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ABSTRACT

The graft copolymerization of acrylic acid onto caesarweed fibres initiated by

Ceric ionithioacetamide redox pair in aqueous media has been investigated.

Cede ionrthioacetamide redox pair was an effective initiator of the graft

reaction in the temperature region of 30-60 °C. However, at 30 °C, the graft

yields were generally low but increased with concentrations of cede ion,
acrylic acid and thioacetamide with the highest value of 23% at 0 .97 M

concentration of acrylic acid . The low graft yields, which are characteristic for
acrylic acid, were associated with its solubility in the reaction media. The graft

yield showed a linear relationship with acrylic acid concentration suggesting
that the latter is non-terminating of the graft reaction . For thioacetamide, an

optimum graft yield of 16% was found at its concentration of 18x10-4 M and

thereafter decreased at higher concentrations . This was attributed to a pre-

ponderance of termination reactions by thiol radicals at high concentrations of

the latter. The temperature dependence of graft yield was investigated in the

range 30-60 °C . The graft yield showed positive temperature dependence

with calculated activation energy of 6.11 kcalmort .

Kay Words : graft copolymerization, acrylic acid, caesarweed fibres, Ceric ionithioacetamide redox pair

INTRODUCTION

Chemical modification of cellulosic fibres by graft

copolymerization of vinyl monomers provides a
means for acquisition of new properties by graft

copolymers . Such properties include improved elasti-

city, sorbency, ion-exchange capabilities, thermal

resistance, etc, depending on the nature of the
monomers [l-6] .

Caesarweed (arena lobata) fibres are best

fibres of close resemblance to jute and for some

industrial applications, they are used as a substitute
for the latter fibre . The graft copolymerization of

acrylic acid onto caesarweed fibres by Ceric ion/
toluene redox pair in aqueous media and the chara-

cterization of the graft copolymer have been reported
[6] . Graft yields of max 53% were found . The fibre-
polyacrylic acid graft copolymer showed improved
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water retention property by max 26% as percentage
graft increased from 23 .3 to 53 .0%. Similarly, the
graft copolymer was. less soluble in 72% sulphuric
acid than the ungrafted fibre . Specifically, the
solubility of the ungrafted fibre in the acid, i .e., 96%,
decreased by 22% over a 39 .7% increase in
percentage graft [6] . This was attributed to possible
structural changes in the fibre matrix on grafting.

Organic sulphur compounds namely, thiourea
[1, 7-11], cysteine [12, 13], thiomalic acid [14], thio-
glycolic acid [15] and thioacetamide [16] are readily
oxidizable substances under suitable conditions and
have been used as compounds of many redox systems
for initiation of graft copolymerization of vinyl
monomers onto polymeric substrates . Thioacetamide
in combination with potassium permanganate [16]
initiated the graft copolymerization of acrylonitrile
onto cotton cellulose giving graft yield of up 66%.
There is yet no report on grafting of vinyl monomers
onto caesarweed fibres by redox initiators involving
thioacetamide.

The present report is on the graft copoly-
merization of acrylic acid onto caesarweed fibres by
ceric ion/thioacetamide redox pair in aqueous media.
It is intended to see if graft yield could be improved
as the physico-chemical properties of the graft
copolymer are dependent on the grafting yield . The
features of the graft polymerization reactions are
reported and discussed .

solution for 8 h with continuous stirring [17] . The
holocellulose obtained was washed with distilled
water and bleached using a hypochlorite solution.

The method of graft copolymerization was as
reported previously [18] . The fibre (0.1 g) was put
into a 250 mL pyrex conical flask fitted with a
standard joint stopper and containing the required
amounts of distilled water, nitric acid, thioacetamide
and ceric ammonium nitrate. The flask was kept in a
thermostated bath, regulated to within ±0 .05 °C . After
30 min, the required amount of acrylic acid was
added to the flask. The graft reaction was stopped by
the addition of 5 mL of 1% hydroquinone solution
into the flask.

The fibre-polyacrylic acid graft copolymer was
purified by extraction of the homopolymer with hot
water (60 °C) and then by soxhlet extraction with
water to constant weight. The percentage graft yield
was calculated from the relation : % grafting = [(WZ
W f)IW f ]x100 where W I and W2 are the weights of
fibres and grafted fibres, respectively.

RESULTS AND DISCUSSION

The effect of ceric ion concentration on graft
copolymerization of acrylic acid onto caesarweed
fibre is represented in Figure 1 . Graft yield increases
with eerie ion concentration within the range 33 .3-

20

EXPERIMENTAL

Acrylic acid (Aldrich) was purified by fractional
distillation after it was washed with 5% aqueous
sodium hydroxide and sodium chloride solutions and
dried over anhydrous calcium chloride . The other
reagents, namely eerie ammonium nitrate, nitric acid,
thioacetamide and hydroquinone were used as
supplied.

Caesarweed plant was collected from a local
farm . The fibres were removed, air-dried and then
beaten in a mortar. It was refluxed in methanol for 1 h
to remove resinous matter . Holocellulose was obtain-
ed from the fibres by boiling in 10% sodium sulphite
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Figure 1 . Effect of [Ce(IV)] on graft yield : [AA] : 0 .48 M;
RAS]: 18 .0x10 M ; [HI : 0 .52 M ; Cell: 0 .1 g; time :3h;
temperature: 30 °C.
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Figure 2 . Effect [AA] on graft yield: [TAS) : 9 .0x10 M ; [HI:
0 .52 M; [Ce(IV)] : 33.3x10-3 M ; Cell : 0.1 g ; time : 3h;

temperature: 30 °C.

50 .0x10-3 M . Higher concentration of ceric ion was
not investigated but for the above concentration
range, the trend in graft yield is consistent with a
previous report [6] . The graft yield is low, that is, not
higher than 15% at the highest eerie ion concen-
tration . However, low graft yield is a feature of
acrylic acid graft onto polymeric substrates . Grafting
of acrylic acid on polyvinyl alcohol at 35 °C and on
methyl cellulose at 20 °C by ceric ion in aqueous
media gave yields of 10 .3 and 33 wt %, respectively
[19] . Similarly, grafting of acrylic acid in bolo-
cellulose of gossiweilerodenran balsmiferum by eerie
ion in aqueous media gave graft yields not higher than
23 .81% at 35 °C [20] . The low graft yields are
associated with the solubility of the monomer and
polymer in the solvent medium in which the graft
reaction is conducted [21]. Further, solvents of high
chain-transfer constants cause marked decrease in
graft yield relative to those of low chain-transfer
constants.

Figure 2 shows the effect of acrylic acid/
concentration on graft yield . The graft yield increases
linearly with acrylic acid concentration in the range
0 .24–0 .97 M. Linear behaviour of this nature has

been reported for graft copolymerization of acrylic
acid onto cellulosic fibres by other redox initiating
systems [6] and suggests that the yield is determined
predominantly by the reactivity of the acrylic acid
monomer and its rate of diffusion to the active sites
on the cellulosic fibre. Further, it suggests that the
monomer is uninvolved in termination or transfer
reactions.

Thioacetamide (TAS) increases the graft yield
initially and then decreases it at high concentration as
shown in Figure 3 . An optimum graft yield of 16%
can be seen at TAS concentration of 18 .0x10' M at
30 °C. Thioacetamide is believed to tautomerize with
resonating forms of the type [22] shown below:

S

	

S

CH3 –C–NH2	CH 3 C–TTH2

However, under acidic conditions, thioacetamide in
the presence of ceric ion may initiate graft
copolymerization reaction via a thiol radical produced
as follows :
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SH

CH3 –C NHZ	CH 3--NH Z
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CH3–C=NH + Ce(]11) + H`

(TAS-)

The negative dependence of graft yield on TAS
concentration after an optimum value of the latter
may be due to a preponderance of termination
reaction by thiol radicals and an enhancement of
homopolymerization reaction . The latter factor may
not be unexpected since according to Ogiwara and
Kubota [23] upto 70% of the ceric ion in a 10 mM
solution of the ion was unadsorbed by cellulosic
substrate.

Thus significant amount of ceric ion may exist
in the aqueous phase to react with thioacetamide and
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Figure 3. Effect of [TAS] on graft yield : [AA] : 0.48 M ; [HI:
0.52 M ; [Ce(IV)] : 33.300-3 M ; Cell : 0 .1 g, time: 3h;
Temperature : 30 °C.

generate thiol radicals as represented above.
The effect of temperature on graft yield was

investigated . Graft yield shows positive temperature
dependence in the temperature range, 30—60 °C as
represented in time-conversion curves in Figure 4.
The curves show a distinct feature for max tempera-
ture of 50 °C, that is, a decrease in graft yield at t >
3 h, while at 60 °C, the curve approaches a plateau.
The decrease in the graft yield at long reaction time
and in the presence of 0.52 M concentration of nitric

25

Figure 4 . Effect of temperature on graft yield : [M] = 0 .48

M, [TASI = 9 .0x10 M, [H '] = 0 .52 M, [Ce(IV)] = 41 .7x10-3
M, Cell = 0.1 g, 01)30 °C, (x)40 °C, (0)50 °C, (t)60 °C .
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Figure S . Arrhenius plot of rate of graft vs . the reciprocal of
temperature.

acid may be attributed to hydrolysis of the grafted
polymer off the cellulosic fibre by the acid . A similar
feature has been reported for graft copolymerization
of methylmethacrylate on to cellulose by acetyl-
acetonato cobalt (III) complex [24] within the temp-
erature range of 50—75 °C at various concentrations of
sulphuric acid in the range 0.75–7 .5x10-2 M.

The activation energy for the reaction is
derived from an Arrhenius plot of the initial rate of
graft (Rg) versus the reciprocal of temperature as rep-
resented in Figure 5 . The overall activation energy for
the graft reaction is 6 .11 kcalmol-l .

CONCLUSION

Ceric ion in a redox pair with thioacetamide can
initiate the graft copolymerization of acrylic acid onto
caesarweed fibres in aqueous media. Graft yield is
generally low, that is not higher than 23% at acrylic
acid concentration of 0.97 M.

Graft yield increases with the concentration of
thioacetamide in the range 2—18xI0 -4 M but shows a
negative dependence on it at higher concentrations.
This is explained as arising from a preponderance of
termination reaction by thiol radicals. Graft yield
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shows positive temperature dependence in the range
30-60 with calculated activation energy of 6.11
kcalmot'.
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