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INTRODUCTION

During the past decades, considerable research was being
carried out on the graft copolymerization of hydrophilic and
hydrophobic vinyl monomers onto polysaccharides and
disaccharides'”. These biodegradable and low cost graft
copolymers, with new properties, can be used in many appli-
cations such as textiles, paper industry, agriculture, medical
treatment and also in petroleum industry as flocculants and
thickening agents'**°. Free radical graft copolymerization was
usually carried out by using various initiators such as ammo-
nium persulfate, benzoyl peroxide and azoisobutyronitrile.
Mino and Kaizerman' for the first time utilized ceric ammo-
nium nitrate (CAN) as a very effective redox initiator. Ceric
ammonium nitrate is an efficient oxidizing agent that can create
free radicals capable of initiating graft copolymerization of
vinyl monomers onto polysaccharides. For example, methyl
acrylate was grafted onto starch using Ce(IV) as an initiator'"'2,
Ceric ions have been also used to graft copolymerized some
vinyl monomers including acrylonitrile'?, methyl acrylate and
methyl methacrylate and acrylamide'*'® onto sodium alginate.
In addition, ceric ion was recently used to graft copolymeri-
zation of acrylamide onto carboxymethyl starch'” and carboxy-
methylcellulose'®. Starch-g-poly(methacrylonitrile)'® and
cyanoethylcellulose-g-poly(acrylonitrile) was also prepared by
this method. But a literature survey reveals that no paper has
been reported in the case of acrylonitrile (AN) grafting onto
disaccharides. Therefore, in the present work, we attempted
to modify sucrose by free radical graft copolymerization of
acrylonitrile. The grafting reaction was carried out in an aqueous
solution by ceric ammonium nitrate as a redox initiator in dilute
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Graft copolymerization of acrylonitrile onto sucrose was carried out under argon atmosphere in a homogeneous aqueous medium by |
using ceric ammonium nitrate as an initiator. A tentative mechanism is proposed to explain the generation of radicals and the initiation.
The effect of the concentration of the initiator, monomer and polysaccharide as well as the reaction time and temperature on the graft

nitric acid solution. The effect of concentration of sucrose,
polyacrylonitrile and ceric ammonium nitrate as well as the
reaction time and temperature on the graft copolymerization
was studied by determining the grafting parameters.

EXPERIMENTAL

The disaccharide sucrose was purchased from Merck
Chemical Co. (Germany). Acrylonitrile monomer (Merck) was
distilled before use. Double distilled water was used for the
copolymer preparation.

Graft copolymerization procedure: A weighed amount
of disaccharide was dissolved in 50 mL of distilled water in a
100 mL two-necked flask equipped with magnetic stirrer,
immersed into a thermostated water bath, preset at 45 °C. An
inert gas (argon) was gently bubbled into the reactor to remove
the oxygen during the graft copolymerization reaction. After
15 min, various amounts of acrylonitrile monomer were added
to the reaction mixture at once and the mixture was allowed to
stir for 10 min. Then a given volume of freshly prepared
solution of ceric ammonium nitrate was added and the graft
copolymerization reaction was conducted for 2 h. Finally, the
resulted product was precipated by pouring the reaction
mixture solution into 250 mL of methanol and the precipitate
was filtered and repeatedly washed with methanol. A general
reaction mechanism for sucrose-g-poly(acrylonitrile) copolymer
formation is shown in Scheme-I.

Homopolymer extraction: The graft copolymer, namely
sucrose-g-polyacrylonitrile, was freed from polyacrylonitrile
(PAN) homopolymer, by pouring 0.80 g of the product in 50
mL of dimethylformamide solution. The mixture was stirred
gently at room temperature for 48 h. After complete removal
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Scheme-I:  General reaction mechanism for graft copolymerization of

acrylonitrile onto sucrose backbone in the presence of ceric(IV)
ion

of the homopolymer, the sucrose-g-polyacrylonitrile was
filtered, washed with methanol and dried in oven at 50 °C to
reach a constant weight.

RESULTS AND DISCUSSION

Characteristic grafting parameters: The percentage of
grafting ratio (Gr %), grafting efficiency (Ge %), add-on
(Ad %), total conversion (Ct %) and homopolymer (Hp %)
were evaluated with the following weight-basis expressions
as reported by Fanta':

Polyacrylonitrile grafted

Grafting ratio (%) = x100 (1)

Initial sacurose
Polyacrylonitrile grafted

Grafting efficiency (%) = x100
& y (%) Monomer charged )
Add-on (%) = Polyacrylonitrile grafted %100 3
Graft copolymer
Homopolymer (%) = (1—Ge)x100 4)

Gr (%) is the weight per cent of the graft copolymer synthetic
part (polyacrylonitrile grafted) formed from initial sacurose
used. Ge (%) stands for the grafted polyacrylonitrile formed
from initial monomer charged. Ad (%) is the weight per cent

of the grafted polyacrylonitrile of the graft copolymer
sacurose-g-polyacrylonitrile. Hp (%) denotes the weight per
cent of the homopolymer graft copolymer formed from initial
monomer charged.

Optimization of the reaction conditions: In the present
investigation, the effect of concentration of sacurose, ceric
ammonium nitrate and acrylonitrile, along with reaction time
and temperature was studied, to optimize the reaction conditions.
It may be found from the related curves (next figures) that the
trends of the "changes" are similar for grafting parameters
grafting ratio, grafting efficiency and add-on. The reason is
the similar concepts applied for defining the grafting parameters
(eqns. 1-4).

Effect of initiator concentration: The effect of concen-
tration of ceric ammonium nitrate on graft polymerization was
studied by changing its concentration from 0.0002-0.0009
mol/L. (Fig. 1). It was observed that with increasing ceric
ammonium nitrate concentration, from 0.0002-0.0005 mol/L,
both grafting ratio % and grafting efficiency % were increased.
Further increase of concentration of ceric ammonium nitrate
beyond 0.0005 mol/L disfavored the grafting parameters. The
initial increase in grafting ratio % and grafting efficiency %
may be attributed to increased number of active free radical
sites on the sucrose backbone. The decrease of grafting para-
meters at higher concentration of ceric ammonium nitrate may
be due to (a) oxidative degradation of sucrose chains by excess
Ce** ions, (b) an increase in the termination reaction of the
chain radicals via bimolecular collision because of an increased
population of macroradicals produced and (c) enhancement
in homopolymerization reaction. These observations are in

agreement with similar observations reported by others'®".
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Fig. 1. Variation of grafting parameters for the graft polymerization of

acrylonitrile (AN) onto sucrose versus different concentration of
the initiator (CAN)

Effect of monomer concentration: The effect of monomer
amount on the grafting reaction was studied at various concen-
trations of acrylonitrile while other influential factors were
unchanged. The grafting parameter variations are changed by
the amount of charged monomer (Fig. 2). The grafting extent
is significantly increased due to more availability of monomer
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for grafting. However, beyond a certain grafting ratio value,
i.e., 122 9% at 9 mol//L acrylonitrile, the trend is inversed. The
conversion and the grafting efficiency (Ge) are decreased and
homopolymer content is increased noticeably from 11-45 %.
Thus, acrylonitrile in an amount of 1.6 g (9 mol/L) was recog-
nized as an optimum monomer concentration. Once the
monomer units are added, an excess of monomer can only
increase the optimum volume of the reaction mixture. The
resulting reduced relative concentration of the initiator and
substrate leads to decreased conversion and grafting efficiency.
Needless to say, the increase in the chain transfer to monomer
molecules may be other possible reason for the diminished
grafting at higher acrylonitrile concentrations. Similar observa-
tions have been reported for the grafting of ethyl acrylate onto
cellulose® and methyl acrylate onto starch?'.
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Fig. 2. Variation of grafting parameters for the graft polymerization of

acrylonitrile (AN) onto sucrose versus different concentration of
the momomer

Effect of sucrose concentration: The effect of sucrose
concentration on graft copolymerization was depicted in Fig. 3.
With increasing the sucrose amount, more reactive grafting
sites are formed which is favorable for grafting. This can
account for initial increment in grafting parameters up to 1.2 %
w/v of sucrose value. Beyond this amount, the grafting values
were diminished. This may be ascribed to the increase in
viscosity of reaction mixture and the termination reaction
between macroradical-macroradical and macroradical-primary
radicals as well. This observation is in close agreement with
the results obtained by other investigators™2*,

Effect of reaction temperature: The grafting reactions
were carried out at different temperatures between 25 and
85 °C, keeping the other variables constant. As shown in Fig. 4,
it is found that grafting ratio % and add-on % increase initially
and then decrease to some extent with further increase in
temperature. This is attributed to the fact that increasing the
temperature favours the activation of macroradicals as well as
accelerates the diffusion and mobility of the monomers from
the aqueous phase to the backbone. However, a further
increase in temperature decreases grafting ratio % and add-on

160
—e—Gr —m— Ge —— Ad ——Hp

140

120
9
© 100+
2L
[
§ s0-
I
o
2 60
=
5]
(O 40 1

20 \-\_‘/MPH

0 T T T T T
0.0 0.5 1.0 1.5 2.0 2.5
Sucrose concentration (% w/v)

Fig. 3. Variation of grafting parameters for the graft polymerization of
acrylonitrile (AN) onto sucrose versus different concentration of
substrate
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Fig. 4. Variation of grafting parameters for the graft polymerization of

acrylonitrile (AN) onto sucrose versus different reaction temperature

parameters, which can be ascribed both to the acceleration of
termination reaction and to the increased chance of chain
transfer reaction, accounting for the increase in the amount of
homopolymers. This observation indicates that the optimal
reaction temperature is 55 °C. Similar behaviour was observed
in the case of grafting of acrylic acid onto methyl cellulose*
and acrylamide onto xanthan gum®.

Effect of reaction time: Fig. 5 presents the relationship
between the reaction time and the grafting parameters. The
maximum percentage of grafting (Gr %) was observed at 2 h
and thereafter it gradually decreased. It is obvious that the
longer the reaction time, the better the graft copolymerization
yield. The grafting loss may be attributed to decrease of all
the consuming reactants. In addition, the decreased number
of available active free radical sites for grafting and the retar-
dation of diffusion of reactants, because of the long grafted
chains at the sucrose surface, may be other possible reasons for
the diminished grafting at longer reaction times. Similar time
dependency of grafting parameters was reported by others®?’.
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Fig 5. Variation of grafting parameters for the graft polymerization of

acrylonitrile (AN) onto sucrose versus different reaction time

It should be pointed out that, as shown in the Figs. 6-10,
the magnitudes of changes of grafting ratio and grafting
efficiency differ drastically, i.e., the changes of grafting ratio
is much more than grafting efficiency in the case of every
reaction variable. This difference implies that the physical
significance of the grafting parameters is more influenced by
the initial substrate rather than the initial monomer charged.
So, each reaction variable influences on grafting ratio much
more than on grafting efficiency. In other word, the parameter
grafting efficiency ratio is more sensitive to the initial reactants
than grafting efficiency.

Conclusion

Graft copolymerization was employed as an important
technique to obtain a chemically modified natural disaccharide,
sucrose. In this paper, a novel graft copolymer were synthe-
sized by grafting of acrylonitrile onto sucrose in the presence
of cerium(IV) ammonium nitrate as an efficient initiator in
acidified aqueous medium, under inert atmosphere. The main
factors affecting the grafting parameters, including concen-
tration of the initiator, monomer and disaccharide, reaction
time and temperature was studied in detail. The optimum
reaction conditions were found to be ceric ammonium nitrate
0.0005 mol/L, acrylonitrile 0.90 mol/L, sucrose 1.2 % 2/v,

reaction temperature 55 °C and reaction time 2 h. Under the
optimized conditions the grafting parameters were calculated
to be grafting ratio 137 %, grafting efficiency 98 %, add-on
89 % and homopolymer 2 %.
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