


III. RESULTS AND DISCUSSION.
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III.l POLY(VINYL ALCOHOL)

PolyCvinyl alcohol) has been used by us as a 

starting meterial for our investigations* It is available 

commercially in different grades depending on its degree 

of polymerization and degree of hydrolysis. Some companies 
offer more than ten different major grades and more than 
hundred subgrades of poly(vinyl alcohol). Their classifi
cation is based on (i) percent hydrolysis and (ii) degree 
of polymerization. They fall into (i) fully hydrolysed 

group having about 98 A hydrolysis and (ii) partly hydro
lysed group with (a) 87-89 A hydrolysis or (b) 78-80 A 
hydrolysis. In terms of degree of polymerization (DP), the 

major groups are (i) low viscosity group with CP of 600 , 

(ii) medium viscosity group with DP of 1700 and (iii) high 

viscosity group with DP of 2400, with subgroups having DP 
of 1000, 2800 and 3200.

We used two makes of poly(vinyl alcohol). The 

characteristics of Koch - light make ( K grade ) and SD
chem make ( S <grade ) are

K grade S grade
A hydrolysis 97 80

degree of 
polymerization 1640 2840
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Stereoregular forms of poly(vinyl alcohol) are shown in 

Fig. 1X1*1

Stereoregularity of poly(vinyl alcohol) depends on 

the method of preparation. Poly(vinyl triflurocetate ), on 

hydrolysis, was found to yield syndiotactic poly(vinyl 

alcohol ) with low 1,2 gycol content ( 94, 95 ). Ionic 

polymerization of vinyl ethers ( 96 ) produced isotactic 

poly(vinyl ethers ) and polymerization of divinyloxy compounds 

yielded mixed products ( 97, 98 )«

The crystallinity of poly(vinyl) formate is sensi

tive to differences in tacticity. The highly syndiotactic 

polymer has an X-ray pattern repeat of 5*0 A, while highly 
isotactic polymer has a repeat of 6*55 A (99, 100).

Poly(vinyl alcohol) gives characteristic colour 

reaction with iodine, depending on its tacticity, degree of 

polymerization, etc (101, 102). The colouration is related 

to alcohol-iodine complex and has an absorption maximum at 

620 nm. The intensity decreases with the increase in both 

1, 2 glycol content and isotactivity and is almost zero 

when isotacticity’ exceeds 70 »

IT!.2 POLY(VINYL ESTERS) s-

Studies on poly(vinyl esters) were made with a 

wide and varied interest such as theoretical explorations, 

industrial applications based on their adhesive properties,
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mechanical properties, optical properties, sorption proper
ties, etc.

Poly(vinyl trifluro acetate ) yielded, on hydrolysis, 
syndiotactic poly(vinyl alcohol) with low 1, 2 glycol content 
( 94, 95). The crystallinity of poly(vinyl formate) is sensi* . 
tive to differences in tacticity (99, 100).

Poly(vinyl pelentanoate) was prepared and studied 
as an anticoagulant of blood(103).

Branched poly(vinyl acetate) exhibited decrease in 
solubility with increase in frequency of branching (104).

The maximum degree of esterification of poly(vinyl 
stearate) was 80 yi (105). The Schotten - Baumann reaction 
between poly(vinyl alcohol) and alkenyl cyclopropane carbo
nyl chloride was of the first order and the degree of esteri
fication of the product depended on temperature (106).

Freez-resistant dispersions were made by emulsion 
polymerization of vinyl esters of monocarboxylie acids(l07).

Cross-linked poly(vinyl acetate) exhibited increase 
in mechanical and thermal stability with increase in the 
number of bridge bonds (108).

Poly(vinyl sulphonate) resin showed the absorption 
of Na+ equivalent to 0.0038 mole NaOH (109).
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PolyCvinyl sulphates) with varying emulsifying 

capacities were prepared (llQ).

Water - soluble mono-esters of poly(vinyl alcohol) 

with di and tribasic acids were prepared and used as 

dispersing agents for silver - halides (61),

Solubility of cross-linked poly(vinyl esters) was 

studied by Waclaw (111),

The speed of esterification poly(vinyl alcohol) 

with chloracetyl chloride increased with pH of the solvent 

(112).

Poly(vinyl cinnamate) and poly(vinyl p-nitro 

benzoate) were prepared and used as photocopier layers(73),

Takahashi et al (113) observed that poly(sodium 

vinyl sulphate) had a degree of esterification of 0.7 . 

Kornova et al (114) prepared poly(vinyl sulphonate) with 

50 A esterification. Dahl and Reid (115) prepared poly 

(vinyl dihydrogen phosphate) with about 66 •/, esterification. 

Poly(vinyl hydrogen sulphate) with 100 A esterification is 

also reported (116)« Kornova et al (114) observed that 

changes in mole ratios of the reactants did not affect the 

degree of esterification, whereas Jantas and Polowinski 

(117) observed that degree of esterification increased with 

increasing concentration of acid chloride.

Kararay Co.(118-123) patented the preparation of



The products obtained from K-grade poly(vinyl 

alcohol) are, in general, insoluble in various solvents 

(K-P-SBA, K-P-AAA and K-P-HBA have slight solubility in 

dimethyl formamide); however, the products obtained from 

S-grade poly(vinyl) are soluble in dimethyl formamide but 

insoluble in other solvents. The solubility of products 

from S-grade poly(vinyl alcohol) in:3N HC1 and 3N NaOH is 

as follows :

Soluble in 3N HC1 : 

Partly Soluble in 3N HC1: 

Insoluble in 3N HC1 :

Soluble in 3NNbtOH :

S-P-FMA, S-P-ACA, S-P-ABA

S-P-SBA, S-P-ADA, S-P-ABA

S-P—TP A, S-P-SAA, S-P-IPTA

S-P-AAA, S-P-HBA#

S-P-FMA, S-P-ACA, S-P-ADA,

S-P-ABA.

Partly Soluble in 3N NaOH 

Insoluble in 3N NaOH

S-P-SBA, S-P-ANA, S-P-HBA 

S-P-TPA, S-P-ACA, S-P-IPTA, 

S-P-AAA.

Because of the solubility and hydrolytic tenden

cies of many of the products from S-grade poly(vinyl 

alcohol) in solution of acid or alkali, their further 

studies were discontinued.

Regarding the thermal behaviour, the products 

from S-grade poly(vinyl alcohol) do not melt upto 300°C, 

whereas the products obtained from K-grade poly(vinyl 

alcohol) either melt or decompose as indicated below :



poly(vinyl maleates) with varying degree of esterification, 
solubility and swelling.

The products with varying degree of esterification 
are termed as poly(vinyl alcohol) esters and brifly as 
alcohol esters. These were prepared and studied as presen
ted below.

III.3 POLY(VINYL ALCOHOL) ESTERS

Poly(vinyl alcohol) esters have been prepared by 
partial esterification of poly(vinyl alcohol) using differ
ent acid chlorides ( Table II.1 ) ( or acid/acid anhydride) 
in varying propertions. Pyridine and DMF were used in 
case of K-grade poly(vinyl alcohol) and aqueous sodium 
carbonate and chloroform were used in case of 3-grade poly 
(vinyl alcohol)* The results have been presented in Table 
11*3 and II.4 . Their colour, solubility and thermal beha
viour have been presented in Tables 11*5 and II«6 , All the 
products obtained from K-grade poly{vinyl alcohol) are brown 
or black in colour in general % however, the products obtai
ned from S-grade poly(vinyl alcohol) have different colours 
as indicated below :

White : S-P-TPA, S-P-SAA, S-P-IPTA, S-P-HBA*
Orange : S-P-ANA, S-P-ABA* .
Brown or Black s S-P-SBA, S-P-FMA, S-P-ACA, S-P-ADA,

S—P—AAA.
[* Yellowish green : S-P-ABA(l) }.

206

i



V>1

207
melt : K-P-SBA, K-P-FMA, K-P-AC A, K-P-ADA, K-P-ANA,

K-P-MA, K-P-HBA, K-P-SAA, K-P-TCAA, K-P-TMAN. 
decompose : K-P-1PA, K-P-IPTA, K-P-ABA.

In case of every series of products showing melt
ing behaviour, melting point increases with increase in the 
proportion of poly(vinyl alcohol) as shown in Fig. III.2 .

If we plot m.pt. versus ratio of equivalent 
fraction of poly(vinyl alcohol) to that of acid chloride 
used in the experiment-( Fig. 111.2(a) ), we get curves, 
extrapolation of which can give us an idea about the m.pt. 
of poly(vinyl ester ). However better extrapolation would 
be expected if the rates of equivalent fraction of poly 
(vinyl alcohol ) to that of ester observed in the product is 
used for plots. Hence we ploted m.pt, versus x (determined 
as shown later and presented in table III.l) ( Fig. 111.2(b)). 
These curves give us probable values of m.pt. of the poly 
(vinyl esters) by extrapolating the curves to x =o and 
these are presented below.

1.
2.
3.

4.

5.

6

K-P oly(vinyl fumar ate) ....

K-Poly(vinyl acrylate) ....

K-Poly(vinyl salicylate) ....

K-P oly(vinyl adip ate) ....

K-Poly(vinyl glycinate) ....

K-Poly(vinyl-p-hydroxy benzoate)

165°

115°

20°

100°
140°

40°
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that of acid chloride
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Fig. U, 2(b) M. Pt. vs X



2*10

210
7. K-Poly(vinyl sebacate) «... 100°

8® K~Pply(vinyl anthrancilate)»..* 165°.

It may be noted here that poly(vinyl stearate) 

melts at 52°C,

The products obtained from K-grade poly(vinyl 

alcohol ) have been analysed and the results of analysis 

y&l, and ^N) of the products have been presented in 
Table II «7. The products can be generally represented as 

(EAxQy)n where E represents the ester unit, A represents 

vinyl alcohol unit ( i,e, monomer unit of poly(vinyl alcohol)),

Q represents water molecule and x, y and n are numbers indi

cating (i) the number of vinyl alcohol units, number of 

water molecules and degree of polymerization respectively*

( In two cases, the products may have the structure (ED ^Qy)n 

where D represents the additional acid component present in 

the product molecule ). The values of x and y are presented 

in Table (III.l). Two trends have been observed in the values 

e.g, with Z = 10 ( Z is wt preparation of Poly(vinyl alcohol) 

to acid chloride used ) the values of x lie in the range of 

i) 3 to 5 or (ii) 16 to 20. As the ratio of wt of poly 

(vinyl alcohol) to that of acid chloride decreases, the values 

of x decreases and in a couple of cases, excess acid unit gets 

into the ester molecule* Thus, Mth the dibasic acid (SBA), 

one acid unit gets esterified with poly(vinyl alcohol) and
w

the other acid unit remains unreacted, and with glycine, one 

acid molecule gets esterified with poly(vinyl alcohol) and
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the other acid molecule may form the amide with the 

esterified glycine.
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The ester group per g of alcohol-ester(meq/g) is 

calculated on the basis of the formula and corresponds with 
the value of A.V.H. obtained experimentally as shown in 
Table III.2. The two sets of values show close agreement. 

Similarly, water content per g of the alcohol-ester calcula

ted theoretically on the basis of the formula corresponds 
with water content per g of the alcohol-ester (q) obtained 

experimentally as shown in Table III.2 * Close agreement 
between two sets of values has been observed. Thus all the 

data obtained from C, H, and N analysis, ester content and 
water content of the alcohol - ester molecular units favour 

and confirm the formulae suggested for these products.

Having suggested the formulae, we consider some 
correlations. Knowing the weight ratio (z) of vinyl alcohol 
to acid chloride used in the experiment, ratio (1^) of equ

ivalent fraction of vinyl alcohol to acid chloride used in 
the experiment has been calculated. Considering that all 
the chloride used has been available for esterification of 
poly(vinyl alcohol), the equivalent weight per ester group 
(W ) has been evaluated. Hence ester group per g of alco- 
hole- ester (E ) has been suggested. These values are 

presented in Table III.3. These values are correlated 
with some values that can be calculated from the 'Knowledge
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w,of the formulae. Thus the ratios
'R

(l + x)/(l + D)
and

W.

Wr
are calculated and presented in Table III.4

'(a)

(W.

represents the formula weight of the product in theF( a)

anhydrous form )

%We observe that the values of ——---------- --------------- -
(1 + x)/(l + D)

increases with increasing values of in general $ how

ever, the values increase in steps in case of K-P-SBAC z), the 

values decrease in steps in case of K-P-ANA(z) and K-P-ABA(z) 

and the values show a maximum half way in the series in case 

of K-P-AAA(z). Similarly, we observe that the values of

W
v increase with increasing values of

v
in general

except in case of K-P-ANA(z) and K-P-CaAA(z) wherein the 

values reach a maximum and then decrease. Some of these 

results are shown graphically e.g. versus (l + x)/(l + D)

in Fig. Ill.3 and versus Wc in Fig. III.4 .v F(a)

All the plots are st.lines with definite slopes

and intercepts. These results indicate linear relations

between (i) WU and (l + x)/(l + D) and (ii) W and WF
n v r(a)
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We observe that (l) curves for products wit-h acids of similar 

types have nearly the same values of slope and intercept, e.g. 

(a) K-P-S8A and K-P-ADA (b) K-P-IPA and K-P-IPTA, (c) K-P-ANA 

and K-P-ABA (d) K-P-SBA and K-P-HBA, etc. and (2) slopes of 

the curves for products of dibatic aliphatic ( saturated ) 

and aromatic acids are nearly the same. If the slope of the 

curve in Fig. Ill*4 was unity with zero intercept, it would

imply that W would be the same as W_ • However the curvesv F(a)
show that Wv is greater than Wp for any point in curve with

( a)
Wy > 400 and that the difference increases with increase in 

vii . Similarly curves in Fig. Ill,3 indicate that (l + x)/

(1 + D) is smaller than for any point on the curve with 

Wp > 5 and that the difference increases with increase in Wp •

These observations imply that the ester content of 

the product is more than anticipated. This can be explained 

to a large extent in terms of the ester content of the poly 

(vinyl alcohol ) used. Since the composition of the unhydro

lysed ester group in poly(vinyl alcohol) is not known, it has 

introduced arbitrariness in our consideration of ester group 

in the product and the values suggested can be treated as 

average.

We now consider the esterification of poly(vinyl 

alcohol),. From the knowledge of the formulae of the produ

cts ( alcohol-esters), we calculate the degree of esterific

ation (DE) as



DE =s 100 x no. of ester groups formed/no. of OH 253 
groups. The calulated values are presented in Table III.5.

We observe tha|

(i) in case of aromatic acids, the degree of 

esterification increases in order,

hydroxy acid < amino acid < di acid.

(ii) in case of aliphatic acids, the degree of 

esterification increases in order,

unsaturated acid < saturated acid.

Recent studies (117) have shown that the degree 

of esterification of poly(vinyl alcohol) by methacryloyl 

chloride increases with increasing concentration of the 

acid chloride.

111.4 SORBEHTS-SQKPtXQN AND CELLING .

Poly(vinyl alcohol) was acetalized with palmitic 

aldehyde and the product, with the degree of acetalization 

of 82 would swell in benzene, chloroform, pyridine, etc. 

(124).

Monoesters of poly(vinyl alcohol) with many di 

and tribasic acids were prepared and found water-soluble(63i).

' ’Poly(vinyl alcohol), cross-linked with per iodic 

acid and spun, has the capacity of high water sorption and 

swelling (78). Poly(vinyl acetal)~based porous adsorbing
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materials have been reported (81, 125-126)
256

Studies of water vapour sorption by water soluble 
acrylic polymers showed that high concentration of polar or 
ionic groups caused anomalous concentration-dependant . • 

diffusion (82). Studies of water sorption by acrylic poly
mers showed that sorption is nearly independent of mol wt 
at 0 - 60°C (83, 127).

Water-swellable cross-linked acrylic copolymers 
have been patented for use as modifiers for water-holding 
capacity of soils (128-129) and as artificial soil for hyd
roponics (130-131).

Polyester staple fibres can be treated with a 
suitable copolyester to improve its water retention proper- 
ties(132).

Cross-linked poly(vinyl alcohol) gels exhibited 
increase in swelling with reticulation degree upto a certain 
limit after which higher reticulation degree decreases 
swelling capality(l33).

Water uptake behaviour of acrylic polymers has been 
explained by dual sorption theory (134). Donnan theory of 
swelling has been capplied to weakly charged ionic gels(l35), 
Sorption capacity of a resin has been calculated from ther
modynamic data (136). Ionic groups attached at wide intervals 
along nonpolar polymer chains produce strong associating 
interactions in water (137)„



4^ l

Kuraray Co (118“ 123) patented various poly(vinyl 
maleates) with varying degree of esterification and differ
ing in solubility and swelling, Poly(vinyl alcohol), cross 
-linked with epichlorhydrin, has been patented having much 
reduced sorption capacity in salt solution (138),

Previous history of poly(vinyl alcohol) has effect 
on its swelling (139). Poly(vinyl alcohol) hydrogels have 
been studied as swollen elastic networks and as water 
sorbents (140-141).

Vasuo and Ichiro (142) prepared a wide range of 
poly(vinyl alcohol) films, studied their solubility and 
swelling and correlated them with various structural factors.

Cross-linked acrylic copolymers were studied for 
their swelling and salt content (143). Cross-linked vinyl 
acetal polymers having cellular structure and high water 
retention capacity have been patented (144). Cross-linked 
poly (vinyl alcohol) hydrogels were prepared and studied for 
their unidirectional deswelling (145).

III„5 WATER SORPTION .*

. . . __ The polymeric alcohol-esters in each series have
varying proportions of alcohol and ester groups and hence 
can sorb water to a varying extent. Poly(vinyl alcohol) is 
soluble in water, but as increasing esterification takes 
place solubility in water would decrease and the polymer



258

would swell in water. Solubility and swelling degree of 

the polymeric products with reference to water as solvent 

and swelling agent are presented in Table III.6.

From the knowledge of the wt of the alcohol-

ester before sorption ( WBS^ wt of the alcohol-ester after

sorption AS),wt of the alcohol-e-ster after drying it.f^om

its...sorbed state ( W0S_) and water-content of the alcohol- 

ester (g),.we have evaluated (1) wt_lgss-due to..the, disso

lution of the alcohol-ester (dry basis) in water as

wt loss = WBS - WDS - qWBS

and„(2) wt.gain due to sorption of water by the alcohol- 

ester ( dry basis) as
j

,wt gain = - WDS - gWp^
TT-gT

Hence solubility )(g/l) of the alcohol-ester is evaluated 

as

Solubility
1000 x wt loss 

Vgg - wt gain sol

where -Vbs is the volume of water .used.in the experiment and

wt gain corresponds to wt of water taken up by the alcohol-

ester in sorption.

Similarly, swelling degree (g/g) of the alcohol-ester is 

evaluated as

, wt gain cn.Swelling degree = —g-----------bD .
- WDS



Wa
te
r 
So
rp
ti
on

ro cn co

So
X.
xS
we
ll
in
g 

de
gr
ee

(g
/D 17
1

41
6

30 26

Sw
el
li
ng
 d
eg
re
e 

(g
/g
) 00h-

uCO

O'H
9

NOro
0O'

c-rH
®CO

ifteCM

So
lu
bi
li
ty

(g
/D NO00

0O' 23
.7
4 CM

'=r

CM
iftaO'

M3O•O

We
ig
ht
 g
ai
n

(g
) 00Nt

aCJ

or-o
a

oc-ON
in

IftCMCM
QCM

vO
•*?
O'
©

We
ig
ht
 l
os
s

(g
) o1ft—1

®o« 0.
12
4 O'c-•H

©o

<frC"oa
o

<—100o0o

Pr
od
uc
t

<—s -f

CQ
COI
&»i

Cl 
—<«<c
CQ
CO1Du1

00

CQ
CO10.
A

1ft
<CQ
CO1
a.

o'
1—1

■w*<c
CQ
cO13

No
.

i*| CM CO *%}■ ift



Ta
bl
e 

11
1.
6(
b)

oC£>©©f-l
©T5
cnC -H ■H \-H 01H w © s 
(0X

OCO
31
9

27
4

26
4

29
3

25
1

Sw
el
li
ng
 d
eg
re
e

(g
/g

) O'CM
9

NO

inrH*'O 6.
33

6.
13 inC"

»lO

So
lu
bi
li
ty

(g
/i

)

50
.7
4 vO

e
■Sf 41

.7
5 ■M-00.t*- 43

.7
1

We
ig
ht
 g
ai
n

(g
)

COCO
aCO 3.

43
3

3.
89
3

3.
31
2 oCO

CO

We
ig
ht
 l
os
s

(g
)

inCOCOao 0.
29
2 inaeo 8CO

9o 0.
28
5

Pr
od
uc
t

K-
P-
TP
A(
l) CM

<

1P.1

CO
<
ft

»Ofti

in
<
ft

ia*i K-
P-
TP
A(
IO
)

«o2 CM 00 in

Wa
te
r 
So
rp
ti
on



T
ab

le
 11

1.
6(

c)

ro
 

cf
t

So
l.x

 Sw
el

lin
g d

eg
re

e
(g

/D

13
4

CO
Oi 18

3

18
4

17
8

Sw
el

lin
g d

eg
re

e
(g

/g
)

oo
©<*>

y£>
CO

■o 6,
17 vO

C"
.

m 4.
59

So
lu

bi
lit

y
(g

/i)

37
.1

2

45
.4

1

29
.6

8

31
*9

1

38
.8

4

W
ei

gh
t ga

in
(g

)

2.
32

2

4.
27

5

4.
10

4 <—i
O'
00»CO

OJ
o
O'
.CM

W
ei

gh
t lo

ss
(g

)

in
eg04
a

O 0.
26

0

0*
17

5 «n
O'

•o

CO
O'
04

®
a

Pr
od

uc
t /--V1—1

's

Of
i

a,

a

04

5 a.

i

CO
<*
wu

1
cu

/"■sin

lx.
i

04
J:

Q
«*4

iif
LU
i

0.

e
oiz; HI 04 CO M" m

W
at

er
 sor

pt
io

n



W
at

er
 So

rp
tio

n

ro cr
> ro

31
1

36
4,

32
3

37
4

33
7

5.
48

6.
43

5.
87

6.
93

6.
56

56
*6

7

56
.6

3

55
.5

7

53
.9

3

51
.2

8

3.
40

0

4.
08

5

3.
68

9

4.
66

0

4.
32

6

0.
37

4

0.
33

5

0.
35

2

0,
28

8

0.
29

1

1 
K

.-P
-A

C
A

U
)

2 
K

-P
~A

C
A

(2
)

3 
K

-P
~A

C
A

(3
)

4 
K

-P
-A

C
A

(5
)

5 
K

-P
—

A
C

A
( 1

0}

W
ei

gh
t lo

ss
 Weig

ht
 ga

in
 Solu

bi
lit

y Sw
el

lin
g d

eg
re

e S
ol

.x
Sw

el
lin

g d
eg

re
e

(g
) 

(g
) 

(g
/i)

 
(g

/g
) 

(g
/i)

N
o.

 Produ
ct



Wa
te
r 
So
rp
ti
on

co<£5CM

So
l.
xS
we
ll
in
g 
de
gr
ee
 

(9
/1
)

97 39
0 CO

CMCO

96T 13
4

Sw
el
li
ng
 d
eg
re
e

(g
/g

) a♦CM 6.
57

5.
80

4.
13

3.
38

So
lu
bi
li
ty

(9
/1
)

44
.2
6

59
.3
3

55
.7
0

47
.3
7

39
.7
0

We
ig
ht
 g
ai
n

(g
)

1.
29
0 r-oHI. 3.

53
7

-tin
.CM 2.

31
8

We
ig
ht
 l
os
s

(g
)

0.
38
5

0.
35
5

0.
36
0

0.
35
3

0.
30
5

Pr
od
uc
t

-h

1tO1
o.2

cm3to10.1
CO

Ito
1
a.
d

if)

ICOt
a.

OH

1
041

•o2 H 'CM CO ■0-
•If)



Ta
bl

e 1
11

.6
(f

)
264

©©H0»0)TJ
o>C
*HHH
J

•HOW

HX 16
7

14
3

15
7

12
0 •HI

CM

•H

a>©
o>0)TS
o*c•H
fH
1CO

£ •H *—t •HXJ3i—1Oto

(6/6) 4.
22

4.
57 rHCO.■'fr 3.
85

4.
53

«^-NHXo> 39
.0

7

31
.3

8

32
.6

2

31
.3

8

26
.7

7

W
ei

gh
t g

ai
n

O* 2.
45

0

2.
83

2

3.
10

4

2.
41

6

2.
97

8

V
i/e

ig
ht

 lo
ss

Di
moCM*o 0.
22

5 inCMCM.o 0.
23

8 00
CD

H.O

Pr
od

uc
t

K
-P

-I
P 

TA
( 1

)

CM
H
&«£

CO
<H
0.H1CL1
14

If)

H
CkM104
iX K

-P
-I

P 
TA

( 1
0)

•

os ■H CM co 'Sf lO

W
at

er
 So

rp
tio

n



Wa
te

r 
So

rp
ti

on

intoCVJ

13
5

15
9

27
6

26
9 86

3®
G7

3.
46

5.
18

5e
63

2.
44

44
.0

7 

46
*0

4 

53
®3

6 
47

,8
6

35
.0

8

1,
49

0

1,
74

7

2.
72

9

2,
89

7

1.
45

0

1 
K-

P-
AD

A(
1)

 
0,

37
5

2 
K—

P—
AD
A(
2)

 
0.

38
8

3 
K-

P-
AD

A(
3)

 
0.

38
9

4 
K-

P—
AD
A(
S)

 
0.

34
0

5 
K-

P-
AD

A(
IO

) 
0.

30
0

We
ig

ht
 l

os
s W

ei
gh

t 
ga

in
 So

lu
bi

li
ty

 Sw
el

li
ng

 d
eg

re
e 

So
l.

xS
we

ll
in

g 
de

gr
ee

(g
) 

(g
) 

(g
/i
) 

(g
/g
) 

(s
/D

No
. P

ro
du

ct



W
at

er
 So

rp
tio

n
266

67 14
4

12
3

13
0

15
6

la
.8

2

3.
53

 

3®
08

 

3 ©
42

 

4.
13

36
.7

3

40
.9

6

39
.8

7

38
.0

3

37
.7

5

1.
15

4 

2.
31

0 

1.
97

4 

2 ©
32

2 

2.
90

2

0.
32

5

0.
31

5

0.
32

0

0.
29

2

0.
26

8

1 
K

-P
-A

N
A

(l)

2 
K

-P
- A

N
 A

( 2
)

3 
K

-P
- A

N
 A

( 3
)

4 
K

-P
-A

N
A

(5
)

5 
K

-P
-A

N
 10)

N
o.

 Produ
ct

 Weight 
lo

ss
 Weig

ht
 ga

in
 Solu

bi
lit

y Sw
el

lin
g d

eg
re

e S
ol

.x
Sw

el
lin

g d
eg

re
e

(g
) 

(g
) 

(g
/D

 
(g

/g
) 

(g
/i)



toCM
©©f-to»©
r>

o>c•rlHH1
COX
•rHoCO

H

40
5

14
?

16
0

10
2

14
5

©©
CJ>©X5
o>C
•HHrH1
CO

(6/S
 3

O'
evO

vOo«CO
vOr-i
«CO

COo*CO 3.
36

So
lu
bi
li
ty

H\cn 62
.4
5

48
.2
4

50
.5
6

40
.7
7 O'o

CO
•sf

We
ig
ht
 g
ai
n

cn 3.
48
3

1.
60
6 8

vO
«H 1.

90
6

in
©CM

We
ig
ht
 l
os
s

Cfc

t-o"t
0o

ino
©o 0.

42
3 8

CO
eo 0«

33
8

Pr
od
uc
t H

n.i

Cl

J:

CO <—•* in

<C
1

J:

oH

<c

J:

0O
Z [ H CM <0 •cr in

Ta
bl
e 
II
I.
6(
j)
 

Wa
te
r 
So
rp
ti
on



ro <T> QO

68 12
7

10
7 86 69

1 #
79
 

209
6 

208
7 

2.
16

2 *
03

37
.6

5

42
.8

0

37
.2

3

39
.8

8

33
.8

5

1.
10

3

1.
87

1

1.
89

0

1.
35

1

1.
37

4

0.
33

5

0.
34

8

0.
30

2

0.
34

5

0.
29

2

We
ig

ht
 l

os
s W

ei
gh

t 
ga

in
 S

ol
ub

il
it

y S
we

ll
in

g 
de

gr
ee

 S
ol

.x
Sw

el
li

ng
 d

eg
re

e
(g
) 

(g
) 

(g
/i
) 

(g
/9
>

K-
P-

4A
BA

( 1
) 

K~
p-

4A
BA

(2
) 

K-
P-

4A
BA

(3
) 

- 

K-
P-

4A
BA

(5
 )
 

K-
P-

4A
BA

C1
0 )

1 2 3 4 5No
. P

ro
du

ct

Wa
te

r 
So

rp
ti

on

Ta
bl

e 
II

I.
6(

k)



Wa
te

r 
So

rp
ti

on

ro CD
%

79 11
2

11
4

11
6

12
6

1.
86

2.
51

2®
44

2.
34

2.
71

42
.3

8

44
.8

6

46
.8

4

49
.5

7

46
.7

1

0.
98

7

1.
90

8

1.
24

8

1.
12

5

1.
42

8

0.
38

2

0.
39

0

0.
41

0

0.
44

0

0.
40

0

1 
K-

P—
4H

BA
(l

)

2 
K—

P—
4H

BA
(2

)

3 
K-

P~
4H

BA
( 3

)

4 
K“

P~
4H

BA
(5

)

5 
k~

P-
4H

BA
( 1

0)

No
. P

ro
du

ct
 Wei

gh
t 

lo
ss

 We
ig

ht
 g

ai
n 

So
lu

bi
li

ty
 Sw

el
li

ng
 d

eg
re

e 
So

l.
xS

we
ll

in
g 

de
gr

ee
(g
) 

(g
) 

(g
/i
) 

(g
/g
) 

(g
/i
)



Wa
te

r 
So

rp
ti

on

11 v

ro CO

40
1.

84
21

.9
5

2 
K-

P-
TM

AN
(1
/2
) 

0.
20

9 
0.

47
8

98
3 ,
.2
6

30
.3

8
1 

K—
P—

TC
AA
( 1

/3
) 

0.
28

4 
0.

65
1

No
. P

ro
du

ct
 Weig

ht
 l

os
s 

We
ig

ht
 g

ai
n S

ol
ub

il
it

y S
we

ll
in

g 
de

gr
ee

 S
ol

.x
Sw

el
li

ng
 d

eg
re

e
(g
) 

(g
) 

(g
/i
) 

(g
/g
) 

(g
/D



271
The product of solubility and swelling degree 

is also presented in Table III.6.

Usually the degree of swelling is calculated 

by the expression

Wac " Woe
degree of swelling = —------— = DS

WBS

However, we have not used^this simple expression in the 

studies, of swelling,..because. we consider. that water_cgntent 

and. solubility of the resin are important factors to be_. 

taken _into_ consideration, in ^the ..studies of . swelling.* . For 

the purpose of comparison, calculations have been made using 

the above expression and the values will be presented later.

It has been, observed, that (_l) the product , of ., 

solubility and swelling degree for-all resins lies between 

26 and 416 (2) the average value of the product for each

series is calculated as : 144 (iy-P-SBA), 280 (K-P-TPA).,

194(K.-P-FMA) , 342( K-P-ACA ), 228 (K-P-SAA )', 14l( K-P-
- IgSCK-f-AUA) ‘ ‘ ‘ - - . ’ • .

IPTA) , 124 ( K-P-ANA), 192 ( K-P-AAA ) ,..91 (K-P-ABA.') , and

109 ( K-P-HBA ), and (3) though the value s of the product? , 

for each series are nearly constant, in some cases there is 

apparent gradation in .values.

Mien water comes in contact with porous, hydro.-
/

philic resin, the small, mobile water molecules from water 

phase readily diffuse through water-resin interface and to 

the pores and hydrophilic-groups of the resin in the resin
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phase, Sorption of water by the resin takes place,
\

resulting in the swelling of the resin and weakening 

of inter-molecular ( or interchain ) .forces* Whin 

sorption of water leads to the weakening of the inter- 
molecular "(or inter chain ) forces* bone resin 

molecules may become free enough to diffuse through 

the interface into water phase. On the other hand, 

sorption of water may lead to uncoiling of the chains 

and mechanical expansion of the polymeric chains making 

the resin swollen. Thus mechanical expansion of chains 

and mechanical weakening of linkages of chains are 

two related and complementary processes. Usually one 

would believe that increase in swelling of the resin 

would lead to increase in solubility of the resin.

This would be- so if the polymer chains are weakly inter

linked, In such cases the solvent or sorbate molecules 

would readily overcome the force splinter- ilnkinglthe chains 

and the polymer chains would swell and dissolve. On 

the other hand, if the crosslinks are strong, the sorbate
i

molecules would,not readily overcome the strong forces 

and hence solubility would be low, and swelling may be 

high. The equilibrium resulting between water and resin 

phasesj i.e, solution of resin in water and of water in 

resin at equilibrium is shown in Fig, III,*5,
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Water Porous

hydrophilic

resin

Water

S' '

Water

^ into pores and hydrophilic groups of resin

Water

Sr

Water sorbed 

^ by resin •— 

resin swells

Solution of water

Solution------ ^ resin

of resin 

in water

Fig« 111,5
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For the purpose of comparing solubility with 
structural characteristics, we calculate molar solubility 

as
molar solubility (g-mole/l) Sol (ct/1) 

WF(a)

These values are plotted versus x in Fig III.6*
We observe that molar solubility decreases with increase 
in x* Since poly( vinyl alcohol ) is soluble in water 
and poly( vinyl ester ) is usually insoluble in water, 
increase in OH groups in alcohol-esters should increase 
their solubility* Hence observed trend in anomalous. We 
can say that hydrophilic groups would introduce swellable 
sites and that solubilization would depend on the mecha
nical loosening of the chains and imparting them mobility* 
It would imply that chains loosely packed and held toge
ther by weak forces can be more readily solubilized* We 
observe that in case of four series of alcohol-esters 
containing 0- and p-amino benzoates and 0- and 
p-hydroxy benzoates, the molar solubility is in the same 
range, irrespective 6f the nature and position of the 
saJsstituent. In case of alcohol esters of dibasic acids,

i.solubility of products of different series is decreasing 
in order

K-P-ADA > K-P-TPA > K-P-FMA > K-P-IPTA > K-P-SBA

We now calculate swelling degree mole as



M
ol

ar
 So

lu
bi

lit
y

275

Fig III* 6 Molar ( Solubility vs x
/
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swelling degree mole (g/g mole) = swelling degree (g/g)x Wf£aj. 

The values are plotted versus x in Fig.III*7 .
J

We generally observe that the values are increasing with 

increase in x. This is in accordance with our consideration 
that increase in hydrophilic groups would increase sweilable 

sites and hence swellability of the products. It may be

noted that alcohol-sebacetes behave abnormally.
" *

Swelling in its broader sense is considered as 

either limited or unlimited. When the substance sorbs water, 

it swells. Swelling by sorption takes place upto a certain 

limit. When further sorption takes place beyond this limit, 

the substance will solubilize. Another limit will be reached 

when the substance would get totally dissolved • These two
i ■;

limits can be evaluated as under.

The number of, moles of water sorbed by the resin 

during maximum swelling can be calculated as follow . On the 

basis of the assumption that increase in wt is due to sorp

tion of water by the resin;

Water(moles)sorbed Swelling degree(g/g)xWp^a^ 

resin unit wt(g-mole) 18

Similarly, number of moles of water required 

just to dissolve fully one g-mole of the resin is calculated

s s )i| 1 (X)0Water(moles)required to dissolve wF(a) x _
resin Unit wt(g-mole) , _$ol(g/l)xl8
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Fig 111*7 Swelling mole vs x
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We plot log10A Cor log^B) versus x in Fig. III.8.

The two curves represent the two limits ( limited and 

unlimited swelling ) and the shaped region between the 

curves represent equilibrium of limited and unlimited 

swelling.

III.6 WATER REdQHPTIQN :

To study how the solubility and swelling of the 

resin are affected by repeated sorption, we thrice carried 

out sorption and desorption of three products of each 

series, used for sorption once. The results have been 

utilized to calculate (i) solubility of the resin,

(ii) swelling degree of the resin and (iii) the product 

( solubility x swelling degree ).
i

Weight loss is calculated as

wt loss(I) = Wjjs - Wm(I)

wt loss(II) =

and wt loss(Ul)= " WDR(III)

Similarly, weight gain is calculated as 

wt gain (I) = WaR(i) - Wm(I) 

wt gain (II) =

and wt garn(lll) = W^II;[) - ^(m)

Hence solubility of the resin is calculated as
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k-p-fma

0
X

o log A 
10 x

0

Fig III-8(a) log A (or log B ) vs x 10
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o log A 
10

* log,0B

Fig III* 8(b) log A (or log B) vs x
10 10



sol R(I) (g/1) = 

sol R(II) (g/1) = 

sol R(1II) (g/1) =

1000 x wt loss(l) 
VBS - wt gain(I)

1000 x wt loss(II) 
Vgs ” wt gain (ll)

1000 x wt loss(III) 
VBS ~ wt gain

and swelling degree of the resin was evaluated as

... . , / «> wt qain(l)Swelling degree R(I) (g/g) = —rff-----—

Swelling degree R(II) (g/g)

and Swelling degree R(III) (g/g)

%t(l)
wt gain (II) 
WER(II)

wt gain (III)
V?ERtlil)

281

The calculated values are presented in Table 111,7*1, 
111,7.2 and 111,7,3 . The values of the product (solubi

lity x swelling degree ) are found to lie over a narrow 

range in each series, confirming our earlier observation.

To compare the values of (i) solubility and 

(ii) swelling degree for repeated sorption, we present the 

plots of solubility vs x in Fig,III.9 and of swelling 

degree vs x in Fig .III. 10.

When the resin is subjected to repeated sorption 
and desorption, a part of the resin dissolves ( in water ) 

every time. The solubility of the resin in water observed 
in the first sorption experiment ( Sol. I ) decreases 
considerably in subsequent sorption experiments ( sol.II 
and Sol. Ill ). The ratio ( sol* I/Sol. Ill) varies
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319
between 5 and 180 and shows (i) increasing tendency in 
the series K-P-ACA, K-P-SAA, K-P-HBA, (ii) decreasing 
tendency in the series K-P-SBA, and (iii) maximum or mini

mum in the series K-P-FMA, K-P-TPA, K-P-IPTA, K-P-/\NA, 

K-p-ABA, K-P-AAA.

3^

The upper and lower limits of solubility for all 

these resins are :
tapper limit

Solubility!I) 35.00 
Solubility!II) 9*70 

Solubility!Ill) 3.16

Lower limit 

17 *54 

0.21 
0 * 11

When the resin is subjected to repeated sorption 
and desorption, the swelling degree of the undissolved 

resin varies over a very narrow range. The upper and 
lower limits of the swelling degree for all these resins 

are :
Upper limit Lower limit

Swelling
degree!l) 7.45 1.43

Swelling
degree!II) 5.75 0.45

Swelling
degree!lll) 6.10 0.58

These results imply that the swelling capacity of the 

resin is practically unaffected by the dissolution of the 

fraction of the resin, in other words, the fraction of the 

resin dissolved in water -would not have higher swelling 
capacity than the fraction remaining undissolved.
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Sorption studies of these resins from sodium 

chloride solution have been made and calculations are 

as follows ;

Wt loss = WBS - WDS - qWBS

Wt gain
( due to salt uptake) WWD

Wt gain = w - W - ps
(due to salt + water ^ ^ (l-q)

uptake)

Wt gain
(due to water uptake) WAS 2WDS W -wD

qWDS
(l-q)

Solubility
1000 x Wt loss_________ __

Yds - Wt gain due to water uptake

Swelling degree = wt galn due to water uPtake

The calculated values are presented in table 
III,8 , It is observed that there is no wt gain due to 

salt uptake. It indicates the exclusion of the electrolyte 
by the resin in the sorption process. This type of 
exclusion is generally observed with various ion exchange 
resins ( 146). Dilute salt solutions can get concentrated 

by these resins.
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The product of the solubility and swelling degree 

fairly constant in many of the series.

333
is

We calculate molar solubility (g-mole/l) and present 

it versus x in Fig. III.11. We again observe that molar 

solubility decreases with increase in x. Further we obs

erve that molar solubility is higher in water than iw salt 

solution. Hence we calculate the degree of salting out at 

fixed salt concentration (DSQ ) by the relation

DSQ = Sol - Solfe 
c wjs

sol,, 
w

Where solw and sols represent the solubility in water 

and salt solution respectively. The calculated values are 

presented in table III.9. We observe in general that the 

values of DSOc is close to 0.5 in most of the cases. It 

indicates that the effect is not related to the number of 

hydroxyl groups.

We present the plots of swelling degree/g-mole versus 

x in Fig. III.12. We observe in general that swelling 

degree/g-mole increase with increase in x. We also observe 

that ©welling degree/g-mole is lower in salt solution than 

in water. Such lowering has been observed earlier.

Values of A and B are calculated as follows : 

A , Swelling degree(g/g) X wp(a)
18

: WF( a) X 1000

sol(g/l)X 18
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We plot log10 A ( or log10 B ) versus x in Fig.III.13. 
The two curves represent the two limits ( limited and un
limited swelling ) in salt solution and the shaded region 
between the curves represent equilibrium of limited and 
unlimited swelling.
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III.8 SQnpTIQN FhOM UrUEA SOLUTION :

Sorption studies of some of these resins from Urea 
solution have been made . It is assumed that these is no 
wt gain due to urea uptake from urea column as is observed 
in case of salt from salt solution. Calculations have 
been made as follows.

Wt loss = WBS - Wre - qWBS 

Wt gain = - It ^ ^

Solubility 1000 x wt loss 
- VBS “ W_t gain

Swelling degree = wt gain
WDs

The calculated values are presented in Table III.10. 
It is observed in general that solubility of the resin 
In Urea solution is comparable to that in salt solution 
and much different from that in water .

Since the solubility is lower in urea solution than 
in water, we calaalate the degree of salting as

DS0c = solw - Sols / Solw
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where-sol and sol,, represent the solubility in water 
w s

and urea solution respectively . These values are 

presented in Table III.11. The average of these values 

is 0.474.

353

1X1,9 SORPTION FROM CU(II) SOLUTION :

Since Cu (ll) reacts with poly(vinyl alcohol), 

swelling studies would be complicated by the precipi

tation ( sorption) of Cu(ll) by alcohol ester. To 

simplify taking into consideration the amount of without 

Cu sorbed by the resin, we calculate as follows :

Wt loss
(uncorrected for Cu)

WBS - 'SS

Wt gain 
(due to water)

WAS DS
^DS
(1-q)

Solubility 1000 x Wt loss 
Vnq TjVVt gain

Swelling degree Wt gain

WDS

The Calculated values are presented in Table III.12-1.

We observe that solubility in Cu(Il) solution is 

much lower than that in water or salt solution, whereas 

swelling degree in Cu(II) solution is comparable to that 

in salt solution.
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III.10 SOLUBILITY ; 367

We present the solubility of these resins in

water, salt solution Urea solution and Cu(ll) solution

in Table III.13. We generally observe that solubility

in different solutions decrease in order

water solution > urea solution > salt solution > Cu(ll)

solution

We can explain the lower solubility in salt 

solution as follows : In case of polymer, its hydroxyl 

groups would have the solubilizing effect. Water mole

cules diffuse through the polymer and as they approach 

hydroxyl groups, interactions between them would takes 

place, increased interactions would increase mobility of 

the chains and weaken their inter and intra links and 

cause solubilization of the resin. In the case of salt 

solution, salt ions are sorbed by water. Hence insted 

of simple water molecules we now have water molecules 

associated with ions. As these diffuse through the poly

mer and approach the hydroxyl groups, we would suggest 

that effective concentration of water molecules close 

to the hydroxyl groups would be much less. Hence the 

solubility would decrease. Similarly, in case «f Cu(ll) 

solutions, Cu(ll) ions would interact with hydroxyl 

groups of the polymer and insolubilize them. Hence the 

solubility would be further reduced in Cu(ll) solution. 

Degree of salting out due to Cu(ll) can be calculated

as follows :
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The results are presented in Table III.13.1 . The values 

indicate that in general degree of salting out due to 

Cu(Il) is comparable to that due to salt and hence degree 

of salting out from Cu(Il) would be nearly twice the 

degree of salting out from salt solution.

III.11 VOLUME SWELLING :

From the determination of the density of the 

product before sorption and after sorption (DgS and DAS 

respectively ) we calculate volume swelling per unit 

mass and volume swelling per unit volume as follows .

1Sp vol of the resin before = -----
sorption (m*/g) • BS

Sp vol of the resin after = 1 ..
sorption (ml/g) daS

Vol swelling (ml/g)
( uncorrected for sol)

Vol swelling(ml/ml)

das dbs

D AS

D,'BS

The calculated values are presented in Table III.14
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The values of volume swelling (ml/ml) lie between 

3.04 andl8.25. Thus in some cases the volume increase 

may be as high as 18 times its original value. Such large 

increase in volume on sorption can be used for various 

technical applications.

III. 12 area swelling and longitudinal swelling *

From the determination of the area of a square 

piece of the resin before sorption and after sorption we 

have calculated area swelling per unit area. The values 

are presented in Table III.15.

We have also caloulated increase in length per unit 

length and increase in breadth per unit breadth. From the 

knowledge of the volume swelling and area swelling we also 

calculate increase in height per unit height (unconrected 

for solubility ). All these values are also presented in 

table III.15.

We find that values of area swelling lie between 

0.24 and 2.33.

Longitudinal swelling (LS) has been recorded in 

relation to length (LSj^ ), breadth (LSb) and height (LS^). 

We observe that the values of LS1 are comparable to those 

of LSy and much lower than those of LS^. This can be 
related to the sari© rate of swelling in all directions and 

to the fact that length of the piece was comparable to its
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dissolved portion is taken into consideration in determi

ning wt swelling but not in determining volume swelling.

III. 14 WATfcH. SQnPTION *

Water sorption studies were carried out to study 

the solubility and swelling of these partially soluble 

alcohol - esters. Usually water sorption is related to 

the hydroxyl groups (hydrophilic groups), ester groups 

(hydrophobic groups) and amorphous regions. Number of 

moles of water sorbed per hydrophilic group in a resin 

has been evaluated and presented in Table III.18. One 

would expect that the number of moles of water sorbed per 

hydrophilic group ( hydroxyl group corrected for amino 

group ) would be nearly one and be reduced by the hydro- 

phobic group but much more increased by the amorphous 

regions. The results had us to believe that these results 

have amorphous regions to a greater extent .
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