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Copolymers based on poly(vinyl alcohol) and acrylamide

N. TUDORACHI, R. LIPSA
Ingtitute of Macromolecular Chemistry “ Petru Poni” , Gr. Ghica Voda Alley, No. 41A, 700487, lassy, Romania

Recently, there was investigated the modification of hydrophilic polymers by graft copolymerization techniques to prepare
products with good biocompatibility and biodegradability for hydrogels or highly water absorbent polymers. Poly(vinyl
alcohol) (PVA) a highly hydrophilic polymer can be modified with vinyl monomers to obtain copolymers with improved
properties. The study presents the synthesis of poly(vinyl alcohol)-acrylamide copolymers using as radical initiator benzoyl
peroxide or as redox initiator potassium persulfate/ferrous sulfate, by solution polymerization procedure in water or ethylene
glycol/water (1/3) mixture. The gravimetric ratio PAV/acrylamide was variable: 1/1; 1/2.33; 2.33/1. The obtained copolymers

were characterized by infrared spectroscopy, elemental and thermal analyses, and swelling behaviour in distilled water.
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1. Introduction

Craft copolymers have been widely used for
compatibilization of immiscible polymer blends as well as
the improvement of interfacia adhesion in composites.
Paly(vinyl acohol) with varying physical properties can
be obtained from poly(vinyl acetate) by varying the
solvent and temperature used in the vinyl acetate
polymerization [1]. It has been widely utilized in polymer
modifications as it is readily available, it is inexpensive
and it has hydroxyl groups present. Graft copolymers from
poly(vinyl &cohol) have been prepared especialy by
irradiation techniques. PVA with grafted methyl
methacrylate has been studied a membrane for
hemodidysis [2]. Graft copolymers consisting of 50 %
PVA, 25 % poly(vinyl acetate) and 25% grafted ethylene
oxide units have been used to prepare capsules for drugs
which do not require any additional plasticizers [3].
Crossinked PVA derivatives have been reported by
reacting their hydroxylic groups with dianhydrides and
diisocyanates [4]. Grafting a functional oligomer chain
into water soluble biodegradable polymers, such as PVA,
is a potentia route to obtain biodegradable functional
polymers.

The aim of the research focuses on grafting PVA with
acrylamide, to obtain copolymers with improved
properties, biodegradable and biocompatible, that will be
further used as hydrogels or water absorbing copolymers.

2. Experimental
2.1 Materials

The raw materials used in our experiments are
available as commercia products. Poly(vinyl acohol),
acrylamide, benzoyl peroxide, potassum persulfate,
ferrous sulfate, ethylene glycol were used without further
purification.

2.2. Synthesis of copolymers

The synthesis of copolymers was done in agueous
solution and in ethylene glycol/water mixture (1/3). To
determine the synthesis conditions, different gravimetric
ratio PVA/acrylamide (Table 1) and benzoyl peroxide or
redox system (potassum persulfate/ferrous sulfate) as
initiators were used.

PVA was dissolved in water or ethylene glycol/water
mixture a 60-70 °C, solutions 10 wt % were obtained,
then the adequate quantity of acrylamide and initiator (0.4
wt % to comonomers) were introduced under continuous
stirring in the reaction vessdl. Further, the temperature was
raised and maintained a 85-90 °C for 5 hours. The
obtained products were precipitated in methanal, filtered
and vacuum dried at 60 °C.

Table 1. Synthesis conditions of copolymers.

Sample| Gravimetric | Solvent | Initiator | Temperature| Time
retio (°C) (h)
PVA/AAM
1 H,O POB 90 5
2 Redox 75-80
3 1 EG/H,O| POB 90
4 Redox 75-80
5 EG/H,O| POB 90
6 Redox 75-80
7 2,331 H,O | Redox 75-80
8 POB 90
9 EG/H,O | POB 90
10 Redox 75-80
11 1/2,33 H,0 POB 90
12 Redox 75-80
PAAmM | Acrylamide | EG/ H,O | Redox 80-85 6

2.3. Methods of investigation

IR spectra of the crosdinked copolymers were
recorded on spectrophotometer M80 type using KBr
pellets for sample preparation.




660

N. Tudorachi, R. Lipsa

Thermogravi metry (TG) and derivative
thermogravimetry (DTG) were recorded on a
derivatograph Q-1500 D tip MOM-Budapest (Hungary),
under the following operational conditions; sample weight
50 mg, heating ratel0 °C/min, in air flow of 30 mL/min
and reference materid a-Al,03

The DSC thermd analyses were carried out by means
of a Mettler 12E type differential scanning calori meter
(Switzerland) with a heating rate of 10 °C/min in nitrogen
atmosphere. The first heating run was carried out with a
10-12 mg sample in the temperature range between room
temperature and 300 °C. The second heating run was
performed with samples which were suddenly cooled to
room temperature. Pure indium was used as a standard for
calorimetric calibration.

The swelling degree of the synthesized copolymersin
distilled water, was studied at 25 °C.

3. Results and discussion

Grafting reaction of PVA with acrylamide was carried
out in agueous medium, as wdl as in EG/water mixture
(1/3), using benzoyl peroxide or potassum
persulfate/ferrous sulphate as initiators.

The obtained copolymers were characterized by IR
spectroscopy, thermal analyses (DSC, DTG) eementd
analyses and water swelling degree

In Figs. 1 and 2, IR spectra of PVA-grafted with
acrylamide, unmodified PVA and acrylamide, are
presented. The specific absorption bands a 1650 cm*
corresponding to vC=0O group (amide band 1) and
1600 cm™, corresponding to 3NH group (amide band 2)
ae found in the synthesized copolymers too,
demonstrating that PVA grafting reaction took place
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Fig. 1. IR spectra of grafted copol ymer PVA/acrylamide
and PVA.
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Fig. 2. IR spectra of acrylamide

The demental analysis of the synthesized copolymers
shows that nitrogen exists in the copolymer structure,
variates between (3.50-10.42 wt %), depending on the
initial ratio of the components in the grafting reaction
(Table2).

Table 2. Elemental analysis of PAV/acrylamide copolymers.

Sample C N H
% % %
1 63.02 | 594 | 10.10
3 51.17 | 859 | 595
7 5479 | 394 | 9.36
8 5421 | 350 | 811
9 5305 | 879 | 594
11 59.67 | 10.42 | 5.99
Polyacrylamide | 42.77 | 12.63 | 6.29

In Fig. 3 are presented the TG curves referring to the

weight losses determined by oxidative thermd
decomposition of the main synthesized copolymers, and in
Table 3 characteristics concerning the therma stability.
The copolymers present weight losses of 50 % at a raised
temperature than of PVA, consequently they have a better

thermal stability.
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Fig. 3. TG diagrams of synthesized copolymers.
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Table 3. Thermogravimetric data.

Sampl e TlO T5Q Ti Ts Wi Ea n
°c °c °c °c % | KImol
2 192 | 351 [1655|4365| 645 | 5082 | 1.4
6 185 | 344 [1985[4275] 70 [ 6850 | 1.7
7 117 | 344 [1535| 424 | 61.8 | 4854 | 1.3
11 113 | 338 [1685[4275] 559 [ 66.21 | 1.9
12 181 | 344 | 172 [ 4275 624 | 5372 | 1.3
APV | 225 | 270 | 153 | 340 | 55 95 1.2

T10, Tso temperature corresponding t010 % and 50 % weight loss.
T; T, theinitial and ultimate temperature of the domain on which
Eaand n were calculated

The activation energy as a function of the conversion
of the thermal decomposition reaction (Fig. 4), presents a
quick lowering until a conversion of 0.10 wt %, then its
variation is amost linear. The sudden lowering of Ea
observed on the first part of the interval, suggests that at
the beginning the decomposition reaction has an
autocatalytic behaviour, due to oxygen traces in the

copolymers that act as caaysts of the therma
decomposition processes.
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Fig. 4. Dependence of Ea on conversion degree of thermal
decomposition processes.

In Fig. 5 and Table 4 are presented the thermal
characteristics determined by differentia  scanning
calorimetry. The glass transition temperatures (Tg) of the
copolymers are lower than of PVA, and mdting
temperatures (T,,) and melting enthalpy (AH) have more
raised values.
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Fig. 5. DSC curves of synthesized copolymers.

Table 4. DSC characteristics.

Sample | Ty Tm AH
OC OC J / g
1 47 230 43.60
3 45 218 67.80
5 45 225 47.48
8 40 228 82.55
9 52 220 33.63
11 58 220 15.80
APV 70 210 22.61

The swelling ratio and equilibrium water content for
the synthesized copolymers are presented in Figs. 6 and 7.
The samples 6 and 12 present swelling ratio of 1.3 g
water/g dried copolymer, and equilibrium water content
about 70-71 % after 2-3 hoursimmersion in distilled water
a 25 °C. In the case of copolymers 3 and 5, the swelling
ratio doesn’'t exceed 0.4, and the equilibrium water content
30 wt %, while for the copolymers 1 and 11 these values
attain 0.7 and 65 % respectively in 1h. Thelower values of
these parameters are due aso to the fact that after water
immersion and swelling, the copolymers are divided into
fragments; they are partialy dissolved and their weight
lowers, thus weighing errors a determining swelling
behaviour are noticed. From the data presented we can
notice that in the case of redox initiated copolymers, the
swelling characteristics are better. To prevent the division
of the synthesized copodymers into fragments, their
crosslinking with adequate crossinking agents is required.
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Fig. 6. Snelling ratio in distilled water of synthesized
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Fig. 7. Equilibrium water content of synthesized
copolymersat 25°C .
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