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‘ N, SUMMARY

Poly {(vinyl alcohol) prepared from poly ( vinyl ester)
is commercially availlable in various grades depending
on its degree of hydrolysis and degree of polymeriza-
tion(1l). Its solubility in water depends on its degree
of hydrolysis, degree of polymerization, tacticity,
cross—linking, etc. 1Its many hydroxyl groups cause it
to have high affinity for water with stirong H-bonding
between intra and inter molecular hydroxyl groups 3
dn the other hand, the residual ester groups in partly
hydrolysed poly ( vinyl alcohdl) are essentially hyd-
rophobic and weaken the inter and intra molecular
H-bonds, This would be further affected by the amor-
phous regions of the resin which are capable of sorbing

water,

Poly ( vinyl alcohol ) can be etherified,
esterified and acetalized. It has been converted
into inorganic esters ( 2, 3 ), organic esters of
aliphatic and aromatic acids (4, 5 ), esters of
long chain fatty acids (6, 7), carbamate esters ( 8 )
etc., These products have been studied for use in sur-
face coating,in printed circuits, in printing screens,

etc. { 9 ). :

When Poly ( vinyl alcohol ) is partially

esterified with different mono and polybasic acids,
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ester content ( hydrophobicity ) would increase, hydro=~
xyl content ( hydrophilicity ) would decrease, .Cross-—
links may get introduced, amorphous regions would
change and all these changes would affect watexr
sorption by the resin, solubility of the resin in

water and the resultant ( limited) swelling of the
resin ( 10 = 15 ). Swelling of a polymer by a fluid is
associated with the sorption of a low molecular weight
fluid by a polymer. Swelling is not mewyely the pene-
tration of smalllsorbate molecules into the polymer
phase<« but it usually involves a change in polymer
structure, Swelling may be limited or unlimited. Un-
limited swelling is one that passes sppntaneously into
dissolution, Limited swelling is the interaction of the
polymer with low molecular weight fluidc, when it is
short of spentaneous dissolution and is limited to sorp-
tion., Swelling is measured as degree of swelling by
gravimetric and volumetric methods. Esters and
acetals of poly ( vinyl alcohol )} have been investiga-

ted for swelling ( 16, 17 ).

Review of literature indicated that although
various polymers had been widely studied for their solu-
bility or swelling, relative and comparative studies
of swelling and solubility of poly( vinyl alcohol )

e sters have been few ( 18 -~ 22 ). Such studies can
help in evaluating the utility of such products in soils,

lenses, lubricants, etc. The work on swelling was



initiated in our laborataeries(23) and interesting
results were obtained. Hence the work has been conti-

nued and extended. 1t was planned.

(1) to preparec poly ( vinyl alcohol ) esters
from poly (vinyl alcohol ) and various

mono and poly acids,

A

(2) to determine their melting point, water content,

ester content, etc,
(3) to get the products anelysed for C,wand H,

(4) to study the sorption of water by these
products in absence and inpresence of different

salts @Md.s -

(5)  to evaluate swelling and solubility of these

products and to correlate them.

The plan was executed and the results are correlated

and discussed as follows :

Poly( vinyl alcohol ) of Koch-light make and
SD. chem. make was partially esterified using (1) adi=-
pic acid (2) sebacic acid, (3) fumaric acid  (4) acr-
ylic acid (5) glycine (6) isophthalic acid
(7) terephthalic acid (8) salicylic acid (9) anth-
ranilic acid, (10) p-—amino benzoic acid (11) p~hy-
droxy benzoic acid  (12) tri chloro acetic acid and
(13) +trimelletic anhydride,using different pIopot-

tions and specific methods.
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General observations on soclubility in water
and stability to solutions of acids and alkalis
led us to discontinue our studies with partial esters
made from SD chem make poly( vinyl alcohol ). Detai-
led studies of partial esters prepared from Koch-

Light make poly( vinyl alcohol ) have been made.

Water content and ester content of the
p;oducts were determined and used togather with
C—HZanalysis to suggest their probable formulae.
The general formula is

[ (ester) (alcohol)x (water)y ]n

Water sorption by these al?ohol—esterswas
investigated. 1t was observed that these products
exhibit both solubility and swelling. Solubility
and degree of swelling wewe evaluated., Hence molar
solubility and swelling degree per g-mole were
calculated. These values were used to evaluate number
of moles of water sorbed by the products during maxi-
mum swelling and the number of moles of water reqgui-
red just to dissolve fully one g-mole of the product:.

These two values gave an indication of the limits of

limited and wunlimited swelling.

To study how the solubility and swelling of
these products were affected by repeated sorption and

desorption, these processewere recycled. The results
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are correlated and discussed.

When sorption studies were made from salt solu~-
tions,it was observed that these products do not sorb
salt. Hence water sorption wes evelitdas above. The
general observation 1s that water sorption from sakt
solution is lower than that from water. Hence degree
of salting out of these products in salt solution was

evaluated.

Some of the products were used to study sorp-
tion from urea solution. Solubility and swelling

of the products are considered.

Sorption studies were also made from cu(Ii)
solutions and solubility and degree of swelling

of these products were evaluated.

Volume swelling and area swelling were deter—
mined and longitudinal swelling was gvaluated. The

results are correlated.
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SWELLING AND SOLUBILITY OF POLYESTER -~ POLYOLS

By
' A. M. Talati and B. N, NARKHEDE
Appl. Chem. Dept., M.S.Univ., of Baroda,
BARODA,

Poly (vinyl alcohol) is commercially available
in various grades depending on its degree of hydrolysis
and degree of Polymerizationls Its solubility in water
depends on its degree of hydrolysis, degree of polymeri-
zation, tacticity, cross-linking, etc. Its many hydroxyl
groups cause it to have high affinity for water with
strong H-bonding between intra and inter-molecular
( chain ) hydroxyl groups 3 on the other hand, the
residual ester groups in partly hydrolysed poly ( vinyl
alcohol ) are essentially hydrophobic, and weaken the
intra and inter-molecular ( chain ) H-bonding of hyd-
roxyl groups. Various chemicals, 1like boric acid, etc.
cause thickening and gelation of poly ( vinyl alcohol )

sclution by chemical bonding with poly ( vinyl alcohol ).

When poly ( vinyl alcohol ) is partially esteri-
fied with'different mono and di-basic acids, ester
content would increase, ©OH group content would decrease,
cross—-links may get introduced and hence relative
changes in hydropholic - hydrophobic groups and chain

lengths would affect solubility and swelling.
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The products of partial esterification of poly
( vinyl alcohol ) are polyester - polyols. These pro-
ducts are represented as PEsz where =z and x are
the numbers of ester ( E ) and hydroxyl ( H ) groups

in a polymeric vinyl chain (P).

Although various polymers have been widely stu~
died for their solubility or swelling, relative and
comparative studies of swelling and solubility of poly-
ester-polyols have been few2-6. Such studies can help in
evaluating the utility of such products in soils, lenses,
lubricants, etc, Hence we undertook to prepare a series
of polyester-polyols, wusing different acids, and var-
ying the proportions of the reactants. In the present
paper, we present and discuss (1) the preparation of
polyester-polyols using poly ( vinyl alcohol ) and
phthalic, isophthalic, salicylic and p-hydroxy benzoic
acids and (2) the studies of their swelling and so-

lubility in water and salt solution.

Poly ( vinyl alcohol ) ( D.P. 1640 and degree
of hydrolysis 97% ) was esterified partially by reac—
tion with acid chloride ( prepared by treating the acid
with thionyl chloride in DMF in presence of pyridine).
Different amounts of reactants used, vyield, colour,
softening temp. of the products, etc., are presented
in table I, ( yield is calculated on the basis of the

acid chloride used and the formula of the product



proposed ). The analysis of the products, together with
their water content and ester content are presented in
table 1II1. The general formula of the product is repre=-
sented as Vx+l
of acid involved in the esterification of one equivalent

AQY where A represents one equivalent

of vinyl hydroxyl, x <zTepresents the number of vinyl
hydroxyis remaining unreacted per ester group and Yy
represents the number of water molecules (Q) per ester
group. The formulae are suggested in agreement with
C-H analysis, ester centent and, water content of
the products, As anticipated, there is a gradation o

in the degree of esterification in each series.

When the swelling of products in water was stu-
died, it was found that the products dissolve to some
extent, exhibiting the possibility and need of .study-
ing swelling and solubility simultaneocusly. Hence we
determined (1) wt'ef the sample before sorption ( Wy o ),
(2) wt of the. sample after sorption in water ( WAS )
(3) wt of'éhe sample after drying the sorbed sample
( Wy ) » (4) Vol of water used initially for sorp-
tion ( Vs ) "and (5) Vol of water after sorption

( VAS ). Usually degree of swelling is determined as,

Wis = Vg

W

degree of swelling =
Bs

Because a part of the sample gets solubilized



during sorption, the degree of swelling (DS) (g/g) (ary

basis) is better evaluated as

W
W= - 9ps
S = AS Do —

Wps

where g represents the water content ( g/9 )

of the sample.

Solubility ( sol ) ( o/mi ) ( dry basis ) of

the sample is evaluated as

W {1~g ) - Woo
Sol = BS DS

( Vg = Vps !

where VAS can be approximated for water as

‘ qWps
Vo = W Wpg - T

1t has been observed that the values of DS,
sol and the product of DS and sol show a gradation in
o ach series in general ( Table IIL ). It is also obs=
erved that DS is in decreasing order for the products
as KVI, and KVT > KVSa > KVHb,_and’sol is in decreasing

order for the products as KVHb > KVT > KVI.

when 10 #% NaCl solution was used in place of

water in the sorption process, additional measurement



was carried out by washing the dried sample and weighing
it after drying the washed sample ( Wy ). It was found
that WDW was Ssame as WDS , indicating that salt was
not sorbed by the sample during the sorption process.
The exclusion of the salt by the product can be of tech-
nological importance. We also observe that the presence
of salt lowers DS and sol of the sample. Such decr-
ease in BS has been observed earlier7. Degree of
salting-out at constant slat concentration ( DSO- ) can

be suggested as

. _ SolW - SolS
c - Sol
W
ffhere Sol and Sol. represent solubility
W S

of the sample in water and salt solution respectively.
The results are presented in Table IV. We observe, in
general, that degree of salting=-out increases with
increase in the number of hydroxyl groups (x) in the

producte

From theé studies of the swelling and solubility
of the sample in water we can evaluate (1) A: number of
moles of water required to cause maximum swelling of
one g=mole of the sample, and (2) B = minimum number
moles of water Teguired to solubilize one g-mole of the

same sample.



DS X WF(a)

A s ( sorption capacity )
W
B s F(a)
Sol x 18

Where WF(a) represents the forgula wt of the
sample in anhydrous form. We plot logloA and loglOB
verus X for each series of products in Fig 1. The
shaded region in the fig. I represents the simulta-
neous occurence of swelling and solubility of the
sample., If swelling is considered as limited and un-
limited, two curves in each plot represent the bound-

ary conditions for limited and unlimited swellinge.
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