
INTRODUCTION

Graft copolymerization is an attractive means for modi-

fying base polymers because grafting frequently results in the

superposition of properties relating to the backbone and

pendant chains. Considerable interest has been focused on

chemical modification by free radical graft copolymerization

of hydrophilic and hydrophobic vinyl monomers biopolymers

such as polysaccharides1-5. These biodegradable and low cost

graft copolymers, with new properties, can be used in many

applications such as textiles, paper industry, agriculture,

medical treatment and also in petroleum industry as flocculants

and thickening agents6-8.

Graft copolymers are prepared by first generating free

radicals on the polysaccharide backbone and then allowing

these radicals to serve as macroinitiators for the vinyl monomers.

Graft copolymerization can be carried out with different

initiator systems. Among them, potassium persulfate, ammonium

persulfate, benzoyl peroxide, azo bisisobutyronitrile and ceric

ammonium nitrate are widely used for the synthesis of graft

copolymers9-11.

Radiation grafting technology is well established and

accepted by industry. Radiation polymerization, radiation

crosslinking and controlled degradation of polymers

comprise most of commercial applications of radiation

technology12.
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The chosen polysaccharide for modification, i.e., carboxy-

methylcellulose (CMC), is the well-known and most important

type of polysaccharide. Sodium salt of carboxymethylcellulose

is the first water soluble ionic derivative of cellulose prepared

in 1918 and produced commercially in the early 1920's in

Germany. It has been the most important ionic cellulose ether

with a worldwide annual production of 300,000 tons. It is

widely used in pharmaceuticals, detergents, cosmetics, foods,

paper and textile industries due to its viscosity-increasing and

emulsifying properties. However, it may need to be further

modified for some special applications.

Of the monomers grafted, acrylamide has been the most

requently used one, mainly due to its highest grafting effi-

ciency13-16, improving the thermal resistance of the graft

copolymer17 and also the subsequent alkaline hydrolysis of

the grafting product to obtain water absorbents18,19. The present

report describes graft copolymerization of acrylamide onto

carboxymethylcellulose backbone, initiated by γ-rays.

EXPERIMENTAL

Carboxymethylcellulose sample (DS 0.52) was purched

from Merch Co. Acrylamide (AAm, Fluka), was used after

crystallization in acetone. All other chemicals were of analy-

tical grade.

Preparation of graft copolymer: Carboxymethylcellulose

solution was prepared in a one-liter reactor equipped with
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mechanical stirrer and gas inlet. Carboxymethylcellulose was

dissolved in degassed distillated water. In general, 0.50 g of

carboxymethylcellulose was dissolved in 30 mL of distillated

degassed water. The reactor was placed in a water bath preset

at 60 ºC. Then, variable amounts of acrylamide were added to

the carboxymethylcellulose solution and the mixture was conti-

nuously stirred for 1 h under argon. The total volume of

reaction was 40 mL. The cold mixture was removed into a

250 mL aluminium tube. The inner wall of aluminium tube

was covered with aluminium foil. The tube was closed tightly

with the foil and paraffin film. The tube was then irradiated

under γ-rays according to the desired total doses. Then, 500

mL methanol was added to the gelled product. After complete

dewatering for 24 h, the product was filtered, washed with

fresh methanol (2 mL × 50 mL) and dried at 50 ºC.

Homopolymer extraction: The graft copolymer was

freed from polyacrylamide homopolymer, by pouring 0.50 g

of the product in 50 mL of dimethyl formamide solution. The

mixture was stirred gently at room temperature for 48 h. After

complete removal of the homopolymer, the copolymer was

filtered, washed with ethanol and dried in oven at 50 ºC to

reach a constant weight.

Infrared analysis: The samples were crushed with KBr

to make pellets. Spectra were taken on an ABB Bomem MB-

100 FTIR spectrophotometer.

RESULTS AND DISCUSSION

Graft copolymerization mechanism: The mechanism

of grafting acrylamide onto carboxymethylcellulose (CMC)

using γ-rays as an initiator is shown in the Scheme-I. It should

be mentioned that during the irradiation of acrylamide,

carboxymethylcellulose and water ternary mixture, most of

the energy is absorbed by water and only a very small fraction

by other components. Thus, the initiation occurs mainly by an

indirect effect. Hydroxyl radicals, formed during irradiation,

add to one side of the AAm double bond and leads to the

formation of an unpaired spin on the other side of the vinyl

bond21. In this way, homo polymerization of acrylamide is

initiated. Attack of OH radicals on carboxymethylcellulose

would lead almost solely to the break age of C-H bonds. This

fact is very well known from radiation chemistry of alcohols

and carbohydrates in aqueous solution. A much more probable

pathway is the addition of a acrylamide molecule (not a radical)

to the carboxymethylcellulose-based radical, followed by

polymerization leading to the growth of a branched chain. The

rate of grafting (Rg) may be evaluated as measures of the rate of

monomers disappearance by using the following expression18.

Rg (mol L-1 s-1) = 1000W3/MTV (1)

M (g mol-1) is the molecular weight of the monomers. T and V

stand for total reaction time (s) and total volume (mL) of the

reaction mixture.

Overall activation energy of grafting (Ea) may also be

estimated from the temperature data through plotting ln Rg

versus 1/T (K-1) for the initial portion of the data of the tempe-

rature series given in text. The slope of this Arrhenius plot (Fig.

1) resulted in a rough estimation of Ea of grafting using the

relationship slope = -Ea/R; where R is the universal gas constant.

Therefore, Ea was found to be 36.60 kJ/mol (8.75 kcal/mol).
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Scheme-I: A brief proposed mechanism for γ-rays-induced grafting of

acrylamide onto carboxymethylcellulose

Fig. 1. Plot of ln Rg-1/T for estimating the activation energy of the graft

polymerization reaction

FTIR spectroscopy: For identification of the graft

copolymer, infrared spectroscopy was used. Fig. 2 shows the

IR spectroscopy of CMC-g-PAAm copolymer. The graft

copolymer product comprises a pure carboxymethylcellulose

backbone with side chains that carry carboxamide functional

groups that are evidenced by peaks at 1660 cm-1. In fact, In

the spectrum of the graft copolymer (Fig. 1b), new peaks are

appeared at 3206 and 1660 cm-1 that may be attributed to amide

NH stretching, asymmetric and symmetric amide NH bending,

respectively19.

Thermogravimetric analysis: TGA curves for carboxy-

methylcellulose and CMC-g-poly(acrylamide) copolymer are

shown in Fig. 3. The grafted carboxymethylcellulose has

shown improvement in thermal stability as clear from TGA

curve. The initial decomposition temperature of the pectin on

grafting was increased from 143-418 ºC with maximum

decomposition rate at 524 ºC, in comparison to original

decomposition temperature of 316 ºC of carboxymethylcellulose.

These observations have clearly indicated that grafting of

CMC-g-poly(acrylamide copolymer has improved the thermal

stability of carboxymethylcellulose20.
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(a)
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Fig. 2. FTIR spectra of (a) pure carboxymethylcellulose and (b) CMC-g-

PAAm copolymer

Fig. 3. TGA thermograms of (A) carboxymethylcellulose and (B) CMC-

g-poly(acrylamide) copolymer. Heating rate 20 ºC/min, under N2

Solubility test: The simplest method to prove the formation

of CMC-g-polyAAm is based on the solubility difference of

the graft copolymer and the non-grafted homopolymer. Sucrose

and polyAAm are soluble in water and DMF, respectively.

When a reaction product was extracted with DMF and alterna-

tively with water for 48 h, an insoluble solid still remained. A

physical mixture of carboxymethylcellulose and polyAAm was

treated in the same way and was found to dissolve completely.

Therefore, it is obvious that the resulted graft copolymer was

not a simple physical mixture, but some chemical bonds must

exist between the sucrose substrate and polyacrylamide macro-

molecules.

Conclusion

The polysaccharide, carboxymethylcellulose was graft

copolymerized with synthetic monomer, acrylamide, using

δ-rays as efficient free radical initiators. In order to prove that

monomer molecules were grafted, FTIR spectroscopy and

TGA analysis were used. Empirical polymerization rate

showed a first-order dependence on the monomers concen-

tration and a half-order dependence on the initiator concen-

tration. According to the slope of ln Rg versus 1/T, the overall

activation energy for graft copolymerization reaction was

estimated to be 36.60 kJ/mol. In a previous work, we estimated

similarly the overall activation energy to be 27.3 kJ/mol for

the grafting of acrylonitrile onto sucrose.
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