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SYNOPSIS

Preliminary investigations have been conducted on the graft copolymerization of meth-
ylmethacrylate onto Caesarweed fiber, initiated by potassium permanganate and the toluene
redox system. The percentage graft yield increased with permanganate up to 132% in the
concentration range, 1.0 X 1072 to 5.0 X 1072 M at 40°C. The effects of varying concen-
trations of toluene, acids, and monomer on graft yield were also investigated. Graft yield
increased initially and then decreased on varying the concentrations of toluene from 2
X 1072 to 20 X 10~2 M. The graft yield increased with temperature between 20 and 50°C.
At 60°C, the graft yield decreased considerably by up to 60% of the value at 50°C. The
calculated activation energies for the overall reaction, and for the initiation process, are
9.15 and 9.30 Kcal mol !, respectively. © 1993 John Wiley & Sons, Inc.

INTRODUCTION

Grafting of synthetic polymers onto cellulosic and
protein fibers has received considerable attention 12
because, in some cases, grafting yields copolymers
with improved physicochemical properties with in-
dustrial and commercial value. Specifically, grafting
of acrylonitrile onto jute fibers!? resulted in the fi-
bers’ improved extensibility and light fastness. Sim-
ilarly, grafting of methylmethacrylate onto jute
fibers!* yielded a copolymer with an enhanced ther-
mal property. However, for cellulosic fibers, different
morphological features of the polymer matrices are
known to account for varying grafting characteris-
tics. 1518

Caesarweed, Urena lobata 1, is of the mallow fam-
ily, Malvacea, which is one of the most important
of all fiber plant families. The plant is cultivated in
warm regions of several countries, including West
Africa, and it often grows wild in abundance. The
bast fibers are cellulosic materials, closely resem-
bling jute, but somewhat shorter and coarser. The
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fibers are used as substitutes for jute and find local
application in the production of twines and sacks.
Information about the chemical composition and
morphological properties of the fibers is sparse; nei-
ther is there any report on the grafting of synthetic
polymer onto the fibers.

This article presents the results of a preliminary
study of the graft copolymerization of methylmeth-
acrylate (MMA) onto Caesarweed fibers, initiated
by acidified potassium permanganate and the tolu-
ene redox system.

EXPERIMENTAL

Toluene (BDH) was treated with sulfuric acid and
was washed copiously with distilled water to neutral
pH. It was dried over anhydrous calcium chloride
and was fractionally distilled before use.

Methylmethacrylate (Aldrich Corp.) was washed
with 5% aqueous sodium hydroxide and sodium
chloride solutions, was dried over anhydrous calcium
chloride, and was then fractionally distilled. The
middle fraction of the monomer was collected and
was stored under refrigerated conditions.

All other reagents, that is, potassium perman-
ganate, glacial acetic acid, and sulfuric acid (~18
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M), were BDH analytical reagent grades and were
used as supplied.

The Caesarweed plant was collected from the
University’s botanical garden in Yola. The fiber was
refluxed in methanol for three hours and was air
dried. Holocellulose was obtained from the fibers by
the method described by Okieimen and Ebhoaye.”
The holocellulose was bleached by steeping in so-
dium hypochlorite solution for 50 min at 30°C. It
was rinsed in a large volume of distilled water and
was air-dried to a constant weight.

The graft copolymerization reaction was carried
out in a 250 mL pyrex conical flask fitted with a
standard joint stopper. The required amounts of the
reagents, that is, glacial acetic acid, sulfuric acid,
and toluene, were introduced into the flask and dis-
tilled water was added up to 50 mL. 0.5 g of the fiber
was dispersed in the mixture and was allowed to
soak for 10 min while the flask was kept in a ther-
mostated water bath, regulated to within +0.05°C.

The required amount of potassium permanganate
was introduced into the flask, which was swirled
gently and was allowed to stand for 10 min before
the monomer was added to it.

The polymerization was stopped by the addition
of 5 mL of 1% hydroquinone solution. The grafted
fiber was filtered, washed with distilled water, and
soxhlet-extracted with methyl ethyl ketone for three
hours to remove ungrafted polymethylmethacrylate.
The fiber was washed again with distilled water and
was dried in an oven at 40°C to constant weight.

The percentage graft and percentage efficiency
were calculated from the relation:

% Grafting = [(W, — W,)/W;] X 100
% Efficiency = [(W, — W;)/ W3] X 100

where W,, W,, and W; are the weights of fiber, the
grafted fiber, and the monomer, respectively.

RESULTS AND DISCUSSION

Effect of Monomer Concentration

Figure 1 represents the effect of methylmethacrylate
(MMA) concentration on the graft yield at 40°C.
The percentage graft increases initially over the
monomer concentration range of 0.1 to 0.4 M and
then decreases. The percentage graft at the optimum
monomer concentration of 0.4 M is 48.8%, corre-
sponding to the percentage efficiency in the grafted
monomer, which was 12.1%.
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Figure 1 Effect of [MMA] on graft yield: [ KMnO,]
=925X1072M, [TL] =2 X 1072 M, [AcOH] = 5.2 M,
[H*] = 0.18 M, Time = 6 h, Temperature = 40°C.

The apparent acceleration in the graft yield may
be attributed to the gel effect, resulting from an en-
hanced solubility of polymethylmethacrylate in its
monomer. This would consequently increase the
viscosity of the reaction medium and a reduced rate
of termination by the coupling of growing polymer
chains. The decrease in the graft yield at a monomer
concentration higher than 0.4 M may be due to an
enhanced homopolymer formation by chain transfer
to monomer.

Effect of Initiator Concentration

The percentage graft increases with the concentra-
tion of permanganate in the range 1 X 1072 to 5
X 1072 M, as shown in Figure 2. At the concentration
of 1 X 1072 M of permanganate, the percentage graft
is zero. For the graft copolymerization of methyl-
methacrylate, initiated by a redox couple consisting
of permanganate and toluene, the following mech-
anism is proposed:

K ky
Initiation Mn** + TL = Complex - TL"®

+ Mn®*" + H*
Cell + TL' 3 Cell’ + TLH
Cell’ + M = Cell = M*
Propagation Cell — M'+ M 3 Cell — Mn
Cell — Mn + M =% Cell — Ma + 1



COPOLYMERIZATION OF METHYLMETHACRYLATE 647

140

%

+—
[KMn0,) X102 M

Figure 2 Effect of [KMnO,] on graft yield: [MMA]
=04M,[TL] =10 X 102M, [AcOH] =52 M, [H"]
= 0.18 M, Time = 6 h, Temperature = 40°C.

o . .
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Termination Cell — M# + Cell — Mn =5

Copolymer

Cell — Ma + Mn* 3 Cell
— Mn + Mn?*

Chain Transfer Cell — Ma + M =% Cell
— Mn + M*

where TL, TL", M, and Cell represent toluene, tol-
uene radical, monomer, and Caesarweed fiber, re-
spectively. As is shown in Figure 2, the increase in
percentage graft yield is not linear, that is, the rel-
ative increase in percentage graft yield decreases
with an increase in the permanganate concentration.
This suggests an increase in termination processes,
which may involve Mn®* at a high concentration of
the permanganate, as represented in the reaction
scheme above.

Effect of Toluene Concentration

In a previous report by Das et al.,'* toluene has been
shown to enhance and to retard the graft copoly-
merization of methylmethacrylate onto jute fiber.
In combination with permanganate as a redox cou-

ple, toluene exhibits similar features, as shown in
Figure 3. That is, toluene increases the percentage
graft over the concentration range 2 X 1072 to 4.0
X 1072 M and then decreases the yield at higher
concentrations. The decrease in graft yield is ac-
companied by a decrease in the formation of ho-
mopolymer. Hence, the retardation effect of toluene
may arise from an enhanced termination of radicals
on the fibers and on the grafted copolymer by toluene
radicals.

Effect of Acid Concentration

Table I is a collection of results representing the
effect of acid [sulfuric (H") and glacial acetic acids
(AcOH)] on the percentage graft yield. In the con-
centration range 1.75-7.0 M, glacial acetic acid in-
creased the percentage graft fourfold, which then
decreased upon further increase in concentration.
Similarly, over the concentration range 3.7 X 1072
to 22.1 X 107% M, sulfuric acid increased the per-
centage graft fourfold and then decreased it there-
after. The increase in graft yield is consistent with
the ability of the acids to enhance the oxidizing
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Figure 3 Effect of [TL] on graft yield: [MMA] = 0.4
M, [KMnO,] = 256 X 1072 M, [AcOH] =52 M, [H*]
= 0.18 M, Time = 6 h, Temperature = 40°C.
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Table I Effect of (H") and (AcOH)
on Graft Yield*

[AcOH] 10% [H*}] Graft Efficiency
M) (M) (%) (%)
1.75 18 2.42 1.2
3.50 18 12.32 6.2
5.2 18 10.95 5.5
7.0 18 23.40 11.7
8.7 18 4.54 2.3
5.2 3.7 20.38 10.2
5.2 7.4 42.80 214
5.2 14.7 48.56 24.3
5.2 22.1 78.22 39.11
5.2 294 30.40 15.2

s [MMA] = 0.2 M, [KMnO,] = 2.5 X 102M, [TL] =2 X 10°?
M, Time = 6 h, Temperature = 40°C.

power of permanganate. However, high concentra-
tions of the acid may reduce the graft yield by:

1. Making more complex the manganate cation
with the anion of the acid, thereby rendering
it less potent as an oxidizing agent.

2. Facilitating the dissolution by hydrolysis of
grafted polymer chains.

Effect of Temperature on Grafting

The graft copolymerization was conducted at four
different temperatures, ranging from 20 to 60°C, at
constant concentrations of all reagents. The time
conversion curves for the graft copolymerization are
represented in Figure 4. The curves are characterized
by an initial high grafting rate, which gradually de-
creased at longer reaction time. It may appear that
partial hydrolysis and dissolution of the grafted
polymer chains is responsible for this phenomenon.
However, this explanation is inadequate since the
conversion curve at 20°C follows the same pattern.
Thus, a more probable explanation is that the ter-
mination process increases with conversion. In ad-
dition, Mn?*, with increasing concentration as con-
version progresses, may autocatalyze the initiation
of the competitive homopolymerization reaction.
The percentage graft increases overall, with tem-
perature in the range of 20 to 50°C. This is consis-
tent with an expected increase in swellability of the
fiber and an enhanced rate of diffusion of monomer
into the fiber matrix.

At 60°C, however, there is a considerable decrease
in the percentage graft yield of about 60% of the
value at 50°C after three hours. This may be attrib-
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Figure 4 Effect of temperature on graft yield: [ MMA]
= 0.4 M, [KMnO,] = 2.5 X 1072 M, [AcOH] = 562 M,
[TL] = 2 X 107 M, Temperature (°C), (A) 20, (W) 40,
(@) 50, (O) 60.

uted to increased chain transfer reactions, normally
favored at high temperatures. Similar results have
been reported!® for graft copolymerization of acryl-
amide onto polyethylene terephthalate with potas-
sium permanganate.

Figure 5 is an Arrhenius plot of the initial rate
of graft vs. the reciprocal of temperature over the
temperature range of 20 to 50°C. From the slope of
the plot, the overall activation energy for the poly-
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Figure 5 Arrhenius plot of the initial rate of graft vs.
the reciprocal of temperature.
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merization is 9.15 Kcal mol™!. Using the
Tobolsky’s® relation of E, — } E, = 4.5 Kcal mol 7,
where E, and E, are the activation energies for
propagation and termination; the activation energy
for initiation Ej is derived from the equation,?° E,
=2E, —(2E, — E,) as 9.30 Kcal mol .

The authors wish to thank Emeritus Professor D. C. Pep-
per of Trinity College Dublin, Ireland, for his gift of meth-
ylmethacrylate.

REFERENCES

1. S. S. Tripathy, S. Jena, and B. C. Singh, J. Appl
Polym. Sci., 28(5), 1811 (1983).

2. R. K. Samal, C. N. Nanda, S. C. Satrusallya, P. L.
Nayak, and G. V. Suryanarayan, J. Appl. Polym. Sci.,
28(4), 1311 (1983).

3. A. K. Mohanty, B. C. Singh, and M. Mishra, J. Appl.
Polym. Sci., 31(6), 1763 (1986).

4, A. Hebeish, A. Kantouch, M. L. Khalil, and M. H. El-
Rafie, J. Appl. Polym. Sci., 17, 2547 (1973).

5. M. Misra, J. Appl. Polym. Sci., 33, 2809 (1987).

6. J. S. Shukla and G. K. Sharma, J. Polym. Sci. Part
A, 25, 595 (1987).

7. P. L. Nayak, G. Sahu, and S. Samal, J. Macromol.
Sci. Chem. A, 16(7), 1309 (1981).

8. S. S. Tripathy, S. Jena, S. B. Misra, N. P. Padhi, and
B. C. Singh, J. Appl. Polym. Sci., 30(4), 1399 (1985).

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

649

G. Panda, N. C. Pati, and P. L. Nayak, J. Appl. Polym.
Sci., 25(7), 1479 (1980).

G. Panda, N. Pati, and P. L. Nayak, J. Appl. Polym.
Sei., 26(3), 775 (1981).

N. C. Pati, S. Lenka, and P. L. Nayak, J. Macromol.
Sci. Chem. A, 16(2), 487 (1981).

P. L. Nayak, S. Lenka, and M. K. Mishra, Angew.
Makromol. Chem., 90, 155 (1980).

I. M. Trivedi and P. C. Mehta, Cellul. Chem. Technol.,
7,401 (1973).

H. K. Das, N. C. Nayak, and B. C. Singh, J. Macromol.
Sci. Chem. A, 28(3,4), 297 (1991).

M. M. Huque, M. D. Habibuddowla, A. J. Mahmoud,
and A. J. Mian, J. Polym. Sci. Polym. Chem. Ed., 18,
1447 (1980).

B. B. Samal, S. Sahu, B. B. Chinara, S. Nanda, P. K.
Otta, L. M. Mohapatro, T. R. Mohanty, A. R. Ray,
and K. C. Singh, J. Polym. Sci. Part A Polym. Chem.
Ed., 26, 3159 (1988).

F. E. Okieimen and J. E. Ebhoaye, J. Appl. Polym.
Seci., 31, 1275 (1986).

M. K. Mishra and A. K. Tripathy, J. Appl. Polym.
Seci., 27, 1845 (1982).

A. V. Tobolsky, J. Colloid Sci., 12, 325 (1957).

P. L. Nayak, S. Lenka, and N. C. Pati, J. Polym. Sci.
Polym. Chem. Ed., 17, 3425 (1979).

Received September 17, 1992
Accepted March 14, 1993





