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ABSTRACT: Poly(acrylic acid) was grafted onto methyl-
cellulose in aqueous media by a potassium permanganate-
p-xylene redox pair. Within the concentration range from
0.93 X 10° t0 9.33 X 10~ °M, p-xylene, the graft copolymer-
ization reaction exhibited minimum and maximum graft
yields and was associated with two precursor-initiating spe-
cies, a p-xylyl radical and its diradical derivative. The effi-
ciency of the graft was low, not higher than 12.9% at a
p-Xxylene concentration of 0.93 X 10™°M and suggested the
dominance of a competitive homopolymerization reaction
under homogeneous conditions. The effect of permanganate
on the graft yield was normal and optimal at 135% graft

yield, corresponding to a concentration of the latter of 33.3
X 107>M over the range from 8.3 X 107> to 66.7 X 10~ M.
The conversion in graft yield showed a negative dependence
on temperature in the range 30-60°C and suggested a pre-
ponderance of high activation energy transfer reaction pro-
cesses. The calculated composite activation energy for the
graft copolymerization was 7.6 kcal/mol. © 2003 Wiley Peri-
odicals, Inc. ] Appl Polym Sci 91: 278-281, 2004
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INTRODUCTION

The initiation of graft copolymerization of vinyl
monomers onto cellulosic and non-cellulosic materials
by potassium permanganate has been reported.'”*
Combined with readily oxidizable organic com-
pounds, potassium permanganate can also form effec-
tive redox systems capable of initiating the graft co-
polymerization of vinyl monomers onto polymeric
substrates.” '

For p-xylene in redox combination with ceric ion,
the initiation of graft copolymerization of vinyl mono-
mers onto cellulosic substrates was characterized by
minimum and maximum graft yields.

These features were associated with two kinetically
controlled reactions, arising from two distinct initiat-
ing species, namely, a p-xylyl radical and a diradi-
cal."'™'? Similar features have been observed for the
potassium permanganate-p-xylene redox pair as an
initiator of the graft copolymerization of acrylonitrile
onto kenaf fiber,'! although no detailed studies were
conducted on the overall grafting characteristics.

This article is a report on the grafting characteristics
of the graft copolymerization of acrylic acid onto
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methylcellulose initiated by the potassium permanga-
nate-p-xylene redox pair in an aqueous medium un-
der homogeneous conditions.

EXPERIMENTAL

The monomer, acrylic acid (Hopkins & Williams) was
purified by fractional distillation after it was washed
with a 5% (w/v) aqueous sodium hydroxide solution
and dried over anhydrous calcium chloride. P-xylene
(XY) was treated with concentrated sulfuric acid,
washed with distilled water to a neutral pH and frac-
tionally distilled after drying with anhydrous calcium
chloride. Other reagents, namely, methylcellulose
(MC) (BDH), nitric acid, potassium permanganate,
and glacial acetic acid (AcOH) were of analytical
grade and were used as supplied. The graft copoly-
merization reaction was carried out in a 250 mL pyrex
conical flask fitted with a standard joint stopper. The
required amounts of the reagents, glacial acetic acid,
nitric acid, and XY, were introduced into the flask and
brought up to 30 mL with distilled water. A quantity
of 0.1 g of MC was dissolved in the mixture and was
allowed to stand in a thermostated water bath, the
temperature of which was regulated to within
+0.05°C. The required amount of potassium perman-
ganate was put into the flask and allowed to stand for
a given period (pre-oxidation time) for the formation
of MC macroradicals by the redox reaction between
initiating species and MC. This was followed by the
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addition of monomer to the flask to commence the
graft reaction process.

The graft copolymer was precipitated at the end of
the reaction by raising the temperature of the solution
to 60°C," then filtered with a Buchner funnel and
washed repeatedly with boiling water.

The graft copolymer was then dried in an oven at
40°C to a constant weight. The percentage graft and
percentage efficiency, reproducible to within * 10%,
were calculated from the following relations:

% Grafting = [(w, — w;)/w;] X 100
% Efficiency = [(w, — w;)/ws] X 100

where, w,, w, and w; are the weights of MC, the
grafted MC and the monomer respectively.

RESULTS AND DISCUSSION

Previous reports on the graft copolymerization of ac-
rylonitrile’" and of acrylic acid'? on kenaf fibers and
MC, respectively, by a ceric ion—XY redox pair showed
that they were influenced by two kinetically con-
trolled reactions associated with a p-xylyl radical spe-
cies and its diradical derivative, resulting in minimum
and maximum graft yields.

The graft copolymerization of acrylic acid onto MC
by a potassium permanganate-XY redox pair in the
concentration range from 0.93 X 107> t0 9.33 X 10°M
XY demonstrates these features, as can be seen in
Figure 1. This corroborates an earlier report on the
ability of the redox pair to initiate a graft copolymer-
ization reaction."' The proposed reaction scheme for
the process is as follows:

Initiation:

K i
Mn** + XY = complex — XY+ Mn " + H*

ky

MC + XY' - MC + XYH

k

MC' + M — MC - M’

kp

Propagation: MC - M;_, + M — MC - Mn’

kp
MC -Mn"+ M —-MC-M; ,,
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Figure 1 Effect of [XY] on graft yield and efficiency of graft.
[H*] = 0.52M; [AcOH] = 1.17M; [AA] = 0.46M; [KMnQO,] = 33.3
X 1073M; MC = 0.1 g; Pre-oxidation time = 10 min; Time
= 3 h; temperature = 30°C.

Termination:

kn

MC - Mn" + MC - Mn — copolymer

kip

MC - Mn" + Mn*® —MC - Mn + Mn*?

Chain Transfer:

ki

MC - Mn" + XY —MC-MnH + XY’

Where MC, XY, XY" and M represent methylcellulose,
p-xylene, the p-xylyl radical and the monomer respec-
tively.

The minimum and maximum graft yields of 61 and
128% correspond to XY concentrations of 3.73 X 107>
and 5.60 X 10~°M respectively. The profile of the post
minimal graft yield may be associated with initiation
of the graft reaction by a diradical species (II) derived
from the mutual interactions of two p-xylyl radicals
(I):11712
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Figure 2 Effect of [KMnO,] on graft yield and efficiency of
graft. [H"] = 0.52M; [AcOH] = 1.17M; [AA] = 0.46M; [XY]
=5.60 X 10°M; [AA] = 0.46M; MC = 0.1 g; Pre-oxidation
time = 10 min; time = 3 h; temperature = 30°C.

Ceric ion in combination with XY appears to be
more effective for the graft copolymerization of vinyl
monomers onto cellulosic substrates than the analo-
gous permanganate—XY redox pair under identical re-
action conditions.

For the latter, the XY concentration range required
for graft reaction is an order of magnitude higher than
its value for ceric ion-XY redox pair.!

The efficiency of the graft as a function of XY con-
centration follows the same pattern as the correspond-
ing plot for percentage graft yield and is not higher
than 12.9% at on XY concentration of 0.93 X 10 >M, as
shown in Figure 1.

The low percentage efficiency reflects the low reac-
tivity of acrylic acid monomer and perhaps the pre-
ponderance of a competitive homopolymerization re-
action under homogeneous conditions.

The effect of permanganate on the graft yield,
shown in Figure 2, is normal; that is, it shows an initial
increase in graft yield followed by a fall in the value at
higher concentrations of permanganate, as has been
demonstrated for a number of graft reactions.'

The maximum graft yield of 135% corresponds to a
permanganate concentration of 33.3 X 10°M, and an
efficiency of 12.7% at 30°C. A fall in the graft yield
with an increase in the permanganate concentration
may be associated with a number of possible reactions
involving the latter,'* namely

(1) enhanced termination of grafted polymeric rad-
icals and oxidation of radical sites on the cellu-
lose by Mn™,
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(2) oxidation of p-xylyl radicals by Mn™*, which
makes them ineffective for initiation of graft
copolymerization on the cellulose and

(3) rapid formation of Mn™? from the oxidation
reactions of Mn™*, which may autocatalyse the
initiation of homopolymerization.

For the present system, it seems likely that the low
percentage efficiency is attributable to the occurrence
of a homopolymerization reaction accentuated by the
possible presence of Mn>" as a catalyst for the process.

This is consistent with the observation from Figure
2 that, over the range from 333 X 107° to 66.7
X 107°M of permanganate concentration, there is a
marked reduction in the efficiency of the graft by 57%.

The conversions for the graft copolymerization re-
actions at temperatures in the range 30—-60°C are pre-
sented in Figure 3. The graft yield shows a negative
temperature dependence, and the value at 60°C after
4 h of reaction time is only 60% of the corresponding
value at 30°C.

For permanganate-thioacetamide’ and ceric-ion-
thioacetamide'® redox initiations of graft copolymer-
ization of vinyl monomers onto cellulosic fibers, the
graft yield showed positive temperature dependence.
The observance of negative temperature dependence
for the permanganate—XY redox initiated system is
consistent with a previous report on ceric-ion—-XY ini-
tiated graft copolymerization of acrylic acid onto
methylcellulose.'” It would seem that the negative
temperature dependency of the graft reactions is trace-
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Figure 3 Effect of temperature on graft yield. [H']
= 0.52M; [AcOH] = 1.17M; [AA] = 0.46M; [KMnO,] = 33.3
X 107°M; [XY] = 3.73 X 10>M; MC = 0.1 g; Pre-oxidation
time = 10 min; temperature: (®) 30°C; (A) 40°C; (O) 50°C;
(O) 60°C.
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able to the reactivities of XY and its diradical deriva-
tive, both of which are expected to participate in trans-
fer reactions. The negative dependence of graft yield
on temperature suggests that the composite activation
energy for the process is positive and that transfer
reactions of high activation energy are favored as tem-
perature increases.

The calculated overall activation energy, based on
the initial rates of the graft copolymerization reaction,
is 7.6 kcal/mol.

CONCLUSIONS

The graft copolymerization of acrylic acid onto methyl
cellulose by the potassium permanganate-p-xylene re-
dox pair under homogeneous conditions exhibits min-
imum and maximum graft yields associated with two
kinetically controlled reactions of the p-xylyl radical
and its diradical derivative.

The efficiency of the graft is low, not higher than
12.9% at a p-xylene concentration of 0.93 X 1073M,
reflecting a dominant competitive homopolymeriza-
tion reaction under homogeneous conditions.

The effect of permanganate on graft yield is normal
and optimal at 135% graft yield, corresponding to the
latter concentration of 33.3 X 10 °M over the range
from 8.3 X 1072 to 66.7 X 107°M, and a p-xylene
concentration of 5.6 X 10 °M.
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The conversion in graft yield shows negative depen-
dence on temperature and suggests a preponderance
of high activation energy transfer reaction process
with a calculated composite activation energy of 7.6
kcal/mol.
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