CHTN (2¢/L) 125 25 50 75 100
method Water 87.5 75 50 25 -
Total 100 100 | 100 | 100 100
Stock solutions: CHT (10g/L) was prepared in acetic acid (10 g/L) solution, TPP (5 g/L);
CHT:TPP=100:15

Table 3.5 Effect of preparation method and concentration of chitosan on particle size

Direct preparation method Dilution method
(Starting material: CHT, 10 g/L) (Starting material: CHTN, 2 g/L)
CHT, Particle Poly pH CHTN, Particle Poly pH
g/L size, dispersity g/L size, nm | dispersity
nm index index
(pdi) (pdi)
0.25 304 0.550 4.4 0.25 347.3 0.42 4.4
0.50 3135 0.465 4.4 0.50 354.9 0.42 4.4
1.00 3194 0.42 4.3 1.00 468.1 0.464 4.3
1.50 408.73 0.44 4.3 1.50 516.43 0.471 4.3
2.00 534.2 0.515 4.2 - - - -
CHT1: TPP =1:0.15
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Figure 3.10 Particle size distribution of nano chitosan as a function of preparation
methods

3.3.4 Effect of TPP concentration on particle size

In ionic gelation reaction, TPP a major ingredient for cross linking has a
pronounced effect on the properties of CHTN dispersion. Therefore, the optimal amount
of TPP concentration with respect to CHT concentration in formulation was investigated
in detail. It was observed that with increase in the concentration of TPP the appearance of
the system changed from clear viscous liquid to opalescent fluid and then precipitated
(Figure 3.11). The effect of TPP concentration on the particle size is illustrated in Table
3.6 and in Figure 3.12.

At concentration of TPP below 0.05 g, very few phosphate ions were present to
produce effective ionic linkages with chitosan amino groups; hence, the solution was
clear. As the concentration of TPP was increased gradually, the solution became
opalescent indicating the formation of nano chitosan. It was revealed from the same
figure that with increase in concentration of TPP, the particle size of CHT-TPP
nanomatrix decreased, reached to minimum at TPP concentration of about 0.15 to 0.25 g
and then increased. Concentration of TPP above 0.30 g resulted precipitation. The
precipitation at excessively higher concentration of TPP may be attributed to the
aggregation of chitosan molecules due to excessive cross linking through TPP bridging.
Similar trend in terms of viscosity was noticed when the relative viscosity was plotted

against TPP concentration, Figure 3.13.
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Figure 3.11 Effect of TPP concentration on appearance CHTN dispersion

Table 3.6 Effect of TPP concentration on particle size of nano chitosan

CHT:TPP Ingredients, ml Viscosity Particle
CHT | TPP | Water | Total | Flow time Relative size, nm
volume | (T),sec | viscosity (Mre)

1:00 10 - 90 100 51.85 3.328 4014
1:0.05 10 1 89 100 46.86 3.010 -
1:0.10 10 2 88 100 39.04 2.507 348.3
1:0.15 10 3 87 100 32.25 2.071 319.4
1:0.20 10 4 86 100 27.16 1.745 295.1
1:0.25 10 5 85 100 23.12 1.485 272.06
1:0.30 10 6 84 100 30.13 1.935 310.6
1:0.35 10 7 83 100 16.91 1.086 ppt
1:0.40 10 8 82 100 16.28 1.045 ppt

Stock solutions: CHT (10 g/L) prepared in acetic acid solution 10 g/L, TPP (5 g/L);
Conc of nano-chitosan 1g/L, To (Water) 15.57 sec, Temp 30 °C
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Figure 3.13 Relative viscosity of CHTN dispersion as a function of TPP concentration

3.3.5 Viscosity behaviour of nano chitosan dispersion
The viscosity of polymer solution, at the molecular level, is a direct measure of

the hydrodynamic volume of the polymer molecules which in turn is governed by the
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molecular size or the chain length and hence the molecular weight [26]. A correlation of
molecular weight of chitosan with the particle size of respective synthesized nano
chitosan is elucidated in section 3.3.2. The particle size of nano chitosan is also expected
to influence the viscosity behaviour of its dispersion, which is presented in Table 3.7. The
extent to which a parent chitosan scales down to nano level at a given concentration of
CHT and TPP was also examined by comparing the relative viscosity of nano chitosan
dispersion with that of respective parent chitosan solution as demonstrated in same table
and graphically in Figure 3.14.

Table 3.7 Viscosity of nano chitosan dispersion as a function of particle size

Parent chitosan solution Nano chitosan dispersion
Sample | Molecular | Flow | Relative | Sample Flow | Relative Drop in Particle
code weight time | viscosity code time | viscosity | viscosity on size,
(MV) (T)’ (nrel) (T), (nrel) nano nm
Sec Sec conversion,

%
CHT 135,839 51.81 3.33 CHTN 32,25 | 2.07 37.76 319.4
CHT-D2 | 71,676 28.57 1.84 CHT-D2N |22.80 | 1.46 20.26 271.6
CHT-D3 | 38,733 20.03 1.29 CHT-D3N | 17.74 | 1.14 11.43 231.0
CHT-D4 | 20,698 17.77 1.14 CHT-D4N | 16.38 | 1.05 7.76 195.2
CHT-D5 | 11,986 16.43 1.06 CHT-D5N | 16.13 | 1.04 1.77 110.7

Conc of chitosan 1 g/L, CHT:TPP=1:0.15, T, (Water)= 15.57 sec, Temp 30 °C

It can be seen from Table 3.7 that the viscosity of CHTN dispersion decreased
with reduction in particle size. However, the effect was more significant for larger
particles than the smaller one. Obviously, the larger the particle size the higher will be the
resistance offered for the flow of liquid and hence the higher will be the viscosity and
vise versa. Comparatively slower fall in viscosity for small CHTN particles may be
attributed to the low molecular weights of parent chitosan. It can be observed from Figure
3.14 that the percentage drop in viscosity from molecular (CHT) solution to
corresponding nano chitosan (CHTN) dispersion follows a straight line. It means higher
molecular weight chitosan scales down to nano size to greater extent than the lower
molecular weight chitosan. This can be explained as follows; large size chitosan

molecules in solution accommodate comparatively more amount of solvent and occupy
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large ‘hydrodynamic’ volume. These swollen molecules compress to greater extent by
ionotropic intramolecular cross linking with TPP by displacing the solvent, as
demonstrated in Figure 3.5. On the other hand, the extent of swelling of low molecular

weight chitosan is comparatively less [27] and hence lesser will be its tendency to
compress.
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Figure 3.14 Drop in viscosity from parent to nano chitosan solution as a function
of molecular weight

The biodegradability of chitosan is anticipated to be influenced by its particle
size. Therefore the stability behaviour of standing baths of nano chitosan dispersion
should be taken into consideration during its applications particularly to textile fabrics.
The stability of nano chitosan dispersions for 24 h were analysed by viscosity
measurements as shown in Table 3.8. It was observed that the change in viscosity of
parent chitosan solution was governed by its molecular weight, which improved with
decrease in weight. The stability behaviour of nano chitosan dispersion, on the other
hand, was found to be different from that of parent chitosan solutions. The loss in
viscosity of high molecular weight parent chitosan solution was somewhat higher than
that of corresponding/respective synthesized nano chitosan dispersions. The integrity of
nano chitosan i.e. small particle size was found to lose which were obtained from low

molecular weight chitosans. The viscosity changes for most of the nano chitosan
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dispersions in 24 h storage were tolerable and can be safely employed for applications.

Complete biodegradation of nano chitosan dispersion, in general, was resulted in 3-4 days

showing the formation of white globules as shown in Figure 3.15. Such spontaneous

disintegration takes place under very mild conditions. The viscosity of parent chitosan

solution sustained for longer time after initial loss in viscosity, chapter 2. This suggests

that chitosan-TPP nanogels behave as metastable system and must be used fresh or must

be stored lyophilized and fresh aqueous solutions only prepared when required [19].

Viscosity analysis and visual observations, therefore, may be the useful tools for stability

inspections.

Table 3.8 Stability of nano chitosan solution as a function of particle size

Parent chitosan solution

Nano chitosan dispersion

Sample | Mol Wt Relative Drop in Sample | Particle Relative Drop in
Code (Mv) viscosity(ny) | Vviscosity Code size, nm | viscosity (n) | Viscosity
Initial | After (%0) Initial | After (%0)
24 h after 24 h after
24 h 24 h
CHT 135,839 | 3.33 2.98 10.27 CHTN 3194 2.07 2.00 3.68
CHT-D2 | 71,676 1.84 1.76 4.1 CHT-D2N | 271.6 1.46 1.45 1.05
CHT-D3 | 38,733 1.28 1.25 2.6 CHT-D3N | 231.0 1.14 1.13 1.18
CHT-D4 | 20,698 1.10 1.08 2.15 CHT-D4AN | 195.2 1.05 1.01 3.6
CHT-D5 | 11,986 1.05 1.04 1.73 CHT-D5N | 110.74 | 1.04 1.01 2.27

Conc of chitosan 1 g/L, CHT:TPP=1:0.15, T, (Water)= 15.57 sec, Temp 30 °C

Figure 3.15 Stability study: white globular residue formed by microbial attack on CHTN
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3.3.6 Effect of nano chitosan treatment on cotton fabric

Chitosan and nano chitosan solutions were applied onto fabric by conventional
pad-dry cure technique. Having understood from chapter 2 that the progressive changes
in performance in various properties of chitosan treatment at various concentrations, only

a representative concentration of 1 g/L was chosen.

15k ¥1, 808 18 parnd JsMbs6s ghifu

Figure 3.16 Scanning electron micrographs (x1000) of (a) control cotton fibre, (b) CHT
treated fibres, (¢) CHTN (319.4 nm) treated cotton fibres, (d) CHT-D4N
(195.2 nm) treated cotton fibres and (e) CHT-D5N (110.7 nm) treated cotton
fibres
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The surface morphology of treated and untreated cotton was studied under
scanning electron microscope, which is presented in Figure 3.16. Chitosan exhibits an
inherent property of film formation, which is clearly seen as gloss on fibre surface as
shown in figure SEM (b). Nano chitosan treated samples showed a different look in its
microphotographs, which are presented in Figures 3.16(c, d and €).The appearance was
non glossy and somewhat swollen. This effect became more significant when the particle
size was reduced. It indicates a greater extent of penetration into the fibre structure rather
than a surface deposition as film.

3.3.7 Effect of nano chitosan treatment on appearance and feel of cotton fabric

The appearance and the fabric feel are quite satisfactory. The results are illustrated
in Table 3.9 and Figure 3.17. It was envisaged that the whiteness improved with
reduction in particle size and reached well nearer to that of control sample. This may be
attributed to the greater extent of penetration of nano-chitosan particles into fibre
structure and allowing the cuticle for exposure. Deposition of normal chitosan, however,
is confined to surface as a film, which alter the whiteness to some extent. This film may
also impart stiffness to the fibre, where as a nano chitosan shows a little influence, as can

be observed in same table.

Table 3.9 Effect of particle size of nano chitosan on appearance and stiffness of cotton fabric

Sample Particle Appearance Bending Length, cm

code size, nm | W.I. | Y.L B.I. | Warp Weft
Control - 925 | 26 84.6 2.05 1.68
CHT 4014 909 | 49 81.8 2.44 1.70
CHTN(A) 468.1 91.1 | 46 82.4 2.29 1.71
CHTN 319.4 91.1 | 4.6 82.3 2.26 1.70
CHT-D2N 271.6 915 | 3.6 83.4 2.24 1.70
CHT-D3N 231.0 92.1 | 3.2 83.7 2.24 1.71
CHT-D4N 195.2 919 | 34 | 838 2.21 1.70
CHT-D5N 110.7 921 | 3.2 83.8 2.19 1.70

Conc of chitosan derivatives in pad liquor 1g/L, CHTN (A) was obtained from nano CHT (2 g/L)
by dilution method
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Conc of chitosan derivatives in pad liquor 1g/L, CHTN (A) was obtained from nano CHT (2 g/L)
by dilution method

Figure 3.17 Effect of particle size of nano chitosan on appearance of treated
cotton fabric

3.3.8 Effect of nano chitosan on tensile properties of cotton fabric

During wet processing operations textile fabric is subjected to various chemical
and thermal treatments. These treatments affect various properties of the fabric. The
effect of nano chitosan on tensile properties such as tenacity and elongation at break are
presented in Table 3.10. It is observed that there is reasonable reduction in fibre strength
of normal chitosan treated fabrics. This drop in strength seems to be arised from the acid
hydrolysis and/or thermal treatments and not due to chitosan, which is obviously
envisaged from the strength of the blank treated sample. While, normal chitosans of
different molecular weights show somewhat higher strength than that of the blank treated
sample, nevertheless lower than the untreated one. The elongation property was not
altered much when compared to blank sample. The nano chitosan treatment on the other
hand showed improvement in fibre strength which further increased with the reduction in
particle size. The elongation property, however, was slightly affected with the scaling
down of particle size. Normal chitosan mostly confines its film deposition on fibre

surface only and thus contribute to very small extent in load bearing phenomenon rather

Studies on applications of chitosan and synthesized chitosan derivatives in textile processing 146



may affect its symmetrical distribution of load. The improvement in fibre strength may
be attributed to greater penetration of small particles and crosslink the adjacent fibre
molecules by various forces between amino (-NH;) and hydroxyl (-OH) groups of
chitosan and hydroxyl (-OH) groups of cellulose molecules. The smaller the particle size,
higher will be the surface area and hence the higher will be the cross links. The formation
of in-situ three dimensional networks probably resists the adjacent fibre molecules to slip

and lowers the elongation at break.

Table 3.10 Effect of nano chitosan treatment on tensile properties of cotton fabric

Parent chitosan treated fibres Nano chitosan treated fibre
Sample | Tenacity, | Elongation | Sample Tenacity, | Elongation
code g/tex at break, code g/tex at break,
% %
Untreated 23.33 5.25 Untreated 23.33 5.25
cotton cotton
fabric fabric
Control 20.87 4.75 Control 20.87 4,75
CHT 20.48 4.75 CHTN-A 23.48 4,5
CHTN 25.17 4
CHT-D2 21.01 45 CHT-D2N 25.62 4
CHT-D3 21.45 45 CHT-D3N 25.56 4
CHT-D4 22.19 4.25 CHT-D4N 25.71 3.75
CHT-D5 21.81 45 CHT-D5N 25.72 3.5

Conc of chitosan derivatives in pad liquor 1g/L, CHTN-A was obtained from nano CHT (2 g/L) by dilution
method, Control: Blank treatment was given with acetic acid (10 g/L) by pad-dry cure method

3.3.9 Effect of nano chitosan treatment on absorbency of cotton fabric

The absorbency, measured by drop penetration method, of nano chitosan treated
cotton fabric was evaluated and shown in Table 3.11 and graphically in Figure 3.18. The
absorbency was found to be decreased with the reduction in particle size. This may be
elucidated by the example of lotus leaf effect. Distribution of nano chitosan particles as a
thin layer over and beneath the surface, illustrated in Figure 3.16 (c, d and e), may roll
out the water droplets. Nevertheless, the absorbency of nano chitosan treated samples is
still within the tolerable limits of conventional wet processing conditions since this rise in

water drop penetration time is due to the initial resistance offered by nano chitosan
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particles and not due to any hydrophobic or water repellant hydrocarbon or silicone type

films.

Table 3.11 Effect of particle size of nano chitosan on absorbency of treated cotton fabric

Sample Particle Absorbency, sec
code size, nm Readings Average
Control - 3.88 | 388 | 3.24 | 495 | 441 | 3.78 4.0
CHT 4014 428 | 3.95 | 462 | 512 | 446 | 481 4.5
CHTN-A 468.1 | 8.03 | 547 | 814 | 495 | 7.21 | 9.22 7.2
CHTN 3194 |10.98|11.52 | 1192 | 12.36 | 9.81 | 14.15 11.8
CHT-D2N 271.6 | 13.45|13.68 | 12.69 | 15.08 | 13.36 | 12.26 13.4
CHT-D3N 231.0 |14.81|15.12 | 16.71|12.61 | 17.43 | 13.86 15.1
CHT-D4N 195.2 | 20.36 | 19.52 | 22.81 | 18.08 | 23.01 | 14.36 19.7
CHT-D5N 110.74 | 22.51 | 18.71 | 26.08 | 22.32 | 21.42 | 23.78 22.5

Conc of chitosan derivative in pad liquor 1 g/L, CHTN-A was obtained from nano CHT (2 g/L) by

dilution method

25
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Conc of chitosan derivative in pad liquor 1 g/L, CHTN (A) was obtained from nano CHT (2 g/L) by dilution

method

Figure 3.18 Effect of particle size of nano chitosan on absorbency of treated cotton fabric
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3.3.10 Dyeing behaviour of nano chitosan treated cotton fabric

Chitosan pretreatment has shown improved dye uptake on cotton fibre both in

presence and absence of electrolyte as discussed in chapter 2. However the dye was

mostly confined to surface of fabric due to lack of penetration of parent chitosan.

Fastness properties were also found to be deprecated. Thus, in this work, the effect of

pretreatment of nano chitosan on direct dyeing of cotton was studied. In another

approach, the dye bath was made slightly acidic with acetic acid (0.5 g/L) and treated for

15 minutes after the conventional dyeing was over (i.e. after the 60 minutes). The effects

of chitosan and nano chitosan pretreatment on dye uptake are illustrated in Table 3.12

and graphically in Figures 3.19 and 3.20.

Table 3.12 Effect of particle size of nano-chitosan on dye uptake of treated cotton fabric

Parent chitosan

Nano chitosan

Sample K/S Sample K/S
Code Conventional dye Code
bath
C. L C. L C. I. Direct Red 81 C. I. Direct Blue 71
Direct Direct Conventional | Acidic | Conventional | Acidic
Red 81 | Blue71 dye bath dye bath dye bath dye bath
Control 7.71 6.08 Control 7.71 6.33 6.08 4.94
CHT 9.07 6.99 CHTN-A 9.62 10.24 7.26 8.05
(17.6) (14.8) (24.7) (61.8) (19.4) (63.1)
CHTN 9.6484 10.39 7.43 8.12
(25.1) (64.2) (22.1) (63.4)
CHT-D2 9.02 7.02 CHT-D2N 9.81 10.49 7.47 8.24
(17.0) (15.4) (27.1) (65.8) (22.8) (66.9)
CHT-D3 9.05 6.81 CHT-D3N 9.83 10.51 7.72 8.25
(17.3) (12.0) (27.4) (66.2) (26.9) (67.1)
CHT-D4 9.07 6.68 CHT-D4N 9.82 10.50 7.79 8.28
(17.6) (9.8) (27.3) (66.0) (28.2) (67.7)
CHT-D5 9.10 7.09 CHT-D5N 9.96 10.60 7.81 8.38
(18.0) (16.5) (29.1) (67.5) (28.3) (69.7)

Conc of chitosan derivatives in pad bath 1 g/L, Values in parenthesis indicate percent improvement in K/S
compared with the corresponding control fabric sample
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Figure 3.19 Effect of particle size of nano-chitosan on dye uptake of treated
cotton fabric
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Figure 3.20 Effect of particle size of nano-chitosan on dye uptake of treated
cotton fabric

Results revealed that the dye uptake by cotton fabric, in conventional process,
increased marginally with normal chitosan treatment and further improved with the
reduction in particle size of nano chitosan. On acidification, the dye up take was still

increased compared to conventionally dyed samples. The increased dye uptake due to
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chitosan treatment may be attributed to the presence of primary amino groups on
chitosan. These cat ions dissipate the negative surface charge on cotton and drives dye
molecules to the fibre. Further, the dye up take may also been enhanced due to the
dyeability of chitosan itself with direct dyes. The nano chitosan due to increased surface
area and hence higher accessibility for dye sites put much added value. The primary
amino groups on chitosan get protonated in acidic medium having enhanced positive
charge can now form salt linkages with anionic (sulphonate) groups of residual dye
present in the dye bath. This leads to almost complete exhaustion of dye bath.

The washing fastness and rubbing fastness properties of direct dyed fabrics were
also analyzed, which are presented in Table 3.13. The fastness to washing was found to
be improved with reduction in particle size. This may be regarded to the formation of
CHTN-Dye complex in situ. The fastness to rubbing was also slightly improved with
decrease in particle size. This property is mainly associated with the rubbing fastness of

dyes chitosan molecules on cotton fibre.

Table 3.13 Effect of particle size on fastness properties of direct dyes

Sample Particle | C.I. Direct Red 81 | C. I. Direct Blue 71
code size Wash Rub Wash Rub
nm fastness | fastness | fastness | fastness
Control - 3 2-3 4 2-3
CHT 4014 3 2 4 2
CHTN(A) 468.1 3-4 2-3 4-5 2
CHTN 319.4 3-4 2-3 4-5 2-3
CHT-D2N 271.6 3-4 2-3 4-5 2-3
CHT-D3N 231.0 4 2-3 4-5 2-3
CHT-D4N 195.2 4 2-3 5 3
CHT-D5N 110.7 4-5 3 5 3

Dyeing process: Conventional

3.3.11 Effect of nano chitosan on crease recovery property of cotton fabric

It is shown in previous chapter that the chitosan treatment adversely affected the
wrinkle recovery property of cotton fabric. The molecular size of polymer was the major
reason for this drawback. Reduction of the particle size of chitosan has found to enhance

various properties at minimal concentration and is expected the possibility to restore the
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aesthetics. The crease recovery property as a function of chitosan and nano chitosan
treatments compared against commercial DMDHEU application and is presented in Table
3.14. The crease recovery angle of cotton fabric was greatly reduced by the treatment of
normal chitosan (CHT). Treatment of cotton fabric with chitosan of lower particle size
was found to improve the crease recovery property of cotton fabric. However yet it could
not gain the rating of commercially used cross linking agent DMDHEU. Conventional
chitosan is believed to form a surface coating which lowers the possibility of cross
linking and therefore cannot contribute to the load sharing phenomenon. The improved
wrinkle recovery property in case of nano chitosan treatment may be attributed to the
greater penetration into fabric structure. These polycationic nano particles, due to better
penetration, may bound the fibre molecules and resist creasing to some extent. However,

a final touch up with conventional easy care finish is desired.

Table 3.14 Effect of particle size of chitosan on wrinkle recovery property of cotton fabric

Sample Conc in pad Particle | Crease recovery angle (CRA®)

code bath, g/L size, Warp Weft Total
nm

Control - - 80 81 161
DMDHEU 20 - 85 95 180
(40%) 40 - 106 101 207
60 - 112 113 215
CHT 1 4014 72 72 144
CHTN-A 1 468.1 79 79 158
CHTN 1 3194 82 82 162
CHT-D2N 1 271.6 82 80 162
CHT-D3N 1 231.0 82 81 163
CHT-D4N 1 195.2 85 80 165
CHT-D5N 1 110.7 86 84 170

3.3.12 Effect of nano chitosan treatment on cotton fabric on its resistance against
microorganism
Attributing to the polycationic nature, chitosan has shown resistance to microbial
attack in soil burial test as discussed in chapter 2. The effect, however, was moderate and

in order to improve the property the effect of particle size of nano chitosan was
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examined. The antibacterial property of nano chitosan can further be enhanced by loading
it with other antibacterial agents such as silver nano particle. Silver nano particles are
very effective antimicrobial and antifungal agents at lower concentrations and are much
more effective than other metals such as mercury, copper, lead, chromium and tin. At
lower concentration, silver nano particles directly damage the cell envelope by
penetrating the cell and then silver binds to the DNA, this complex prevents the DNA
replication by displacement of hydrogen bonds between adjacent nitrogen of purines and
pyrimidines [46]. Nano silver dispersion is produced by reduction of silver sulphate with
sodium borohydride in presence of trisodium citrate under inert atmosphere, scheme 3.1.
Nano silver colloid of concentration 1X10~> M / 100 ml and average particle size 110 nm

was prepared as published elsewhere [24].

4Ag™%+ NaBH, + 2H,0 — 4Ag + BH, + Na* + 4H" + 0,

Scheme 3.1 Reduction of silver ions

Nevertheless it is extremely efficient antibacterial agent; its retention by
the fibre for multiple washings is questioned. Attributing to the antibacterial and high
metal particles retention properties of chitosan [47], the fabric was treated with chitosan
(or nano chitosan) and then with nano silver colloid (two bath process). The resistance
against bacterial attack of untreated and treated samples of cotton was determined by
determining their loss in strength due to soil burial test. The results are presented in Table
3.15. It can be observed from these results that the chitosan can be employed as an
efficient antibacterial agent. The effect is enhanced with the reduction in particle size of

nano chitosan and coupling with nano silver.
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Table 3.15 Effect of nano chitosan treatment on resistance towards microbial attack

Sample code | Particle Tenacity, g/tex *Drop in

size, nm | Before soil | After soil | strength, %
burial burial

Untreated 23.33 18.98 18.65

cotton fabric

Control 20.87 18.08 225

CHT 4014 20.48 19.47 16.55

Ag nano 110 22.68 22.20 4.84

CHT+ 24.51 20.27 13.10

Ag nano

CHTN 319.4 25.17 21.84 6.39

CHTN + 24.21 22.94 1.67

Ag nano

CHT-D5N 110.7 25.72 22.38 4.07

CHT5N + 25.67 23.03 1.29

Ag nano

Control: Blank treatment was given with acetic acid (10 g/L) by pad-dry cure method,
*Drop in strength was measured from untreated cotton fibre
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Figure 3.21 Effect of nano chitosan on resistance towards microbial attack
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CHAPTER 4
SYNTHESIS AND CHARACTERIZATION OF N-SUBSTITUTED
CHITOSAN DERIVATIVES AND THEIR APPLICATION ON
COTTON FABRIC

4.1 INTRODUCTION

The application potential of chitosan biopolymer on cotton textiles is revealed in previous
chapters. By virtue of polycationic nature and film forming properties, chitosan has
proved a useful auxiliary in dyeing and finishing of cotton fabric. A substantial
improvement in dyeability of chitosan treated fabric towards direct dyes from salt free
dye bath was noticed. Post dyeing treatment of chitosan showed intensified colour value
and improved fastness to washing. Resistance to microbial attack was also found to be
improved. Besides improvements in these properties, the chitosan treated fabric,
however, encountered several challenges. One of the major drawbacks of chitosan was its
limited solubility in neutral or alkaline aqueous medium. Highly acidic pH required for
solubility of chitosan resulted into hydrolytic degradation of fibre due to curing at
elevated temperature.

The chitosan, due to higher viscosity and hence the rigid film deposited on surface
of fibre, imparted undesired stiffness and harshness with result of loss in inherent appeal
of cotton fibre. Further the appearance and wrinkle recovery property were found to be
deteriorated. Lowering of viscosity by depolymerization of high molecular weight
chitosan could not meet the requirements; on the other hand an excessive yellowness was
imparted.

An emerging technology i.e. nano technology was adopted wherein the particle
size of chitosan was scaled down to near nano level by ionic gelation with pentasodium
tripolyphosphate (TPP). This enabled a greater penetration of polymer into the fibre
structure and increased its effectiveness even at very low concentrations. Various
properties, mentioned above, were found to be significantly improved. Nevertheless,
stability of nano CHT dispersions was extremely limited and therefore standing bath

stability was restricted to 24h.
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In all cases, one of the severe problems encountered was loss in strength and
whiteness due to chlorine retention (discussed in detail in section 4.3.2.3). Chlorine
retention mainly arises due to the presence of free -NH- groups [1] which form
chloramines with chlorine in presence moisture particularly in absence of alkali causing
the yellowness. Chloronitrogen compounds thus formed liberate hydrochloric acid during
heat treatments like pressing under moist condition, which damage the cloth. A very
similar kind of problems often found in finishing treatments with aminoplasts and
cationic softeners containing free -NH- groups [2, 3] as illustrated in scheme 4.13. In
order to avoid or minimize such damages due to either acid hydrolysis during curing
process or due to chlorine retention, structural modifications in chitosan are essential
such that aqueous solubility at almost neutral pH is obtained and /or modifying the amino
functional groups by replacing their free protons by other stable groups so that no sites
available for chlorine retention. The limited solubility of chitosan in agueous media can
be overcome by introducing new functionalities through its derivatization such as, for
instance, sulphonation [4], sulphation [5], carboxymethylation [6], grafting [7, 8] etc
reactions. Grafts of chitosan and polyacrylic acid have shown very high water-sorbing
ability (~ 600% wi/w) [9]. Such reactions, however, also add an anionic nature to the
cationic polyelectrolyte character of the parent chitosan [10]. These reactions, often,
occur at hydroxyl reactive sites [11]. N-substituents containing water dissolving moieties
can be obtained by selectively halogen displacement reaction [12] or by reductive
amination [13] to produce products like N-caboxymethyl chitosan, N-carboxypropyl
chitosan etc derivatives.

An alternative route to improve the water solubility of chitosan without changing
its cationic character is the introduction of an enough number of permanent positive
charges in its chains. One such method is the attachment of substituent bearing
quaternary ammonium terminal group. A product containing N- substituted quaternary
ammonium salt namely N-(2-hydroxy) propyl -3-trimethyl ammonium chitosan chloride
(HTCC) was synthesized by Daly and Guerrini [14] by using a compound that produces
the glycidyl reagent in situ such as 3-chloro-2-hydroxy propyl trimethylammonium
chloride, a commercially available stable compound Quat 188, developed (Scheme 4.1)

This Chitosan derivative (HTCC) shows excellent solubility in neutral water.
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Scheme 4.1 Synthesis of N-(2-hydroxy) propyl -3-trimethyl ammonium chitosan chloride
(HTCC)

CoHs
OH O—CHyCHy—NZ
0 1) 42% NaOH, 0°C 0 CaHs
H O— 2)DEAE-CMHCI  H O—
NHAC NHAC
DEAE-Chitin
CsH
O—CHpCHp—NZ 2 °
10% NaOH _ 0 CaHs
HO O—
NH2
—_— DEAE —-Chitosan
&
O—CHyCHy—N(CoHg)z I~
NaOH, Nal 0 2-T2 (CaHs)s
CoHgl, NMP HO O
NHAC
TEAE-Chitin

Scheme 4.2 Synthesis of O-substituted quaternary ammonium chitin and chitosan

Quaternary ammonium group containing substituents can also be attached through

O-substitution reaction. Kim et al [15] obtained triethylaminoethyl derivative of chitin
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(TEAE-Chitin). It was synthesized by first activating the C-6 primary hydroxy group in
chitin at low temperature. The activated chitin was then allowed to react with
diethylaminoethyl chloride (DEAE) to produce DEAE-Chitin derivative, followed by
quaternization using ethyl iodide. Interestingly, the intermediate DEAE-Chitin derivative
was also found soluble at neutral pH. These products on deacetylation gave chitosan
derivatives as illustrated in scheme 4.2

All these reactions, however, could not obviate the free -NH- groups completely
and the problems associated with chlorine retention still persisted. Modifications of
amino groups of chitosan or above derivatives though substitution reactions such as
complete alkylation or in other words direct quaternization of amino groups can produce
chitosan tri alkyl ammonium halide salts or quaternary ammonium salts which are totally
-NH- free. A simplest derivative in this class is the trimethylammonium salt of chitosan.
It is obtained by repeated treatment of chitosan in N-methyl-2-pyrrolidone (NMP)
containing sodium iodide and methyl iodide in presence of sodium hydroxide. An anionic
exchange of iodide with chloride ion may be necessary due to stability issues. The
quaternization reaction is shown in scheme 4.3. Bayat et al [16] studied the effect of
sodium hydroxide and methyl iodide concentration on degree of quaternization and found
these to be the most effective reaction variables. Most of previous researchers have
followed the same protocol for the synthesis of chitosan alkyl ammonium halide salts
[17-20]. Attempts have also made in synthesizing N-methyl chitosan derivatives in acidic
medium, as reviewed by Achwal [21] from German literature. In this method, chitosan
was dissolved in 1% acetone and pH was adjusted to 6.3 and then refluxed at boil with
excess methyl iodide for 10h.

Reductive amination i.e. Bosch reduction of Schiff’s base provides an attractive
route for the synthesis of N-substituted chitosan compounds containing alkyl or aryl
groups of varying chain lengths or molecular sizes. Primary amines when treated with
alkyl or aryl aldehydes produce Schiff’s base which on reduction with NaBH4 or
NaBH3;CN results into N-alkyl or aryl substituent becoming secondary amine [22] as
shown in scheme 4.4. Since the reaction is carried out in acidic medium, a great degree of
homogeneity is favored. These secondary amines then can further be quaternized with

alkyl iodide similar to scheme 4.3. A series of chitosan quaternary ammonium salts
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containing N-alkyl and/or N-aryl substituents were prepared by different workers for

various purposes are reported [16, 18, 23-28].

—OH _OH _OH
0 CHsl Nal  — -0 ion-  —v—\_ -0
Ho%f"'o"'“- NaOH, NMP HOmO exchange Hom_.fox....

NH, N(CH3)s N(CHa)s
1= Cl~

Chitosan Trimethylammonium Trimethylammonium
iodide salt chloride salt

Scheme 4.3 Synthesis of trimethylammonium salt of chitosan

—OH _OH ~OH
— o} RCHO — 0 NaBH, — o
HO O Aldehyde HO 0O HO 0O
NH» N=CHR ITI H
CH,R
Chitosan Schuffs' base Hydrophobic chitosan derivative

Scheme 4.4 Synthesis of hydrophobic chitosan derivatives: Bosch reduction

Studies related to synthesis, properties and applications of chitosan derivatives
such as quaternary ammonium salts, N-alkylated, N-arylated and combination of these are
reported in literature. Muzzarelli and Tanfani [29] followed the reductive amination
Schiff’s base and then methylation of N-alkyl chitosan to generate prepared N-trimethyl
chitosan iodide salt. This three step method was found to reduce DP of main chain and
resulted side reactions such as O-substitution. This effort was made, aiming its
application as antibiotic and ion exchange material. Britto and Assis used dimethylsulfate
for obtaining quaternary ammonium salt [30].

With respect to its physical and chemical properties several works have been
published. Curti and Filho [31] studied the viscosity behaviour of trimethyl chitosan
chloride salt. Their study showed that the chitosan and trimethyl chitosan chloride exhibit

a linear decrease in intrinsic viscosity as a function of reciprocal square root of the ionic
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strength. The molecular weight was found to be affected due to quaternization
maintaining the chain stiffness intact. Snyman et al [19] prepared varying degree of
trimethyl chitosan chloride by repeated quaternization treatments. The weight average
molecular weight and intrinsic viscosities were found to be decreased with increase in
degree of quaternization due to repeated processes. Britto et al. [32] observed the
changes in mechanical properties due to N-methylation of chitosan. Films of chitosan and
trimethyl chitosan presented viscoelastic behaviour, where in the former exhibited elastic
behaviour with greater elongation while the latter had small modulus of elasticity and
typical viscous behaviour. These authors [33] also reported a kinetic study on thermal
degradation of trimethyl chitosan.

Murata et al. [34, 35] reported the cytotoxic activity and the formation of
polyelectrolyte complex trimethyl chitosan with DNA. Kean et al. [36] and Thanou et al.
[37] published results of a study about the toxicity and transfection efficiency of
trimethyl chitosan derivatives with respect to the degree of quaternization. As trimethyl
chitosan gained attention for use in oral drug delivery, some reviews on the subject have
appeared [38 - 40]. The quaternary ammonium salt using glycidyl trimethylammonium
chloride as the quaternizing agent was found to be useful in cosmetic applications [14].
Kotze et al. [41] found a superior efficiency as absorption enhancer for hydrophilic drugs
across intestinal epithelia than the chitosan itself.

Various long chain alkyl substituents have resulted in chitosan derivatives with
varying degree of hydrophobicity. Such materials are industrially important as they show
unusual and interesting rheological properties thought to arise from the intermolecular
association of neighboring hydrophobic substituents [42]. More recently, an important
branch of application for chitosan quaternary salt related to antimicrobial action has
gained attention. It started by Kim et al. [23, 43] testing several chitosan quaternary salt
against Staphylococcus aureus. In this way, the authors described the reaction of chitosan
with formaldehyde, butyraldehyde, n- octyl aldehyde, and n-dodecyl aldehyde, treated the
resulting Schiff’s bases with sodium borohydride, obtaining the quaternary salts via
methyl iodide synthetic route. In fact, the antibacterial activity of the prepared salts was
higher than that found for chitosan itself and increased with increasing chain length of the

alkyl substituent. Jia et al. [44], also prepared several quaternary chitosan salts and tested
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against gram-negative bacteria Escherichia coli. It was seen that these salts exhibited
higher in vitro activity against E. coli than chitosan, mainly in acid medium. Particularly,
other combinations including alkyl, aryl moieties and carboxymethylation in chitosan
quaternary salt also showed to be efficient against gram-negative and gram-positive
bacteria [27, 45-47]. Effect of different N-substituents on insecticidal and fungicidal
activity of chitosan is presented by Rabea et al [24, 25]. They found all the N-alkylated
and N-benzyl chitosan derivatives higher fungicidal activity than parent chitosan against
Botrytis cinerea and Pyricularia grisea, and a derivative N-(2-chloro 6-fluorobenzyl)
benzyl chitosan as a most effective insecticide.

The utmost research is the synthesis and application of chitosan quaternary salts
as nanoparticles. The most popular method of preparation of nano dispersion of chitosan
quaternary salts is based on ionic gelation process with TPP. Xu et al. [48] synthesized N-
(2-hydroxyl) propyl -3-trimethyl ammonium chloride nanoparticles. They described
nanoparticles in the size range of 110 to 180nm with enhanced protein carrier efficiency.
Several other important applications have emerged for chitosan trimethyl ammonium
salts nanoparticles, such as nasal [49, 50] and oral vaccine delivery system [51]; and
insulin releaser [52].

Thus, broadly speaking, the applications of these chitosan derivatives are
emphasized mostly in medical domain such as gene delivery tool, controlled drug release
system, as absorption enhancer for hydrophilic drugs transport across epithelium,
antibiotics and, in cosmetics. However, very few applications of chitosan quaternary
ammonium salts on textiles are reported. Most of the applications studied were
antimicrobial concern. Kim et al.[53] treated the cotton fabric with HTCC and studied
the effect on antimicrobial property. At very low concentration, such as 0.025% o.w.b.,
HTCC showed very superior antibacterial property, indicated by almost 100% reduction
in bacteria as against only 30% reduction in bacteria in case of 1% chitosan. Lim and
Hudson [54] treated the cotton fabric with fibre reactive chitosan derivative containing
quaternary ammonium groups, O-acrylamidomethyl- N-(2-hydroxy) propyl -3-trimethyl
ammonium chitosan chloride (NMA-HTCC) and evaluated its effect on dyeing with
direct and reactive dyes; and antibacterial properties. They reported enhanced dye uptake

with zero salt concentration with improved fastness properties. The antibacterial effect of
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cotton treated with 1% NMA-HTCC, however, was almost lost after dyeing. This was
attributed to the blocking of cationic groups. The undyed cotton fabric treated with 1%
NMA-HTCC, on the other hand, showed 100 % reduction in bacteria which was
sustainable for 50 wash cycles as against only 30% bacterial reduction by parent chitosan.
Gleanings from German literature by Achwal [55] reported the after treatment with N-
methyl chitosan derivative showed good improvement in fastness of direct dyeings
comparable with conventional synthetic products.

The present research work, therefore, has been aimed at preparing a series of
chitosan derivatives belonging to N-substituted quaternary ammonium salts having
enhanced hydrophilicity and reducing free of -NH- groups presence to capture chlorine in
any post treatment. Trimethyl chitosan chloride (TMCHT) was synthesized by the
reaction of chitosan (CHT) with methyl iodide in alkaline medium followed by ion
exchange with sodium chloride. In another series of chitosan derivatives, N- alkyl and N-
aryl substituted chitosan of varying molecular size of substituents through the reductive
amination of Schiff’s base obtained by the reaction of chitosan with respective aldehydes
were synthesized. The quaternization of N-substituted derivatives were then performed
by the reaction of these compounds with methyl iodide as was carried out for TMCHT.
The selected N-alkyl chitosan derivates were N-ethyl chitosan (N-Et CHT), N-butyl
chitosan (N-Bu CHT) and N-dodecyl chitosan (N-Dod CHT) and that of N-aryl
substituents were N-benzyl chitosan (N-Bz CHT) and N-(1-Naphthyl) methylene chitosan
(N-Np CHT) derivatives. These N-synthesized chitosan derivatives were further
quaternized with methyl iodide in alkaline medium. Various techniques employed for
characterization of these derivatives were FTIR spectroscopy, "HNR spectroscopy,
Elemental (CHN) analysis and conductometry. Various reaction parameters such as
methyl iodide concentrations, alkali concentration and the role of co-solvent (NMP) on
degree of quaternization of chitosan were studied. The further study performed also
include effect of chain length of alkyl substituent and molecular size of N-aryl substituent
on degree of substitution on CHT and also on then quaternization (DQ) of N- substituted
CHT derivatives.

Trimethyl chitosan chloride (TMCHT) of varying degree quaternization and N-
substituted CHT of similar level of DS and the quaternized derivatives of maximum DQ
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on these selected N- substituted CHT were applied to cotton fabrics by pad dry cure
method. Effect of these N- substituted CHT derivatives at different concentrations on the
appearance, feel, chlorine retention, absorbency, dyeing behaviour with direct dyes that
including both pre and post dyeing treatment were studied. Absorbency was determined
by drop penetration method and handle by measuring the bending length. The dyeing
behaviour was also extended to evaluate the stoichiometry by dyeing with acid dye.
Appearance and dyeing results were examined on computer colour matching systems in
terms of whiteness, yellowness brightness indices and K/S values respectively. The effect
of CHT derivatives on cotton fabric was also studied for various aesthetics and value
additions such as wrinkle recovery, soil release and antimicrobial properties. The
resiliency was determined by crease recovery angle and compared with commercial
aminoplast resin. The soiling tendency towards oily soil was evaluated both
gravimetrically and optically on CCMS. Resistance to microbial attack was studied by

evaluating the strength loss due to rotting under composted soil bed i.e. soil burial test.

4.2 MATERIALS AND METHODS
4.2.1 Fabric

The same fabric as specified in chapter 2, section 2.2.1 was used.
4.2.2 Dyes and chemicals

The details of various chemicals employed in present research investigation are
given in Table 4.1.

Dyes namely C.l1.Direct Red 81, C.I.Direct Blue 71, C.I. Acid Blue 158 and
chemicals namely Chitosan (CHT), DMDHEU etc used were the as specified in chapter
2, section 2.2.1. and other chemicals such as acetic acid (CH3COOH), acetone
(CH3COCH;3), Glauber’s salt (Na;SO,4), methyl alcohol(CH30H), magnesium chloride
(MgCly), potassium iodide (KI), sodium iodide (Nal), sodium hydroxide (NaOH),
sodium chloride (NaCl), soda ash(Na,COs3), silver nitrate (AgNO3) etc used were of
analytical grade obtained Qualikem Fine Chemicals Pvt Ltd, Vadodara. Double distilled

was employed for all synthesis and analytical purposes.
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Table 4.1 Specifications of various chemicals

Sr Name and Supplier Specifications
no
1. Methyl lodide (Mel), Grade: Analytical, Purity 99%, Mol.wt 142, Density
Qualikems Fine Chem Pvt. Ltd 2.28g/cc
Molecular Formula: CH;l
2. Acetaldehyde (35%), Grade A.R, Purity 35%, Mol wt 44.05, Density 0.78
s.d.fine chemicals Ltd, Mumbai g/cc
Chemical Formula: CH;CHO
3. n-Butyraldehyde Grade: Analytical, Purity 99%, Mol wt 72.11, Density
Spectrochem Pvt Ltd, Mumbai 0.8 g/cc
Chemical Formula: CH3 (CH,),CHO
4. Dodecyl Aldehyde Grade: Analytical, Purity 92%, Mol wt 184.32,
Acros Organics Fisher Scientific | Density 0.83 g/cc
Chemical Formula: CH3 (CH,),,CHO
5. Benzaldehyde Grade: Analytical, Purity 99%, Mol wt 106.13,
Finar Chemicals Ltd., Density 1.044 g/cc
Ahmedabad Chemical Formula: CsH,CHO
O H
6. 1-Napthaldehyde Grade: Analytical, Purity 95%, Mol wt 156.18,
Acros Organics Fisher Scientific | Density 1.15 g/cc
Chemical Formula: C,,H,CHO
7. Sodium borohydride Grade: Analytical, Purity 97%, Mol wt 37.83,
Qualikem Fine Chemicals Pvt Chemical Formula; NaBH,
Ltd, Vadodara
8. N-Methyl 2-pyrolidone (NMP), Grade A.R, Purity 93 %, Mol. Wt 99.13, Density

Qualikem Fine Chemicals Pvt
Ltd, Vadodara

1.028g/cc
Chemical Formula: CsHgNO

(Ao

N
I

CH,

4.2.3 Synthesis of N, N, N-Trimethyl chitosan chloride

The N-methylation reaction of chitosan aiming the preparation of N, N, N-

trimethyl chitosan chloride was carried out with little modification as described

elsewhere [31, 37, 50] as follows: purified chitosan (CHT) 1.0 g (corresponding to 90
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m.mol of -NH,) was suspended in NMP (40 ml) in a stainless steel reaction vessel and
the suspension was kept at room temperature with constant stirring for 24 h. Then,
sodium iodide 2.4 g, aqueous sodium hydroxide (20 %, 10 ml) i.e.2 fold excess of CHT
and methyl iodide 5 g i.e. 5 fold excess of CHT (molar concentration, 1g CHT
corresponds to 0.913 g. eq. rounded to 1.0 g. eq. of methyl iodide) were added. The
vessel was sealed and run for 1h at room temperature on glycerin bath. The temperature
was then raised to 50°C and treated at this temperature for another 24 h. The clear dark
brown liquid so obtained was poured in excess acetone to precipitate out the iodide of
trimethyl chitosan. This precipitate was washed 3 to 4 times with acetone. This iodide salt
was then subjected to ion exchange by treatment with 50 ml of sodium chloride 10% for
1h. Trimethyl chitosan chloride was then recovered from acetone as above and oven dried
at 55°C. Sample of different degree of quaternization were also prepared by varying the
concentrations of methyl iodide as given Table 4.2. These samples were nomenclatured
as TMCHT.

4.2.4 Synthesis of N-Alkyl and N-Aryl chitosan derivatives

The N-substitution of chitosan was carried out according to methods described in
literature [23, 24, 27]. In general, purified CHT 1g (corresponding to 90 m.mol of -NH,)
was dissolved in acetic acid (1%) solution. Required concentration of aqueous aldehyde,
listed in Table 4.11, was added gradually to CHT solution at room temperature and
stirred for 2 h. The pH of the rection medium was adjusted to 4.5 using few drops of
dilute sodium hydroxide solution and then sodium borohydride (10 % aqueous solution)
1.5 fold excess of aldehyde was added very gradually and the stirring was continued for
2h. The precipitate of the N-substituted CHT derivative was recovered from alkaline
solution at pH 10 by adding sodium hydroxide solution (10%) and then washed
thoroughly with distilled water to neutrality. The unreacted aldehyde and other impurities
were removed by refluxing with methanol and diethyl ether and then oven dried at 55°C.
The N-substituted CHT derivative was then quaternized with methyl iodide as described

in section 4.2.3.
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4.2.5 Fabric treatment with chitosan and chitosan derivatives by pad-dry cure
process
Same method was followed for the application of chitosan derivatives as
described in chapter 2, section 2.2.5.

4.2.6 Dyeing with direct dyes
Dyeing with direct dyes and the evaluation of colour depth (K/S) and fastness
properties were done as described in chapter 2, section 2.2.7.

4.2.7 Dyeing with acid dyes
Dyeing with acid dyes and the evaluation of colour depth (K/S) were carried out
as described in chapter 2, section 2.2.8.

4.2.8 FTIR spectra analysis
FTIR of chitosan and chitosan derivatives were determined using the same
method described in chapter 2, section 2.2.11.

4.2.9'H-NMR spectra analysis
'"H-NMR spectra of chitosan and N-modified chitosan derivatives were
determined using the same method described in chapter 2, section 2.2.12.

4.2.10 Elemental analysis
Elemental analysis of CHT and N- substituted CHT were carried using the method
described in chapter 2, section 2.2.13.

4.2.11 Measurement of pH of liquor
The pH of solution was determined using pocket size pH meter (Hanna
Instruments, Model HI96107)
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4.2.12 Conductometric titrations

To determine the degree of quaternization, TMCHT (or quaternized sample) 0.5g
was dissolved in water 100 ml containing acetic acid 1ml. The solution was titrated
against 0.1M AgNOg; solution conductometrically (Systronics make DDR conductivity
meter, model no 304) using platinum electrode cell with cell constant 1.02. The
conductance (mMhos) was plotted against burette reading (0.1M AgNO3 solution, ml) to
obtain the ‘V’ value at lowest conductance. Average of three readings was considered for
the calculation. The degree of quaternization (D.Q) can be calculated using following

equation.

DO (%) = M o xV x[AgNO, |

X100 (4.1)

Where,
Mg is the molecular weight (g/mol) of repeating unit of TMCHT containing quaternized
site, V and [AgNOs] are the equivalent volume and concentration of AgNO3; aqueous

solution (0.1M) respectively, and m (g) is the mass of TMCHT.

4.2.13 Determination of viscosity
The viscosity of chitosan and chitosan derivatives solutions was measured using

the capillary method as described in chapter 2, section 2.2.10.

3.2.14 Determination of appearance and stiffness of fabric
Determination of appearance indices and stiffness of fabric samples were done as

described in chapter 2, sections 2.2.15 and 2.2.16 respectively.

4.2.15 Evaluation of strength loss due to chlorine retention

The strength loss due to chlorine retention was determined according to AATCC
Test Method 114-2005. A specified size sample (5 X 5 cm) was treated with sodium
hypochlorite solution (1g/L) having 50:1 liquor-to-cloth ratio. The reaction was carried
out at room temperature for 15 minutes followed by thorough rinsing and air drying. The
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air dried sample was then subjected to steaming under pressure 30psi at 120 °C for 30
minutes. The strength in terms of tenacity (g/tex) of treated and untreated samples was
stelometer (SITRA, Coimbator, India) and the strength loss was calculated below

formula.

A-B

Strength loss (%) = %100 (4.2)

Where, A and B are the tenacity (g/tex) of untreated and treated samples respectively.
The loss in whiteness was determined by measuring the yellowness index (2 deg. /
C/ ASTM D 1925) on computer colour matching system (Spectroscan 5100A, Premier
Colorscan, Mumbai). In order to intensify the yellowness for faster evaluation, the
samples were treated with solution containing potassium iodide (10g/L) and acetic acid
(10 g/L) for 15 minutes and rinsed. The colour is intensified due to reaction of
chloramines with potassium iodide to liberate iodine corresponding to the amount of

chlorine retained on fabric [1].

4.2.16 Determination of tenacity

The tenacity and elongation of treated and untreated cotton fibres were measured
on Stelometer as described in chapter 2, section 2.2.9. The tenacity was calculated using
following formula.

Tenacity (gtex) = Breaking Load (kgs) x1.5x10 (4.3)

Sample Weight (mg)

Sample Length =1.5cm

4.2.17 Determination of absorbency and crease recovery angle of fabric
Determination of absorbency and crease recovery angles of fabric samples were

done as described in chapter 2, sections 2.2.17 and 2.2.18 respectively.
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4.2.18 Evaluation of soiling behaviour

Soil release properties of CHT and its derivatives treated cotton fabric were
evaluated according to AATCC Test Method 151-1990 with little modifications. In brief,
a fabric swatch (10 X 10 cm) was treated with standard soil, prepared from vacuum
cleaner dirt (100 g) and olive oil (3g), of 80% o.w.m. for 30 minutes in a stainless steel
tumble in presence of glass balls (Nos 20, Dia 1.5 cm). The superficial dirt of soil treated
sample was then removed by shaking in air and subjected for caging for 15 minutes
(twice). The sample was then given soaping treatment at 60 °C for 30 minutes with gentle
stirring with 10 g/L detergent (Ezee detergent, Godrej) with liquor to material weight
ratio of 50:1 and then rinsed thoroughly and oven dried at 105 °C. The dried samples
were preserved in desiccator for 24 hrs, weighed and the amount of soil retained was

calculated using following formula.

Soil retention (%) = Final Weight (g) - Initial Weight () <100 (4.4)

Initial Weight (g)

The unsoiled and soiled samples were also evaluated on Spectroscan 5100A
(Premier Colorscan) for reflectance (% R), K/S values and yellowness index (2 deg / C/

ASTM D 1925) to determine degree of soiling [56, 57] using following expression.
Degree of Soiling = (K/S)s — (K/S)y (4.5)

Where, (K/S)y is the K/S value of unsoiled sample and (K/S)s that of soiled sample.

4.2.19 Soil burial test
The untreated and treated samples were subjected to soil burial test as per
AATCC Test Method 30-2004 as described in chapter 2, section 2.2.19.

4.3 RESULTS AND DISCUSSION
4.3.1 Synthesis and characterization

An objective of the present investigation was in part synthesizing a series of N-
substituted chitosan derivatives and imparted with quaternary ammonium functionality

and then evaluation of their performance on cotton fabric. This was approached by
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synthesizing N-chitosan derivatives of three categories, viz, trimethyl chitosan chloride,
N-alkyl substituted quaternized chitosan and N-aryl substituted quaternized chitosan.

The main parameters that characterize these chitosan derivatives are degree of
substitution (DS) and/or degree of quaternization (DQ). The DQ was determined by
conductometric titrations with standard sliver nitrate solution. Instrumental methods like
CHN analysis and *HNMR spectroscopy were employed for the quantitative estimation
of both DS and DQ. The usefulness of FTIR spectroscopy on N-substituted chitosan
characterization was mainly employed for qualitative analysis only. Structural
modifications of chitosan due to the introduction of methyl and other substituents were
characterized by the analysis of FTIR spectra. Viscometry was conducted for the
comparative study of aqueous behaviour and molecular weight related properties of these

derivatives.

4.3.1.1 Synthesis of N, N, N-trimethyl chitosan chloride

N, N, N-trimethyl chitosan chloride (TMCHT) was synthesized by the treatment
of chitosan in N-methyl-2-pyrrolidone (NMP) containing sodium iodide and methyl
iodide in presence of sodium hydroxide. An anionic exchange of iodide with chloride ion
was then followed to get more stable chloride salt as shown in reaction scheme 4.3. The

quantities of various ingredients taken for the reaction are enlisted in Table 4.2.

Table 4.2 Various ingredients used for the synthesis of TMCHT

Sample Methyl NMP, CHT:NaOH CHT:Nal
lodide, g mi

TMCHT1 5 40 1:2 1:2.4

TMCHT2 10 40 1:2 1:2.4

TMCHT3 15 40 1:2 1:2.4

All these concentrations are calculated for 1g CHT

4.3.1.1.1 Reaction mechanism
The primary amino groups of chitosan, due to presence of unshared pair of

electrons, act as strong nucleophiles (CHT-N*H,). These nucleophiles bond to and yield
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products with a variety of electrophiles, so the methylation reaction proceeds via

electrophilic substitution.

H/_\\H H
| |é+ - |+
CHT— M7 + HE—C>- —— CHT—INCH; + ro (1)
| |
H H H

CHT-Mucleophile  Methyl Electroplule  CHT-Iethyl cation

H

e T
+ _’/ Na DH . 2
CHT—I[I:CHgl CHT—N—CH; + Nal + H,O )
|
H H
CHT-IMethyl cation H-Methyl CHT
{Secondary Amime)
) OH )
CHT—MW—CH; + CHI — CHT— ]TT_ ZH-
|
----- 3
H CHs ©)
M-Methyl CHT MM Damnethyl CHT
(Secondary amine) (Terttary arnine)
CHs
y OH " _
CHT — l‘lif—CHg + CH3l — CHT— 1‘|~T— CHs I - 4)
CHS CH3
M. Dunethyl CHT M1 Trimethyl CHT
(Tertiary arime) {Cuaternary salt)

Scheme 4.5 Electrophilic substitution reaction: Methylation of CHT

In alkyl halides e.g. methyl iodide on the other hand, the electronegative iodine due to

induction effect pulls electrons towards it and make the methyl carbon electron deficient
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i.e. electrophilic (HsC**-X %). The reaction between nucleophilic amines and
electrophilic methyl iodide proceeds presumably by a Sy2 mechanism and produce
methyl chitosan ammonium salt (CHT-Methyl cation). The methyl chitosan ammonium
salts in presence of alkali immediately gives secondary amines. The secondary amine
undergoes similar reaction with second molecule of methyl iodide to form tertiary amine.
The tertiary amine finally reacts with third molecule of methyl iodide to quaternary
ammonium salt. Since this reaction system is heterogeneous, a progressive methylation of
amines is most probable and possibly gives mixture of mono, di and trimethyl chitosan

derivatives [22, 58]. The overall reaction mechanism is illustrated in scheme 4.5.

4.3.1.1.2 FTIR spectra analysis

The FTIR spectra of CHT and various grades of TMCHT are presented in Figure
4.1. The amino and hydroxyl functional groups in chitosan molecule are characterized by
a broad band absorption peak in FTIR spectrum at wavenumber 3355 cm™, which are due
to O-H and N-H stretching vibrations. The amino group is characterized by a weak
absorption peak at 1585 cm™ due to N-H bending vibrations [59]. Reduction in intensity
of these absorption peaks in quaternized chitosan indicates the removal of H of -NH,
groups of chitosan and the formation of new peak at 1470 cm™ corresponds to
asymmetrical C-H stretching of methyl (-CH3) group which is introduced through
quaternization reaction [18, 23, 59]. With increase in degree of quaternization the
intensity of peaks at 3355 and 1585 cm™ in the spectra of TMCHT was decreased
progressively with corresponding increase at around 1470 cm™. Thus, the FTIR spectra of
synthesized quaternized derivatives of CHT clearly reveal the introduction of methyl
groups at nitrogen of glucosamine residues of CHT. When the quaternization was carried
out at very high concentration of methyl iodide e.g. 15 fold excess (TMCHT3), another
peak (weak) 686 cm™ pertaining to methyl group is also noticed. A small peak appearing
at around 1200 cm™ in spectra of all TMCHT may be due to ether linkages. Therefore,
the possibility of some methylation at hydroxyl group i.e. O-substitution cannot be
obviated. Despite the usefulness of FTIR spectroscopy in characterization or qualitative
analysis of TMCHT, its application to quantitative determination of DQ is limited due to

lack of proportionality between the signals at 1470 cm™ and the DQ.
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Figure 4.1 FTIR spectra of chitosan and trimethyl chitosan chloride

4.3.1.1.3 Conductometric titrations

Determination of degree of quaternization by conductometric titration [31] is
based on the principle that when quaternized chitosan chloride e.g. TMCHT is treated
with silver nitrate (AgNO3) solution precipitates out silver chloride as shown by scheme
4.6.

(IjH3 ':IjHS
CHT—IIJtCHg Cf +AgNO; —» CHT—IIJtCHg MOs +Ag C1
CH3 CHS

Scheme 4.6 Reaction of TMCHT chloride with silver nitrate

Above scheme shows that one mole of silver nitrate reacts with equivalent amount
of counter chloride ion (CI) associated with one quaternized group of glucosamine
residue. Thus, the reaction of one mole of silver nitrate with one chloride ion means the
reaction with one quaternized group. This reaction, thus, can be employed for the
determination of degree of quaternization (DQ) and the amount of AgNO3 consumed can

be determined by conductometric titrations.
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Table 4.3 Effect of methyl iodide concentration on DQ: Conductometric titrations readings

AgNO; Conductance (mMhos)
(0.1Mm) TMCHT1 TMCHT?2 TMCHT3

CHT:CH;l(1:5) CHT:CH;l(1:10) CHT:CH;l(1:15)

| I i | I 11 | I i
0 3.45 35 35 | 390|395 | 390 | 355 | 3.60 | 3.60
0.25 3.28 3.34 | 3.34 - - - - - -
0.5 3.10 3.16 | 3.18 | 385|380 | 385 | 3.40 | 340 | 3.40
0.75 2.85 3.00 | 3.02 - - - - - -
1.0 2.83 280 | 2.84 | 360 | 355 | 350 | 3.30 | 3.30 | 3.30
1.25 2.64 2.7 2.64 - - - - - -
15 2.5 2.52 25 | 330|325 | 335 | 320 | 325 | 3.25
1.75 2.4 2.36 2.4 - - - - - -
2.0 2.2 2.2 22 | 320|320 | 325 | 3.05 | 3.10 | 3.10
2.25 2.1 2.04 | 2.04 - - - - - -
2.5 2.0 1.88 19 290|290 | 3.00 | 290 | 285 | 2.90
2.75 1.93 1.8 1.8 - - - - - -
3.0 2.0 1.76 20 | 275|265 | 270 | 275 | 270 | 2.80
3.25 2.25 2.3 2.3 - - - - - -
35 2.52 2.4 | 266 | 250 | 255 | 260 | 270 | 270 | 275
3.75 2.83 2.76 | 2.96 - - - - - -
4.0 3.22 314 | 332 | 240 | 235 | 240 | 255 | 250 | 2.65
4.25 3.35 3.4 3.6 - - - - - -
45 3.68 3.8 396 | 225|225 | 225 | 230 | 230 | 2.35
5.0 4.2 4.6 47 | 235|240 | 235 | 230 | 225 | 230
5.5 - - - - - - 215 | 210 | 220
6.0 - - - 3.00| 305 | 3.05 | 205 | 210 | 210
6.5 - - - - - - 1.90 | 1.90 | 1.90
7.0 - - - 3.75 | 365 | 3.70 1.75 1.70 1.75
7.5 - - - - - - 1.70 | 1.70 | 1.70
8.0 - - - 440 | 440 | 445 | 150 | 145 | 155
8.5 - - - - - - 150 | 150 | 1.50
9.0 - - - 515 | 500 | 510 | 1.30 | 135 | 1.35
9.5 - - - - - - 125 | 1.30 | 1.35
10.0 - - - 575 | 570 | 5.75 1.20 1.30 1.25
10.5 - - - - - - 1.15 1.10 1.10
11.0 - - - 6.50 | 6.45 | 650 | 1.60 | 1.55 | 1.60
12.0 - - - 725|720 | 725 | 315 | 3.20 | 3.20
13.0 - - - - - - 450 | 455 | 450
14.0 - - - - - - 6.00 | 5.90 | 5.90

CHT: NaOH (1:2)
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When a standard solution of silver nitrate (0.1M) is added into TMCHT solution, an
equivalent amount of AgCl so formed is removed by precipitation resulting into the
lowering of conductance. The burette reading at lowest conductance value gives the end
point. The average degree of quaternization (DQ) can be calculated by using the

expression 4.1.

M %V x[AgNO, |

DQ (%) = X100 (4.1)

Where,
Mg is the molecular weight (g/mol) of repeating unit of TMCHT containing quaternized
site, V and [AgNOs] are the equivalent volume and concentration of AgNO3; aqueous
solution (0.1M) respectively, and m (g) is the mass of TMCHT.

As for illustration, the burette readings of 0.1MAgNO; and the corresponding
conductance values for TMCHTL, 2 & 3 are presented in Table 4.3 and a representative
titration curves shown in Figures 4.2, 4.3 and 4.4. The volume of 0.1M AgNO; required

attaining lowest conductance for all the three TMCHT samples are given in Table 4.4.
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Figure 4.2 Conductometric titration of TMCHT1 Vs AgNO3
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Figure 4.4 Conductometric titration of TMCHT3 Vs AgNO3
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Table 4.4 Conductometric method for determination of degree of quaternization (DQ) of

TMCHT
Sample 0.1 M AgNQ; titrant (V), ml Average (DQ),
| 1 ] Average %
TMCHT1 2.8 2.8 2.8 2.8 13.4
TMCHT?2 4.6 4.8 4.4 4.6 22.0
TMCHT3 10.6 10.8 10.5 10.63 50.9

CHT: NaOH (1:2)

Calculations:
The degree of quaternization of TMCHT1 is determined as follows:
The molecular weight (Mg) can be calculated from the glucosamine unit containing

quaternized site.

_ o - CoX12= 108
S
y o, 0,4X16 = |64
H
\o o w/l H,18X1 = |18
A N,1X14 = |14
H HC-N—CH, Cl |

ClL1X 355= | 355
Total, Mqg- | 2395

CH

3

Mg = 239.5, m= 0.5 g, [AgNO3] = 0.1M

B.R.=2.8,28,28=28mlie. V=0.0028 L

Substituting these values in the expression 4.1,

DQ (%) = 239.5x0.0028x 0.1 X100 =13.41%
0.5

Similarly, the DQ calculated for TMCHT2 and TMCHT3 are presented in Table 4.4

4.3.1.1.4 "HNMR spectroscopy
The average degree of quaternization of TMCHT is usually determined from the

ratio between the intensity (I) of the signal () due to quaternized amino site and the set
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of signals attributed to anomeric hydrogen as a reference using the expression 4.6 [20,

31].

I
o — M _ X100
Degree of Quaternization, DQ (%) = 9 [I py Hl.]

(4.6)

Where lgwme is integral or intensity due to trimethyl group located at signal 6=3.1 to 3.3
ppm, and, Iy and Iy, represent the integrals of the signals of H1 (the anomeric protons of

the D-glucosamine units) and H1’ (the anomeric protons of the N-acetyl D- glucosamine
units) respectively, at peaks 8= 4.5 to 5.7 ppm. The *HNMR spectrum was determined for

TMCHT3 is shown in Figure 4.5.
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Figure 4.5 'H NMR spectrum of TMCHT 3
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The spectrum indicates that trimethyl group is located at signal 6= 3.292 ppm and
the integral was evaluated to be Igme = 7.12. The integral for anomeric proton H1 at 6= 4.
755 ppm was ly;= 1, and that of H1” at 6= 5.279 ppm was found to be Iy;-= 0.72. The
spectrum also shows dimethyl group at 6= 2. 543 ppm and the acetyl group at 6= 2.013
ppm with the corresponding signal intensities Ipjme= 4.01 and Inac= 1.03.

Substituting the respective values in expression 4.6,

|
DQ (%)= —2 X100 712

= =2 X100 =46.0%
9l + 1y ] 9[1+0.72]

The DQ of TMCHT can also be precisely calculated with use of the expression
4.7 [31]. In this case, the denominator of the ratio will be increased as a consequence of
the superimposition of signals but much less than in the previous case. In fact, the
intensity due to hydrogen bonded to C2 will be added to those of the nine hydrogen
atoms of three methyl groups of the quaternized site, six hydrogen atoms of two methyl
groups of dimethylated sites and three hydrogen atoms of the methyl group of the
acetamido moiety. Thus the impact of superimposition of signals for determination of
degree of quaternization (DQ) is relatively much less important in this case.

|
DQ (%)= -2 1 %100 @4.7)
9 S
IQMe I DiMe I NAC
S= + + (4.8)
9 6 3
Where,

lome and Ipime correspond, respectively, to the intensities of the signals due to quaternized
and dimethylated nitrogen sites present in the chains of TMVRL and Iyac is the signal
intensity due to acetyl group. Thus, by computing the equations 4.7 and 4.8 using the

integral values from spectrum,
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QMe i A
S — DiMe NAc

9 6 3
S = 7.12 N 4'01+ 1.03 _ 18
9 6 3
1

|
DQ (%) = ;Me s x100

712 1

DQ (%) = x5 %100 =439%

These values of degree of quaternization obtained for TMCHT are in close agreement

and therefore the average these two i.e. DQ = 44.5 % was taken for the consideration.

4.3.1.1.5 Elemental analysis

The elemental analysis for carbon, nitrogen, oxygen, hydrogen etc of chitosan and
its derivatives can be a useful tool for the characterization i.e. for determination degree of
deacetylation (DAC) of chitosan, degree of substitution (DS) by various alkyl and aryl
groups or degree of quaternization (DQ) of quaternized chitosan. It is based on the
principle that, proportional amount carbon content due to N-substitution on chitosan is
increased without altering the nitrogen content provided the substituent is free of
nitrogen. Thus by comparing the C/N of quaternized chitosan or N-substituted chitosan
with that of parent chitosan the degree of substitution can be calculated. The expression

4.9 can be employed for such calculations [60].

C2
cl (1-DS) + «Ds = =3 bac (4.9)
N1 N2 N3

Where, C1/N1 is calculated from the formula of non substituted CHT i.e.
glucosamine residue (GIcN), C2/N2 from the N-Substituted residue and C3/N3 is found
value of sample by elemental analysis. DAC is degree of deacetylation per unit, which in
our case was found to be 0.9.And, DS is degree of substitution of quaternization. The

determination of degree of quaternization of TMCHT3 e.q. is illustrated as follows:
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The C1/N1 calculated from the formula of non substituted CHT i.e. glucosamine
residue (GIcN) is 5.14 and that for C2/N2 from the formula of TMCHT is 7.71. The CHN
values of TMCHT3 found by elemental analysis were C3=44.63%, H3=7.07%, N3=6.28
and C3/N3 calculated was 7.11(Table 4.5). The determined C, H and N values of CHT

and deferent N- modified chitosan derivatives are presented in Table 4.13.

Table 4.5 Calculations of different C/N ratios of TMCHT

C1 Calculated from the formula of non Cl 6x12 72

N1 | substituted CHT i.e.GIcN residue N1 1x14 14 >-14

C2 Calculated from the formulaof N-Sub | c2  9x12 108

N2 | residue N2 1x1a 1a

C3 Values of TMCHT 2 obtained by C3 (%) H3 (%) N3 (%) | C3/N3
E elemental analysis 40.19 7.04 6.42 6.26
C3 Values of TMCHT 3 obtained by C3 (%) H3 (%) N3 (%) | C3/N3
N3 | elemental analysis 44.63 7.07 6.28 7.11

Substituting these values in expression 4.9,

c2
Sl 1-ps)+== xps=L3 pac
N1 N2 N3
TMCHT2

5.14x (1— DS) +7.71x DS = 6.26x0.9
DS = 0.1936 per unit OR 19.4 %
TMCHT3

5.14x (1— DS) + 7.71x DS = 7.11x0.9
DS = 0.4874 per unit OR 48.7 %

The results for DQ of different TMCHT determined by various analytical
methods namely conductometry, ‘tHNMR and CHN analysis are presented in Table 4.6. It
can be observed from the table that exactly same values for DQ are not obtained by

different methods employed. Conductometry resulted higher values and somewhat nearer
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to elemental analysis. The higher values obtained in conductometry may be attributed to
the presence of loose chloride ions that remained with sample even after repeated
purification. Further, the possibility of association of chloride ions with mono and di-
substituted groups cannot be discarded. Regardless the higher values, the trend observed

in conductometry were very much similar with results of elemental analysis.

Table 4.6 Comparative DQ values of TMCHT determined by various methods

Sample DQ values (%) determined by:
Conductometry | 'HNMR | C/N Analysis
TMCHT1 13.4 - -
TMCHT2 22.0 - 19.4
TMCHT3 50.9 44.5 48.7

4.3.1.1.6 Effect of reaction conditions on degree of quaternization of TMCHT

The success or the effectiveness of quaternization of chitosan is anticipated to be
influenced by various reaction parameters such as methyl iodide concentration, reaction
temperature, duration, process types (single or repeated treatments), and presence of
alkali, electrolytes and solvents. The effect of concentration of methyl iodide can be seen
from the Table 4.6. It was observed that the DQ increased progressively with increase in
concentration of methyl iodide while all other parameters were constant. A sufficiently
higher concentration of methyl iodide is always essential for such electrophilic
substitution reactions to occur in heterogeneous medium. By increasing the reaction time
or by repeated methylation process, increased DQ of chitosan has been reported earlier
[19] but with the adverse effect on intrinsic viscosity and hence the molecular weight.

The mechanism of electrophilic substitution reaction proposed for the methylation
of CHT in scheme 4.5 shows the indispensability of alkali in the reaction mixture.
Accordingly, the effect of sodium hydroxide concentration on DQ of 1g CHT was
studied. The methylation was carried out with methyl iodide (15 fold excess) and the
caustic concentration was varied from zero concentration to 4 fold excess of CHT. The
readings are given in Table 4.7, Table 4.8 and Table 4.9. The DQ was determined by
conductometry are given in Table 4.10. These results reveal that the degree of
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quaternization was almost nil in absence of alkali and then increased with increase in
concentration of sodium hydroxide. Very high concentrations of sodium hydroxide,
however, seemed to be detrimental on the quaternization efficiency. Further,
incorporation of co-solvent such as NMP improved the degree of quaternization.

Table 4.7 Conductometric titration readings for TMCHT prepared in absence of sodium

hydroxide

AgNO; Conductance, mMhos

(0.1M) | I I
0 3.70 3.85 3.65
0.25 3.20 1.55 3.35
0.50 3.55 3.34 3.70
0.75 4.05 3.73 4.05
1.00 4.45 4.05 4.40
1.25 4.90 4.40 4.80
1.50 5.35 4.90 5.25
1.75 5.75 5.20 5.65
2.00 0.00 5.40 0.00
2.25 6.45 6.00 6.45
2.50 6.85 6.35 6.85

CHT: CH3l=1:15, NMP 40ml

The poor quaternization yield in absence of alkali in quaternization reaction of
chitosan can be explained on the fact that the CHT-Methyl cation intermediates formed
during methylation (Scheme 4.5, step 1) liberate protons (H") as a by-product, as shown
in scheme 4.7. The liberated protons being highly electrophilic in nature are captured by
unshared electron pair of the nitrogen and thus stop the reaction at the amino site or
preclude the forward reaction. Further, the low pH causes chain depolymerization due to
glycoside bond cleavage, yielding low molecular weight derivatives [10]. These problems
can be overcome by addition of strong bases that can remove the liberated H+ and favor
the forward reaction. Different types of bases both organic (triethylamine) and inorganic
(NaOH) can be employed in quaternization of CHT [61]. Studies have demonstrated that
the inorganic bases were more efficient than organic bases due to their strong

nucleophilic character. NaOH, for example, has a larger pKa than chitosan for
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neutralizing the hydroiodic acid produced during the reaction and therefore avoids the

protonation of the unreacted NH2 groups [17].

Table 4.8 Effect of sodium hydroxide on DQ of TMCHT: Conductometric titrations readings

AgNO; Conductance (mMhos)
(0.1M) CHT: NaOH CHT: NaOH CHT :NaOH
(1:2) (1:2) (2:2)
(With NMP) (Without NMP) (With NMP)

| I i I | 1 | I i
0 3.80 3.80 | 380 [3.70 | 3.60 | 3.70 | 3,55 | 3.60 | 3.60
0.5 3.75 365 | 3.70 | 3.60 | 3.60 | 3.65 | 3.40 | 3.40 | 3.40
1.0 3.60 350 | 350 350 | 340 | 340 | 3.30 | 3.30 | 3.30
1.5 3.40 335 | 350 [ 325|325 | 330 | 3.20 | 3.25 | 3.25
2.0 3.25 320 | 320 (320 | 320 | 325 | 3.05 | 3.10 | 3.10
2.5 3.00 3.00 | 3.00 310 3.10 [ 3.10 | 290 | 285 | 2.90
3.0 2.80 290 | 290 [ 290 | 285 | 285 | 2.75 | 270 | 2.80
3.5 2.60 270 | 2,60 | 280 | 275 | 275 | 2.70 | 270 | 275
4.0 2.50 255 | 255 | 275 | 275 | 265 | 255 | 250 | 2.65
4.5 2.30 235 | 230 | 250 | 255 | 255 | 230 | 230 | 2.35
5.0 2.10 215 | 220 | 245 | 250 | 250 | 2.30 | 225 | 230
5.5 1.90 185 | 190 | 240| 235 | 235 | 215 | 210 | 2.20
6.0 1.80 185 | 1.85 | 225|230 | 230 | 2.05 | 210 | 2.10
6.5 1.60 165 | 165 | 230 | 225|230 | 190 | 1.90 | 1.90
7.0 1.40 145 | 150 | 225|220 | 220 | 1.75 | 1.70 | 1.75
7.5 1.35 1.30 135 | 235|235 | 235 | 1.70 1.70 1.70
8.0 1.30 1.35 130 | 275|280 | 275 | 1.50 1.45 1.55
8.5 1.45 150 | 155 | 350 | 350 | 350 | 1.50 | 1.50 | 1.50
9.0 2.00 205 | 205 | 240 | 235|235 | 130 | 1.35 | 135
9.5 - - - - - - 125 | 1.30 | 1.35
10.0 3.05 3.00 | 3.00 | 425|420 | 420 | 1.20 | 1.30 | 1.25
10.5 - - - - - - 1.15 | 1.10 | 1.10
11.0 3.95 400 | 400 | 525|520 | 525 | 160 | 155 | 1.60
12.0 5.00 490 | 490 | 6.15| 6.20 | 6.15 | 315 | 3.20 | 3.20
13.0 6.15 6.00 | 6.20 | 6.60 | 6.65 | 6.65 | 4.50 | 455 | 4.50
14.0 6.80 6.80 | 6.85 | 7.00 | 6.90 | 6.90 | 6.00 | 590 | 5.90

CHT: CHsl =1:15, NMP 40ml
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Table 4.9 Effect of sodium hydroxide on DQ of TMCHT: Conductometric titrations readings

AgNO; Conductance, mMhos
(0.1M) CHT: NaOH (1:3) CHT: NaOH (1:4)

I 1 i I I i
0 3.95 3.90 3.95 3.65 3.60 3.70
05 3.85 3.85 3.85 3.55 3.60 3.60
1.0 3.65 3.70 3.70 3.45 3.40 3.45
15 3.50 3.50 3.60 3.25 3.30 3.25
2.0 3.40 3.35 3.50 3.10 3.15 3.10
25 3.25 3.25 3.30 3.00 3.10 3.00
3.0 3.00 3.10 3.10 2.75 2.80 2.90
35 3.85 3.80 2.90 2.70 2.75 2.75
4.0 2.75 2.80 2.80 2.55 2.60 2.60
4.5 2.65 2.70 2.70 2.50 2.45 2.55
5.0 2.50 2.45 2.50 2.25 2.30 2.20
55 2.30 2.25 2.35 2.10 2.20 2.20
6.0 2.25 2.20 2.30 2.00 2.10 2.05
6.5 2.00 2.10 2.05 1.85 1.80 1.80
7.0 1.90 1.90 1.90 1.75 1.75 1.80
7.5 1.75 1.80 1.80 1.60 1.70 1.65
8.0 1.60 1.55 1.60 1.50 1.50 1.55
8.5 1.55 1.55 1.55 1.40 1.40 1.45
9.0 1.35 1.35 1.40 1.35 1.35 1.40
9.5 1.25 1.30 1.30 1.50 1.50 1.55
10.0 1.20 1.20 1.20 2.25 2.30 2.20
10.5 1.40 1.35 1.35 - - -
11.0 2.00 2.00 2.05 3.50 3.50 3.60
12.0 3.25 3.25 3.20 4.75 4.70 4.80
13.0 4.50 4.45 4.50 6.00 6.00 6.10
14.0 5.70 5.60 5.60 7.30 7.25 7.40
15.0 7.00 6.90 6.90 - - -
16.0 8.00 8.10 8.10 - - -

CHT: CH3l=1:15, NMP 40ml

Studies on applications of chitosan and synthesized chitosan derivatives in textile processing

190



Table 4.10 Effect of sodium hydroxide on DQ of TMCHT

CHT: NaOH AgNO;(0.1M), ml NMP, DQ,
ml %
I 1 ] Average

1:0 0.25 0.5 0.25 0.33 40 1.6
11 8.00 7.90 8.05 7.98 40 38.32
1:2 6.90 6.90 6.90 6.90 - 33.05
1:2 10.60 | 10.80 10.50 10.63 40 50.92
1:3 10.10 | 10.10 10.00 10.06 40 48.17
1:4 9.30 9.30 9.40 9.33 40 44.68

CHT: CHsl =1:15

7\ SN

CHT — Ilcﬁ CH,l — > CHT— 1‘|¢_QH3 +HA+T

H H
CHT-I4lethyl cation M-Methyl CHT
(Secondary atnine)

Scheme 4.7 Proton liberation step in methylation of CHT

Higher concentrations of alkali, on the other hand, may lead to side reactions. The
nucleophilic OH  of the added NaOH can react with the electrophile (CH3l) and produces
alcohols (CH3OH) as shown in scheme 4.8. Excessively higher concentrations of alkali
may also lead to O-substitution to produce 3-O-methyl and 6-O-methyl derivatives [16,
62], which may cause steric hindrance for alkylation on amino groups. Overall effect will

be lesser methylation on amino nitrogen.

CHzl + WMaOH ——» CHzOH +IMal

Scheme 4.8 Side reaction due to alkali

The highly compact structure of chitosan due to extensive intramolecular and

intermolecular hydrogen bonding between the chains confer it insolubility in neutral
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conditions. Since the quaternization reaction is performed in alkaline medium, the system
is heterogeneous. This offers greater resistance for the penetration of methyl iodide and
sodium hydroxide into the CHT structure and results into the poor degree of
quaternization. Treatment of highly polar co-solvent such as N-methyl-2-pyrrolidone
(other examples are DMF, DMSO etc) with CHT for an ample dwell time prior to the
addition of methyl iodide and NaOH can swell and open up the CHT particles and
facilitate the greater penetration alkylating chemicals [13]. The reaction speed and degree
of methylation can also be increased by increasing temperature. However higher
temperatures have been found to lead O-alkylation and also caused degradation of the
chitosan as reported by Kotze et al [62]. Therefore, the same optimal temperature 50°C
and the sodium iodide concentration, as published elsewhere [31,37, 50], was adapted.
Use of sodium iodide was reported to be necessary to adjust the overall concentration of
reactants in the reaction medium [37]. It is believed that sodium iodide in reaction bath
interacts with methyl iodide through ion- dipole forces and enhances the compatibility
with the medium [22]. This interaction is also believed to make methyl carbon more
electrophilic due to pulling of electronegative iodine of methyl iodide towards sodium ion
of Nal and thus favor the methylation faster. The probable role of sodium iodide in

methylation reaction is illustrated in scheme 4.9.

H H
|‘5‘+ 4_\ . |;§++ 5 .

H_(|j+| 4+ MNal ——> H—(|j+| .......... 174l
H H

Scheme 4.9 Reaction of sodium iodide with methyl iodide

4.3.1.2 Synthesis of N-alkyl N, N-dimethyl chitosan chloride

In order to synthesize chitosan derivatives with quaternary ammonium salt having
different methylene spacers a two step protocol was followed in which the first step
involved synthesizing the N-alkyl derivatives of chitosan with varying degrees of
hydrophobic character. In second step, these derivatives were subjected to quaternization
to obtain targeted compounds.
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OH OH OH
0] RCHO 0] NaBH, 0
HO O—_  Aldehyde HO O— E— HO O—
NH, N=CHR [T|H
Chitosan Schuffs' base CH;R
N-Alleyl Chitosan
CH OH
CHj, Nal Q o o
NaOH, NMP HO O—_ exchange  HO O—
(CH3)2|T|+ I~ (CH3)2r~|J+C|—
CHR CH,R

M- Alleyl BN -dimethyl CHT iodide salt

M- Alleyl N N -dimethyl CHT chloride salt

Scheme 4.10 Synthesis N-alkyl N,N-dimethyl chitosan chloride

Table 4.11 Various ingredients used in the synthesis of N-sub CHT

Sample Aldehyde *Aldehyde concentration NaBH,
Relative to CHT | Quantity, g
g
N-Et CHT(1:2) | Acetaldehyde Two fold excess 0.6 1.0
N-Et CHT(1:4) | Acetaldehyde Four fold excess 1.2 2.0
N-Bu CHT(1:2) | n-Butyraldehyde Two fold excess 1.0 15
N-Bu CHT(1:4) | n-Butyraldehyde Four fold excess 2.0 3.0
N-DodCHT(1:2) | Dodecyl Aldehyde | Two fold excess 2.4 3.6
N-DodCHT(1:4) | Dodecyl Aldehyde | Four fold excess 4.8 7.2
N-Bz CHT(1:2) | Benzaldehyde Two fold excess 14 2.1
N-Bz CHT(1:4) | Benzaldehyde Four fold excess 2.8 4.2
N-Np CHT(1:2) | 1-Napthaldehyde Two fold excess 2.0 3.0
N-Np CHT(1:4) | 1-Napthaldehyde Four fold excess 4.0 3.0

CHT 1 g, [*Conc calculated for aldehyde was based on molar conc in g. eq of -NH, of CHT. Calculation
for two fold excess of acetaldehyde concentration can be illustrated as follows: 1g of CHT corresponds to
90 m.mol of NH, which in turn corresponds to 283 m.mol of acetaldehyde. That means 1g CHT contains
0.09 g eq of -NH, groups and reacts with acetaldehyde 0.283g (~ 0.3g). Therefore, for two fold excess, the
quantity of pure acetaldehyde will be 0.3 X 2=10.6 g.]

Three alkyl groups of different chain length namely ethyl, butyl and dodecyl groups
were, therefore, selected for the present study. These groups were introduced by reacting
respective aldehyde, as listed in Table 4.11, with CHT in acidic medium to form Schiff’s
base. These intermediates were subjected to reductive amination known as Bosch

reduction using sodium borohydride to produce N-alkyl derivatives. N-alkyl CHT
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derivatives were further quaternized with methyl iodide as described in text for TMCHT
(Scheme 4.10). The quaternization process for all these N-substituted CHT was carried
out with methyl iodide of fifteen fold excess concentration. Different grades of N-alkyl
CHT and N-alkyl N, N-dimethyl chitosan chloride derivatives synthesized for textile
application are listed in Table 4.12.

Table 4.12 Various N-substituted CHT derivatives

Code Chemical Name Structure of
quaternized
derivative
N-Et CHT(1:2) N-Ethyl Chitosan (1:2)
N-Et CHT(1:4) N-Ethyl Chitosan (1:4)

N-Et Q CHT(1:2) N-Ethyl N,N Dimethyl Chitosan (1:2) Chloride

N-Et Q CHT(1:4) N-Ethyl N,N Dimethyl Chitosan (1:4) Chloride

N-Bu CHT(1:2) N-Butyl Chitosan (1:2) oH -

N-Bu CHT(1:4) N-Butyl Chitosan (1:4)

N-Bu Q.CHT(1:2) | N-Butyl N,N Dimethyl Chitosan (1:2) Chloride

+ -
H HsC—N=CHy CT_|

(?Hz)s

N-Bu Q.CHT(1:4) | N-Butyl N,N Dimethyl Chitosan (1:4) Chloride s

N-DodCHT(1:2) N-Dodecyl Chitosan (1:2) o —

N-DodCHT(1:4) N-Dodecyl Chitosan (1:4)

N-DodQ.CHT(1:2) | N- Dodecyl N,N Dimethyl Chitosan (1:2)

+ -
H H,C-N=CH, CI” |

Chloride CHgh,
N-DodQ.CHT(1:4) | N- Dodecyl N,N Dimethyl Chitosan (1:4) tH,
Chloride
N-Bz CHT(1:2) N-Benzyl Chitosan (1:2) o

N-Bz CHT(1:4) N-Benzyl Chitosan (1:4) ~

+ -
H HyC—N=CHg ©I__|,

N-Bz Q.CHT(1:2) N-Benzyl N,N Dimethyl Chitosan (1:2) Chloride o,

N-Bz Q.CHT(1:4) N-Benzyl N,N Dimethyl Chitosan (1:4) Chloride @
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N-Np CHT(1:2) N-(1-Naphthyl) Methylene Chitosan (1:2)

N-Np CHT(1:4) N-(1-Naphthyl) Methylene Chitosan (1:4)

N-Np Q.CHT(1:2) | N-(1-Naphthyl) Methylene N,N Dimethyl
Chitosan (1:2) Chloride

N-Np Q.CHT(1:4) | N-(1-Naphthyl) Methylene N,N Dimethyl
Chitosan (1:4) Chloride

CHT: CHjsl =1:15, Values in parenthesis indicate CHT: Aldehyde ratio

4.3.1.2.1 Reaction mechanism

The primary amines of chitosan (CHT) readily add to the carbonyl group (>C=0)
of aldehydes to form o- hydroxy amines, also called carbinolamines. These species
undergo spontaneous elimination of water molecule to yield imines or Schiff’s base [22].
This is an electrophilic substitution reaction and follows Sy2 mechanism. The carbon-
oxygen bond in carbonyl group of aldehydes is highly polarized due to the presence of
electro-ve oxygen. The electrons constituting the © bonds are partially shifted towards
oxygen as a result of electromeric effect. It implies that the carbon atom of carbonyl
group is electron deficient i.e. electrophile and therefore readily attacks nucleophilic
amino group of CHT.

The acidic pH in this reaction serves two purposes. Firstly, it promotes the
dissolution of chitosan conferring the homogeneity to the reaction medium. Secondly, it
acts as a catalyst. The proton released by the acid combines with the carbonyl oxygen and
thus attenuates the electron deficiency of the carbon atom and thus the attack of
nucleophile is enhanced. The various steps of the reaction mechanism are shown in

scheme 4.11.

. H oH
| /—\6* e H L H-0
CI—IT—I|JZ + R—C=0 ——> CHT—N—(lj—R — CHT—N:lilj—R
[ h 1
H H H H @)
CHT j—‘-.ldehj.rdg - Hydroxy ammine Schiff's hase
Mucleophile  Electrophile {Carbinolamine) {Aldemine)
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o - H+ Jf\t + ..
R—C=0 — > R—C=0OH =——> R—C—0H
N H b %)

Acid catalyzed reaction , protonation of aldehyde

i HOH
| /—\ ¥ :_..I. ........ r._..__;
CHT—rlcr: + R—C—OH—> CHT_N_(lj_R
| e

H H H (3)
CHT Protonated aldehyde - Hydrosy armne
i(Iuclecphile) (Electrophile) {Carbinolamine)
H
2[H] L
CHT-N=C—F ———— CHT-N-C—R

|

H H H (4)
mchiff's base M- Alkyl CHT
(Secondary atnine)

Reduction of Schiff’s base (Bosch reduction)

Scheme 4.11 Electrophilic substitution reaction: methylation of CHT

4.3.1.2.2 FTIR spectroscopy of N-alkylated chitosans

The FTIR spectra of different N-alkylated and quaternized N-alkylated chitosan
are presented in Figures 4.6, 4.7 and 4.8. The FTIR spectrum of N-ethyl chitosan (Figures
4.6) shows a reduction in broad band at 3372 cm™ that indicates the removal of some of
H from NH,. A characteristic peak at wavenumber 2928 cm™ arised is mainly due to C-H
stretching due to the introduction of methylene group. The intensities of these peaks were
found to be increased with increase in methylene spacer as is observed in Figures 4.7 and
4.8. The terminal methyl group of attached ethyl chain is also recognized by a weak
absorption peak at 1457 cm™ due to C-H bending vibrations. Although marked
differences were not observed in FTIR spectra for the quaternized chitosan, the intensity
at peak around 1457 cm™ was found to be increased which is the characteristic peak of
methyl group [16, 23].
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Figure 4.6 FTIR spectra of N- ethyl chitosan derivatives
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Figure 4.7 FTIR spectra of N-butyl chitosan derivatives
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Figure 4.8 FTIR spectra of N-dodecyl chitosan derivatives

4.3.1.2.3 Analysis of 'HNMR spectra of N-alkylated chitosans

The *HNMR spectroscopy was performed for the quantitative determination of
degree of substitution (DS) and degree of quaternization (DQ) of synthesized N-alkyl
CHT and their quaternized derivatives. The degree of substitution from the *HNMR
spectrum can be calculated from the ratio of intensities produced due to proton vibration /
resonance from C-H bond of substituent to that of either C2 proton or the sum of
anomeric protons. In present study, the degree of substitution (DS) was calculated using
two different equations 4.10 [28] and 4.11 [24, 25] and the average of these two results
was considered. The spectra of these derivatives are shown in Figures 4.9 to 4.14. The
values of these parameters determined for N-alkyl CHT and their quaternized derivatives
are presented in Table 4.19. The *H-NMR spectrum of modified chitosan displays
broadening of the characteristic peaks at signals in the 1.7-0.9 ppm region, attributed to
the protons of the methyl (-CH3) and methylene (-CH2-) groups grafted onto the chitosan
chain, which evidences the chemical modifications resulting from the alkylation reaction.
The broad multiplet peaks from 1.3 to 1.7 ppm are attributed to the methylene hydrogen
of the -CH,- groups, while a typical peak at 0.9 ppm corresponds to the methyl protons
at the terminal groups -CHg, both belonging to the -C,Hs aliphatic chain [13, 63- 65]. The
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degree of quaternization of the quaternized N-alkylated samples was determined using

the equation 4.6 with little modification.

'NMR spectrum analysis of N- ethyl chitosan [N- Et CHT (1:2)]

The *HNMR spectrum of the N-Et CHT (1:2) prepared from two fold excess of
acetaldehyde is shown in Figure 4.9. In the figure, the peak at 6= 1.019 ppm is attributed
to terminal methyl group of pendant ethyl chain and the integral is I e (1) = 2.82 and the
signal at 6= 1.323 ppm is assigned to -CH2- of ethyl chain with integral | (ch2) = 1.47.
This figure also depicts the acetyl group at 6= 1.960 with integral Inac= 1.0, and protons
at C2,3,4,5,6 & 6’ between range of 6= 3 to 4 ppm with total intensity Inzce = 7.22 .
The C2 proton was traced at peak Sz = 2.854 with integral the Iy, = 3.78.  The
anomeric protons H1 and H1’ are traced at 6= 4.601ppm and 6= 5.433 ppm respectively

and the corresponding integrals are found to be I;= 1 and Iy;-= 0.66.

N-Et CHT(1:2) § § ERms I
11 T 4

-CHy- of Ethyl Group
-CH (T)

o
]
k=
o
o

Ecety] Group

H!'

T T
4 3 2

"o e

Figure 4.9 'THNMR spectrum of N-Ethyl chitosan (1:2)
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Calculations:
Method1: The degree of substitution (DS, %) can be calculated by substituting the values
of integrals in equation 4.10

|
DS(%) = — 12 X100 (4.10)
2 [I H1 + IHl']
- _ 1 y100 =443 %
2 [1+0.66]
Method 2:
DS _ A 45 NDS _ I (4.11)
6 [B+C] 6 lIH2+IH3—6,6'J

Where, A = Peak area of substituent.

Therefore, A= lgt = | me+ lcHp-=2.82 +1.47 = 4.29

B = Peak area of H2 (proton at C2) of glucosamine residue ( Glc N).

i.e. B = Iy =3.78 at 6= 2.854ppm for proton at C2 of GIcN.

C = Peak area of protons bounded to C-3,4,5,6& 6’ of GIcN.

C = lyz-686=3.33+3.89 =7.22 (at 5= 3.168 and 3.581ppm)

n= Number of proton per substituent -CH,-CH3z =5

The denominator ‘6° at LHS is the total number of protons bound to C2 of GlcN and C3-
6&6’ ie.[B+C] or [H2+ H3,4,5,6& 6°].

By substituting above values in equation 4.11,

5= 6x7.49
5x [3.78+3.33+3.89]

= 0.468 ethyl groups/glucosamine unit.

DS (%) =46.8 %
Average of method 1 and method 2, DS =45.5 %
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INMR Spectrum Analysis of N- Ethyl N, N-dimethyl chitosan chloride (1:2) [N-Et Q

CHT(1:2)]
The *HNMR spectrum of N- Ethyl N, N-dimethyl chitosan chloride (1:2) [N-Et Q

CHT(1:2)] is shown in Figure 4.10.

18k

— 1. ET
= o.810

T z.bal

N-Et DiMe CHT Chloride {1:2) f \]\\\W//
5
[l
<
=
2
[}
b e
5 5 &
-
39 3
= ‘E <

L

:

Figure 4.10 "HNMR spectrum of N- ethyl N, N-dimethyl chitosan chloride (1:2)

Various peaks and their intensities depicted by *"HNMR of N-QEtCHT (1:2) and the

determined DQ are summarized below.

Ivem) =3.74 dmen= 0.9201 Three protons (3H) of terminal methyl of ethyl chain.

= dccHz)= 1.293 2 protons (2H) of 1 methylene group of ethyl chain

lee =
I(CHZ) =1.39
n=>5 5 protons ethyl group [-CH,-CHg]
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INAc: 1.0

|H2 = 3.73

|H3-6,67 = 7.63

IQMe: 4.39

Ipime= 1.23

IHl = 0.94

IHl’ = 0.64

I=0.18

DS =45.5%

S(NAC) =2.001

8(H2) =2.885
O(H3-6,6") = 3.2~
4.5

dome) =3.124

8(DiMe) =2.581

5(H1) =4.432

8(H1) =5.422

6=0.78

Three protons (3H) methyl terminal of acetyl group.
-N-CO-CHj;

One proton (1H) bound to C2 glucosamine (GIcN)
residue.

Five protons (5H) bounded to C-3,4,5,6 & 6’ of GIcN.

Six protons (6H) of two methyl groups attached to N-
ethyll substituted of GIcN residue.

Six protons (6H) of two methyl groups attached to free
amino groups of GIcN residue.

One anomeric proton (1H) of the glucosamine units

One anomeric proton (1H) of the N-acetyl
glucosamine units

From these data, the degree of quaternization (DQ, %) is calculated by using the equation
4.12 as follows.

|
oM %100
6 [IHl + IHl']

_ 4.39
6[0.94+0.64]

DQ (%) = (4.12)

X100 =46.3%

The digit ‘6’ at the denominator of right hand side is the number of protons of two methyl

groups attached to ethyl substituted N of GIcN residue.

N- Ethyl chitosan [N- Et CHT (1:4])
Various peaks (6) with corresponding integrals (1) for N-Et CHT (1:4) (Figure not
shown) and the determined DS values using the equations 4.10 and 4.11 are presented as

follows:
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Ome= 0.954ppm  Ivemy=4.67  Three protons (3H) of terminal methyl of ethyl

chain.

dcHz) = 1.323 It = 2 protons (2H) of one methylene group of ethyl

ppm licri) = 2.82 chain

n=>5 5 protons ethyl group [-CH,-CHg]

dnac) =1.947 ppm  Inac=1.07  Three protons (3H) methyl terminal of acetyl group -
N-CO-CHj

OHz) = 2.854 ppm Iy = 1.78 One proton (1H) bound to C2 glucosamine (GIcN)
residue.

OH3-661= 3.2-4.5  lHzee = Five protons (5H) bounded to C-3,4,5,6 & 6’ of

ppm 3.33+3.89 GIcN.

=2.22

dH1) = 4.601 ppm Iy = 1.00 One anomeric proton (1H)of the glucosamine units

dwm1=5.174 ppm ly;r= 0.69  One anomeric proton (1H) of the N-acetyl
glucosamine units

DS = Method1: 83.47%, Method 2: 81.71%, Average DS = 82.6 %

INMR Spectrum analysis of N- butyl chitosan [N- Bu CHT (1:2)]
The *HNMR spectrum of the N-Bu CHT (1:2) is shown in Figure 4.11.

Various peaks (8) with corresponding integrals (I) for N-Bu CHT (1:2) depicted
by 'HNMR spectrum and the DS (%) evaluated using equations 4.10 and 4.11 are

presented below.

dmem= 0.968ppm  lvemy=2.03  Three protons (3H) of terminal methyl of butyl chain.

dcHz) =1.376ppm  lgy =lcHzs- 6 protons (6H) of three methylene group of butyl chain
=2.60

n=9 9 protons butyl group [- (CH3)3-CH3]

dnac)=2.081ppm  Inac=1.0 Three protons (3H) methyl terminal of acetyl group.
-N-CO-CHj3
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Oz = 3.008ppm Iy = 1.74 One proton (1H) bound to C2 glucosamine (GIcN)
residue.

dH3-667=3.1-4.2  lnz66 = Five protons (5H) bounded to C-3,4,5,6 & 6’ of GIcN.

ppm 5.75
Oy = 4.588ppm Iy = 0.63 One anomeric proton (1H) of the glucosamine units

dH1) = 5.533ppm  ly-= 0.48  One anomeric proton (1H) of the N-acetyl
glucosamine units

D.S. =39.04, 41.21, Average DS = 40.1 %

N-Bu Chitogan (1:2) -i~ TI\ T\Fﬂ”‘f; ,|. ‘,T ”=
=y
&
o
A
& s E
= Ly
E

T

H1
H
H2

pm

2

Ny A

Figure 4.11 "HNMR spectrum of N-butyl chitosan (1:2)

14 13 12 1 10 9 8 T

INMR Spectrum analysis of N- Butyl N, N-dimethyl chitosan chloride (1:2) [N-Bu Q

CHT(1:2)]
The H'NMR spectrum of N Butyl N,N dimethyl chitosan chloride is shown in

Figure 4.12.

204

Studies on applications of chitosan and synthesized chitosan derivatives in textile processing



HM-Bu Di Ile CHT Chloride(1:2) | H .// fl ” |
—=
+ _ =]
| eNeCH o | &
CHla g
| m
CH, %"Ia
9% 256 5
g laas 9
i =
=

H1

R e

Figure 4.12 "HNMR spectrum of N-butyl N, N-dimethyl chitosan chloride (1:2)
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Various peaks (6) with corresponding integrals (I) for N-Bu Q CHT (1:2)
depicted by HNMR spectrum and the DQ determined using equation 4.12 are
summarized as below.

dme= 0.987 ppm  lyem=2.26  Three protons (3H) of terminal methyl of ethyl

chain.

dcHa)z = 1.332ppm g, = 6 protons (6H) of three methylene group of butyl

I(CH2)3 =252 chain

n=9 9 protons butyl group [- (CH3)3-CHj3]

dnac) =1.966 ppm  Inac=1.0 Three protons (3H) methyl terminal of acetyl group
-N-CO-CHj

dH2)=2.893 ppm 4= 1.69 One proton (1H) bound to C2 glucosamine (GIcN)
residue.

O(H3-6,6") = 3.2-4.2 lhs-6.6> = Five protons (5H) bounded to C-3.,4,5,6 & 6’ of

ppm 6.28 GIcN.
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S(Qme) =3.108 ppm

8(DiMe) =2.411 ppm

OH1) = 4.432 ppm

8(}117) =5.422 ppm

0=0.811 ppm
DS (%) =40.1 %

DQ (%) =42.9 %

IQMe: 2.68

IDiMe: 2.47

|H1: 0.58

IHI’ = 0.46

I=0.32

Six protons (6H) of two methyl groups attached to
N- butyl substituted of GIcN residue.

Six protons (6H) of two methyl groups attached to
free amino groups of GIcN residue.

One anomeric proton (1H) of the glucosamine units

One anomeric proton (1H) of the N-acetyl
glucosamine units

INMR spectrum analysis of N- butyl chitosan [N- Bu CHT (1:4)]
Various peaks (8) with corresponding integrals (I) for N-BuCHT(1:4) depicted by

'"HNMR spectrum (figure not shown) and the DS determined using equations 4.10 and

4.11 are summarized as below.

Imem= 0.921ppm

8(CH2) :1.476,
1.322 ppm

S(NAc) =1.962
ppm
d(H2) = 2.960 ppm

8(H3—6,6’) =3.2-45
ppm
d(H1) = 4.551 ppm

8(H1) =5.614 ppm

IMe(T) =1.80

IBu -
I(CH2)3 =3.82
n=9

INAc: 0.78

||-|2 = 1.67

|H3—6,6’ =3.70

IHl = 0.52

IH]’ = 0.38

Three protons (3H) of terminal methyl of ethyl
chain.

6 protons (6H) of three methylene group of butyl
chain

9 protons butyl group,-(CH,)3-CHgs

Three protons (3H) methyl terminal of acetyl
group, -N-CO-CHj5

One proton (1H) bound to C2 glucosamine (GIcN)
residue.

Five protons (5H) bounded to C-3.,4,5,6 & 6’ of
GIcN.

One anomeric proton (1H)of the glucosamine units

One anomeric proton (1H) of the N-acetyl
glucosamine units
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D.S.=71.85& 70.52% , Average DS= 71.2 %

'NMR spectrum analysis of N- dodecyl chitosan (1:2) [N- DodCHT(1:2)]
Various peaks (8) with corresponding integrals (I) for N-DodCHT (1:2) depicted
by *HNMR spectrum (figure not shown) and the DS determined using equations 4.10 and

4.11 are summarized as below.

dmem= 0.903ppm  Ivem=1.52  Three protons (3H) of terminal methyl of dodecyl chain.

dcHz) =1.376ppm  Ipog = 22 protons (22H) of 11 methylene groups of dodecyl
l(ch2)11=2.44 chain
n=25 25 protons dodecyl group [- (CH5)11-CHj3]

dnac) =2.011ppm  Inac=1.0 Three protons (3H) methyl terminal of acetyl group.

-N-CO-CH;

dH2) = 3.061 ppm Iy = 1.49 One proton (1H) bound to C2 glucosamine (GIcN)
residue.

OH3-661= 3.2-4.5  lnz66 = Five protons (5H) bounded to C-3,4,5,6 & 6’ of GIcN.

ppm 3.00
Oy =4.638 ppm Iy = 0.31 One anomeric proton (1H)of the glucosamine units

O = 5.403 lg;-= 0.17  One anomeric proton (1H) of the N-acetyl glucosamine
ppm units

DS = 23.11% & 21.16%, Average DS = 22.1 %

NMR spectrum analysis of N- dodecyl chitosan [N- DodCHT (1:4)]

The *"HNMR spectrum of N- dodecyl chitosan is shown in Figure 4.13.
Various peaks (6) with corresponding integrals (I) for N-DodCHT (1:4) depicted by
'HNMR spectrum and the DS determined using equations 4.10 and 4.11 are summarized
as below.

dme= 0.912ppm  lyey = 2.56 Three protons (3H) of terminal methyl of dodecyl
chain.
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dcHz) =1.413ppm  Ipog = 22 protons (22H) of three methylene group of
dodecyl chain

lchz)11- = 4.69
n=25 25 protons dodecyl group,-(CH2)1:-CH3
dnAc) =2.000 Inac=1.0 Three protons (3H) methyl terminal of acetyl
ppm group, -N-CO-CH;
OHz) = 2.919 ppm Iy, = 1.68 One proton (1H) bound to C2 glucosamine (GIcN)

residue.

dHa-667= 3.1-4.2  luz6e= 3.00  Five protons (5H) bounded to C-3,4,5,6 & 6 of
ppm GIcN.

OH1 =4.588 ppm Iy = 0.35 One anomeric proton (1H) of the glucosamine units

dH1) = 5.533 ppm Iy = 0.21 One anomeric proton (1H) of the N-acetyl
glucosamine units

DS (%)= 38.07, 37.18, Average DS = 37.6 %

NM-Dod CHT(1:4) \I J \II |
I I

-CHz- (Dadecy] Group)

Acetyl Groap
-CH3(T)

H3-6, 6

TR

Figure 4.13 'THNMR spectrum of N- dodecyl chitosan (1:4)

14 13 12 1N 10 9 8 7
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INMR spectrum analysis of N- dodecyl N, N-dimethyl chitosan chloride (1:4) [N-

DodQCHT(1:4)]
The *HNMR spectrum of N- dodecyl N, N-dimethyl chitosan chloride (1:4) is

shown in Figure 4.14.

M- Diod D Wvle CHT(1:4)

e 5422
—— 33
e 3LTEE

B
&
H iy -

HyC—N=CHg O |, 2
(?Hﬂn g

CHy g2

o

o

o

Q. Ivle
Leetyl Group
-CH3(T)

]

14 13 12 1N 10 9 8 7

T

Figure 4.14 *HNMR spectrum of N- dodecyl N, N-dimethyl chitosan chloride (1:4)

Various peaks (8) with corresponding integrals (I) for N-Dod Q CHT(1:4)
depicted by 'HNMR and the DQ determined using equation 4.12 are summarized as

below.

Ime= 0.924ppm  lyem) =2.73 Three protons (3H) of terminal methyl of dodecyl
chain.

dcHz) =1.298ppm  Ipeg = 22 protons (22H) of three methylene group of

lcha)11- = 4.51 dodecyl chain

n=25 25 protons dodecyl group,- (CH5)11-CH3
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dnac) =1.977ppm

dHz) = 2.871 ppm

8(H3-6,67) =3.2-4.2
ppm
dme) =3.146ppm

6(DiMe):2.519ppm

OH1) = 4.432 ppm

6(}11’) =5.422
ppm
0 =0.866 ppm

INAC= 1.0

|H2 = 1.76

|H3-6,6’ = 2.95

IQMe: 1.47

Ipime= 2.09

IHl: 0.37

IHl’ = 0.23

1I=0.19

Three protons (3H) methyl terminal of acetyl group.
-N-CO-CHj

One proton (1H) bound to C2 glucosamine (GIcN)
residue.

Five protons (5H) bounded to C-3,4,5,6 & 6’ of
GIcN.

Six protons (6H) of two methyl groups attached to
N- dodecyl substituted of GIcN residue.

Six protons (6H) of two methyl groups attached to
free amino groups of GIcN residue.

One anomeric proton (1H) of the glucosamine units.

One anomeric proton (1H) of the N-acetyl
glucosamine units.

DS (%) =37.6 %, DQ (%) =40.8 %

4.3.1.2.4 Elemental analysis
The degree of substitution (DS) of N- substituted CHT was calculated from C/N

value of elemental analysis using the formula 4.9 [18, 60].

Cl

C2
—x(1-DS)+
N1 N2

x DS =2DAC (4.9)
N3

Where, C1/N1 is calculated from the formula of non substituted CHT i.e. glucosamine
residue (GIcN), C2/N2 from the N-Substituted residue and C3/N3 is found value of
sample by elemental analysis. DAC is degree of deacetylation, 0.9 (i.e.90 %.).The

percentage CHN content of selected chitosan derivatives determined by the elemental

analysis is presented in Table 4.13 and the evaluated DS values of these derivatives in

Table 4.19.
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Table 4.13 Elemental analysis (CHN) data of different N-sub CHT derivatives

Theoretical values Elemental Analysis,

Sample CL/N1 C2/N2 C, % H, % N, % | C3/N3
CHT 5.14 6.86 35.52 6.75 5.33 5.33
TMCHT (1:10) 5.14 7.71 40.19 7.04 6.26 6.26
TMCHT (1:15) 5.14 7.71 44.63 7.07 7.11 7.11
N-Et CHT (1:2) 5.14 6.86 40.84 7.24 6.62 6.62
N-Bu CHT(1:2) 5.14 8.57 44.97 7.84 7.36 7.36
N-Dod CHT(1:4) 5.14 15.43 59.06 8.33 10.20 10.20
N-Bz CHT (1:4) 5.14 11.14 50.58 7.53 8.53 8.53
N-Np CHT(1:4) 5.14 14.57 54.38 7.96 9.36 9.36

C1/N1 is calculated from the formula of non substituted CHT i.e. glucosamine (GIcN) residue, C2/N2 from
the formula of N-Substituted residue using the Table 4.12

Calculations:

Determination of DS of N-ethyl chitosan (1:2) [N-Et CHT (1:2)]

The DS determined from the elemental (CHN) analysis data and using the expression 4.9
for N-Et CHT (1:2) can be illustrated as follows.

C2
L2 (1- DS) + «DS = =3 DAC (4.9)
N1 N2 N3

C2
E><(1—DS)+ xDSzngE
N1 N2 N3

5.14x(1—DS) +6.86x DS =6.62x0.9

.DS = 0.4756 ethyl groups per glucosamine unit OR 47.6 %

Similarly, the DS of N-butyl chitosan (1:2)[N-BuCHT (1:2)] and N-dodecyl chitosan
(1:4)[N-DodCHT (1:4)] was found to be 43.27 % and 39.26 % respectively

4.3.1.2.5 Conductometric titrations
Degree of quaternization of quaternized N-alkyl chitosan chloride derivatives
were also determined conductometrically by the titration against 0.1M AgNOs3; and using

the expression 4.1 as discussed earlier in section 4.3.1.1.3.
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Table 4.14 Conductometric titrations readings for N-alkyl Q CHT derivatives

AgNO; Conductance (mMhos)
(0.1M) N-Et Q CHT N-Et Q CHT N-Bu Q CHT N-Bu Q CHT
1:2) 1:4) 1:2) (2:4)

| 11 1] | 11 1 | 1 1] | 1 1
0 3.30 | 3.30 | 340 | 3.70 | 3.75 | 3.70 | 4.00 | 4.00 | 4.00 | 4.10 | 4.10 | 4.00
05 3.25 1320|325 | 365|370 370|375 | 380 | 390 | 400 | 4.00 | 3.90
1.0 3.15 | 310|320 | 350 | 350 | 355|365 | 375 | 375|375 | 3.80 | 3.80
15 295 | 3.00 | 3.00 | 3.30 | 3.40 | 3.40 | 3.50 | 3.60 | 3.65 | 3.55 | 3.60 | 3.75
2.0 2.80 | 285|280 | 3.20 | 330 | 335|330 | 340 | 335|335 | 3.35 | 3.35
2.5 270 | 275|265 | 305|325 |325|315| 325 |325|320 | 3.25 | 3.30
3.0 250 | 260 | 260 | 295 | 3.00 | 295 | 3.00 | 3.15 | 3.10 | 3.00 | 3.00 | 3.15
3.5 245 | 250 | 250 | 285 | 290 | 290 | 295 | 3.10 | 3.10 | 275 | 2.80 | 2.80
4.0 235|230 (235|260 | 270|275 |260 | 275 | 265|265 | 275 | 2.70
4.5 215 | 220 | 225 | 240 | 260 | 260 | 250 | 2.70 | 2.60 | 250 | 250 | 2.60
5.0 218 | 215|215 | 230 | 250 | 235 | 230 | 250 | 255 | 225 | 2.30 | 2.30
55 200 | 205|210 | 225| 235|230 |225| 240 | 235|200 | 210 | 2.15
6.0 180 | 185|185 | 215|220 | 215|200 | 2.05 | 210 | 1.90 | 2.00 | 2.10
6.5 175|180 | 185|195 |200|200|175| 180 | 190|175 | 1.75 | 1.75
7.0 160 | 1.65|160| 185|190 | 190|160 | 165 | 1.75|1.70| 1.70 | 1.70
7.5 15 1.6 15 | 175|180 | 185|150 | 150 | 1.55| 1.75 | 1.75 | 1.75
8.0 135 (140 | 140 | 155|170 | 165|160 | 1.60 | 1.50 | 2.00 | 2.00 | 2.05
8.5 125 (130|135 | 150 155|160 135 1.35 | 1.35 - - -
9.0 120 | 125125140 | 150|150 |1.75| 1.75 | 1.80 | 290 | 2.95 | 2.95
9.5 110 | 115|115 | 135 (140|145 ]| - - - - -
10.0 1.00 | 1.05| 105|125 (130|135 220 | 225 | 220 | 3.75| 3.70 | 3.70
10.5 125 |125(125|135 135|140 |- - - - - -
11.0 200 | 1.95 | 200 | 2.00 | 2.00 | 205 | 3.60 | 3.60 | 3.65 | 450 | 4.60 | 455
12.0 3.50 | 3.40 | 350 | 3.25 | 3.00 | 3.30 | 450 | 4.40 | 450 | 5.40 | 5.50 | 5.50
13.0 490 | 500|490 | 450 | 460 | 460 | 540 | 550 | 540 | 6.25 | 6.25 | 6.30
14.0 6.25 | 6.30 | 6.30 | 6.00 | 590 | 6.05 | 6.25 | 6.25 | 6.30 | 7.00 | 7.05 | 7.10
15.0 790 | 780 | 775 | 725 | 730 | 7.25 | 7.20 | 7.25 | 7.25 | 7.90 | 8.00 | 7.90
NMP=40ml, CHT:CH;l=1:15, CHT: NaOH =1:2
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Table 4.15 Conductometric titrations readings for N-alkyl Q CHT derivatives

AgNO; Conductance (mMhos)
(0.1M) N-Dod Q CHT N-Dod Q CHT
1:2) (1:4)
I 1 i I | 11

0 3.70 | 3.65 | 3.75 | 3.80 | 3.75 | 3.80
0.5 3.50 | 3.45 | 3.60 | 3.65 | 3.60 | 3.70
1.0 3.40 | 3.30 | 3.50 | 3.50 | 3.65 | 3.60
15 3.15 (310 | 315|330 | 325 | 3.35
2.0 3.00 | 290 | 3.00 | 3.25 | 3.20 | 3.30
2.5 2.75 | 2.70 | 2.80 | 3.00 | 3.00 | 3.00
3.0 2.60 | 255 | 270 | 2.85 | 2.85 | 2.90
35 240 | 245 | 255 | 2.75 | 2.65 | 2.70
4.0 2.25 | 225 | 230 | 255 | 250 | 2.60
4.5 2.15 | 220 | 220 | 2.40 | 245 | 250
5.0 215 | 215|220 | 235 | 235 | 2.35
55 225 | 225 225|220 | 225 | 2.25
6.0 2.60 | 2.60 | 2.60 | 2.25 | 2.20 | 2.25
6.5 - - - 2.50 | 250 | 2.50
7.0 3.25 {320 | 3.25 | 3.60 | 3.60 | 3.65
8.0 390 | 3.85 | 3.80 | 425 | 4.30 | 4.30
9.0 450 | 450 | 450 | 5.00 | 5.00 | 5.00
10.0 5.00 | 5.00 | 5.10 | 5.75 | 5.80 | 5.80
11.0 5.65 | 5.70 | 5.70 | 6.50 | 6.55 | 6.50
12.0 6.25 | 6.25 | 6.30 | 7.25 | 7.25 | 7.25
13.0 6.90 | 6.85 | 6.90 | 8.00 | 7.90 | 8.00
14.0 7.40 | 7.50 | 7.50 | 8.60 | 8.60 | 8.65

NMP=40ml, CHT:CH;l=1:15, CHT: NaOH =1:2

The calculation part is discussed below.

M _ xV x[AgNO
DQ (%)= —2" XAINOSJ 10 (4.1)
m

Where,

Mg is the molecular weight (g/mol) of repeating unit of the sample containing
quaternized site, these values were obtained from the respective structural formula of
derivatives given in Table 4.12. V and [AgNOs] are the equivalent volume and

concentration of AgNO3 aqueous solution (0.1M) respectively and m (g) is the mass of
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the sample which was 0.5g. The conductometric titration readings for N-alkyl Q CHT
derivatives are presented in Table 4.14 and Table 4.15 and the calculated DQ values in
Table 4.16 and Table 4.109.

DQ of N-ethyl N, N- dimethyl chitosan (1:2) chloride[N-Et Q CHT(1:2)]

- _ C,10X 12=1120
0,4X16= |64
H,20X1=|20
. ] N1X14 =|14
S CI1X 355 = | 35.5
T2
CH; Mg = | 253.5

Mg=253.5,m=0.5¢,V =10.2,10.2, 10.4 = 10.27 ml or V=0.01027 L

M o xV x[AgNO, |
m

DQ (%) = X100

DQ (%) = 253.5x0.01027x0.1 %100 = 52.0 %
0.5

DQ of N-ethyl N,N-dimethyl chitosan (1:4) chloride[N-Et Q CHT(1:4)]
Mg=253.5, m=0.5g, V=10.3, 10.2, 10.4 = 10.3 ml or V=0.0103 L

M . xV x| AgNO
DQ (%)= —° [Ag 3]x1oo
m
DO (%) = 253.5x 8.2103x0.1 X100 = 52.2 %

Similarly, the DQ of other derivatives determined are presented in Table 4.16
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Table 4.16 Volume of 0.1M AgNOs; required for lowest conductance value for different N-Alkyl
Q CHT derivatives

Sample 0.1 M AgNQ:; titrant (V), ml DQ, %
| | i Average
N-Et Q CHT (1:2) 10.2 10.2 10.4 10.27 52.0
N-Et Q CHT (1:4) 10.3 10.2 10.4 10.30 52.2
N-Bu Q CHT (1:2) 8.4 8.4 8.5 8.43 47.5
N-Bu Q CHT (1:4) 7.3 7.3 7.2 7.27 40.9
N-Dod Q CHT (1:2) | 5.9 5.8 6.0 5.90 46.4
N-Dod Q CHT (1:4) | 5.7 5.8 5.7 5.73 45.1

NMP=40ml, CHT:CHj;l=1:15, CHT: NaOH =1:2

4.3.1.3 Synthesis of N-aryl N, N-dimethyl chitosan chloride

Analogous to aliphatic aldehyde, different aromatic aldehydes namely
benzaldehyde and 1-naphthyl aldehyde were employed in the Bosch reduction
methodology in this project. Same two step protocol i.e. first, the reaction of CHT with
aromatic aldehyde in acidic medium to form Schiff’s base followed by the second step of
reduction of Schiff’s base to form secondary amine was followed. These N-substituted
CHT derivatives were then subjected to quaternization by reaction with methyl iodide
(fifteen fold excess) as discussed previously. Possibility of external control on the degree
of substitution was studied by varying the mole proportions of the aldehyde by two fold
excess and four fold excess with respect to the amine of chitosan. Concentrations of
various reaction ingredients i.e. aromatic aldehydes and sodium borohydride (NaBH,) are
mentioned in Table 4.11 and the nomenclature of synthesized N-aryl CHT and
quaternized N- aryl CHT in Table 4.12.

4.3.1.3.1 Reaction mechanism

The reaction mechanism is similar to that of aliphatic aldehyde. In brief, the
primary amines of CHT readily add to the carbonyl group (>C=0) of aldehydes to form
a- hydroxy amines, also called carbinolamines. These species undergo spontaneous
elimination of water molecule to yield imines or Schiff’s base [22]. This is also an
electrophilic substitution reaction and follows Sy2 mechanism. The carbon-oxygen bond
in carbonyl group of aldehydes is highly polarized due to the presence of electro-ve
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oxygen. The electrons constituting the © bonds are partially shifted towards oxygen as a
result of electromeric effect. It implies that the carbon atom of carbonyl group is electron
deficient i.e. electrophile and therefore readily attacks nucleophilic amino group of CHT.
The reaction schemes for the syntheses of N-benzyl N,N dimethyl chitosan chloride (N-
Bz QCHT) and N-(1-naphthyl) methylene chitosan chloride (N-Np Q CHT) are

illustrated in scheme 4.12.

OH OH OH
(0] RCHO o] NaBH, o]
HO O Aldehyde HO o— ~ HO O
NH, N NH
L7 \ e,— N
Chitosan CH 2
_ AR —/>R
Schiffs' base - Aryl methylene Chitosan
OH OH
CHal, Nal o) o o
e ——
NaOH, NMP HO O—_ exchange HO O—
(CH3)2N* |- (CHz)aN* CI-
l |
M- Aryl methylene I, M-dimethyl CHT iodide M- Ayl methyvlene N I-dimethyl CHT chloride

Scheme 4.12 Synthesis N-aryl N,N-dimethyl chitosan chloride

4.3.1.3.2 FTIR analysis of N-aryl CHT derivatives

The FTIR spectra of N-benzyl and N-(1-Naphthyl) methylene chitosan and their
corresponding quaternized derivatives are shown in Figure 4.15 and Figure 4.16
respectively. A strong absorption peak at around wave number 3081 cm-1 is assigned to
C-H stretching of aromatic group and the band at 1456 cm-1 is one of the typical bands
for C=C ring stretching of benzene. The aliphatic C-H stretch at about 2931 cm-1 is
assigned to methylene group. In addition to aromatic C-H stretch and C=C ring stretch, a
compound can be considered aromatic only if the spectrum has at least one strong
absorption below 900 cm™ due to C-H bend out of benzene plane (-C=C-H bend) which
are positioned at 896, 744 and 698 cm™ in Figure 4.15 [66]. The increase in intensity in
absorption peak at 1451 cm™ in arylated quaternized chitosan in N-Bz Di Me CHT

spectrum characterizes the attachment of methyl group.
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Figure 4.15 FTIR spectra of N-benzyl N,N-dimethyl chitosan chloride
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Figure 4.16 FTIR spectra of N-(1-naphthyl) methylene N,N- dimethyl chitosan

chloride derivative
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Similar patterns are observed in N-(1-Naphthyl) methylene chitosan, Figure 4.16.
These spectra of aryl substituted chitosan derivatives characterize successful attachment
of benzyl and 1-naphthyl methylene groups and the also the methyl groups at nitrogen
atom of CHT amine.

4.3.1.3.3 'HNMR spectroscopy

In the 'HNMR spectrum, the aromatic proton resonances appear in the downfield
region, mostly in 6 =6 to 7 ppm, compared to the residual sugar protons and therefore
they can be integrated with minimal interference leading to greater accuracy. Comparing
the integrals due to aromatic protons with that of proton bonded to C2 or protons bonded
to the sum of C2 and C3-6, 6’; one can evaluate the degree of substitution using the
equations 4.11 and 4.13. The degree of substitution and degree of quaternization of these
N-Aryl CHT determined from *HNMR spectroscopy are presented in Table 4.19. The
interpretations *HNMR spectra of N- Bz CHT and N-Np CHT and their quaternized

derivatives are discussed below.

NMR Spectrum analysis of N- benzyl chitosan (1:4) [N- Bz CHT (1:4)]
The *HNMR spectrum of the N-benzyl Chitosan is shown in Figure 4.17.

The detailed analysis may be summarized as follows:

dar= 6.693 ppm Iar=2.41  Five protons (5H) of aromatic group.
n=>5 Aromatic protons.

dnac) =1.983 ppm Inac=1.0  Three protons (3H) methyl terminal of acetyl
group, -N-CO-CH3;

d(H2) = 2.952 ppm Iuz= 1.05 One proton (1H) bound to C2 glucosamine
(GIcN) residue.

O(H3-6,67) = 3.2-4.5 lhz66 = Five protons (5H) bounded to C-3.,4,5,6 & 6’ of

ppm 5.54 GIcN.

dH1) = 4.692 ppm Iy = 0.53 One anomeric proton (1H)of the glucosamine
units
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dH1) = 5.342 ppm Ini-= 0.34  One anomeric proton (1H) of the N-acetyl
glucosamine units

DS (%) = 45.90 & 43.88, Average DS = 45 %

2
532
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Bz Group
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Figure 4.17 H'NMR spectrum of N-Benzyl chitosan (1:4)

Calculations:
The degree of substitution can be determined using the equation 4.11 as follows:

A _ nDS OR I, nDS (4.11)

[B+C] 6 [l +le] 6

The digit ‘6’ at the denominator of right hand side is the total number of protons at C2 of

GIcN and C3,4,5,6 & 6°.

Where, DS is the degree substitution per GLcCN residue.

219
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A = Peak area of substituent, A= l5 i.e. A=lap=241

B = Peak area of H2 (proton at C2) of glucosamine residue (GIcN).
I.e. B = I, = 1.05 at dHz) = 2.952ppm for proton at C2 of GlcN.

C = Peak area of protons bounded to C-3,4,5,6 & 6’ of GIcN.

C = lyzee = 5.54 (at 5= 3.2 to 4.5)

n= Number of proton per substituent =5

Substituting these values in equation 4.11,

5xDS _ 241  _ 241
6 [1.05+554]  6.59

DS (%) = 43.9 %

In another method, the degree of substitution can be calculated using the equation 4.13,

Signal Intensity dueto H2 _ Noof C2 protons per GIcN residue

Signal Intensity dueto aromatic protons No of aromatic protons per GIcN residue

T Noof C2 protons per GIcN residue (4.13)
I, No of aromatic protons per GIcN residue '

Number of protons bonded to C2 of GIcN residue is 1.
Let DS is the degree of substitution in % and ‘n’ is the number of protons bound to

aromatic carbons.

Therefore, no of aromatic protons/ GIcN residue = nxDS _ 5xDS
100 100
Ty, 1 R 1x100
|y 5x DS 5x DS
100
DS = Ix1, x100 _ 2.41x100 _ 45.9 %
5x1,, 5x1.05

Average DS =45 %
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'NMR Spectrum Analysis of N- benzyl N, N dimethyl chitosan chloride (1:4) [N-Bz Q
CHT(1:4)]

The 'HNMR spectrum of the N-benzyl N,N dimethyl chitosan chloride (1:4) is
shown in Figure 4.18. In 'HNMR spectrum, the signal 85= 6.602 ppm having the integral
Iar = 2.24 is assigned to benzyl group. The signals due to protons of quaternary methyl
groups (two methyl groups attached to benzyl substituted N of GIcN residue) was found
at dgme = 3.261ppm with the intensity Igme = 1.63.Methylation on unsubstituted amino
groups was also traced at §(pimey =2.512 with the integral Ipive= 1.71. Other important
signals recognized were: dnac =1.961 ppm with integral Iyac= 1.0 for acetyl group, du2 =
2.897 ppm; Iy = 1.01 for proton bonded to C2 of GlcN residue, dpz-66 = 3.3-4.5 ppm;
Ihz-6,6o = 4.61 and the anomeric protons at &1y = 4.695 ppm; Iy = 0.47 and dy) = 5.304
ppm; ly- = 0.33.The average DS determined earlier for the sample before quaternization

was 43.88 % and the DQ % calculated from the equation 4.12 was 33.96 %.

M Bz (1:4) Di Me Chitisan || || II||l|| ” I/I I | |
H HSC—P;I*—CHS o |,
T
<
g o
5 wEZE
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Figure 4.18 '"HNMR spectrum of N- benzyl N, N- dimethyl chitosan chloride(1:4)
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Calculations:

The degree of quaternization (DQ %) can be calculated using the equation 4.12 illustrated

as follows.
|
DQ= —(— 2 _ X100
6 [I H1 + I Hl']
_ 1.63 X100
6 [0.47 +0.33]
=34 %

'NMR Spectrum analysis of N- Benzyl chitosan (1:2) [N- Bz CHT (1:2)]
Various peaks (8) with corresponding integrals (I) for N-Bz CHT (1:4) depicted
by *HNMR spectrum (figure not shown) and the DS determined using expressions 4.11

and 4.13 are summarized below.

da= 6.7003ppm Iar=1.04  Five protons (5H) of aromatic group.
n=>5 Aromatic protons.

dnac)=1.986 ppm  Inac=1.0  Three protons (3H) methyl terminal of acetyl group,

-N-CO-CHj3
dHz)=3.001 ppm  ly2= 1.18 One proton (1H) bound to C2 glucosamine (GIcN)
residue.
d(H3-6,6) = 3.2-4.5 lh3-66" = Five protons (5H) bounded to C-3,4,5,6 & 6’ of
ppm 6.00 GIcN.

OH1) = 4.694 ppm lna= 0.52 One anomeric proton(1H) of the glucosamine units
dwmin=5.341ppm  ly;-= 0.38 One anomeric proton(1H) of the N-acetyl
glucosamine units

DS=17.63 % & 17.39 %, Average DS =17.5 %

NMR Spectrum analysis of N-(1-naphthyl) methylene chitosan (1:4) [N- NpCHT

(1:4)]
The 'HNMR spectrum of the N-(1-naphthyl) methylene chitosan (1:4) [N-

NpCHT (1:4) is shown Figure 4.19.
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Figure 4.19 H'NMR spectrum of N-(1- naphthyl) methylene chitosan (1:4)

Various peaks (8) with corresponding integrals (I) for N-Bz CHT (1:4) depicted
by 'HNMR spectrum and the DS determined using equations 4.11 and 4.13 are

summarized as below.

dar= 6.726ppm I =3.11 Seven protons (7H) of aromatic group.

n=7 Aromatic protons.

d(nAc) =2.006 Inac=1.0 Three protons (3H) methyl terminal of acetyl
ppm group, -N-CO-CHj;

dHz) = 3.027 ppm Iy = 1.21 One proton (1H) bound to C2 glucosamine (GIcN)
residue.

OHz-66) = 3.2-4.5 lnzee = 5.73  Five protons (5H) bounded to C-3,4,5,6 & 6” of
ppm GIcN.

O =4.710 ppm 4= 0.58 One anomeric proton (1H)of the glucosamine units

223
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dwin = 5.432 lu-= 0.47 One anomeric proton (1H) of the N-acetyl
ppm glucosamine units

DS=36.72 & 38.41, Average DS = 37.6 %

'!NMR spectrum analysis of N-(1- naphthyl) methylene N, N-dimethyl chitosan chloride

(1:4) [N-Np Q CHT(1:4)]
The *HNMR spectrum of N-(1- naphthyl) methylene N, N dimethyl chitosan

chloride (1:4) is shown in Figure 4.20.
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Figure 4.20 *HNMR spectrum of N-(1- naphthyl) methylene N, N dimethyl chitosan
chloride (1:4)

Various peaks (8) with corresponding integrals (I) for N-Np Q CHT (1:4)
depicted by *HNMR and the DQ % calculated from the expression 4.12 are summarized

as below.

dar= 6.596- Iar=2.86 Seven protons (7H) of aromatic group.
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7.103 ppm

n=7 Aromatic protons.
Onac =2.088 Inac=1.0 Three protons (3H) methyl terminal of acetyl group,
Ppm -N-CO-CHj
On2=2.988 ppm Iy = 1.18 One proton (1H) bound to C2 glucosamine (GIcN)
residue.
OHz-66 = 3.3-45 lpzee = Five protons (5H) bounded to C-3,4,5,6 & 6’ of
5.61 GIcN.
dome = 3.231 lome=1.78  Six protons (6H) of two methyl groups attached to N-

dodecyl substituted of GIcN residue.

d(pime) =2.611 Ioime= 1.81  Six protons (6H) of two methyl groups attached to
free amino groups of GIcN residue.

dmiy=4.714 I = 0.46 One anomeric proton (1H)of the glucosamine units

Oy = 5.437 Igi-= 0.39  One anomeric proton (1H) of the N-acetyl
glucosamine units

DS =37.6 %, DQ =34.9 %

4.3.1.3.4 Elemental analysis

The degree of substitution (DS) of N- Benzyl CHT (1:4) and N-(1- Naphthyl)
Methylene CHT was determined from C/N value of elemental analysis using the formula
4.9.

C2
Ex(l— DS) + «DS = °3 DAC (4.9)
N1 N2 N3

Where, C1/N1 is calculated from the formula of non substituted CHT i.e. glucosamine
residue (GIcN), C2/N2 from the N-Substituted residue and C3/N3 is found value of
sample by elemental analysis. DAC is degree of deacetylation, 0.9 (i.e.90 %.).The
percentage CHN content of selected chitosan derivatives determined by the elemental
analysis is presented in Table 4.13 and the evaluated DS values of these derivatives in
Table 4.19. The calculations are illustrated as follows.
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Calculations:
N- Benzyl chitosan (1:4) [N-Bz CHT (1:4)]

c2
Sl 1-ps)+== xps=L3 pac
N1 N2 N3

5.14x(1-DS)+11.14x DS =8.53x0.9
DS =0.4228 unit/GIcN residue OR 42.3 %

N-(1-Naphthyl) methylene Chitosan (1:4) [N-NpCHT(1:4])

c2
Sl 1-ps)+== xps=L3 pac
N1 N2 N3

5.14x (1—DS) +14.57x DS =9.36x0.9
DS = 0.3483 unit/GIcN residue OR 348 %

4.3.1.3.5 Conductometric titrations

Degree of quaternization of quaternized N-alkyl chitosan chloride derivatives
were also determined conductometrically by the titration against 0.1M AgNOj; using the
expression 4.1 as discussed earlier in section 4.3.1.1.3.

DO (%) = M oxV x[AgNO, |

X100 (4.1)

Where,

Mg is the molecular weight of repeating unit of the sample containing quaternized site,
these values were obtained from the respective structural formula of derivatives given in
Table 4.12. V and [AgNOg3] are the equivalent volume in litre and concentration of
AgNO;3; aqueous solution (0.1M) respectively and m (g) is the mass of the sample which
was 0.5g. The conductometric titration data for N-Bz Q CHT(1:2), N-Bz Q CHT (1:4)
and N-Np Q CHT (1:4) are presented in Table 4.17 and the evaluated DQ values for the
derivatives in Table 4.18 and Table 4.19.
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Table 4.17 Conductometric titrations for N-aryl Q CHT derivatives

AgNO; Conductance, mMhos
(0.1Mm) N-Bz Q CHT N-Bz Q CHT N-Np Q CHT
1:2) (1:4) (2:4)
I 1 Il I I 1! I I i

0 3.90 | 3.90 | 3.90 | 4.00 | 4.00 | 3.90 | 3.70 | 3.70 | 3.75
0.5 3.75 1 3.80 | 3.85 | 3.90 | 3.90 | 3.80 | 3.50 | 3.60 | 3.65
1.0 355 | 355 | 3.60 | 3.75 | 3.70 | 3.75 | 3.25 | 345 | 3.40
15 3.35 1335|340 | 350 | 350|370 | 3.30 | 3.25 | 3.25
2.0 3.25 | 325 (330|335 |340| 350|280 | 2.80 | 3.00
25 3.00 | 3.00 | 3.10 | 3.25 | 3.20 | 3.25 | 2.60 | 2.85 | 2.90
3.0 280 | 290 | 290 | 3.10 | 3.15 | 3.10 | 250 | 2.75 | 2.75
35 275 | 275|285 | 3.00 | 3.00 | 290 | 2.25 | 250 | 2.45
4.0 2.65 | 270 | 270 | 2.80 | 2.75 | 2.80 | 2.00 | 2.25 | 2.25
4.5 240 | 250 | 240 | 2.75 | 2.70 | 2.80 | 1.80 | 2.00 | 1.90
5.0 225 | 225|230 | 250 | 250|255 |175| 1.90 | 1.90
5.5 225 | 225|225 | 250 (240 | 245|170 | 1.85 | 1.85
6.0 210 | 210 | 215 | 2.35 | 240 | 235 | 2.00 | 2.00 | 2.10
6.5 1.90 | 200 | 2.00 | 225 | 230 | 225 | - - -
7.0 225|220 | 225|215 (230|235 (270 | 260 | 2.60
7.5 250 | 255 | 250 | 275 | 270 | 275 | - - -
8.0 285 | 285|285 | 3.00 | 300300350 | 385 | 385
9.0 3.50 | 3.50 | 3.50 | 3.80 | 3.85 | 3.75 | 4.25 | 4.15 | 4.10
10.0 425 | 425 | 425 | 450 | 4.60 | 4.60 | 4.90 | 5.00 | 5.00
11.0 5.00 | 5.00 | 490 | 5.40 | 5.40 | 5.35 | 5.00 | 4.20 | 5.25
12.0 575 | 5.75 | 5.70 | 6.25 | 6.20 | 6.30 | 6.40 | 6.50 | 6.50
13.0 6.40 | 6.40 | 6.35 | 6.90 | 6.90 | 7.00 | 7.25 | 7.25 | 7.25
14.0 715 | 720 | 7.25 | 7.70 | 7.75 | 7.75 | 7.80 | 7.90 | 8.00

CHT: CHjsl (1:15), CHT: NaOH (1:2)

Table 4.18 Conductometric method for determination DQ of N-aryl Q CHT derivatives

Sample 0.1M AgNO; titrant (V), ml DQ, %
| 1 11 Average
N-Bz Q CHT (1:2) 6.6 6.6 6.8 6.66 42.07
N-Bz Q CHT (1:4) 6.6 6.6 6.5 6.56 41.44
N-Np Q CHT (1:4) 54 6.6 6.4 6.47 39.96

CHT:CH31=1:15, CHT: NaOH =1:2
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DQ of N-benzyl N, N dimethyl chitosan chloride (1:4) [Q-Bz CHT(1:4)]
o C,15X12=180
“ 0,4X16=| 64

H,22X1=| 22
i HS"‘?E;"H”'_ " | ONIX14=| 14

@ Cl,1X355=| 355
Mo= | 315.5

Mqg=3155 m=059,V=6.6,6.6,6.5=6.57ml or V=0.00657 L

M xV x[AgNO
DQ (%)= — <[ANOS] 10
m
DQ (%) = 315.5x% 06050657><0.1 X100 = 41.44 %

N-(1-Naphthyl) methylene N, N-dimethyl chitosan chloride(1:4)[N-NpQCHT(1:4)]

C.19X 12= | 228
0,4X16= | 64
H24X1= | 24
N1X14 = | 14
Cl,1X 355= | 355
Mo= | 365.5

Mo= 3655, m=0.5g,V=54,6.6,64=647ml or V=0.00647 L
M o xV x[AgNO, |
m

DQ (%) = X100

_ 315.5x 0(.)05?647><O.1 X100 = 40 %
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Table 4.19 DS and DQ of N-substituted CHT

N- Alkyl/Aryl CHT N- Alkyl/Aryl Q CHT
Sample Degree of substitution Sample Degree of quaternization
(DS), % (DQ), %
H'NMR CIN H'NMR | Conductometry
analysis analysis analysis
N-Et CHT (1:2) 45.5 47.6 N- Et Q CHT (1:2) 46.3 52.0
N-Et CHT (1:4) 82.6 - N- Et Q CHT (1:4) - 52.2
N-Bu CHT (1:2) 40.1 43.3 N- Bu Q CHT (1:2) 43.0 475
N-Bu CHT (1:4) 71.2 - N- Bu Q CHT (1:4) - 41.0
N-Dod CHT (1:2) 22.1 - N- Dod Q CHT - 46.4
(1:2)
N-Dod CHT (1:4) 37.6 39.3 N-Dod Q CHT 40.8 45.1
(2:4)
N-Bz CHT (1:2) 17.5 - N-Bz Q CHT (1:2) - 42.1
N-Bz CHT (1:4) 45.0 42.3 N-Bz Q CHT (1:4) 34.0 41.4
N-Np CHT(1:4) 37.6 34.8 N-Np Q CHT(1:4) 35.0 40.0

The value in parentheses indicate the CHT: CHO ratio,
The N- Alkyl/Aryl CHT were quaternized with CHj;l at fifteen fold excess

The DS and DQ determined using different analytical techniques for N-alkylated
and N-arylated CHT and their quaternized derivatives are summarized in Table 4.19. It
can be observed from the table that data obtained from different methods are quite nearer.
The DQ determined by conductometry were found to be somewhat higher than that
determined by "HNMR spectroscopy. This may be due to the presence of extra chloride
ions associated with mono-, di- and trimethylated amino sites generated during
quaternization reaction; and also to the presence of unbound chloride ions that was not
completely removed during purification process of samples. Nevertheless, the
conductometric titration methods are useful tool for the determination of DQ of
quaternized samples since the same trend of 'HNMR was followed. Further it was
observed that the DS of N-aryl CHT derivatives determined by *HNMR method were

higher than the results of elemental analysis. On the other hand, the trend was reversed in
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case of N-alkyl CHT derivatives. In the spectrum of N-aryl derivatives, the aromatic
proton resonances appear in the downfield region i.e. left to the D,O signal, mostly in & =
6 to 7 ppm, compared to the residual sugar protons and therefore they can be integrated
with minimal interference. While, the signals due to protons bonded to N-alkyl groups
appear together with signals of protons of saccharide i.e. in the region of 4 <4.5 leading to
many superimpositions. It is worthwhile to consider the *HNMR methodology as a more
authentic for aryl derivatives.

It was also observed from the Table 4.19 that degree of alkylation for a given
alkyl chain, as for example N-Et CHT, increased with concentration of aldehyde.
However, at a given concentration of aldehyde the degree of substitution decreased with
increase in chain length. Further, aromatic aldehydes were less effective substituent to
form Schiff’s base compared to the aliphatic aldehydes. In general, smaller size and
aliphatic aldehydes are more effective substituents while bigger size and aromatic
aldehydes give poor degree of substitution on chitosan. When these N-substituted CHT
derivatives were further quaternized with methyl iodide, the degree of quaternization was
also decreased with increase in molecular size of the alkyl/aryl substituents. As discussed
earlier, the reaction of chitosan with aldehyde proceeds through electrophilic substitution
reaction in which the carbonyl carbon of aldehyde, the electron deficient i.e. electrophile,
reacts with nucleophilic amino group of chitosan. Thus for maximum reactivity towards
nucleophiles, the carbonyl carbon should be as +ve as possible and not sterically hindered
by adjacent groups. The alkyl groups attached to carbonyl carbon being electron releasing
decreases the positivity of the carbon atom and also the bulky alkyl groups offer steric
hindrance to the approaching amino group of chitosan. Thus, besides steric hindrance,
with increase in alkyl chain length the reactivity of aldehyde is decreased and resulted
into poor degree of substitution. In case of aromatic aldehydes the a-H is not involved in
the reaction and the conjugation of carbonyl carbon with aryl ring reduces the
electrophilic reactivity due to delocalized m-electrons. Hence aromatic aldehydes are less
reactive than their aliphatic counterpart. This steric hindrance is also responsible for the

decrease in quaternization with increase in molecular size of substituents.
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4.3.2 Viscosity behavior of N- substituted CHT derivatives

Besides the estimation of molecular weight, the viscosity measurement data of
polymer solutions are useful in studying the chain conformation. Various factors such as
temperature, pH, electrolytes, molecular weight, polymer concentration, nature of counter
ion etc are found to influence the conformational arrangements of poly electrolytes chains
in aqueous solutions and also the viscosity [67]. Effect of quaternization of CHT and N-
alkyl and N-aryl CHT derivatives on their viscosity behaviour and the intrinsic viscosity
[n], a function of molecular weight, was evaluated. The solutions were prepared in acetic
acid / sodium acetate solvent system with corresponding concentration of 0.25 M / 0.25
M recommended for the determination of molecular weight of chitosan using Mark-
Houwink equation [68]. The average of three readings of flow time of various N-
substituted Q CHT derivative solutions of different concentrations, in presence and
absence of sodium acetate, are presented in Table 4.20 and Table 4.22 respectively. The
reduced viscosities (neq) [69] calculated from these readings using equations 2.7, 2.8 and
2.9(chapter 2) for polymeric solutions in presence and absence of sodium acetate are
presented in Table 4.21 and Table 4.23 respectively and graphically in Figures 4.21, 4.22

and 4.23. The intrinsic viscosities obtained by extrapolation of these curves to intercept

Y-axis of zero concentration are given in Table 4.24 and Figure 4.24.

Table 4.20 Viscometer readings of N- sub CHT solutions in presence of sodium acetate

Conc, Average flow time (T), seconds
g/dl CHT | TMCHT | TMCHT | TMCHT | N-Et N-Bu N-Dod N-Bz N-Np
1 2 3 QCHT | QCHT | QCHT | QCHT | QCHT
1:2) 1:2) (1:4) (1:4) (1:4)
0.1 21.27 20.28 19.98 19.74 19.76 20.16 20.41 20.20 20.03
0.2 28.27 26.22 25.96 25.33 25.96 26.34 27.11 26.66 26.79
0.3 37.23 33.72 32.87 32.87 33.44 34.15 35.87 36.44 36.01
0.4 49.14 43.80 42.21 42.53 43.36 44.94 47.80 46.09 47.67
0.5 62.61 54.59 51.89 53.48 54.91 56.81 60.70 59.91 59.04
0.6 78.69 68.24 65.09 65.96 72.05 68.24 76.24 70.91 75.10
0.7 98.32 84.75 78.52 80.97 84.19 88.63 96.30 91.41 92.52
0.8 125.28 | 100.81 95.22 96.62 100.93 108.93 115.15 111.47 | 113.76
0.9 157.41 | 120.28 111.57 114.28 119.42 127.42 140.13 131.28 | 143.13
1.0 196.00 | 139.66 132.52 133.94 142.04 150.77 162.19 156.00 | 163.46
Solvent: Acetic acid =0.25M, Sodium acetate = 0.25M, T,= 15.87 sec, Temp 30 °C
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Table 4.21 Reduced viscosity (n.q) Of N-sub CHT solutions in presence of sodium acetate

Conc, Reduced Viscosity (1eq)
g/dL CHT | TMCHT | TMCHT | TMCHT | N-Et N-Bu N-Dod | N-Bz | N-Np
1 2 3 QCHT | QCHT | QCHT | QCHT | QCHT
1:2) 1:2) (1:4) (2:4) (1:4)
0.1 3.40 2.78 2.59 2.44 2.45 2.70 2.86 2.73 2.62
0.2 3.91 3.26 3.18 2.98 3.18 3.30 3.54 3.40 3.44
0.3 4.49 3.75 3.57 3.57 3.69 3.84 4.20 4.32 4.23
0.4 5.24 4.40 4.15 4.20 4.33 4,58 5.03 4,76 5.01
05 5.89 4.88 4,54 4.74 4.92 5.16 5.65 5.55 5.44
0.6 6.60 5.50 5.17 5.26 5.90 5.74 6.34 5.78 6.22
0.7 7.42 6.20 5.64 5.86 6.15 6.55 7.24 6.80 6.90
0.8 8.62 6.69 6.25 6.36 6.70 7.33 7.82 7.53 7.71
0.9 9.91 7.31 6.70 6.89 7.25 7.81 8.70 8.08 8.28
1.0 11.35 7.80 7.35 7.44 7.95 8.50 9.22 8.83 9.30

Solvent: Acetic acid =0.25M, Sodium Acetate =

Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT (1:4)= 44.9/41.4, N-Np Q CHT(1:4)= 37.6/40

Figure 4.21 Reduced viscosity (neq) TMCHT solutions in presence of sodium acetate

0.25M, To= 15.87 sec, DQ (%): TMCHT1=13.4,
TMCHT2=22, TMCHT3= 50.9; DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q CHT (1:2) = 40.1/47.5, N-
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Figure 4.22 Reduced viscosity (nrq) N- sub CHT solutions in presence of sodium acetate

Table 4.22 Viscometer readings of N- sub CHT solutions in absence of sodium acetate

Conc, Average flow time, sec

g/dL CHT | TMCHT3 N-Et N-Bu N-Dod N-Bz N-Np

QCHT | QCHT | QCHT | QCHT | QCHT
1:2) 1:2) 1:4) (1:4) (1:4)

0.1 23.67 21.33 21.44 21.53 21.77 21.17 21.85
0.2 31.79 25.75 25.88 28.05 29.34 28.68 29.28
0.3 42.56 35.15 36.33 37.60 40.01 38.12 39.63
0.4 56.35 45.96 46.97 48.92 53.01 50.12 52.13
05 71.22 58.16 59.81 63.51 68.71 64.48 63.59
0.6 89.69 73.63 75.99 78.35 86.95 81.85 84.11
0.7 114.90 86.37 91.10 99.04 104.10 | 100.14 | 106.09

0.8 142.29 107.03 110.81 119.12 | 132.34 | 121.26 | 127.43
0.9 173.27 130.48 132.18 139.83 | 156.41 | 147.06 | 146.07
1.0 207.14 139.77 152.68 164.96 | 184.16 | 173.93 | 183.53
Solvent: Acetic acid =0.25M, To= 15.74 sec, DQ (%): TMCHT3=50.9;

DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q CHT (1:2) =40.1/47.5, N-Dod Q CHT (1:4)= 37.6/45.1, N-
Bz Q CHT (1:4)= 44.9/41.4, N-Np Q CHT(1:4)= 37.6/40
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Table 4.23 Reduced viscosity (1.q) Of N- sub CHT solutions in absence of sodium acetate

Conc, Reduced Viscosity (1req)
g/dL CHT | TMCHT3 | N-Et N-Bu N-Dod N-Bz N-Np
QCHT | QCHT | QCHT | QCHT | QCHT
1:2) 1:2) (1:4) (1:4) (1:4)
0.1 5.04 3.55 3.62 3.68 3.83 3.45 3.88
0.2 5.10 3.18 3.22 3.91 4.32 411 4.30
0.3 5.68 4.11 4.36 4.63 5.14 4,74 5.06
0.4 6.45 4.80 4,96 5.27 5.92 5.46 5.78
0.5 7.05 5.39 5.60 6.07 6.73 6.32 6.08
0.6 7.83 6.13 6.38 6.63 7.54 7.00 7.24
0.7 9.00 6.41 6.84 7.56 8.02 7.66 8.20
0.8 10.05 7.25 7.55 8.21 9.26 8.38 8.87
0.9 11.12 8.10 8.22 8.76 9.93 9.27 9.20
1.0 12.16 7.88 8.70 9.48 10.70 10.05 10.66

Solvent: Acetic acid =0.25M, T,= 15.74 sec, 30 °C, DQ (%):TMCHT3=50.9;
DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q CHT (1:2) = 40.1/47.5, N-Dod Q CHT (1:4)= 37.6/45.1, N-

Bz Q CHT (1:4)= 44.9/41.4, N-Np Q CHT(1:4)= 37.6/40
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Figure 4.23 Reduced viscosity (neq) N- sub CHT solutions in absence of sodium acetate
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Table 4.24 Effect of quaternization on intrinsic viscosity of CHT derivatives

Sample In presence of In absence of Drop in [n]
Sodium Acetate Sodium Acetate due to
Intrinsic Slope Intrinsic Slope sodium
viscosity viscosity acetate, %
[l ml
CHT 2.55 *(i) 6.85 3.60 (i) 7.23 29.1
(i)13.13 (i) 12.42
TMCHT1 2.12 5.65 - - -
TMCHT2 2.03 5.23 - - -
TMCHT3 1.94 551 2.33 6.08 16.7
N Et Q CHT(1:2) 1.92 6.00 2.40 6.40 20.0
N Bu Q CHT(1:2) 2.03 6.48 2.51 6.99 19.1
N Dod Q CHT(1:4) 2.15 7.15 2.57 8.07 17.0
N Bz Q CHT(1:4) 2.10 6.37 2.54 7.30 17.3
N Np Q CHT(1:4) 2.15 6.87 2.62 7.71 17.9

* Segments of the curve i.e. Segment (i) and Segment (ii)DQ (%): TMCHT1=13.4, TMCHT2=22,
TMCHT3=50.9; DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q CHT (1:2) = 40.1/47.5, N-Dod Q CHT
(1:4)=37.6/45.1, N-Bz Q CHT (1:4)= 45/41.4, N-Np Q CHT(1:4)= 37.6/40

4

- M In presence of sod.acetate
' E In absence of sod.acetate
3 -

Intrinsic viscosity
N

DQ (%): TMCHT1=13.4, TMCHT2=22, TMCHT3= 50.9; DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q
CHT (1:2) = 40.1/47.5, N-Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT (1:4)= 44.9/41.4, N-Np Q

CHT(1:4)= 37.6/40

Figure 4.24 Effect of quaternization on intrinsic viscosity of CHT derivatives
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The intrinsic viscosity, as observed from Table 4.24 and Figure 4.24, was dropped
due to quaternization process indicating a depolymerization of parent chitosan. The drop
in viscosity was substantial even at low concentrations of methyl iodide (i.e. at lower
DQ) and was very slightly affected with further increase in methyl iodide concentration.
This means the depolymerization of CHT occurred is not only attributed to the extent of
quaternization but also to the reaction condition such as duration, temperature and the
presence of ingredients i.e. sodium hydroxide and NMP. At almost similar levels of DS
and DQ of N-substituted Q CHT derivatives, the intrinsic viscosity was found to be
slightly increased with increase in chain length or molecular size of substituent. Presence
of electrolyte i.e. sodium acetate in CHT derivative solutions reduced the intrinsic
viscosity. The loss in viscosity was maximum of CHT solution and minimum of
TMCHTS3 solution. This apparent change in [n] due to electrolyte in solvent, however,
does not mean the change in molecular weight of same sample in two different solvent
systems, the Mark-Houwink constants o and K that actually change and not the
molecular weight.

The curves for TMCHT in Figure 4.21 were found to be almost linear without any
point of inflection or critical concentration (C*), apparently indicating scattered
distribution of polymer molecules without aggregation. Such critical concentrations (C*)
were observed in CHT solutions. When the curves for these polymer solutions were
studied in absence of electrolyte (sodium acetate), Figure 4.23, some irregularities
noticed. The position of C* for CHT solution was shifted left to 6.3 g/dL. TMCHT, here
again, did not show any point of critical concentration but showed slight increased
viscosity at high dilution/low concentration of paradoxical behaviour often observed in
polyelectrolytes. The increased viscosity of poly cations at high dilutions may be
attributed to the chain expansions due to electrostatic repulsion between same ions on
macromolecule [58,66,70]. In presence of added electrolyte (sodium acetate), the charges
will be screened and consequently the polyelectrolyte chain will adopt coiled
conformation as demonstrated in Figure 4.25. Further these added electrolyte ions offer
shielding effect to cause polymer molecules repel each other resulting into decreased
viscosity [71]. Regardless the downward influence of depolymerization of CHT due to

quaternization reaction and also due to the presence of electrolyte on viscosity, a
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contradictory i.e. increase in viscosity of modified CHT is expected due to the
introduction of bulkier side groups. The loss in molecular weight due to
depolymerization during quaternization reaction is believed to overcome to some extent
due to introduced side methyl groups that offer resistance to flow/slippages of molecules.
It means the viscosity of TMCHT is governed by two opposite phenomena namely the
fall in viscosity due to depolymerization during quaternization reaction and shielding

effect of electrolytes; and the increase in viscosity due attached bulky methyl groups.

Increasing o

concentration e @ E} E‘}

Salt addition

BN
" %?L

Dilute system

o E.-E)E"

Figure 4.25 Polycations chain conformation as a function of polymer concentration and
electrolyte

At about similar DS values of N- substituted Q CHT derivatives, the effect of
molecular size of N-substituent on intrinsic viscosity was very much close to that of
TMCHT derivatives nevertheless with some increased trend as shown in Table 4.24. It
was observed from Figure 4.22 that the curves for all quaternized N-substituted CHT
derivative solutions containing sodium acetate were almost linear without any inflections
of critical concentrations (C*). The N- substituted Q CHT derivatives showed increased

viscosities at higher concentrations as a function of chain length of substituent. The
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resistance to flow or slippages of macromolecules may occur due to bulkier side groups
and intra and inter molecular hydrophobic-hydrophobic interactions [72]. The possibility
of contribution of aggregation of polyelectrolyte molecules at higher concentrations to
viscosity is meager due to ionic repulsion but cannot be completely discarded. While
comparing the influence of added electrolyte on chain conformation of N-substituted Q
CHT derivatives, Figures 4.22, 4.23 and 4.24 envisage that the influence was maximum
in CHT and lower CHT derivatives solutions where as it was nominal in solutions of
higher substituted derivatives. In other words, the charge screening on quaternized sites

was subdued due the chain length or molecular size of N-alkyl or N-aryl substituent.

4.3.3 Treatment of cotton fabric with N-substituted CHT derivatives

Chitosan and its N-substituted derivatives namely N, N, N -trimethyl chitosan
chloride (TMCHT), N-alkyl chitosan and N-aryl chitosan and their quaternized
derivatives, enumerated in Table 4.12, were applied on cotton fabric by conventional
pad-dry-cure method. TMCHT of different DQ and N-alkyl/N-aryl CHT derivatives of
almost similar DS and DQ respectively was selected for textile application.

Concentrations of these derivatives for pad bath application are mentioned in Table 4.25.

Table 4.25 Application of N-sub CHT compounds on cotton fabric

N-Alkyl/Aryl CHT N- Alkyl/Aryl Q CHT Conc in pad bath, g/L
Sample DS, % Sample DQ, %
Control - - - - - -
CHT - - - 2.5 5 10
- - TMCHT1 134 2.5 5 10
- - TMCHT?2 22.0 2.5 5 10
- - TMCHT3 50.9 2.5 5 10
N-Et CHT (1:2) 455 | N-EtQ CHT (1:2) 51.7 2.5 5 10
N-Bu CHT (1:2) 40.1 | N-BuQCHT (1:2) 475 2.5 5 10
N-Dod CHT(1:4) 37.6 N-Dod Q CHT (1:4) 45.1 2.5 5 10
N-Bz CHT (1:4) 450 | N-Bz Q CHT (1:4) 41.4 2.5 5 10
N-Np CHT(1:4) 37.6 | N-NpQ CHT (1:4) 40.0 2.5 5 10

Since the treated fabric samples were evaluated in many cases using optical

instruments, any changes in fabric construction due to above treatments may lead to
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variations in results. In order to minimize the error, a blank treatment to the fabric was
also given during the padding of other samples, this samples was termed as ‘control’
sample with which the results of treated samples were compared as discussed in section
2.3.11, chapter 2.

4.3.3.1 Effect of N- substituted CHT treatment on appearance of cotton fabric

Analogous to the chitosan treatment, N- modified chitosans are believed to alter
the surface characteristics of cotton fabrics. In context to this phenomenon, the CHT and
N-substituted CHT derivatives treated cotton fabrics were evaluated for the whiteness,
yellowness and brightness indices on computer colour matching system. The results are
presented in Table 4.26 and Table 4.27 and in Figures 4.26, 4.27 & 4.28.

Table 4.26 Effect of N-Alkyl/Aryl CHT treatment on appearance of cotton fabric

Sample DS, % Conc in pad Indices
bath, g/L WI Yi Bl
Control - - 925 2.6 84.6
CHT - 2.5 90.9 3.3 81.6
5 90.8 3.4 814
10 90.5 4.7 80.6
N-Et CHT 455 2.5 91.4 3.3 82.4
(1:2) 5 90.9 3.3 81.6
10 91.4 3.4 82.4
N-Bu CHT 40.1 25 91.5 3.7 80.5
(1:2) 5 91.8 3.3 82.6
10 91.4 3.3 82.4
N-Dod CHT 37.6 25 90.6 4.7 80.6
(1:4) 5 91.1 35 82.5
10 91.2 3.1 83.3
N-Bz CHT 45.0 25 91.8 2.8 83.1
(1:4) 5 91.7 3.3 82.6
10 91.6 3.5 82.5
N-Np CHT 37.6 25 91.8 2.8 83.1
(1:4) 5 91.4 3.4 82.4
10 90.8 3.4 81.4
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Table 4.27 Effect of N-Alkyl/Aryl Q CHT derivatives treatment on appearance of cotton fabric

Sample DQ, % Conc in pad Indices

liquor, g/L Wi Yl Bl
Control - - 92.5 2.6 84.6
CHT - 2.5 90.9 3.3 81.6
5 90.8 3.4 81.4
10 90.5 4.7 80.6
TMCHT1 13.4 2.5 92.0 2.811 83.0
5 91.2 3.286 82.1
10 91.1 35 82.5
TMCHT 2 22.0 2.5 91.6 2.8 83.0
5 91.7 3.3 82.6
10 91.1 3.5 82.2
TMCHT 3 50.9 2.5 91.8 2.8 83.1
5 91.2 3.1 83.3
10 91.2 3.4 82.4
N-Et Q CHT 51.7 2.5 91.9 2.8 83.1
(1:2) 5 915 3.3 82.4
10 91.9 2.8 83.1
N-Bu Q CHT 47.5 2.5 92.2 2.6 83.3
(1:2) 5 92.0 2.6 83.0
10 91.8 2.8 83.0
N-Dod Q CHT 45.1 2.5 91.3 3.3 82.4
(1:4) 5 91.6 3.3 82.4
10 91.8 3.3 82.6
N-Bz Q CHT 41.4 2.5 92.3 2.6 83.1
(1:4) 5 92.1 2.6 82.7
10 92.0 2.9 82.7
N-Np Q CHT 40.0 2.5 92.2 2.7 83.3
(1:4) 5 91.8 3.3 82.6
10 91.1 3.3 82.1
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Figure 4.26 Effect of N-Sub CHT treatment on whiteness of cotton fabric
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Figure 4.27 Effect of N-Sub CHT treatment on yellowness of cotton fabric
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Figure 4.28 Effect of N-Sub CHT treatment on brightness of cotton fabric

It was observed from Table 4.26 and Table 4.27 that the appearance of the N-
substituted CHT and their quaternized derivatives were satisfactory. With increase in
concentrations of these derivatives, the appearance was very slightly affected and the
differences were nominal. Figures 4.26, 4.27 & 4.28 revealed that the indices were
decreased sharply due to CHT treatment and then improved due to N-substitution and

then further improved by quaternization.

4.3.3.2 Effect of N- substituted CHT treatment on stiffness of cotton fabric

Besides appearance, the appeal of cotton fabric is characterized by another
inherent quality i.e. handle or feel which is popularly known as ‘cotton-feel’. Treatment
of CHT on cotton fabric, as illustrated in chapter 2, was found to impart undesired
stiffness and impaired its handle. In order to sustain the inherent natural feel, the fabric
was treated with N- alkyl and N-aryl CHT and their quaternized derivatives. The effect of

chain length of N-alkyl substituent and the molecular size of N-aryl substituents on CHT
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on the performance of cotton in context to handle is presented in Table 4.28. Very slight
increase in stiffness was noticed due to the treatment of N-alkyl and N-aryl chitosan as
against the parent chitosan treated fabrics. With increase in chain length of alkyl
substituent the stiffness was gradually decreased indicating the improvement in handle.
Almost similar trend was noticed in case of N-aryl substituted CHT derivatives.
Quaternization of these N- substituted CHT derivatives, however, resulted into a slight
introduction of stiffness. In case of TMCHT derivatives, the bending length was
minimum at lower DQ and increased progressively with increase in DQ, nevertheless to a

very small extent.

Table 4.28 Effect of N- sub CHT treatment on stiffness of cotton fabric

Bending Length, cm
N-Alkyl/Aryl CHT treated fabric N-Alkyl/Aryl Q CHT treated fabric
Sample DS, % | Warp | Weft Sample DQ,% | Warp | Weft
Control - 2.05 1.68 | Control - 2.05 1.68
CHT - 3.70 2.74 | CHT - 3.70 2.74
TMCHT1 - - - TMCHT1 13.4 2.21 1.60
TMCHT?2 - - - TMCHT?2 22.0 2.32 1.70
TMCHT3 - - - TMCHTS3 50.9 2.49 1.85
N-Et CHT 45.5 2.46 1.70 | N-EtQ CHT 51.7 2.50 1.73
(1:2) (1:2)
N-Bu CHT 40.1 2.48 1.72 N-Bu Q 47.5 2.42 1.86
(1:2) CHT (1:2)
N-Dod 37.6 2.36 1.68 | N-Dod Q 45.1 2.54 1.76
CHT (1:4) CHT (1:4)
N-Bz CHT 45.0 2.32 162 |N-BzQCHT | 414 2.52 1.76
(1:4) (2:4)
N-Np CHT 37.6 2.38 1.60 | N-NpQ 40.0 2.32 1.60
(1:4) CHT (1:4)

Conc of CHT derivatives in pad liquor 10g/L

The reduction in stiffness may be ascribed to the lubricating action of long chain
hydrocarbon of alkyl group [2, 73] and also to the depolymerization of main CHT chain
during N- substitution and quaternization processes as observed from the fall in intrinsic
viscosity as discussed elaborately in proceeding chapter (Chapter 5). The feel of the

fabric, evaluated by finger inspection, was very satisfactory. The fabric smoothness was

Studies on applications of chitosan and synthesized chitosan derivatives in textile processing 243



improved with increase in molecular size of N-substituents. This may again attributed to

the softness effect of hydrocarbon side groups.

4.3.3.3 Effect of N-substituted CHT treatment on chlorine retention property

The appearance of cotton fabric treated with compounds containing free -NH-
groups such as aminoplasts, cationic softeners, amino silicones etc is severely affected
due to yellowness caused by chlorine retention. This property also of free -NH- group
containing compounds leads to tremendous loss in fibre strength, produces rancid/bad
odour and is toxic due to the formation of chloramines as shown in scheme 4.13. Since
chitosan belongs to polycation containing pendant amino groups which are sites for
chlorine retention. The object of N- modification, in part, in present work was to reduce
the chlorine retention problem. The process of yellowing, however, was a very slow. In
order to intensify the yellowness for faster evaluation, the samples were treated with
solution containing potassium iodide and acetic acid where in the formed chloarmie
reacts with acidic potassium iodide to liberate iodine as shown in scheme 4.14 [1]. Effect
of quaternization of N- substituted CHT on appearance and tensile strength of cotton
fabric due to chlorine retention is illustrated in Table 4.29 and graphically in Figure 4.29
and Figure 4.30.

NaOCl + H,O HOCI + NaOH

H H

\ \

/N—H 4+ HOC| ——— N—cCI

R R/

Chloramine

H\ Heat H\
2 N=Cl +HO0 ——=  N-H + 2Hcl + O,
R R

Scheme 4.13 Reactions involved in chlorine retention
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H H

\ H* \
2/N—C| + 4KI+ H O —— 2 /N—H + 2KCl 4+ 2KOH + 21,
R R

Chloramine

Scheme 4.14 Reaction of chloramine with potassium iodide

Table 4.29 Effect of different CHT and N- sub CHT derivatives treatment on chlorine retention
on cotton fabric

Sample Concin Yl Tenacity, g/tex
pad bath,
g/L Before After Before After Loss in
chlorine chlorine chlorine chlorine | strength

treatment | treatment | treatment | treatment (%)
Untreated - - - 23.33 21.18 9.22
cotton
Control - 2.6 2.9 20.87 18.63 10.73
CHT 1 3.3 7.0 20.48 17.48 14.63
CHT(N) 1 4.6 6.9 25.61 20.81 18.74
CHT-D5 10 5.7 94 22.08 16.74 24.18
CHT 10 4.7 9.0 21.77 15.64 28.16
TMCHT3 10 3.4 4.3 21.18 19.71 6.94
N-Et Q 10 2.9 45 21.68 20.16 7.01
CHT(1:2)
N-Bu Q 10 2.9 4.9 20.14 18.77 6.87
CHT(1:2)
N-Dod Q 10 3.3 5.1 21.36 19.69 7.81
CHT(1:4)
N-Bz Q 10 2.9 4.9 21.81 20.05 8.05
CHT(1:4)
N-Np Q 10 3.3 5.1 19.92 18.33 7.96
CHT(1:4)

CHT (N): Particle size 319.4nm, Mol wt: CHT-D5 =11986, CHT= 135,839, DQ (%): TMCHT1=13.4,
TMCHT2=22, TMCHT3= 50.9; DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q CHT (1:2) = 40.1/47.5, N-
Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT (1:4)= 44.9/41.4, N-Np Q CHT(1:4)= 37.6/40

The results shown in Table 4.29 and in Figures 4.29 & 4.30 clearly revealed that
the cotton fabric treated with different grades of CHT without N-modification was
susceptible to chlorine damage. With increase in concentration of CHT, the yellowness
problem and tensile strength losses were found to be increased. The change in molecular
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weight of chitosan showed some anomaly. The appearance of CHT-D5 (low mol wt
chitosan) was poorer than the CHT (high mol wt chitosan). This may be attributed to the
yellowness imparted to CHTD 5 during depolymerization process itself as observed from
Y.l. of CHTDS5 before chlorine treatment in the Figures 4.29. The reduction in particle
size e.g. CHT (N) showed greater susceptibility to chlorine damage than the normal CHT.
This was expected, because smaller particle sizes have greater reactivity and also
penetrate more in to the fibre structure leading to more proximity of fibre for such
degradation reactions. The N-substitution and quaternization of CHT were found to
overcome the chlorine retention problem substantially. The yellowness imparted and the
fibre strength losses were nominal. No definite trend was observed in context to the chain
length or molecular size of substituents. However, trimethyl chitosan derivative was
found to be somewhat more resistant to chlorine damage than the N-alkyl or N-aryl

quaternized CHT derivatives.
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Conc in pad bath 10 g/L, CHT (N): Particle size 319.4nm, Mol wt: CHT-D5 =11986,

CHT= 135,839, DQ (%): TMCHT1=13.4, TMCHT2=22, TMCHT3= 50.9; DS(%)/DQ(%): N-Et
QCHT=45.5/52, N- Bu Q CHT (1:2) = 40.1/47.5, N-Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT (1:4)=
44.9/41.4, N-Np Q CHT(1:4)= 37.6/40

Figure 4.29 Effect of N-Sub CHT treatment on yellowness of cotton fabric due to

chlorine retention
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Figure 4.30 Effect of N-Sub CHT treatment on fibre strength of cotton due to chlorine
retention

4.3.3.4 Effect of N- substituted CHT treatment on absorbency of cotton fabric
The absorbency of N-alkyl and N-aryl CHT and their quaternized derivatives
treated cotton fabric were measured by drop penetration method. The results are

presented in Table 4.30 and graphically in Figure 4.31.

Table 4.30 Effect of N-sub CHT treatment on absorbency of cotton fabric

N-Alkyl/Aryl CHT treated fabric N-Alkyl/Aryl Q CHT treated fabric
Sample DS, | Absorbency, Sample DQ, | Absorbency,

% Sec % Sec
Control - 4.0 Control - 4.0
CHT - 7.2 CHT - 7.2
TMCHT1 - - TMCHT1 13.4 7.0
TMCHT?2 - - TMCHT?2 22.0 6.4
TMCHT3 - - TMCHT3 50.9 5.8
N-Et CHT (1:2) 45.5 19.1 N-Et QCHT (1:2) 51.7 12.2
N-Bu CHT (1:2) 40.1 38.3 N-BuQCHT (1:2) | 475 20.2
N-Dod CHT (1:4) | 37.6 48.1 N-Dod QCHT(1:4) 45.1 27.7
N-Bz CHT (1:4) | 45.0 40.5 N-Bz QCHT(1:4) 41.4 24.0
N-Np CHT (1:4) 37.6 48.3 N-Np QCHT(1:4) 40.0 29.8

Conc of CHT derivatives in pad liquor 10g/L

Studies on applications of chitosan and synthesized chitosan derivatives in textile processing 247



(2]
o

(o)
o
1

Drop penetration time, Sec
= N w B
o o o o o
o

TMCHT1 TMCHT3 N-Alky/Aryl Q
treated o treated CHT treated
TMCHT2 N — Alky/Aryl

treated u CHT treated

m Control

CHT treated |

DQ (%): TMCHT1=13.4, TMCHT2=22, TMCHT3= 50.9; DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q
CHT (1:2) = 40.1/475, N-Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT (1:4)= 44.9/41.4, N-Np Q
CHT(1:4)= 37.6/40

Figure 4.31 Effect of N-sub CHT treatment on absorbency of cotton fabric

The absorbency was affected due to alkyl or aryl substituents and was decreased
with increase in molecular size of substituents. Quaternization of CHT and N-Sub CHT
derivatives was found to improve the absorbency of treated fabric substantially. In case of
TMCHT, the absorbency was increased progressively with increase in DQ. The
hydrophobicity imparted by N-alkyl or aryl groups was overcome by the quaternization
yet the effect due to hydrophobic substituents did persist. Quaternization results the
amino groups in to quaternary ammonium salts which are permanently in ionic form.
These cat ions can easily get surrounded by water molecules due to ion-dipole forces [22,

74] and thus increase the absorbency.

4.3.5.5 Effect of N- substituted CHT treatment on direct dyeing of cotton fabric
A significant improvement in dye uptake due chitosan treatment of cotton fabric

has been revealed in 2.3.13.1, chapter 2. The pendant amino groups of chitosan, however,
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are not completely in ionic form in neutral or alkaline bath. The cationic charge
on chitosan can only be developed when protonated, as in acidic medium. Cotton dyeing,
however, conventionally is carried out in alkaline dye baths and therefore complete
exhaustion of such dyes on chitosan treated fabric is not achieved. In view of this, a
permanent cationic charge with improved hydrophilicity on the chitosan macromolecule

was developed by quaternization protocol.

Table 4.31A Effect of N-sub CHT treatment on direct dyeing of cotton fabric

Sample Conc K/S values
in pad C. I. Direct Red 81 C. I. Direct Blue 71
“glljfr' Conventional | Salt free | Conventional | Salt free dye

dye bath dye bath dye bath bath

Control - 7.73 5.86 7.41 5.48
CHT 2.5 9.41 9.60
[22] [29]
5 10.16 10.81
[32] [46]

10 10.97 9.89 12.42 10.78
[42] [68]
TMCHT1 2.5 9.94 9.94
[29] [34]
5 10.86 11.58
[41] [56]

10 11.39 10.37 12.06 10.86
[48] [63]
TMCHT?2 2.5 10.63 10.14
[38] [37]
5 11.39 11.69
[48] [58]

10 12.01 11.29 12.28 11.42
[56] [66]
TMCHT3 25 11.47 10.58
[49] [43]
5 11.86 11.91
[54] [61]

10 12.40 11.90 12.73 11.97
[61] [72]

Dye 1% o.w.m, Values in brackets indicate the change in colour value from control
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Table 4.31B Effect of N-sub CHT treatment on direct dyeing of cotton fabric

Sample Conc K/S values
in pad C. I. Direct Red 81 C. I. Direct Blue 71
I|<;7Er, Conventional | Salt free | Conventional | Salt free dye

dye bath dye bath dye bath bath

Control - 7.73 5.86 7.41 5.48
N-Et 2.5 10.66 10.43
QCHT [38] [41]
(1:2) 5 11.01 11.84
[43] [60]

10 11.70 10.89 12.36 11.37
[52] [67]
N-Bu 2.5 9.86 10.36
QCHT [28] [40]
(1:2) 5 10.09 10.95
[31] [48]

10 10.39 10.08 11.03 10.19
[35] [49]
N-Dod Q 2.5 9.16 10.06
CHT (1:4) [19] [36]
5 10.01 10.51
[30] [42]

10 10.47 10.16 10.43 9.60
[36] [41]
N-Bz 2.5 9.32 9.77
QCHT [21] [32]
(1:4) 5 9.93 10.21
[29] [38]

10 10.63 10.31 10.51 9.72
[38] [42]
N-Np 2.5 9.55 9.77
QCHT [24] [32]
(1:4) 5 9.94 9.92
[29] [34]

10 10.16 9.86 10.21 9.45
[32] [38]

Dye: 1% o.w.m., Values in brackets indicate the change in colour value from control,

DQ (%): TMCHT1=13.4, TMCHT2=22, TMCHT3= 50.9; DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q
CHT (1:2) = 40.1/47.5, N-Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT (1:4)= 44.9/41.4, N-Np Q
CHT(1:4)=37.6/40
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Thus the effect of quaternized N- alkyl and N-aryl CHT derivatives on dyeing behaviour
of cotton fabric was studied. The effects of different N- modified chitosans treatment on
direct dyeing of cotton fabric, measured in terms of K/S, are shown in Table 4.31(A&B)
and graphically in the Figures 4.32 and 4.33 respectively; and their washing fastnesses

are presented in Table 4.32.
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Figure 4.32 Effect of N-sub CHT treatment on direct dyeing of cotton fabric

It was observed from Table 4.31(A & B) and corresponding Figure 4.32 and
Figure 4.33 that the dye uptake on cotton fabric for both the dyes increased with increase
in concentration of each CHT derivative treatment. The degree of quaternization also
influenced the dyeability of treated fabric. The dyeability was increased progressively
with DQ for TMCHT. However, for a given degree of substitution, the dye uptake was
declined with increase in alkyl chain length and aryl groups. As the quaternization
imparts permanent cations on CHT can establish ionic linkages with anionic groups on
direct dyes. Thus the synergistic effect of ionic linkages between quaternized CHT and
dye together with usual dye- fibre and Dye-TMCHT bonds such as H-bonds and other
physical forces showed the enhanced dye uptake for quaternized CHT derivative treated
fabrics.
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Figure 4.33 Effect of N-sub CHT treatment on direct dyeing of cotton fabric

With increase in chain length of N- alkyl substituent by methylene spacer and
molecular size of N-aryl substituent by benzene rings, hydrophobic barrier between the
dye and the fibre is created due to the bulkier side groups showing declined trend of dye
uptake. The effect of hydrophobicity was more prominently seen with N- Dod Q CHT
and N-Np Q CHT derivatives treated fabrics. The higher hydrophobicity due to these
derivatives treatment has also been verified from absorbency data from Table 4.30 or
Figure 4.31. The decreased dyeability due to hydrophobic substituents was overcome
with quaternization of the N- substituted CHT derivatives. Thus for lower N- substituted
CHT derivatives the dyeing was governed by degree of quaternization showing enhanced
dye uptake while for higher derivatives the dyeing was governed by two diverse
phenomena namely, one decreased dyeability due to bulkier substituents and second the
increased dyeability due to quaternary groups.

In order to understand the attributes of cations of quaternary ammonium groups
for enhanced dyeability, the dyeing results of salt free dye bath were compared with that
of conventional dye bath as illustrated in Table 4.31 (A&B) and in Figures 4.34, 4.35 and
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4.36. It was found that the difference in dye uptake (colour difference) between
conventional and salt free dye bath samples was sharply dropped due to quaternization
i.e. diminishing the role of electrolyte in dye bath in case of quaternized CHT treated
fabrics. Thus, according the theory of cotton dyeing [75] the fibre acquires -ve zeta
potential that is responsible for repulsion of anionic direct dyes. The added salt in dye
bath dissipates the -ve charge due the adsorption of inorganic +ve ions facilitating the
adsorption of direct dyes on fibre by virtue of its affinity. This phenomenon of charge
dissipation is now performed by cat ions of quaternized CHT derivatives. Thus these
cations serve two purposes i.e. the -ve charge dissipation on fibre surface and the

formation of salt linkages with dye.

14
C.1.Direct Red 81
12 A
10 A
o 81
X 6 -
4 4
2
0 .
S K >y ko N D = N RN
I S S S I AR A AP
C NP S e e S S
o © o o o
2 N I X
R M S
B Conventional dye bath @ Salt free dye bath

N-Alkyl/Aryl Q CHT in pad liquor 10 g/L, Dye (C. I. Direct Red 81) 1% o.w.m, DQ (%): TMCHT1=13.4,

TMCHT2=22, TMCHT3= 50.9; DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q CHT (1:2) = 40.1/47.5, N-

Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT (1:4)= 44.9/41.4, N-Np Q CHT(1:4)= 37.6/40

Figure 4.34 Effect of dye bath condition on direct dyeing of N-Sub CHT treated cotton
fabric
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TMCHT2=22, TMCHT3= 50.9; DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q CHT (1:2) = 40.1/47.5, N-
Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT (1:4)= 44.9/41.4, N-Np Q CHT(1:4)= 37.6/40
Figure 4.35 Effect of dye bath condition on direct dyeing of N-Sub CHT treated cotton
fabric
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Figure 4.36 Drop in colour value of salt free dyeing from conventional dye bath in direct
dyeing of N-Sub Q CHT treatment of cotton fabric
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The influence of quaternization of CHT and N-substituted CHT on washing
fastness of direct dyes is enumerated in Table 4.32. It was observed that the fastness was
slightly improved with increase in DQ of TMCHT treated samples but was again affected
due to N- alkyl chain length or N-aryl groups. The attachment of dye molecules to
quaternary ammonium groups on TMCHT is comparatively stronger due to their ionic
interaction and therefore is firmly retained by the TMCHT treated fibres. The
hydrophobic large side groups due to N- substitution weaken the attachments between
dye and quaternary groups due to pushing of dye away from the sites resulting into poor
fastness. The overall fastness washing, however, is determined by the simultaneous
effects of attachment of dye with the dye sites on fibre and CHT derivatives and the

interaction between the CHT derivative sand the fibre.

Table 4.32 Effect of N-sub CHT treatment on washing fastness of direct dyed cotton fabrics

Sample Conc Washing fastness ratings
inpad | C. 1. Direct Red 81 C. I. Direct Blue 71
b;t:’ Change in | Staining | Change in | Staining
Color Color
Control - 3 3 4-5 3-4
CHT 5 3 2-3 4-5 3-4
10 3-4 2-3 4-5 3-4
TMCHT1 5 3-4 3 4-5 3-4
10 3-4 3 4-5 3-4
TMCHT2 5 3-4 3-4 4-5 3-4
10 3-4 3-4 4-5 3-4
TMCHT3 5 4 3-4 4-5 4
10 4-5 3-4 4-5 4
N-Et QCHT 5 3-4 3 4-5 4
(1:2) 10 3-4 3 4-5 4
N-Bu QCHT 5 3 2-3 3-4 3-4
(1:2) 10 2-3 2-3 3-4 3-4
N-Dod QCHT 5 2 2-3 3 3-4
(1:4) 10 2 2 3 3-4
N-Bz QCHT 5 2-3 2-3 3-4 3-4
(1:4) 10 2-3 2-3 3-4 3-4
N-Np QCHT 5 2-3 2-3 3-4 3-4
(1:4) 10 2-3 2-3 3-4 3
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4.3.3.6 Effect of N- substituted chitosan treatment on colour depth of direct dyed cotton

fabric

It was observed from previous discussion that the N-substitution of CHT
treatment improved the handle of the fabric substantially. It is also anticipated that such
modifications play important role in on other properties of treated fabrics such as wrinkle
recovery, antibacterial and soil release and hence these products can be employed as a
textile finishing auxiliary. Treatment of N- modified chitosan, like parent chitosan as
discussed in chapter 2, can alter the colour value and fastness properties of dyed fabrics.
The effect of post dyeing treatment of different N- substituted CHT derivatives direct
dyed cotton fabric are presented in Table 4.33 and Table 4.34 and graphically in Figures
4.37 and 4.38. It was observed that the two dyes respond differently for the CHT
derivative treatments. The C.I. Direct Red 81dyed fabrics showed improved intensity of
colour than that of C.I. Direct Blue 71dyed samples. The colour depth of both the shades
was found to be increased with increase in concentration of CHT derivatives treatments.
The maximum intensity, in both the dyes, was observed when the dyed fabrics were
treated with TMCHT3. It means higher the degree of quaternization; the more will be the
shade darker. The apparent changes in shade may be attributed to the migration of dye
from fibre phase to CHT derivatives phase. The quaternary ammonium sites being
permanently cat ionic and responsible for hydrophilicity, can readily interact with anions
(-SO3 " groups) of dye. As the molecular size of substituent is increased the probability of
such interactions is lowered and hence the extent of migration of dye towards CHT
derivative layer is lowered. Further, the easily washable C.I. Direct Red 8ldye is
migrated to greater extent from fabric to CHT derivative layer during pad application and
then drying. The washing fastness of post dyeing CHT derivative treatment was found to
be slightly improved. This may be attributed to the complex formation between dye and

the CHT derivatives through salt linkages.
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Table 4.33 Effect of N-Sub CHT treatment on colour depth of direct dyed cotton fabrics
(Post dyeing treatment)

Sample Concin C.l. Direct Red 81 C.l. Direct Blue 71
pad liquor,
g/L K/S *Colour K/S *Colour
value change, % value change, %

Control - 6.59 - 7.29 -
(Dyed)
CHT 5 7.25 9 6.83 -7

10 7.54 14 7.31 3
TMCHT1 5 7.26 10 6.94 -5

10 7.53 14 7.52 3
TMCHT2 5 7.33 11 7.37 1

10 7.66 16 7.52 3
TMCHT3 5 7.46 13 7.61 3

10 7.65 16 7.67 5
N-Et QCHT 5 7.13 8 7.45 2
(1:2) 10 7.59 15 7.74 6
N-Bu QCHT 5 7.06 7 7.40 1
(1:2) 10 7.12 8 7.53 3
N-Dod QCHT 5 6.86 4 7.23 -1
(1:4) 10 7.06 7 7.45 2
N-Bz QCHT 5 6.98 6 7.15 -2
(1:4) 10 7.06 7 7.38 1
N-Np QCHT 5 6.93 5 7.16 -2
(1:4) 10 7.06 7 7.30 --

Dye 1% o.w.m, DQ (%): TMCHT1=13.4, TMCHT2=22, TMCHT3= 50.9; DS(%)/DQ(%): N-Et
QCHT=45.5/52, N- Bu Q CHT (1:2) = 40.1/47.5, N-Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT
(1:4)=44.9/41.4, N-Np Q CHT(1:4)= 37.6/40

*Colour change from dyed control sample
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Figure 4.37 Effect of N-Sub CHT treatment on colour depth of direct dyed cotton fabrics
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Figure 4.38 Effect of N-Sub Q CHT derivatives treatment on colour depth of direct dyed
cotton fabrics
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Table 4.34 Effect of N-sub CHT treatment on washing fastness of direct dyed cotton fabric

Sample Washing Fastness
Cl Direct Red 81 CI Direct Blue 71
Change | Staining | Change | Staining
in in
Colour Colour
Control 3 3 4-5 3
(Dyed)
CHT 3-4 2-3 4 4-5
TMCHT1 3-4 2-3 4 4
TMCHT2 3-4 3 4-5 4
TMCHT3 4-5 3-4 4-5 4-5
N-Et QCHT (1:2) 3 3 4 4
N-Bu QCHT (1:2) 3-4 3 4 4-5
N-Dod QCHT (1:4) 3-4 3 4-5 4
N-Bz QCHT (1:4) 3-4 3 4-5 4-5
N-Np QCHT (1:4) 3-4 3 4-5 4

Dye: 1% o.w.m, Conc of CHT derivatives in pad bath 10 g/L, DQ (%): TMCHT1=13.4, TMCHT2=22,
TMCHT3= 50.9; DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q CHT (1:2) = 40.1/47.5, N-Dod Q CHT
(1:4)=37.6/45.1, N-Bz Q CHT (1:4)= 44.9/41.4, N-Np Q CHT(1:4)= 37.6/40

4.3.3.7 Effect of N- substituted CHT treatment on acid dyeing

Attributing to cationic nature of CHT derivatives, the work was extended to
investigate the effect on dyeability of CHT derivatives treated cotton fabric towards acid
dye, which is non dyeable towards normal cotton. The results are presented in Table 4.35
and in Figure 4.39. It was revealed from these demonstrations that the CHT and
quaternized CHT derivatives treated cotton fabrics dyed substantially with C.l. Acid
Bluel158 as against only a tint on control. Since quaternary ammonium site of TMCHT
and quaternized N-Sub CHT should form ionic linkages with stoichiometric amount of
anionic acid dyes as illustrated by the scheme 4.15 in neutral dye bath. The CHT
derivatives treated fabric in acidic dye bath showed almost similar extent of exhaustion of
acid dye except little decline in higher derivatives. In acidic medium, besides quaternary
ammonium sites, almost all remaining amino groups are believed to get protonated and
therefore a similar dye uptake was observed as expected. Little decrease in dye uptake in
higher CHT derivative treated fabric may be due to the steric hindrance of bulkier side

groups. In neutral dye bath, the dyeing phenomenon follows the ion exchange reaction of
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scheme 4.15.Therefore a progressive increase in dye uptake corresponding to degree of

quaternization (stoichiometry) was observed.

CH; CH,
| _ | _ _

CHT.N'= CHy O + D803 Na ——» CHT-N— CHy D-507 + Na CI
|

I
CH; CH,

TWCHT Lieid dire TWCHT-Diyve Complex

Scheme 4.15 Reaction trimethyl chitosan ammonium chloride salt with acid dye

Table 4.35 Effect of N-Sub CHT treatment on dyeing with C.lI. Acid Blue158

Sample Conc in K/S Value
pad bath, Acidic Dye | Neutral Dye
g/L bath bath
Control - 0.38 0.37
CHT 5 2.10 0.79
10 3.83 1.57
TMCHT1 5 2.15 1.06
10 3.87 1.66
TMCHT?2 5 2.13 1.34
10 3.89 2.58
TMCHTS3 5 2.19 1.76
10 3.97 3.40
N-Et QCHT 5 2.08 1.17
(1:2) 10 3.78 2.97
N-BuQCHT 5 2.07 1.07
(1:2) 10 3.75 2.83
N-Dod QCHT 5 2.05 0.91
(1:4) 10 3.18 1.98
N-Bz QCHT 5 1.99 0.97
(1:4) 10 3.16 2.02
N-Np QCHT 5 1.98 0.85
(1:4) 10 2.97 1.94

Dye: 2% o.w.m, DQ(%): TMCHT1=13.4, TMCHT2=22, TMCHT3= 50.9; DS(%)/DQ(%):

N-Et

QCHT=45.5/52, N- Bu Q CHT (1:2) = 40.1/47.5, N-Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT

(1:4)= 44.9/41.4, N-Np Q CHT(1:4)= 37.6/40
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M Acidic dye bath M Neutral dye bath

Dye (C.I. Acid Bluel58) 2% o.w.m, Conc in pad bath 10 g/L, DQ (%): TMCHT1=13.4, TMCHT2=22,
TMCHT3= 50.9; DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q CHT (1:2) = 40.1/47.5, N-Dod Q CHT
(1:4)= 37.6/45.1, N-Bz Q CHT (1:4)= 44.9/41.4, N-Np Q CHT(1:4)= 37.6/40

Figure 4.39 Effect of N-Sub CHT treatment on dyeing with acid dye

4.3.3.8 Effect of N-substituted CHT treatment on wrinkle recovery properties of cotton

fabric

The chitosan treatment was found to impair the wrinkle recovery property of
cotton fabric. The problem of creasing was attributed, mostly, to surface coating of non
elastic stiff film that deform easily when pressed. Indeed, the wrinkle recovery property
governed is mainly by the cross linking phenomenon that is not taking place with/by
CHT treatment. In order to understand the influence of quaternization and N- substitution
of CHT by varying length of alkyl chain and molecular size of aryl groups to the
resiliency of cotton fabrics, the CRA of CHT derivative treated fabrics against
commercial cross linking agents was evaluated. The performances of these treated
samples are demonstrated in Table 4.36 and Table 4.37. It was observed from these tables
that the resiliency improved nevertheless did not reach the commercial requirements of
DMDHEU. Addition of commercial cross linking agents to the pad bath formulation is

recommended.
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Table 4.36 Wrinkle recovery property of N-sub CHT treated cotton fabric

Sample CRA’ of fabric
treated at:

50/L 10 g/L
CHT 140 125
TMCHT1 171 167
TMCHT2 172 175
TMCHT3 177 174
N-Et QCHT (1:2) 169 167
N-Bu QCHT (1:2) 172 175
N-Dod QCHT (1:4) 175 176
N-Bz QCHT (1:4) 167 166
N-Np QCHT (1:4) 164 161

CRA of Control: 161°, DQ (%): TMCHT1=13.4, TMCHT2=22, TMCHT3= 50.9;
DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q CHT (1:2) = 40.1/47.5,
N-Dod Q CHT (1:4) = 37.6/45.1, N-Bz Q CHT (1:4) = 44.9/41.4, N-Np Q CHT(1:4)= 37.6/40

Table 4.37 Wrinkle recovery property of DMDHEU treated cotton fabric

DMDHEU, g/L CRA’
Control 161

20 180

40 207

60 215

80 226

100 233

4.3.3.9 Effect of N- substituted CHT treatment on soiling behaviour of cotton fabric
Besides creasing tendency, the appeal of garments is also severely hampered due
to another phenomenon, namely soiling. It arises due deposition of different kinds of
undesired impurities termed as ‘soil’ through various agencies such as contact transfer,
medium transfer, electrostatic attraction etc as described in literature [73, 76-79]. Of the
particular concern with the oily soil that is most commonly observed, the oil forms a thin
film around individual fibre. This film leads to increased build-up with successive

soilings and serves as adhesive for particulate matter, thus greatly affecting the cloth
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appearance. The oily soil most often deposited on garments is human sebum which is a

complex mixture of lipids.

Table 3.38 Effect of different CHT and N- sub CHT treatment on soiling of cotton fabric

Sample N-Alkyl/Aryl CHT treated Sample N-Alkyl/Aryl Q CHT treated
fabric fabric
Initial Wit Soil Initial Wit Soil
wt (A), after retention, wt (A), after retention,
g soaping % g soaping %
(B). 9 B;AAxloo (B9 | B=A 100
Control 1.2949 | 1.3071 0.94 Control 1.2949 | 1.3071 0.94
CHT-D4 1.2653 | 1.2928 2.17 TMCHT 1 1.2553 | 1.2738 1.39
CHT 1.2611 | 1.2888 2.20 TMCHT 2 1.2388 | 1.2544 1.26
CHT-MC 1.3260 | 1.3562 2.28 TMCHT 3 1.2637 | 1.2756 0.94
N-Et CHT 1.2932 | 1.3217 2.20 N-Et Q 1.2680 | 1.2847 1.32
(1:2) CHT(1:2)
N-Bu CHT 1.2688 | 1.3029 2.69 N-Bu Q 1.2813 | 1.3054 1.88
(1:2) CHT (1:2)
N-Dod CHT | 1.2731 | 1.3101 2.93 N-Dod Q 1.2771 | 1.3050 2.19
(1:2) CHT(1:2)
N-Bz CHT 1.2589 | 1.2943 2.81 N-Bz Q 1.2689 | 1.2962 2.15
(1:4) CHT (1:4)
N-Np CHT 1.2813 | 1.3179 2.86 N-Np Q 1.2800 | 1.3066 2.05
(1:4) CHT (1:4)

Conc in pad bath 10 g/L, Mol wt: CHT-D4:20698, CHT: 135,839, CHT-MC: 654,127,

DQ (%): TMCHT1=13.4, TMCHT2=22, TMCHT3= 50.9; DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q
CHT (1:2) = 40.1/475, N-Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT (1:4)= 44.9/41.4, N-Np Q
CHT(1:4)= 37.6/40

Thus, in order to evaluate the performance of N-substituted CHT derivatives for
soil release properties, the CHT derivatives pretreated cotton fabrics were subjected to
soiling with olive oil, a major component of human sebum, and vacuum cleaner dirt.
Evaluations of S.R property performed both gravimetrically by determining percentage
soil take up and soil retention; and optically in terms of degree of soiling [56, 57] and
yellowness index (Y.l.) presented in Tables 4.38, 4.39 and 4.40 and graphically in
Figures 4.40, 4.41 and 4.42.

Of the various analytical techniques employed for the evaluation of soiling

tendency, the ‘soil retention’ characterized the actual amount of impurities (oil +
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particulate soil) remained gravimetrically on the fibre. The differences among these
values were very less. Hence only an apparent trend in the soiling behaviour was
determined. Since small changes in soil retention can greatly alter the optical appearance
both gravimetric and optical methods of evaluation were employed for the better

understanding of soiling behaviour of CHT derivatives treated cotton fabric.
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Conc in pad bath 10 g/L, Mol wt: CHT-D4:20698, CHT: 135,839, CHT-MC: 654,127,
DQ (%): TMCHT1=13.4, TMCHT2=22, TMCHT3= 50.9; DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q
CHT (1:2) = 40.1/47.5, N-Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT (1:4)= 44.9/41.4, N-Np Q
CHT(1:4)= 37.6/40
Figure 4.40 Effect of different chitosan and N- Sub CHT treatment on soiling of cotton
fabric
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Table 4.39 Effect of different CHT and N- sub CHT treatment on degree of soiling

Sample N-Alkyl/Aryl CHT treated Sample N-Alkyl/Aryl Q CHT treated
fabric fabric
(KIS)y (K/S)s | Degree of (KIS)y (K/S)s | Degree of
Unsoiled | Soiled Soiling Unsoiled | Soiled Soiling
(K/S)s- (K/S)s-
(KIS)y (KiS)y
Control 0.063 0.1852 0.122 Control 0.063 0.1852 0.122
CHT-D4 0.1464 | 0.4276 0.281 TMCHT 1 0.0937 | 0.2742 0.181
CHT 0.1476 | 0.4318 0.284 TMCHT 2 0.0846 | 0.2475 0.163
CHT-MC 0.1531 | 0.4478 0.295 TMCHT 3 0.0672 | 0.1943 0.127
N-Et CHT 0.1479 | 0.4328 0.285 N-EtQ 0.0885 | 0.2589 0.170
(1:2) CHT(1:2)
N-Bu CHT 0.1806 | 0.5184 0.348 N-Bu Q 0.1263 | 0.3696 0.243
(1:2) CHT (1:2)
N-Dod CHT | 0.1940 | 0.5676 0.374 N-Dod Q 0.1471 | 0.4303 0.283
(1:2) CHT(1:2)
N-Bz CHT 0.1866 | 0.5459 0.354 N-Bz Q 0.1445 | 0.4228 0.278
(1:4) CHT (1:4)
N-Np CHT 0.1905 | 0.5573 0.367 N-Np Q 0.1398 | 0.4091 0.269
(1:4) CHT (1:4)

Conc in pad bath 10 g/L, Mol wt: CHT-D4:20698, CHT: 135,839, CHT-MC: 654,127,
DQ (%): TMCHT1=13.4, TMCHT2=22, TMCHT3= 50.9; DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q
CHT (1:2) = 40.1/47.5, N-Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT (1:4)= 44.9/41.4, N-Np Q
CHT(1:4)= 37.6/40
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Figure 4.41 Effect of different CHT and N- sub CHT treatment on degree of soiling of
cotton
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Table 4.40 Effect of different N- sub CHT treatment on yellowness index

Sample N-Alkyl/Aryl CHT treated Sample N-Alkyl/Aryl Q CHT treated
fabric fabric
DS, % Yl Yl DS, % Yl Yl
Unsoiled Soiled Unsoiled Soiled
Control - 2.63 7.61 Control - 2.63 7.61
CHT-D4 - 4.90 14.31 TMCHT 1 - 3.49 10.24
CHT - 4.69 13.75 TMCHT 2 - 3.46 9.86
CHT-MC - 4.4 12.87 TMCHT 3 - 3.35 9.83
N-Et CHT 45.5 3.34 16.72 N-Et Q 455 2.85 10.48
(1:2) CHT(1:2)
N-Bu CHT 40.1 3.34 19.83 N-Bu Q 40.1 2.84 11.19
(1:2) CHT (1:2)
N-Dod CHT 37.6 3.07 22.91 N-Dod Q 37.6 3.26 14.65
(1:2) CHT(1:2)
N-Bz CHT 44.9 3.48 21.23 N-Bz Q 449 2.88 12.49
(1:4) CHT (1:4)
N-Np CHT 37.6 3.37 21.52 N-Np Q 37.6 3.28 12.66
(1:4) CHT (1:4)

Conc in pad bath 10 g/L, Mol wt: CHT-D4:20,698; CHT: 135,839; CHT-MC: 654,127; DQ (%):
TMCHT1=13.4, TMCHT2=22, TMCHT3=50.9; DS(%)/DQ(%): N-Et QCHT=45.5/52, N- Bu Q CHT (1:2)
= 40.1/47.5, N-Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT (1:4)= 44.9/41.4, N-Np Q CHT(1:4)= 37.6/40
It was observed from these results that the chitosan treated samples were soiled
greatly than the control one. The molecular weight of chitosan could show little influence
of the soil retention, which was increased slightly accordingly. The optical method
parameters such as degree of soiling and yellowness index were, however, maximum for
low molecular weight chitosan i.e. CHT-D4. This anomaly may be attributed to the
comparatively higher yellowness of CHT-D4 acquired during depolymerization of CHT.
It was further observed from these results that the soiling tendency of CHT derivative
treated samples was increased with increase in chain length or molecular size due to N-
alkyl or N-aryl substituents on chitosan. The quaternization of CHT and these N-
substituted CHT derivatives was found to improve the soil release properties. The most
pronounced effect was noticed with trimethyl chitosan derivative treated cotton fabrics.
The soil repellency or release property was progressively improved with increase in its

degree of quaternization. Also the soiling effect produced by N-alkyl or N-aryl groups
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was substantially overcome by the quaternization although the effect of molecular size of

substituents was sustained.
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CHT (1:2) = 40.1/475, N-Dod Q CHT (1:4)= 37.6/45.1, N-Bz Q CHT (1:4)= 44.9/41.4, N-Np Q
CHT(1:4)= 37.6/40

Figure 4.42 Effect of quaternized N- sub CHT treatment on yellowness index

The soiling tendency of chitosan may be attributed to its two inherent properties
namely the cationic nature and the lipid binding. Soil particulates being negatively
charged often get attracted towards positively charged surfaces. It has been well
documented that the chitosan macromolecules bind lipids to great extent [80-82]. The
interaction between chitosan and oil is not clearly known but it is believed that the
nucleophilic amino groups of chitosan can interact with electrophilic carbonyl carbon of
ester bridges in oils. The carbonyl carbons being weakly electrophile due to adjacent
electron releasing hydrocarbon chains, only weak forces of attraction between oil and
amino groups of chitosan is established. Other forces H- bonding between carbonyl
oxygen on oils and hydrogen of amino groups on chitosan; and obviously Van der Waal’s
forces may also contribute to the attachment of lipids onto chitosan.

When the hydrophobicity of chitosan was increased, as observed from Table 4.30,
by increasing the hydrocarbon chain length in alkyl group or by increasing the aromatic
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rings or hydrocarbon chain in aryl substituents, the possibility of polarization forces are
reduced due to these bulkier side groups and the hydrophobic -hydrophobic interaction
between N-alkyl or N-aryl and the hydrocarbon chains of oils is established. These
interactions are very much similar to the partial dissolution of hydrocarbon chain of oils
into hydrophobic groups of N-substituent on chitosan and vise versa due to similar forces
of attraction between them quantified by a terminology solubility parameter (5) [83] and
lead to fat binding. Quaternization of chitosan and N-substituted chitosan derivatives
converts the primary and secondary amines into permanent cations. These ions, due to
ion dipole forces, interact with surrounding water molecules in the washing bath and get
hydrated. The improved absorbency of cotton fabric treated with quaternized CHT and N-
substituted CHT derivatives can be seen from the Table 4.30. This improved
hydrophilicity facilitates the removal of soil as explained by Erik Kissa’s mechanism
[84]. According to this, the particulate soil is removed from fibres by a two step process.
First, a thin layer of wash liquor penetrates between the particle and the fibre surface,
enabling surfactants to adsorb onto particle surface as shown in Figure 4.43. Then, the
particle becomes solvated and is transported away from the fibre and into the bulk of the
wash liquid by mechanical action. Thus the modification of chitosan by N-alkyl or N-aryl
substitution for the enhanced/improved handle and antibacterial was needed to be
compromised with poor soil release property. The quaternization of these derivatives
improved the hydrophilicity of treated fabric and also the soil release properties, yet the
discrepancy due to hydrophobic substituents still persist. An extensive research in this

domain is in demand.

Surfactant
ail

particle

oil
particle

Soil
particle

R
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Figure 4.43 Release of particulate soil from fibre surface
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4.3.3.10 Effect of N- substituted CHT treatment on resistance against microorganism
of cotton fabric

As discussed in previous chapters, chitosan was found to exhibit antibacterial
activity and was improved when scaled down to nano level and in conjunction with nano
silver. The CHT, however, has poor solubility at neutral and therefore is almost inactive
or weakly active [27]. In fact, the objective of the chitosan derivatives synthesis was to
enhance such intrinsic property of chitosan. Thus the effect of quaternization and N- alkyl
and N-aryl substituents of varying molecular size (hydrophobicity) on resistance to

microbial attack on cotton fabric substrate was evaluated through soil burial test.

Table 4.41A Effect of different N- Alkyl/Aryl CHT treatment on resistance against microbial
attack of cotton fabric (soil burial test)

Sample DS, Tenacity, Strength Elongation at
% g/tex loss, % break, %

Before After Before After
soil soil soil soil

burial burial burial burial

Untreated cotton - 23.33 18.98 18.65 5.25 3.50

fabric

Control - 20.87 18.08 22.50 5.00 3.50
CHT - 21.77 18.64 14.36 4.50 3.75
N-Et CHT (1:2) 45.5 21.96 18.96 13.67 5.00 4.00
N-Bu CHT (1:2) 40.1 21.08 18.25 13.44 4.75 450
N-Dod CHT(1:4) | 37.6 21.88 19.61 10.36 5.25 4.50
N-Bz: CHT (1:4) | 449 | 22.01 19.53 11.29 5.00 5.00
N-Np: CHT (1:4) | 37.6 20.53 18.31 10.83 5.00 4.75

Conc in pad bath 10 g/L
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Table 4.41B Effect of different N- Alkyl/Aryl Q CHT treatment on resistance against microbial
attack of cotton fabric (soil burial test)

Sample DQ, Tenacity Strength Elongation, %
% gm/tex loss, %

Before After Before | Before
soil soil soil soil

burial burial burial burial
Untreated cotton - 23.33 18.98 18.65 5.25 3.50

fabric

Control - 20.87 18.08 22.50 5.00 3.50
CHT - 21.77 18.64 14.36 4,50 3.75
TMCHT1 13.4 21.38 18.41 13.88 4.75 4.00
TMCHT2 22 21.81 18.88 13.42 5.00 4.00
TMCHT3 50.9 21.18 18.54 12.47 4,50 4.00
N-Et QCHT (1:2) 52 21.68 19.12 11.83 4,50 4.00
N-BuQCHT (1:2) | 475 20.14 18.30 9.16 5.25 4.00
N-DodQCHT(1:4) | 45.1 21.36 19.47 8.87 5.00 3.75
N-Bz QCHT (1:4) | 41.4 21.81 19.80 9.22 4.75 4.00
N-NpQCHT (1:4) 40 19.92 18.19 8.86 5.25 4.00

Conc in pad bath 10 g/L
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Figure 4.44 Effect different N- sub CHT treatments on resistance against microbial attack of
cotton fabric (soil burial test)
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It was observed from Tables 4.41 (A &B) and Figure 4.44 that with increase in
degree of quaternization the resistance to microbial attack increased. The results revealed
that the long chain alkyl group i.e. dodecyl chain and aromatic substituents were more
effective than the CHT and quaternary ammonium CHT derivatives for almost same level
of DS. When these N-substituted CHT derivatives were quaternized, the resistance to
microbial attack enhanced. Microbial attack of cellulolytic microflora in a composted soil
bed is considered to be the most rigorous and extremely varying depending upon the
presence of type of microbes present and the conditions [85]. The action of quaternary
ammonium group and the alkyl substituents of CHT on bacteria is associated with the
interaction with their cell wall of bacteria [23, 27, 58]. The cell wall is a complex
structure and for most of the microbes it is composed of lipopolysaccharide and/or
peptidoglycan both having an ionic groups due to phosphates, carboxylates, N-
acetylmuramic acid etc that can interact with poly cations of CHT derivatives due to
quaternary salts. The chelent effect of quaternary salts on divalent cations present on cell
wall also contributes to disrupt the integrity of the membrane. In fact, the better
antibacterial of quaternary salts cannot rely only on charge density because at acid
medium the CHT chain is almost protonated. It is also necessary to consider the degree of
ionization and the chain conformation [46]. The chain conformation of quaternized CHT
is flexible due to comparatively weaker repulsive forces among quaternary groups than
CHT amino groups, which facilitates the interaction with bacteria cell envelope.

The antibacterial property imparted due to the introduction of large hydrophobic
moiety on amine group of CHT may be ascribed to the hydrophobic affinity between
alkyl chain and phospholipids of bacterial membrane [23, 27, 43, 44, 58]. The
phospholipids of bacterial cytoplasmic membrane, besides hydrophilic anionic groups,
contain long chain hydrophobic ends of fatty acid tails with carbon number of 12 to 20.
Thus, the cationic charge due to quaternized group, hydrophobicity and flexible
conformation were found to be important factors in enhancing the antibacterial activity.

The encouraging results of N-substitution and quaternization of CHT for
antimicrobial activity on undyed cotton fabric inspired to extend the work on dyed

fabrics. The performance of quaternized and N- substituted quaternized CHT derivatives
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on dyed cotton fabric for antimicrobial property is presented in Tables 4.42 (A&B) and
Figures 4.45 and 4.46.

It was observed from these results that the undyed and dyed blank treated cotton
fabrics degraded to maximum extent due to microbial attack. The strength losses were
somewhat higher side in dyed fabrics. The influence of post dyeing treatment of N- alkyl
and N-aryl CHT derivatives on microbial attack were found to be nominal where as the
post dyeing treatment of CHT and quaternized CHT derivatives showed somewhat
deprecation to microbial resistance. The strength losses due to dyeing were more
prominent in TMCHT and N-Et Q CHT treated fabric, particularly, on blue dyed fabrics.

Table 4.42A Effect of different N- Alkyl/Aryl CHT treatment on resistance against microbial
attack of dyed cotton fabric (soil burial test)

Sample DS, C.1. Direct Blue 71 C. I. Direct Red 81
% Tenacity, Strength Tenacity, Strength
g/tex loss, % g/tex loss, %
Before After Before After
soil soil soil soil
burial burial burial burial
Untreated - 22.68 18.32 19.33 22.73 18.42 18.96
dyed fabric
Control - 20.66 15.89 23.08 20.81 16.14 22.43
(Dyed- blank
treated)
CHT - 21.59 18.06 16.33 21.14 17.95 17.04
N-Et CHT 4554 | 21.87 19.02 12.81 21.69 18.84 13.16
(1:2)
N-Bu CHT 40.13 | 22.11 19.19 13.22 21.35 18.61 13.62
(1:2)
N-Dod 37.63 | 21.64 19.33 10.88 22.23 19.27 11.29
CHT(1:4)
N-Bz CHT 4489 | 21.89 19.50 10.92 20.96 18.59 11.33
(1:4)
N-Np CHT 3757 | 2211 19.84 10.26 21.29 19.08 10.38
(1:4)

Dye 1% o.w.m, Conc of CHT derivatives in pad liquor 10g/L
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Table 4.42B Effect of different N- Alkyl/Aryl QCHT treatment on resistance against microbial
attack of dyed cotton fabric (soil burial test)

Sample DQ, C. I. Direct Blue 71 C.1. Direct Red 81
% Tenacity, g/tex Strength Tenacity, g/tex Strength
Before After loss, % Before After loss, %
soil soil soil soil

burial burial burial burial
Untreated - 22.68 18.32 19.33 22.73 18.42 18.96
dyed fabric
Control - 20.66 15.89 23.08 20.81 16.14 22.43
(Dyed- blank
treated)
CHT - 21.59 18.06 16.33 21.14 17.95 17.04
TMCHT1 13.41 21.35 18.28 14.38 21.12 18.02 14.68
TMCHT2 22.43 21.66 18.60 14.12 21.33 18.38 13.85

TMCHT3 50.92 20.88 18.03 13.64 21.08 18.25 13.42

N-Et QCHT 51.72 22.19 19.19 12.52 21.64 18.94 12.47

(1:2)

N-Bu QCHT | 47.46 21.49 19.01 11.56 21.96 19.68 10.37
(1:2)

N-Dod 45.00 20.93 19.14 08.56 21.48 19.41 9.63
QCHT(1:4)

N-BzQCHT 41.44 21.72 19.57 10.11 22.18 19.65 11.39
(1:4)
N-NpQCHT 39.96 22.06 19.92 9.69 21.89 19.62 10.36
(1:4)
Dye 1% o.w.m, Conc of CHT derivatives in pad liquor 10g/L

The detrimental effect of dyed fabrics to microbial resistance of quaternized CHT
derivatives may be attributed to the neutralization of positive charges with anionic
sulphonate groups on direct dyes. Presence of more number of -SO3™ groups in C. I.
Direct Blue 71 than that of red dye, as observed from chemical structures shown in Table
4.1, may be the decline in effectiveness of blue dyed fabric to the microbial resistance.
The antibacterial property N- sub Q CHT derivatives on dyed fabrics was yet sustained,

Figures 4.45 and 4.46, due to N- alkyl or N-aryl substituents and also to the presence of

Studies on applications of chitosan and synthesized chitosan derivatives in textile processing 273



excessively large number of cations on Q CHT derivative molecules than the sulphonate
anions on dye molecule.
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Figure 4.45 Effect different N- Alky//Aryl CHT treatments on resistance against
microbial attack of dyed cotton fabric (soil burial test)
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Figure 4.46 Effect different quaternized N- sub CHT treatment on resistance against
microbial attack of dyed cotton fabric (soil burial test)
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CHAPTER 5
APPLICATION OF CHITOSAN AND ITS DERIVATIVES IN
COMMERCIAL WATER PROCESSING AND EFFLUENT
TREATMENT

5.1 INTRODUCTION

Plentiful supply of good quality water is indispensable for textile wet processing industry.
Various unit operations of textiles such as sizing, desizing, scouring, bleaching,
mercerizing, dyeing, printing and finishing etc consume and then discharge large quantity
of water. Water is not only a vehicle to carry or fix the chemicals and dyes, but it is the
medium for processing. It is an excellent wetting agent, and a best solvent for various
dyes and chemicals. Textile processing related industries such as dyestuff manufacturing,
chemicals & auxiliaries manufacturing etc are also of same concern. Other major
applications of water include steam generation and cooling. Canteens and toilets also use
considerable quantities. Besides, storage of large quantities of water is essential for fire
fighting [1].

Textile wet processing operations produce high volumes of effluents waste water
of varying composition. It contains various inorganic, organic and biological
contaminants such as dyes, salts, alkali, mineral and organic acids, oils, solvents,
surfactants, sequestering agents, oxidizing and reducing agents, polymers, silicones,
formaldehyde based products and heavy metal ions etc that are of environmental
significance contributing aquatic toxicity. It is, therefore, extremely essential that the
environmental problems associated with industrial developments are properly addressed
for sustainability. With the adoption of Water Act, all the industries including process

houses have in theory the obligation to treat their effluent in order to reach pollution
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concentrations respecting the minimum acceptable standards laid down by the State
Pollution Control Boards [2, 3].

Conventionally, the treatment of waste water is based on physico-chemical
treatment followed by biological treatment. The waste water is collected in sump well
and from where it is continuously taken up in to equalizing basin to neutralize
quantitative irregularities. The waste water from equalization basin is treated with lime
and ferrous sulphate for coagulation. The agglomerated flocculated material along with
waste water enters into primary clarifier. The colloidal material along with some
inorganics is removed here by sedimentation. The precipitated material comes out as
sludge slurry and is finally dried up on sludge drying beds. The clarified liquid enters into
activated sludge basin and is treated by acclimatized micro-organisms. The treated
effluent from activated sludge basin is passed through a secondary clarifier to settle waste
sludge. The sludge slurry is sent to sludge drying bed for disposal. The clear treated
effluent from secondary clarifier passes through drain which finally disposes into the
river [1, 2].

The discharged effluent after primary and secondary treatments, however, is
extremely high with dissolved solids (3000 to 13000 ppm) containing Ca*?, Mg*?, Na*
and various heavy metal ions. In order to control the pollution load in streams (river,
ground percolation or sea) it is best way to recycle the effluent back into processing
operations. Here the effluent after conventional treatment is passed through the sand
filters and carbon filters after disinfection by chlorine. The hardness of water is reduced
in ion exchanger by passing it through polystyrene resin beds. After passing through ultra
filtration plant, water is then taken through reverse osmosis (RO) plant which reduces the
TDS[1, 4].

The water employed for various wet processing operations is now days largely
obtained from underground source which is accompanied with various heavy metal ions.
The recycled water from effluent discharge also contributes to these impurities due to the
inefficiency of conventional ETPs to remove such traces of metal ions. The presence of
these ions, even in ppm level, can have detrimental effects on processes like enzymatic

desizing, hydrogen peroxide stability and its bleaching action, shade of dyes etc [5-7].
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When these heavy metals and their compounds are discharged into streams like river, soil

etc through industrial waste and sewage cause severe health and environmental problems.

Table 5.1 Characterization of river water and textile effluent

Metal ions Observed effluent Permissible limits for metal
composition, mg/L content(mg/L) in water used for:
Textile Drinking
processing
*Textile | **Kasardi | The textile | IS: 10500[13] | WHO[12]
effluent River [12] | institute[1]
water [11]

Arsenic (As) - - - 0.05 -
Cadmium (Cd) | 0.5 10.8-21.3 |- 0.01 0.01
Chromium 1.5(Cr®) [147-234 |- 0.05 0.05
(Cr)
Copper (Cu) 3.62 31.9-77 0.01 0.05 0.05/0.10
Iron (Fe) 6.42 6.0 -8.8 0.3 0.3 0.30
Mercury (Hg) - - - 0.001 -
Nickel (Ni) 0.4 5.6-12.7 - 0.02 0.1
Lead (Pb) 0.37 19.7-46.3 | 0.01 0.05 0.05
Total Hardness | - - 70 300 -
(as CaCO3)
Calcium (Ca) 1500 - - 75 -
Magnesium - - - 30 -
(Mg)
Manganese 54 - 0.05 0.1 -
(Mn)
Zinc (Zn) 1.0 8.3-21.5 - 5 55

* Textile industry effluent collected from Coimbatore in Tamil Nadu, India, from Ref no 11,
**Kasardi River is flowing along Taloja industrial area of Mumbai, India from Ref no 12

Heavy metals ions like cadmium, chromium, nickel, arsenic and other hexavalent metal

ions are carcinogenic. Lead can cause damage to human nervous system, impair 1Q, brain
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damage, kidney failure etc. Its acute lethal dose to human is 300-700 mg/kg. Mercury can
cause brain damage and kidney failure or developing fetuses. Several disasters of metal
poisoning have been recorded from time to time and led to a large number of human
casualties [8-10]. The metal contamination discharged water and the permissible limit for
such heavy metals in water used for drinking purpose and textile processing unit
operations is given in Table 5.1. Removal of such heavy metal ions from supply water or
effluent water has become prime requirement for green environment.

The adverse effect of these metal ions can be suppressed by following two
techniques. One, by scavenging the metal ions with sequestering agents such as ethylene
diamine tetra acetic acid (EDTA), diethylene triamine penta acetic acid (DTPA), nitrilo
triacetic acid (NTA) etc or by precipitating /coagulating metal ions as salts alternatively
reduced as metallic form. They can be separated from the liquid phase by filtration,
settling, centrifuging or electro deposition [1, 10, 14]. Various natural products such as
wood bark and clay [15], rice hull, cotton fibres, bamboo pulp, peanut skin etc and
chitosan have been found to remove metal cations from the streams [16-19]. In the first
method, the empty d-orbital of metal ions are supplied with electrons donated by organic
ligands through coordinate linkages. The metal ions, in this method, are not actually
removed from the bath but are inactivated. Such chelating agents can be incorporated in
processing bath, e.g., in dyeing of textiles. Such bound metals, however, tend to exhaust
onto fabric and/or discharge with the waste water [20]. The detrimental effects on
environment of first route however still persist due to existence of metal ions in
discharged water, while the metal ions are removed from discharged water by second
route and therefore the is less hazardous to environment. As a sorbent in water processing
a versatile biopolymer chitosan has gained wider attention due its high sorption capacity
for metal ions and various classes of dyes such as disperse, direct, reactive, anionic, vat,
sulphur and naphthols [21, 22]. Studies pertaining to efficient removal of dyes from
textile effluent using chitosan is reported [3, 23, 24].

The application potential of chitosan and its derivatives for the recovery of
valuable metals or the treatment of contaminated effluents is well reviewed by Alves and
Mano [25] and Jaykumar et al. [26]. Mehdinejad et al. [27] examined the chitosan in

conjunction with aluminum sulphate (alum) as coagulant on removal of turbidity and
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bacteria from turbid water. They reported the turbidity removal efficiency of about 75-
98% at pH range 7-7.5. In addition; chitosan significantly reduced the required doses of
primary coagulant 50-87% and complete bacteria reduction within first 1-2 h treatment.
The main effects of coagulation by chitosan on bacteria were enmeshment
(entanglement) and stack on the microbial cell surface.

The mechanism by which metal ions are bound by chitosan probably involves
attachment of these ions to -NH, groups. Because of these differences, it may be suitable
for scavenging important heavy metal ions and complexes that cannot be adequately
treated by other natural polymers [28, 29]. Guibal et el [30] suggested a surface control
mechanism, indicating a monolayer sorption with interaction between the sorbed
molecules and heterogeneous distribution of sorption energies. Karthikeyan et.al [31]
studied the dynamics and equilibrium sorption of Zn (1) on to chitosan. They observed
maximum of six minutes were required for complete sorption of Zn ions by chitosan
obeying the Freundlich and Langmuir isotherms. The co-ions like Fe(lll), Cu(ll) and
Cr(VI) were observed to inhibit the adsorption rate significantly. Nomanbhay and
Palanisamy [32] used chitosan coated oil palm shell charcoal for the adsorption of
chromium ions from water. They reported maximum adsorption of Cr ions on chitosan
coated acid treated beads followed by chitosan coated beads. Bioconversion of highly
toxic Cr(VI) into Cr(lll) was also observed, which is essential in human nutrition
especially in glucose metabolism. The recovery of precious metals such as silver, gold
and platinum group metals is always attracting considerable attention due to the
increasing industrial and domestic need and limiting sources. Chang and Chen [33]
isolated/recovered Au (I11) ions from water on monodisperse chitosan coated with FezO4
nanoparticles. They found that the gold ions could be fast and efficiently adsorbed, and
the adsorption capacity increased with the decrease in pH due to the protonation of amino

groups of chitosan. Adsorption data obeyed Langmuir isotherm.

In order to increase the density of sorption sites, to change the pH range for metal
sorption and to change the sorption sites in order to increase sorption selectivity for the
target metal new functional groups are incorporated into chitosan. Usually, the sorption
behaviour of the derivatives follows the same the trend as raw chitosan. The grafting of

carboxylic functions has frequently been regarded as an interesting process for increasing
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the sorption properties of chitosan. Caboxymethyl chitosan have been prepared by
reaction of chitosan with chloroacetic acid in propanol. Usually, the aim of these
modifications is to design chelating derivatives for the sorption of metal cations [34-36].
Inoue et al have developed number of chitosan derivatives bearing carboxylic and amine
groups by grafting EDTA by reaction of EDTA anhydride with chitosan [37]. The
grafting of sulphur compounds on chitosan has been the subject of many studies for the
design of chelating chitosan-based resins. These derivatives can be obtained by direct
reaction of chitosan with carbon di sulphide to obtain dithiocarbamate chitosan [38].
These sulphur derivatives have been successfully tested for the recovery of mercury and
the uptake of precious metals, owing to the chelating affinity of sulphur compounds for
metal ions. Sulphonic groups have been also grafted on chitosan to improve sorption
capacity for metal ions in acidic solutions [39]. Abdel Mohdy et al [40] introduced
diethyl amino ethyl methacrylate (DEAEMA) groups onto chitosan backbone through
radiation grafting and studied the chelation property of grafted derivative on copper, zinc
and cobalt ions. They reported that the extent metal ions uptake by chitosan-DEAEMA
derivative was preferentially higher for copper ions followed by zinc and cobalt ions.

Thus, attributing to the presence of large number of electrons donating amino and
hydroxyl groups, chitosan exhibits metal ion binding property through co ordinate
linkage. Further, with due respect to these functional groups, chitosan can lend itself to
modify for the incorporation of tailor made functional groups for enhanced metal binding
power. The present work was aimed at investigating the chelation property of chitosan
and trimethyl chitosan chloride derivative. Chitosans of varying molecular weights were
selected for this study. The chelation behaviour of nano chitosan dispersion obtained by
gel ionization with pentasodium tripolyphosphate (TPP) was also investigated. The study
was primarily performed on chelation of calcium ions (Ca™") for its ease of analysis. The
most popular volumetric evaluation method by titration with standard Na,EDTA was
employed for the Ca™ estimation. Study included the effect of molecular weight of
chitosan, effect of concentration and effect of duration on chelation of metal ions. Similar
study was conducted with copper ions. Besides volumetric analysis, gravimetric analysis
and flame atomic mass spectroscopy were employed for characterization. Due to

presence of above mentioned functional groups, chitosan has high affinity for different
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classes of dyes. The work was extended to study the removal efficiency of chitosan for
acid and direct dyes. The quantitative evaluation was based on optical method governing

the Beer Lamberts law using spectrophotometer.

5.2 MATERIALS AND METHODS
5.2.1 Fabric

100% grey cotton fabric (warp and weft count 40s) was procured from Mafatlal
Industries Ltd, Nadiad, Gujarat State and scoured/ bleached fabric as described in section
2.2.1(chapter 2).

5.2.2 Dyes and chemicals
The details of various dyes and chemicals employed in present research

investigation are given in Table 5.2.

Table 5.2 Specifications of various dyes and chemicals

Sr. | Name and Supplier Specifications
No

1. | C.1.Direct Red 81 NaOESAQN:N@N:N SO
Colourtex Industries Ltd, o

Guijarat State, India.

e Mol wt. 675.6

2. ClI Direct Yellow 44
Colourtex Industries Ltd,

HaC |'|'| |'|'i
N.. N
- | Jéf IR OW
Guijarat State, India. Naoas\g,hlq" o] N7 \(IOO&
H

e Mol wt 634.53

Colourtex Industries Ltd,

N
Guijarat State, India. D N

e Mol wt 495.45

3. | C.I. Acid Blue 158 NaO3S O OH OH SOsH
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4, C.l. Reactive Red 152
Colourtex Industries Ltd,
Guijarat State, India.

SOaNa
H” H
=
H N.H
NaOaS
o, O
_H
CIANJ\N OH ';4,
”
Na0sS S0aNa

e Mol wt 1572.12

5. C.l. Reactive Blue 25
Colourtex Industries Ltd,
Guijarat State, India.

(SO3zH)4 3
[ CuPc (SOCH4LCY 1 5

(SOoNH2)1 2

6. Chitosan

CHT MC (Marine
Chemicals, Cochin,
Kerala)

CHT (Mahtani
Chitosan Pvt. Ltd.,
Veraval, Gujarat)
CHT-D3(Synthesized
by depolymerization
of CHT as per method
in section 2.2.4,
chapter 2)

TMCHT1 &TMCHT3
(Quaternized
derivative synthesized
from CHT as per
method described in
section 4.2.3, chapter
4)

CHTN4 & CHTN5
(Syntheised from CHT
as per method
described insection

DAC: 89.03%, Molecular weight: 654,127
Viscosity: 180 cPs

DAC: 90%, Molecular weight: 135,839;
Viscosity: 22 cPs

Molecular weight: 38,733

Degree of quaternization:
TMCHT1:13.41% and TMCHT3: 50.92

Particle size:
CHTNA4: 408.73 nm and CHTN5: 534.2
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3.2.5, chapter 3)

7. Activated Charcoal Particle Size: 300 nm,
S. D. Fine-Chem Ltd.,Thane, Methylene Blue Adsorption (0.15% Solution) 270
Maharastra State mg/g

Other reagents like disodium salt of ethylene diamine tetraacetic acid
(Na,EDTA), tetrasodium salt of ethylene diamine tetraacetic acid (Na4,EDTA), sodium
thiosulphate (Na;S,03), potassium iodide (KI), sodium hydroxide (NaOH), soda ash
(Na,C0O3), sodium sulphate (Na,SO,), sodium silicate (Na,SiO,), Calcium chloride
(CaCl,), copper sulphate (CuS0O4.5H20), hydrogen peroxide (H,0O,), dimethyl
formamide (DMF), N-Methyl 2-pyrolidone (NMP) [C4HsN(CH3)O] etc used were of
analytical grade obtained Qualikem Fine Chemicals Pvt Ltd, Vadodara. Double distilled
water was employed for all synthesis and analytical purposes. Anionic detergent (Ezee)

was obtained from Godrej Consumers Products Ltd, Mumbai.

5.2.3 Hydrogen peroxide bleaching of cotton fabric

Scoured cotton fabric was treated with solution containing hydrogen peroxide
(30%) 10 g/L, soda ash 10 g/L sodium silicate 10 g/L, detergent 1 g/L at about 85 °C for
60 minutes. The material-to-liquor ratio was maintained at 1:30. After bleaching was

over, the fabric was given hot wash at 80 °C for 20 minutes and then rinsed.

5.2.4 Dyeing with direct dyes

The same method was employed as described in section 2.2.7, chapter 2.

5.2.5 Treatment of water containing calcium ions with chitosan derivatives

A stock solution of calcium chloride corresponding to Ca*? ions concentration of
2500 mg/L was prepared by dissolving CaCl, (10 g) in distilled water (1000 ml) in a
volumetric flask. After mixing the chitosan (1g) with distilled water was acidified with
acetic acid (1.5 ml/L) to dissolve the chitosan and then mixed with 100 ml of calcium
chloride stock solution. The solution was diluted to about 950 ml, allowed react for

required time and then treated with few drops of 10% sodium hydroxide solution to
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precipitate out the chitosan and the diluted to 1000 ml. The solution was the filtered and
the filtrate was analyzed for Ca*? ions content by EDTA titrimetric method. A blank
titration of solution containing 100 ml of stock solution of calcium chloride diluted to
1000 ml with distilled water (corresponding to Ca*? ions concentration of 250 mg/L) was

also conducted for the evaluation of initial concentration of calcium ions.

5.2.6 Treatment of water containing Cu(ll) ions with chitosan derivatives

A stock solution of 15 g/L of CuSO4.5H,0 was prepared in presence of 0.5 g/L
sulphuric acid to get a clear solution. After mixing the chitosan (1g) with distilled water
was acidified with acetic acid (1.5 ml/L) to dissolve the chitosan and then mixed with 100
ml of Copper sulphate stock solution. The solution was diluted to about 950 ml, allowed
react for required time and then treated with few drops of 10% sodium hydroxide solution
to precipitate out the chitosan and the diluted to 1000 ml. The solution was the filtered
and the filtrate was analysed for Cu(ll) ions content iodometrically. A blank titration of
solution containing 100 ml of stock solution of sulphate diluted to 1000 ml with distilled
water (corresponding to Cu(ll) ions concentration of 394.32 mg/L) was also conducted

for the evaluation of initial concentration of Cu(ll)ions.

5.2.7 Treatment of dye waste water (effluent) with chitosan derivatives

Required amount of dye stock solution (to set final concentration of 25 mg/L of
dye) was taken in a 1000 ml volumetric flask and 1g chitosan was added and diluted to
the mark. Stirred gradually for required dwell time and filtered. The filtrate was analysed
spectrometrically for the dye content. In case of acidic medium, 1g predissolved chitosan
in 100ml water containing 1.5 ml acetic acid was added in dye solution and diluted to
about 900 ml. Stirred well and after a dwell time of treatment; the system was neutralized
by adding few drops of 10% sodium hydroxide solution to precipitate out the chitosan.

The solution was made to 1L and filtered. The filtrate was analysed for dye content.
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5.2.8 FTIR analysis
FTIR of chitosan and metal ion-chitosan complex samples were determined using

described in section 2.2.11, chapter 2

5.2.9 Atomic Absorption Spectroscopy

This method is applicable for the determination of various heavy metal such as
copper, chromium, lead, nickel etc. Presence of metal ions in treated solution and on
adsorbent was determined by using Varien AA140/240/280 atomic absorption
spectrophotometer in air-acetylene flame at Pollucon laboratories Pvt Ltd, Surat. The
standard method employed for the examination was AAS-APHA (Edition 21, 2005)
3111B.

5.2.10 Determination calcium ions in water by EDTA titrimetric method

Exactly 50 ml of aliquot/sample was taken in conical flask and made alkaline by
addition of 2ml of 1N NaOH solution into it. A pinch (0.1- 0.2 g) of Eriochrome Black T
was the added into above solution to produce red wine colour. The solution in conical
flask was then immediately titrated with 0.02N Na,EDTA till the purple or bluish colour
is produced. Calcium ions content was determined using equation (5.1) and the chelation
efficiency from equations (5.2) and (5.3) [41].

Calcium content, mg/L (as Ca*?) = mi of EDTA titrant ><1_><10.00 X0.40 (5.1)
ml of sampletaken for titration

[1 ml of 0.02N EDTA = 1 ml of CaCO3]

Chelation efficiency in terms of sorption of

I, -1
. _ = °M i (5.2)
Ca’“ions by chitosan (mg/g)

Chelation efficiency in terms of Ca** ions =1,—1, (5.3)

removal from water (mg/L)

Where, Iy is the initial concentration (mg/L) of Ca*™ ions and I¢ is the concentration

(mg/L) of Ca*? ions in treated water. M is the concentration of chitosan (g/L).
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5.2.11 Measurement of pH of liquor
The pH of solution was determined using pocket size pH meter (Hanna
Instruments, Model HI96107)

5.2.12 lodometric method for determination of Cu(ll) ions

100 ml aliquot (sample solution) was taken in a conical flask and mixed with 10
ml of 10% liquor ammonia to obtain a dark blue colour. The solution was then
neutralized with acetic acid; a slight excess acid was added, followed by 2 g of potassium
iodide. The flask was placed in dark for about 15 minutes for complete liberation of free
iodine and the solution then titrated against 0.1N sodium thiosulphate using starch
indicator. Ammonium thiocyanate (2 g in 10 ml water) was then added and titration
continued. The amount of Cu(ll) present in the given solution can be calculated from the
equation (5.4) and the chelation efficiency from equations (5.5) and (5.6) [41].

Cu(ll) ions content, mg/L = AX6'3\?X1OOO (5.4)

Where, A is the ml of 0.1N Na,S,0; titrant (burette reading) and

V is the ml of sample of sample taken for titration (100 ml)

Chelation efficiency in terms of sorption _ -1 (5.5)
of Cu(ll) ions by chitosan (mg/g) M '

Chelation efficiency in terms of

—le (5.6)
copper ions removal from water (mg/L)

Where, 1, is the initial concentration (mg/L) of Cu(ll) ions and Ir is the

concentration(mg/L) of Cu(ll) ions in treated water. M is the concentration of chitosan
(g/L).

5.2.13 Gravimatric analysis of adsorbent-metal complex
The recovered precipitate after washing thoroughly with distilled water was
collected in ash less filter paper (Whatman Filter Paper No 41). The precipitate along
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with the filter paper taken in accurately weighed silica crucible was incinerated in muffle
furnace (Tempo Instruments & Equipments (P) Ltd, Mumbai, Model No 502) at 800 °C
for 5 h. The weight of crucible containing ash was taken for the calculation of ash
content.

The ash was mixed with 1-2 drops of concentrated sulphuric acid, dissolved in
distilled water and diluted to 1L. The aliquot was analysed for Cu (Il) content

iodometrically as described in section 5.2.13.

5.2.14 Purification and strength determination of direct and acid dyes

Commercial grade anionic dye (i.e. direct dye or acid dye) was mixed with
dimethyl formamide (DMF) at 60°C to dissolve the dye portion leaving the inorganic
additive undissolved. The solution was filtered through filter paper (Whatman Filter
Paper No 41, pore size 0.45um) and the filtrate was subjected to oven drying at 130°C to
evaporate the solvent. The purified dye was used for testing and for spectrophotometric
analysis to prepare calibration curve. To prepare calibration curve, a stock solution of dye
(1000 mg/L) was prepared by dissolving 100 mg of dye in 100 ml distilled water. This
solution was used for preparation of dye solutions of different concentrations namely 10,
20, 30, 40 50 mg/L etc. by dilution. The optical densities (absorbance) ware measured on
visible spectrometer (Systronics visible spectro 105). Before analyzing the dye solution,
the absorbance was set to zero for water. The linear plot of absorbance (optical density)

versus concentration was used to determine the concentration of dye in solutions.

5.3. RESULTS AND DISCUSSION
5.3.1 Chelation study with calcium ions

Calcium in water is mostly present as salts such as chloride, sulphate, bisulphate,
bicarbonate etc. Its presence in water is highly essential to human health especially for
the growth of bone. However, the excess of it causes detrimental effects on kidneys. The
presence of calcium ions together with magnesium ions imparts hardness to water.
Excess presence of salts of such alkaline earth metals is undesired in various industrial

operations. Boilers, heat exchangers and similar industrial plants frequently become
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scaled up with insoluble deposits derived from water hardness salts such as calcium

sulphate, carbonate or phosphate and seriously affect their efficiency [1, 41].

CaCl, content in C.l1.Direct C.l. Direct
dye bath, mg/L Red 81 Yellow 44

Control

50

100

1000

5000

Dye 1% o.w.m
Figure 5.1 Effect of calcium ions in dyebath on colour value of direct dyed cotton fabric

The presence of excess amount of such ions is also undesirable in water used in
textile processing. The scaly structure of wool fibre affords room for the deposition of
calcium soaps formed with hard water. This imparts harshness to the fibre. Hard water
increases the breakage of silk reeling. Surface characteristics raw silk such as colour and
lustre are also affected due to the deposition of calcium salts when degumming is carried
out in hard water. Presence of calcium ions and other heavy metal ions in water is highly

detrimental in the production of rayon. In the manufacture of low ash content rayon, the
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water of practically zero ppm hardness is the prime requirement [42]. Calcium ions form
insoluble salts with fatty acid soaps and hence impair the detergency power of soaps.
Subsequently these insoluble complexes are firmly retained on the fibre surface thus
affecting the performance of the scoured material. These deposits act as barrier for dye
penetration and produce patchy dyeings [1, 43]. Several dyes have shown anomalous
behaviour in presence of calcium and magnesium ions. Hard water is especially
detrimental to vat dyeing operations often produces off shades and patchy dyeings.
Calcium ions cause agglomeration of disperse dyes due to complex formation of
dispersing agent present with dyes. This problem is often found with dark shades such as
coffee (Coralene Brown 3BS), Navy blue (C.I. Disperse Blue 79), black etc in low MLR
dyeing machines. The detrimental effect of calcium ions, for example, on the dyeing of
C.1.Direct Red 81 and C.1. Direct Yellow 44 is illustrated in Figure 5.1 and in Table 5.3.

Table 5.3 Effect of calcium ions content in dyebath on colour value of direct dyed cotton fabric

CaCl, C.1. Direct Red 81 C.I. Direct Yellow 44
content in K/S Value of colour Look K/S Value of colour Look
dyebath, spacing coordinate spacing coordinate
mg/L a b a b
Control 9.00 46.34 11.76, Bright 5.35 2.33 74.55 Bright
(100) (100)
50 8.49 45.76 10.02, Bright | 5.08 1.71 74.54 Bright
(94) (95)
100 8.46 43.63 10.27 Bright | 4.88 1.73 73.89 Dull
(94) (88)
1000 7.84 38.89 8.72 Bright 411 1.87 73.55 Dull
(87) (77)
5000 4,50 32.74 4.63 Dull 3.12 1.88 73.03 Dull
(50) (58)

Dye 1% o.w.m, Values in parentheses indicate colour strength in percentage
a= Redder, -a = Greener; b= Yellower, -b= Bluer

Most of the hard water is conventionally softened by ion exchange method,
wherein calcium (and magnesium) ions are exchanged with sodium ions. This is
commonly referred as ‘Cation exchange softening’ or ‘Zeolite softening’. The effluent

which is discharged into streams is mostly subjected to ‘lime-soda softening’ treatment
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[1, 42]. However, the fresh and recycled water used for textile processing such as
scouring & bleaching, dyeing, printing etc containing calcium and other water hardening
ions is treated with sequestering or chelating agents such as EDTA, NTA or phosphate
compounds. Here the metallic ions are not removed from the bath but are inactivated by
the reaction with chelating agent and prevent their deleterious effects on fabrics [5, 44].
In order to get an idea of the chelation property of chitosan in its different forms as listed
in Table 5.4 were examined and their performance was compared with tetra sodium salt
of ethylene diamine tetra acetic acid (Na;EDTA).

Table 5.4 Chitosan derivatives employed for chelation study

Sample Chemical Name Properties
DAC, | Molecular | Particle Degree of
% weight size, quaternization,
nm %
CHT-MC | Chitosan 89.03 654,127 - -
CHT Chitosan 90 135,839 4014 -
CHT-D3 | Chitosan 90 38,733 - -
CHTN4 Nano-chitosan - 135,839 408.73 -
CHTN5 Nano-chitosan - 135,839 534.2 -
TMCHT1 Trim(.ethyl chitosan i i i 13.41
chloride
TMCHT3 Trim(_ethyl chitosan i i i 50.92
chloride

5.3.1.1 Characterization and mechanism of chelation of calcium ions on chitosan

The structural changes in chitosan after on Ca*? ions adsorption was studied using
FTIR spectra. Chitosan in acidic medium was treated with calcium chloride for a known
reaction time and then recovered by sodium hydroxide precipitation. The residue was
washed thoroughly with distilled water until neutral and then oven dried and analysed for
FTIR spectrometry. The FTIR spectra so taken of CHT and CHT-Ca complex (chelated

residue) are shown in Figures 5.2.
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Figure 5.2 FTIR spectra of CHT and CHT-Ca complex residues: (a) CHT,
(b) CHT-Ca, treatment time, 24h and (c) CHT-Ca, treatment time 96h

The FTIR spectrum of parent chitosan, Figure 5.2(a), shows the characteristic
broad band at wave numbers 3355, 3284cm™ are mainly attributed to O-H, NH and NH,
stretch and the absorption peak at 2874 cm™ is due to the C - H symmetrical and
unsymmetrical stretch. The absorption band at 1651 cm™ is assigned to C=0 (carbonyl)
stretching of secondary (amide 1) amide bond/group, which is characteristic of N-acetyl
group and the medium peak at 1585 cm™ is due to bending vibrations of N-H of amide 11
bond (N-acetyl residue) and the primary amine. Another medium absorption peak at 1374
cm™ characterizes the N-H of amide 111 bonds. A strong absorption peak at 1025 cm™ is
due to primary hydroxyl group, characteristic peak of -CH,OH in primary alcohols,
arised from C-H stretching [45-48]. Spectra (b) and (c) show progressive modifications
in absorption peaks due to complex formation with Ca*? ions. The broadening of the peak
at 3355 cm™ and progressive reduction of peak at wave number at 1025cm™ indicate the
involvements of amino and hydroxyl groups in the scavenging of the calcium ions.
Prolong treatment (96h) results in changes in amide | (1651 cm™) and amide 11 (1585 cm”
1y and amide 111 (1374 cm™) peaks characterizes interactions of these groups with calcium
ions. Thus in general, the chelation of calcium with chitosan is effected due the lone pair
of electrons donation from hydroxyl and unprotonated amino groups of chitosan. The

possible reaction of chelation can be illustrated by scheme 5.1. A similar kind of
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interaction of oxygen and nitrogen of EDTA with calcium ions through the donation of

lone pair of electrons is shown in scheme 5.2.

CH, B o
CH
CI)H H CIO \O 2 Ny o
~ CH, O HO NH | H
o) H o H HO M
Ho\_1 H ° & H NG \OH
H NH' : HZC\ © \E /
OH a
H/O\H
Chitosan Ca*-Chitosan complex

Scheme 5.1 Chelation of calcium ions by chitosan

"00CCH,\ [ ﬁ‘b

) /N XCHECU]_ cat T.N
OOCCH, _LN - D/l; O’E},Qolo
/

CH,CO0

0
(EDTA*) (CaEDTA®)

Scheme 5.2 Chelation of calcium ions by EDTA

5.3.1.2 Effect of structural modification of chitosan on chelation of calcium ions

The binding of calcium ions to chelating agents is normally effected through ionic
linkages or semi polar (coordinate) linkages [49]. The chelation property of chitosan may
be attributed the electron donating property of nitrogen and oxygen atoms present in its
structure. Thus the structural aspects of chitosan which get influenced by factors like
degree of deacetylation, molecular weight, chemical modifications etc is believed to
influence its metal binding property. Chelation efficiency of chitosan derivatives for

calcium ions, as a function treatment time, in terms of residual ions in water determined
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using equation 5.1 is shown Table 5.5 and in terms of sorption by chitosan derivatives,

determined using equation 5.2, is shown in Table 5.5 in graphically in Figure 5.3.

Table 5.5 Effect of chelation time on residual Ca* ions in water

Treatment Residual Ca*? ions content (I, mg/L) in water treatment with :
time Na,EDTA CHT-MC CHT CHT-D3 | TMCHT3
15 mins 143.60 229.76 229.20 221.76 244.00
30 mins 143.20 208.00 203.60 192.80 243.60
45 mins 142.20 193.36 186.40 183.60 242.16
60 mins 142.00 186.93 181.60 178.41 242.00
2h 142.00 179.20 177.20 177.04 241.84
3h 141.76 177.84 176.80 176.8 241.60
4h 141.76 177.60 176.80 176.8 241.20
6h 141.76 177.20 176.40 176.56 241.20
24 h 140.40 173.10 175.20 176.60 240.80
48 h 140.32 171.60 176.00 176.40 239.44
72h 140.00 165.60 176.4 176.48 237.76

Initial conc of calcium ions in water was (lg) 250 mg/L, pH 3.5, conc of chelating agent 1g/L
Mol wt of chitosan grades: CHT-MC=654,127; CHT=135,839; CHT-D2=71, 676; CHT-D3=38,733;
DQ of TMCHT3: 50.92%

Table 5.6 Effect of treatment time on extent of chelation of Ca*® ions by different chelating

agents
Tret?rtT:r;ent Chelated Ca* ions (mg/g) from water treated with:
Na,EDTA CHT-MC CHT CHT-D3 TMCHT3
15 min 106.40 20.24 20.8 28.24 6.00
30 min 106.80 42.00 46.4 57.20 6.40
45 min 107.80 56.64 63.6 66.40 7.84
60 min 108.00 63.03 68.4 71.59 8.00
2h 108.00 70.80 72.8 72.96 8.16
3h 108.24 72.16 73.2 73.20 8.40
4h 108.24 72.40 73.2 73.20 8.80
6h 108.24 72.80 73.6 73.44 8.80
24 h 109.60 76.90 74.8 73.40 9.20
48 h 109.68 78.40 74.0 73.60 10.56
72h 110.76 84.40 73.6 73.52 12.24

Conc of chelating agent 1g/L, Initial conc of calcium ions in water (lp) was250 mg/L, pH 3.5
Mol wt of chitosan grades: CHT-MC=654,127, CHT=135,839; CHT-D2=71,676;
CHT-D3=38,733; DQ of TMCHT3=50.92%
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The chelation efficiency of EDTA, as observed from Table 5.6 (Figure 5.3), was
maximum and attained the equilibrium rapidly. Prolong treatment showed negligible or
very slight improvement in further removal of calcium ions indicating the saturation of
chelation. In case of chitosan, the scavenging process was slower and was somewhat
influenced by its molecular weight. At the onset and for the first 60 minutes of treatment,
the rate of chelation was slightly higher for low molecular weight chitosan. It means, for
the first 60 minutes of treatment, low molecular weight chitosan (CHT-D3) was more
effective. When the treatment was continued for 2 to 4 hrs, the calcium ion sorption was
almost of same level for different molecular weight chitosans. With increase in molecular
weight of chitosan (CHT-MC), the rate of sorption of calcium ions was slowed down but
the absolute adsorption after prolong treatment (>6 h) was higher and the equilibrium was
not reached even after 96 hrs of treatment. Thus, the influence of molecular weight of
chitosan seems to be slightly more pronounced on the rate of sorption rather than on
absolute sorption of calcium ions. TMCHT3 i.e. quaternized chitosan derivative was
found to be ineffective in chelation property.

A substantially higher chelation capacity of EDTA may be attributed to the
combined effect of ionic linkages of calcium cations with anionic carboxylate groups and
the coordinate bonds with amino groups as shown in scheme 5.2. The electrostatic
attraction between EDTA and calcium ions and their high mobility may be the driving
force for the attachments. Chitosan, on the other hand, is a polymeric material having
rigid conformation. When dissolved in water in presence of acid, most of the amino
groups are protonated and therefore are incapable of bonding with calcium cations. The
only possible route of interaction is through hydroxyl groups and/or N-acetyl groups.
Further, these polycationic macromolecules in solutions are mostly swollen entangled
bunches exposing very small surface area and hence provide less ligands for interaction

with metal ions. The chitosan molecules, therefore, are slower in chelation than EDTA.
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Conc of chelating agent 1g/L, Mol wt of chitosan grades: CHT-MC=654,127, CHT=135,839, CHT-
D2=71,676, CHT-D3=38,733.DQ of TMCHT3: 50.92%

Figure 5.3 Effect of treatment time on extent of chelation of Ca*? ions by different chelating
agents

The extent of accessible interactive part of the ligands is determined by the
physical state of macromolecules in solvent which in turn is determined by its molecular
size and hence the molecular weight. Low molecular weight chitosans (CHT-D3) in
solution are comparatively more discrete and extended due to less intra and
intermolecular forces and thus provide more surface area for chelation reactions and
therefore shows enhanced rate of sorption. Conversely, high molecular weight chitosan
(CHT-MC) molecules in solution are more entangled and provide fewer sites for
interaction and hence results in to low rate of sorption. On prolong treatment, large sized
chitosan molecules under go depolymerization due to hydrolysis and/or disentanglement
[50, 51] leading to uncovering of sites and continued chelation without reaching the
equilibrium. Results of trimethyl chloride (TMCHT3) were discouraging. This may be
ascribed to the absence of free amino groups for coordination with metal ions and also to

the presence of bulkier methyl groups acting as barrier for diffusion of metal ions.
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Another reason for retarded entry of metal cations into quaternized chitosan may be the

presence of permanent cations causing the ionic repulsion.

5.3.1.3 Effect of concentration of chitosan derivatives on chelation of calcium ions

Another important parameter that influences the sorption of metal ions is the
concentration of chelating agent. However the concentration of chitosan is believed to
alter the chain conformation and/or physical state in solution and also the viscosity, as
discussed in chapter 2. Further the aqueous behaviour of chitosan solution was found to
be governed by storage period. These properties may be responsible for the extent of
chelating sites/ligands available for metal binding. Thus, in order to understand chelation
behaviour of chitosans, the effect of concentration of different molecular weights of
chitosans for short (1h) and long duration (24 h) on sorption calcium ions were studied.
The corresponding results determined using equation 5.1 for 1 h and 24 h treatments for
the residual Ca*? ions in treated water are shown in Table 5.7 and Table 5.9 respectively.
And the effect of concentration on chelation efficiency in terms of Ca** ions removal
from treated water, determined using equation 5.3, is presented in Table 5.8 and Table
5.10 and graphically in Figure 5.4 and Figure 5.5 respectively.

Table 5.7 Residual Ca**ions content in treated water as a function of concentration of chelating
agent for 1h treatment

Conc, Residual Ca** ions content in water (I, mg/L) after
g/L treatment with:
Na,EDTA CHT-MC CHT CHT-D3
0.25 223.20 234.40 233.20 236.61
0.50 195.60 218.16 215.36 216.52
0.75 168.80 203.07 198.40 196.37
1.00 142.00 186.93 181.60 178.41
1.25 116.80 173.76 164.00 161.57
1.50 86.56 161.20 150.56 141.29
1.75 60.80 148.16 138.00 125.44
2.00 35.20 142.64 128.40 107.64

Mol wt of chitosan grades: CHT-MC=654,127, CHT=135,839, CHT-D3=38,733,
Initial concentration of Ca*?ions in liquor was (15)250 mg/L, pH 3.5, Treatment time 1h
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Table 5.8 Effect of concentration of chelating agents on the extent of removal of Ca*? ions for 1h

treatment
Conc, | Ca*ions, mg/L, removed from water treated with:
o/L
Na,EDTA | CHT-MC CHT CHT-D3
0.25 26.80 15.60 16.80 13.39
(10.7) (6.2) 6.7) (5.4)
0.50 54.40 31.84 34.64 33.48
(21.8) (12.7) (13.9) (13.4)
0.75 81.20 46.93 51.60 53.63
(32.5) (18.8) (20.6) (21.5)
1.00 108.00 63.03 68.40 71.59
(43.2) (25.2) (27.4) (28.6)
125 133.20 76.33 86.00 88.43
(53.3) (30.5) (34.4) (35.4)
150 163.44 88.91 99.44 108.71
' (65.4) (35.6) (39.8) (43.5)
175 189.20 101.85 112.00 124.56
(75.7) (40.7) (44.8) (49.8)
900 214.80 107.25 121.60 142.36
(85.9) (42.9) (48.6) (56.9)

Mol wt of chitosan grades: CHT-MC=654,127, CHT=135,839, CHT- D3=38,733, Initial conc of Ca ions
in liquor was (15)250 mg/L, pH 3.5, Values in parenthesis indicate chelation efficiency in terms of %
removal

250

200 A

150 A
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50 1

Chelation efficiency, mg/L

\4 \4 N
S S )
I\ \e) N
N3 N

——EDTA -#CHT-MC —4-CHT —CHT-D3

Mol wt of chitosan grades: CHT-MC=654,127; CHT=135,839; CHT-D3=38,733
Figure 5.4 Effect of concentration of chelating agents on the extent of removal of Ca
ions for 1h treatment
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agent for 24h treatment

Conc, Residual Ca*? ions content in water (Ig, mg/L) after
g/L treatment with:
Na,EDTA | CHT-MC CHT CHT-D3
0.25 222.58 231.21 230.93 232.32
0.50 195.52 211.55 212.22 213.26
0.75 167.94 191.93 193.12 195.17
1.00 140.40 173.10 175.20 176.60
1.25 112.78 151.92 156.48 158.27
1.50 85.41 130.04 135.56 139.82
1.75 58.36 106.35 115.17 120.75
2.00 30.87 75.90 92.62 105.84

Table 5.9 Residual Ca*™ ions content in treated water as a function of concentration of chelating

Mol wt of chitosan grades: CHT-MC=654,127; CHT=135,839; CHT-D3=38,733,
Initial conc of Ca*? ions in liquor was (I) 250 mg/L, pH 3.5

Table 5.10 Effect of concentration of chelating agents on the extent of removal of Ca*? ions for

24h treatment
Conc, Ca*?ions, mg/L, removed from water treated with:
g/L
Na,EDTA CHT-MC CHT CHT-D3
0.25 27.42 18.79 19.07 17.68
(10.9) (7.5) (7.6) (7.1)
0.50 54.48 38.45 37.78 36.74
(21.8) (15.4) (15.1) (14.7)
0.75 82.06 58.07 56.88 54.83
(32.8) (23.2) (22.8) (21.9)
1.00 109.60 76.90 74.80 73.40
(43.8) (30.8) (29.9) (29.4)
1.25 137.22 98.08 93.52 91.73
(54.9) (39.2) (37.4) (36.7)
1.50 164.59 119.96 114.44 110.18
(65.8) (48.0) (45.8) (44.1)
1.75 191.64 143.65 134.83 129.25
(76.7) (57.5) (53.9) (51.7)
2.00 219.13 173.10 157.38 144.16
(87.7) (69.2) (62.9) (57.7)

Mol wt of chitosan grades: CHT-MC=654,127; CHT=135,839; D3=38,733; Initial conc of Ca ions in
liquor was (15)250 mg/L, pH 3.5, Values in parenthesis indicate chelation efficiency in terms of % removal
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Mol wt of chitosan grades: CHT-MC=654,127; CHT=135,839; CHT- D3=38,733
Figure 5.5 Effect of concentration of chelating agents on the extent of removal of Ca*? ions for
24h treatment

It was observed from Table 5.8 and Table 5.10 (Figure 5.4 and Figure 5.5) that
the sorption curve for EDTA followed linearity with respect to concentration and almost
same level of chelation efficacy observed for both the durations of treatment. The
sorption of calcium ions was found to be increased with increase in concentration of
chitosan derivatives. The chelation behaviour of chitosan derivatives, however, was
observed to be anomalous in context to molecular weight of chitosan and duration of
treatment. In first hour of treatment or for short treatment of time as depicted in Figure
5.4, the sorption curve for low molecular weight chitosan (CHT-D3) was also almost
linear. In case of high molecular weight chitosans, some deviations in sorption capacity
were noticed at higher concentrations. The efficiency of Ca*? removal was found to be
reduced at higher concentration which was more prominent in CHT-MC. Further, it was
observed that the chelation efficiency decreased with increase in the molecular weight of
chitosan i.e. in the order of CHT-D3>CHT>CHT-MC. On prolong treatment i.e. when
the treatment was extended to 24 h, as demonstrated in Figure 5.5, the chelation
behaviour of chitosan was significantly altered particularly for high molecular weight

chitosans. The sorption behaviour of low molecular weight chitosan (CHT-D3) was not
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much influenced except slight improvement in it but behaviour was entirely changed
when the molecular weight was increased. A slightly upward trend in sorption of metal
ions from water was noticed when the concentrations of high molecular weight chitosans
were increased. The order in degree of sorption by chitosan with respect to molecular
weight was, however, reversed as against short duration of treatment. The extent of
sorption of calcium ions now increased with increase in molecular weight i.e. in the order
of CHT-MC>CHT>CHT-D3.

Low molecular weight chitosans (CHT-D3) in solution are comparatively more
free and extended due to less intra and intermolecular forces and thus provide more
surface area for chelation reactions and therefore shows enhanced sorption. High
molecular weight chitosan (CHT-MC) molecules in solution, on the other hand, are more
entangled due to overlapping of macromolecules and therefore provide fewer sites for
interaction resulting in to decreased sorption. On prolong treatment, high molecular
weight chitosans may under go depolymerization due to hydrolysis and/or
disentanglement [50, 51] leading to uncovering of sites for chelation. In all cases,
increase in concentration obviously leads to increased sites and the chelation extent.
Studies related to viscosity behaviour in chapter 2 revealed that the high molecular
weight chitosans, during the short duration of treatments, are still in aggregated state due
to entanglement and overlapping at increased concentration may contribute to reduced
chelation.

5.3.1.4 Effect of pH on chelation of calcium ions

Aqueous dissolution of chitosan is accomplished with the protonation of amino
groups on polymer macromolecule by the added acid. The amount of added acid and
hence the pH of the solution is believed to determine the extent of protonation of amino
groups of chitosan and also the physical state of chitosan in solution. In order to study the
effect of pH on chelation efficiency of CHT, three sets of series of CHT in calcium
chloride systems were prepared. In first set of series (pH 3.5), the system was acidified
with sufficient quantity of acetic acid (1.5 ml/L) to ensure complete dissolution of CHT.
In second set of series (pH 5.5), the system was acidified with only an optimum amount

of acetic acid (0.7 ml/L) for dissolution of CHT. The systems, after the dwell time, were
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neutralized with concentrated sodium hydroxide solution to precipitate out the CHT- Ca
complex and the supernant liquors were analysed for calcium ions content. Third set of
series was heterogeneous where in the CHT was treated with calcium chloride solution at
neutral pH. The residual Ca*? ions present in treated water, determined using equation
5.1, at different pH is illustrated in Table 5.11 and the effect of pH of the solution on the
chelation efficiency of CHT (determined using equation 5.2) is presented in Table 5.12
and graphically in Figure 5.6.

It was observed that the chelation efficiency of CHT was maximum at pH 5.5
followed by at pH 3.5. The chelation efficiency of undissolved CHT i.e. at neutral pH
was found to be meager or almost negligible. Since the attachment of calcium ions with
chitosan is possible through the co-ordinate bonds by the donation of lone pair of
electrons of amino, acetamido and hydroxyl groups. However, in highly acidic medium
i.e. at pH 3.5 most of the amino groups are believed to be protonated and their
involvement in such bond formation is less probable. In this situation the scavenging of

calcium ions would be attributed to hydroxyl and N-acetyl groups.

Table 5.11 Residual Ca*? ions content in CHT treated water at different pH

Treatment | Residual Ca*” ions content in water (I, mg/L) after
time treatment with CHT at:

pH=3.5 pH=55 pH=7

(Homogeneous | (Homogeneous | (Heterogeneous
system) system) system)
15 min 229.20 227.76 242.00
30 min 203.60 200.80 242.00
45 min 186.40 182.40 241.76
60 min 181.60 176.16 241.76
2h 177.20 171.60 241.60
3h 176.80 171.20 241.60
4h 176.80 170.88 240.80
6h 176.40 170.80 240.90
24 h 175.20 167.60 239.60
48 h 176.00 167.60 240.00
72h 176.4 166.8 238.80

Mol wt of chitosan: CHT=135,839; Conc of CHT 1g/L, Initial conc of calcium ions in water was
(Ip) 250 mg/L
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Table 5.12 Effect of pH of CHT solution on extent of chelation of Ca*? ions from water

Treatment Chelated Ca* ions, mg/g, from water treated
time at:
pH=3.5 pH=5.5 pH=7
(Homogeneous | (Homogeneous | (Heterogeneous
system) system) system)
15 min 20.8 22.24 8
30 min 46.4 49.2 8
45 min 63.6 67.6 8.24
60 min 68.4 73.84 8.24
2h 72.8 78.4 8.4
3h 73.2 78.8 8.4
4h 73.2 79.12 9.2
6 h 73.6 79.2 9.1
24 h 74.8 82.4 10.4
48 h 74 82.4 10.0
72h 73.6 83.2 11.2

Mol wt of chitosan: CHT=135,839; Conc of CHT 1g/L, Initial conc of calcium ions in water (lo)
was 250 mg/L

Chelation effeciency, mg/g

Conc of CHT 1g/L
Figure 5.6 Effect of pH of CHT solution on chelation efficiency measured in terms
sorption of Ca*? ions from water
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At slightly higher pH (pH 5.5), some fraction of amino groups remain
unprotonated or free. The free amino groups, due to the presence of lone pair of electrons,
must be capable of forming co ordinate linkages with calcium ions and hence somewhat
enhanced chelation was noticed at pH 5.5. In both of these cases, the CHT molecules in
solution are in extended form and the functional groups on them are accessible to calcium
ions. However, chitosan is insoluble in water at neutral pH very less surface area and also
functional groups are disposed for the scavenging reaction and therefore are reflected by
poor chelation efficacy.

5.3.1.5 Effect of particle size of chitosan on chelation of calcium ions

The number of ligands (reactive sites) on chitosan macromolecule available for
chelation of metal ions can be increased by increasing the surface area which in turn can
be conveniently increased by scaling down the particle size to nano level. A detailed
study on synthesis of nano chitosan (CHTN) dispersion is discussed in chapter 3. In brief;
the ionotropic gelation technique of chitosan with sodium tripolyphosphate (TPP) was
employed for the synthesis of nano chitosan dispersions. The varying levels of particle
size of near nano chitosan, for a given molecular weight chitosan, were obtained by
changing the concentration of the polymer (chitosan). Two different near nano chitosans
of average particle sizes 408.73 nm and 534.2 nm, considered for present experiment,
were obtained from CHT at concentrations 1.5 g/L and 2 g/L respectively. These stocks
solutions were employed for chelation study of calcium ions at concentration 1g/L,
obtained by dilution. The residual Ca* ions present in nano chitosan treated water,
determined using the equation 5.1, is presented in Table 5.13. The effect of particle size
on the chelation efficiency of chitosan, determined using the equation 5.2, is shown in
Table 5.14 and graphically in Figure 5.7.

The results revealed that the rate of chelation enhanced by the reduction in
particle size of chitosan indication the faster establishment of equilibrium. Further, the
absolute chelation value at equilibrium was found to be increased. Besides increased
surface area, the presence of phosphorous (P) in TPP can also act as a ligands for

scavenging calcium ions [49].
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Table 5.13 Effect of particle size of CHT on chelation efficiency measured in terms of residual
Ca*?ions in water

Treatment Residual Ca** ions content in water (I, mg/L) treated with:
time CHT CHTN4 CHTN5
(Particle size 4014 nm) | (Particle size 408.73nm) | (Particle size 534.2nm)

15 min 229.20 185.61 193.29
30 min 203.60 176.33 181.17
45 min 186.40 172.71 175.78
60 min 181.60 171.78 173.54
2h 177.20 171.49 171.47
3h 176.80 171.63 171.24
4h 176.80 170.69 170.88
6h 176.40 170.58 170.64
24 h 175.20 168.07 168.63

Initial conc of calcium ions in water (l,) was 250 mg/L, conc of chelating agent 1g/L

Table 5.14 Effect of particle size of CHT on extent of Ca*? ions chelated

Treatment Chelated Ca* ions (mg/g) from water treated with:
time CHT CHTN4 CHTN5
(Particle size (Particle size (Particle size
4014 nm) 408.73nm) 534.2nm)
15 min 20.80 64.39 56.71
30 min 46.40 73.67 68.83
45 min 63.60 77.29 74.22
60 min 68.40 78.22 76.46
2h 72.80 78.51 78.53
3h 73.20 78.37 78.76
4h 73.20 79.31 79.12
6h 73.60 79.42 79.36
24 h 74.80 81.93 81.37

Initial conc of calcium ions in water was (1) 250 mg/L, conc of chelating agent 1g/L
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Figure 5.7 Effect of particle size on chelation efficiency of CHT for calcium ions

5.3.2 Chelation study with copper ions

Copper belongs to 1B group of periodic table having atomic number 29. It
is widely distributed in nature as the free metal and more commonly, as compounds in
various ores such as cuprite (Cu,0), chalcopyrite (CuS-FeS), azurite [Cu(OH),-2CuCO4]
and malachite Cu,CO3(OH),. There are also deposits of cupric chloride and cupric
arsenide. It is commonly found in drinking water as complexes such as [CuCOs(aq)]°,
[Cu(COs),]*, [CUOH], [Cu(OH)s]” and [Cu(OH).]* [49,52]. Low levels (generally
below 20ug/L) can derive from rock weathering. Some industrial contamination also
occurs, but the principle sources in water supplies are corrosion of brass and copper pipe
and addition of copper salts during water treatment of algal control. Copper is also a
constituent of several dyes and pharmaceutical preparations. Copper content in textile and
allied industries effluent was found to be up to 77 mg/L as against the WHO norms 0.05
mg/L (Table 5.1) [1,41, 53]. Traces of copper (5-45 pg/L) in under ground water and
about 110 mg/kg of soil in and around Surat were detected [54]. Presence of copper in

drinking water and edibles is a nutritional requirement. Deficiency of copper can lead to
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reproductive abnormalities. A safe and adequate copper intake of 2-3 mg/day in supply
water may be practical. Excess amounts of copper in various substances may be vital,
objectionable or perhaps indicative of contamination or malfunction. Copper traces
promote rancidity and off-flavors in foods and beverages. Chronic copper poisoning
causes gastrointestinal catarrh and aemochromatosis [55]. Presence of copper in water
can seriously affect the performance of various unit operations of textile processing such
as desizing, scouring, bleaching, dyeing etc. Hence it is advised to avoid copper/brass
fittings especially in bleaching plants. Copper is found to be adsorbed by enzyme
molecules to form complexes and inactivate the enzymatic action. Copper exhibits a
catalytic action on hydrogen peroxide decomposition. Presence of copper is reported to
cause instability in peroxide bleaching baths and damage the cotton during bleaching.
The bleaching efficiency in terms of whiteness is also reported to be seriously affected, in
absence of peroxide stabilizers. Copper is highly undesirable in woolen processing also,
as it is readily absorbed on wool. In the bleaching of wool, copper catalyzes the reaction
with hydrogen peroxide to the extent that holes are formed in the material. Presence of
copper ions causes deleterious effect on the colour of various dyes used for cellulose,
nylon and protein fibres; nevertheless it enhances the wash and light fastness properties
[5, 43, 44].The deleterious effect of Cu(ll) ions observed on hydrogen peroxide bleaching
of scoured cotton fabric is shown in Table 5.15 and direct and reactive dyeing of cotton
in Table 5.16 A and Table 5.16B respectively and in Figure 5.8.

Table 5.15 Effect Cu(ll) ions in hydrogen peroxide bleach bath on bleaching of cotton fabric

CuSQ, content in W.I. Y.1. B.I.
bleach bath, mg/L

Control 88.40 1.33 78.08

100 85.98 4.29 73.02

200 85.06 4.69 71.17

500 84.14 5.58 69.32

Scoured sample: W.I. =78.07, Y.I. = 17.02 and B.l. =56.91
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Table 5.16A Effect of Cu(ll) ions content in dye bath on colour value of direct dyed cotton

fabric
CuSO, C.1. Direct Red 81 C.1. Direct Yellow 44
content in K/S Value of colour Look K/S Value of colour Look
dye bath, spacing coordinate spacing coordinate
mg/L a b a b
Control 8.99 46.34 11.76 Bright 5.35 2.33 74.55 Bright
(100) (100)
50 7.90 32.16 2.99 Dull 5.41 241 72.01 Bright
(88) (101)
100 7.30 27.06 -0.06 Dull 5.28 2.49 69.82 Dull
(81) (98)
200 7.28 46.34 11.76 Bright 5.35 2..61 56.31 Dull
(81) (100)

Dye 1% o.w.m, a= Redder, -a = Greener; b= Yellower, -b= Bluer
Values in parentheses indicate colour strength in percentage

Table 5.16B Effect of Cu(ll) ions content in dye bath on colour value of reactive dyed cotton

fabric
CuSO, C. |. Reactive Red 152 C. I. Reactive Blue 25
content in K/S Value of colour Look K/S Value of colour Look
dye bath, spacing coordinate spacing coordinate
mg/L a b a b
Control 435 |44.40 -9.96 Bright 471 | -28.37 -20.73 Bright
(100) (100)
50 421 |43.84 -10.98 Dull 433 | -27.56 -17.73 Bright
97) (92)
100 3.167 | 41.11 -10.60 Dull 4,08 | -27.28 -15.76 Dull
(73) (87)
200 3.66 | 36.25 -13.29 Dull 3.89 | -28.77 -21.88 Dull
(84) (83)

Dye 1% o.w.m, a= Redder, -a = Greener; b= Yellower, -b= Bluer
Values in parentheses indicate colour strength in percentage
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CuSO, content in C.l1.Direct C.l. Direct C.l. Reactive | C.l. Reactive
dye bath, mg/L Red 81 Yellow 44 Red 152 Blue 25

Control

50
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200

Figure 5.8 Effect of Cu (I1) ions in the dye bath on the dyeing of cotton using direct and
reactive dyes

5.3.2.1 Characterization and mechanism of chelation of Cu (11) ions on chitosan

The structural changes in chitosan occurred due to Cu (1) ions adsorption can be
conveniently studied using FTIR spectra analysis. Chitosan in acidic medium was treated
with copper sulphate for a known reaction time and then recovered by sodium hydroxide
precipitation. The residue was washed thoroughly with distilled water until neutral and
then oven dried. The FTIR spectra of CHT and CHT-Cu complex (chelated residue) so
taken are presented in Figure 5.9 and Figure 5.10.

Important ligands on chitosan macromolecule that form complex with metal ions
are oxygen pertaining to primary and secondary hydroxyl groups and nitrogen belonging
to amino and acetamido groups. The broad bands at wave numbers 3355, 3284cm™ are
mainly attributed to O-H, NH and NH, stretch.
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Figure 5.10 FTIR spectrum of CHT-Cu complex residue

The absorption band at 1651 cm™ is assigned to C=0 (carbonyl) stretching of secondary
(amide 1) amide bond/group, which is characteristic of N-acetyl group and the medium
peak at 1585 cm-1 is due to bending vibrations of N-H of amide Il bond (N-acetyl
residue) and the primary amine. Another medium absorption peak at 1374 cm™

characterizes the N-H of amide 111 bonds. A strong absorption peak at 1025 cm-1 is due
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to primary hydroxyl group, characteristic peak of -CH,OH in primary alcohols, arised
from C-H stretching [45-48]. The structural changes in chitosan arised due to complex
formation with copper ions are presented in spectrum as shown in Figure 5.10. The
broadening of the peak at 3355 cm™ and progressive reduction of peak at wave number
at 1025cm™ indicate the involvements of amino and hydroxyl groups in the scavenging
of the Cu(ll) ions. Modifications in amide I (1651 cm™) and amide 11 (1585 cm™) and
amide 111 (1374 cm™) and the formation of new peak at 1392 cm™ due to deformations in
amide groups characterize interactions of these groups with copper ions [46, 56]. Thus
in general, the scavenging of Cu(ll) with chitosan is effected due the lone pair of
electrons donation from hydroxyl and amino and amido groups of chitosan. The possible

ways of Cu(ll) binding by chitosan proposed by different authors are illustrated by

scheme 5.3.
CHy H (I)H o
T H co o e N o
CH O HO I\IIH i H
~o Ty o H - Ho H
ao\ N ° CU(“); H NH,
NHH H HZC\ o \
H OH Cu
H/O\H
CHT CHT-Cu Complex

Scheme 5.3 Cu (1) ions binding by chitosan

5.3.2.2 Quantitative evaluation of Cu (Il) ions

The most commonly method employed for the determination of Cu(ll) ions
content in a given solution or on adsorbent is the atomic absorption spectroscopy. The
experiment was performed by the treatment of adsorbent sample (e.g. CHT) 1g/L with
copper sulphate corresponding to Cu(ll) 300 mg/L in presence of acetic acid (0.7 g/L, pH
5.5) with constant stirring to ensure complete dissolution of CHT. After specified
treatment time (24 h in present experiment) the adsorbent was precipitated using few ml
of 10% sodium hydroxide solution and the level was made to 1litre with distilled water.

The filtrate and precipitate (recovered by filtration) were analysed.
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2CuSO4+ 4Kl —  2Cul + 1, + 2K;S04
Io + 2NayS,0;3 —» 2Nal + NayS,054
Scheme 5.4 Reactions involved in iodometry

Alternatively, Cu (II) was also determined iodometrically [41]. This method is
based on principle that the oxidation of iodides (KI) to iodine takes place by Cu(ll) ions
and Cu(ll) ions get reduced to Cu(l) ions in acidic pH. The liberated iodine can be titrated
with standard sodium thiosulphate solution. The over all reactions of iodometry are
shown in scheme 5.4 and the residual Cu(ll) ions content in treated water can be
calculated using the equation 5.4 and the chelated Cu(ll) ions by chelating agents using
the equation 5.5.

The recovered precipitate can also be analysed for the determination of extent of
copper ions sorption by the adsorbent e.g. CHT. The experiment is performed through
gravimetric analysis method. The precipitate is thoroughly washed with distilled water
and collected in ashless filter paper and subjected to incineration in muffle furnace at 800
°C for about 5 h to obtain ash of constant weight. The ash is then analysed iodometrically
as discussed above by dissolving in water using a drop of concentrated sulphuric acid. A
comparative results for residual Cu(ll) ions content in treated water determined by
different analytical methods is given in Table 5.17 and the sorption on different

chitosans by above three methods is summerized in Table 5.18.

Table 5.17 Residual Cu(ll) ions content in treated water determined by various analytical

methods
Chelating | Residual Cu(ll) ions content in treated
agent water (I, mg/L)
Analytical methods
AAS lodometry
CHT 3.685 5.088
CHT-MC 0.248 Not detected

Conc of chelating agent 1g/L, pH 5.5, Treatment time 24 h, Initial conc of Cu(ll) in water
lo (mg/L) determined by: AAS 300, lodometry 297.65
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Table 5.18 Chelation of Cu(ll) ions by chelating agents determined by various analytical

methods
Chelating Chelated Cu(ll) ions by chelating agents (mg/g)
agent
Analytical methods
AAS lodometry Gravimetry*
CHT 296.32 292.56 284.93
CHT-MC 299.75 292.56 286.20

Conc of chelating agent 1g/L, pH 5.5, Treatment time 24 h, Initial conc of Cu(ll) in water,
lo (mg/L) determined by: AAS 300, lodometry 297.65,
*The ash obtained from the precipitate of adsorbent-Cu complex was analyzed iodometrically

Results from Table 5.17 and Table 5.18 revealed that the atomic absorption
spectrometric method was the most sensitive and could be able to detect a very small
concentrations of Cu(ll) ions. The iodometric titration method also gave comparable
results and was able to detect Cu (II) ions down at 5 mg/L concentration. Gravimetric
method shown slightly lesser values, which may be due losses during the collection of
precipitate and desorption of copper ions during repeated washing. In order to precise
detection of Cu(ll) ions at lower levels of concentrations, the initial concentration, here
after, was maintained higher i.e. 394.32 mg/L by using copper sulphate 1.5 g/L solution.
Atomic absorption spectrometric method was needed outsourcing, nevertheless accurate,
was employed for analysis of selected samples. lodometric method was used for other

samples.

5.3.2.3 Effect of structural modification of chitosan on chelation of Cu (I1) ions

The ability of copper ions binding of chitosan is believed to be dependent on the
availability of number of electron donating ligands such as O and N. The state of these
ligands on chitosan macromolecules is anticipated to alter due to chemical modifications.
The residual Cu(ll) ions in treated water, determined using equation 5.4, is given in Table
5.19. Thus the Cu(ll) ions sorption by chitosan derivatives as a function of structural
modifications, calculated using equation 5.5, is shown in Table 5.20 and graphically in
Figure 5.11. The results were compared against a common sequestering agent like
ethylene diamine tetra acetic acid (Na,EDTA).
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Table 5.20 and Figure 5.11 illustrate that EDTA attained the equilibrium rapidly
for the Cu(ll) ions binding and the chelation capacity was maximum. The prolong
treatment showed very slight improvement in further removal of Cu(ll) ions indicating
the saturation of chelation. During the iodometric evaluation of Cu(ll) ions in EDTA
treated solution, a continuous liberation of iodine was observed when the solution was
stored for few minutes after the titration with sodium thiosulphate was over. This may be
due to desorption of copper ions from carboxylate groups of EDTA by ion exchange with

protons in highly acidic iodomeric reaction medium.

Table 5.19 Residual Cu (1) ions content in different chelating agent treated water as a
function of chelation time

Treatment Residual Cu(ll) ions content (mg/L) in water treated with:
time Na,EDTA | CHT-MC CHT CHT-D3 | TMCHT1 | TMCHT3
15 min 81.41 328.81 310.37 276.67 326.27 351.07
30 min 77.89 228.96 211.79 185.71 258.27 329.45
45 min 71.23 151.37 141.19 138.01 174.36 311.64
60 min 70.60 129.11 120.84 132.29 148.19 302.10
90 min 68.07 122.11 116.39 124.02 145.64 297.65
2h 63.60 119.27 115.75 122.75 146.28 284.29
3h 58.51 106.21 111.30 115.75 135.47 258.85
4h 52.79 100.49 106.21 111.30 119.57 248.04
24 h 38.16 95.40 100.49 103.67 108.12 218.15

Mol wt of chitosan grades: CHT-MC=654,127; CHT=135,839; CHT-D3=38,733; DQ: TMCHT1=
13.41%, TMCHT3= 50.92%, Conc of chelating agent 1g/L, Initial conc of Cu(ll) ions (ly) was 394.32
mg/L, pH 5.5

The chelation behaviour chitosan and trimethyl chitosan towards copper ions was
found to be almost similar to that of calcium ions except extent of sorption capacity
which was enhanced for copper ions. The chelation process of chitosan was slower and
influenced, somewhat, by its molecular weight. At the onset and in first hour of
treatment, the rate of chelation was slightly higher for low molecular weight chitosan. It

means, in the first hour of treatment, low molecular weight chitosan (CHT-D3) was more
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effective. When the treatment was continued for 1 to 2 h, the copper ion sorption was
almost at same level for different molecular weight chitosans. The rate of adsorption by
high molecular weight chitosan (CHT-MC) for Cu(ll) ions was slowed down but the
absolute adsorption after prolong treatment (>3 hrs) was higher. Thus, the influence of
molecular weight of chitosan seems to be slightly more pronounced on the rate of
sorption rather than on absolute sorption of copper ions. Modification of chitosan by
quaternization process was found to deprecate metal binding capacity. The chelation
capacity of trimethyl chitosan chloride (TMCHT) was decreased with increase in degree
of quaternization. The chelation efficacy of TMCHT, however, was somewhat more

effective for Cu(l1) binding than Ca*? ions binding.

Table 5.20 Effect of treatment time on extent of chelation of Cu (Il) ions by different chelating

agents
Tret?rtnn;ent Chelated Cu(ll) ions (mg/g) from water treated with:
Na,EDTA | CHT-MC CHT CHT-D3 | TMCHT1 | TMCHT3
15 min 312.91 65.51 83.95 117.65 68.05 43.25
30 min 316.73 165.36 182.53 208.61 136.10 64.87
45 min 323.09 242.95 | 25313 | 256.31 | 220.06 82.68
60 min 323.72 265.21 | 27348 | 262.03 | 246.64 92.22
90 min 326.27 272.21 277.93 270.30 248.64 96.67
2h 330.72 275.05 278.57 271.57 248.04 110.03
3h 335.81 288.11 283.02 278.57 258.85 135.47
4h 341.53 293.83 288.11 283.02 274.75 146.28
24 h 356.16 298.92 293.83 290.65 286.20 176.17

Mol wt of chitosan grades: CHT-MC=654,127, CHT=135,839, CHT-D3=38,733. DQ: TMCHT1= 13.41%,
TMCHT3= 50.92%, Conc of chelating agent 1g/L, Initial conc of Cu(ll) ions (l) was 394.32 mg/L, pH 5.5
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Figure 5.11 Chelation behaviour of chitosan derivatives for Cu(ll) ions

The enhanced tendency of complex formation of chelating agents with copper
ions may be explained with the help of its electronic configuration. Copper, though not
strictly termed as transition metals as their d orbitals are complete, still they form a
number of complexes when their ions have incomplete d orbitals e.g. in the case of Cu(ll)
ions having the coordination numbers are usually 2,4,and 6 [49]. A substantially higher
chelation capacity of EDTA may be attributed to the combined effect of ionic linkages of
Cu(ll) cat ions with anionic carboxylate groups and the coordinate bonds with amino
groups. The electrostatic attraction between EDTA and metal cat ions and their high
mobility may be the driving force for the attachments. Chitosan, on the other hand, is a
polymeric material having rigid conformation. When dissolved in water in presence of
acid, most of the amino groups are protonated and therefore are incapable of bonding
with metal cations. The only possible route of interaction is through unprotonated amino
groups, hydroxyl groups and/or N-acetyl groups. Further, these polycationic

macromolecules in solutions are mostly swollen entangled bunches exposing very small
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surface area and hence provide fewer sites for the interaction with metal ions. The
chitosan molecules, therefore, are slower in chelation than EDTA.

The extent of accessible interactive ligands is determined by the physical state of
macromolecules in solvent which in turn is determined by its molecular size and hence
the molecular weight. Low molecular weight chitosans (CHT-D3) in solution are
comparatively more discrete and extended due to less intra and intermolecular forces and
thus provide more surface area for chelation reactions and therefore shows enhanced rate
of sorption. Conversely, high molecular weight chitosan (CHT-MC) molecules in
solution are more entangled and provide fewer sites for interaction and hence results in to
low rate of sorption. On prolong treatment, large sized chitosan molecules under go
depolymerization due to hydrolysis and/or disentanglement [50, 51] leading to
uncovering of sites and continued chelation without reaching the equilibrium. Results of
trimethyl chitosan chloride (TMCHT) were discouraging. This may be ascribed to the
absence of free amino groups for coordination with metal ions and also to the presence of

bulkier methyl groups acting as barrier for diffusion of metal ions.

5.3.2.4 Effect of pH on chelation of Cu (Il) ions

An important parameter that alters the state of ligands on chitosan and its
derivatives is the pH of the medium. Acidic pH is highly essential for dissolution of
chitosan in aqueous medium. The acidic pH, however, leads to protonation of amino
groups depressing the metal binding property. In order to understand the effect of pH on
chelation behaviour of CHT and its quaternized derivative TMCHTS3, two different pH
for each were selected namely pH 3.5 (acetic acid 1.5 ml/L) and pH 5.5 (acetic acid 0.7
ml/L). Higher pH (pH ~7) was avoided due to the formation of hydroxides of copper
which causes precipitation [49]. The residual Cu(ll) ions content in CHT and TMCHT
treated water, determined using equation 5.4, at different pH is presented in Table 5.21
and the sorption of Cu(ll) ions by these derivatives, determined using equation 5.5, as a
function of pH in Table 5.22 and graphically in Figure 5.12.
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Table 5.21 Residual Cu (I1) ions content in CHT derivatives treated water as a function of pH

Residual Cu(ll) ions content (I, mg/L) in water treated with:
Treatment CHT TMCHT3
time pH= 3.5 pH=5.5 pH=3.5 pH=5.5
15 min 345.35 310.37 360.61 351.07
30 min 286.20 211.79 348.53 329.45
45 min 254.40 141.19 338.35 311.64
60 min 202.25 120.84 326.27 302.10
90 min 186.35 116.39 321.81 297.65
2h 183.67 115.75 313.55 284.29
3h 174.90 111.30 309.73 258.85
4h 173.63 106.21 300.83 348.04
24 h 169.81 100.49 290.65 218.15

Mol wt of chitosan: CHT=135,839; DQ: TMCHT3= 50.92%, pH 5.5,
Conc of chelating agent 1g/L, Initial concentration of Cu(ll) ions (o) was 394.32 mg/L

Table 5.22 Effect of pH of chitosan derivatives solution on extent of chelation of Cu(ll) ions

Treatment Chelated Cu(ll) ions (mg/g) from water treated with:
time CHT TMCHT3
pH=3.5 pH=5.5 pH=3.5 pH=5.5
15 min 48.97 83.95 33.71 43.25
30 min 108.12 182.53 45.79 64.87
45 min 139.92 253.13 55.97 82.68
60 min 192.07 273.48 68.05 92.22
90 min 207.97 277.93 73.14 96.67
2 h 210.65 278.57 80.77 110.03
3h 219.42 283.02 84.59 135.47
4h 220.69 288.11 93.76 146.28
24 h 224.51 293.83 103.67 176.17

Mol wt of chitosan: CHT=135,839; TMCHT3=50.92%, pH 5.5,

Conc of chelating agent 1g/L, Initial conc of Cu(ll) ions (o) was 394.32 mg/L

Studies on applications of chitosan and synthesized chitosan derivatives in textile processing

326



350

300 A

250 -

200 -~

150 A

100 A

Chelation effeciency, mg/g

50 -~

&
&

& & W

—e—pH 35 ECHT Treatemt) —&—pH55 ECHT Treatment)
—&— pH 3.5 (TMCHTS3 Treatment) pH 5.5 (TMCHT3 Treatment)

Mol wt of chitosan: CHT=135,839, DQ: TMCHT3= 50.92%, Conc of chelating agent 1g/L,
Initial conc of Cu (1) ions (ly) was 394.32 mg/L

Figure 5.12 Effect of pH of CHT derivatives solutions on chelation efficiency for Cu(ll) ions

CHT was found to be more efficient in complex formation with Cu(ll) ions at pH
5.5 as displayed in Table 5.22 and in Figure 5.12. Similar results were observed in case of
TMCHT3 though poorer to CHT. Highly acidic pH for CHT and TMCHT, however, was
discouraging. It is known that the attachment of Cu(ll) ions with chitosan is possible
through co-ordinate bonds by the donation of lone pair of electrons of amino, acetamido
and hydroxyl groups. In highly acidic medium i.e. at pH 3.5 most of the amino groups are
believed to be protonated and their involvement in such bond formation is less probable.
In that case the scavenging of Cu (I1) ions would be assigned to hydroxyl and N-acetyl
groups. At slightly higher pH (pH 5.5), some fraction of amino groups remain
unprotonated or free. The free amino groups, due to the presence of lone pair of electrons,
are capable of forming coordinate linkages with copper ions and hence an enhanced
chelation was observed at pH 5.5. Besides less availability of free amino groups due to
quaternization and protonation in acidic reaction medium, TMCHT exert ionic repulsion
to copper cations. The bulkier side methyl groups also act as barrier and lead to the

decrease in chelation efficacy of trimethyl chitosan.
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5.3.2.5 Effect of concentration of chitosan derivatives on chelation of Cu(ll) ions

Similar to the study of chelation of calcium ions, the effect of concentration of
different molecular weight chitosans on chelation of Cu (II) ions was investigated. The
aqueous behaviour of chitosan in context to molecular weight and concentration and
subsequent influence on chain conformation and viscosity is discussed in detail in chapter
2. These properties are expected to influence the metal binding capacity of chitosan.
Since the concentration of chitosan in treatment bath was taken up to 2 g/L, accordingly a
sufficiently higher initial concentration of Cu(ll) ions i.e.754.95 mg/L in the solution was
maintained. The pH of the reaction medium was adjusted to pH 5.5 using acetic acid. In
order to understand chelation behaviour of chitosans, the effect of concentration of
different molecular weights of chitosans for short (1h) and long duration (24 h) on the
sorption of copper ions was studied. The residual concentration of Cu (Il) ions in
different chelating agents treated water, determined using equation 5.4, for 1h and 24 h is
presented in Table 5.23 and Table 5.25. And the effect of concentration of chelating
agents on chelation extent in terms of removal of Cu(ll) ions from treated water,
calculated using equation 5.6, is presented in Table 5.24 and Table 5.26 and graphically
in Figure 5.13 and Figure 5.14.

Table 5.23 Residual Cu (II) ions present in treated water as a function of concentration of
chelating agent for 1h treatment

Conc, Residual Cu(ll) content (I, mg/L) in water treated with:
g/L Na,EDTA CHT-MC CHT CHT-D3
0.50 593.39 622.01 618.19 610.56
1.00 414.67 489.72 494.81 472.55
1.50 270.30 405.13 344.71 379.69
2.00 108.12 344.71 252.49 230.87

Mol wt of chitosan grades: CHT-MC=654,127, CHT=135,839, CHT-D3=38,733;
Initial conc of Cu(ll) ions (Ig)was 754.93mg/L, pH 5.5, Treatment time 1h
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Table 5.24 Effect of concentration of chelating agents on chelation of Cu(ll) ions for 1 h

treatment
Conc, Cu(l1) ions, mg/L, removed from water treated with:
g/L Na,EDTA | CHT-MC CHT CHT-D3
0.50 164.54 132.92 136.74 144.37
(21.8) (17.6) (18.1) (19.1)
1.00 340.26 265.21 260.12 282.38
(45.1) (35.1) (34.5) (37.4)
1.50 485.63 349.80 410.22 375.24
(64.3) (46.3) (54.3) (49.7)
2.00 646.81 410.22 502.44 524.06
(85.7) (54.3) (66.6) (69.4)

Mol wt of chitosan grades: CHT-MC=654,127, CHT=135,839, CHT-D3=38,733;
Initial conc of Cu(ll) ions (lg) was 754.93mg/L, pH 5.5,
Values in parenthesis indicate chelation efficiency in terms of % removal
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Mol wt of chitosan grades: CHT-MC=654,127, CHT=135,839, CHT-D3=38,733;
Initial conc of Cu(ll) ions (1) was 754.93mg/L, pH 5.5

Figure 5.13 Effect of concentration of chelating agents on chelation of Cu(ll) ions for 1 h
treatment
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Table 5.25 Residual Cu (II) ions present in treated water as a function of concentration of

chelating agent for 24h treatment

Conc, Residual Cu(ll) content (I, mg/L) in water treated with:
g/L Na,EDTA CHT-MC CHT CHT-D3
0.50 585.12 605.47 608.65 609.29
1.00 397.5 456.65 466.19 478.91
1.50 256.31 271.57 297.01 327.54
2.00 64.87 55.33 132.29 214.33

Mol wt of chitosan grades: CHT-MC=654,127, CHT=135,839, CHT-D3=38,733;
Initial conc of Cu(ll) ions (lg) was 754.93mg/L, pH 5.5

Table 5.26 Effect of concentration of chelating agents on chelation of Cu (Il) ions for 24 h

treatment
Conc, Cu(ll) ions, mg/L, removed from water when treated with:
g/L Na,EDTA CHT-MC CHT CHT-D3
0.50 169.81 149.46 146.28 145.64
' (22.5) (19.8) (19.4) (19.3)
1.00 357.43 298.28 288.74 276.02
(47.3) (39.5) (38.3) (36.6)
150 498.62 483.36 457.92 427.39
(66.1) (64.0) (60.7) (56.6)
200 690.06 699.60 622.64 540.60
' (91.4) (92.7) (82.5) (71.6)

Mol wt of chitosan grades: CHT-MC=654,127, CHT=135,839, CHT-D3=38,73; Initial conc of Cu(ll) ions
(Ip) was754.93mg/L, pH 5.5, Values in parenthesis indicate chelation efficiency in terms of % removal

The behaviour of chitosan for sorption of copper ions was found to be very much
similar to that observed with calcium ions except in the extent of adsorption. It was
observed from Table 5.24 and Table 5.26 (Figure 5.13 and Figure 5.14) that the sorption
curves for EDTA followed linearity with respect to concentration and almost same level
of chelation efficacy observed for both the durations of treatment. The amount of Cu(ll)
ions removed from treated liquor was found to be increased with increase in
concentration of chitosan derivatives. The chelation behaviour of chitosan derivatives in
context to concentration for different molecular weights, however, was observed to be
anomalous when examined at different durations of treatment. In first hour of treatment
or for short treatment of time as depicted in Figure 5.14, the sorption curve for low
molecular weight chitosan (CHT-D3) followed almost linearity in given concentration

range, while high molecular weight chitosans showed some deviations at higher
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concentrations. The curves for CHT and CHT-MC were found slightly declined down

ward when concentration reached to 2 g/L and was more prominent for CHT-MC.
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Mol wt of chitosan grades: CHT-MC=654,127, CHT=135,839, CHT-D3=38,733; Initial conc of Cu(ll)
ions (lp) was754.93mg/L, pH 5.5

Figure 5.14 Effect of concentration of chelating agents on chelation of Cu(ll) ions for
24h treatment

Further, it was observed that the extent of chelation was maximum for low molecular
weight chitosan when treated for short time and decreased with increase in molecular
weight i.e. in the order of CHT-D3>CHT>CHT-MC. On prolong treatment i.e. when the
treatment was extended to 24 h, as demonstrated in Figure 5.15, the chelation behaviour
of chitosan was significantly altered particularly for high molecular weight chitosans.
The sorption behaviour of low molecular weight chitosan (CHT-D3) was not much
influenced except slight improvement in it but behaviour was entirely changed when the
molecular weight was increased. A slightly upward trend in sorption of metal ions from
waster was noticed when the concentrations of high molecular weight chitosans were
increased. The order in degree of sorption by chitosan with respect to molecular weight

was, however, reversed as against short duration of treatment. The extent of sorption of
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copper ions now increased with increase in molecular weight i.e. in the order of CHT-
MC>CHT>CHT-D3.

Low molecular weight chitosans (CHT-D3) in solution are probably more open
and extended due to less intra and intermolecular forces and thus provide more surface
area for chelation reactions and therefore shows enhanced sorption. High molecular
weight chitosan (CHT-MC) molecules in solution, on the other hand, are more complex
due to overlapping of macromolecules and therefore provide fewer sites for interaction
resulting in to decreased sorption. On prolong treatment, high molecular weight chitosans
may under go depolymerization due to hydrolysis and also may display more opened
conformation due to disentanglement leading to uncovering of more sites for chelation
[50, 51]. In all cases, increase in concentration obviously leads to increased sites and the
chelation extent. Studies related to viscosity behaviour in chapter 2 revealed that the high
molecular weight chitosans, during the short duration of treatments, are still in aggregated
state due to entanglement and overlapping at increased concentration may contribute to
declined chelation. Enhanced chelation for CHT-MC at 2 g/L concentration may also be
ascribed to the presence of more number of free amino groups (less protonation) due to

relatively lower chitosan to acetic acid ratio.

5.3.2.6 Effect of particle size chelation of Cu(ll) ions

The reduction in particle size of chitosan macromolecule to nano level can furnish
increased surface area and increased accessibility of reactive sites (ligands) for metal
binding. A detailed study on synthesis and various properties and applications of nano
chitosan (CHTN) dispersion is discussed in detail in chapter 3. In brief; the ionotropic
gelation technique of chitosan with sodium tripolyphosphate (TPP) was employed for the
synthesis of nano chitosan dispersions. The varying levels of particle size of nano
chitosan, for a given molecular weight chitosan, were obtained by changing the
concentration of polymer (chitosan). Two different nano chitosans of average particle
sizes 408.73 nm and 534.2 nm, considered for present experiment, were obtained from
CHT at concentrations 1.5 g/L and 2 g¢/L respectively. These stocks solutions were

employed for chelation study of copper ions at concentration 1g/L, obtained by dilution.
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Table 5.27 Residual Cu(ll) content in chitosan treated of varying particle size

Treatment Residual Cu (11) ions content in water (I, mg/L) treated with:
time CHT CHTN4 CHTN5
(Particle size 4014 nm) | (Particle size 408.73nm) | (Particle size 534.2nm)
15 min 310.37 148.19 171.72
30 min 211.79 83.95 104.94
45 min 141.19 73.14 81.41
60 min 120.84 71.88 78.23
90 min 116.39 69.96 74.41
2h 115.75 68.69 71.23
3h 111.30 68.5 68.69
4h 106.21 68.5 69.96
24 h 100.49 65.51 66.78

Initial concentration of Cu(ll) ions (1) was 394.32 mg/L, pH 5.5, Concentration of chelating agent 1g/L

Table 5.28 Effect of particle size of chitosan on extent chelation of Cu (Il) ions

Treatment Chelated Ca* ions (mg/g) from water treated with:
time CHT CHTN4 CHTNS
(Particle size 4014 nm) | (Particle size 408.73nm) | (Particle size 534.2nm)
15 min 83.95 246.13 222.60
30 min 182.53 310.37 289.38
45 min 253.13 321.18 312.91
60 min 273.48 322.44 316.09
90 min 277.93 324.36 319.91
2h 278.57 325.63 323.09
3h 283.02 326.27 325.63
4h 288.11 326.27 324.36
24 h 293.83 328.81 327.54

Initial conc of Cu(ll) ions (lg) was 394.32 mg/L, pH 5.5, Conc of chelating agent 1g/L
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Figure 5.15 Effect of particle size of chitosan on extent of chelation Cu(ll) ions

The residual Cu(ll) ions content in treated water, determined using equation 5.4, are
presented in Table 5.27. The effect of particle size on the chelation efficiency of chitosan
is shown in Table 5.28 and graphically in Figure 5.15. The results revealed that the rate
of chelation enhanced by the reduction in particle size of chitosan indication the faster
establishment of equilibrium. Further, the absolute chelation value at equilibrium was
found to be increased. Besides the increased surface area, the added phosphorous (P) of

TPP can also act as a ligands for scavenging the copper ions [49].

5.3.3 Decolourization of dye waste water

Textile wet processing operations produce high volumes of effluent waste water
of varied composition, often containing electrolytes plus organic surfactants, solvents and
dyes. The amount of colourants present in textile effluents is usually very small;
however, these are highly detectable and have become a pollution concern for several
reasons. Dyes are highly dispersible aesthetic pollutant which may contribute aquatic
toxicity. Some of azo dyes are mutagenic and carcinogenic. These colorants are difficult

to treat and interfere with UV light disinfection operations [3, 11, 24]. Several difficulties
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are encountered in removal of dyes from waste water. By design, dyes are highly stable
molecules, made to resist degradation by light, chemical, biological and other exposures.
Commercial dyes are usually mixtures of large complex and vary widely in chemical
constitutions and properties. Further, dyeing waste water includes other materials such as
electrolytes, dyeing assistants, surfactants, acids/alkalies etc [3, 6, 24, 57].

The best way to control colour pollution is the good source reduction, based on
administrative and engineering controls, process and product design, and work practices.
Source reduction techniques result in higher efficiency, improved productivity, and lower
cost and less colour. However, quantitative dyebath exhaustion is not possible with most
systems. Equilibrium is established in dyeing and washing off that always leave some
amount dye in the waste water. In commercial process, that may be from almost none to
over 50% of the total dye [1, 4, 24]. Improving fibre reactive dye fixation efficiency,
developments of high exhaustive dyes (HE series) in reactive dyes [6], substrate
modification, e.g. cationization of cellulose, for improved exhaustion [58] etc can result
into minimum wash off. Cotton fabric pretreated with chitosan and its quaternized
derivatives have found to improve the exhaustion substantially as discussed in chapters 2
and 4 respectively. Scaling down the particle size of chitosan to nano level and its
pretreatment to cotton fabric was found to leave the wash almost colourless, as
demonstrated in chapter 3. Such treatments definitely reduce the pollution load.

In addition to source reduction methods and improving the dyeing efficiencies,
handling, house keeping and cleanup, there are also waste water decolourization
treatment strategies. Most current practices fall into two main classes: those that destroy
or modify the offending coloured species and those that physically remove the coloured
species [24]. Some of the important methods are [11, 23, 59, 60]:

» Chemical (ozone, activated peroxide, chlorine, chlorine dioxide, electrolysis
etc) or biological decolourization to destroy dyes, which can leave harmful
organic residues and sludges. Large amount of dyes belong to azo class.
Decolorization of azo dyes normally begins with initial reduction or cleavage
of azo bond anearobically, which results into colorless compounds. This is
followed by complete degradation of aromatic amines strictly under aerobic

conditions. Microorganisms capable of degrading azo dyes include proteus
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spp, Enterococcus spp , Streptococcus spp, Bacillus cereus, Streptomyces spp
etc;

» Removal by precipitation, ion exchange and sorption, which result in the solid
waste disposal. Coagulation and flocculation either with inorganic,
inorganic/organic or organic systems have the advantage of reducing COD
and BOD. They are generally cheap to operate but low capacity to remove
dyes. Adsorption systems have the ability to remove dyes and other
contaminants from aqueous systems as complete molecules, thereby
substantially reducing the contaminant load. Examples of popular adsorbents
are activated carbon, inorganic adsorbents such as brown coal, clays etc, and
biological adsorbents such as chitin, chitosan, fungal biomass, bacterial
biomass, rice hull, sugarcane bagasse etc. These products are naturally
abundant and cheap;

» Recycling of process waters directly or after some treatment to remove and
reclaim salts and processing agents. Reverse osmosis can give water of
excellent quality. However membrane techniques donot immobilize the
contamination on to a solid substrate; instead, they concentrate it as a liquid.
Further, they are more suitable for reducing TDS rather than dyes.

The multitude of commercial dyes and dyeing systems makes it highly unlikely
that any one single method will alone meet the demands of every situation, each having
its own set of specific problems depending on the dyeing system, chemical use and
procedures. Often combination, mostly in multi stage, of above enumerated methods can
give satisfactory results.

Recently the possibilities of adsorption processes to remove dyestuffs discharged
from textile industries have been concerned in great extent, since these would have
potential advantage of allowing recovery of dyestuffs in concentrated form. Many
common sorbents have ionic interactions like polyelectrolytes, or a highly porous
structure as found in activated carbon with extremely high surface area which is ideal for
sorption. Conventionally, activated charcoal is employed a sorbent for the
decolourization effluent after the ion exchange process i.e. at the final stage of effluent

treatment. Laboratory work has shown that dye solutions can be rendered colourless with
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carbon alone, but that the binding capacity is rather low-even in solutions where dye is
the only contaminant. Also, carbon is a wide spectrum adsorbent and, consequently, its
dye binding capacity is further lowered by the presence of much larger amounts of
organic contaminant [24, 59]. Among the oldest methods of treatment of waste water is
the use of adsorbents from biological matter or biomass [23].

Sorption is influenced by many physico chemical factors such as dye-sorbent
interaction, sorbent surface area, temperature, pH, contact time, sorbent concentration etc.
The nature, size and shape of the sorbent particles determine the manner of use (i.e. batch
reactor/ clarifier Vs continuous/filter) based on contact times, sorption rates, settling
times etc [3, 6, 24]. Due to unique molecular structure, chitosan has extremely high
affinity for many classes of dyes including disperse, direct, reactive, acid, vat, sulphur
and naphthols. Rate of diffusion of dyes of chitosan is similar to cellulose [24, 61, 62].
The sorption capacity of chitosan has been reported to be affected with increase in
molecular weight of dyes [24, 63]. According to theory of dyeing the sorption of dyes by
chitosan is also exothermic, an increase in temperature leads to an increase in sorption
rate but decrease in sorption capacity and followed the simple and semi empirical
Langmuir and Freundlich isotherms [3, 24, 64]. At low concentrations, dye uptake
conforms well to Langmuir isotherm model as a result of definite number of amino
groups.

The present investigation aims at partly to deal with the problems of dye house
waste water decolorisation using chitosan of varying molecular weight and its trimethyl
chitosan chloride derivative as sorbents. In order to understand the sorption behaviour of
chitosan, two different grades namely CHT-MC and CHT having molecular weights
654,127 and 135,839 respectively having similar DAC values of 90% were chosen.
Attributing to the presence of permanently positive charge on polymer backbone, a
quaternized derivative i.e. trimethyl chitosan chloride (TMCHT3) with degree of
quaternization 51% was also taken for the investigation. The sorption study on chitosan
derivatives was conducted separately for effluent water containing anionic dyes namely
C. I. Direct Red 81(mol wt. 675.6) and C. I. Acid Blue 158 (mol.wt.468). Two different
protocols were followed to conduct the experiment. In one, the sorbent at neutral pH was

treated with dye effluent containing known amount of purified dye (25 mg/L).After
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specified dwell time for reaction, the mixture was filtered and the filtrate analysed for dye
content spectrometrically. Since TMCHT3 was soluble at neutral pH, it was recovered by
alkali treatment. In another route, predissolved chitosan at acidic pH was used for
treatment with dye effluent. After the specified treatment time, the mixture was
neutralized with sodium hydroxide solution to recover chitosan and the aliquot obtained
after filtration was analysed for dye content. The amount of dye remained in treated
liquors were determined form calibration curve of absorbance (optical density) against
concentration according to Beer-Lamberts’ law. The absorbance (O.D.) values of dye
solutions measured for different concentrations at maximum wave length (Amax) IS

presented graphically in Figure 5.16.
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Figure 5.16 Calibration curves for dye solutions

Dye waste water (effluent) treatment with chitosan at neutral pH is heterogeneous
where as treatment with quaternized derivative of chitosan (TMCHT3) is homogeneous,
since it is water soluble at neutral pH. The examination of amount of dye remained in
treated liquor, by optical density method, is illustrated in Table 5.29 and Table 5.31 for C.
I. Direct Red 81 and C. I. Acid Blue 158 respectively. The sorption kinetics of chitosan
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and TMCHTS3 for direct and acid dyes at neutral pH is presented in Table 5.30 and Table

5.32 and graphically in Figure 5.17 and Figure 5.18 respectively.

Table 5.29 Residual C. I. Direct Red 81 content in effluent treated with different adsorbents at

neutral pH
Treatment Activated CHT-MC CHT TMCHT3
time, charcoal
min O.D. Dye O.D. Dye O.D. Dye O.D. Dye
content content content content
(Ig), (1r), (Ig), (Ig),
mg/L mg/L mg/L mg/L

10 0.338 13.4 0.516 21.2 0.462 19.2 0.190 7.9
20 0.291 11.8 0.516 21.2 0.460 19.0 0.185 7.4
30 0.228 8.9 0.515 21.0 0.460 19.0 0.182 7.2
45 0.162 6.5 0.500 20.9 0.455 18.9 0.140 6.1
60 0.125 5.3 0.495 20.3 0.453 18.7 0.129 5.8
90 0.100 4.2 0.480 194 0.450 18.2 0.127 54
120 0.095 3.9 0.430 18.2 0440 17.9 0.127 54

Mol wt of chitosan grades: CHT-MC=654,127, CHT=135,839, DQ:
adsorbent 1 g/L, pH 7, Initial conc of dye was (lp) 25 mg/L with corresponding O.D. 0.613 at A 510nm

Table 5.30 Sorption kinetics of C.I.Direct Red 81 at neutral pH

TMCHT3= 50.92%; Conc of

Treatment | Adsorbed C. I. Direct Red 81 (mg/g) from effluent treated with:
time, Activated CHT-MC CHT TMCHT3
min charcoal
10 11.6 3.8 5.8 17.1
[46] [15] [23] [68]
20 13.2 3.8 6.0 17.6
[53] [15] [24] [70]
30 16.1 4.0 6.0 17.8
[64] [16] [24] [71]
45 18.5 4.1 6.1 18.9
[74] [16] [24] [77]
60 19.7 4.7 6.3 19.2
[79] [19] [25] [77]
90 20.8 5.6 6.8 19.6
[83] [22] [27] [78]
120 21.1 6.8 7.1 19.6
[84] [27] [28] [78]

Mol wt of chitosan grades: CHT-MC=654,127; CHT=135,839; DQ: TMCHT3= 50.92%; Conc of
adsorbent 1 g/L, Initial conc of dye (lp) was 25 mg/L, pH 7, Values in bracket indicate the % sorption of

dye
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Figure 5.17 Sorption kinetics of C.1.Direct Red 81 at neutral pH

Results reveal the satisfactory sorption efficiency of TMCHT3 and comparable
with activated charcoal. TMCHT3 attained the sorption equilibrium in 30 minutes and
was little influenced or remained almost stable when the treatment was extended. The
sorption ability of CHT and CHT-MC, however, at neutral pH was not found to be
satisfactory. Low molecular weight chitosan i.e. CHT showed somewhat higher capacity
than that of CHT-MC. The sorption dye of latter was extremely slow. The higher sorption
ability of quaternized derivative may be attributed to the presence of permanent cationic
groups that form ionic linkages with anionic groups on dyes. Saturation in adsorption by
TMCHT may be the indication of presence of definite number of dye sites. Poor
adsorption by parent chitosan may be the presence of insoluble chitosan aggregates in
treatment bath. The insoluble aggregates provide very small surface area for the
interaction with dyes and also the diffusion of dye into macromolecular structure is

precluded due to compact structure.
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Table 5.31 Residual C. I. Acid Blue 158 content in effluent treated with different adsorbents at

neutral pH
Treatment Activated CHT-MC CHT TMCHT3
time, charcoal
Min O.D. Dye O.D. Dye O.D. Dye O.D. Dye
content content content content

(Ig), (Ig), (Ig), (Ig),

mg/L mg/L mg/L mg/L

10 0.355 13.2 0.595 21.6 0.560 20.5 0.260 9.7
20 0.205 75 0.589 21.5 0.560 20.5 0.245 9.2
30 0.070 3.0 0.589 21.5 0.550 20.0 0.240 8.8
45 0.065 2.8 0.585 21.3 0.550 20.0 0.230 8.3
60 0.060 2.6 0.580 21.2 0.538 19.2 0.232 8.4
90 0.068 2.9 0.560 20.8 0.520 19.0 0.195 7.3
120 0.040 1.7 0.540 19.4 0.518 18.8 0.190 6.9

Mol wt of chitosan grades: CHT-MC=654,127; CHT=135,839; DQ: TMCHT3= 50.92%;
Conc of adsorbent 1 g/L, Initial conc of dye (l,) was 25 mg/L with corresponding O.D. 0.690 at Aa 620nm

Table 5.32 Sorption kinetics of C.l.Acid Blue158 at neutral pH

Treatment | Adsorbed C.I. Acid Blue158 (mg/g) from effluent treated with:
time, Activated CHT-MC CHT TMCHT3
min charcoal
10 11.8 3.4 4.5 15.3
[47] [14] [18] [61]
20 17.5 35 4.5 15.8
[70] [14] [18] [63]
30 22.0 35 5.0 16.2
[80] [14] [20] [65]
45 22.2 3.7 5.0 16.7
[89] [15] [20] [67]
60 22.4 3.8 5.8 16.6
[90] [15] [23] [66]
90 22.1 4.2 6.0 17.7
[88] [17] [24] [71]
120 23.3 5.6 6.2 18.1
[93] [22] [25] [72]

Mol wt of chitosan grades: CHT-MC=654,127; CHT=135,839; DQ: TMCHT3= 50.92%,
Conc of adsorbent 1 g/L, Initial conc of dye (Ig) was 25 mg/L, pH 7, Values in brackets indicate the %

sorption of dye
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Figure 5.18 Sorption kinetics of C.I.Acid Blue158 at neutral pH

One way to enhance the diffusion of dye into chitosan particles, a pretreatment
with swelling agent to the latter may be given. Highly polar solvent such as N-methyl-2-
pyrrolidone (NMP) may be employed which is often used as a swelling agent during
quaternization reactions [48, 65]. This solvent can swell and open up the chitosan
particles and facilitate the greater penetration of dyes. Chitosan was treated with NMP for
24h and rinsed before used sorption of dyes. The preswollen chitosan (NMP-CHT)
showed improved sorption for direct and acid dyes, nevertheless longer time consumed,
can be observed from Table 5.33 and Table 5.34 and Figure 5.19.
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Table 5.33 Effect of NMP pretreatment on adsorption efficiency chitosan for direct and acid dyes

at neutral pH

Treatment C.1.Direct Red 81 C.1.Aicd Bluel58
time, CHT CHT-NMP CHT CHT-NMP
min treated effluent treated effluent treated effluent treated effluent
O.D. Dye O.D. Dye O.D. Dye O.D. Dye
content content content content
(Ig), (Ie), (Ie), (Ig),
mg/L mg/L mg/L mg/L
10 0.462 19.2 0.435 175 0.560 20.5 0.545 19.7
20 0.460 19.0 0.430 17.4 0.560 20.5 0.545 19.7
30 0.460 19.0 0.420 17.2 0.550 20.0 0.540 19.4
45 0.455 18.9 0.415 17.0 0.550 20.0 0.520 19.0
60 0.453 18.7 0.380 15.7 0.538 19.2 0.500 18.3
90 0.450 18.2 0.325 13.3 0.520 19.0 0.485 17.6
120 0440 17.9 0.305 12.6 0.518 18.8 0.450 16.7

Conc of adsorbent 1g/L, Initial conc of dye (lg) was 25 mg/L

Table 5.34 Effect of NMP pretreatment on sorption ability of CHT for direct and acid dyes at

neutral pH
Treatment Amount of dye adsorbed, mg/g
time, C.l1.Direct Red 81 C.l.Aicd Bluel58
min CHT NMP-CHT CHT NMP-CHT
treated effluent | treated effluent | treated effluent | treated effluent
10 5.8 75 45 5.3
[23] [23] [18] [21]
20 6.0 7.6 45 5.3
[24] [30] [18] [21]
30 6.0 7.8 5.0 5.6
[24] [31] [20] [22]
45 6.1 8.0 5.0 6.0
[24] [32] [20] [24]
60 6.3 9.3 5.8 6.7
[25] [37] [23] [27]
90 6.8 11.7 6.0 7.4
[27] [47] [24] [30]
120 7.1 12.4 6.2 8.3
[28] [50] [25] [33]

Conc of adsorbent 1 g/L, Initial conc of dye (lp) 25 mg/L, pH 7; CHT-NMP is CHT pretreated with
NMP; Values in brackets indicate the % sorption of dye
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Figure 5.19 Effect of NMP pretreatment on sorption ability of CHT direct and acid dyes
at neutral pH

In two phase method, the adsorption stage performed is homogeneous i.e.
chitosan is dissolved in acidic medium for the interaction with dye anions followed by
precipitation for the recovery of chitosan-dye complex. The residual dye in aliquot,
determined by optical density method, respectively for C.I.Direct Red 81 and C.l.Acid
Bluel58 is given in Table 5.35 and Table 5.38. The sorption kinetics of these dyes on
chitosan derivatives presented in these tables and corresponding graphically in Figure
5.20 and Figure 5.21 was encouraging. All the chitosan derivatives namely CHT, CHT-
MC and TMCHT3 showed almost similar level of adsorption and higher than
conventional activated charcoal. The equilibrium was reached within 30 minutes and then
after very little sorption notices. The sorption efficiency THCHT3 in acidic pH was found
to be enhanced than at neutral pH. In all cases, the sorption of direct dyes was higher than
that of acid dyes however the rate of adsorption of acid dyes was some what faster than
direct dyes. In acidic pH, most of the amino groups on chitosan are protonated and

positively charged to form ionic linkages with anionic groups on dyes. Further, in
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dissolved state the chitosan macromolecules are extended and furnish larger number of
accessible positive sites for dye attachment. Unquaternized or free amino groups in
quaternized chitosan also get protonated becoming additional dye sites. The molecular
weight of C.I.Acid Blue 158 (Mol wt 495.45) is lesser than C.l1.Direct Red 81 (Mol wt.
675.6) has higher mobility and may be responsible faster kinetics but the attachment is
solely ionic. Direct dye on the other hand exhibits long, linear and planar structure and is
retained on glucosamine residues, in addition to ionic linkages, by H-bonding and
secondary valance forces analogous to the interaction of cellulose with direct dyes [66].
Therefore, higher sorption of direct dye than acid dye on chitosan macromolecules is
seen. The final appearance of various chitosan derivatives treated coloured waste water is

shown in Figure 5.22 and Figure 5.23.

Table 5.35 Residual C. I. Direct Red 81 content in effluent treated with different adsorbents at

acidic pH
Treatment Activated CHT-MC CHT TMCHT3
time, charcoal
min 0.D. Dye 0.D. Dye O.D. Dye O.D. Dye
content content content content
(1g), mg/L (Ig), mg/L (Ig), mg/L (1g), mg/L

10 0.338 13.4 0.255 10.7 0.230 9.6 0.227 8.8
20 0.291 11.8 0.128 5.7 0.125 5.2 0.120 4.9
30 0.228 8.9 0.067 3.0 0.064 2.7 0.084 35
45 0.162 6.5 0.045 2.0 0.060 2.6 0.068 3.1
60 0.125 5.3 0.050 2.1 0.066 2.9 0.069 3.2
90 0.100 4.2 0.045 2.0 0.065 2.8 0.067 3.0
120 0.095 3.9 0.025 1.8 0.067 3.0 0.069 3.2

Mol wt of chitosan grades: CHT-MC=654,127, CHT=135,839, DQ: TMCHT3= 50.92%;
Conc of adsorbent 1 g/L, pH 3.5, Initial conc of dye was (lg) 25 mg/L with corresponding O.D. 0.613 at
Amax 510nm
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Table 5.36 Sorption kinetics of C.1.Direct Red 81 at acidic pH

Treatment | Adsorbed C. I. Direct Red 81 (mg/g) from effluent treated with:
time, Activated CHT-MC CHT TMCHT3
min charcoal
10 11.6 14.3 15.4 16.2
[46] [54] [62] [65]
20 13.2 19.3 19.8 20.1
[53] [77] [79] [80]
30 16.1 22.0 22.3 215
[64] [88] [89] [84]
45 18.5 23.0 224 21.9
[74] [92] [90] [88]
60 19.7 22.9 22.1 21.8
[79] [92] [88] [87]
90 20.8 23.0 22.2 22.0
[83] [92] [89] [88]
120 211 23.2 22.0 21.8
[84] [93] [88] [87]

Mol wt of chitosan grades: CHT-MC=654,127; CHT=135,839; DQ: TMCHT3= 50.92%;
Conc of adsorbent 1 g/L, Initial conc of dye (lg) was 25 mg/L, pH 3.5; Values in bracket indicate the %

sorption of dye
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Figure 5.20 Sorption kinetics of C.I.Direct Red 81 at acidic pH
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Table 5.37 Residual C. I. Acid Bluel58 content in effluent treated with different adsorbents at

acidic pH
Treatment | Activated charcoal CHT-MC CHT TMCHT3
time, 0.D. Dye 0.D. Dye O.D. Dye O.D. Dye
min content content content content
(Ip), (Ig), (Ig), (1g),
mg/L mg/L mg/L mg/L
10 0.355 13.2 0.260 9.4 0.230 8.3 0.225 8.2
20 0.205 7.5 0.160 6.1 0.190 6.8 0.190 6.8
30 0.070 3.0 0.169 6.0 0.168 6.0 0.138 5.2
45 0.065 2.8 0.120 4.3 0.155 5.7 0.137 5.1
60 0.060 2.6 0.100 3.9 0.165 59 0.132 4.9
90 0.068 2.9 0.090 34 0.145 5.6 0.115 4.2
120 0.040 1.7 0.062 2.7 0.140 5.3 0.125 4.5

Mol wt of chitosan grades: CHT-MC=654,127; CHT=135,839; DQ: TMCHT3= 50.92%;
Conc of adsorbent 1 g/L, pH 3.5; Initial conc of dye (ly) was 25 mg/L with corresponding O.D. 0.690 at

Amax 620nm

Table 5.38 Sorption kinetics of C.I1.Acid Blue158 at acidic pH

Treatment | Adsorbed C.1. Acid Bluel58 (mg/g) from effluent treated with:
time, Activated CHT-MC CHT TMCHT3
min charcoal
10 11.8 15.6 16.3 16.8
[47] [62] [65] [67]
20 175 18.9 18.2 18.2
[70] [76] [73] [73]
30 22.0 19.2 19.0 19.8
[80] [77] [77] [79]
45 22.2 20.7 19.3 19.9
[89] [83] [72] [80]
60 22.4 21.1 19.1 20.1
[90] [84] [76] [80]
90 22.1 21.6 19.4 20.8
[88] [86] [78] [83]
120 23.3 22.3 19.7 20.5
[93] [92] [79] [82]

Mol wt of chitosan grades: CHT-MC=654,127; CHT=135,839; DQ: TMCHT3= 50.92%;
Conc of adsorbent 1 g/L, Initial conc of dye (Ig) was 25 mg/L, pH 3.5; Values in brackets indicate the %

sorption of dye
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Figure 5.21 Sorption kinetics of C.I.Acid Blue158 at acidic pH
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Figure 5.22 Effluents containing C. I. Direct Red 81 treated various adsorbents
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Water Effluent CHT-MC CHT Charcoal

Mol wt of chitosan grades: CHT-MC=654,127; CHT=135,839; DQ: TMCHT3=50.92%
Figure 5.23 Effluents containing C. I. Acid Blue 158 treated various adsorbents
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CHAPTER 6
CONCLUSIONS

Chitosan is a versatile polycationic biopolymer derived from alkaline deacetylation of

chitin. Chitosan exhibits several valuable inherent properties such as antibacterial,

antifungal, antiviral, antacidity, chelation, non toxicity, biodegradability as well as film

formation etc properties. Further, due to its possession of hydroxyl and amino functional

groups, chitosan can be fabricated to tailor products with desired functional properties.

Keeping in mind these valuable inherent properties and huge application potential, the

aim of present study was focused on the applications of chitosan and its various

derivatives in textile processing. The work was divided into four major areas:

(i) Synthesis of chitosan of different molecular weights and determination of effect of
their applications on cotton fabric,

(if) Synthesis of nano chitosan colloids and determination of effect of their applications
on various properties of cotton fabric,

(iii) Synthesis of N-substituted chitosan derivatives and determination of effect of their
applications on important properties of cotton fabric, and

(iv) Use of chitosan derivatives in the removal of metal ions from feed and drain water of

textile processing.

Chapter 2:
Chapter 2 primarily included the studies related to applications of chitosan of

varying molecular weights in wet processing of cotton fabric. From the findings of these

experiments, following conclusions were drawn.

1. The molecular weights of parent chitosan samples, namely CHT and CHT-MC, were
determined viscometrically. These supplied chitosan samples were characterized by
FTIR spectroscopy and the structures of both the samples were found identical.
Degree of deacetylation (DAC) of chitosan samples was determined by 'NMR
spectroscopy and elemental analysis and the values were in close agreement with the

data provided by the manufacturer i.e. 90%.
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2. Low molecular weight chitosans were synthesized by nitrous acid depolymerization
method. The FTIR spectra of chitosan and depolymerized chitosan were almost
identical indicating the process of depolymerization caused no chemical change in the
structure of the polymer except reduction in molecular weight.

3. The viscosity of chitosan solution was found to be greatly influenced by its molecular
weight. The initial molecular weight and the concentration of chitosan were found to
influence the stability of its solution. The drop in viscosity in first 24 h was very fast
and the critical concentration (C*) point shifted towards right when the storage time
was prolonged. The stability of low molecular weight chitosan was not significantly
affected within the chosen concentration range. The viscosity of chitosan solution was
dropped due to the incorporation of electrolyte (sodium acetate); the effect was more
prominent for high molecular weight chitosan solution. Therefore low molecular
weight chitosans in presence of suitable electrolyte can be preferably used in textile
applications.

4. The SEM of high molecular weight chitosan treated fibres was appeared to be glossy
indicating the surface deposition of chitosan, while low molecular weight chitosan
treated fibre surface was matty indicating non filmed surface.

5. The stiffness of the fabric was increased due to chitosan treatment which increased
with increase in molecular weight and concentration.

6. The absorbency of the fabric was found to be reduced after chitosan treatment, which
was deprecated with increase in molecular weight and concentration of chitosan. The
drop in absorbency for high molecular weight chitosan treatment may be due to the
formation of rigid film of chitosan over the fibre surface.

7. Substantial enhancement in dye uptake of cotton fabric was noticed due to chitosan
pretreatment. The dye uptake was increased with increase in concentration and
molecular weight of treated chitosan. The extent of improvement was more for the
dyes having high molecular weight and containing more number of anionic
(sulphonate) groups (e.g. C. I. Direct Blue 71). Almost a salt free dyeing was possible
by chitosan pretreatments. But the fastness properties of chitosan pretreated and dyed

samples were not satisfactory.
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8. A stoichiometric amount of acid dye was taken up by the chitosan treated cotton
fabric. Acid dye adsorption test can be employed as a tool for the characterization of
chitosan and also the amino groups on cotton fibre.

9. Chitosan treatment did not, however, prove quite suitable for easy care finishing.

10. Chitosan treatment showed improved resistance to rotting in soil burial test. The
resistance to microbial attack was due to concerted action of chitosan as polycationic
nature, to form a rigid protective coating and as a chelating agent to scavenge the

essential metal ions from cytoplasm of microorganism.

Chapter 3:
The very large molecular size and consequently high viscosity of chitosan

restricts its penetration into the fibre and fabric structure and leads to only surface
deposition. As a result adverse effects on several properties such as appearance, feel and
poor fastness properties of dyed samples were observed. Today’s need, however, is to
improve above properties without altering the inherent natural qualities of cotton. In
order to enhance the greater penetration without hampering the useful properties of
chitosan, the particle size was reduced to near nano scale by ionotropic gelation technique
using TPP as crosslinker. Following conclusions were drawn from the findings of

experiments of chapter 3.

11. The particle size and size distribution of the chitosan were analyzed using particle
size analyzer.

12. The concentration of chitosan in the formulation bath was found to influence the size
of particle. Particle size was reduced with reduction in concentration. Direct
preparation method produced particles with comparatively lower size than that found
in dilution method.

13. Reduction in molecular weight and in turn drop in intrinsic viscosity decreased the
particle size and showed a curvilinear dependence. This relation may be useful in
preparation of nano chitosan dispersion of desired particle size.

14. TPP concentration was found to play an important role in controlling the particle size.
With increase in concentration of TPP, the particle size was first reduced, reached to

minimum and again increased. Excessive TPP led to precipitation.
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15.

16.

17.

18.

19.

20.

Reduction in particle size reduced the viscosity of chitosan solution significantly, but
the storage stability was affected adversely. Use of freshly prepared nano-chitosan
dispersions prior to applications may be the remedy.

The appearance and handle of nano chitosan treated cotton fabric was much better
than the parent chitosan treated one.

Nano chitosan treatment showed improvement in fibre strength that increased with
the reduction in particle size.

Nano chitosan treatment reduced the water absorbency to some extent.

The dyeability of both chitosan and nano chitosan treated cotton fabric towards direct
dyes was improved reasonably. Acidification of dye bath further improved the dye
adsorption and wash fastness of dyed fabric.

Nano chitosan together with nano silver treatment showed enhanced resistance to

microbial attack.

Chapter 4:

In this chapter synthesis of a series of N-substituted chitosan is reported. There

were three categories of product viz trimethyl chitosan chloride, N-alkyl substituted

quaternized chitosan and N-aryl substituted quaternized chitosan. From the syntheses and

application point of view, following conclusions were drawn.

21.

22.

23.

The quaternization of chitosan was characterized by FTIR analysis. The degree of
quaternization (DQ) of trimethyl chitosan chloride was determined
conductometrically which was in close proximity to that determined by *HNMR and
CHN analysis.

DQ of trimethyl chitosan chloride was increased progressively with the increase in
concentration of methyl iodide. An optimum amount of alkali (NaOH), co-solvent
(NMP) and electrolyte (Nal) was found to be essential to enhance the forward
reaction in synthesizing trimethyl chitosan chloride.

Different N-alkyl chitosan derivatives namely N-ethyl, N-butyl and N-dodecyl; and N-
aryl chitosan derivatives namely N-benzyl and N-(1-Naphthyl) methylene chitosan
derivative were synthesized by reductive amination of Schiff’s base formed by

reaction between chitosan and corresponding aldehydes. Characterization was
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24,

25.

26.

217.

28.

29.

30.

31.

performed through FTIR for qualitative and conductometry, *HNMR and CHN
analysis for quantitative analysis of N-alkyl/aryl N,N dimethyl chitosan derivatives.
The degree of substitution was dropped with the increase in the chain length of alkyl
substituent. Aryl substituents produced lower degree of substitution compared to
corresponding alkyl counterpart. The DQ of N-alkyl and N-aryl chitosan derivatives
was decreased with the increase in the molecular size of substituents.

The intrinsic viscosity was dropped due to quaternization. Higher the size of the
substitution higher was the viscosity. Viscosity of all N-substituted quaternized
chitosan solutions ware lower in presence of electrolyte. Quaternized chitosan
solutions have shown paradoxical behaviour in absence of electrolytes i.e. viscosity
increased at high dilutions.

N-modified chitosan derivatives were applied to cotton fabric by pad-dry cure
technique. The appearance of cotton fabric was found to be comparatively improved
by it’s treatment with quaternized chitosan as against normal chitosan treatment. The
feel of the treated fabric was improved with the increase in the chain length of N-
alkyl substituents. N-aryl chitosan derivatives showed moderate improvement in
handle.

The chlorine retention problem occurred due to chitosan treatment on cotton fabrics
was reduced substantially by quaternization of chitosan.

The absorbency of trimethyl chitosan chloride treated cotton fabric was improved
progressively with the increase in the degree of quaternization. The absorbency of N-
alkyl/aryl chitosan derivatives treated cotton fabric was dropped.

Quaternized chitosan treated fabric showed enhanced dyeability towards direct dye
with improved washing fastness properties. The dye uptake was increased with
increase in the DQ. It also showed satisfactory dye uptake in absence of electrolyte in
the dye bath.

Trimethyl chitosan treated cotton fabric showed stoichiometric amount of acid dye
adsorption in neutral dye bath.

The wrinkle recovery property of cotton fabric was improved to some extent due to

N-substituted quaternized chitosan derivatives treatment.
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32. The chitosan treated samples were soiled more compared with the control one. The
quaternization of chitosan was found to improve the soil release properties. The
degree of soiling was found to get reduced with the increase in DQ.

33. The quaternization of chitosan was found to improve the resistance towards microbial

attack and was improved with increase in the degree of quaternization.

Chapter 5:
Textile wet processing operations produce high volumes of waste water of

varying composition that may be harmful to health and environment. It is, therefore,
extremely essential that the environmental problems associated with industrial
developments are properly addressed for sustainability. As a part of this work, it was
found that the presence of excessive amount of calcium in feed water reduced the dye
uptake while copper ions reduced the bleaching efficiency of hydrogen peroxide and
produced off shades in direct and reactive dyeing. The present investigation (chapter 5)
was, therefore, aimed at the understanding the chelation behaviour of chitosan and its
derivatives for calcium and copper ions and as a sorbent for removal of traces of dyes
from waste water. Chitosan of different molecular weights and quaternized derivatives of
varying degree of quaternization were employed in the present experiment. The effect of
particle size of chitosan on scavenging efficiency was also examined. From the findings,
following conclusions were drawn.

34. The binding of calcium and copper ions to chitosan was confirmed by FTIR. The
attachments were mostly effected through coordinate linkages with O and N of
chitosan. The results of iodometric titration method employed for the determination
of residual copper ions in water were found to be comparable to that found using
atomic absorption spectrometry (AAS). Copper ions adsorbed on chitosan were
determined gravimetrically.

35. The chelation behaviour of chitosan derivatives towards calcium and copper ions was
found to be almost similar except the extent of sorption capacity which was higher for
copper ions.

36. The rate of chelation for metallic ions like calcium and copper was found to be

decreased with the increase in the molecular weight of chitosan. The sorption of these
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ions was increased with increase in concentration of chitosan. The extent of chelation
was found to be high for low molecular weight chitosan when treated for shorter time
and decreased with increase in the molecular weight. However very high
concentration of chitosan, high molecular weight in particular, is not desirable due to
viscosity problems.

37. Highly acidic pH was not found to be suitable for chelation of metal ions. A milder
acidic condition (pH 5.5) showed better results.

38. Reduction in particle size of chitosan enhanced both the rate and amount of
scavenging of metal ions.

39. The chelation efficiency of trimethyl chitosan was reduced with increase in the degree
of quaternization.

40. Chitosan and trimethyl chitosan derivatives were found to be useful adsorbents for
colour waste water treatment. Trimethyl chitosan derivative was effective at neutral
pH where as normal chitosan required acidic pH. Subsequent mild alkalization could

precipitate the chitosan-dye complex and reduce the turbidity.

FUTURE PROSPECTS...

Use of biodegradable and not toxic products from ‘natural’ sources is growing
rapidly and becoming more and more appealing for the replacement of synthetic
compounds. Chitosan is a unique polymer that has demonstrated utility in number of
applications in textiles. Chitosan, nevertheless, is a versatile product but it requires
suitable modifications so that it can be judiciously employed for desired end uses.
Therefore, a single product may not necessarily be suitable for all unit operations of
textile processing. Therefore suitable structural modifications of chitosans and use of
nano technology or combination of both may open a new avenue for its intelligent textile
application. In water processing, chitosan may be more suitable for removal of metal ions
which may be present in traces i.e. ppm or ppb rather than for industrial or dye house
discharge that contains large amount of impurities or else it may used as a sorbent for the
isolation of precious metals such as silver, gold or radioactive elements. Introduction of
suitable groups or ligands in the backbone of chitosan can enhance its scavenging power

and also preference for chelation of specific metal ions.
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Abstract

The applicability of chitosan, trimethyl chitosan chloride and nano chitosan for removal of Cu(ll)ions from
water used in textile wet processing was studied. The liquor before and after treatment was analysed
iodometrically for knowing the presence of Cu(ll) ions and FTIR spectroscopy was employed for the
characterization of Chitosan-Cu(ll) complex. Study included the effect of molecular weight of chitosan,
particle size of chitosan and the degree of quaternization of trimethyl chitosan chloride, pH of medium etc
on the sorption of Cu (I1) ions. The influence of molecular weight of chitosan was found to be an important
criteria so far on rate of sorption of Cu(ll) ions. Reduction in particle size of chitosan enhanced both the
rate and amount of scavenging of metal ions.

Keywords: Chitosan, chelation behaviour, copper ions, nano-chitosan, trimethyl chitosan chloride

Introduction

Plentiful supply of good quality water is indispensable for textile wet processing industry. Water is not only
a vehicle to carry or fix the chemicals and dyes, but it is the medium for processing [1]. The water
employed for various wet processing operations is now-a-days largely obtained from underground source
which is accompanied with various heavy metal ions. The recycled water from effluent discharge also
contributes to these impurities due to the inefficiency of conventional effluent treatment plants to remove
such traces of metal ions. The presence of these ions, even in ppm level, can have detrimental effects on
processes like enzymatic desizing, hydrogen peroxide stability and its bleaching action, shade of dyes etc
[2, 3].

Among various metal ions, Cu (I1) ion has gained attention due to its both beneficial and as well as
adverse effects. Use of copper compounds such as copper sulphate in certain dyeings, direct dyeing in
particular, has found to improve the fastness to washing and light. However, presence of copper in water
can seriously affect the performance of various unit operations of textile processing such as desizing,
scouring, bleaching, dyeing etc. Hence it is advised to avoid copper/brass fittings especially in bleaching
plants. Copper is found to be adsorbed by enzyme molecules to form complexes and inactivate the
enzymatic action. Copper exhibits a catalytic action on hydrogen peroxide decomposition. Presence of
copper is reported to cause instability in peroxide bleaching baths and damage the cotton during bleaching.
Copper is readily absorbed on wool and therefore causes damage during peroxide bleaching. Presence of
copper ions causes deleterious effect on the shades of various dyes used for cellulose, nylon and protein
fibres; nevertheless it enhances the wash and light fastness properties [2, 4].The deleterious effect of Cu(ll)
ions observed on hydrogen peroxide bleaching of scoured cotton fabric and various direct and reactive
dyeing of cotton is presented in Tablel and Figurel. Copper content in textile and allied industries effluent
was found to be approximately 77 mg/L [5] as against the WHO norms 0.05 mg/L[5]. Traces of copper (5-
45 pg/L) in underground water and about 110 mg/kg of soil in and around Surat (India) have been detected

[6].
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Table 1Effect Cu(ll) ions on hydrogen peroxide bleaching of cotton fabric

CuSO, content in Whiteness Yellowness Brightness
bleach bath, mg/L index index index
Control 88.40 1.33 78.08
100 85.98 4.29 73.02
200 85.06 4.69 71.17
500 84.14 5.58 69.32

Scoured sample: W.I. = 78.07, Y.I. = 17.02 and B.l. =56.91

CuSQ, content in C.1.Direct Red C.I. Direct C.l. Re.Red 152 C.1.Re.Blue 25
dye bath, 81 Yellow 44
mg/L

Control

50

100

200

Figure 1 Effect of Cu (lII) ions in dye bath on the shades of direct and reactive dyeing on cotton fabric

The adverse effect of such metal ions can be controlled either by using chelating agents like
ethylene diamine tetra acetic acid (EDTA), diethylene triamine penta acetic acid (DTPA), nitrilo triacetic
acid (NTA) etc [7] or metal ions can be chemically precipitated or coagulated as salts or reduced to metallic
form. They can be separated out from the liquid phase by filtration, settling, centrifuging or electro
deposition [1,8,9]. Various natural products such as wood bark and clay [10], rice hull, cotton fibres,
bamboo pulp, peanut skin etc and chitosan have been found to remove metal cations from the streams [11-
14]. The detrimental effects on environment still persist when water is treated through first route due to the
existence of metal ions in discharged water, while metal ions are removed from discharged water by second
route is safer.

Chitosan is a natural based product derived from alkaline deacetylation of a biopolymer, chitin. It
is second most abundant biopolymer after cellulose. The amount of presence of primary amino groups
present on chitosan molecule is characterized by degree of deacetylation (DAC) [15]. The application
potential of chitosan and its derivatives for the recovery of valuable metals or the treatment of
contaminated effluents is well documented [16, 17]. Our earlier report [18] has shown the scavenging



property of chitosan for calcium ions. Karthikeyan et al. [19] studied the dynamics and equilibrium sorption
of Zn (I1) on to chitosan. They observed maximum of six minutes were required for complete sorption of
Zn ions by chitosan obeying the Freundlich and Langmuir isotherms. Nomanbhay and Palanisamy [20]
used chitosan coated oil palm shell charcoal successfully for the adsorption of chromium ions from water.
Bioconversion of highly toxic Cr(V1) into Cr(lIl) was also observed, which is essential in human nutrition
especially in glucose metabolism. Chang and Chen [21] isolated Au (I11) ions from water on chitosan
coated Fe;O,4 nanoparticles. They found that the gold ions could be fast and efficiently adsorbed. E.Guibal
et al.[22] synthesized thiourea derivative of chitosan for platinum and mercury recovery owing to the
chelating affinity of sulphur ligands. Abdel Mohdy et al. [23] introduced diethyl amino ethyl methacrylate
(DEAEMA) groups onto chitosan backbone through radiation grafting and studied the chelation property of
grafted derivative on copper, zinc and cobalt ions. They reported that the extent metal ions uptake by
chitosan-DEAEMA derivative was preferentially higher for copper ions followed by zinc and cobalt ions.
The present investigation was aimed at understanding the chelation property of chitosan and its derivatives
towards Cu(ll) ions. Chitosan of different molecular weight, nano chitosan of varying particle size and
trimethyl chitosan derivative of different degree of quaternization were taken for the study. The test sample
before and after treatment was analysed iodometrically for knowing the presence of Cu(ll) ions and FTIR
spectroscopy was employed for the characterization of Chitosan-Cu(ll) complex.

Materials and Methods
Materials: 100% cotton fabric (warp and weft 40s, ends/inch142, picks/inch 72 and g/m? 125), at ready for
dyeing stage, was procured from Mafatlal Industries Ltd, Nadiad, Gujarat State,India. Chitosan of different
molecular weights were obtained from Marine Chemicals, Kerala State, India (CHT-MC) and Mahtani
Chitosan Pvt. Ltd., Gujarat State, India (CHT). A low molecular weight chitosan (CHT-D) was synthesized
from CHT by depolymerization with nitrous acid as described earlier [25]. The specifications of different
grades of chitosan are given in Table 2. Various direct and reactive dyes namely C.1.Direct Red 81, C.I.
Direct Yellow 44, C.I. Reactive Red 152 and C.l. Reactive Blue 25 were kindly supplied by Colourtex
Industries Ltd, Gujarat State, India. Anionic detergent (Ezee, Godrej, India) employed was of commercial
grade.

Other reagents like Acetic acid, Acetone, Methyl alcohol, Methyl lodide, EDTA, Sodium
thiosulphate, Potassium iodide, Sodium iodide, Sodium hydroxide, Soda Ash, Sodium sulphate, Copper
sulphate, N-methyl-2-pyrrolidone (NMP) etc used were of analytical grade.

Synthesis of trimethyl chitosan chloride

Trimethyl chitosan chloride (TMCHT) was synthesized as follows: purified chitosan (CHT) (1g) was
treated with required amount methyl iodide (5 g and 15g for two different levels of degree of
quaternization) in presence of sodium iodide 2.4g and sodium hydroxide (2g) dispersed in N-methyl-2-
pyrrolidone (NMP)(40 mL) in a stainless steel reaction vessel at 50°C for 24h. Trimethyl chitosan iodide
was recovered from using acetone then subjected to ion exchange by treatment with sodium chloride (10%,
50 mL) for 1h. TMCHT was then recovered from acetone with repeated washings and oven dried at 55°C.

Synthesis of Nano chitosan dispersions

The method for synthesis of nano chitosan dispersions was followed same as discussed elsewhere [18]. The
prepared nano-chitosan (CHTN) from the starting material CHT was stored in refrigerator. The particle
size and size distribution of the chitosan were analyzed on the particle size analyzer (Zetasizer Nano ZS90,
Malvern Instruments Ltd, UK).

Hydrogen peroxide bleaching of cotton fabric

Scoured cotton fabric was treated with solution containing hydrogen peroxide (30%, 10 g/L), soda ash (10
g/L) sodium silicate (10 g/L), and detergent (1 g/L) at about 85 °C for 60 minutes. The material- to- liquor
ratio was maintained at 1:30. After bleaching was over, the fabric was washed at 80 °C for 20 minutes and
then rinsed.

Dyeing with Direct Dyes

The cotton fabric was dyed with direct dye (1% o.w.m.) in presence of Glauber’s salt (20% o.w.m.) and
soda ash (5% o.w.m.) at temperature 90 °C for 60 minutes. The material- to- liquor ratio was maintained at
1:40. The dyed sample was then rinsed with cold water 3 times, air dried and hot pressed. The dyed



samples were evaluated for colour strength in terms of K/S values on computer colour matching system
(Spectroscan 5100A, Premier Colorscan, India).

FTIR Analysis
FTIR of CHT and TMCHT derivatives were taken on a Thermo Nicolet iS10 Smart ITR spectrophotometer
(Thermo Fisher Scientific, USA) in the wavenumber between 4000-500 cm’™.

Treatment of Cu(l1) ions containing water with chitosan derivatives

Required quantity of chitosan or chitosan derivative (e.g.1g/L) was treated with copper sulphate solution
corresponding to Cu(ll) ions concentration of 394.32 mg/L in presence of acetic acid (0.7 mL/L for pH
5.5 and 1.5 mL/L for pH 3.5) with occasional stirring. After the prescribed reaction time is over, chitosan
was precipitated out by the addition of few drops of sodium hydroxide (10%) solution. The solution was
then filtered, the filtrate was analysed for Cu(ll) ions content iodometrically and the residue was analysed
for FTIR spectroscopy.

lodometric method for determination of Cu(ll) ions

100 mL aliquot (sample solution) was taken in a conical flask and mixed with 10 mL of 10% liquor
ammonia to obtain a dark blue colour. The solution was then neutralized with acetic acid; a slight excess
acid was added, followed by 2 g of potassium iodide. The flask was placed in dark for about 15 minutes for
complete liberation of free iodine and then titrated against 0.1N sodium thiosulphate using starch as
indicator. Ammonium thiocyanate (2 g in 10 mL water) was then added and titration continued. The
amount of Cu(ll) present in the given solution was calculated following equation [25].

A x6.36x1000
V

Where, ‘A’ is the amount (mL) of 0.1N Na,S,0; taken in burrette and ‘V”’ is thevolume (mL) of aliquot
taken for titration (100 mL)

Cu(ll) ions content, mg/L =

o -1e

M

Chelation efficiency in terms of sorption of Cu(ll) ions by chitosan (mg/g) =

Chelation efficiency in terms of copper ions removal from water (mg/L) = 1, — I

Where, Iy is the initial concentration (mg/L) of Cu(ll) ions and I is the concentration(mg/L) of Cu(ll) ions
in treated water. M is the mass (g) of chitosan.

Results and Discussion

Characterization and mechanism of chelation of copper (I1) ions on chitosan

The important ligands on chitosan macromolecule that form complex with metal ions are oxygen pertaining
to primary and secondary hydroxyl groups and nitrogen belonging to amino and acetamido groups. The
structural changes in chitosan occurred due to chelation with Cu(ll) ions can be conveniently studied using
FTIR spectra analysis. The FTIR spectra of CHT and CHT-Cu complex are presented in Figure 2 and
Figure 3.

w7




Figure 2 FTIR spectrum of CHT
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Figure 3 FTIR spectrum of CHT-Cu complex residue

The broad bands at wave numbers 3355, 3284cm™ of the FTIR spectrum of chitosan (Figure 2)
may be attributed to O-H, NH and NH, stretching. The absorption band at 1651 cm™ was due to C=0
(carbonyl) stretching of secondary (amide I) amide bond, a characteristic of N-acetyl group and the
medium peak at 1585 cm™ appeared due to bending vibrations of N-H of amide 11 bond (N-acetyl residue)
and the primary amine. Another medium absorption peak at 1374 cm™ was attributed to the N-H linkage of
amide I11. A strong absorption peak at 1025 cm™ was due to primary hydroxyl group, characteristic peak of
-CH,OH in primary alcohols, arised from C-H stretching [26, 27]. The structural changes in chitosan
arised due to complex formation with copper ions were observed in the spectrum as shown in Figure 3. The
broadening of the peak at 3355 cm™ and progressive reduction of peak at wave number at 1025cm™
indicated the involvements of amino and hydroxyl groups in the scavenging of the Cu(ll) ions. Formation
of a new peak at 1392 cm™ and modifications in peaks due to various amide groups characterized
interaction of these groups with Cu(ll) ions [28]. The complex formation of chitosan with copper ions may
be explained with the help of its electronic configuration of copper ions. Copper, though not strictly termed
as transition metals as their d orbitals are complete, still they form a number of complexes when their ions
have incomplete d orbitals e.g. in the case of Cu(ll) ions having the coordination numbers usually 2,4,and 6
facilitate coordinate bond formation [29]. The possible ways of Cu(ll) ions bound to chitosan is illustrated
in Figure 4.
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Figure 4 Chelation of Cu (lI) ions by chitosan

In order to understand the chelation property, chitosans in various forms and grades were
employed as listed in Table 2 and the performance were compared with tetra sodium salt of ethylene
diamine tetra acetic acid (Na4,EDTA).



Table 2 Chitosan derivatives employed for chelation study

Sample Chemical Name Properties
code DAC, Molecular Particle size, DQ,
% weight nm %

CHT-MC Chitosan 89.03 654,127 - -

CHT Chitosan 90 135,839 4014 -

CHT-D Chitosan 90 38,733 - -

CHTN1 Nano-chitosan - - 408.73 -

CHTN2 Nano-chitosan - - 534.2 -

TMCHT1 Trimethyl chitosan - - - 13.41
chloride

TMCHT2 Trimethyl chitosan - - - 50.92
chloride

DAC: Degree of deacetylation, DQ: Degree of quaternization

Effect of structural modification of chitosan on chelation of Cu (11) ions

The extent of copper ions binding of chitosan is believed to be dependant on the availability of number of
electron donating ligands such as O and N. The state of these ligands on chitosan macromolecules is
anticipated to be altered due to chemical modifications such as quaternization. The Cu(ll) ions sorption by
various chitosan derivatives at pH 5.5 is shown graphically in Figure 5.

400
350
300 A
250 A
200 A
150 A
100 -~

50 A

Chelation effeciency, mg/g

—&—EDTA —&@— CHT-MC —&— CHT
—»— CHT-D —@&— TMCHT1 —¥— TMCHT2

Concentration of chelating agent 1g/L, Initial concentration of Cu(ll) ions 394.32 mg/L, pH 5.5
Figure 5 Chelation behaviour of chitosan derivatives for Cu(ll) ions

Figure 5 illustrates that EDTA attained the equilibrium rapidly for the copper ions binding and the
chelation capacity was maximum. The prolong treatment showed little improvement in chelation efficiency
after initial 15 minutes treatment. The chelation behaviour of chitosan was comparatively slower. The
molecular weight of chitosan was found to have a little effect on its chelation behaviour. At the onset and
during the first hour of treatment, the rate of chelation was slightly higher for low molecular weight
chitosan. When the treatment was continued for longer time the copper ion sorption was levelled off for
different molecular weight chitosans. With increase in molecular weight of chitosan (CHT-MC), the rate of
sorption of copper ions was slowed down but the absolute adsorption after prolong treatment (>3h) was
higher. Thus, the influence of molecular weight of chitosan, in first hour of treatment, seemed to be more
pronounced on the rate of sorption rather than on absolute sorption of copper ions. Modification of chitosan
by quaternization process was found to reduce its metal binding capacity. The chelation capability of
trimethyl chitosan (TMCHT) was decreased with increase in degree of quaternization.

A substantially higher chelation power of EDTA may be attributed to the combined effect of ionic
linkages of Cu(ll) cations with anionic carboxylate groups and the coordinate bonds with amino groups.
The electrostatic attraction between EDTA and metal cations may be the driving force for the attachments.
Chitosan, on the other hand, is a polymeric material having rigid conformation. When dissolved in water in
presence of acid, most of the amino groups are protonated and therefore are incapable of bonding with



copper cations. The only possible route of interaction is through unprotonated amino groups, hydroxyl
groups and/or N-acetyl groups. Further, these polycationic macromolecules in solutions are mostly swollen
entangled bunches exposing very small surface area and hence provide less ligands for interaction with
metal ions. The chitosan molecules, therefore, are slower in chelation compared with EDTA. The latter
inactivates metal ions but does not remove them. On the other hand, Chitosan, a biodegradable chelating
agent, removes metal ions even when present in traces. The process can be made faster by using nano
chitosans, chemical modifications of parent chitosan etc. It is a better choice for medical usage. Being
polycationic polymeric material, chitosan can easily undergo sedimentation due to nucleation and can be
removed simply by decantation or by sand filtration. On account to this unique property, chitosan can be
used to minimize the turbidity in water treatment. Since the treatment is done prior to final filtration, no
additional filtration is required.

The availability of accessible interactive ligands for chelation is determined by the physical state
of macromolecules in solvent which in turn is determined by its molecular size and hence the molecular
weight. Low molecular weight chitosans (CHT-D) in solution are comparatively more extended and mobile
due to less intra and intermolecular forces and thus provide more surface area for chelation reactions and
therefore shows enhanced rate of sorption. Conversely, high molecular weight chitosan (CHT-MC)
molecules in solution are more entangled and compact with lesser accessibility of ligands which led to
lower rate of sorption of Cu(lIl) ions. On prolong treatment, large sized chitosan molecules slowly under
goes depolymerization due to hydrolysis, which results in fall in viscosity as was observed earlier[18]
leading to opening of sites and continued chelation. The chelation property of trimethyl chitosan chloride
(TMCHT), however, was reduced as some of the amino groups were engaged in forming bonds with
methyl groups which consume the lone pair of electrons of nitrogen and also the presence of bulkier methyl
groups restricts the diffusion of metal ions. For unmodified chitosans, recycling of the used product would
be difficult as the attachment of metal ions to chitosan is accomplished by the coordinate linkages. But
chemical modification of chitosan by introducing anionic groups like carboxyl, sulphonate etc can impart
ion exchange property. The treatment of chitosan is effective in removing traces of metal ions and hence
can be beneficial in isolation of precious metals

Effect of pH on chelation of Cu (I) ions

An important parameter that alters the state of ligands on chitosan and its derivatives is the pH of medium.
Acidic pH is required for dissolution of chitosan in aqueous medium; however, it leads to protonation of
amino groups. In order to understand the effect of pH on chelation behaviour of CHT and its quaternized
derivative of maximum degree of quaternization i.e. TMCHT2, two different pH were selected namely pH
3.5 and pH 5.5. Higher pH (pH ~7) was avoided due to the formation of hydroxides of copper causing
precipitation [30]. The sorption of Cu(ll) ions by CHT and TMCHT2 as a function of pH is presented in
Figure 6. CHT was found to be more efficient in complex formation with Cu(ll) ions at pH 5.5. Similar
results were observed in case of TMCHT2 though found to be less efficient compared with CHT. It is
known that the attachment of Cu(ll) ions with chitosan is possible through co-ordinate bonds by the
donation of lone pair of electrons of amino, acetamido and hydroxyl groups. In highly acidic medium i.e. at
pH 3.5 most of the amino groups are protonated and therefore they do not remain available for coordinate
bond formation. In that case the scavenging of Cu(ll) ions would be assigned to hydroxyl and N-acetyl
groups. At slightly higher pH (pH 5.5), some of amino groups remain unprotonated or free. The free amino
groups, due to the presence of lone pair of electrons, are capable of forming coordinate linkages with
copper ions and hence an improvement in chelation was observed at pH 5.5. TMCHT exerts ionic repulsion
to copper cations and in addition the bulkier side methyl groups act as a barrier and leads to the reduction in
chelation efficacy of trimethyl chitosan.
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Figure 6 Effect of pH of the medium on the chelation behaviour of chitosan derivatives at different
time intervals

Effect of concentration of chitosan derivatives on chelation of Cu(ll) ions

An important parameter that influences the sorption of metal ions is the concentration of chelating agent.
The aqueous behaviour of chitosan was found to be governed by the storage time and the behaviour of
chitosan in solution may affect the chelation capacity [20]. Thus, in order to understand the chelation
behaviour, the effect of different concentration and molecular weights of chitosan on the removal of copper
ions from water for two different durations of treatment, namely, short (1h) and long (24h) treatment time
respectively was studied. The results are shown in Figure 7 and Figure 8.
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Figure 8 Effect of concentration and molecular weight of chitosan on chelation efficiency for 24h
treatment

It is observed from Figure7 and Figure 8 that the sorption curves for EDTA followed linearity with
respect to concentration and almost same level of chelation efficacy observed for both the durations of
treatment. The amount of Cu(ll) ions removed from treated liquor was found to be increased with increase
in concentration of chitosan derivatives. The sorption curve for low molecular weight chitosan (CHT-D),
when treated for short time (1h), was found to be linear within chosen concentration range while high
molecular weight chitosans showed some deviations at higher concentrations (Figure 7).The chelation
efficiency of different forms of chitosan was found to follow the following trend CHT-D>CHT>CHT-MC.
On prolong treatment i.e. when the treatment was extended to 24 h (Figure 8), the chelation behaviour of
chitosan was altered particularly for high molecular weight chitosans. The chelation behaviour of low
molecular weight chitosan (CHT-D) was not much influenced. The chelation efficiency of chitosans was,
however, reversed as against short duration of treatment i.e. CHT-MC>CHT>CHT-D. The linearity
observed for low molecular weight chitosan (CHT-D) can be ascribed to the presence of their molecules in
solutions in comparatively free and more extended form due to less intra and intermolecular forces. These
molecules provide, in chosen concentration range, uniform number of sites proportional to the
concentration of chitosan. During short treatment time, high molecular weight chitosan (e.g. CHT-MC)
molecules in solution still remain entangled due to overlapping of macromolecules as revealed by the
viscosity measurement reported elsewhere [18]. Therefore they provide fewer sites for the interaction with
Cu(Il) ions resulting in to decreased chelation. On prolong treatment, high molecular weight chitosans may
undergo depolymerization due to hydrolysis and may also display more opened conformation due to
disentanglement leading to opening up of more sites for chelation, which is more prominent at higher
concentration [30,31]. Thus it is the depolymerization leading to opening up of molecular conformation
comparatively more prominently in high molecular weight chitosan than in low molecular weight chitosan
on prolong treatment and what we virtually see is the reversal in chelation efficiency on prolong treatment.

Effect of particle size of chitosan on chelation of Cu(ll) ions

The reduction in particle size of chitosan macromolecule to nano level can furnish increased
surface area and hence more number of reactive sites (ligands) for metal scavenging. The particle size of
chitosan was reduced by ionotropic gelation with sodium tripolyphosphate (TPP) as described earlier [32].
The varying levels of particle size of nano chitosan, for a given molecular weight chitosan, were obtained
by varying the concentration of chitosan. Two different nano chitosans of average particle sizes 408 nm and
534 nm were obtained from CHT from initial concentrations of 1.5 g/L and 2 g/L. These stocks solutions
were employed for chelation study of copper ions at concentration 1g/L, obtained by dilution. The effect of
particle size on the chelation efficiency of chitosan is shown graphically in Figure 9. The results revealed
that the rate of chelation enhanced by the reduction in particle size of chitosan indicating faster
establishment of equilibrium with higher equilibrium chelation efficiency. Besides the increased surface
area due reduction in particle size, the presence of TPP can also act as a ligands for scavenging the copper
ions [29].
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Conclusion

The presence of excessive copper ions adversely affect the bleaching efficiency and dyeing results.
Chitosan of different molecular weights and quaternized derivatives of varying degree of quaternization
were employed in the present experiment. The effect of particle size of chitosan on scavenging efficiency
was also studied.

The binding of copper ions to chitosan was confirmed by FTIR. The chelation efficiency of
trimethyl chitosan (TMCHT) was reduced with increase in the degree of quaternization. Highly acidic pH
was not found to be suitable for chelation of metal ions. A milder acidic condition (pH 5.5) showed better
results. The sorption of copper ions was increased with increase in the concentration of chitosan/chitosan
derivatives. The extent of chelation was found to be high for low molecular weight chitosan when treated
for shorter time and decreased with increase in the molecular weight whereas for higher sorption time a
reverse trend was noticed. Reduction in particle size of chitosan enhanced both the rate and amount of
scavenging metal ions.
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In this paper, the study on synthesis, characterization and application of nano-chitosan on cotton fabric has been reported.
The nano-chitosan treated fabrics are then tested for appearance, tensile, absorbency, stiffness, dyeing behaviour, wrinkle
recovery and antibacterial properties. Low molecular weight chitosans are prepared by nitrous acid hydrolysis method; the
molecular weights are determined viscometrically. Nano-chitosans are synthesized by ionic gelation of pentasodium
tripolyphosphate and chitosan, and then characterized by particle size determination. The fabric samples are pretreated with
normal and nano-chitosan solutions by pad-dry-cure technique. The surface morphology of treated cotton fabric has been
studied by SEM analysis. The treated fabrics have also been dyed and their whiteness, yellowness and brightness indices are
evaluated. It is found that the particle size and polydispersity of chitosan in solution are affected by the variation in molecular
weight. The dye uptake and wash fastness of nano-chitosan treated fabrics are found to be improved. An enhanced antibacterial
property is observed with the reduction of nano-chitosan particles and when coupled with nano silver colloid.

Keywords: Antibacterial property, Chitosan, Cotton, Dyeing behaviour, Nano-chitosan, Wrinkle recovery

1 Introduction

Various wet processing operations of textiles from
initial preparatory processes to final finished clothes
are now focused for green technology. Several
conventional non-ecofriendly chemicals are being
replaced by natural based products that are safe to
environment and health during manufacturing and
usage. Applications of enzymes in preparatory and in
bio-polishing, natural dyes for coloration, biopolymers
and their derivatives in fibre production and finishing
processes, etc are some of them. One such biopolymer
of great interest in recent years is chitosan, derived
from alkaline deacetylation of chitin'.

The precursor chitin is a nitrogen containing
polysaccharide, which is second most abundant
biopolymer after cellulose; distributed in the shells of
crustaceans such as crabs, shrimps and lobsters as
well as in the exoskeleton of marine zoo-plankton,
including coral, jellyfish and squid pens. It is totally
ecofriendly and renewable™.

Chemically, chitosan is a linear (1-4) linked
2- amino-2-deoxy-f- d- glucan (i.e. B- d-glucosamine)
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having the structure very much close to that of
cellulose except the hydroxyl group in C (2) of
cellulose is being replaced by amino group in chitosan.
Indeed, it is a copolymer of N-acetyl-glucosamine and
glucosamine units. Being a primary aliphatic amine,
chitosan can be protonated by various acids" >,

By virtue of several valuable inherent properties
such as antibacterial, antifungal, antiviral, antacid,
non-toxic, total biodegradable, biocompatible with
animal and plant tissues as well as film formation,
fibre formation and hydrogel formation properties,
chitosan has prospective applications in many ficlds
such as biomedical, waste water treatment, cosmetics,
dentifrices, food, agriculture, pulp & paper, and
textile industries™ .

In textiles, the application potential of chitosan is
reviewed comprehensivelys’g. Investigations have
shown that it can also be used as a dye fixing agent,
for shade and naps coverage, to improve the fastness
of dyed fabrics, as a binder in pigment printing, as a
thickener in printing. By virtue of its bacteria
impeding property, chitosan can prevent garments to
develop bad odour™'™".  An improved wrinkle
recovery of cotton fabric is reported on finishing
cotton with citric acid solution in presence of chitosan
with minimum loss in tensile strength due to citric
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acid treatment™. It is found that complete inhibition of
Escherichia coli and Hay bacillus bacteria is possible
by treatment of cotton with 0.5gpL chitosan
concentration'®, Tiwari and Gharia'” attempted to use
chitosan as a thickener in printing paste. Performance
of the prints with respect to K/S, wash fastness, crock
fastness and hand are observed to be unsatisfactory.
Our earlier investig_zaltions'8 have shown improved
dyeability towards direct dyes of Chitosan pretreated
cotton fabric and the degree of improvement was found
to be a function of molecular weight and concentration
of chitosan. The fastness to washing of direct dyes on
chitosan pretreated fabric, however, was only slightly
improved especially for the low molecular weight
chitosan applications. Chitosan treated cotton fabric
also showed a substantial dyeability towards acid dyes.
The appearance and handle of the treated fabric,
however, was severely affected. The wrinkle recovery
property was found to be reduced. The loss in inherent
qualities of cotton fibres due to chitosan may be
attributed to the rigid film deposition of it, mostly
confined to surface of fibre only.

Today's need, however, is to improve above
properties without altering the inherent natural qualities
of cotton. It is possible by achieving the maximum
penetration of polymer particles into fibre structure and
increasing its effectiveness at lowest possible
concentration. Penetration of chitosan solution can be
improved by lowering the viscosity of its solution,
which is obtained by lowering the concentration and/or
by reducing the particle size. Reduction in
concentration of normal chitosan in solution, however,
may reduce its effectiveness and larger chain does not
permit its entry into the yarn/cellulose structure. The
only possible way is to reduce the particle size, which,
in addition to decrease in viscosity, offers greater
surface area and hence increase the effectiveness of
chitosan. This is the basis of today’s most popular
technology ‘nano technology concept’.

The potential applications of nano-chitosan are
well demonstrated in medical field particularly in
controlled drug delivery systems'®*'. However, their
applications in textiles are not yet well investigated.
The practical application of such nano-chitosan to
textiles at shop floor level demands suitable
technology for the production of nano-chitosan
dispersions, characterization and the analysis of
stability of standing baths.

Therefore, in the present work, an attempt has been
made to set a simple methodology to produce nano-
chitosan by ionotropic gelation with pentasodium

tripolyphosphate. Chitosans of different molecular
weights are obtained by controlled depolymerisation
of parent chitosan using nitrous acid hydrolysis and
these products are subsequently used for the synthesis
of nano-chitosan. The study reported here is the final
results of many basic experiments after getting the
confirmation of reproducibility. A representative
concentration of lgpL is, therefore, only reported and
discussed here to make it as brief as possible and to
avoid presenting less important data. The effect of
particle size on various properties of nano-chitosan
treated cotton fabric, such as appearance, stiffness,
absorbency, dyeing behaviour and wrinkle recovery,
is discussed. Scanning electron microphotographs of
nano-chitosan treated cotton fabric are also analysed.

2 Materials and Methods
2.1 Materials

100% cotton fabric (count 40s x 40s, EPI 142, PPI
72 and GSM 125), ready for dyeing stage, was
procured from local process house.

Direct dyes, namely C.LDirect Red 81 and
C.1.Direct Blue 71, were obtained from M/s Colourtex
Industries Ltd, Gujarat State, India. Chitosan (CHT1),
having degree of deacetylation (DAC) 90% and
viscosity 22cPs, was obtained from M/s Mahtani
Chitosan Pvt. Ltd., Gujarat State, India. Dimethylol
dihydroxy ethylene urea (DMDHEU) was obtained
from local process house and other chemicals such as
sodium tripolyphosphate (TPP), acetic acid, sodium
nitrite, sodium acetate (anhydrous) and sodium
hydroxide used were of analytical grade.

2.2 Synthesis and Characterization of Nano-chitosan
Different molecular weight grades chitosans were
first obtained by depolymerization of CHTI1 by
nitrous acid hydrolysis method, which were employed
for the preparation of nano-chitosan dispersions as
described elsewhere™. In gencral, chitosan was
dissolved in acetic acid solution and optimized
quantity of TPP was added drop wise with rapid
stirring (about 400 rpm) to obtain an opalescent
solution. The sample was allowed to stand overnight,
filtered through sintered glass filter of porosity grade
G3 and preserved in refrigerator. The prepared nano-
chitosan was termed as CHTIN. The synthesized
nano-chitosan was applied to cotton fabric within
24 hours since the stability of nano-chitosan gels
adversely affected with time as discussed earlier =,
The specifications of different grades of chitosan and
nano-chitosan are given in Table 1. The particle size
and size distribution of the chitosan were analyzed on
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Table 1—Particle size of nano-chitosan as a function
of molecular weight

[CHT:TPP:: 1:0.15]
Parent chitosan Synthesized nano-chitosan

Sample code Molecular Sample code Particle size
weight nm
CHT1 135,839 CHTING)* 468.1
CHTIN(i)® 319.4
CHT2 71,676 CHT2N 271.6
CHT3 38,733 CHT3N 231
CHT4 20,698 CHT4N 195.2
CHTS 11,986 CHTSN 110.74

“Obtained by dilution of CHTIN of 2 gpL concentration to 1gpL.
bSynthesized directly from CHT1 of 1 gpL concentration.

the particle size analyzer (Model: Zetasizer Nano
7590, Make: Malvern Instruments Ltd, UK).

2.3 Treatment of Fabric with Nano-chitosan

Nano-chitosan dispersion (1gpL) was applied onto
fabric on a padding mangle with wet pick-up of
70% by two dip- two nip method. After drying the
fabric was cured in oven at 150 °C for 4 min.
The sample was then washed in the following
sequence: rinse — alkali wash (soda ash 1 gpL,
MLR 1:50) — hot wash (twice) (85 °C 7 20min) —
cold wash — dry.

2.4 Test Methods
SEM Study

Treated and untreated fabric samples were fixed on
carbon coated aluminium sheets and then were
observed under scanning electron microscope (Model
JSMS5610LV, version 1.0. Joel, Japan) in vacuum.

Evaluation of Indices

The samples were evaluated on Spectroscan 5100A
(Make: Premier Colorscan) for whiteness index (10
deg / D65 / Hunterlab), yellowness index (2 deg / C/
ASTM D 1925), brightness index (2 deg / C / TAPPI
452 /150 2470).

Fabric Stiffuess, Tenacity and Absorbency

Stiftness in terms of bending length was measured
as per standard ASTM D 1388-996. The tenacity and
elongation-at-break of treated and untreated cotton
fibres were measured on Stelometer (Make: Eureka
Precision Instrument & Co., Coimbatore, India).
The breaking load (kg) and elongation-at-break were
obtained directly from scale. The samples were then
collected and weighed. An average of 5 readings was
calculated using following formula:

Breaking load (kg) < 1.5x10
Sample weight (mg)

Tenacity (g/tex) =

Sample length = 1.5 cm

Absorbency of treated and untreated cotton fabrics
was evaluated as per AATCC test method 79-2000.
Fabric Dyeing

The fabric sample was immersed in dye bath
maintained at material-to-liquor ratio of 1:40 and
containing 1% direct dye, Glauber’s salt (20% owf)
and soda ash (5% owf). The sample was run in the
bath for 15 min at room temperature. Temperature
was then raised to 90 "C and dyeing was continued for
60 min. The dyed sample was then rinsed with cold
water 3 times, air dried and hot pressed.

In case of nano-chitosan pretreated material the
dyeability was also checked after making the dye bath
slightly acidic using 0.5 gpL acetic acid after
completion of conventional dyeing process. Presence
of acid protonate the amino group which enhances
further absorption of dyes.

The dyed samples were evaluated for colour
strength in terms of K/S values on Premier Colorscan
(India) make computer colour matching system
namely Spectroscan 5100A. The wash fastness of
dyed samples was evaluated according to ISO 1.

Crease Recovery Angle and Antimicrobial Activity

Crease recovery angles were measured as per
AATCC test method 66-2003.The untreated and
treated samples were subjected to soil burial test as
per AATCC Test Method 30-2004. After the
stipulated period the samples were removed, washed
with water and dried in air. The samples were then
tested for strength measurement on stelometer.

3 Results and Discussion
3.1 Synthesis and Characterization of Nano-chitosan
Chitosan has fairly long linear structure with
rigid conformation. The characteristic size of
CHT1 hydrodynamic sphere is found to be 4014 nm.
Such a higher particle size offers higher viscosity
to the solution. It is possible, for a given molecular
size chitosan, to reduce the particle size to nano
level by ‘bottom-up’ approach™. Chitosan, by

virtue of polycationic nature, undergoes ionic
gelationwith  polyanions such as pentasodium
tripolyphosphate (TPP), ethylene diamine tetra

acetic acid (EDTA), etc to form nano-particles.
Such particles are stabilized by electrostatic
hindrance due to coulombic repulsion between
particles of same ionic charges**. Owing to faster
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ionic reactions between chitosan and TPP,
non-toxic nature of these connponent523 and ease
of operation, we adopted the gel ionization
technique for the synthesis of nano-chitosan
particles. The particle size distribution of
CHTSN, having particle size 110.74nm, is given
in Fig.l. Scaling down the particle size of
large polymeric materials to nano level is a
big challengelt is clear from the present study
that the molecular weight (Table 1) has a great
role in controlling the particle size and by reducing
the molecular weight we achieved about 110 nm
particle size. It is clear from this investigation
that the particle size can be reduced below 100 nm
by experimenting with parent chitosan of low
molecular weight (lower than 10,000). We believe
that the study would act as a platform for further
work of this kind and would serve basic information
to the future researchers.

-
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3.2 Effect of Nano-chitosan Application on Surface Morphology

The surface morphology of the treated and
untreated cotton was studied under scanning electron
microscope (Fig. 2). Chitosan exhibits an inherent
property of film formation, which is clearly seen as
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Fig. 1—Size distribution of nano-chitosan by intensity (CHT5N)
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Fig. 2—Scanning electron microphotographs (x2700) of (a) cotton Fibre (control), (b) CHT1 treated fibres, (c) CHT1 treated and then
prolong boiled cotton fibres, (d) CHTIN(ii) 319.4nm, treated cotton fibres, () CHT4N, 195.2nm, treated cotton fibres and (f)

CHTS5N, 110.74nm, treated cotton fibres
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gloss on fibre surface as shown in Fig 2(b). Further,
the film deposition on fibre surface can be confirmed
by prolong boiling of treated sample in distilled water
so that the broken appearance of film can be viewed
under SEM [Fig. 2(c)]. Nano-chitosan treated samples
show all together different microphotograph
[Figs 2(d) — (f)]. Nano-chitosan film is found to be
more uniform.

3.3 Effect of Nano-chitosan on Fabric Appearance

The appeal of the fabric is manifested by its
appearance and the feel. Effect of particle size of
nano-chitosan on these properties of cotton fabric is
illustrated in Table 2.

The appearance and the fabric feel are quite
satisfactory. It is envisaged from Table 2 that the
whiteness is improved with reduction in particle size
and reaches well nearer to that of control sample.
This may be attributed to the greater extent of
penetration of nano-chitosan particles into fibre
structure and allowing the cuticle for exposure.
Deposition of normal chitosan, however, is confined
to surface as a film, which alters the whiteness to
some extent. This film may also impart stiffness to the
fibre, whereas a nano-chitosan shows a little
influence, as is observed in same table.

3.4 Effect of Nano-chitosan on Tensile Properties

The effect of nano-chitosan treatment on tensile
properties of cotton fabrics is presented in Table 3.

There is a reduction in strength due to conventional
chitosan application. Conventional chitosan mostly
forms a film on the surface of the fabric and very less
amount of it can enter in to the inter-fibre regions,
thus cannot take part in load bearing phenomenon,
rather affects symmetrical distribution of load. Nano-
chitosan, on the other hand, because of its small size
can easily enter into the inter-fibre region and to even
inter-cellulosic chain regions, and work as a cross-

link which bears the load to a great extent. The
strength improvement is therefore clearly observed
with the reduction in particle size. The elongation
property is, however, decreased to some extent with
the scaling down of particle size. The formation of
in situ three dimensional networks probably resists the
adjacent fibre molecules to slip and lowers the
elongation-at-break.

3.5 Effect of Nano-chitosan on Absorbency

The absorbency, measured by drop penetration
method, of nano-chitosan treated cotton fabric is
shown in Fig. 3. The results show that the absorbency
is decreased with the reduction in particle size. This
may be elucidated by the example of lotus leaf effect.
Distribution of nano-chitosan particles as a thin layer
over and beneath the surface, [Fig. 2 (d)-(f)], may roll
out the water droplets. Nevertheless, the absorbency
of nano-chitosan treated samples is still within the
tolerable limits of conventional wet processing
conditions.

3.6 Dyeing Behaviour of Nano-chitosan Treated Cotton Fabric

Since the structure of chitosan is very much similar
to cellulose, it is anticipated that its treatment to
cotton should influence the dyeing. Hence, the effect
of pretreatment of nano-chitosan on direct dyeing of
cotton has been studied. The effects of chitosan and
nano-chitosan pretreatment on dye uptake are shown
in Table 4. The dye uptake by treated cotton fabric, in
conventional process, is increased progressively with
reduction in particle size of CHTN. The results are
superior to corresponding parent CHT treated
materials. The dye uptake of CHTN treated samples is
found to be significantly increased, resulting in almost
complete exhaustion of dye bath, when acidification
was followed. The increased dye uptake due to
chitosan treatment may be attributed to the presence
of primary amino groups of chitosan. These cations

Table 2—Effect of particle size of nano-chitosan on appearance and stiffness of cotton fabric

Sample code Particle size Appearance Bending length, cm
nm W.1L YL B.L Warp Weft
Control - 92.5 2.6 84.6 2.05 1.68
CHT! 4014 90.9 49 81.8 2.44 1.70
CHTIN() 468.1 91.1 4.6 824 2.29 1.71
CHT1IN(ii) 3194 91.1 4.6 823 2.26 1.70
CHT2N 271.6 91.5 3.6 834 2.24 1.70
CHT3N 231.0 92.1 3.2 83.7 2.24 1.71
CHT4N 195.2 91.9 34 838 2.21 1.70
CHT5SN 110.74 92.1 32 83.8 2.19 1.70

W.IL—Whiteness index, Y.L—Yellowness index, B.L—Brightness index.
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dissipate the negative surface charge on cotton and
drives dye molecules to the fibre. Further, the dye
uptake may also been enhanced due to the dyeability
of chitosan itself with direct dyes. The nano-chitosan
due to increased surface area and hence higher
accessibility for dye sites put much added value. The
primary amino groups on chitosan get protonated
(quaternized) in acidic medium having enhanced
positive charge, thus form salt linkages with anionic
(sulphonate) groups of residual dye in the bath.
Secondly, the higher dye uptake value after
acidification proves the presence of chitosan.

The wash fastness and rub fastness properties of
direct dyed fabrics were also analyzed, which are

Table 3—Effect of nano-chitosan on tensile properties
of cotton fabric
[Control cotton fabric: Tenacity = 23.33 g/tex, Elongation-at-
break=5.25%]

Parent chitosan Nano-chitosan

Sample Tenacity Elongation- Sample  Tenacity Elongation-
code  g/tex at-break %  code g/tex  at-break, %
CHT1 20.48 475 CHTIN(@)  23.48 4.5
CHTINGi)  25.17 4
CHT2 21.01 4.5 CHT2N 25.61 4
CHT3 2145 4.5 CHT3N 25.56 4
CHT4 22,19 425 CHT4N 2571 375
CHTS 21.81 4.5 CHT5N 2572 35

presented in Table 5. The fastness to washing is
improved with the reduction in particle size. This may
be regarded to the formation of CHTN-dye complex
in situ. The fastness to rubbing is also improved to
some extent with the reduction in particle size.

3.7 Effect of Nano-chitosan on Crease Recovery

The proneness to creasing downgrades the aesthetic
appeal of cotton cloth or garments. This problem of
cotton fabric is conventionally overcome by the
treatment with various cross-linking agents based on

[+
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Fig. 3—Effect of particle size on absorbency of treated
cotton fabric

Table 4—Effect of particle size of nano-chitosan on dye uptake of treated cotton fabric

Parent chitosan Nano-chitosan
Sample K/S Sample K/s*
code (Conventional code
dye bath) C. I Direct Red 81 C. L Direct Blue 71
Conventional dye  Acidicdye  Conventional dye Acidic dye bath

bath bath bath

CHTI1 9.0 6.9 CHTIN() 9.6 10.2 72 8.0
24) (62) (19) (63)

CHT IN(ii) 9.6 10.4 7.4 8.1

24 (64) (22) (63)

CHT2 9.0 7.0 CHT2N 9.8 10.5 7.4 8.2
27 (66) (22) (66)

CHT3 9.0 6.8 CHT3N 9.8 10.5 7.7 8.2
(27) (66) (26) (66)

CHT4 9.0 6.7 CHT4N 9.8 10.5 7.8 8.2
27 (66) (28) (66)

CHTS 9.1 7.1 CHT5N 9.9 10.6 7.8 8.4
(29) (67) (28) (69)

*Values in parentheses indicate per cent improvement in K/S as compared to corresponding control fabric sample.
C. L Direct Red 81— K/S values of controlled cotton fabric dyed in conventional dye bath is 7.7 and in acidic dye bath it is 6.3.
C. L Direct Blue 71— K/S values of controlled cotton fabric dyed in conventional dye bath is 6.1 and in acidic dye bath it is 4.9.
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Table 5—Effect of particle size on fastness properties of direct
dyes (conventional dye bath)

Sample Particle C. L Direct Red 81 C. L Direct Blue 71
code Y Wash  Rub  Wash  Rub
fastness fastness fastness fastness
Control - 3 2-3 4 2-3
CHT1 4014 3 2 4 2
CHTIN(i) 468.1 34 2-3 4-5 2
CHTI1N(ii) 3194 34 2-3 4-5 2-3
CHT2N 271.6 34 2-3 4-5 2-3
CHT3N 231.0 4 2-3 4-5 2-3
CHT4N 195.2 4 2-3 5 3
CHTSN 110.7 4-5 3 5 3

Table 6—Effect of particle size of nano-chitosan on wrinkle
recovery property of cotton fabric

Sample Pad bath Particle size  Crease recovery
code concentration nm angle
epL fg
Control - - 161
DMDHEU 20 - 180
(40%) 40 - 207
60 - 215
CHT1 1 4014 144
CHTIN (i) 1 468.1 158
CHTIN(ii) 1 3194 162
CHT2N 1 271.6 162
CHT3N 1 231.0 163
CHT4N 1 195.2 165
CHTSN 1 110.7 170

aminoplast resins, e.g. DMDHEUY. The crease
recovery property as a function of chitosan and nano-
chitosan treatments has been compared against
DMDHEU (Table 6). The crease recovery angle of
cotton fabric is greatly reduced by the treatment of
normal chitosan (CHT1). Treatment of cotton fabric
with chitosan of lower particle size is found to
improve the crease recovery of cotton fabric
(Table 6). However yet it could not gain the rating of
commercially used cross-linking agent DMDHEU.
Conventional chitosan is believed to form a surface
coating which lowers the possibility of cross-linking
and therefore cannot contribute to the load sharing
phenomenon. The improved wrinkle recovery
property in case of nano-chitosan treatment may be
attributed to the greater penetration into fabric
structure. These polycationic nano-particles, due to
better penetration, may bound the fibre molecules and
resist creasing to some extent.

Table 7—Effect of nano-chitosan treatment on resistance towards
microbial attack

Sample Tenacity, g/tex Change in
code Before soil  Aftersoil  strength from
burial bural  untreated cotton
fabric®, %
Control 23.33 18.98 -18.65
Cotton" 20.87 18.08 -22.5
(Blank treated)
CHT1 20.48 19.47 -16.55
Ag nano 22.68 22.20 -4.84
CHT1+ Ag nano 24.51 20.27 -13.10
CHT1N(ii) 25.17 21.84 -6.30
CHTIN(ii)+Ag nano 24.21 22.94 -1.67
CHTSN 25.72 2238 -4.07
CHT5N+Ag nano 25.67 23.03 -1.29

“ve sign indicates the loss in strength.
"Cotton (blank treated): Acetic acid (15 gpL) applied by pad-dry-
cure method.

3.8 Effect of Nano-chitosan on Antibacterial Effect

Cotton fibres like other natural fibres provide
favourable environment for the growth of
microorganisms due to moisture and warmth. These
organisms are mainly responsible for discolouration,
development of rancid/bad odour, stains and strength
loss of fabric as well as skin allergies and infection
diseases to human bodys’z?. One of the most popular
ways of imparting antimicrobial resistance is to use
nano-silver colloid. Chitosan, being polycationic
material, binds to anionic surfaces of microbe cell
wall and disrupt it leading to death of cell’.
Attributing to the antibacterial and metal particle
retention properties of chitosan™, the fabric
was treated with chitosan and nano-chitosan and
then with nano silver colloid. Nano-silver colloid
of concentration 1-107° M /100 mL and average
particle size 110nm was prepared as published
elsewhere™.

The resistance against bacterial attack of untreated
and treated samples of cotton was determined by
measuring the loss in strength due to soil burial test.
The results are presented in Table 7. It can be
observed that the chitosan can be employed as an
efficient antibacterial agent. The effect is enhanced
with the reduction in particle size of nano-chitosan
and coupling with nano-silver.

4 Conclusion
lonotropic gelation with pentasodium
tripolyphosphate is employed for the preparation of
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nano-chitosan dispersion. From the
application of nano-chitosan to
following conclusions can be drawn.

4.1 The appearance and handle of
treated cotton fabric is quite satisfactory.
4.2 Nano-chitosan treatment shows improvement in
fibre strength that increases with the reduction in
particle size. The elongation-to-break is slightly
decreased with the scaling down of particle size.

4.3 Moisture related property such as absorbency is
affected: nevertheless it is in acceptable limit of
tolerance.

4.4 The dyeability of chitosan and nano-chitosan
treated cotton a fabric towards direct dyes is improved
significantly. The progress is sustained with reduction
in particle size. The effect is further enhanced after
acidification of dye bath. Fastness to washing is
improved satisfactorily and fastness to rubbing
slightly.

4.5 Wrinkle recovery property is slightly improved
and use of suitable cross-linking agent is essential.

4.6 Nano-chitosan together with nano-silver treatment
shows enhanced antibacterial activity.

stand point
cotton fabric,

nano-chitosan
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Abstract

The enhanced performance af chitosan (CHT) treated cotton fabric is anticipated tobe achieved by scaling down the particle
size of former to nano level for its greater penetration into the fabric structure. Nano-chitosan (CHTN) was synthesized by
ionic gelation of CHT and sodium tripolyphosphate (TPP). The sample was characterized by the determinarion of particle
size and polydispersity index (pdi) on particle size analyzer. Effect of various parameters such as molecular weight and
concemtration of CHT, concemtrations of TPP on particle size were studied. Low molecular weight chitosans were prepared
by nitrous acid hydrolysis method and the molecular weights were determined viscometrically. Amtempis were made o
correlate the viscosity behaviour with particle size af chitosan. The storage stability of CHTN dispersions was studied by

periodic evaluation of their viscosity.

Keywords: Chitosan, nano-chitosan, characterization, viscosity behaviour, storage stability.

Introduction

The biopolymer based cationic polysaccharide, chitosan, is
obtained by alkaline deacetylation of chitin which is widely
distributed in shells of crustacean like lobsters, shrimps, crabs
etc. Chemically, chitosan is a linear (1-4) linked 2- amino-2-
deoxy-p- d- glucan (ie. f- d-glucosamine) having the structure
very much close to that of cellulose except the hydroxyl group
in C (2) of cellulose is being replaced by amino group in
chitosan. Indeed, it is a copolymer of N-acetyl-glucosamine and
glucosamine units™,

The potential use of chitosan in textiles and various allied fields
has attracted strong interest for the development of its several
derivatives and colloidal particles of nano level**. This has been
attributed to its valuable inherent properties such as
antibacterial, antifungal, antiviral, antacid, non toxic, total
biodegradable, biocompatible with animal and plant tissues as
well as film formation, fiber formation, hydrogel formation. It is
totally eco friendly and renewable™”. Macromolecular chitosan,
however, encounters several challenges while its applications to
textiles, in particular. Investigations have shown that the
inherent properties of cotton fabric such as appearance and
handle and other essential properties like fastness of dyes to
various agencies due normal chitosan treatment were found tobe
affected'’, These detrimental effects of chitosan are mainly
attributed to its lack of penetration into fabric structure causing
the surface deposition of film "% One possible way to enhance
its effectiveness is to reduce the particle size closer to nano
level, which facilitates the greater penetration of CHT into
fabric structure.
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The applications of nano chitosan are well demonstrated in
medical field particularly as controlled drug delivel?-' systems'™
"“and water treatment for removal of heavy metals'’ and highly
pollutant organic compounds like alkyl phenols'®, However,
very few applications nano chitosan in textiles are addressed.
Lee et al” obtained chitosan and PVA-Chitosan blended
submicroscopic fibres by electro spinning method having the
average diameter of 200-400 nm. Nano chitosan can be loaded
with metal ions such as Ag. Cu, Zn etc to enhance its
antibacterial property, as reported by Du et al™®. The practical
applications of nano chitosan to textiles at shop floor level needs
suitable technology for its productions, characterization and the
analysis of its stability in standing baths. The present work was,
therefore, aimed at finding out a simple method of synthesising
nano chitosan by ionofropic gelation with sodium
tripolyphosphate (TPP) and with the objective to its applications
to cotton textiles. The characterization was done by the
determination of particle size and polydispersity index (pdi) on
particle size analyzer. Chitosans of different molecular weights,
obtained by controlled depolymerisation of parent chitosan with
nitrous acid hydrolysis, were used for the synthesis of nano
particles. The effects of particle size on the viscosity behaviour
and the storage stability of their sols are reported.

Material and Methods

Materials: Chitosan (CHT1), having DAC value 90% and
viscosity 22¢Ps, was kindly supplied by M/s Mahtani Chitosan
Pvt. Ltd., Gujarat State, India. Other chemicals used such as
sodium tripolyphosphate (TPP). acetic acid, sodium acetate
(anhydrous), methanol, sodium hydroxide etc were of analytical
grade of reputed brands.
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Synthesis of low molecular weight chitosan: Different
molecular weight grades chitosans were obtained by
depolymerization of CHT1 by nitrous acid hydrolysis method as
described elsewhere?', In general, a 2 % solution of chitosan in
acetic acid was prepared. Predissolved dilute solution of sodium
nitrite was then added gradually to chitosan solution and stirred
for two hrs at 30°C to get desired viscosity level. The
depolymerised chitosan was then precipitated out by caustic
solution and washed to neutral pH. The precipitates of chitosan
was then washed thrice with methanol and dried at 60°C. The
molecular weights of these samples were determined
viscometrically™.

Synthesis of nano-chitosan and its characterization: Nano-
chitosan dispersions were obtained as described elsewhere®.
However in general, chitosan (CHTI1) was dissolved in acetic
acid solution and optimized quantity of TPP was added drop
wise with rapid stirring (about 400 rpm) to obtain an opalescent
solution. The sample was allowed to stand overnight and filtered
through sintered glass filter of porosity grade G3 and preserved
in refrigerator. The prepared nano-chitosan was nomenclatured
as CHTIN.

The particle size and size distribution of the chitosan were
analyzed on the particle size analyzer (Model: Zetasizer Nano
7590, Make: Malvern Instruments Ltd, UK).

Determination of viscosity: The viscosity behaviour of
chitosan solution and nano-chitosan sols were studied using
Ubbelohde capillary viscometer (No 1A) at 30°C having flow
time for distilled water, Typ=15.57 seconds.

Results and discussion

Synthesis and characterization of nano chitosan: Chitosan
has fairly long linear structure with rigid conformation. These
long molecules in solid state are, mostly, in the form of tightly
folded random coils. Individual molecular coils are also not
discrete and separate but are interpenetrating and entangled with
each other. In solution, the solvent gradually diffuse into the
polymer aggregates resulting into the swelling of the polymer.
As swelling continues, the segments of the polymer are solvated
and loosened out as bunches of entangled molecules, known as
‘hydrodynamic’ sphere or ellipsoid™™. The characteristic size
of CHTI hydrodynamic sphere, in our case, at 1 gpl
concentration was determined to be 4014 nm. Such higher
particle size offer higher viscosity to the solution. It is possible,
for a given molecular size chitosan, to reduce the particle size to
nano level by ‘bottom-up’ approach as a result of a self
assembling or cross linking processes in which the molecules
arrange themselves in to ordered nano scale structure either by
physical or covalent inter- or intramolecular interactions™. By
virtue of primary amino groups, chitosan under goes Schiff’s
base formation with aldehydes such as glutaraldehyde,
salicylaldehyde etc giving chemically cross linked leading to a
quite stable matrixes of nano chitosan****. In another kind of
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reaction, chitosan hydrogels are obtained by ionic gelation,
where nano particles are formed by means of electrostatic
interactions ~ with  polyanions such as  pentasodium
tripolyphosphate (TPP), ethylene diamine tetra acetic acid
(EDTA) etc. Such particles are stabilized by electrostatic
hindrance due to coulombic repulsion between particles of same
ionic charges™ ", Several other methods of synthesis of nano
chitosan such as desolvation method, emulsion-droplet
coalescence method, reverse micellar method, self-assembly via
chemical modification, spray dr)'ing”'”. and nonaqueous
electrochemical method™ are described in liturature. Owing to
faster ionic reactions between chitosan and TPP, non toxic
nature of these componentsm and ease of operation, we adopted
the gel ionization technique for the synthesis of nano chitosan
particles. The intramolecular cross linking in chitosan molecule
by gel ionization is schematically illustrated in figure 1. The
particle size distributions of various samples of CHTN are

presented in figure 3.
o : @
—_—

|+llDr|.m0-|

CHT-TFP
nano ratr

|<_ 4014 un ——»|

CHT: Swollen
moleculs

Figure-1
lonic cross linking of chitosan

Effect of molecular weight of chitosan on particle size:
Various grades of low molecular chitosan were produced by
controlled depolymerization of high molecular weight one,
namely CHTI. When chitosan solution is treated with nitrous
acid, produced from acidic solution of sodium nitrite, it
undergoes deamination reaction with subsequent cleavage of [3-
alycosidic linkages™. The IR spectra of chitosan and
depolymerised chitosan of different molecular weights
determined in earlier study™ were found tobe almost similar
indicating that the process of depolymerisation caused no
significant chemical changes in their structures. These low
molecular weight chitosan derivatives were employed for the
synthesis of nano chitosan dispersions.

The influence of molecular weight of chitosan on particle size is
presented in table 1 and the graphical correlation between
infrinsic viscosity, a function of molecular weight, and particle
size of nano chitosan is shown in figure 2. These data illustrate
that, under a given condition of concentrations of CHT and TPP,
with decrease in molecular weight, the particle size also
decreased progressively and followed a curvilinear relation. It is
well documented™ > that the higher the molecular weight or the
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larger the molecular size, comparatively larger will be the
nanomatrix and vise-versa. This relation of particle size with
molecular weight in a definite condition of parameters may be
useful for synthesis of nano chitosan of desired particle size.

Table-1
Effect of molecular weight on particle size

Parent Chitosan Svnthesized nano chitosan
Sample Molecular | Sample Code | Particle size
Code Weight, My (nm)
CHT1 135,839 CHTIN 319.4
CHT2 71,676 CHT2N 271.6
CHT3 38.733 CHT3N 231
CHT4 20,698 CHT4N 195.2
CHTS 11,986 CHT5N 110,74
CHT:TPP:: 1:0.15
3
— 25 |
£ 2 /
g 1.5
- /
-‘E g /_//
:E 05 -
0 ' . .
n 100 200 300 400
Particle size, non

Figure-2
Particle size of chitosan as a function of intrinsic viscosity

Effect of concentration of chitosan on particle size: Two
methods were employed for the synthesis of different
concentrations of CHTN dispersions namely direct preparation
method and dilution method. In first ie. direct preparation
method, the dispersions of nano chitosan from CHT1 of
different concentrations such as 0.25, 0.50, 1.0 gpl etc were
prepared separately and in the latter, higher concentration nano
chitosan dispersion (2 gpl) was prepared first and then diluted to
the required concentration with rapid stirring. The effects of
these two methods on particle size are presented in table 2. It
was observed that at higher concentration, in both the cases; the
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particle size of CHTN was comparatively large and
progressively reduced with the lowering of concentration. The
former method, however, was more effective in scaling down
the particle size. The larger size of CHTN at higher
concentrations may be due overlapping and intermolecular cross
linking through TPP brdging resulting into aggregation of
polymer molecules. Intramolecular cross linkages in polymer
molecule due to TPP at low concentrations, on the other hand,
are likely tobe favored for lower particle size. This table also
manifests that the poly dispersity indices (pdi) of direct prepared
samples were comparatively lower and independent while in
dilution method the values were higher and seemed to follow
the starting material. The particle size distribution curves, as
illustrated in figure 3, were broader for higher concentration
samples and became narrow for lower concentration samples.
Further, these bands were comparatively narrow for directly
prepared samples indicating the uniform size distribution and
are close agreement with their lower pdi values.

Effect of TPP concentration on particle size: In ionic gelation
reaction, TPP a major ingredient for cross linking has a
pronounced effect on the properties of CHTN dispersion. It was
observed that with increase in the concentration of TPP the
appearance of the system changed from clear viscous liquid to
opalescent fluid and then precipitated. The effect of TPP
concentration on the particle size is demontrated in figure 4. At
concentration of TPP below (.05 g, very few phosphate ions
were present to produce effective onic linkages with chitosan
amino groups; hence, the solution was clear. As the
concentration of TPP was increased gradually, the solution
became opalescent indicating the formation of nano chitosan. It
was revealed from the same figure that with increase in
concentration of TPP, the particle size of CHTI-TPP
nanomatrix decreased, reached to minimum at about 0.25 g of
TPP and then increased. Concentration of TPP above 0.30 g
resulted precipitation. The precipitation at excessively higher
concentration of TPP may be attributed to the aggregation of
chitosan molecules due to excessive cross linking through TPP
bridging. Similar trend in terms of viscosity was noticed when
the relative viscosity was plotted against TPP concentration,
figure 3.

Table-2
Effect of preparation method and concentration of chitosan on particle size

Direct preparation method Dilution method

CHT1 Particle size Poly dispersity index CHTIN Particle size Poly dispersity index
(gph {nmj (pdi) (gph (nm) {pdi)

0.25 304 0.421 0.25 3473 0.465

0.50 313.5 0.441 0.50 3549 0.471

1.00 319.4 0.422 1.00 468.1 0.515

1.50 408.73 0.441 1.50 516.43 0.515

2.00 534.2 0.515 - N -

(CHTI: TPP :: 1:0.15)
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Particle size distribution of nano chitosan as a function of preparation methods: (a)Direct Method: 2gpl (5334.2nm), (h)
Direct Method: 1gpl (319.4nm), (c) Dilution Method: 1gpl (468.1 nm), (d) Direct Method: 0.5gpl (313.5nm), (e) Dilution
Method: 0.5gpl (354.9 nm)
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Relative viscosity CHT1 nano solution as a function of TPP
concentration

Viscosity behaviour of nano chitosan: The viscosity of
polymer solution, at the molecular level, is a direct measure of
the hydrodynamic volume of the polymer molecules which in
turn is governed by the molecular size or the chain length and
hence the molecular weight™. Relative viscosity as a function of
particle size and the extent to which a parent chitosan scales
down to nano level at a given concentration of CHT and TPP
are presented graphically in figure 6 and figure 7 respectively.

25
b=
£ 24
£
E 1.5
2
£ ']
ﬁ 035 4
o
u] 100 200 300 400
Particle size, nm

Figure-6
Viscosity as a function of particle size of CHTN
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Figure-7
Dirop in viscosity from parent (CHT) to nano chitosan
{CHTN) solution as a function of molecular weight

It was revealed from figure 6 that the viscosity of CHTN
dispersion decreased with reduction in particle size. However,
the effect was more significant for larger particles than the
smaller one. Obviously, the larger the particle size the higher
will be the resistance offered for the flow of liquid and hence
the higher will be the viscosity and vise versa. Comparatively
slower fall in viscosity for small CHTN particles may be
attributed to the low molecular weights of parent chitosan. It is
demonstrated in figure 7 that the percentage drop in viscosity
from molecular (CHT) solution to corresponding nano chitosan
(CHTN) dispersion follows a straight line. It means higher
molecular weight chitosan scales down to nano size to greater
extent than the lower molecular weight chitosan. This can be
explained as follows; large size chitosan molecules in solution
accommodate comparatively more amount of solvent and
occupy large “hydrodynamic’ volume. These swollen molecules
compress to greater extent by ionotropic intramolecular cross
linking with TPP by displacing the solvent, as demonstrated in
figure 1. On the other hand, the extent of swelling of low
molecular weight chitosan is comparatively less™ and hence
lesser will be its tendency to compress.

Stability of nano chitosan dispersion: The biodegradability of
chitosan is anticipated to be influenced by its particle size.
Therefore the stability behaviour of standing baths of nano
chitosan dispersion should be taken into consideration during its
applications particularly to textile fabrics. The stability of nano
chitosan dispersions for 24 hrs were analysed by viscosity
measurements as shown in table 3. The data illustrate that the
stability in terms of change in viscosity of parent chitosan
(CHT) solution is governed by its molecular weight, which is
improved with decrease in molecular weight. The stability
behaviour of nano chitosan (CHTN) dispersion, on the other
hand, was found to be different from that of parent chitosan
solutions. Nano chitosan dispersions obtained from higher
molecular weight chitosans are found tobe more stable than the
corresponding parent chitosan solutions. Where as the nano
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dispersions obtained from low molecular weight chitosans are
seen tobe more susceptible to degradation. Complete
biodegradation of nano chitosan dispersion, in general, was
resulted in 3-4 days showing the formation of white globules as
shown in figure 8. Therefore, utilization of nano chitosan
dispersions in textile applications within the 24 hrs is advisable.
Viscosity analysis and visual observations may be the useful
tools for stability inspections.

Table-3
Stability of nano chitosan solution as a function of particle
size
Parent chitosan{ CHT) solution Nano chitosan
(1gph solution(CHTN)
(1gph
Sample | Molecular | Change | Sample | Particl | Change
Code Weight, in Code e size in
My viscosity (nm) viscosity
(%) (%)
after 24 after 24
hrs hrs
CHTI 135,839 -10.27 | CHTIN | 3194 -3.68
CHT2 71,676 -4.1 CHT2N | 2716 -1.05
CHT3 38,733 -2.6 CHT3N | 231.01 -118
CHT4 20,698 215 CHT4N | 1952 -3.6
CHT3 11,086 -1.73 CHTSN | 110.74 -2.27

Figure-§
Stability study: white globular residue formed by microbial
attack on CHTIN

Conclusion

lonotropic gelation method for the preparation of nano chitosan
dispersion using TPP is faster, convenient and non toxic. The
concentration of chitosan in the formulation bath has the
influence on the particle size. Particle size reduces with decrease
in concentration. Direct preparation method gives much reduced
size than that of dilution method. With decrease in intrinsic
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viscosity and hence the molecular weight, the particle size also
decreases progressively and shows a curvilinear dependence on
particle size. This relation may be useful in preparation nano
chitosan dispersion of desired size. TPP concentration
determines the particle size. With increase in concentration of
TPP, the particle size reduces, reaches to minimum and again
increase. Excessive TPP in system leads to precipitation. By
reducing the particle size to nano level, the viscosity of chitosan
solution is lowered significantly, but the storage stability was
affected adversely. Use of freshly prepared nano-chitosan
dispersions prior to applications may be the remedy.
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Chitosan, a versatile biopolymer, finds numerous applications in textile processing unit operations such as preparation, dyeing,
printing, and finishing. However, the accessibility of this biopolymer by the textile material depends on the viscosity of its solution
which in turn is a function of its molecular weight. In this work, therefore, the effect of molecular weight, storage life, presence of
electrolyte, and particle size of chitosan on its viscosity was investigated. Chitosan of different molecular weights was synthesized
by nitrous acid hydrolysis of parent chitosan solution. The synthesized low molecular weight products were analysed by FTIR
spectroscopy. Chitosan of nanoconfiguration was prepared by Ionotropic gelation method and characterized by particle size
analyzer. The viscosity of different chitosan solutions was determined using Ubbelohde capillary viscometer. As an extension
to this study, the chelation property of chitosan was also evaluated.

1. Introduction

Chitosan, a versatile biopolymer derivative, is obtained by
alkaline deacetylation of chitin. The distribution of the
precursor, chitin, in nature is ubiquitous among the shells
of crustaceans such as crabs, shrimps, and lobsters as well
as in the exoskeleton of marine zoo-plankton including
coral, jellyfish, and squid pens. Chemically, chitosan is a
linear (1-4) linked 2-amino-2-deoxy-f-d-glucan (ie., p-d-
glucosamine) in the chair *C; conformation, Figure 1. The
structure of chitosan closely resembles that of cellulose,
except an hydroxyl group at C2 position in cellulose being
replaced by amino group in chitosan. Indeed, it is a
copolymer of glucosamine and N-acetyl glucosamine units.
Chitosan exhibits several valuable inherent properties such
as antibacterial, antifungal, antiviral, antacid, nontoxic, total
biodegradable as well as film formation, fibre formation,
and hydrogel formation properties [1, 2]. By virtue of these
properties, chitosan has prospective applications in many
fields such as medical, waste water treatment, cosmetics,
dentifrices, food, agriculture, pulp and paper, and textile
industries [3, 4].

In textiles, it finds applications in the primary production
of fibres (useful for sutures, wound dressings, etc.), in the
manufacture of textile auxiliary chemicals and finishing
agents [5-7]. Investigations have shown that it can improve
the dye uptake of cotton fibre [8]. It can also be used as a
dye-fixing agent, for shade and naps coverage, to improve the
fastness of dyed fabrics, as a binder in pigment printing, as a
thickener in printing [9]. It is also found that the treatment
of wool with chitosan minimizes its felting problem. The
bioadhesive and cationic nature of chitosan enables it to form
a strongly adhered film on individual fibres and prevent their
entanglements [10]. By virtue of its antibacterial property,
chitosan can prevent garments to develop bad odour [11-
13].

Chitosan when dissolved in acidic solution gives viscous
solutions. The viscosity determines the extent of penetration
of chitosan into the fabric structure. In solutions, chitosan
in suitable conditions shows hydrogel formation and vis-
coelastic behaviour [14-17]. Its rheological behaviour to
characterize its usefulness as thickener in printing paste is
reported [18]. However its aqueous behaviour pertaining
to various unit operations of textile processing is hardly
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TasLE 1: Specifications of different chitosans.

Particulars Specifications
Nomenclature CHT1 CHT3
DAC Value (%) 80.03 90
Viscosity (m Pa-s ) 183 22
Molecular Weight 654, 127 135, 839

reported in the literature. The present research work, there-
fore, mainly aimed at investigating the aqueous behaviour of
chitosan with respect to its molecular weight, concentration
and particle size on viscosity and stability of its solution. The
effect of electrolytes such as sodium acetate is also reported.
The work is also extended to study the chelation behaviour
of chitosan.

2. Materials and Methods

2.1. Materials. Chitosan samples of different molecular
weights were purchased from M/s Marine chemicals, Kerala
state, India (CHT1) and M/s Mahtani Chitosan Pvt. Ltd.,
Gujarat State, India (CHT3). The molecular weights of these
samples were determined viscometrically. The specifications
of different chitosans are given in Table 1.

Other chemicals such as acetic acid, sodium acetate,
sodium hydroxide, trisodium polyphosphate (TPP),
methanol, and tetra sodium salt of ethylene diamine tetra
acetic acid (NasEDTA) and used were of analytical grade of

reputed companies.

2.2. Synthesis of Low Molecular Weight Chitosan. Low
molecular weight chitosans were synthesized by controlled
hydrolysis of chitosan using nitrous acid as depolymerising
agent. A 2% solution of chitosan in acetic acid was prepared.
Predissolved dilute solution of sodium nitrite was then
added gradually to chitosan solution and stirred for two hrs
at 30°C to get desired viscosity level. The depolymerized
chitosan was then precipitated out by caustic solution and

washed to neutral pH. The precipitates of chitosan was then
washed 3 to 4 times with methanol and dried at 60°C. The
product obtained from CHT1 is termed as CHT2 whereas
the products obtained from CHT3 are termed as CHT4 &
CHTS.

2.3. Determination of Molecular Weight and Viscosity. The
molecular weight and viscosity behaviour of chitosan was
determined using Ubbelohde capillary viscometer (No 1A)
at 30°C having flow time for distilled water, Ty = 15.57
seconds. Chitosan solutions of different concentrations in
0.25 M acetic acid and 0.25 M sodium acetate were prepared.
During preparation, all the solutions were magnetically
stirred for 1 hour to ensure proper dissolution of chitosan
and were filtered using Whatman filter paper no 4. The flow
times of chitosan solutions and solvent were recorded in
triplicate and the average value was calculated. The intrinsic
viscosity (7] was calculated graphically by extrapolating
the curve of reduced viscosity versus concentration to zero
concentration. The molecular weight was then calculated by
using Mark-Houwink equation (1) [19].

2.4. FTIR Analysis. FTIR spectra of chitosan and depoly-
merised chitosan samples were recorded on a Thermo
Nicolet iS10 Smart ITR spectrophotometer (Thermo Fisher
Scientific, USA), equipped with an OMNIC-Software, a
DTGS detector, and a Ge-on-KBr beamsplitter (4000—
500cm').

2.5. Preparation of Nanochitosan and Its Characterization.
Chitosan (CHT3) was dissolved in acetic acid solution and
optimized quantity of TPP was added dropwise with rapid
stirring (about 400 rpm) to obtain an opalescent solution
containing chitosan 25mg/dL and TPP 3.75 mg/dL. The
sample was allowed to stand overnight and filtered through
sintered glass filter of porosity grade G3 and preserved in
refrigerator. The prepared chitosan was coded as CHT3N.
The particle size and size distribution of the chitosan
were analyzed on the particle size analyser (Model: Zetasizer
Nano-Z590, Make: Malvern Instruments Ltd, UK).
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2.6. Evaluation of Metal Ion Chelation Value in Water. The
amount of Ca*? as calcium chloride in water for chelation
study were determined by volumetric analysis of 50 mL
sample against 0.02 M Na;EDTA solution using Eriochrome
black T indicator.

3. Results and Discussion

3.1. Effect of Molecular Weight and Concentration. Chitosan
is characterized mainly by two variables, namely, degree
of deacetylation (DAC value) and the molecular weight.
Degree of deacetylation determines the number of free
amino groups present in the chitosan macromolecule, which
in turn determines the functionality, polarity, and water
solubility of the polymer. On the other hand, molecular
weight determines the strength of its fiber/film and viscosity
of its solution. Different molecular weight chitosan can be
obtained by controlled depolymerization by methods such
as acid hydrolysis (HCI, HNO,, etc.), free radicals (H,O,,
K;5,05), enzymatic, radiations (UV, y rays) ultrasound,
microwave, and thermal treatments [3, 20-24].

When chitosan solution is treated with nitrous acid,
produced from acidic solution of sodium nitrite, it under-
goes deamination reaction with subsequent cleavage of f3-
glycosidic linkages. The reaction scheme and FTIR spectra
are illustrated in Figures 2 and 3, respectively.

[t envisaged from Figure 3 that the IR spectra of chi-
tosan and depolymerised chitosan are almost similar which
indicates that the process of depolymerisation caused no
chemical change in the structure of the polymer except
reduction in molecular weight which is evident from the
change in viscosity.

The viscosity of polymer solution, at the molecular
level, is a direct measure of the hydrodynamic volume of
the polymer molecules which in turn is governed by the
molecular size or the chain length and hence the molecular
weight [25]. Therefore, viscosity, measured by capillary
viscometer, is widely employed to determine the average
molecular weight of a polymer by using the famous Mark-
Houwink equation (1)

[n] = kIMv]%, (n

where My is the viscosity average molecular weight of
polymer, a and k are constants (a = 0.83 and k = 1.4 x 107*
for 0.25M acetic acid and 0.25M sodium acetate solvent
system) [26], and [#] is the limiting viscosity number or
intrinsic viscosity and can be determined from [19]

[] = ggno%, @

where 7 is the solution viscosity and #; is the solvent viscosity
and C is the solution concentration. As indicated in (2), when
(1 —15)/15C, that is, reduced viscosity (#req) is plotted against
concentration (C), the intercept corresponds to intrinsic
viscosity [#]. Such plots for different grades of chitosan are

TasLE 2: Intrinsic viscosity and viscosity average molecular weight
of different grades of chitosan.

Chitosan  Intrinsic viscosity [¢], dL/g ~ Molecular weight, My
CHT-1 9.40 654,127
CHT-2 4.72 285,231
CHT-3 2.55 135, 839
CHT-4 1.50 71,676
CHT-5 0.535 20, 698

shown in Figure 4 and the corresponding intrinsic viscosities
and calculated molecular weights are presented in Table 2.

It can be seen from Figure 4 that the curves of high
molecular weight chitosan, namely, CHT-1, 2, and 3, do
not strictly follow the linearity of (2). They show the
inflection at a certain critical concentration (C*) and then
after the curves bend upwards. Further, the value of C*
increases with decrease in molecular weight and ultimately
the curves flatten for lower molecular weight chitosans. This
can be explained as follows: when chitosan or any other
polymer is added into a solvent, the solvent gradually diffuse
into the polymer aggregates resulting into the swelling of
the polymer. As swelling continues, the segments of the
polymer are solvated and loosened out. Since the molecules
in a solid polymer remains entangled with neighbouring
ones, polymer molecules during dissolution diffuse out
as bunches of entangled molecules. Even when all chain
segments of a polymer molecule in solution are unfolded
and fully solvated, the molecules do not assume the shape
of an extended straight chain but present in a coil form.
These coils or aggregates offer resistance for the mobility
or flow of molecules and hence impart viscosity [19, 27].
When the molecular size and concentration is increased,
as In our case, the extent of entanglement is increased. In
other word, the critical concentration (C*) is, indeed, the
“overlap” concentration. When C > C* the intermolecular
entanglements or aggregation, predominate and preclude the
overall molecular motion of the polymer, while individual
polymer molecules are statistically separated from other
molecules at C < C*. Thus, the critical concentration (C*) is
a measure of molecular size and conformation of a polymer.
The higher the molecular weight and the more rigid is the
conformation, the lower the value of C*. The results are in
close agreement with the earlier reports [15, 28].

3.2. Effect of Storage Time on Viscosity of Chitosan Solution.
Polymeric chemicals are generally applied to textiles by
padding technique where it is required to prepare a standing
bath. Thus the chemical remains in contact with water
for a longer period. As biodegradability of chitosan is a
well-known phenomenon the effect of storage time on the
stability of its solution was studied in terms of change in
solution viscosity. It is seen from Figure 5 that the viscosity
of chitosan solution is adversely affected with increase in
storage time.

It seems that the initial molecular weight and the
concentration of polymer has the influence on the stability
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HNO; + H* —3 HNO,«Na*

Chitosan

2,5-anhydromannitol Oligomers

Ficure 2: Depolymerization of chitosan by nitrous acid.

TasLe 3: Chelation property of chitosan.

Treatment Concentration, gpl Amount of Ca*? ions (ppm) chelated after:
2hrs 24 hrs 48 hrs 72 hrs 96 hrs
NayEDTA 1 405 426 435 450 452
CHTI1 1 177 208 232 269 293
CHT3 1 182 187 185 189 196
Initial concentration of Ca*? in water = 625 ppm.
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Froure 3: FTIR spectra of CHT1 (A), CHT2 (B), CHT3(C), CHT4
(D) and CHT5 (E).
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the critical concentration shifts towards right. It is also
observed that the drop in viscosity in first 24 hrs is much
faster than the latter and is more significant at higher
concentration, that is, above C*. The loss in viscosity may
be attributed to the biodegradation of chitosan molecules
and/or hydrolysis of polymer molecules. Initially the large
molecules, especially at higher concentration, occupy large
“hydrodynamic” volume, which leads to less mobility indi-
cating higher viscosity. The hydrolytic degradation of the
polymer leads to the production of smaller molecular entities
which in turn causes a drop in hydrodynamic volume
of the polymer molecules resulting in higher molecular
mobility and as a result reduces the viscosity of the solution
[19,27, 28].

Ficure 4: Intrinsic viscosities of different grades of chitosan.

3.3. Effect of Electrolyte on Viscosity of Chitosan. Chitosan
is known to be a polycationic material; its solution is
believed to be influenced by the presence of electrolytes.
Therefore, the effect of sodium acetate concentrations on two
different grades of chitosan namely, CHT 1 and CHT 3 was
studied.

It can be seen from Figure 6 that the viscosity is sharply
reduced in presence of sodium acetate up to a concentration
of about 2 g/dL. Further increase in concentration has not
influenced the viscosity much. It is also observed that the
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Ficure 5: Viscosity of chitosan (CHT-3) solution as a function of
storage time.

chitosan with higher molecular weight (CHT1) is more
affected compared with its lower molecular counterpart
(CHT2). The decrease in viscosity with increase in electrolyte
concentration can be attributed to the shielding effect of
counter ions [29]. Due to ion dipole forces, the acetate
ions form a cascade of negative charge over each chitosan
molecules establishing repulsive forces between them. This
offers low resistance to the flow or mobility of the polymer
molecules.

3.4. Effect of Particle Size on Viscosity of Chitosan. It is
possible, for a given molecular size chitosan, to scale down
the hydrodynamic volume to nanolevel by means of ion-
otropic gelation using suitable cross linking agent such as
sodium tripolyphosphate (TPP), as illustrated in Figure 7.
The particles are stabilized by electrostatic hindrance due to
coulombic repulsion between particles of same ionic charges
[30-32]. We prepared nanochitosan (CHT3N) of average size
394.8 nm from 0.25 gpl CHT3. The particle size distribution
and viscosity behaviour of this nanosolution are show in
Figures 8 and 9, respectively.

The particle size of chitosan is found to affect its
viscosity behaviour significantly (Figure 9). The viscosity of
nanochitosan colloid is dropped by about 30% with respect
to normal chitosan solution at the same concentration level.

Trel
[~
(=}

5,\-—l-]+ - = -

Sodium acetate (g/dL)

—— CHT1
—& CHT2

Ficure 6: Relative viscosity of chitosan solution as a function of
electrolyte concentration.
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Frgure 7: lonotropic cross-linking of chitosan and TPP.

The reduction of size to nanolevel has also influenced the
stability of chitosan solution. There is 10% drop in the
viscosity of normal chitosan for a storage time of 24 hours,
whereas nano colloids dropped by 17% for the same storage
time. Thus reduction in size reduced the storage stability of
the polymer. The reduction in viscosity of nano chitosan
solution can be attributed to its lesser resistance towards
flow due to its smaller size and enhanced degradation of the
polymer in solution due to higher exposed surface area of the
nanoparticles.
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Ficure 8: Size distribution of nanochitosan (CHT3N).
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Ficure 9: Relative viscosity of chitosan solution as a function of
particle size.

3.5. Chelation Property of Chitosan. Attributing to the pres-
ence of large number of amino groups on chitosan backbone,
this biopolymer can also be used in water processing engi-
neering. Chitosan molecules are known to chelate anionic
dyes in waste dye solution and flocculate them out.

It has also been found that the chitosan and its deriva-
tives can remove phosphorus, heavy metals, and oils from
water [33-37]. In order to study the chelation property
of chitosan, the removal of calcium ions from water by
CHTI1 and CHT3 was determined and the results were
compared with NayEDTA. Table 3 shows that chitosan can
remove the calcium ions substantially though its sequestering
power is found to be inferior to EDTA. Further, it is
observed that maximum removal occurred in the first
2 hours. Higher molecular weight sample, CHT1 shows
better chelation power compared with its lower molecular
weight counterpart, CHT3. The former one also shows a
continuation in chelation effect even after 96 hrs without
reaching the equilibrium, whereas the rest of the samples
reached equilibrium within 24hrs. A substantial higher
chelation of Nay,EDTA may be attributed to the combined
effect of both carboxylate and amino groups present in its
molecule and possibly higher proximity of each molecule
due to its relatively small size. The larger molecular size
of chitosan provides less surface area and the less amino
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groups to form the coordinate linkage with calcium ions. The
prolonged chelation effect of CHT1 is found probably due
to gradual disentanglement of the polymer molecules with
respect to time.

4. Conclusions

The viscosity of chitosan is influenced by its molecular
weight. Curves of reduced viscosity verses concentration for
higher molecular weight chitosan show inflection point, that
is, a critical or overlap concentration (C*). The overlap
concentration (C*) is a measure of molecular size and
conformation of a polymer.

The higher the molecular weight and the more rigid
is the conformation and lower is the value of C*. The
initial molecular weight and the concentration of chitosan
are found to influence the stability of its solution. The drop
in viscosity in first 24 hrs is found to be very fast, and the
critical/overlap concentration (C*) point shifts towards right
when the storage time is prolonged.

In presence of electrolyte, the viscosity of chitosan
solution is reduced, which is found to be more pronounced
for high molecular weight chitosan solution.

By reducing the particle size to nanolevel, the viscosity
of chitosan solution is lowered significantly, but the storage
stability was affected adversely. Use of freshly prepared nano-
chitosan solution prior to applications may be the remedy.

Chitosan exhibits chelation property. This property is
useful in removing metal and dye ions from water.
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hitosan is a natural based polymer
c obtained by alkaline deacetylation of

chitin. The precursor, chitin, is widely
distributed in shells of crustaceans such as
crabs, shrimps, lobsters etc as well as in the
exoskeleton of marine zoo-plankton, including
coral, jellyfish and squid pens etc with the
abundance ranking next to cellulose and is
renewable. The structure of chitosan is very
much close to that of cellulose except that the
hydroxyl group in C(2) position of cellulose is
being replaced by amino group in chitosan.It is
composed of linear (1-4) linked 2- amino-2-
deoxy-B-d-glucan (i.e. B-d-glucosamine) in the
chair “C; conformation. Indeed, it is a
copolymer of N-acetyl-glucosamine and
glucosamine units.

|
)
i
:
3
3

Chitosan can be taken as a SRtessi 56
valuable wet processing agent, white fibrous
but faces several challenges material produced in

while exploring its applicability. 2:;2::?;::2‘1‘;:

degree of
deacetylation and molecular weight. Chitosan,
being a primary aliphatic amine, can be
protonated by various acids. It is insoluble in
water, organic solvents and alkalies, but is
soluble in organic acid solutions®?2,

Chitosan exhibits several valuable inherent properties, chitosan has prospective applications
properties such as antibacterial, antifungal, in many fields such as biomedical, waste water
antiviral, antacid, non toxic, total biodegradable treatment, cosmetics, dentifrices, food,
as well as film formation, fibre formation, agriculture, pulp and paper, and textile
hydrogel formation etc. By virtue of these industries*56.7:89,

NH, CH,OH o
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In textiles, it finds applications in
the primary production of fibres (useful
for sutures, wound dressings etc), in
the manufacture of textile auxiliary
chemicals and finishing agents.
Investigations have shown that it can be
used as a dye fixing agent, for shade
and naps coverage, to improve the
fastness of dyed fabrics, as a binder in
pigment printing, as a thickener in
printing etc. By virtue of its bacteria
impeding property, chitosan can prevent
garments to develop bad odour 251011,
12131415 Tahlawy® studied the effect of
chitosan in the finishing of cotton with
citric acid in presence of sodium
hypephosphite catalyst. He reported a
recovery of losses (due to citric acid
treatment) in dye uptake and tensile
strength, and improved wrinkle recovery
by the addition of chitosan in citric acid
bath. The whiteness index, however,
was deteriorated. In a similar study,
Chung et al*” showed, besides improved
wrinkle recovery and D P rating, a high
antimicrobial property level which
retained through twenty washing and
tumble drying cycles. Zhang et al*®
conducted an experiment to study the
effect of concentration, molecular
weight and degree of deacetylation of
chitosan on antibacterial activity to
Escherichia coli and Hay bacillus
bacteria. They reported a complete
inhibition of these bacteria at 0.5 gpl
chitosan concentration. They also
observed the increased reduction rate
of bacteria with increase in molecular
weight and degree of deacetylation.
Tiwari and Gharia*® attempted to use
chitosan as a thickener in printing
paste. Performance of the prints with
respect to K/S, wash fastness, crock
fastness and hand were observed to be
unsatisfactory. Similar attempts were
made by Bahmani et al?® to use
chitosan in pigment printing. They
showed the prints of satisfactory colour
fastness to rubbing, washing and light;
however, the major problems were the
poor colour value and stiffness of the
printed fabric. These suggest that the
modification of chitosan is desired.
Dutta et al** and Abdel-mohdy et al?2
found chitosan to be useful in effluent
treatment by virtue of its adsorbing
qualities of dyestuffs and various heavy
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metal ions. In a recent work, modified
chitosans’ application to cotton made it
possible to dye cotton in absence of
salt with much higher dye exhaustion
compared to the conventional dyeing
using recommended quantities of salt,
Young Ho Kim et al** synthesised
quaternary ammonium derivative, N-(2-
hydroxy)propyl-3-trimethyl ammonium
chitosan chloride by using a reaction of
glycidyltrimethylammonium chloride
with chitosan. They were able to obtain
100% bacteria reduction at only 0.025%
of this derivative as against only 30%
bacteria reduction at 1% chitosan.
Pourjavadi®>?® graft copolymerised
chitosan with polyacrylamide and
methacrylonitrile using ammonium
persulphate initiator in order to impart
desired properties to chitosan such as
superabsorbancy, controlled drug
release etc. Grafting can also be
carried through hydroxyl groups while
protecting the useful amino groups on
chitosan backbone. Gorochovceva

et al” successfully grafted polyethylene
glycol at hydroxyl groups through the
cynuric chloride bridging.

In this paper, research findings on

weight of chitosan governs the viscosity
of its solution and hence the extent of
penetration into the fabric structure.
The studies were, therefore, extended
to chitosan of varying molecular
weights.

Materials and methods

e Fabric : 100% cotton fabric (Count:
40's X 40's, EPI: 142, PPI : 72 and
GSM: 125), ready for dyeing stage, was
procured from local process house. All
preparatory processes such as desizing,
scouring, bleaching, mercerising etc
were given in factory itself
e Dyes : Different acid and direct dyes
were obtained from M/s Colourtex Ind
Ltd, Surat (Gujarat) :

- CAcid Blue 158

- C | Direct Red 81

- C | Direct Blue 71
e Chitosan : Chitosan samples of
different molecular weights were
purchased from M/s Marine Chemicals,
Cochin (Kerala) and M/s Mahtani
Chitosan Pvt Ltd, Veraval (Gujarat). The
molecular weights of these samples
were determined viscometrically?®,

ﬁ

Particulars Properties

Supplier M/s Marine Chemicals, M/s Mahtani Chitosan Pvt Ltd,
Cochin (Kerala) Veraval (Gujarat)

Product Code c1 c2

DAC Value (%) 89.03 90

Viscosity (cps) 183 22

Molecular weight 6, 54, 127 1, 35, 839

the effect of applications of chitosan on
the dyeing and finishing properties of
cotton have been reported. The chitosan
was used both as a pre- and post-
dyeing agents to investigate its effect
on the dyeability and fastness
properties of cotton with various direct
dyes. The effect of chitosan pre-
treatment on the dyeability towards acid
dye was also investigated. This
biopolymer was used as a finishing
agent with an intention to incorporate
crease resistant property to cotton. Its
effect was compared with the
commercially available wrinkle resistant
agents and also examined its
compatibility with them. The molecular

The specifications of different
chitosans are given in Table 1. ~
DMDHEU (40%) was obtained fron.

local process house and other
chemicals such as acetic acid, sodium
acetate (anhydrous), sodium hydroxide,
sodium nitrite, methanol etc used were
of LR grade of reputed brands.

Depolymerisation of
chitosan

Depolymerisation of chitosan was
carried out by sodium nitrite. 2 %
solution of chitosan (C2) in acetic acid
was prepared. Predissolved dilute
solution of sodium nitrite was then



added gradually to chitosan solution and
stirred for two hrs at 30°C to get
desired viscosity level. The
depolymerised chitosan was then
precipitated out by caustic solution and
washed to neutral pH. Chitosans of two
different low molecular weights
obtained were coded as follows:

Product code Molecular weight

DC1 71,676

DC2 38,733

Fabric treatment with chitosan

Required amount of chitosan was
dissolved in solution containing acetic
acid 15 gpl and sodium acetate 10 gpl,
and applied to fabric on a padding
mangle with wet pick-up of 70% by two-
dip-two-nip method. After drying, the
fabric was cured in oven at 150°C for 4
mins.The sample was then washed in
the following sequence:

Hot wash (Twice) [85°C/20mins] -
Alkali wash [Soda ash 10 gpl, MLR
1:50] - Hot wash - Cold wash - Dry.

Dyeing with direct dyes

The fabric sample was dyed with
direct dyes with 1% shade at 90°C for
60 mins using dyebath containing 20%
Glauber’s salt and 5% soda ash. The
dyed sample was then rinsed with cold
water, air dried and hot pressed.

The dyed samples were evaluated
for K/S values and strength on
Spectroscan 5100A (Make : Premier
Colorscan). The washing fastness of
dyed samples was evaluated according
to I1SO 1.

Dyeing with acid dye

The fabric sample was dyed with
acid dyes with 2% shade at 90°C for 60
mins using dyebath containing 1 ml/I
acetic acid. The dyed sample was then
rinsed with cold water, air dried and hot
pressed.

Evaluation of whiteness,
yellowness and brightness

The samples were evaluated on
Spectroscan 5100A (Make : Premier
Colorscan) for whiteness, yellowness
and brightness in terms of the
corresponding Indices.

Whiteness Index (WI) : 10 deg/D65/
Hunterlab

Yellowness Index (Yl) : 2°C/ASTM D
1925

: 2°C/TAPPI
452/I1S0 2470

Brightness Index (Bl)

Crease recovery angle

Crease recovery angles were
measured as per AATCC Test Method
66-2003.

Stiffness of fabric (Bending
length)

Bending lengths were measured as
per standard ASTM D 1388-1996.

Results and discussion

Chitosan is characterised mainly by
two variables, namely, degree of
deacetylation (DAC value) and the
molecular weight. Degree of
deacetylation determines the number of
free amino groups present in the
chitosan macromolecule which, in turn,
determines the functionality/reactivity,
polarity and water solubility of the
polymer. On the other hand, molecular
weight determines the strength of its
fibre/film and viscosity of its solution.
The very high molecular weight and
therefore a high viscosity of chitosan
solution penetrates less into the fabric
structure and hence leads to only
surface deposition and alters the fabric
feel and appearance. Low molecular
weight chitosan often known as
chitosan oligomers or chito-oligosaccha-
rides, on the other hand, by virtue of its
low viscosity, penetrates to greater
extent into the fabric structure. This
can offer better durability without much
affecting the feel and appearance 2°%,
Therefore, in order to study the chitosan
treated cotton textiles, we prepared two
different low molecular weight
chitosans by depolymerisation.

Various methods of depolymerisation
are reported in the literature* 3132333435
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such as acid hydrolysis (HCI, HNO,,
etc), free radicals (H,0,, K,S,0,),
enzymatic, radiations (UV, y rays),
ultrasound, microwave, thermal
treatments etc. Depolymerisation by
acid hydrolysis using nitrous acid
(HNO,) proceeds through deamination
reaction with subsequent cleavage of
B-glycosidic linkages.

The depolymerisation of chitosan
was conducted by nitrous acid
hydrolysis method.

Effect of concentration of
chitosan on appearance and feel

The viscosity of a polymer solution
is also governed by its concentration?®.
The effect of application concentration
of chitosan on various physical
properties were evaluated and
presented in Table 2 and Table 3.

It is observed from Table 2 that the
whiteness and the brightness of
chitosan treated fabrics are satisfactory
for high molecular weight chitosans but
slightly reduced with increase in
concentration of chitosan. In general,
the whiteness of chitosan is negatively
affected due to application of chitosan.
The extent of deterioration in whiteness,
however, is substantially high in highly
depolymerised chitosan i.e. for DC2 at
high concentrations. It seems, here,
that the excessive depolymerisation by
sodium nitrite produces undesired
impurities containing aldehyde end
groups, which may react with free
amino groups to form -N=C bond
(Schiff's base) resulting in yellowness®.
Additionally, the possible liberation of
nitric oxide gas from NaNO, in acidic
medium may also enhance the
yellowness. A thorough purification of
the product may be the remedy.

The fabric stiffness is found to be
progressively increased with increase in
the concentration and molecular weight
of chitosan, as seen from Table 3. The

Chitosan

NaNO, + H —> HNO, + Na°

2.5-Anhydromannitol

Oligomers

The depolymerisation of chitosan was conducted by
nitrous acid hydrolysis method
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(Bending length of control sample : Warp = 2.05 cms and Weft = 1.68 cms)

Conc C1 c2 DC1 DC2
(gpl) Wi A Bl wi YI Bl wi YI BI Wi M Bl
2.5 91.4 3.6 82.4 90.9 3.3 81.6 91.5 3.6 83.4 89.9 3.7 79.8
5.0 91.8 3.6 83.2 90.8 3.4 81.4 91.9 3.6 83.6 89.0 7.4 76.9
7.5 91.4 4.7 82.2 90.4 4.3 80.6 91.5 4.0 82.9 89.2 8.1 76.9
10.0 91.3 4.4 81.9 90.5 4.7 80.6 91.4 4.3 82.6 87.7 9.2 74.2
15.0 90.9 4.9 81.3 90.1 4.5 79.8 91.5 4.7 82.3 86.4 13.5 70.6
20.0 90.2 5.4 79.8 89.2 5.8 77.9 90.3 5.4 79.9 84.1 16.2 66.1
Control : WI = 92.5, Y| = 2.6, Bl = 84.6
Conc Bending Length, cms
(gpl) C1 Cc2 DC1 DC2

Warp Weft Warp Weft Warp Weft Warp Weft
2.5 2.61 1.76 2.44 1.70 2.33 1.85 2.185 1.60
5.0 2.80 2.10 2.98 2.05 2.58 1.85 2.30 171
7.8 3.41 2.65 3.23 2.25 2.68 2.01 2.48 1.86
10.0 4.29 3.03 3.70 2.74 3.05 2.19 2.90 2.00
15.0 4.90 3.23 4.10 3.00 3.39 221 3.31 2.38 =\
20.0 5.38 3.53 4.40 3.33 4.06 2.88 3.53 2.68

fabric surface was also found to be
excessively harsher in case of high
molecular weight chitosan. This
increased stiffness and harshness may
be attributed to the formation of
surface coating of stiff film due to very
high viscosity of the solution. This
property is not desirable in pretreated
fabrics but may be beneficial when
applied during finishing process, which
imparts firmness and body to the
fabric. The high viscosity solutions,
however, cause difficulties during
application in padding mangle.

Absorbency

Rapid and uniform absorbency for
any pretreated fabric is indispensable

for the better penetration of dyes and
chemicals during the subsequent unit
operations like dyeing, printing and
finishing®. Therefore, the effect of
chitosan applications on the absorbency
was determined, which is shown in
Table 4.

The absorbency (measured by
water drop absorbance time) of
chitosan treated fabric is found to be
satisfactory. From Table 4, it can be
observed that average absorbency of
high molecular weight chitosan treated
fabric decreased slightly with the
increase in its concentration; whereas
the absorbency of low molecular
weight chitosan treated samples is
not much affected. The reduction in

Conc of Absorbency, seconds
chitosan c1 c2 DC1 DC2
gpl
2.5 5.13 4.54 5.03 7.38
5.0 5.28 4.58 5.03 12.06
7.5 8.44 5.98 6.41 11.43
10.0 12.70 7.20 5.54 9.60
15.0 16.02 7.05 7.05 8.93
20.0 72.28 7.19 7.09 10.13
(Absorbency of control sample : 4.02 secs.)
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absorbency in case of former may be
due to the formation of rigid film of
chitosan over the surface, thus acting
as a barrier for the penetration of
water.

Dyeing behaviour

Dyeing with direct dyes : Since
the structure of chitosan is very
much similar to cellulose, it was
thought that its treatment may
influence the dyeing behaviour of
cellulose. In this work, the effect of
pretreatment and after treatment of
chitosan on direct dyeing of cotton is
examined. The washing fastness
properties of these samples are als -
analysed. The effects of chitosan
pretreatment on dye uptake, measured
in terms of K/S, are shown in
Table 5 and their washing fastnesses
are presented in Table 6. The effect
of chitosan treatment on the shade of
dyed fabric and the washing fastness
are presented in Tables 7 & 8
respectively. It is observed from Table
5 that the dye uptake (K/S), of both
the dyes, increased substantially with
increase in concentration of chitosan.
The dye uptake is also found to be
affected by the molecular weight of
chitosan.



Conc of K/S
chitosan C | Direct Red 81
(gp) c1 c2 DC1 DC2
2.5 9.2 9.4 9.4 9.4
5.0 7.9 10.9 9.9
7.5 9.4 10.9 10.3 11.3
10.0 10.3 11.3 10.9 12
15.0 12.8 12.2 11.8 11.4
20.0 14.7 13.5 13.8 121
C | Direct Blue 71
2.5 8.6 9.6 9.4 9.4
5.0 9.4 11.6 9.8 9.8
7.5 10.6 10.8 9.8 10.1
10.0 13.4 12.4 10.6 13.0
15.0 18.8 15.6 12.2 14.4
20.0 16.6 16.1 13.8 14.4
(Dye : 1% owf, K/S values of control sample : Cl Direct Red 81 = 7.7 and C/ Direct Blue 71 = 7.4)

Cotton fabric, when introduced in
Jye bath, acquires negative surface
charge and repels negatively charged
dye anions, leading to poorer dye
exhaustion as found in case of fabric
dyed in absence of chitosan. The
increased dye uptake due to chitosan
treatment may be attributed to the
increased dye affinity towards the
positively charged amino groups. This
charge dissipates the negative surface
charge on cotton and drives dye
molecules to the fibre. Further, the dye
uptake may also have been enhanced
due to the dyeability of chitosan itself
with direct dyes.

Table 6 shows that the washing
fastness of C | Direct Red 81 is
marginally improved with the increase in
the concentration of chitosan,
particularly in case of relatively low
molecular weight chitosan treated
samples. On the other hand, for the
samples treated with high molecular
weight chitosan, there is slight
reduction in the wash fastness with
increase in the treatment concentration
of chitosan. However, the effect of
chitosan treatment on washing fastness
of dyes with good washing fastness viz
C | Direct Blue 71, is not altered
appreciably.

R
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It is observed from Table 7 that
the colour value of C | Direct Red 81
is little improved whereas that of
C | Direct Blue 71 is little decreased
due to the chitosan after treatment.
This contradictory result may be
attributed to the differences in the
washing fastness of these dyes.
Easily washable Red dye is migrated
to a greater extent from the fabric to
the chitosan layer during pad
application and further during drying.
The washing fastness of post dyeing
chitosan treated fabrics is improved
(Table 8).

e Dyeing with acid dye : Chitosan
possesses an amino group in its
glucosamine unit, which forms positive
charge in presence of acid. This
positively charged amino group can
form salt linkage with anions. In order
to verify this kind of interaction of
chitosan, we carried out the dyeing of
chitosan treated cotton fabric with acid
dyes. The results are presented in
Table 9.

It is observed from the Table 9
that the dyeability towards acid dye is
substantial in all grades of chitosan.
The dye uptake increased with
increase in concentration of chitosan.
This kind of dyeability can be purely
attributed to the binding of acid dye
to chitosan by salt linkages. The
untreated (control) sample showed
merely a tinting effect. Thus, the
dyeability toward acid dye can be

Conc Washing fastness ratings

of C | Direct Red 81

chitosan C1 Cc2 DC1 DC2

(gpl) Change Staining Change Staining Change Staining Change Staining
in colour in colour in colour in colour

5.0 2-3 2-3 3 2-3 3 2-3 3 2-3

10.0 3 2-3 3-4 2-3 3 2-3 2-3 3

15.0 2-3 2-3 3-4 3 3-4 3 3-4 3

20.0 2 2-3 3 3-3 2-3 3 3-4 3

C | Direct Blue 71

5.0 4-5 3 4-5 3-4 4-5 3-4 4 3-4

10.0 4 3 4-5 3-4 4 3-4 4-5 3

15.0 4 3 4-5 3-4 4 3 4-5 3

20.0 4-5 3 4-5 3-4 4-5 3-4 4-5 3

(Washing fastness ratings of control samples : Cl Direct Red 81 : Change in colour = 3 & Staining = 3;
CI Direct Blue 71 : Change in colour = 4-5 & Staining = 3-4).

Asian Dyer ¢ October 2009 e 51



FUNCTIONAL FINISHES |
|

= I ; ; taken as one of the characterisation
: Effect of post-dyei hi t colour depth : :
7 o bl - y?mg cnitossn 'eatmsn.t i Vur" ekl tests for the retention of chitosan on
i - of direct dyed fabric ; il

cotton fabric.

Finish Conc K/S .
Treatment (gpl) C | Direct Red 81 C | Direct Blue 71 Wrinkle recove/ypropeny
One of the major drawbacks of
Control = 6.6 7.3 cotton textiles is its tendency to
c1 5 6.8 7.2 crease. Various cross linking agents
” ‘50 ;§ ;-g such as UF, DMU, DMEU, DMDHEU
16 7.5 2.3 etc resins are employed to overcome
DC1 5 6.9 ' 6.8
10 7.2 7.1
DC2 5 T2 6.6
10 6.9 6.6 Coiiciot
(Concentration of dye = 1% owm) DMDHEU (40%) (CRA)°
: ble 8 : Effe post-dyeing chitosan tultm.ntlm was o (gph)
fastness of direct dye ) el e Control 161
Finish Conc C | Direct Red 81 C | Direct Blue 71 20 180
Treatment (gpl) Change Staining Change in Staining 40 207
60 215
Control . 3 2 4-5 3 80 226
c1 5 3 2-3 4 4 100 ‘233 |
10 3-4 2-3 4-5 4-5
c2 5 3-4 2-3 4-5 .4 this problem. The wrinkle recovery
10 3-4 3 4 4-5 property of chitosan treated fabrics was
DC1 5 3-4 3 4-5 4 compared with DMDHEU. The results of
10 3-4 3 4-5 4-5 this experiment are shown in Table 10
DC2 5 3-4 2-3 4-5 4-5 and Table 11.

4-b 3 4-5 4-5 It is seen from Table 10 that the

) wrinkle recovery of chitosan treated
4 cotton fabrics is not satisfactory. Rise
Conc K/S Value in application concentration of chitosan

pretreated cott

of chitosan c1 C2 DC1 DC2 has greatly reduced the wrinkle

(gp) recovery of cotton. However, low
concentration of lower molecular weight

2.5 1.7 1.5 1.6 2.0 chitosan application has improved the

5.0 1.6 2.1 2.3 2.4 crease recovery angle. The high

7.5 2.3 3.0 2.8 3.5 molecular weight chitosan is believed to

10.0 3.1 3.8 3.7 3.0 form mostly a surface coating which

15.0 4.4 4.9 49 5.5 lowers the possibility of cross linking

200 B s i 83 and therefore cannot contribute to the

(Shade : 2% owf, K/S value of control sample : 0.3831) load sharing phenomenon.
Conclusion

Conc (Crease recovery angle)®

of chitosan c1 c2 DC1 DC2 The appearance of cotton fabric, in

(gpl) terms of whiteness/brightness, is
affected due to the chitosan

Control a1 167 161 161 application. The stiffness and

25 i 140 140 78 harshness of chitosan treated fabric

5.0 143 140 160 164 p s &

7.5 129 119 152 141 also increased with increase in the

10.0 94 125 138 128 molecular weight and concentration of

15.0 96 110 127 134 chitosan. Chitosan treatment has not

20.0 90 98 116 121 affected the absorbency of cotton

much. The dyeability of chitosan treated
cotton fabrics towards direct dyes is

(CRA of control sample = 161°)
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improved significantly; it is increased
with increase in molecular weight and
concentration of chitosan. However, the

glucosamine (128930) Fact Sheet'. US
Environmental Protection Agency (May
2nd 2006), Retrieved on 2006-07-10

24

25
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Effective November | mmmmmm(ms)
will be reverting to the standard collectively agreed work week
d37.§hounuhGormnMdnmludHnmry.
the company had introduced a reduction in working time and a

ence ends reduced worklng
 at German sites
Mopmontofonrcummerlndumiu still remains uncertain,
said DrTonyVan Osselaer, labour director at Bayer

MaterialScience AG. Short-time working would mainly have
affected employees in production. Thanks to the solidarity of all

corresponding pay reduction of 6.7% to combat the effects of the
mmmmmmwmww
applied in order to avoid short-time working.With the
mmammmmmmofmm
some 4,100 employees will return to their normal level,

‘The reason for lifting this special arrangement is the
improvement in orders. Nevertheless the future business

. Mmlndudoddnamdﬁonofﬂsy-ﬂmunddn

our employees, this was prevented, said Thomas de Win, chairman
of the central works council of Bayer AG. Managerial employees of
Bayer MaterialScience were also affected by the cuts, which in

increases.
‘Similar measures were also taken at the international sites,
mhwmhmmsm

Asian Dyer ¢ October 2009 e 53



g ECHNICAL ARTICLE

Chitosan and its Versatile applications
in Textile Processing

M. S. Inamdar and D. P. Chattopadhyay*

Faculty of Textile Processing, Sarvajanik College of Engineering & Technology, Surat - 395 001 and
*Department of Textile Chemistry, Faculty of Technology & Engineering, The M. S. University of Baroda,
Vadodara - 390 0017.

Chitosan, a polysaccharide obtained by the deacetylation of chitin, is a versatile agent
used in the primary production of textile fibre, textile auxiliary chemicals and textile
finishing agents. Besides its textile applications, it has got a number of other useful uses.
In medicine, it is used to make artificial skin and blood vessels, surgical suture, anti-
tumour agent, immunity promoter, anti- cholesterol agent etc. In food industry, it can be
used as stabilizer and thickener. In daily use chemical industry, it can be used as hair fixer
and hair conditioner, and many more. It seems that a number of applications of this
polymer are yet to be discovered. Because of the potentiality of this polymer scientists from
different fields have been attracted to explore its uses in their respective fields. In this

paper, various aspects of chitosan and its textile applications are briefly reviewed.

Key words: Chitin, chitosan, chemistry, properties, applications.

INTRODUCTION

Embellishment of the cloth takes place through various unit
operations of wet processing such as desizing, scouring,
bleaching, dyeing, printing and finishing. To accomplish
these processes, dyes and various chemicals such as acids,
alkalies, oxidizing/reducing agents, electrolytes, organic sol-
vents, surfactants, and polymers etc are used. Some of these
are retained by the fabric and the excess one are dis-
charged in one or more forms of solid, liquid and gaseous.
Many of these dyes and chemicals are toxic and non-biode-
gradable, and hence deteriorate the ecological balance and
the human health.

Ecological considerations, now days, are becoming impor-
tant factors in the selection of consumer goods, all over the
world. The consumers demand not only the right quality
product, at right time, at a reasonable price, but also with no
harm to ecology during the manufacture as well as in the
use. Hence, there has been a constant urge to scientists and
industrialists to explore and adopt the substitutes, that are
non-hazardous and ecofriendly.The use of natural dyes on
textiles has been one of the consequences of increased
environmental awareness. Enzymes are commercially avail-
able for the processes like desizing, scouring, bleaching, and
finishing. Eyes are, today, focused towards biopolymers to
minimize the use of hazardous synthetic polymers in textile
processing. One such promising example of this kind is

CHITOSAN (Pronounced as kite-o-san), which is derived
from naturally occurring polymer CHITIN (kite-in).Both chitin
and chitosan are biopolymers and are biodegradable,
biocompatible with animal and plant tissues, non toxic, and
renewable.

Chitin, the precursor of chitosan, is a nitrogen containing
polysaccharide and is second most abundant biopolymer
after cellulose. It is widely distributed in the shells of crusta-
ceans such as crabs, shrimps, lobsters etc as well as in the
exoskeieton of marine zoo-plankton, including coral, jellyfish
and squid pens. About 20-40% chitin is present in the ex-
oskeleton of these animals. It is also present in smaller quan-
tities in insects such as butterflies, ladybugs, and the cell
walls of yeast, mushrooms and other fungi. But since the
crustacean shells (crabs etc) are waste products (now
byproducts) of food industry, these are commercially em-
ployed for production of chitin and chitosan.It is believed that
at least ten gigatons (10'3 Kgs.) of chitin are synthesized and
degraded and it is also estimated that over 1,50,000 tons of
chitin is available for commercial use annually[1,2,3].

BRIEF HISTORY OF CHITIN AND CHITOSAN

Prof. Henri Braconot, Director of Botanical Garden in Nancy
(France) in 1811, first isolated a fraction from the cell walls
of mushroom, which he called FUNGINE. Later in 1823,
Odier discovered that this compound is also one of the major
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constituent of the exoskeleton of insects and then he re-
named as CHITIN (meaning tunic or envelope in
Greek).Prof.C.Rouget in 1859, prepared a compound from
chitin by treatment with concentrated caustic solution .This
compound was then named as CHITOSAN by Hoppe- Seiller
in 1894.However, the existence of chitosan in nature was
discovered in 1954 in the yeast Phycomyces blakesleeanus.

Over past decades, researchers in Korea, Japan, Europe and
USA have tested chitin and chitosan in biomedical applica-
tions. In Japan, chitosan was first used for waste water treat-
ment to absorb grease, oils, heavy metals and other poten-
tially toxic substances. Researchers claim that a tooth paste
made from crab’s shell could cut dental infections and re-
duce the number of visits to dentists [3, 4].

CHEMISTRY OF CHITOSAN

Chitosan [(C,H,,O,N) ] is a polysaccharide composed of a
linear (1-4) linked 2- amino-2-deoxy-B- d- glucan (i.e. p- d-
glucosamine) in the chair “C, conformation. It is derived by
deacetylation of chitin i.e. (1-4) linked 2-acetaamido-2-
deoxy-p- d- glucan (i.e. N-acetyl- - d-glucosamine).Indeed,
it is a copolymer of N-acetyl-glucosamine and glucosamine
units. The structure of chitosan is very much close to that of
cellulose except the hydroxyl group in C (2) of cellulose is
being replaced by amino group in chitosan. This is evi-
denced by I.R. and “C NMR spectroscopy. The average
molecular weight determined by the viscosity measurement
methods is of the order of 5x10%.The structures of chitin,
chitosan and cellulose are as below.

ChOH CH:0H CH1OH
4 0, 0, 0,
0, 0.
OH OH A OH OH
NHCOCH NHCOCHs NH; NH2
Chitin Chitosan
CH:0H CHaOH
O, ¢)
OH ) o
OH oH
Cellulose

Chitosan mainly occurs in two molecular conformations,
namely (i) as extended two-fold helix and (ii) as extended
eight-fold helix. The eight fold helix conformation transforms
into two-fold helix under high humidity .No ordered conforma-
tion, however, is present in the aqueous acidic solution. The
molecular flexibility increases with increase in deacetylation,
increase in ionic strength in the solution and increase in
temperature [5, 6, 7, 8, 9, 10, 11, 12 ].

PRODUCTION OF CHITOSAN

Chitosan can directly be isolated from some fungi, mainly,
Phycomyces blakesleeanus (yeast), Zygomycetes etc spe-
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cies. However, the yield is too low. To-date, chitosans have
been produced commercially by the alkaline deacetylation of
crustaceans chitins.

The crustacean shells mainly consist of chitin (20-30%),
proteins (30-40%), Calcium Carbonate (30-50%), lipids and
traces of pigment. The proteins are removed by treatment
with dil.sodium hydroxide (about 10%) at about 85° C to 100°
C or digested enzymatically by proteases or micro-organism.
The shells are then dematerialized to remove calcium car-
bonate by the treatment with dil.hydrochloric acid (about
10%). at room temperature .Lipids are extracted by soaking
in organic solvents such as acetone or ethanol. An oxidative
bleaching treatment with hydrogen peroxide or sodium hy-
pochlorite is also given to obtain a white powder.

Squid pens are also the potential source of chitin and
chitosan. Squid-pens are removed from the squid during
precessing and are currently regarded as ‘waste’ so the raw
material is cheap. Since, the squid pens are very low in
calcium; the acid extraction step is not required. This inturn
reduces the cost and acid hydrolysis of chitin. Therefore,
comparatively cheaper and better quality chitin can be pro-
duced.

Conversion of chitin into chitosan involves the deacetylation
process, which is a harsh treatment usually performed with
concentrated sodium hydroxide solution. Chitin flakes are
treated in suspension with aqueous 30 - 60% caustic solu-
tion at 80 - 120°C with constant stirring for 4 - 6 hours and
this treatment is repeated for once or more times for obtain-
ing high amino content product. To avoid depolymerization
due to oxidation, sodium borohydrate is added. Deacetylation
of chitin can also be done enzymatically.Here.powdered
chitin is treated with N-deacetylase (EC 3.5.1.41) or with
microbes which secrete N-deacetylase. The enzymatic
method yields chitosan with low degree of N-acetylation and
low degree of polymerization.

The degree of acetylation of chitosan may be determined by
C:N ratio (by elemental analysis ) , by *C NMR ,by *N NMR,
by I.R. Spectroscopy, by colloidal titration and by pyrolysis -
gas chromatography. In general, chitosans have nitrogen
content higher than 7% and degree of acetylation lower than
0.40 [4, 13, 14, 15, 16, 17, 18, 19].

PROPERTIES OF CHITOSAN

Chitosan is a white fibrous material (also available as beads
and membranes), produced in different grades according to
the degree of deacetylation (D.D.) and the molecular weight.
Various factors such as source of chitin and processing
parameters while conversion of chitin into chitosan deter-
mines the grades of chitosan.

Chitosan being a primary aliphatic amine, it can be proto-
nated by selected acids (p** of chitosan= 6.3). It is insoluble
in water, organic solvents and alkalies, but is soluble in or-




ganic acid solutions. In agueous solutions, above certain
polymer concentration, intermolecular interactions lead to the
formation of associations thus exhibiting properties .The vis-
cous solution shows Newtonian flow.

Under particular conditions, chitosan can give highly hydro-
philic water swellable hydrogels. One of the simplest ways to
prepare chitosan gel is to treat chitosan acetate solution
with carbamide.The gel formation is also promoted by add-
ing cross linking agents or organic solvents.

Chitosan also possesses film formation property. The films
are mostly flexible with smooth and shiny surface. The quality
of film depends on the source from which the precursor
‘chitin’ is obtained. The films of quid-pen chitosan are
clearer and rigid than that of crab and cray fish chitosan
[11,12,14,20,21,22].

Chitosan has two hydroxyl functional groups at 3¢ and 6"
carbon atoms and one amino functional group on 2" carbon
atom. The amino functional group imparts strong positive
charge to chitosan which allows it to bind negatively charged
surfaces such as skin, hairs, textiles etc.The cationic nature
of chitosan also helps to bind cholesterol and clotting of
R.B.C. Further, this amino group gives usual chemical reac-
tions such as acetylation, quaternization, reactions with alde-
hydes and ketones (to give Schiff's base) alkylation, grafting,
chelation of metals etc . Chitosan is readily depolymerized
by acidic sodium nitrite to give oligosaccharide. The hy-
droxy! functional groups also give various reactions such as
o-acetylation, H-bonding with polar atoms, grafting etc
[23,24,25,26,27,28,29,30].

Chitosan also exhibits several valuable inherent properties
such as anti bacterial, anti fungal, anti viral, anti acid, anti
ulcer, non toxic, non allergenic, total biodegradability etc and
hence finds wide applications in diverse fields such as
waste water treatments, food, medical, biotechnology, agri-
culture, cosmetics, pulp & paper, plastic and textile industries.
Over 250 applications are known at present
[3,31,31,33,34,35].

Some of the applications of chitosans in the area of textiles
are discussed in the following sections.

CHITOSAN FIBRES

Owing to the linear structure, chitosan exhibits fibre forming
property.Chitosan filaments also known as crabyon (crab +
rayon) are produced by wet spinning method. Chitosan is
dissolved in acetic acid solution and then extruded through
the spinneret into a caustic co-agulation bath to obtain a
regenerated fibre. However, such fibres have poor wet
strength (tenacity 2.0 gpd) .Investigations have shown the
improved tenacity of up to 4.4 gpd by incorporation of surfac-
tants into the coagulation bath. Such fibres find use in the
production of textiles having antimicrobial, antithrombogenic,
hemostatic, deodorizing, moisture controlling, and non aller-

genic properties which are inturn used as bandages for
wound- dressing, as sutures, as perfume releasing fabrics.

A composite material of chitin/chitosan and cellulose are
produced by mixing powder chitin/chitosan with viscose pulp
and then wet spun.These fibers have high moisture keeping
property than cellulosic fibres and have dyeability towards
direct and reactive dyes. These fibres are used as textile
materials for under wears, socks, etc as these keep skin from
drying. At the same time, these give velvet touch and no
irritation to skin .Therefore; clothes made up of these fibres
are excellent for babies and old aged people who have weak
and sensitive skin [3, 10, 35, 36, 37, 38].

APPLICATIONS OF CHITOSAN IN TEXTILE PRO-
CESSING

DYEING

Cotton and other cellulosic fibres, conventionally, are dyed
with direct, reactive, vat, reactive, azoic etc dyes, which are
anionic in nature. Cotton also acquires negative surface
charge when immersed in dye baths of above dyes leading
to repelling action to them. To dissipate this -ve surface
charge and to facilitate the dyeing, large amount of electro-
lytes such as common salt or Glauber's salt are added into
the dye bath. These electrolytes and unexhausted dyes add
to the pollution load when discharged through effluents.
Such high salt dissolved water can neither be useful for
agriculture purpose nor be recycled for industrial uses.
Moreover, the available technique of reverse osmosis (R.O.)
to reduce the T.D.S.is not yet economically viable. Thus at-
tempts have been made to adopt salt free and alkali free
dyeing by cationization of cotton by treatment with glycidyl
trimethyl ammonium chloride, N, N-dimethyl azetidinium
chloride (DMAAC), N-methylol acrylamide (NMA),
chloropropiony! chloride (CPC) etc. However, the question of
ecological aspects arises here too. As a solution, modifica-
tion of fibre with chitosan could be a best option.

The fabric is pretreated with chitosan by pad-dry-cure
method using cross linking agents such as polycarboxylic
acid (e.g. butane tetra carboxylic acid or citric acid) or N-
methylol compounds (e.g. DMDHEU). Investigations have
shown several valuable results such as: increased dyeability
of cotton toward direct and reactive dyes in absence of salt,
dyeability toward acid dyes, elimination of colour difference
between matured and immatured cotton, coverage of neps
etc.lt is believed that, chitosan acts as built-in catalyst of
reactive dyes in question with hydroxyl groups of cotton and
chitosan. Very recently, it has been revealed that a complete
salt-free dyeing of cotton with a lot of saving in the quantity
of dyes is possible by simple modification of chitosan and its
application to cotton material [12,20,28,39,40,41,42].

PRINTING

Chitosan solution on drying gives a colourless, transparent
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and flexible film having smooth surface. These films are
wash fast when fixed on fabric by thermofixation. Further,
chitosan exhibits thickening properties. Thus, by virtue of
these properties, chitosan can be used in pigment printing to
replace the conventional synthetic binders which are based
on styrene-butadiene, styrene-acrylates, or vinyl acetate-
acrylate co-polymers [11,43].

WOOL TREATMENT

Wool, due to its scaly structure, exhibits felting problem as a
result of frictions arising during various wet processing op-
erations. The penetration of dyes and chemicals through the
fibres/yarns is, thus, hindered. Conventionally, the felt forma-
tion is prevented by descaling process with treatments such
as chlorine, enzymes (protease) etc.The chlorine treatment,
however, is not ecofriendly and causes tendering of the
fibres.Where as, the second one requires exact control of
parameters and is not enough to fulfill the woolmark require-
ments. Recently, investigations have shown reduced felting
of wool when treated under plasma. This process, however,
is not economically viable due to prolong treatment time and
high cost.

Treatment of wool with chitosan has been found to minimize
this felting problem. The bio-adhesive and cationic nature of
chitosan enables it to form a strongly adhered film on indi-
vidual fibres and prevent their entanglements. The extent of
adsorption and uniformity of distribution of chitosan onto the
fibre can be increased by increasing the wettability and
anionic character of fibre. Alkaline peroxide pre-treatment or
oxidative plasma treatment creates new anionic groups such
as sulphonate and carboxylate, and improves the wettability
of wool fibre and hence the binding power of chitosan.
However, such degradative treatments lead to considerable
weight loss and damage to the fibre. Treatment of wool with
a surfactant containing anionic groups can lead to higher
pick up of chitosan causing no damage to the fibre. A com-
bination of controlled enzymatic treatment followed by
chitosan treatment can also give satisfactory antifelting effect.
Further, these treatments have also shown increased shrink
resistance and dyeability of wool towards reactive dyes
[11,44,45,46,47].

POLYESTER TREATMENT

Besides several useful essential properties, polyester suffers
from one serious drawback of hydrophobicity and conse-
quently the static charge built-up problem. This static elec-
tricity is mostly responsible for dust/dirt attraction, sticking of
clothes to human skin, increased fibre contamination during
textile finishing, overlapping of fabric heat setting on stenter,
malfunctioning of electric devices, sparks and ignition of its
materials etc. To dissipate such static charges, the fibre
surface is coated with an antistatic agent, which is mostly
synthetic hydrophilic resins, by simple pad-dry-cure method.
However, the effect is not durable. An ecofriendly and du-
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rable antistatic finish can be obtained by the treatment of
polyester with chitosan. Chitosan has the advantage that it
shows high moisture regain even in low relative humidity and
does not swell much in water. The finish is more stable on
polyester that has under gone a caustic reduction treatment.
Here cross linking of chitosan takes place by reacting
chitosan-NH, group with carboxyl end group of polyester that
are generated by caustic reduction process [48,49].

ANTICREASE FINIHING

The creasing problem of cotton is well known, which is at-
tributed to the presence of free hydroxyl groups in the fibre
molecules. The creasing problem is minimized by cross link-
ing these free hydroxyl groups on adjacent molecules in the
fibre using a suitable cross linking agent such as N-methylol
compounds (UF, DMDHEU etc resins). However, these finish-
ing agents suffer from one serious drawback of release of
toxic free formaldehyde. As an alternative, on formaldehyde
cross linking agents such as citric acid, butane tetra car-
boxylic acids (BTCA) etc are recommended. Among these,
BTCA is most effective cross linking agent; but the cost is
very high. Citric acid, although cheaper, is less effective and
has drawback of yellowing problem due to the formation of
unsaturated polycarboxylic acid (due to dehydration of citric
acid). To counteract this yellowness, additives such as
hydroxyethyl amines, borates or polyethylene glycols to cit-
ric acid bath are recommended. However, the process is still
less effective.

The crease recovery power of citric acid can be improved
satisfactorily by the incorporation of chitosan in presence of
sodium hypophosphite monohydrate (SHP) to the citric acid
bath. Here, the esterification reaction not only occurs be-
tween citric acid and cellulose but also between citric acid
and hydroxyl groups of chitosan and the free carboxylic
groups can also react with amino groups of chitosan by salt
linkages. Low molecular weight chitosan (obtained by con-
trolled oxidative degradation by sodium nitrite) at low con-
centrations have shown improved wrinkle recovery without
deterioration in whiteness and strength of fibre [12,
20,28,35,50,51].

ANTIMICROBIAL FINISHING

The conventional temporary wound dressing used with an-
timicrobial cream and ointment is time consuming and pa-
tients feel pain because of the frequent replacement of
wound dressing. Therefore, the method of drug delivery sys-
tem has been accepted for full-thickness skin wound care
and the antimicrobial agent impregnated wound dressings
are proven effective in controlling bacterial invasion through
a porous matrix. However, the use of conventional antimicro-
bial agents such as organo-metallics, phenols, quaternary
ammonium salts, organo silicones etc are not desirable due
to their toxic nature. In this regard, drug impregnated poly-
electrolytes wound dressings composed of chitosan and




sodium alginate in sponge form are used. The non toxic,
antifungal, antiviral and antimicrobial nature of chitosan ac-
celerate the wound healing and the sodium alginate provides
the moist wound atmosphere which promotes healing and
epidermal regeneration.

The antimicrobial property of chitosan is attributed to the
primary amino group at C-2 position of glucosamine residue.
The effect is more enhanced when the amino group is pro-
tonated or quaternized. The protonised amino groups block
the protein sequences of micro-organisms, thus inhibiting
further proliferation. Chitosan binds to the anionic surface of
microbe cell wall and disrupt it and alter its permeability. This
results material to leak out of bacterial cells causing in cell
death. Chitosan also binds to DNA inside the cell inhibiting
mRNA and hence protein synthesis.

Also, the antimicrobial treatment of chitosan can be done on
various textiles such as cotton, wool etc for preservation and
antifungal effects. It also helps odour reduction and perspi-
ration bonding. The antimicrobial finish of chitosan (dissolved
with acetic acid) on cotton fabric can be applied by usual
pad-dry-cure technique. Incorporation of cross linking agents
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