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ABSTRACT: Poly(vinyl alcohol) (PVA) can be dissolved in
a nonaqueous medium in the presence of catalytic concentra-
tion of ethyl nitrate dimethyl sulfoxide, C2H5ONO2 � DMSO.
From the PVA solution, poly(vinyl propionate), PVPR was
prepared by the homogeneous esterification of PVA with
propionic acid. The ester thus formed contained some uncon-
verted hydroxyl group. The formation of the ester was con-
firmed by the IR and 1H-NMR spectra. The molecular weight
of the ester was determined by GPC and intrinsic viscosity
(Z) was determined by viscometric method. Glass transition

temperature, Tg, was obtained from differential scanning cal-
orimetric (DSC) analysis. Thermal stabilities of the ester were
checked by thermogravimetric analysis (TGA) and differen-
tial thermogravimetric (DTG) analysis. The efficiency of the
ester as a flow improver of crude oil was also exam-
ined. � 2006 Wiley Periodicals, Inc. J Appl Polym Sci 102: 5675–
5679, 2006
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INTRODUCTION

Industrially, poly vinyl esters are prepared either by
the polymerization of the vinyl esters or by the trans-
vinylation method.1–4 A survey of literature indicated
that the preparation of poly(vinyl propionate)4–6 is
done by the polymerization of vinyl propionate.
Because of the solubility problem of PVA in organic
solvent, the derivatives of PVA are synthesized in
aqueous medium.7–11 It is not possible to synthesize
an ester by homogeneous esterification of PVA with
the corresponding acid in aqueous medium. To solve
this problem, a catalyst C2H5ONO2 � DMSO (EN
DMSO) is synthesized, which can help PVA to mix
with the solution in an organic solvent or in a mixed
solvent. From the solution, PVPR was prepared by
acid catalyzed homogeneous esterification of PVA
with propionic acid. The ester was characterized by
IR study, 1H-NMR study, GPC, viscometry, TGA,
DTG, DSC, and by other analytical methods.

From literature, it is found that some poly(vinyl
esters), such as poly(vinyl stearate), poly(vinyl benzo-
ate), poly(vinyl laurate), poly(vinyl acrylate),12 etc.,
prepared by polymerization of vinyl esters and ani-
onic polymerization of methacrylic monomers13,14 can
act as pour-point depressants for crude oils.15 There-

fore, one of the aims of this article is to examine PVPR
as a pour-point depressant in crude oil.

EXPERIMENTAL

Materials

Poly (vinyl alcohol) (PVA), white crystalline form
(BDH reagent grade; viscosity average molecular
weight of 14,000; 1% of residual poly vinyl acetate
(PVA)) was used without further purification. Propi-
onic acid (BDH reagent grade) was also used without
further purification. Dimethyl formamide, DMF (BDH
reagent grade), benzene (BDH reagent grade), dimethyl
sulfoxide, DMSO (BDH reagent grade) were purified
by distillation under vacuum. Acrylic acid (BDH rea-
gent grade) was purified according to the procedure
adopted by O’Neil.16 Paratoluene sulfonic acid (PTSA),
(BDH reagent grade) was recrystalized from benzene.
Nitric acid (BDH reagent grade) and hydrogen perox-
ide were of analytical grade, and were used without
further purification.

EN.DMSO was prepared as mentioned earlier17 by
interaction of acrylic acid with conc. HNO3 in DMSO.
The compound was characterized by analytical and
spectral data.

METHODS

The IR of the PVPR and PVA were recorded in the
region between 4000 and 600 cm�1 with a Bruker,
Vector22 FTIR using thin film of the polymers. The
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thin film was made18 by dissolving the polymer in
chloroform, and then the concentrated solution was
directly cast on a leveled clean glass plate. The film
was dried under vacuum at 708C for a week. Thick-
ness of the film was 0.01 cm. In case of PVA, the sol-
vent used was distilled water. The proton NMR was
recorded with a WH-270 NMR spectrometer. The
spectrum was obtained on solution containing 10%
(w/v) PVPR in dimethyl sulfoxide with tetramethyle-
silane as an internal reference. The NMR spectrum of
PVA was obtained using D2O as a solvent. Molecular
weight was determined by GPC method with a Water
GPC-150 C using tetrahydrofuran (THF) as the sol-
vent at 258C. The chromatograms were recorded
using 105, 104, 103, 500, and 100 Å columns in series.
The sample was eluted with a flow rate of 1 mL/min.
Sample concentration used was 0.2% w/v, and the
injection volume was 50 mL. Intrinsic viscosity (Z)
was determined at 308C by Ubbelohde viscometer
using DMF as the solvent. The percentage of the
unconverted hydroxyl groups in the ester was esti-
mated by acetylation method.19

DSC was traced by METLER TOLEDO DSC-8228 in
air medium at a scanning rate of 58C/min from
�308C to ambient temperature using HAAKE EK90/
MT cooler, and then 108C/min up to 1608C. The glass
transition temperature and crystallinity were deter-
mined by Freeman and Carroll method20 from the
DSC endotherm. TGA and DTG were performed
using PerkinElmer thermal analyzer in air at a heat-
ing rate of 108C/min using 5 6 1 mg samples. To
determine the pour point, the crude oil was first
heated to 608C and stirred for 10 min. Appropriate
quantity of additive was added with stirring. The stir-
ring was discontinued after 30 min. The crude oil was
then cooled to 358C under a constant cooling rate,
and pour point was determined according to ASTM-
D97/IP-15 without reheating.21

RESULTS AND DISCUSSION

Preparation of PVPR

PVA (4.4 g, 0.10 mol, based on ��CH2��CH��OH as
the repeating unit) was dissolved in 150 mL of a sol-
vent mixture of DMF and benzene (4 : 1, v/v) in pres-
ence of EN.DMSO at 608C in a round-bottomed flask.
The molar ratio of PVA to EN.DMSO was maintained
at 1 : 1.4 � 10�3. Propionic acid 8.14 g (0.11 mol) in
100 mL DMF was then added slowly to the PVA solu-
tion. Homogeneous esterification was carried out by
heating the reaction mixture, at 90(6 1)8C. To get the
product with different degree of esterification, the
reaction time was varied from 16 to 24 h. The water
produced during the reaction was removed from the
reaction medium as it was formed using the Dean
and Stark principle.22 After completion of the reac-

tion, the solvent was removed by distilling under vac-
uum. The ester was precipitated by pouring into a
mixed solvent of acetone and petroleum ether (1 : 2 v/
v), four times in volume of the ester solution, with
constant stirring. Reprecipitation was done23 twice to
ensure the complete removal of unreacted PVA and
propionic acid. To remove PTSA, EN.DMSO, and the
last traces of other impurities, the ester was washed
with benzene and dried at 408C, and stored over an-
hydrous calcium chloride. The yield of the product
was nearly 85%.

It is proposed that the following reaction may take
place between PVA and propionic acid for the pro-
duction of PVPR.24

Analysis of PVPR

Due to the formation of the ester, some interesting
band appeared for PVPR. The IR spectra of PVPR and
PVA are presented in Figures 1(a) and 1(b). On esteri-
fication, the O��H stretching vibration bands weak-
ened and shifted toward higher frequencies25 owing
to cleavage of polymeric hydrogen bond chain.
According to Hummel et al.,26 infrared spectra of ali-

Figure 1 IR spectrum of (a) PVPR, (b) PVA (in thin film).
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phatic polyesters can be divided into four ranges,
between 3000 and 2800 cm�1, 1760 and 1710 cm�1,
1500 and 1100 cm�1, and 1100 and 720 cm�1. Our
results tally with the results of Hummel et al. and
other authors,24,27 and the following assignment can
be made. The band between 2970 and 2800 cm�1

result from the antisymmetric vibrations of the meth-
ylene groups together with symmetric one. The band
at 1745 cm�1 is due to the carboxyl group (C¼¼O). The
third range between 1500 and 1100 cm�1 belongs
mainly to wagging vibration of methylene group and
to the C��O��C and C��C stretching vibration.
The fourth band, between 1100 and 720 cm�1, belongs
to rocking vibrations of the methylene groups and
also chain-stretching vibrations involving the ester
groups.

A typical 1H-NMR spectra of PVPR and PVA are
presented in Figures 2(a) and 2(b). The signals
observed at 1.3–1.9 and 4.2–4.5 ppm are due to meth-

ylene (��CH2��) and methine ( ) protons,

respectively. The signals at 0.9 ppm appears due to

the methyl (��CH3) proton, confirming the formation

of the ester.23

From GPC analysis, the weight–average molecular
weight (Mw) of the ester was found to be 30,000 rela-
tive to polystyrene standard of molecular weights 1.8
� 104; 498,000; 110,000; 20,400; 10,300; 4000; and 2100.
Intrinsic viscosity (Z) of the polymer was found to be
1.3 dL g�1.

Percentage of unconverted hydroxyl groups in the
ester was estimated by acetylation process. The result
indicated that 94, 90, 86, 82, and 78% of the hydroxyl
groups of PVA had been converted to ester groups28

when the reaction time was 24, 22, 20, 18, and 16 h,
respectively. The maximum extent of esterification
was found to be 94% which is also confirmed from
NMR data. The extent of the estrification reaction was
calculated from the integrals of the various NMR res-
onance. The relative abundance of each proton calcu-
lated from the normalized integration indicates the
extent of reaction in homogeneous esterification.23

The comparison of methyl protons at 0.9 ppm and
methylene protons at 1.3–1.9 ppm yields a ratio of
about 1 : 1.25 when compared with the expected
1 : 1.33 value. The ratio of the methine proton to
methyl protons as calculated from experimental value
is 1 : 1.41 when compared with the expected 1 : 1.5
value. So, the extent of esterification is around 94%.

The PVPR was soluble in a number of organic sol-
vents like DMF, DMSO, dioxane, ethanol, chloroform,
glacial acetic acid, tetrahydrofuran, etc. It was also
sparingly soluble in benzene and toluene at 408C.
When PVPR with 94% conversion was tested as a
flow improver at various concentration ranging from
100 to 500 ppm (Table II) on crude oil with physical

Figure 2 1H-NMR spectrum of (a) PVPR, (b) PVA.

TABLE II
Comparison of PVPR with Commercial Flow Improver
on the Duliajan Crude Oil with Different Dosages

Dosages
(ppm)

Pour Point (8C)

PVPR with different degree of
esterification (%)

Commercial
flow

improver94 90 86 82 78

100 þ 27 þ 27 þ 30 þ 30 þ 33 þ 21
200 þ 27 þ 27 þ 30 þ 30 þ 33 þ 21
300 þ 24 þ 24 þ 27 þ 27 þ 33 þ 18
400 þ 24 þ 24 þ 27 þ 27 þ 33 þ 18
500 þ 24 þ 24 þ 27 þ 27 þ 33 þ 18

TABLE I
Characteristics of the Assam Crude Oil Collected

from OIL, Duliajan

Physical properties Value

Sp. gr. at 158C (g/mL) 0.8710
API gravity 31.0
Pour point (8C) þ 33
Kinematic viscosity at 408C 3.95
Wax content 15.0
B.S & W Trace
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properties (mentioned in Table I), the pour point of
the crude oil was found to be depressed only by 98C
compared to that of patented flow improvers like
EC4242, which lowers the pour points of the same
crude oil by 12–158C at about the same concentra-
tion.29 The product with less percentage of esterifica-
tion reduces the flow improver quality of the PVPR
and is shown in Table II.

Since PVPR contained unreacted 6% ��OH group,
it is less efficient than the commercial flow improvers.
The efficiency of PVPR is expected to go up if the con-
version becomes 100%. However, the full conversion
is still elusive.

From the DSC studies (Fig. 3), the glass transition
temperature, Tg, was found to be in between 29 and
588C. The crystallinity of PVPR was found at 19.98%.

To check the thermal stability of the ester, the TGA
and DTG curves (Fig. 4) were recorded in air. From
DTG curves, it was observed that the ester decom-
posed in three stages.30 The decomposition tempera-
tures were determined by the intersection of the tan-
gent to the steepest part of the TGA curve with its
base line. The first-stage degradation was because of
the removal of H2O from neighboring pairs of uncon-
verted hydroxyl groups31 as well as due to cleavage
of the ester groups of the ester. The initial decomposi-
tion temperature (IDT1) for first stage of the PVPR
was 2708C. The second-stage decomposition was
because of the removal of CO, CO2, hydrocarbons,
etc.32–35 from the ester. The initial decomposition tem-
perature (IDT2) for the second stage of the ester was
4508C. The third-stage decomposition was because of
the production of carbon at temperature above 5508C.
Integral procedural decomposition temperature (IPDT)36

was found to be 4108C.
The method may lead to the synthesis and develop-

ment of poly vinyl acetals, poly vinyl ethers, and other

commercially important chemicals from PVA. How-
ever, 100% conversion of all the hydroxyl groups into
propionate groups is still elusive.

The authors are thankful to R.S.I.C., CDRI, (Lucknow);
R.S.I.C., I.I.Sc., (Bangalore), I.I.T. (Guwahati), and Oil India
(Duliajan) for spectral and analytical data.
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