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Abstract
The applicability of chitosan, trimethyl chitosan chloride and nano chitosan for removal of Cu(II)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(II) ions and FTIR spectroscopy was employed for the 
characterization of Chitosan-Cu(lJ) complex. Study included the effect of molecular weight of chitosan, 
particle size of chitosan and the degree of quatemization of trimethyl chitosan chloride, pH of medium etc on 
the sofption of Cu (II) ions. The influence of molecular weight of chitosan was found to be an important 
criteria so far on rate of sorption of Cu(II) ions. Reduction in particle size of chitosan enhanced both the rate 
and amount of scavenging of metal ions.
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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 (II) 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(H) 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].

Table lEffect Cu(II) ions on hydrogen peroxide bleaching of cotton fabric
CuS04 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.I. =56.91
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ntg/L
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Figure 1 Effect of Cu (II) 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 fdtration, 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 (II) 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(VI)



into Cr(III) was also observed, which is essential in human nutrition especially in glucose metabolism. 
Chang and Chen [21] isolated Au (III) ions from water on chitosan coated Fe304 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(II) ions. Chitosan of different molecular weight, 
nano chitosan of varying particle size and trimethyl chitosan derivative of different degree of quatemization 
were taken for the study. The test sample before and after treatment was analysed iodometrically for knowing 
the presence of Cu(II) ions and FTIR spectroscopy was employed for the characterization of Chitosan-Cu(II) 
complex.

Materials and Methods
Materials: 100% cotton fabric (warp and weft 40s, ends/inchl42, picks/inch 72 and g/m2 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.I.Direct Red 81, C.I. 
Direct Yellow 44, C.I. Reactive Red 152 and C.I. 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 Iodide, 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) (lg) was treated 
with required amount methyl iodide (5 g and 15g for two different levels of degree of quatemization) 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 lh. 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
FTTR of GHT and TMCHT derivatives were taken on a Thermo Nicolet iSlO Smart ITR 
spectrophotometer (Thermo Fisher Scientific, USA) in the wavenumber between 4000-500 cm'1.

Treatment of Cu(II) ions containing water with chitosan derivatives
Required quantity of chitosan or chitosan derivative (e.g.lg/L) was treated with copper sulphate solution 
corresponding to Cu(II) 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(II) ions content iodometrically and the 
residue was analysed for FTIR spectroscopy.

lodometric method for determination of Cu(II) 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(II) present in the given solution was calculated following equation [25].

Ax 6.36x1000
Cu(II) ions content, mg/L = -----------------------

Where, ‘A’ is the amount (mL) of 0.1N Na2S203 taken in burrette and ‘V’ is thevolume (mL) of aliquot 
taken for titration (100 mL)

Chelation efficiency in terms of sorption of Cu(II) ions by chitosan (mg/g) = Ip-Ir
M

Chelation efficiency in terms of copper ions removal from water (mg/L) = I0 — IF

Where, I.j is the initial concentration (mg/L) of Cu(II) ions and IF is the concentration(mg/L) of Cu(H) 
ions in treated water. M is the mass (g) of chitosan.

Results and Discussion
Characterization and mechanism of chelation of copper (II) 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(II) 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.



The broad bands at wave numbers 3355,3284cm'1 of the FTIR spectrum of chitosan (Figure 2) may 
be attributed to O-H, NH and NH2 stretching. The absorption band at 1651 cm'1 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'1 appeared due to bending vibrations of N-H of amide II bond (N-acetyl residue) and the primary 
amine. Another medium absorption peak at 1374 cm'1 was attributed to the N-H linkage of amide III. A 
strong absorption peak at 1025 cm"1 was due to primary hydroxyl group, characteristic peak of -CH2OH 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'1 and progressive reduction of peak at wave number at 1025cm'1 indicated the 
involvements of amino and hydroxyl groups in the scavenging of the Cu(H) ions. Formation of a new peak at 
1392 cm'1 and modifications in peaks due to various amide groups characterized interaction of these groups 
with Cu(H) 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(II) ions having the coordination numbers usually 2,4,and 6 facilitate coordinate bond 
formation [29], The possible ways of Cu(II) ions bound to chitosan is illustrated in Figure 4.



CHT CHT-Cu Complex

Figure 4 Chelation of Cu (II) 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 (Na+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 chloride - - - 13.41
TMCHT2 Trimethyl chitosan chloride - - - 50.92

DAC: Degree of deacetylation, DQ: Degree of quaternization

Effect of structural modification of chitosan on chelation of Cu (II) 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(II) ions sorption 
by various chitosan derivatives at pH 5.5 is shown graphically in Figure 5.
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Concentration of chelating agent Ig/L, Initial concentration of Cu(H) ions 394.32 mg/L, pH 5.5 
Figure 5 Chelation behaviour of chitosan derivatives for Cu(II) 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 quatemization 
process was found to reduce its metal binding capacity. The chelation capability of trimethyl chitosan 
(TMCHT) was decreased with increase in degree of quatemization.

A substantially higher chelation power of EDTA may be attributed to the combined effect of ionic 
linkages of Cu(II) 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(II) 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 (II) 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 quatemized



Concentration of chelating agent Ig/L, Initial concentration of Cu(II) ions 394.32 mg/L
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(II) 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 (lh) and long (24h) 
treatment time respectively was studied. The results are shown in Figure 7 and Figure 8.

derivative of maximum degree of quatemization 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(II) 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 C'u(Il) 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(II) 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(II) 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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70(1

Initial concentration of Cu(II) 754.93mg/L, pH 5.5
Figure7 Effect of concentration and molecular weight of chitosan on chelation efficiency for lh treatment

Initial concentration of Cu(II) 754.93mg/L. pH 5.5
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(II) 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 (lh), 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 C'HT-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
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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(II) 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 lg/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],

•CHT(40l4nm) -CHTNI (408 nm) -CHTN2 (534 nm)

Concentration of chelating agent lg/L, Initial concentration of Cu(II) ions 394.32 mg/L, pH 5.5 
Figure 9 Effect of particle size on chelation efficiency of CFFT for Cu(ll) ions

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 quatemization 
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 (TMCFFT) was reduced with increase in the degree of quatemization. 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
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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 jeger. the study on synthesis cfuractcri/ation and appiicalion ot nano-chuosan en anon labric has tven reported. 
The nano-chitosan treated fabrics are then tested for appearance, tensile, ahsortvncy. sttlTness. dyeing tehan.xtr. wrinkle 
reensery and jrtjhacvnal progenies Lim molecular weight chi meins are prepared by nitrous acid hydmtysts metlvd: the 
moksnitar ^eights are determined siscometikally Nano-chilasans are synthesized by ionic jvlauor ot pemasedium 
tnpetyph>»pha»e and cfatosan. and then characvnred by panicle sire derermnation The Cabnc samptes are patreated with 
normal and luno-dMosan sotuboRS by pad-dry-cure technque The surface morphology of treated conon fabric has teen 
studied by SEM analysis The treated Ubnes fuse also teen dyed and their whiteness, yells'* nes' and hrightress indices are 
evatuacvl It is loud that the pvticte sire and pdydisgeisity of chiKttan in sotutkn are aflecvd by the sanation in molecular 
w eight The dye uptake and wash fastness of nano-vhMosan treat'd fabrics are found to tv imprvwed An enhanced ancihucvtxal 
progeny ts (fscrseJ »nh the lethaaion of luno-chuixan panicles and when coupled with nanosiher odl.Vl

Keywcrtk: Antibacterial progeny. Ontccsan. C«dt.xi. Dyeing tetusiour. Nano-chiiosan. Wnnkle recovery

I Introduction
Various wet povessing operations of textiles from 

imtial prejxirau>r\ processes in final finished clothes 
are m»vx l.vu'Cil for green tech nob >gy Sex end
conxcniional non-cvofriendly chemicals are hone 
replaced by ruiuml Ktsed prxxJucts that are safe is* 
cm ironnienc and health during manufacturing and 
iisige. .-VppIkacioRs of en/ynics in preparatory and jn 
hi. s-p. doltiite. natural dyes IW cohvaiion. btogedy titers 
artJ their derixattxes in fihre prodwcthri and finishing 
pr. v C'scs. etc are cm1 «df them. One such bropoly titer 
of great mtCTCst in revenl year' i' chil<*sjn. derixed 
Item alkaline deucetx lalton of chitin

The precW'-T ehilin o a nurogen containing 
ply saccharide. nhach is scn*nd most abundant 
bi-poly mcr after cvllutt>se: distributed in the shells of 
cT'i.stacxvarts shk h as crabs. shringps and MMerc as 
well as irt the exocketeton of marine zoo-pkmkton. 
iik tuJisig oral. (ellyfish and ssfutd pens. It is totally 
eo dr tcttJ ly ar*J renew abk'~ .

Chemically. chilosan is a linear tl—b linked 
2- atriit><-2-s.k''\y -p- if- gin. a re ue (>- d-gUucoscimtnet

lCrres[VT*Aag jotisor 
E-mail ftdulM! pncHceai
’Present address: F»c»fty on Textile- ProceedM.. Sarsaftask 
C (>*e t Ennaaeict* A Tectwunj.sfx. Swat »5 WW. fcodu

luxmg the strtKiure xety much close to that of 
cellulose except the hydroxyl gr>xip m C - 2 ■ of 
cellulose is being replaced by ammo gnnp m chito-cm. 
Indeed, it i' a copolymer >4 \-acety l-gluco'jinmc and 
gliic'«»san»ne units. Being a primary aliphatic attutte. 
chilosan can tv pr.xonated by x aruhn ackk '1

By xirtue id' sex oral xaluabk' inherent properties 
such as antibacterial. antifungal, antixtral. antacid, 
mm-toxic. tidal hksdegraitahkr. binompatibk- xmh 
animal and plant tissues as xxell a' film hrmation. 
fibre formation and hyJr>>gel l.rinati'Xi progvrttec 
idiitirsan has pri*s|vcti\e applreations in nutty fields 
such as hiisnvdieal. xxaste vxater treatnvitl. i>'smidics. 
denttfrKes. food, agno.ii.ture. pulp \ paper, and 
textile industries

In lextik's. the application pidenti.il of chtti»sjn is 
rexiexxed svniprehetisixcly''. lnxestigations haxe 
shoxxn that it can also he used as a Jxe lixirt-c aeent. 
lor 'hade and naps coxerage. to tniproxc the fasiness 
idf dyed fabrk-s. as a binder in pigment printing, a' a 
thickener in printing. By xirtue of it' bacteria 
impeding property, chit."an an prexeni garnvnt' to 
develop had ivkdtr1' 11 .Art impr>*xed xxnnkk- 
revoxery «d ndton labrtt- is re-jsrtcd on finishing 
cxdton vx uh citric acid solution in presence' ot chiiisan 
xxith Diiinmmim l.*ss jn ten'tk- 'ireit-eth due to curs-
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acid treatment1'. It is found that complete inhibition of 
Escherichia coli anil Hav bacillus bacteria is possible 
bv treatmeni of cotton with 0.5gpL chitnsan 
concentration1'1. Tivvari atKl Gharri' attempted to use 
chitosan a- a thickener in print me paste. Perfixmatxe 
of the prints with respect to K/S. wash fastness. enxk 
fastness and hand are observed to be unsatisfactory 
Our earlier investigations'* hate shown improved 
dveahilil) towards direct dves of C'hiti>san pretreated 
cotton fabric anil the degree of impnwement was found 
to be a function of mokvular weight and concentration 
of chitosan. The fastness to washing of direct dves on 
chitosan pretreated fabric. Ixxvever. was onlv slightiv 
improved especiall) fix the low in>lec ulai weight 
chitosan applications. Chitosan treated o<tl>xi labric 
also showed a substantial dveabiltlv tow.ird' .K id dves. 
Tlte appearance and handle of the treated fabric-, 
however. was severe!) affected. The wrinkk? recover) 
propert) was found to be reduced. The hsss in inherent 
qualities of cotton fibres due to chitosan ma) K' 
attributed to the rigid film Jefv'sition of u. nxvstlv 
confined to surface of fibre ortl).

Todav's need. h.>vvever. i' to improve above 
properties vviclxxic altering the inherent natural qualities 
of cotton. It is posable bv achieving the nminiuni 
penetratii'n of pot) tner panic k-s into fiba' structure and 
increasing uc effectiveness at lowest possible 
oHventralhMt. Penetration of chiti*san solution can be 
improved bv bnvenng the viscosii) of its solution, 
which is obtained bv lowering the conceruratiixi and-r 
bv reducing the panicle si/e. Reduction in 
concent rat i-ft of n>xnu[ chitosan in so|uu«mi. Knvever. 
nuv reduce it' effect iv cite'" and larger chain doe' n<'t 
pc-niiii its encrv into the- vamr-celfulose structure. The 
>>01) j>«s^ible wav is to reduce the particle c/e. whkh. 
tit addition t>- decrease m vkvnU. oilers greater 
surface area and hence increase the effectiveness c-t 
chitosan. This i> the Ki'i' of tixiav \ n**si popular 
kvKvkw rcicv* tevfe»*k >cv orKVpt

The pstenttal apptkcili.<ns ot nau -chitosan are 
well den* so'traced in medical field panktiLirh in 
controlled drug deliver) s)stems1'"'1. However, tluc-ir 
appKMti.xts in ie\tik-s are i*< vet well investigated. 
The- practical application .4 such cun*svhiii»sjn to 
textsk's al sftsf fl.sT level demands suitabk' 
kvhnotogv :.r the pr.skKlssi of run><svhiu>san 
dispe-rsk>ns. characten/aiion and the analvsis of 
stjbilitv i*f standing bath*.

There!, xe in the- present an attempt has Ks. it
nude to set a simple methodolog) to pi.ski.e neinn*- 
chiinsait bv ►on.'tr.'pd. gelation with peimuscxlium

tripolv phosphate. Chitosans of different molecular 
weights an? obtained bv controlled depolv merisation 
of pan’itl chitosan using nitrous acid hvdrolvsis and 
these prixluels are subsequent!) used for tK’ svntlk'sis 
of nano-ehitosan. The stud) re|sorted hen' is the final 
results of main basic experiments after getting the 
confirmation of reproducibility A representative' 
concentration of Igpl. is. therefore, onlv n'ported and 
discussed here to make it as brief as pisssjbk? and to 
avoid presenting less important data. TK- effect of 
particle st/e on various properties of nan.s-chiiosan 
treated cotton fabric, such as ap|varaiKV. stillness, 
absorbency dvemg K'hav tour and vvrntklc recover), 
is discussed. Scanning electron microphotographs ol 
n.ino chitos.in treated cotton fabric an' also .malvsed.

2 Materials and Methods
2.1 Materials

1(KK« cotton fabric tcouni 40s x 41k. I£PI 142. PPI 
72 and GSM 1251. read) tor dveing stage, was 
pnvured from kval pnxvss house.

Direct dves. iunx'1) CM. Direct Red SI jnd 
CM.Direct Blue 71, were obtained from M1' Colourtex 
Industnes Ltd. Gutarat State. India. C'hit>*san iC'HTI t. 
having degree of deacetvlalion (DAO Kfi and 
viscositv 22eP'. was obtained from Mfs Mahlani 
Chitosan Pvt. l_kL. Gujarat State. India. Dimethvlot 
dthxdroxv cthvlene urea iDMDHH"' was obtained 
from local pr.x'ess Knisc and ixKr chemicals such j. 
scxiium tripolvphosphate <TPPi. acetic acid. mxIuieii 
nitrite, '•xluuti acetate >anhvdrousi and sodtuen 
hvdroxnk' used were of arutvlical grade.

2.2 SidiIksK and thararfc-rizatiaa at Vmo-chtiirsan
Different mokvular weight grades chit>»sans were

first obtained bv depolvmcri/ation of CHTI bv 
nitrous acid hvdrolvsis tneiKxi whnh were einplnved 
for tK' preparathxi ot n.ano-vhiii»sjn dtsfxx'i.xis 
vk'seriK'd elsewhere”. In general, chitosan was 
dissolved on acetic acid solution and .'ptinu/cd 
quanlitv of TPP was added drop w i%e with rapod 
stirring taKxil 4t«) rpnit to ><b(ain an opalescent 
x'lutiort. TK' sampk- was allovved to stand overnight, 
filtered thr>xig!i so titered glass filler of pif.'iti gr.kie 
G ' and [xeserved in refrigcTakx. TK' preparcsJ rui>>- 
chitosan was termed as CHTIN. TK sv nthesi/ed 
nanoshitosan vvas a(spl*ed to cotuxt f.ibrK- within 
24 hour' s|(kx the stjbilitv ot’ nano-ehitosan gets 
adv ctsc’I) alTected with tin*? as discussed earlier 
TK spec ific-jtioni' .4 different gtadles ssf chro'.m and 
nan.s-shiios.il! are given in Table I. TK partK-k’ 'i/e 
and 'i/e Js'tnbutB'n of tK chotoK-an were aitilv/cd -xi
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Table I—Particle si/e of namvchilosan as a function 
of mofccular weight
(CHT:TPP:: 1:0.15)

Parent chnttsan Symlk’si/ed nano-chitosan
Sample code Mokeular

weight
Sample code Partick’ size

nm
CHTI 1 i.sjtW CHTINui*

CHTINtiif
468.1
319 4

CHT2 71.676 CHT2N 271.6
CHT't 38.733 CHT3N 231
CHT4 20.698 CHT4N 195.2
CHT5 11.986 CHT5N 110 74

DUainoJ K ililuuoo ot'CHTlN of 2 gpl. conoentratnm to IgpL 
fSynihesiA?d duectly frwnCHTI of I gpl. concentranon

the particle si/e analx/er i Model: ZeUsi/er Nano 
ZS90. Make: Mulxern Instruments Ltd. I'Kt.

2.3 Treatment of f abric with Naaochitaun 
Nano-chitosan dispersion t IgpLt was applied onto

lahrs. on a padding munch with wet pick-up of 
Ttf, h\ two Jip- two nip method. Alter drxing the 
fabric was cured in oxen at 150 for 4 inia 
The vjn^'ic was then washed in the follow me 
sequence: nnse — alkali wash tsoda ash I gpL. 
MLJ? 1.5i*i —» hot wash ttwK'ei tS5 "C / 2t>nuni —• 
cold wash —► dry

2.4 Tea \ktb*fs 
SO/ V«6

Treated and untreated labnc samples were fixed on 
carbon coated aluminium sheets and then were 
«+>sencd under scanning electron micr>'~c>'pe 'Model 
JSM56|(i|.\. version l.tt. J<vl. Japan) in vacuum

EntariM aj ImScn

The samples were evaluated on Spcdrosan 5IIOA 
(Make: Premier CoHixscant for whiteness index t IO 
dec ■- D65 •' Huntertahi. x el lowness index c2 dec / O 
ASTM D I925t. brightness index «2 dec •* C TAPPI 
452 7 ISO 24~t>i.

Fabric Stiffanc. Temacin u/ tbiwbrart
SnlTness m terms .4 benJirtg length was measured 

as per standard ASTM D I 5nS-9‘J6 The tencicnx and 
elonealion-at-hreak of trealed and untreated cotton 
fibres were measured or Stelometer 'Make: T.ureka 
Prevision litstninteni A. Co.. Coimhatorc. Indiai 
The breaking load >kg) and ek»ncation-al-break were 
•ihtatned direvth from scab.’. The satnpie- were then 
collected and uetched. An average of 5 readings was 
calculated using folkiwmg frnub:

_ , Breakmc load tkcis l.Nx It)
Tenaeitx (c/lexI = ---------- ----------- ---------------

Sample weight img>
Sample length = 1.5 cm

Absorbcncx of treated and untreated cotton fabrics 
was exaluated as per AATCC lest nvthod 7d-20HH.
Fabric Dyeing

The fabric sample was immersed in dxe hath 
maintained at nuterial-liv liquor ratio of l:4H and 
containing I'> direct dxe. Glauber's salt 12 O', owfi 
ami soda ash l5'< owfi. The sampk was nut in the 
hath for 15 min at room temperature Temperature 
was then raised to 90 "C and dxeing xxas continued 6* 
60 nun. The dxed simple was then rinsed with cold 
xxater 5 limes, air dried and 1x8 pressed.

In ease of nano-chmisan preheated material the 
dxeahilitx was also checked after nuking the dxe bath 
slightlx acidic using <1.5 cpL acetic ackI after 
completion of eonxenlion.il dxeinc prices*. Presence 
of acid pmtonaie the amino group xxhich enhance* 
further absorption of dxe*

The dxed samples were exaluated for coheir 
strength in terms of K/S \ allies on Premier C«»hT»can 
i Indiai nuke computer colour nutchtng sxstem 
name!) Spect rescan 5IOri.\. The wadt fastne** ,>| 
dxed samples xx a' exaluated according to ISO 1.

Ireav Hennery \rngh ami \atimkrabia/ \ctnity
Crease recoxerx angles were measured as per 

AATCC test method 66-2003.The untreated anJ 
treated sample* were subiected to s«mI bunal lest a- 
per .AATCC Test Method .-0-2<<t4. Alter the 
stipulated period the sampk'* were remoxed. xx ashed 
xxith xxater and dried in air. The santph* were then 
tested fix’ strength measurement on -leloroeter.

3 Results and Discussion
.VI Stitlxsbu/ llnnrtrtiaim «/ Vmo-rhituua

Chitosan has fairlx long linear structure with 
rigid conformation. The ch.ir.Ktin ate 'i/e of 
CHT1 hxdrodxnanuc sphere is tVximi to be 2ti[2 n 
Such a higher parttch sj/e oilers higfier x isisitt 
to the solution. It t* p»*s*ih|e. fir a cixen molecular 
si/e chitosan. i,» reduce the particle si/e to runo 
lex el bx boil.un-up' approach' Chitosjn. bx
xirtoe of pt>(xcjiionu nature, undergoes ionic 
gelationw ith |v>!\ anion* such as penta sodium 
iripolx phosphate 1TPP1. ethxlene diamine tetri 
acetic acid 1EDTA1. etc to firm nano- parr h*. 
Such pinkk‘s are stabilized b\ electr.ssi.nic 
hindrance due to ouilicmbic rerxt'.'ton between 
Patrick's of same n»mc charges "' . Owing to faster
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ionic reactions between chitosan and TI’P.
non-toxic nature of these components" and ease 
of operation, we adopted the gel ionization 
technique for the synthesis of nano-chitosan 
particles. The particle size distribution of 
CHT5N. having particle size I I0.74nm. is given 
in Fig. I. Scaling down the particle size of 
large polymeric materials to nano level is a
big challengelt is clear from the present stud) 
that the molecular weight (Table I) 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 mil 
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.

.1.2 Efleet uf Nano-chitosan Xpplication on Surface Morphology 
The surface morphology of the treated and 

untreated cotton was studied under scanning electron 
microscope (Fig. 2). Chitosan exhibits an inherent

Fig. I—Si/e distribution of nano-chitosan by intensity iCHTSNi

Fig. 2—Scanning electron microphotiwaphs ix2700i of lai couon Fibre icontroli. ibi CHTI treated fibres, (cl CHTl treated and then 
prolong boiled anion fibres id CHTlNiiii 11l)4nm. treated cotton fibres, tei CHT4N. 195 2nm. treated cotton fibres and (ft 
CHT5N. 110 ?4nm. treated cotton tibivs
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gloss on fibre surface as shown in l ie 2<hl. Further, 
the film deposition on fibre surface ean be ennfirnk'd 
by prolong boiling of treated sample in distilled water 
so that the broken appearanee of film can be viewed 
under SFM |Fig. 2tet|. Nano-chitosan treated samples 
show all together different mierophotogra pli 
IFigs 2»di - tf11. Nano-chitosan film is found to be 
more uniform.

•U Klfecl of Nano-chit irsan on Fabric Appearance
The appeal of the fabric is manifested by its 

tp|varaixe and the feel. Effect of particle si/e of 
nano-chitosan on these properties of cotton fabric is 
illustrated m Table 2.

The appearance and the fabric feel are v|uiie 
satisfactory It is emisaged from Table 2 that the 
whiteness js improved with reduction in particle sj/e 
and reaches well nearer to that of control sample. 
This mas be attributed to the greater extent of 
penetration of nun*»-chit«»san particles into fibre 
structure and allowing the cuticle for exposure. 
Deposition ot normal chitosan. however, i' confined 
to surface as a lilni. which alters the whiteness to 
some extent. This film max also m^>art stiffness to the 
fibre, whereas a nuno-chiiosan shows a little 
influence, as is .-bserv ed in same table.

J.4 Effect at Vano-chito-an ou Tm* Properties
The effect of nuno-chitisan trealnx-nt >>n tensile 

prv*perties of cotton fabrics is presented in Table ,v
There is a reduction in strength slue to conventional 

chitosan application Comentional chitosan mostly 
forms a film on the surface of the fabric and very less 
amount of it v.m enter in lo the inter-fibre regions, 
thus cannot take part in load hearing phenomenon. 
rallkT affects sy mmclrical distribution of hud Narro- 
s-hiu>san. on the other hand, because of n> small 'i/e 
can easily enter into ihe inter-fibre region and to even 
inter-cs'lhilosk' chain regions, and work as a cr<*ss-

link which hears the load lo a great extern The 
strength improvement is therefore clearly observed 
with the reduction in particle sj/e. Tlx- elongation 
properly i'. however, decreased to some extent with 
the scaling down of particle si/e. The formation of 
in situ (hive dimensional networks prohably resi'l' the 
adjacent fibre molecules to slip aixi lowers the 
elongalion-al-break.

.'.5 FITect of Nano-chitosan on Absorhencv
The absorbency, measured by drop penetration 

■ik'thod. of namvchilosan (R-ated c>>tton fabric' is 
shown in Fig. The restilts show that the absorbency 
is decreased with the reduction in particle si/e. Thi- 
may he elucidated by the example of l.rus leaf effect. 
Distribution of nano-chitosan particles as a thin layer 
over and beneath the surface. |Fig. 2 > Jm t‘i!. may roll 
out the water droplets. Nevertheless, the ab'*>rbeix'y 
of nano-chitosan treated samples o 'till within (he 
tolerable limits of conventional vvei pnve"ing 
conditions.
.1.6 I bring Behaviour of Nano-rhhosan Tmiul Cntum Fabric 

Sinee the structure of chitosan o very much 'inulur 
to cellulose, it is untk'ip.iled that its treatment to 
onion should influence the dyeing. Hence, the effect 
of pre-treatment of luixv-chitosan on direct dyeing ot 
cotton has been studied. The effect' of chib’-sin aixi 
nano-chitosan pre-treatment on dye uptake arc shown 
in Table 4. The dye uptake by treated cotton fabrv. in 
conventional process. is iikr\iscJ progrc"ively with 
reduction in partx'k- sj/e of CHTN. The results are 
superior to corresponding parent CHT treated 
materials. The dye uptake of CHTN treated simpk-' i- 
found to be significantly increased. resulting in alnx»si 
complete exhaustion of dye hath, when acidification 
was followoJ. The increased dye uptake due to 
chitosan treatiix-m may fv atlributed lo the presence 
ot pnmary amino group' of chitosan. These cation'

Tibfe 2—Effect of pattk-fe a/e nt tja»*-ct»ii.->>ap ca jppranrxe and stiffness arum fat-ri.

Sampfe cafe Partiefesi/e Appraraace Beaderc tenant, .m
oust W.L VI Bl Wjrg Wefi

Ceotret - g-* < It Wfr 2M5 1 frS
CHT i 40 [4 wt 19 SIS : a i "o
CHT BN n fecVI Qt t it S24 2 2d t
CHTlN'or »Id4 •in i 4* S2 ? : > l
CHT2N 11 ■91 ' .Vfr s'- 4 2 24 1 '0
CHT-N ZH.Q 91 t ; a 2 24 t ".
CHT4N GM5 - 91 9 •4 s 2 2t 1':
CHT5N
It I—Whnc-iae-v. inJev

110 T4
V 1—Ydfc»*x' lofev.

91\ • 1
B l—Bndtss' «»fce

y' > 2 td 1
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Fie 3—liea X particle -j/e .in ab-sortvrvv 'reared
cotton fabric

IN

pa*senied in Table 5. The fastness to washing is 
improved with the reduction in particle si/e This max 
lx1 regarded to the Formation of CHTN-dxe complex 
in situ. The fastness to nibbing is also improved to 
some extent with the reduction in particle si/e

3.7 Effect uf ViiiKKchitosan on Crease Recoverv
The proiK'ness to creasing downgrades tlx- aesthetic 

appeal of cotton cloth ix garnvnls. This problem of 
cotton fabric is conventionallv oxercome hx the 
treatment with variinis cri>s— linkin'/ a cents based on

dissipate the negative surface charge on cotton and 
drives dve molecules to the fibre. Further, the dve 
uptake max also been enhanced slue to the dveahilitv 
of chitosun itself with direct dves. The nano-ehititsan 
due to increased surface area and hence higher 
accessibilitv foi dve sites put much added value. The 
pnmarx amino grixips on chilosan get priXonated 
<v|uaterni/edi in acidic nxdium having enhaixed 
positive charge, thus form salt linkages with anionic 
isulphonatei groups ol residual dve in the Kith. 
Secondly the higher dve uptake value after 
acidification proves the presence of chit.»san.

The wash fastness and rub fastness properties of 
direct dved fabrics were also analv/ed. which are

TaNe 3—Effect of lun.'-ctmosan on teibile properties 
of cunor. fabric

[Control on too :aboc: Tenacitx - 23 33 js'iex. EIsxKratioo-ar- 
hres*=5 25', |

Parent cfntnsati Narv’-chtosan

Sample Tenacitv EFugauiv Sample Teitacntv Elonxatioo-
cvxJe jftex at-break '• xfxie Ce't'V ar-Neat

CHT! >’> 4S I T> CHTINti 2-' 4$ *
CUT 1V :i ■ 25 r 4

CHT2 21 01 4 5 CHT2N 25.61 I
CHT3 21 45 4 s CHT'N 25 4
CHT4 22 IV - 2> CHT4N 25 “• ; 7<
CKT5 2! SI 4 5 CHT5N -s “**

Table 4—Effect of panic le st/e of nrxvctntcsan >xr dye uptake of treated cvtncm fahrx' 

Patent dxictun Nano-ctnmsan

Sjopfc A?
• Gam ecuceu’

.he hath-

Sjtoapk1 
o.xi?

AS*

C 1 Direct Red S! C 1 Dined Btue *1
Comennoca! dve Acidic she ConveniMtiai dve Acidic dve Mth

hath Fact Funh
CHTl V f\ fY V CHTlNvi- Vft io : - ^ \ (:

24. f<>2' , t«j. ,*v
CHTIN c s [0 J T.4 > L

24 o>4. 112*
CHT2 VO *.o CHT2N 50 5 "4 % 2

- f 12* -«5>t
CHT3 w.o rvS CHT3N V > 1.0 5 7 " % 2

2~' - 2tv ss
CHT 4 VO f>.~ CHT4N v < 50 5 “ £ % 2

>*r ,2S. w-
CHT5 V.. “ ■ CHT5N V V 50fr ' § 5 4

2d- f2S.
A alies in cureottexe-s uacxaie per arm isiproseaxnt it tS as compared to cceres^vnJtctc . ner f fabric sarpie
C 1 Dikci Red St— A s values of cottroffed cv«tc«t tabr.c dved tr. convenuctul dye fcaih ts and at ac»&. dye Fact u s r- ; 
C I Direct Rue 'I— A5eaije> of coCitrifSed cotton fjoroc dved inevoveotioeuf dye bach is& I asc iaaaile dye haft u is 4*j
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Table 5—Effect of panicle size on fastness properties of direct 
dyes (conventional d>e hathi

Sampk
code

Partick C. L Direct Red 81 C. 1 Direct Blue 71
sift.'
run Wash

fastness
Ruh

fastness
Wash

fastness
Rub

fastness

Control - 3 2-3 4 2-3
CHTl 401-1 3 ■> 4 >
CHTlNtn 46$ 1 *-4 2-3 4-5 •>

CHTl V tit *19 4 3-4 2-3 4-5 2-3
CHT2N 271 6 >•4 2-3 4-5 V ’
CHT'N 2*1 0 4 2-3 4-5 2-3
CHT4N 195 2 4 2-3 5 >
CHT5N 110 7 4-5 .* 5 3

Table 6—Effect of particle sue of nan*>ctutosan on wrinkle
re\\*er> projvn v of cotton fabric

Sampk Pad bath Paructe sue Crease recovery
ode wTVKVfltralHYl nm ancte

«pi A

CoouW - . 161
DMDHEU 20 IS»
<40r; , il> - 2<r

(ft - 215
CKT! l 4014 144
CHT [ N c 11 46$ 1 158
CHT l N ti i .*19 4 !62
CHT2N [ 2TI6 162
CHT'N ' 231 0 Sfr3
CHT4N 19*2 !65
CHT5N 110 7 170

anunoptasi rcNiitv e.c. DMDHElr>. The crease
recovery pnuvrtv as a function of chttosan and iuiik- 
chiii*sjn treatment' has hvn compared against 
DMDHEl" ‘TaMe M. The crease recovers angfc of 
cotton fabric- a grails reduced by the (raiment of 
tKYmal chib-sun tCHTh. Treatment of oAlon la bra 
with chitosan of lower particle si/e is found to 
imprvwe (he erase tvoovery of couon fabric 
(Table hi. However vet it could not gam (he rating of 
commercially used crovs-bitkircg agent DMDHEl1. 
Gkivem tonal chitosatt is helieved to form a surface 
cv sating nhkh lowers (he p»vstbilny of crii's-lunking 
and thcTciore cannot! contribuic to (he load shanng 
phenomenon. The improved wrtnklk- recovers 
property in case- of naivechilosan treat mart mas be 
attributed to the greater penetration into fabric 
ctmeture. These p-fy caik-tne nuno-parlicles. due to 
better penetration. may hound the fibre moteciiles and 
resta creusine io some extent.

Table 7—Effect of nano-chitosan treatment on resistance tow ards 
microbial attack

Sampk Tenacity. g/lev Change in

cwfc Before soil After sort strength trom
burial burial untreated cotton 

fabric*. '•
Control 23.33 18 98 -18 65
Cotton* 
t Blank treated i

20 87 18 0$ -22 5

CHTl 20 48 19 47 -16.55
Ag nano 22 68 22 20 4 S4
CHTl* Ag nano 24 51 20 27 1* 10
CHTlNuu 25 |7 21 S4 -6 *9
CHT 1 Ni it i+Ag nano 24 21 22 94 -F 6?
CHT5N f-A 22 Vs -i 0?
CHT5N-Ag nano 25 67 2* ft* -1 29
4-ve sign indkaies the kiss in strength
*C«lon i blank treated 
cure method

<: Acetic acid i115 gplo applied by cud-dry-

*.8 Effect of Naoo-vfcilosaa on Vntihactrrrai Effect

CiHton fibre's like >>ther natural fibres provide 
favourable env ironmeni for the growth of 
mkrixTganisins due to moisture and starilth TltO'C 
organisms are mainly respHisibke for di'col.'uruti'Xi. 
development of r.ukid'baj odour. stusns and 'trength 
loss of fabric as well as skin allergies and irtfecti-Hi 
diseases to human body - . One of the moo popular 
wavs of inipiurting antimicrobial resistance i' to use 
nano-silver colloid. Otit.»an. being p-ly.aiioniv 
material, binds to anionic surfaces of iti:cro*v cell 
wall and disrupt it leading to death «*f cell*. 
Attnbuting to the antibacterial and metal panic k- 
retention p'rifXTtK's of chibsunr*. the fabric 
was treated wnh chtlosan and ivino-chit-.'sati and 
then with nano silver colloid. Natt-.»-siiver volUrid 
»f concentration 1 III M |l*l mL acid average 
pxikTc si/e IIDnnt was prepared as published 
elsewhere®.

The tesisiance agam'l bacterial att.ek untreated 
and treated samples of . oti.>n was determined bv 
measuring the loss in strength due to s«-n| hurul re's!. 
The results are prevented in Tahk- 7. It can tv 
ibcrvcd (hat the chtlosan can he employed as an 
elTicK'ni antibacterial agent. The effect js enhanced 
with the reduction tn parikk' o/e cf il.ii>--.bn,san 
and coupling with nano-silver.

4 Conclusion
k'n-’trepic gelation wtilt gvrrtas cJiurtt 

tripolypsh-spluie is employed f.r the ['reparalsn of



CHATTOPADHYAY A INAMDAR: IMPROVEMENT IN PROPERTIES OF COTTON FABRIC :i

iuni>-chitosan dispersion. From I tic stand point 
application i>l uano-chiU>san to cotton fabric, 
followiup conclusions can Pc drawn.

4.1 Tlte appearance and handle of natiit-chilosan 
treated cotton fabric is quite satisfactors.
4.’ Naito-chitosan treat me nl -.hows improsemenl in 
fibre strength that increases with the reduction in 
particle si/e The elongatum-tis-break o shghtls 
decreased w ith the sealine d.ws n of particle si/e.
4.2 Moi-ture related proper!} such as ahsorbencs is 
a fleeted. neserthele's it o in acceptable limit of 
toleraiKV.
4.4 Tlie Jseabilits of chit.".in and nanivchilosjii 
ta\ited cotton a fabric tc'wards direct d\es is improved 
significant!}. The progress i' sustained with a’duction 
in panicle si/e. The effect is further enhanced alter 
acidification .4 d\e bath. Fastness to washing is 
improved s.iiot.Ktoril} and fastness to rubbing
slight I}.
4.5 Wrinkle roves er} proper!} is 'lightls improscd 
aixl use of suitable cr*»ss-linking agent is essential.
4.6 Nan>s-chili*sjn U*gether s'ith nan. "silver treatment 
shows enhanced antibacterial acta its.
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Abstract
The enhanced performance of chitosan tCHT 1 treated coaon fabric is anticipated tohe achieved by scaling down the particle 
size of former to nano level for its greater penetration into the fabric structure. Nano-ehuosan iCHTfii nu synthesized by 
ionic gelation of CUT and sodium tnpoiyphosphate I TPPi The sample wax characterized by the determination of particle 
size and poiydispershy index Ipdit on particle size analyzer. Effect of tarious parameters such as molecular aright and 
concentration of CUT. ctmeemraaons of TPP on particle size Here studied Lon molecular Height chitosans mere prepared 
by nitrous acid ksdrolysis method and the mokxular »eights acre determined viscometrically. Attempts Here made to 
correlate the hsrosrry behasitw ntth particle size of chttosan The storage stability of CHTN dispersions was studied by 
periodic evaiuatim of dter inerrufs

Ket w of <K: Chttosan. UKHimm cbiiacteniaua lucosttv behaviour. storage stability

Introduction
The twfwhnn bused cttnwnc peitsaciondc. chitosan. is 
obtauni h aJLahae Jeacenhom of cfvior which is ndeb 
cfctnhmed in shells of crustacean like Mnanv shrimps crabs 
etc Chemically. chitosan is a linear • I -4i baled 2- armno-2- 
<iev'\v-J- d- gto.an >lc p- d-ghmanKl having the structure 
very much close v that ot cethdos- except the hydroxyl group 
in C t2t of celWose is hetrac replaced by amine- pop in 
chitosan Indeed. U IS a copohmer ot N-acetyl-gkacosanaac and 
ftncuununuc awns’1

The pwcuhaJ we of dutesja on textiles and 'arrows allied fields 
has attracted strong interest for the development of ns several 
iktn ants wl ctdadil (umdes of un< kveT* Thilusheei 
anribuned to ns . ala.Hr ahemt properties such at- 
antthacteruL ancrwiraf arwvirai. jasacid. non tonic, lota) 
bniepaibNe. biccoonpunMe wnh amnui and pint tissues as 
cel as film tenuun (ter fonumon. hydrogel lomunott h is 
Maly ecu tncndUy and rtctwHe'* Macrontolevwhr chmosan. 
however, cnconmeas several challenges whale its applications to 
textiles, m puuufr lev ectfaci u have shewn that the 
inbeertn properties of cotton fabric stuck as appearance and 
handle and other esseuoaJ properties fake fastness of dyes to 
v incuts agencies 4k norma! chncwan treatment were fomd lobe 
ariectcd1. These deter mental effects of choc* wan are mairjy 
auribiincd n« its bd of pntetiaic imo fabric stneonre catomr 
the surface deposition of Aim11,2 One possible way to enhance 
tts effectiveness is u rednee the particle sue closer to une 
level winch faci bones the gleaner penetration of CHT no 
fabric structure

The appficalions of nano chitosan me well Jetnccstmed tn 
tnevbcol Acid particularly as controlled drop delivery systems '
1 and water treatment for remov al of heavy metals and highly 
poOutanc organic compounds like afcyf phenols *. However, 
very lew appbeanons nano chitosan n textiles are addressed 
Lee et aln obtained chitosan and PVA-Chitosan Mended 
subttwcroscupoc fibres by electro spinning rnodusj hav ing die 
average diameter of 200-400 ora Nano chnosaa can he kvaJed 
with met- ' ions such as As. Cu. Zn eke to enhance its 
antibacterial property, as lepetted In Du ct a!" The practical 
appficaliens of nano chitosan to lexAles at shop floor level needs 
suitable veclmikigy for its productions- characterization and die 
analysts of its stability in standing baths The present wort was. 
therefore. Anted at finding oat a sample method of synaeasng 
nano datosaa by ionotropic gebnon wmh sudmm 
iripAy phosphate iTPPl and w hh the objective lo its appheahons 
ko coSun textile > The chancteiuaocc! was done by trv 
detenmoaoca of panicle see and pobxhspefswy index >pvhi on 
particle sue analyzer Chtosm of cafferent tt»je.ulur weights, 
obtained by controlled depohmensacioa of puretm cteowan with 
natrons acid hydrohsts. wen- used Air the synthesis of nano 
particles. The effects of panicle size on the usomity Wav** 
and the storage stabihty of their -Ms ate reported.

Mai it ri;i] and Methods
llamhk Cfenosan i CHT It. having DAC value 9m and 
visciDsnv 23HA. was kmdh supplied h Ms Maftat Qntsaa 
Pvx Lid.. Guyana Sue. India Other chemicals used such as 
swfcrnn tripoh phosphate tTPPx acetic acid, sxfcn acetate 
t anhydrous). tncthanoL scchtnu hyvhuxide etc were of analytical 
grade of reputed brands

Iniircutjrwal soimne < «>*"rrw Xswoctatam
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S\ ntht-4' <4 low molecular weight chilosan: Different 
molecular weight grade* chitosons were obtained by 
dcpoly mcrizjtkxi ol CKTI by nitrous acid hydrolysis method as 
described elsewhere'1. In general, a 2 r< solunon of chitosan in 
acetic acid was prepared Predissobed dilute soluuon ol scdium 
nilnte was then added gradually to chitosan solution and stirred 
for two hrs at 90 C to get desired viscosity level The 
depotstncrised chitosan was then precipitated out by caustic 
solution and wasted to neutral pH The precipitates of chitosan 
was tten washed thrice with methanol and dried at 60C The 
molecular weights of the* samples were determined 
siscometnculh ~

Synthesis itf itann-ihjtnsan and its thararit-rizalioa: Nano- 
chihwan dispersions were obtained as described elsewhere"' 
Howeser in general chitosan «CHTl > was dissohed in acetic 
as'td solution and optimized quantity of TPP was added drop 
wise with rapid stirring s about 409 rptni to obtain an opalescent 
soSutioti The sample was allowed Is' stand ovcrmght and filtered 
through sintered glass liter ol porosity grade G9 and ptesersed 
in retiree rotor The prepared reanochitosan »«- notnenclatured 
asCHTlN

The pumclc sue and size drcnhucorr o* the chitosan were 
jetih red on the panicic size jculyzer > Model Zetasizer Nano 
Z.W.. Mate Mols em Instmments Lid. CKi

IMefuriaalnni M >t>oNii: The vtscosify hetu'w of 
ctmoson sofuooa and tunp-chnosaa sets were studied using 
Lhtelohde capillary viscometer > No IA i at W C hivrrg flow 
lime for distilled water. T 15 5T secoodts.

Rpsulis and discussion

reas'tion. chitosan hydrogels arc obtained by ionic gelatioa 
where nano particles are formed by means of electrostatic 
interactions with pob anions such as pentasodtum 
tripoly phosphate iTPPi. ethylene diamine letra acetic acid 
iEDTAi etc Such particles are stabilized by electrostatic 
hindrance due to coulomb* repulsion between particles ol same 
ionic charges' 1 Several otter methods ot synthesis of nano 
chitosan such as desob atnsn method, emulsion-droplet 
coalescence method, reverse micellar method, self-assembly via 
ctemical modification, spray drying1' ‘. and notuquecus 
electnvtemical method ' are described in hturature. Owing to 
faster ionic reactions between chitosan and TPP. non toxic 
nature of these components* and ease ot' operation, we adopted 
the gel toni/ation technique for the synthesis of nano chitosan 
particles The intramolecular cross linking in chitosan molecule 
by gel ionization is schematically illustrated in figure I. The 
panicle size distributions ol various samples ol CHTN are 
presented in figure 9

CHT Swollen 
malecule

|u-1 IChun -n|

CHT-TPP 
nano matiu

Ffeurt-1
Ionic cross Imkin- of chiiuvan

Sv Dtlrb and characlertration of nano tMlovaa: Chnosan 
has lairiy lent Inti' structure with ngc conformal*® These 
kag molecules n solid >ut are. ncsth. :n the lom ol isrhtfy 
fofcicd raws sir. co«ls IndtviJaal imskcuiar .vrls ace also see 
discrete and separate but arc imetpenctranng and entangled with 
each ether la sV-toocl die when gradunlK dtfhse in* Che 
potymer aggregaaes rcsufciug nxao the >*rlkK of the pdy mer 
As s» ring arrituts. the stjaeas <4 de plynn a*t seb elec 
and loosened out as bunches of entangled rxdeeuies. knew n as 
'fcydrvvjysunnc sphere or elbpsood' ' The chine leasee size 
of CHTl bydnwhnumc sphere, an ' wc case, at I rpf 
owenrnlKW was detemned v te -Mil4 tun Sucfe In iter 
parade size otter Sagter viscesiiy to the sodsDoa. Ic is pvessjf'ue. 
for a sever. ■sv'frcriar size cfwTctsar.. red ice The jurat le sure to
rano level by botvm-up approach is a resudt of a sell; 
asseinf'lmg or crocs lining pr.vecv - no which the ntdecuies 
arrange Them* Eves in to ordered mic- scale structure earner by 
jphysooaj er ccs alieir. inter- er rmraTaolecuta saienctuv.'ns-" By 
s itrue or) primary anno:- groups, chnesan under coves Sshatt s 
base rcsnfscC'Vs with lAJehcdrs such as g Entmikey or. 
saJacy iajdchydr etc gn mg cheesacaJb cress tanked leading *> a 
crane suite rerr w - of nine- chucwar. " in aevnher kind of

KtTrct >4 mntecular wrlsbt >4 cUiikhi nn particle vine
Vinous grades of lew mdecuiar cfattosan were produceJ by 
controlled depolymenzaDon of high msieculir weight cute, 
name's CHTl When ctwosan sfutison is treated with nttrews 
aid pmtuced IrerBi ackhe soiut*a of scdium ntnfe. it 
undctgwes deanrtiuilHUi reactsw with subsevpaera cleavage of £■ 
gHycostdis linkages The IR spectra of chitosan and 
depofymensed chttosoai c4 drtferetB rvAecuac weights 
determined it earlier study * were found left ahnost smnlar 
asalicjting Jut the process of degefy mensimw caused no 
sagmiftcam chennical changes in itetr eructurrs These low 
ncfecaiiir weight ctaosan derrvstaves were emptayed for the 
synthesis of semz chniasiui dtspersii.pss

The ixtucnce of mAeculir weight of chisssan c« fimvlr size is 
peesesird ia IsMe I and the graptneal s-erretstmoa between 
mtnnsac vtsc-owny. a 'uicm ot nokoihf weight aad puaairle 
sure t nmo chncssani :s shewn in figure 2. These data allusfiale 
trot, 'under a ga» ea coodnicti o: coocentratK’®* of CHT and TPP. 
wulli decrease :r. onslecular weight the parock size afso 
decreased pregresstv els and b.s£lowed a cuts linear ce-sOkvr. It is 
wef. six^ameniied" That the higher the awsfecntir we»rht cc the
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larger the molecular si/e. somparativ ely larger will he the 
nanomatm and vise-versa. This relation of particle st/e with 
molecular weight in a definite condition of parameters may be 
useful for synthesis of nano chilosun of desired particle si/e

Table-1
IJfcct of molecular weight on particle size

CUT TPP I.UIS

ITgwre-2
Particle sire of rhftnsaa as a runctinti of intrinsic » hci/sjty

ifleci >4 concent ration of cfafcnsan on partkV- sire: Two 
methods were employed for the syntheses of different 
ccmcentraDcres of CHTN Asperssous namely Arret preparation 
method and Ahhn method In Iwst it Arret preparation 
method, the Atpeniae of namo chnosain nom CHTi of 
Afferent concentrations s«ch as If 25. 0 5ft. I 0 gpf etc w ere 
prepared separaaeh and in the bfler. hefer ocncemralicn nano 
dnt.ssaa dispersaon 12 gpf* was prepured first and then A lined at 
the tesgnued coacemnrtum w*h tapnd conning The effects of 
these twe methods on partacie tut ace presemed n laMc 2 h 
was 'then ed that at htrher concentration. in Mb the cases, the

particle st/e ot CHTN was comparatively large and 
progressively reduced with the lowering ot concentration The 
former method, however, was more elfective in scaling down 
the panicle sue The larger sizr of CHTN at higher 
concentrations may he due overlapping and intern*Tecular cross 
linking through TPP bridging resulting into aggregation of 
poly mer molecules Intramolecular cross linkages m polymer 
molecule due lo TPP at low concentrations, on the other hand, 
are likely lobe favored for lower particle st/e This table also 
manifests that the poh dispersily indices i pA i of Arret prepared 
samples were comparatively lower and independent while in 
dilution method the values were higher and seemed lo follow 
the starting material The particle size distribution curves, as 
illustrated in figure V were broader for higher concentrator! 
samples and became narrow for lower concentration samples 
Further, these hands were cormaraivch narrow for directly 
prepared samples indicating the uniform size distribution and 
are close agreement with their lower pA values

Fflrvf if TPP roarewtralini] on particle sire: In ionic gelation 
reaction. TPP a major ingredient for cross linking has a 
pronounced effect on the properties of CHTN Aspersion I; was 
observed that with increase in the concentraoen of TPP d* 
appearance of the system changed from clear viscous liquid to 
opalescent llmd and then precipitated The effect ot TPP 
concentration on the particle size is demeutratetf in figure 4 Al 
concentration of TPP below 0.05 g. very few phosphate ions 
were present lo produce effective ionic linkages with efueoan 
amino groups, hence, the soiuOcn wa> dear .As the 
concencraion ot TPP was increased gradually. the solution 
became opalescent ireheating the formation of nano chitesan h 
was revealed from the same figure that with increase an 
concentration of TPP. the panicle saze of CHTl-TPP 
nanomutru decreased, reached to nnnum al jhui 0 25 g of 
TPP and then increased Coocentiaoeo «f TPP Above 0 50 g 
resulted precipitation The pnecipreaoor. ac evcessjveiy higher 
concentration of TPP may he attributed to the aggregati on of 
chtosm molecules due lo excessive cross tanking through TPP 
bridging Similar trend in terms of viscosity was soctced when 
the relative viscosity was plotted agantst TPP emerrttrairtt. 
fimrr 5

Table-;
Hint <4 pre para tint method and conctntraiiiHi nl cUroi on partjrlr sire

CHTI TPP

Parent t’liitusin Svnibesjred nano cbifusan
Sample 

< tide
Molecular 

Wt-febt. \h
Sample Code Partlck size

man
CHTI 155.839 CHTlN 319.4
CHT2 71.676 CHT2N 271 6
CHT3 5S.733 CHT3N 251
CHT4 20.t9S CHT4N 195.2
CHT5 11.986 CHT5N 11074

Direct pepaialM mtflmd Dilution met hod
CHTI Particle sire Ny dtsprrsjtv ndr\ (HTlN pan* If size hh dhprrsjty index
•a* (Hit «pdi< •spi* <MD" • pdi<
ft 25 3C4 ft 421 025 347 3 ft 465
ft 50 313 5 0441 05ft 354 9 0.471
i.od 319.4 0422 3.00 46S 1 0.5! 5
1.5ft -b»75 0441 3.5ft 51645 ft 5 3 5
100 5M. 2 0.5! 5 - - -
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ntm-4
IJTtrl of TIM* toiHvni ration on particle « of < HTI

TPP coiirtntratMft <g g of CHT1)

nrurt-5
Rrtatkr v KnnRi < HTI iki»> «4mm »> a function of TPP 

caactaiiaiiM
\ Kositf bein' iiHif of runn chitosan: The viscosity of 
(nhncr solan, at the molecular level b a dtrecl measure of 
the hy drvxh namv volume of the pohner nvkaile> »hck in 
on k f»» emed b> the nalKibr sire a the chain leaah and 
hence the nalecalu »eieh‘ Relative sisersns as a funroon of 
panicle sire and the extent to which a parent chitosan scales 
<l<«i to w level at a gl'cu o«e*rano of CUT ami TPP 
one presented jnfhcals in fijne 6 and figure 1 respectively

Ffcmre-n
\ tvrosits as a funtMi .< panicle sire ef 1 IfTN

Ft” ii re-7
limp in shcwsils Tront parent tCHTi to nano chitosan 

tf'HTNi solution as a function of molesular weiuht

It was rescaled from figure 6 that the viscosity of CHTN 
dispersion decreased with reduction in particle sire However, 
the effect was more significant for larger particles thar. the 
smaller one Obviously. the larger the particle sire the higher 
will he the resistance ottered for the flow of liquid and hence 
the higher will he the viscosity and vise versa. Comparatively 
slower fall in viscosity for small CHTN particles may he 
attributed to the low molecular weights of parent chttosan It is 
demonstrated in figure 7 that the percentage drop in viscosity 
from molecular tCHT) solution to corresponding nano chitcsan 
(CHTNl dispersion follows a straight bne It means higher 
molecular weight ctiiiosan scales down to name sire to greater 
extent than the lewer molecular weight siutosare This can he 
exptaned as follows large sac chttosan molecules in solution 
accommodate comparatively more mini of solvent and 
occupy large 'by ditch nanus volume These swollen molecules 
compress to greater extent by ionotropic intramolecular cross 
linking with TPP by displacing the solvent, as demonstrated in 
figure I. On the other hand, the extent of swelling of low 
molecular weight chitosan is coanparetneh bss^1 and hence 
lesser will he ns tendency to compress

Stability of nano chitosan dispersion: The biodegradabihty of 
chttosan r> amxipateJ to he influenced by ns patx-k sue 
Therefore the stability behaviour of standing hi this of nano 
chttosan dispersion should he taken into consaderaooa during ns 
afpbcatkns particularly ic textile fabrics The stabihtv of nano 
chttosan dbpersaons for 24 Ins w ere analysed by viscosity 
measnrements as shown ut table X The dtxa ilBuscraie that the 
stability in terms of change in viscosity of piren chitosan 
tCHTi setaokm is governed by its molecular weight, which is 
improved vrJi decrease in mcfecubr weight The stabtbty 
Mttvvu of nano dnlosan iCHTNi dispersion. on die other 
hard, was found to be different from that of parent chttosan 
solutions Nano ctntosan Aspersions obtained from fatghe' 
mefeewfar weight chio vans are fonnd tofv more stable than the 
corresponding parent chitosan safaBan Where as the nano

0 50000 100000 150000
Mo lrrular weight
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dispersions obtained from lew molecular weight chitosans are 
seen tohe more susceptible to degradation. Complete 
biodegradation of nano chitosan dispersion, in general was 
resulted in 2-4 days showing the formation of while globules as 
shown in figure 8. Therefore, utilization of nano chitosan 
disfvrsions in textile applications w ithin the 24 hrs is advisable 
Viscosity analysis and visual observations may be the useful 
tools for stability inspections

Tahh-.t
stability of nan<i chitosan solution as a function of particle 

size
Parent chitosan CHTt sob mm 

, Ispl
Nan,, <flilos.ui 

solution,! IITSl
flail

Sample
tide

Molecular

Mv

t hanse

viemih 
(*il ’ 

after 24 
hrs

Sample
Code

PadW
r yrc
mm

• hjftr 
in

tKrtrsift 
i*il * 

affcrM 
hr*

am 135.839 -10-27 CHT IN 319.4 -3.NS
CHT2 71.676 -4.1 CHT2N 271.6 -1.05
CHT- 38.733 -2.6 CHT3N 231.01 -I.IS
CHT4 20.698 -115 CHT4N 195.2 -3.6
CHT5 11.986 -1.7* CHT5N II07J

risure-*
subtlitv study: w kite aMuilar residue formed by mkrobial 

attack nr I HTIN

Conclusion
kacutytc geUncrs metres) lor the prepvrei>« of mm chaosan 
dsprnim nsareg 1 if* is fairer. c envenom amid m time The 
coacearabca of ctmosan in the Irwnwlanert hjth has due 
■jifeeiBce -on the parade size Parade size rabets with decrease 
in concentration Direct prepuraticn meihrxi gives much reduced 
$sze tfom that of dilation methsd With decrease m umnosic

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 v iscosity of chitosan 
solution is lowered significantly, but the storage stability was 
affected adversely Use of freshly prepared nano-chitosan 
dispersions prior to applications may K- the remedy.
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CfjV'vin * versa Lk nixie remerwas .irb-vUt-on* u" -tcruU- pr-xessirtp unit operatovn suer i> rreyuraxo: dveiat-
prir.ttnc. ar*i liruvnirut. Howovr irxr iccexs.bi.nv cf tho >ta"*pv4Trrxr m tr* tcv'.ix nu:o?;ai der«<nc* cc toe' ixosuv its *4ir.ror 
wh »*"** .r turn is a function o* tts Toievuli' wvtcrt lr. ‘hv» wore. therefore. the effect •»' TiAvcjr weich:. Korope .;fe. preserve of 
electrofvte zr.d parucie vi/e or cr.:t»>sir. or its visc«»>rtv wj> imesijUitec. Ottrosan o: cihcrcnt rtvckscuU: we;£r.:s was rrnibew/ec 
b* r.:ri»u> ac -e hvdtvwo of curent chrocan se4ir.or.. T’*>e vv-nojr'-uevj mokvuiar we.ch" pnVeiCN were as*,aivw hi- FT78 
vrxC.ri><kO Ch*uv*r. c*t xc wa preririd y* joo.fr^>r>s jjeiiikc method anc c7ii.r*cten/<v ^ ?un>."k «/<
irih’Tor Th« viwmttv oi c.rUrtrA c^tc^ic w^Jirth^nv wt* ac'XTrr rxv u^.n; l“hwk’«hoe car riwormter. Av i~. extenwr 
]■•« ’*.v vjct th< eh<'u:.or. r^'Oertx W *'iv l;*» <vi tortt**.

1. Introd»ctkHi

Ca.:c*>an a %e-rsi:i‘c bio^vi^'i^er Octi^a:r»e. c? otKj.ioed > 
iLkal.re dejareniation of chitir. The di«rjtvjtjon of :he 
prevruf^x-. -.‘.'vrrin. .r rurure is uboquiTocs the s.fw'.b
of crustaeeir> >oeh as crabs, shr.rr.j’x. a^d k*S>tcr> as wel 
a> .n the eT,s><jte’jetor of nunr-e rcx>-p-anJs*or :r.-c\ocinz 
coral. a^d s^uic petis. ChenttfCiL^'. chitosan t> a
anea: I--? iinkec 2-an*.ino-I-deow•p d-^lucan „e. p-c-
duc.isjLTi.ne :n the cnacr cor.TorrruTjon. F«rjre '.. The 
srrucfjce of cthstosan cioselv re*sentb.-e> ttu: o? ceUak^se. 
except an bvdrcxvl croup at ^2 pos.tkr. in ce-JiLOse Seme 
repv&rod bv ammo pi>u? .n c.*t:tosan. lr.4eec. it ts a 
cop*.^mer »x cucosarr.me and N-acetst cliacosa.Tiine ur.itv- 
Ci tosan e\hi>*s sexeral va.uaS< cnberent properties stach 
a? inttSactenai. xr.:trjr»«yl. ant.viral. ar.taod. ncmtox^c total 
hoir^iecradariye as well as n.m tormanon. rmre xsmt.ark>r!, 
arvd nvdr»wet formar..i.n properties . J xertue of these 
rrcoerties. cr.tosan ha> ;\-.:?>pc\rive ap;>Jka:jc«r;> in rranx 
ttekts j-uett as nvdirCi.. waste xvater treatment. cofmetiCf. 
dentifrices a^nculture. me ^jpvr. and tevt.je
incustrjes 5.4

In texiies. ct fines applications in the pnnurx po^ductkrt 
of itSres useful for sutures, wound dresssrres- efco. in rhe 
ntanuticrure of textile auxilnan- chem.-cafs and f.nrfCunc 
icer.ts >-7|. Inx*esj?gatk>jis have sckwcp that st car intprwe 
the che ur*ci<e of cotton hhre '$ . ]r car. also be used as a 
dvr-n.v:rc aceric. for shade and n :>s coverage, to c.Tipnwe the 
fineness or dxed fabrics, as a binder cn rt^rvnt print,rtc- as a 
thickener m pnntinc '*> . C: is alia? found that the treantvnt 
■>• >v»| w.th. chitosan minims/es its tdt re problem. The 
>joac~jesne anc catjonic nature of chitosan enat>»e> it toC«>rrr. 
a stroncl’t adnered him on .r.d:x wiua. fibres and prevent 
etitancements » B\ virtue of *s intabacterul rrc^>errv. 
chttosin can prevent garment* to ie^wo had ccour 11-

Chctosar. when dissolved m acidx* solution en'es viscous 
jo.u:k>ns The x scosm oetenr.ines the extent of penetratioa 
of ch.toian into hie fabric fracture. Ir. s*>lutw:ms chirosaci 
:n vj.'ab.r conditions v>h»> nvdrogei Torntatkxi and \ ts- 
coeiist.'C nehavk>u! [4—~ . Its rheokscjca. ^'uucHjr to 
chiracterire ots tisefu.neis as tni-ckervr n print.rtg paste as 
:eb?rec r.S; Howexet its acaeou* behaviour pertaining 
to various unit ..veratv^ns ot textile nr-xessinc is hardh
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reported in the iterarure The present research work, there- 
tore. rrairjv aimed ar mvest (gating the acueous behaviour of 
cnitosan with respect to fas molecular weight, concentration 
and particle «ze on uKOib and stability of its solution The 
elect of electrolytes such as *od:um acetate t> also reported. 
Trve work ;s ako evt ended to $tvcv the chelation behzvjour 
of chitosan.

2, Materials and Methods

2 ; A&s;c?k2&. Chnosan samples of different modular 
weights were purchased from M s Marine chemicals, kerafca 
state. India CHTl anc M s Maaflara Chitosan FM. Ltd., 
Lvj iaraf. Mate, L*>d;a CHT 5.. Tbe molecular weights of these 
samples were -deternowd v;scotnetracaIh\ The spec.rcarjons 
of d-irterent ckitosans are given in Table t.

CVher chemocafts «ucfc as acetic acid, sodium acetate, 
wcium ftvcrocide. rrwodnKr polyphosphate TPP . 
nxrxi*ol arse terra sodium saj: of ethylene diantrre terra 
acetic acid NatF.PTA and used were of analytical grace oC 
nepicted co.xivajijes.

2.2 ** i^n Mi^cvuitsr 5lcrctJ.T Orarot:*:. Low
moiecuaa: weigiT chaftKire* were sv-nthesized bv cootrc«:led 
rncro.’-'se^ of cnitosan using ciitmaus acad as depohmercsLEg 
agent. A 2li solu»n of ch-iosam an acet&c ac*d was prepaced. 
Ff ecisx>.vt^c cilure sccat'A-n of sodauim nitrite was then 
jtdoec g-a»cr.ullv to chitosan sciatica and srirrec tor "w rm 
at 5*'- C to get oesired viscosity Bevel. The decvxvmerized 
cniioson was then precup.tatec out bv caustjc sevutior and

Mashed to neutral pH The precipitates of chitorsan Mas then 
Mashed 5 to 4 times with methanol and dried at oft C The 
product obtained from CHT; is termed as CHT 5 whereas 
tbe products obtained from CHT3 are termed as CHT4 S 
CHT5

2 5. /Vwr**:r*wf:on M \!c4*\'ulj» Wcsgh; anJ \'iy*c>:ri- The 
molecular weigh? and viscosity behaviour of chitosan was 
determined using I’bbetohde capiLarv viscometer > No !A 
at 5»> C hasing flow time for distilled Mater. T 15.57 
seconds. Chitosac solutions of different concentrations in 
<*.25 M acetic acid and 0.25 M sodium acetate Mere prepared 
During preparation, all tbe sections were magnericaUv 
starred tor 3 hour to ensure proper eisso.utior. of chitosan 
and were Altered using Whatman filter paper no 4. The f.ow 
times of chrtosar. solutions ar>c solvent were recorded in 
triplicate and the average vaHue was calculated. The ncnr.sic 
wsoowrv '»j* was calculated graphically bv evrra»lat:ng 
the curve of reduced viscosity versus concentration to zero 
concentration. The molecular wetght was then calculated bv 
ustng Mark-Houwsrk equation »I [ I9L

2.4. FTiR 4*aair&f. FT1R spectra of cJutosan and cepolv- 
merrsed cmhosao samples were recorded on a Thermo 
Nicolet oSlO Smart ITR speevropnivtometer Themto Fssher 
ScaenTehc. I SA . eqju^ped with an OMNIC-SolSeare. a 
DTtjS defector, and a iSe-on-KBr beamsp.ittrer 

c nt

2 5. PrfpjTtisipn .& .»%»i /;.*
Ckstosac • CHT5 was dissolved an acetic acid wviiuiion and 
opttniczed quantirv of TPP was added dropwase with rape 
stamag abou: 401* rpm to obtain an opalescent solution 
contautiw cfcaosart 25ntg dL and TPP 5.7?mgdL. The 
sam^'le was aflkmed to suiw overnight anc hfcered tncough 
suiceted giass hDcer of porositv grx:e G5 and preserved an 
retbgeracor. TW prepared chccosar. was coded a> CHT5N 

Tbe parade size and s&e distribution »>: the ch.ctosar. 
were analrzed or tbe particie saze ar.alvser \^>de: Zetasozer 
Nano ZS-3*-*. Maite: Mahem lastrannents Ltc. I K .
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J o. Evaluation of Metal Ion Chelation \'a!ue tn Hitter. The 
amount of (2aas calcium chloride in water for chelation 
study were determined by volumetric analysis of 50 mL 
sample against 0.02 M NajEDTA solution using Eriochrome 
black T indicator.

3. Results and Discussion
.\J. Eftcet of MoUxuSar Wright at hi Concentration. Chitosan 
is characterized mainly by two variables, namely, degree 
of deacetylation f DAC value and the molecular weight. 
IVgree of deacetviation determines the number of free 
amino groups present in the chitosan macromolecule, which 
in tun determines the functionality, polarity, and water 
solubility of the poivmer. On the other Kane, molecular 
weight determines the strength of its fiber film and viscosity 
of its solution. Difterert molecular weight chitosan can be 
obtained bv controlled depolvmenzatson bv methods such 
as ac.d hydrolysis H(T. HNO:. etc.:, free radicals sH;0;. 
k;>;CV; enzvmatK. radiations ITS. y rays* ultrasound, 
microwave, ar.d thermal! treatments *3. 20-241.

When chitosan solution is treated with nitrous acid, 
produced from acicic solution of sodium nitr.te. it under
goes deammatuxi reaction with subsequent cleavage ot p- 
gtvcosidx linkages The reaction scheme and ET1R spectra 
are illustrated in Figures 2 and 3. respectively.

1: envisaged from Figure 3 that the ER spectra of chi- 
tosan and depotvmehsed chitosan are almost similar which 
indicates that the process of depo.vrrerisatkm caused no 
chemical change in the structure of the poflvmer except 
reduction en molecular weight which is evident from the 
change in viscosity.

The viscosity of po.vsmer solution, at the molecular 
ieve.. is a direct measure of the hydrodynamic voumc of 
the pojymer molecules which in turn is governed bv the 
rvhecuUr size or rhe chain length and hence the molecular 
weight 2.5 Therefore, vescositv. measured oy capillary 
viscometer o w.de.v employed to deter r.ntne me average 
molecular weight of a poivmer bv using the famous Marfc- 
Hocwink ecuatxm [

Vi OT e. h

where SS, cs the viacosutv average molecular we'igJtr of 
a aoc s are consrarrs a -■??.$? andi - 1.4 • [0 1 

foe (05 M acetic aetd and (.25 M sodium acetate solvent 
svsiem 2b| anc ? es the limiting viscouty nunwr or 
intrinsic v.scostv and can be determined from 19

>i; -iS'-

where k rs the solution v .tscosctv anc r is the sobe-nt v;*co*'itv 
and C is the solution concentration. As .nd&catec ,r 2 - when 
r r.. «.C.that is. reduced viscosity is plotted against 

concentration <2 . me intercept corresponds to intrinsic 
v'iscositv ■ r- . Such p.-ots foe different graces ef chrrosar. are

Tabi s 2: intrinsic viscosiiv and viscosity average molecular weight 
of different grades ot chitosan.

ChitoAjn Imrinsiv viscosity \tj\. dL’g Molecular weight. Afi
CHT 1 *40 654. 127

cm-: 4.:: 2S5. 25!
CHT-3 3.55 155. S.W
CifT-4 1.50 “1.676
C!IT,> 0.335 20. 6*W

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 fatten for lower molecular weight chitosans. This 
can be explained as follows: when chitosan or anv other 
poivmer is added into a solvent, the solv ent gradually diffuse 
into the pMvmer aggregates resulting into the swelling of 
the poivmer. As swelling continues. me segments of the 
polymer are solvated and loosened out. Since the molecules 
tn a soled poivmer remains entangled with neighbouring 
ones, poivmer molecules during dissolution diffuse out 
as bunches of entangled molecules Even when all chain 
segments of a polymer molecule in solution are unto.ded 
and fulri solvated, the molecules do nor assume the shape 
of ar. extended straight chain but present in a col form 
These cods or aggregates offer resistance for the mobility 
or f.ow of mo.eaL.es and hence impart vjscoscty (19. 2"i. 
When the mo.-ecuiar size and concentration is increased, 
as in our case, tne extent of entanglement is increased. In 
ocher word, the craTicai concentration C" is. indeed, the 
“overlap' concentration. N'lfieti C C ‘ the mtennolecular 
enrang-emetitsor aggregation. predominate md preclude the 
overall molecular motion of the poivmer. while individual 
polymer moflevrabrs are statasticaii.v separated troen <*her 
molecuies at (7 < <2 “. Thus, the critical concentration C“ is 
a measure of molecular size and coofornurioo of a polymer 
The htgrier the molecular weight and me more rigid is the 
conformation. the lower the value of C “. The results are in 
ci-ctse agreement w $n the earlier reports 35. 2? .

3.2*. tfvvr of S.vrjjy Trine c^r o* (_c.*:4*sa« -SoSmw..
FVxvmeric cnemicals are generally app6ec to textiles bv 
padding technique where it ts revjunred to prepare a standing 
hath. Thus she chemical remains on contact wno water 
for a longer period. .As boodegjradabiliKv or chitosan is a 
well-known phenomenon the efiect of stec age time on the 
stai>_it» «x' soiat.on was studied tn terms of change cn 
wiut.on vuscoMtv. Hr > seen from Figure 5 “tvat the vwcositv 
of chctc«sar. sojutsor. is adversely ariected wirh increase .r. 
storage t.me

lt seems that me initial n^xecuiar weeg^t and the 
concentrator, of poivmer has tne inf.uence on the stabdfiitv
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Fksctu Jc FT® wan ef CHTI (At. am IBs. CHTMO. CHT4 
(DlalOmtB.

of the solutwit. Initially the a»w shows segments with 
an overlap cockeatratkm* (C* 9 at the point of inflection 
and then flattens as the storage time is increased, that is. 
the critical concentration shifts towards right. It is also 
observed that the drop in viscosity an first 24 hrs is much 
taster than the latter and is more significant at higher 
coeicentrattoo. that is. above C". The toss in viscosity nsas 
he .attributed to the baodegradariou of chitosan molecules 
and or bnfrolst'is of polyuwi raolecutos. Initially the large 
molecules- apecials at hagher concentration, occupy large 
Tndrodmurr.ic' oohame. which leads to less mobiiitr indi
cating hatfher viscosity. The ImhohUc degradation of the 
wrrer leads ro the production of stauiler molecular entities 
which in turn causes a drop in hydrodynamic voluane 
of the pohmer andecules resufciag in higher molecular 
mobotarv and as a resufe reduces the ttcosar of the scfturaoo
119.27.2*1

-®- Offs » CHira
e am - otts
-* OtTs

Fktu 4: Intrinsic vuscosiiases «f dtfbreut grades of driDusum.

.U. f|to of Hnrrnofyte am Vscnsriy if Ghtajan. Chitosan 
is knenen to be a polycatioaic material its solution is 
bettered to he influenced by the presence of elearolytes- 
Therefore. the effect of sodium acetate concentraf tons on two 
different grades of dutosan namely. t HT I and CHT 3 was 
studied.

h can he seen tnocn Figufe ft that the viscosity «s sharply 
reduced in presence of sodium acetate a|< to a concentration 
of about 2 g?dL. Further increase in concentration has not 
influenced the viscosirv much. It is also observed that the

HNO..H' ---- > HNO:-Na*

Fksvrc i Depolsmeriaation of chitosan by nitrous arid.

Tabu 3: Cheiarion propertT of chitosan.

Treat men'! Concentration, gp: Amount ofCa’: ions ippmi chelated after:

2 hrs 24 hrs 48 hrv 72 hrs 96 hrv
Na.HJTA 1 40s 426 43s 450 452

am 1 177 2W 232 269 29s
CHT? 1 182 1»7 18s \99 196
total ccoiewralawfCa’: n sftr = *05 peer

n%
i



International Journal of Polymer Science 5

cmtosan with higher molecular weight (CHT1' is more 
atfected compared with its lower molecular counterpart 
CHT2 i. 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 dutosan 
molecules establishing repulsne forces between them. This 
oicn low resistance to the flow or noMm- of the pobnver 
molecules.

3.4. Effect off fisnicie Srie on Tiftosn ef Outnum. It is 
possible, for a giver molecular size dutosan. to scale down 
the Kiudrodmatnx xx^ume to junolevd by means of ion
otropic gelation using suitable cross Unking agent such as 
sodium tripolyphosphaie iTPPj, as slustrated in Figure 7. 

The particles are stabilized by dectrostatx* hindrance due to 
coukxnbftc repulsion between particles of same ionic charges 
JG-52Q. We prepared nanodtisosan ICHT3N) of axerage size 
Hli mm from 0J5 gpl CHT3. The particle size distribution 
and vtsaKtfT idurjour of this nanosolurion are show in 
Figures 8 and 9. respectively.

The partide size of chitosan b found to afreet its 
viscosity behax-iour significantly Figure 9|. The vtscosin of 
nance hitosan colloid b dropped by about 30% with respect 
to normal chitosan sc4utw>n at the same concentration lexel.

Sodium acetate ig’dl i

am
arn

Fioure 6: Rdabve %bcautv of chitosan solution n a function of 
electrolyte concentration.

CHjOH

HO J>—O

The reduction of size to nandevd has also influenced the 
stabiiirx of chitosan sohitkm. There b 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 he 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 
nanopartidesu
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15 Cwunw Ptvpern of Gfearosa'i Attributing to the pres 
ence of large number of amino groups on chttosao backbone, 
this biopohmDer can also be used in water processing engi
neering. Oirtosan molecules are known to chelate anionic 
dies in waste due soiuttion and flocculate them out.

It has alto been found that the chitosan and its deriva
tives can remove phosphorus, heavy metals, and orb from 
water 133-37]- In order to studs' the chelation property 
of chhosan. the removal of caldum ions from water by 
CHTI and CHT3 was determined and the results were 
compared with Si.EPTA. Table 3 shows that chhosan can 
remote the calcium ions substantially though its sequestering 
power b found to be uifenwe to EDTA_ Further, h is 
ofoserved that maximum removal occurred in the hist 
2 hours. Higher molecular weight sample. CHT ] shows 
better chelation power compared with its lower rootecuiar 
wight counterpart. CHT.V The former one also shows a 
continuation m chetaion effect even after %hrs without 
reaching the equtfcberum. whereas the rest of the samples 
reached equiilibrinim within 24 has. A snbiUnlia! higher 
dnelitioo ot fca.EDTA may he attributed to the combined 
effect of both carfSoaiytate and amino groups present in its 
molecule and possible higher proximate of each molecule 
due to its relative:*- small size. The larger molecular size 
of chitosaa provides less surface area and the less amino

groups to form the coordinate linkage with calcium ions. The 
prolonged chelation effect of CHTI 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* I 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 sotutkm.

Bv reducing the particle size to nanolevel, the viscosity 
of chitosan solution is lowered significantly, but the storage 
stabditv was affected adversely. Use of freshly prepared nano- 
chitosan solution prior to applications mav be the remedy

Chitosan exhibits chelation property. This property is 
useful in removing metal and dye ions from water.
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Iff FUNCTIONAL FINISHES

Studies on the properties of 
chitosan treated cotton fabric

D P Chattopadhyay and M S Inamdar

C
hitosan is a natural based polymer 
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.lt is 
composed of linear (1-4) linked 2- amino-2- 
deoxy-p-d-glucan (i.e. p-d-glucosamine) in the 
chair ‘Cj conformation. Indeed, it is a 
copolymer of N acetyl-glucosamine and

glucosamine units.

C hitosan can be taken as a 
valuable wet processing agent, 

but faces several challenges 
while exploring its applicability.

Chitosan is a 
white fibrous 
material produced in 
different grades 
according to the 
degree of

deacetylation and molecular weight. Chitosan, 
being a primary aliphatic amine, can be 
protonated by vanous acids. It is insoluble in 
water, organic solvents and alkalies, but is 
soluble in organic acid solutions1* \

Chitosan exhibits several valuable inherent 
properbes such as antibactenal. antifungal, 
antiviral, antacid, non toxic, total biodegradable 
as well as film formation, fibre formation, 
hydrogel formation etc. By virtue of these

properties, chitosan has prospective applications 
in many fields such as biomedical, waste water 
treatment, cosmetics, dentifrices, food, 
agriculture, pulp and paper, and textile 
industries4 5 *
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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 odour35-'0-u 
uijKis jahlawy7'' 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. In a similar study, 
Chung et al17 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 al1" 
conducted an expenment 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. 
Tiwan and Ghana1* attempted to use 
chitosan as a thickener in pnnting 
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 aP5 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 
pnnted fabric These suggest that the 
modification of chitosan is desired. 
Dutta et aP1 and Abdeknohdy et al2: 
found chitosan to be useful in effluent 
treatment by virtue of its adsorbing 
qualities of dyestuffs and various heavy

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 salt23. 
Young Ho Kim et aP* synthesised 
quaternary ammonium derivative. N(2 
hydroxy)propyf3-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. 
Pourjavadr1 x 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 aP’ successfully grafted polyethylene 
glycol at hydroxyl groups through the 
cynuric chloride bridging.

In this paper, research findings on

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 pro 
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

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
• 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
• Dyes : Different acid and direct dyes 
were obtained from M/s Colourtex Ind 
Ltd. Surat (Gujarat) :

C I Acid Blue 158 
C I Direct Red 81 
C I Direct Blue 71

• 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’".

The specifications of different 
chitosans are given in Table 1. —v

DMDHEU (40%) was obtained froti 
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

Table 1 : Specification* of different chitosan*

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
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added gradually to chitosan solution and 
stirrt-d tor Tag hrs at 30 C to get 
des red viscosity level The 
(lepolwnerised chitosan was then 
precipitated out by caustic solution and 
cashed to neutral pH. Chitosans of two 
different i >w molecular weights 
obta t ed *ere coded as follows

P'oduct code Molecular weight
D(' 1 71.676
DC 2 38.733

Fabric treatment with chitosan

Reu^m-d amount of chitosan was 
dissowed r solution containing acetic 
acid 15 gp» and sodium acetate 10 gpl, 
and applied to fabric on a padding 
mangle wth vvet pick up of 70> by two 
diptwonp method After drying, the 
fabnc was cured m oven at 150 C for 4 
nuns The sample was then washed in 
n,e following sequence.

Ho' wash 'Twice) [85 C 20mmsJ 
Alkali wash [Soda ash 10 gpl. MLR 
1 50; H«y wash Cold wash Dry

Dyeing with direct dyes

The (auric sample was dyed with 
direct Jyes with l'c shade at 90 C for 
60 rru s using dyebath containing 20% 
Glaubers sal: and 5% soda ash. The 
dyed sample was then rinsed with cold 
water an dried and hot pressed

The dyed samples were evaluated 
tor k S values and strength on 
SpeLtruscdi 6100A .Make . Premier 
Colorscan Trie washing fastness ot 
d>ed samples was evaluated according 
’ci ISO 1

Dyeing with acid dye

Tr>t fabnc sample was dyed with 
-v'd dves with 2^ shade at 90 C for 60 

mins usmg dyebath containing 1 ml., I 
acetic ac d The dyed sample was then 
rinsed w’h cold water air dried and hot 
pressed

Evaluation of whiteness, 
yellowness and brightness

-he samples were evaluated on 
Specnoscan 5100A (Make Premier 
Colorscar 'or whiteness, yellowness 
and brightness m terms of the 
corresponding indices 
Whiter ess nde* :VVI 10 deg D65 

Huntertab

Yellowness Index iVh . 2CASTMD 
1925

Brightness Index (Bb : 2 C TAPPI
452 ISO 2470

Crease recovery angle

Crease recovery angles were 
measured as per AATCC Test Method 
662003

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 ammo 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 *. 
Therefore, m order to study the chitosan 
treated cotton textiles, we prepared two 
different low molecular weight 
chitosans by depolymerisation.

Various methods of depolymensation 
are reported in the literature4 *'• ’• ” u
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such as acid hydrolysis (HCI, HNO 
etci. free radicals IHO.KS Oj. 
enzymatic, radiations (UV. rays,, 
ultrasound, microwave, thermal 
treatments etc Depolymerisation bv 
acid hydrolysis using nitrous acid 
(HNO ) proceeds through deamination 
reaction with subsequent cleavage of 
(Vglycosidic linkages.

The depolymerisation ot 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 m 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 t 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 basei 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

NaNO - It------ » HNO ■ Na

Chitosan 2 5-Anhydromannitol Oligomers

The depolymensation ot chitosan was conducted by 
nitrous acid hydrolysis method
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Table 2 : Appearance of chitosan treated fabric as a function of molecular weight and concentration

Cone C1 C2 DC 1 DC2
tap') Wl Yl Bl Wl Yl Bl Wl Yl Bl Wl Yl 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 Wl • 92 5. Yl - 2 6. Bl 84 6

Table 3 : Stiffness of chitosan treated fabric as a function of molecular weight and concentration

Cone Bending Length, ems
Igpll Cl C2 DC 1 DC2

Warp Weft Warp Weft Warp Weft Warp Weft

2.5 2.61 1.76 2 44 1.70 2.33 1 85 2 15 1.60
5.0 2.80 2.10 2 98 2.05 2.58 1.85 2.30 1.71
7.5 3.41 2.55 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 2.21 3.31 2 38
20.0 5.38 3.53 4.40 3.33 4 06 2.88 3 53 2.68
‘Bonding length of control sample Warp ■ 2 05 ems and Watt » 1 68 ems!

_____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 
finishing3'. 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

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.

Table 4 : Effect of molecular weight and concentration on absorbency

Cone of
chitosan
gpi

Absorbency, seconds

C1 C2 DC 1 DC2

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 1 1 .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. I
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Table 5 Effect of chitosan pretreatment on direct dye uptake

Cone of K/S
chitosan C 1 Direct Red 81
Igpl) Cl C2 DC1 DC2

2 5 9.2 9.4 9.4 9.4
5.0 7 9 9.3 10.9 9 9
7.5 9.4 10.9 10.3 11.3

10.0 10.3 11.3 10.9 12.1
15.0 12 8 12.2 11.8 1 1.4
20.0 14.7 13.5 13.8 12.1

C 1 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

lOyo r % owt. K.'S value i of control sample Cl Direct Rod 81 - 7 7 ond Cl Duect Blue 71 - 7 4l

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 attnbuted 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 I Oirect 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 I Direct Blue 71. is not altered 
appreciably.

It is observed from Table 7 that 
the colour value of C I Direct Red 81 
is little improved whereas that of 
C I 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 
ITable 8).
• Dyeing with acid dye : Chitosan 
possesses an ammo 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 fabnc 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

Table 6 : Effect of chitosan pretreatment on washing fastness of direct dye

Cone Washing fastness ratings
of C 1 Oirect Red 81
chitosan Cl C2 DC1 DC2
Igpll 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 I 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 Queer Rod 81 Change in colour ■34 Staining - J.
Cl Direct Blue 71 Change m colour ■ < 5 1 Staining « 3-41
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Tsbl* 7 : Effect of post-dyeing chitosan treatment on colour depth
of direct dyed fabric

Finish Cone K/S
Treatment Igpll C I Direct Red 81 C I Direct Blue 71

Control 6.6 7.3
C1 5 6.8 7.2

10 7.2 7.5
C2 5 7.2 6.8

10 7.5 7.3
DC 1 5 6 9 6.8

10 7.2 7.1
DC2 5 7 2 6.6

10 6.9 6.6

iConcontrmtion of dyo - 1% ovrm,

Table 8 : Effect of post-dyeing chitosan treatment on washing
fastness of direct dye

Finish Cone C 1 Direct Red 81 C I Direct Blue 71
Treatment Igpll Change Staining Change in Staining

Control 3 2 4-5 3
Cl 5 3 2-3 4 4

10 3 4 2-3 4 5 4 5
C2 5 3 4 2 3 4-5 4

10 3 4 3 4 4-5
DC! 5 3 4 3 4-5 4

10 3 4 3 4 5 4-5
DC2 5 3 4 2 3 4 5 4-5

10 4 5 3 4-5 4 5

Table 9 : Dyeing of chitosan pretreated cotton with acid dye, C 1 Acid Blue 158

Cone K/S Value
of chitosan Cl C2 DC1 DC2

igpn

2.5 1.7 1.5 1 .6 2.0
5.0 1.6 2.1 2.3 2.4
7.5 2.3 3.0 2 8 3.5
10.0 3 1 3.8 3.7 3.0
15 0 4 4 4 9 4.9 5.5
20 0 6.1 7.7 6.5 6.3

'Shode 2% omrf. K'S Of control ismple 0 38311

Table 10 : Wrinkle recovery property of chitosan treated cotton fabric

Cone (Crease recovery angle)0
of chitosan C1 C2 DC1 DC2
Igpll

Control 161 161 161 161
2.5 137 140 140 176
5.0 143 140 160 164
7.5 129 1 19 152 141
10 0 94 125 138 128
15 0 96 no 127 134
20.0 90 98 116 121

rC8A of control Msmpio * 161‘l

taken as one of the characterisation 
tests for the retention of chitosan on 
cotton fabric.

Wrinkle recovery property
One of the major drawbacks of 

cotton textiles is its tendency to 
crease. Various cross linking agents 
such as UF. DMU, DMEU, DMDHEU 
etc resins are employed to overcome

Table 11 : Wrinkle recovery property 
of DMDHEU treated cotton fabric

Cone of
DMDHEU (40%) (CRA)°

igpi)

Control 161
20 180
40 207
60 215
80 226
100 233

this problem. The wrinkle recovery 
property of chitosan treated fabrics was 
compared with DMDHEU. The results of 
this experiment are shown in Table 10 
and Table 11.

It is seen from Table 10 that the 
wrinkle recovery of chitosan treated 
cotton fabrics is not satisfactory. Rise 
in application concentration of chitosan 
has greatly reduced the wnnkle 
recovery of cotton. However, low 
concentration of lower molecular weight 
chitosan application has improved the 
crease recovery angle. The high 
molecular weight chitosan is believed to 
form mostly a surface coating which 
lowers the possibility of cross linking 
and therefore cannot contribute to the 
load shanng phenomenon.

Conclusion
The appearance of cotton fabric, in 

terms of whiteness/brightness, is 
affected due to the chitosan 
application. The stiffness and 
harshness of chitosan treated fabric 
also increased with increase in the 
molecular weight and concentration of 
chitosan. Chitosan treatment has not 
affected the absorbency of cotton 
much. The dyeability of chitosan treated 
cotton fabrics towards direct dyes is
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improved significantly; it is increased 
with increase in molecular weight and 
concentration of chitosan. However, the 
washing fastness of direct dye on 
chitosan pretreated fabric is only 
slightly improved, especially for low 
molecular weight chitosan applications. 
The effects of post dyeing treatment for 
different dyes are different. However, 
the post-dyeing chitosan treatment, in 
general, has improved the washing 
fastness of direct dyed cotton fabric.

Chitosan can. therefore, be taken 
as a valuable wet processing agent, 
but yet faces several challenges while 
exploring its applicability. Therefore, 
an extensive research in this area is 
the need of the hour.
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Bayer MaterialScience ends reduced working 
hours at German sites

Effective November I this year. Bayer MaterialScience (BMS) 
will be reverting to the standard collectively agreed work week 
of 37.5 hours at its German sites.At the beginning of February, 
the company had introduced a reduction in working time and a 
corresponding pay reduction of 6.7% to combat the effects of the 
financial crisis An opening clause in the collective agreement was 
applied in order to avoid short-time working. With the 
reintroduction of normal working hours, the rates of pay for 
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

development of our customer industries still remains uncertain.' 
said Dr Tony Van Osselaer, labour director at Bayer 
MaterialScience AG. Short-time working would mainly have 
affected employees in production. Thanks to the solidarity of al 
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 
their case included the cancellation of this year's round of pay 
increases.

Similar measures were also taken at the international sites, 
adapted in each case to their economic situation.
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ECHNICAL ARTICLE

Chitosan and its Versatile applications 
in Textile Processing
M. S. Inamdar and D. P. Chattopadhyay*
Focufty 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 Borodo, 
Vadodara - 390 001.

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 ol the cloth takes place through various unit 
operations of wet processing such as desizing, scouring, 
bleaching, dyeing, printing and finishing. To accomplish 
ihese 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 oi solid. liquid and aaseous. 
Many of these dyes and chemicals are toxic and non-blode- 
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 ecoiriendly.The use of natural dyes on 
textiles has been one ol She consequences oi increased 
environmental awareness. Enzymes are commercially avail
able lor 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 oi this kind is

CHITOSAN (Pronounced as kite-o-san). which is derived 
from naturally occurring polymer CHITIN (kiie-in).Boih chitin 
and chitosan are biopolymers and are biodegradable, 
biocompatibie with animal and plant tissues, non toxic, and 
renewable.

Chitin, the precursor of chitosan. is a nitrogen containing 
polysaccharide and is second most abundant biopctymer 
after cellulose. It is widely distributed in the shells oi crusta
ceans such as crabs, shrimps, lobsters etc as -.van as in the 
exoskeieton of marine zoo-ptankioa including coral, jellyfish 
and squid pens. Aboul 20-AQ% chism is present in the ex
oskeleton of these animals. It is also present in smaller quan
tities in insects such as butterflies, ladyfcugs. and the cell 
walls of yeast, mushrooms and other fungi. But sines the 
crustacean shells (crabs etc) are waste products fnov,> 
byproducts) of food industry, these are commercially em
ployed for production of chitin and chitosan it rs baSeved that 
at least ten gigaions (10‘5 Kgs.) of chi,-in are synthesized and 
degraded and il is also estimated that oves 1.50.000 ions of 
chitin is available for commercial use annually!t.2.31

BRIEF HISTORY OF CHITIN AND CHITOSAN

Prof. Henri Braconol. Director of Botanical Garden >n Kane/ 
(France) in 1811. first isolated a fraction irc-m the cell vrafis 
of mushroom, which he called rUMGRJE Later in t£23. 
Odier discovered that this compound is also one of the major
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Cnns’ifi m *r '* (■* 'Mm exoSkelefon cl rsen!c and 'hen h*> >e 
r\V’1 <*11 as PHITIN (meaning tunc or envelope in 

C>n-i-k ) Prof ('Rouge! in 1859 prepared a cuntpnunn Tom 

> h-tm by treatment with concen,fated caustic coIutop I his 
, on pound was then named as CHITOSAN by Hoppe Senior 

m 1H9-1 However (he existence o' rhiiosan in natum was 
discovered in 198-1 in the yeas! Phycomyces oiakesleoanus

Over past decades researchers m tsorea Japan Europe and 
USA have tesiod chiim and chitosan m biomedical applica

tions In Japan chitosan was firs: used io< waste water treat 
mem fo absorb cpease els heavy me’als and other potpn 
tiaiiy tovc substances Researchers daun 'hai a tooU paste 

made from crabs shell could cut dental infections and re

am • ■ the number o' visitc •(■ dent'S's (3 4]

cies However the yic*h 1 c ion low lodi'e rhiiosar- have 
been produced commercia'ly by 'in- alKcno de.n et-pation o’ 

crustaceans chums

the cr i jstacean c t-eMs man ih, •• or ,-,r • ■•-} , ► • ■ • r ; .*u .p ' • \ 
pro’ems (30-40°<q Calcium C.aihonu!e i *b 5:i" i ipur- unu 
traces of pigment The proteins are removed b, tied'" ere 

with d'i sodium hydroxide (about IOC.) at about 83 (' 'DO 
C or digested enzymatically by proteases or mu m organis” 

The shells are then dematenali/ed in remove calcium ca*- 

bonate by the treatment with oil hydrochiuru avid RiPoi/ 
10°«) at room temperature l ipids am extracted by snak.rg 

in organic solvents such as acetone or ethanol An <><-dav.-e 
bleaching treatrrien' wrh hydrogen perood*- .('It," 1 , 
pochlonto 'S also given *o nb'am a wl a-- pnwd**r

CHEMISTRY OF CHITOSAN

Chitosan f(C H 0,N) ) is a polysaccharide composed o! a 

linear (1 4) linked 2 ammo-2-deoxy-|b d giucan (i e \\- d- 
gUjcosamme) n ’he chair ‘C conformation It is derived by 

deacetyiation of chitin i e (1-4) linked 2 acetaamido-2- 
deoxy p d giucan lie N-acetyi- |c d-glucosamine) Indeed 
it is a copolymer of N acetyl-glucosamine and glucosamine 
urn's The structure of chaosan is very mucfi dose to that of 

cellulose- except the hydroxyl group m C (2) of cellulose is 
bemg replaced by ammo group m chitosan This is evi

denced bv l R and C NMR spectroscopy The average 

mk) “Cmar weigh1 determined by the viscosity measurement 
methods is of the order of 5*10 The structures of chitm 

chitosan and reiiicose are as be<ow

H.C>1

Che Chtosar

Ce'lulcsu

ChTc'-an mamR utub ,n two M omcular conlcmi at on.s 

namely p) as extended two fod heir* and hi) as extended 
eiym-lou heii* The eight tuid he > v orlormation transtO’ms 

into two-fold h^m under high hum.J.ty No urdered cuntorma 
(ion how-eve' s present <i 'ho aqueous acidic su'utiou The 

fr'Oi*vuia’ 11ex t>a ty 'Pcrea^es wrh increase m deacelylation 

riOt-a:.*' m one strength m ’he soiuhor ana mc'C'ase in 
temperature [5 b 7 8 9 10 11 1? ]

PRODUCTION OF CHITOSAN

Chrt.'Sur .r .Mev-tly be isolated Tor’ son t- fung marl, 

bl y.i/'yLos LkT-osieeanus (yeasb Zygomycetes etc spo

Squid peris are also the potential suuo.*- nf i nr n and 
Cfntosan Squid-pens are removed fn<m 'he .uuid aur.i.g 

processing and are currently regarded as waste s«- tra.\ 
material is cheap Since the squid pens an- wm ow m, 

calcium. the acid extraction step is not ’oquimd Tim. ntv.if' 

reduces the cost and acid hydrolyse, n* v. hit'i, Then-fo'e 

comparatively cheaper and better quai fv mutu- i an m i■.'< 
duced

Conversion of chitm into chi’osau m^oives ’in d<\u »■:> a' >>\- 
process, which is a harsh veatmen* usually {ierfc-'-uej w;T 

concentrated sodium hydroxide- soiutK-r Phmn T/e*-s .in- 

treated tn suspension win aqueous db bds . justu. solu 
’ion a* 80 - 120 C with constant st'mh) tor 4 h tuns arci 

this treatment is repealed for once o* rix>m tu'for otjta u 

mg h.gh amino content product To avoid depolyrnenza* or 
due to oxidation sodium borohydrafe >s added Deacotyiatior1 
of chcin can also t)e done en/ymaf-caily Here powdered 

chitm is treated with N-deacetyiase (bCJ 3 3 1 4 11 or w'h 
microbes v;hich secrete N-deaceiyiase Th*- ervyma: c 

me’hod yields chitosan with low dogu.-e r»f N a. e-ylaTrii auo 
low degree of polvmen/at or

The degree ot acetylation o’ ctsUTr;ir to tfe'1.-’" ir ej
C T4 ratio (by elemental analyse i by (: TJMH by N TJMR 

by IR Spectroscopy by coMoioa1 ntranor and by pyrc-\sc. 

gas chrorTiatograptiy In genera, n itosans h.w iiiTo-gei 
contem higher than 7 V and deg'ee i-1 ar »‘‘,yla*ir-n inwo' "h ii 
0 40 14 13 14 15. 18 17 18 14]

PROPERTIES OF CHITOSAN

Ch losan is a white fibrous mavnai (also av-anabiej iis t;eaos 

and membranes) produced ir dit1erer.* grades -iccording tc 
the degree of deacetviation (D D j and ihe molecular weign1 

Various factors such as source of ch tin and f»roc essrnq 
parameters while conversion c-f chcm ir v: ch 'osan de'e' 
mines ’he grades o* chi’rjsan

Ch tosar' tjpmg a pr-nicV, lI pTa1 r* "• ' . I- (>• ■*

rated by selected acids (o' nf c.l 'm n. i I' tm-uL*. 

m water organic solvt.-r tc and umii*'1- I;;.' - -.uinbie m u
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ganic acid solutions. In aqueous solutions, above certain 
polymer concentration, intermolecular interactions lead to the 
formation of associations thus exhibiting properties .The vis
cous solution shows Newtonian How,

Under particular conditions, chitosan can give highly hydro
philic water swellable hydrogels. One ol 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 
I !1.12.14.20,21.22],

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 Schilts base) alkylation, grafting, 
chelanon of metals etc . Chitosan is readily depoiymerized 
by acidic sodium nitrite to give oligosaccharide. The hy
droxyl functional groups also give various reactions such as 
o-acetylation. H-bonding with polar atoms, grafting etc 
123.24.25.26.27.28.29.30].

Chitosan also exhibits several valuable inherent properties 
such as ami bacterial, anti tungal. anti viral, anti acid, anti 
ulcer. non toxic, non allergenic, total biodegradabilily etc and 
hence finds wide applications in diverse fields such as 
waste -water ueatmer.ts, 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 ol me applications oi chitosans in me area ol textiles 
are discussed in the following sections.

CHITOSAN FIBRES

Owing to the linear structure, chitosan exhibits fibre forming 
propertyChitosan filaments also known as craoyon (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-agulalion bath to obtain a 
regenerated fibre. However, such fibres have poor wet 
strength {tenacity 2.0 gpd) .Investigations have shown the 
improved tenacity ol up lo 4.4 gpd by incorporation of surfac
tants into the coagulation bath. Such fibres find use in the 
production of textiles having antimicrobial, anuthrombogeroc. 
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 composile 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 ceilulosic fibres and have dyeability towards 
direct and reactive dyes. These fibres are used as textile 
materials lor under wears, socks, etc as these keep skin Irom 
drying. At the same time, these give velvet touch and no 
irritation to skin .Therefore: clothes made up of ihese 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 ceilulosic fibres, conventionally, are dyed 
wilh 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 sail are added into 
the dye bath. These electrolytes and unexhausted dyes add 
to the pollution load when discharged through eflluents. 
Such high sal! dissolved water can neither be useful lor 
agriculture purpose nor be recycled for industrial uses. 
Moreover, the available technique of reverse osmosis fR.O.) 
to reduce the T.D.S.is not yet economically viable. Thus at
tempts have been made to adopt salt Iree and alkali free 
dyeing by cationization of cotton by treatment with giycidyi 
irimethyl ammonium chloride, N. N-dimethyl azeiidinium 
chloride [DMAAC). N-melhylo! acrylamide (NMA). 
chtoropropiorry) chloride (CF>C) etc. However, the question ol 
ecological aspects arises here too. As a solution, modifica
tion o! fibre with chitosan could be a best option.

The fabric is pretreated with chitosan by pad-dry-cure 
method using cross finking agents such as polycarboxyiic 
acid (e.g. butane telra carboxylic acid or citric acid) or N- 
meihylol compounds fe.g. OMDHEU). Investigations have 
shown several valuable results such as: increased dyeability 
oi cotton toward direct and reactive dyes in absence ol sail, 
dyeabiliiy toward acid dyes, elimination of colour difference 
between matured and rmmatured cotton, coverage of neps 
etc.li is believed that, chitosan acts as built-in catalyst of 
reactive dyes in question with hydroxy} groups ot cotton and 
chitosan. Very recently, it has been revealed tlial a complete 
salt-iree dyeing oi oonora wilh a lot of saving in the quantity 
oi dyes is possible by simple modification ol 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. Tiie 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 ecofrtendiy and causes tendering oi the 
fibres.Whe/e 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 ot 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 pfasma treatment creates new anionic groups such 
as sulphonate and carboxyiate, 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 ol chitosan causing no damage to the fibre, A com
bination of controlled enzymatic treatment followed by 
chitosan treatment can also give satisfactory antifeifing 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 hydrophobic ity and conse
quently the static charge built-up problem. This static elec
tricity is mostly responsible lor dust/dirt attraction, sticking of 
clothes Jo 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 ecofriendiy and du

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 tow 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-NR, 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 aiternafive, 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 poiycarboxylic acid (due to dehydration of citric 
acid). To counteract this yellowness, additives such as 
hydroxyethy! 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 ol 
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 oi 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 fulf-ihickness 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-metaliics. 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
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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 02 position of glucosamine residue. 
The effect is more enhanced when the amino group is pro- 
tonated or quatemized. The protontsed 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

such as citric acid, glutaric dialdehyde, glyoxal, or DMDHEU 
etc enhance the chitosan uptake on the surface of cotton 
fabric with good durability to washing [3,20,35.52,53,54].

EFFLUENT TREATMENT

Textile process houses discharge huge quantities ol dyes 
and chemicals through the effluent. Conventionally, the efflu
ent water is processed by treatment with lime S ferrous sul
phate system and/or synthetic polyelectrolytes mostly based 
on polyacrylamide. Colouring matters and some organic 
chemicals are flocculated by this method but the TDS value 
due to inorganic salts is significantly increased leading to 
increased pollution load. Treating waste water using 
“greener” methods has become an ecological necessity. The 
ecoiriendty polysaccharide, chitosan. has proved to be the 
best alternative. Being cationic in nature, chitosan has high 
affinity for wide range of dyes and other negatively charged 
particles and flocculate them. Various chitosan polyelectro- 
lytes obtained by reaction polyanions, acidic polysaccha
rides, and some acidic proteins can be used for effluent 
treatments [2.11.14,55,56],
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