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Photograft Copolymerization of Methyl 
Methacrylate (MMA) on Bleached Jute Fiber 
Using Ferric Sulfate, Fe~(So4)3, as Initiator 
in Limited Aqueous System 

PREMAMOY GHOSH and SANKAR KUMAR PAUL 

Department of Plastics and Rubber Technology 
Calcutta University 
Calcutta 700009, India 

A B S T R A C T  

The polymerization of methyl methacrylate in the presence of 
bleached jute with Fea(S04 )J as initiator under visible light was 
studied. In order to establish the optimum reaction conditions 
for graft copolymerization of MMA on bleached jute, the variables 
studied were copper number of bleached jute to give a measure of 
the degree of oxidation effected by bleaching (hypoclorite treat- 
ment), initiator concentration, monomer concentration, amount of 
bleached jute, and time of polymerization. The reaction mechanisms 
for graft copolymer and homopolymer formation are discussed. Per- 
cent total conversion, % grafting, and grafting efficiency (%) under 
different conditions a re  evaluated and compared. High grafting ef- 
ficiency (-80%) along with high conversion ( N80% in 2-3 h) and high 
% grafting were readily obtained. 
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170 GHOSH AND PAUL 

I N T R O D U C T I O N  

Jute fiber, an agricultural product, is facing tough competition 
from synthetic fibers as the latter often offer certain advantages in 
terms of many physical properties, durability, and production eco- 
nomics. Graft copolymerization of vinyl monomers on jute fiber has 
therefore been receiving considerable attention in recent years to in- 
corporate desired properties. A few reports are available so far  on 
modification of jute fiber by graft copolymerization of vinyl monomers. 
Roy [ 11 graft-copolymerized methyl methacrylate (MMA) and acrylo- 
nitrite (AN) on hollocellulose (delignified jute) using ceric-ion initia- 
tion and reported % grafting of 30% for MMA and 20% for AN. Jabbar 
[2] recently reported % grafting of 18.868 for defatted jute and 133.2% 
for bleached jute in graft copolymerization of MMA on defatted and 
bleached jute using ceric-ion initiation and showed that lower % graft- 
ing on defatted jute was due to a higher lignin content in defatted jute 
than in bleached jute. Efforts have also been made to modify jute 
fiber by graft copolymerization of vinyl monomers using ionizing 
radiation [3, 41. Agarwal [5, 61 studied graft copolymerization of four 
vinyl monomers on jute fiber using gamma rays and reported % graft- 
ing of 8Ho for MMA, 83% for AN, 33% for vinyl acetate, and 53% for 
styrene. In most of the above reports, a low intake of vinyl monomers 
on jute was observed and very few studies have been made on graft 
copolymerization of vinyl monomers on jute fiber under visible light in 
the presence of an initiator. There remains wide scope for further in- 
vestigations in this area. With a view to obtain high % grafting and 
grafting efficiency (%), we studied the graft copolymerization of MMA 
on bleached jute using Fer (S04)~  as initiator under visible light in a 
limited aqueous system. 

E X P E R I M E N T A L  

M a t e r i a l s  

Fresh jute fiber, supplied by Jute Technological Research Institute, 
Regent Park, Calcutta, was used. Monomer methyl methacrylate (MMA) 
was purified following a standard procedure [7]. Fer (SO4 )J (Riedel) 
waa used. Sodium hypochlorite (NaOC1) was prepared in the laboratory 
following the procedure of Palmer [a]. All other ingredients used were 
of analytical grade. 

P r e a a r a t i o n  of B l e a c h e d  J u t e  

Fresh jute was extracted with an alcohol-benzene ( 1: 1) mixture for 
48 h at room temperature. The extracted jute is called "defatted jute.'' 
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PHOTOGRAFT COPOLYMERIZATION OF MMA 17 1 

Bleached jute was prepared from defatted jute according to the pro- 
cedure of Roy [9] using NaOCl instead of sodium chlorite. Bleaching 
of jute was allowed to continue for different time periods (1, 2, 2. 5, 
and 3 h) to obtain four bleached jute samples. The copper numbers of 
the bleached jute samples were determined using Braidy' s method [ 101. 

G r a f t  C o D o l v m e r i z a t i o n  

A weighed amount of bleached jute ( - 0 . 2  g) was taken in a Corning 
borosilicate glass test tube to which freshly prepared aqueous acidic 
(HISOI)  ferr ic  sulfate, Fea(S04 )3, a solution of known concentration 
was added, and the jute sample was allowed to soak for 20 min. The 
test tube .and the contents were then flushed with purified nitrogen gas 
followed by addition of a known volume of MMA. The test tube was then 
stoppered tightly and placed between a pair of tube lamps (40 W, Philips 
India Ltd. ), and polymerization was allowed to continue for specific time 
periods. The contents of the test tube were then filtered on a previously 
weighed sintered bed crucible under suction, washed profusely with 
water, and then dried at 50°C under vacuum to constant weight. The 
dried polymer is called "gross polymer." 

The gross polymer was then extracted with benzene under reflux 
conditions to remove free polymethyl methacrylate (PMMA). The ap- 
parent graft copolymer in the residue containing true graft copolymer 
(jute/PMMA) and unreacted jute was then subjected to acid (72% HISOI) 
hydrolysis in the cold to separate the grafted PMMA according to the 
procedure described earlier [ll]. Percent grafting, % total conversion, 
and grafting efficiency (%) were then calculated [ 111. 

R E S U L T S  AND DISCUSSION 

The results are  shown in Table 1 and Figs. 1-5. The effect of vary- 
ing the copper number of the bleached jute fiber, initiator concentra- 
tion, monomer concentration, bleached jute fiber content, and time of 
polymerization on the grafting parameters were studied. 

E f f e c t  of V a r i a t i o n  of C o p p e r  N u m b e r  of B l e a c h e d  
J u t e  F i b e r  

Treatment of jute with NaOCl yielded bleached jute through a pro- 
cess of oxidation whereby coloring matter and lignin were removed. 
A t  the same time, treatment with the oxidizing agent NaOCl is likely 
to bring about uncontrolled oxidation of the jute cellulose, producing 
mainly aldehyde groups (-CHO) on the CI-CS positions of the gluco- 
pyranose ring, giving rise to an enhanced copper number for the 
bleached jute fiber (Table 1). 
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172 GHOSH AND PAUL 

TABLE 1. Oxidation (bleaching) of Jute with NaOCl Solution 

Bleaching time Copper number by 
Expt No. (h)  Braidy' s method 

0.0 (defatted jute 2.6 

1.0 8.4 
2.0 13.5 
2.5 20.5 
3.0 31.6 

without bleaching) 

250 

200 

150 
P 
f : 
8 
0 100 

50 

1 1 I 

8 16 24 32 
Copper number 

FIG. 1. Photograft copolymerization of MMA on bleached jute 
fiber at 32°C using Fez(SO4)s as initiator. Effect of variation of 
copper number of bleached jute fiber on grafting parameters. 
Bleached jute fiber, 0.2 g; water, 5.5 mL; [Fen (SO4 )s] , 1.56 X lo-' 
mol/L; MMA, 1 mL; time, l2Omin; total volume (liquid), 6.5 mL. 
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PHOTOGRAFT COPOLYMERIZATION OF MMA 173 

Results showing the effects of the variation of the copper number 
of the bleached fiber on the grafting parameters are presented in 
Fig. 1. Percent grafting increases with an increase in copper number 
up to a certain level (copper number = 20.5), the copper number of 
defatted unbleached jute being 2.6, and beyond this point it decreases. 
Percent total conversion and grafting efficiency also show a similar 
trend. The above observation on % grafting is in close agreement 
with Ghosh [ 111 and Todda [ 121. A decreasing trend in % grafting 
for a given time in the higher range of copper number, i.e., at  high 
-CHO contents in bleached jute cellulose, is probably due to a pro- 
nounced retarding effect of -CHO groups in highly oxidized samples. 

E f f e c t  of V a r i a t i o n  of I n i t i a t o r ,  Fez   so,)^, 
C o n c e n t r a t i o n  

Results showing the effect of variation of initiator concentration on 
the grafting parameters a re  presented in Fig. 2. Percent grafting and 

[~nit iator]  x 103 

FIG. 2. Photograft copolymerization of M M A  on bleached jute 
fiber at 32°C using F e ~ ( S 0 4 ) ~  as initiator. Effect of variation of 
[Fea(SOl)s] on grafting parameters. Bleached jute fiber, 0.2 g; 
copper number, 20.5; water, 5.5 mL; MMA, 1 mL; time, 120 min; 
total volume (liquid), 6.5 mL. 
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174 GHOSH AND PAUL 

% total conversion increase with an increase in Fea(S04)s concentra- 
tion up to a certain point, [Fer(SO4)s] 9 1.5 X 10” mol/L, and beyond 
this point both these parameters fall sharply. However, it is interest- 
ing to note that grafting efficiency follows an increasing trend with 
increasing Fea (SO4 )S concentration over the whole range of the initia- 
tor  concentration studied. The above observation (both the % grafting 
and % total conversion curves passing through a maximum) can be 
reasonably understood on the basis of pronounced initiator ( ferr ic)  
termination, particularly at high [Fe”] [ 131. 

E f f e c t  of V a r i a t i o n  of M o n o m e r  (MMA)  C o n c e n t r a t i o n  

Related results a re  shown in Fig. 3. Percent grafting increases lin- 
early and grafting efficiency remains more or less steady with an in- 
crease in monomer concentration. Percent total conversion also ex- 
pectedly follows an increasing trend with an increase in the amount of 
monomer. 

P 
f : ” 
a 

500 - 

400 - 

300 
- 

200 - 

100 - 

I I I I 1 
0.5 1 .o 1.5 2.0 

Monomer in ml. 

FIG. 3. Photograft copolymerization of MMA on bleached jute fiber at 
32 “C using Fen (SO,)’ as initiator, Effect of variation of MMA on grafting 
parameters. Bleached jute fiber, 0.2 g; copper number, 20.5; water, 
5.5 mL; [Fea(SO+)s], 1.56 X lo-’ mol/L; time, 120 min; total volume 
(liquid), 6.5 mL. 
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z P 
e 
0 
8 

0 

I I , \  
0.1 0.2 0.3 

Bleached jute (g) 

FIG. 4. Photograft copolymerization of MMA on bleached jute 
fiber at 32°C using Fes(SO,)., as initiator. Effect of variation of 
bleached jute fiber content on grafting parameters. Copper number, 
20.5; water, 5.5 mL; [Fer(SO,)a], 1.56 X lo-' mol/L; MMA, 1 mL; 
time, 120 min; total volume (liquid), 6.5 mL. 

E f f e c t  of V a r i a t i o n  of B l e a c h e d  J u t e  C o n t e n t  

Results a re  shown in Fig. 4. Percent grafting decreases quite ex- 
pectedly with an increase in the amount of bleached jute, the effect 
being just the reverse of what was observed for an increase in mono- 
mer  concentration (Fig. 3). The grafting efficiency, however, shows 
a marginal decreasing trend over the full range of jute variation. The 
% total conversion, on the other hand, increases up to bleached jute = 
0.2007 g and thereafter tends to drop off. For a high content of 
bleached jute (0.2 g), the concentration of -CHO groups becomes high 
enough in the polymerization system to exhibit a pronounced retarda- 
tion effect, leading to a drop in the % total conversion. 

E f f e c t  of V a r i a t i o n  of P o l y m e r i z a t i o n  T i m e  

The graft copolymerization of MMA on bleached jute fiber as a func- 
tion of grafting time is presented in Fig. 5. Percent grafting increases 
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p 200 
P 
8 

L 
120 180 240 
Time in min. 

FIG. 5. Photograft copolymerization of MMA on bleached jute 
fiber at 32°C using Fea(SO4)s as initiator. Effect of variation time 
on grafting parameters. Bleached jute fiber, 0.2 g; copper number, 
20.5; water, 5.5 mL; [Fea(SO4)s], 1.56 X lo-' mol/L; MMA, 1 mL; 
total volume (liquid), 6.5 mL. 

with an increase in time up to 180 min. Beyond this time it tends to 
level off hut the grafting efficiency, which is quite high (80-81%), re- 
mains steady over the time period studied. However, % total con- 
version expectedly increases with an increase in time of polymeriza- 
tion with the usual leveling off trend at a later stage, due probably to 
initiator and monomer depletion. 

M e c h a n i s m  

By the use of bleaching, lignin present in the defatted jute was prac- 
tically removed (as shown by a negative response to the test for lignin 
with acidified ammonium vanadate solution), particularly for bleached 
jute samples having a copper number Z 10. The degree of oxidation of 
the bleached jute samples is reflected in their copper number; the 
higher the copper number, the higher is the degree of oxidation. Be- 
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PHOTOGRAFT COPOLYMERIZATION OF MMA 177 

sides generation of aldehydic groups on the Ca-Cs position of the glu- 
copyranose rings, variable proportions of ketonic and carboxylic 
groups are also likely to be generated on the bleached jute samples 
due to uncontrolled oxidation by NaOC1. Thus the jute fiber becomes 
more prone to initiator (Fe") attack. 

Fez (SO, )s is incapable of inducing graft copolymerization of MMA 
on bleached jute in the dark at 40°C but can do so in the presence of 
visible or  near ultraviolet light at  40°C o r  lower temperatures. Gen- 
eration of radical sites on the bleached jute may be considered to take 
place in the following way: 

H 

Fe" + R-cell< 

0 

*Feat + R-cell-h + H' ( 1) 
I h v  

II II 
0 

Reaction (1) does not measurably take place in the dark. The e\$c- 
tron transfer reaction, however, takes place on photoactivation, Fe 
being highly photosensitive [14], and high rates  of polymerization (6 
total conversion) and grafting transformations were therefore observed 
in the photoactivated system. 

Formation of homopolymer (PMMA) may arise due to generation of 
OH radicals in the photosystem according to 

hv 
Feat + HaO -- FeZt + OH + H' 

However, Reaction ( 2 )  is likely to occur with limited ease in an 
acidic medium. Ferr ic  ion adsorbed on jute cellulose passes with 
difficulty in aqueous solution because of the ionic bond [ 151 established 
between cellulose and ferric ion, and thus the bulk of the photoactiva- 
tion reactions of ferr ic  ion a re  likely to take place on the jute cellulose, 
giving a low probability of homopolymer formation. The high grafting 
efficiencies observed in the present system a re  very much in agreement 
with the above viewpoints. 
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