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Graft Copolymerization of Poly(methy1 
Methacrylate) onto Wool by the Potassium 
Persulfate-Thiomalic Acid Redox Couple in the 
Presence of Atmospheric Oxygen. Part I 

J. S. SHUKLA, G. K. SHARMA, R. K. TEWARI, and S. K. SHUKLA 

Department of Chemistry 
University of Lucknow 
Lucknow, India 

A B S T R A C T  

The graft copolymerization of poly (methyl methacrylate) [PMMA] 
onto wool initiated by the potassium persulfate-thiomalic acid 
(TMA) redox couple has been investigated in the presence of 
atmospheric oxygen. The percentage of grafting efficiency and 
polymerization as a function of initiator, activator, monomer, 
temperature,  time, and wool was estimated. Evidence of grafting 
was confirmed by IR spectroscopy. It was observed that the graft- 
ing ranged from 25 to 70% depending upon the concentration of the 
redox system, the time, and the temperature. 

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

In recent years ,  chemical modification of wool by graft copolymer- 
ization has received considerable attention [ 1-61. 

Wool is a natural polypeptide that contains a number of functional 
groups like -OH, -SH, -NH2, -COOH, etc. They provide active sites 
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226 SHUKLA E T  AL. 

for graft copolymerization. The free radical technique is a powerful 
medium for the creation of active sites on the polymer backbone. 
The technique of free radical aqueous polymerization of vinyl mono- 
m e r s  in the presence of air by a redox pair  h a s  been known fo r  yea r s  
[7-10]. In the present communication we report  the graft copolymer- 
ization of vinyl monomers onto wool, and the resul ts  of a study of 
graft copolymerization of methyl methacrylate (MMA) by the potassium 
persulfate-thiomalic acid (TMA) redox couple in the presence of air 
a r e  described. 

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

Wool obtained from U.P. was purified by the usual method [111 and 
monomer was washed by a standard method [ 121. All the other chemi- 
cals were of analytical grade. 

Purified wool (0.5 g) was dispersed in 100 mL of water in a flask. 
A calculated amount of TMA followed by the initiator K2S208 were 
placed in the reaction flask and kept in a thermostat  at 45 i 0.2"C (when 
otherwise not mentioned). A calculated amount of the monomer MMA 
was introduced dropwise to the reaction flask. 

ing an excess of methanol. The colloidal phase was broken by adding 
MgS04. The grafted material  with homopolymer was filtered. The 

residue was extracted with benzene in a Soxhlet for complete removal 
of homopolymer. The extracted polymer was dried overnight to con- 
stant weight. 

Percentage of grafting, efficiency, and polymerization were deter-  
mined as follows: 

At  the end of the desired interval, the reaction was quenched by add- 

w - w  
%Grafting = ___ x 100 

'" 

W 
% Efficiency = ~ 2 - w1 x 100 

w3 

4 W 
% Polymerization = - x 100 

w3 

Where wl, w2, w3, and w4 a r e  the weight of the wool, the weight 

of the grafted wool, the weight of the monomer, and the total increase 
in the weight including homopolymer and grafted polymer. 
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COPOLYMERIZATION OF POLY( METHYL METHACRYLATE) 227 

R E S U L T S  A N D  D I S C U S S I O N  

E v i d e n c e  of G r a f t i n g  

The grafted sample was hydrolyzed by 8 N sulfuric acid at 135°C 
f o r  48  h. Al l  wool went into solution, l eav inga  resinous m a s s  which 
was identified as poly(MMA) by IR spectroscopy. The IR spec t rum 
of grafted poly(MMA) showed a band at 1725 cm-' ,  attributed to the 
C=O bond of grafted polymer. The isolation of poly(MMA) f rom the 
grafted sample after hydrolysis indicated that poly( MMA) was  co- 
valently bonded to the wool backbone [5]. 

M e  c h a n i  s m 

On the bas i s  of the mechanism given by Ghatqe et al. [ 131 and 
Shukla et al. [7] for  the addition polymerization of MMA by K2S208- 

ascorbic acid in the presence of air, we propose the following mechan- 
i s m  f o r  the graft copolymerization of MMA by K S 0 -TMA in the 

presence of air. The grafting is initiated when the free radical (W) 
generated f rom wool attacks the monomer molecule. Wool is repre-  
sented as WH. 

2 2  8 

RSH + O2 - RS' + Hog' (1) 

. + RSH - RS' + H202 
H02 

deactivation 1 
H 0 =20H ___ H 2 0  + -02 

2 2 2  

s 0 2 -  -- 2s0,- 2 8  

(3 )  

(4 )  

RS' + WH - RSH + W' 

nM 

W(')n+l W +M-WM' - 
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228 SHUKLA E T  AL. 

dimerization 
RS' + SR - RS-SR 

In Steps ( 10) and ( ll), grafted polymer is formed, and in Step ( 12), 
homopolymer is formed. 

E f f e c t  of V a r i a t i o n  i n  I n i t i a t o r  C o n c e n t r a t i o n  

The effect of variation in initiator concentration on the percentage 
of grafting efficiency and polymerization has been studied over a wide 
range of initiator concentrations (7.5 to 40 mmol/L) at fixed concen- 
trations of activator and monomer and fixed values of temperature and 
wool for  a definite period of 3 h. The results a r e  shown in Fig. 1. 

It was observed that the percentage of grafting and efficiency in- 
creased up to 20 mmol/L concentration of initiator and thereafter de- 
creased. These results are in line with the observation recorded by 
Toda [14], Mukherjee and Sanyal [ 151, and Ogiwara et al. [ 161. 

E f f e c t  of  V a r i a t i o n  i n  A c t i v a t o r  C o n c e n t r a t i o n  

Under otherwise constant conditions, variation in activator (TMA) 
concentration is shown in Fig. 2. It was observed that an increase in 
activator concentration up to 20 mmol/L gave a corresponding increase 
in percentage of grafting and efficiency and thereafter both decreased 
although gradually. Similar results have been recorded by Toda [ 141 
and Ogiwara [IS] .  This could be due to mutual termination taking place 
at  higher activator concentrations with the result  that the percentages 
of grafting and efficiency both decrease. 

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

At a fixed concentration of activator, initiator, and wool, the effect of 
variation in monomer MMA concentration is as in Fig. 3. 

The increase in percentage grafting, efficiency, and extent of polym- 
erization took place in the whole range of monomer concentration. Per- 
centage grafting increased sharply with an increase in monomer con- 
centration whereas the efficiency had very little effect. The percentage 
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10 20 30 40 50 0 

[Kp S2 0,l x mmol/L 

FIG. 1. Variation of ’% grafting ( 0  ), % polymerization ( A ), and ’% 
efficiency ( B )  with initiator concentrations. [MMA] = 18.512 X lo-’ 
mol/L, [TMA] = 10.0 mmol/L, time = 180 min. 

I I I 1 1 

20 30 40 0 10 

[TMAI x mmol/L 

FIG. 2. Variation of ’% grafting (a ) ,  ’% polymerization ( A ) ,  and ’% 
efficiency ( m )  with activator concentrations. [MMA] = 18.512 X lo-’ 
mol/L, [KS203] = 10 mmol/L, t ime = 180 min. 
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100 - 
90 - 
80 - 
70 
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- / + - -  
(? / ""I 50 / 

,I 
10 

9.256 18.512 27.768 0 

IMMAI x mol/L 

FIG. 3. Variation of '?h grafting ( a), %I polymerization ( A ) ,  and % 
efficiency ( 0 )  with monomer concentrations. [KS203] = 10 mmol/L, 
[TMAJ = 10 mmol/L, time = 180 min. 

conversion initially increased and finally became almost constant. The 
results fall in line with observations made by other workers [ 14, 15, 171. 

E f f e c t  of W o o l  C o n c e n t r a t i o n  

The effects are shown in Fig. 4. An increase i n  wool concentration 
resulted in a corresponding decrease in the percentage polymerization 
as well as grafting, while the efficiency percentage increased in the 
whole range of wool concentration investigated. On increasing the 
amount of wool, the chances of the creation of more active s i tes  in- 
creased and hence the percentage of efficiency. Since there was no 
increase in activator and initiator concentrations, the primary free 
radicals remained almost constant, resulting in a decrease of per- 
centage grafting at higher wool concentrations. 

E f f e c t  of T i m e  a n d  T e m p e r a t u r e  

The grafting of MMA onto wool at fixed concentrations of initiator, 
activator, monomer, and wool was  investigated for different polymeri- 
zation times. The results, presented in Fig. 5,  indicate that grafting 
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0 .5 .1 1.5 2.0 

Wool in (gins) 

FIG. 4. Variation of % grafting ( a),  % polymerization (A), and % 
efficiency ( a )  with wool. 

[MMA] = 18.512 X 

[KS 0 ] = 10 mmol/L, [TMA] = 10 mmol/L, 2 3  
mol/L, t ime = 180 min. 

70 

60 

50- 

40- 

30 - 
20- 

1 G- 

0 30 60 90 120 150 180 

Time in (inin) 

FIG. 5. Variation of ’% grafting (o), % polymerization ( A ) ,  and % 
efficiency ( m )  with time. 

[MMA] = 18.512 X mol/L. 

[KSz03] = 10 mmol/L, [TMA] = 10 mmol/L, 
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90 - 
80- 

70 - 

Temperature ' C  

FIG. 6. Variation of % grafting ( a), % polymerization ( A ) ,  and yo 
efficiency ( 0 )  with temperature. 

10 mmol/L, [MMA] = 18.512 X lo-' mol/L, time = 180 min. 

[KS203] = 10 mmol/L, [TMA] = 

and efficiency reached their maxima in 3 h and thereafter d e c r e a y d .  
The extent of polymerization remained almost constant for 1 to 2 2 h. 

The fall in grafting and efficiency may be attributed to the forma- 
tion of homopolymer which may in turn affect the accessibility of the 
monomer to the grafting sites,  thus reducing the efficiency [ 151. 
Thampy et al. [ 191 have also observed that with long polymerization 
time the branches may be shortened by the reaction with initiator, and 
the fragmented poly( MMA) radicals can become attached to new poly- 
mer  sites in the polymer chain. A chain t ransfer  reaction involving 
polymer may also be the cause of such a decrease [ 181. 

are plotted in Fig. 6. Four different temperatures (35, 45, 55, and 
60°C) were chosen for study. It is clear  from the observations that 
both the percentage grafting and percentage efficiency increased up 
to 45"C, and at higher temperature both experienced a fall. The ex- 
tent of polymerization increased in the whole range of temperature. 
It is assumed that a t  higher temperature,  homopolymer formation be- 
comes predominant over graft polymerization, and termination of 
grafted chain free radical may also be responsible for the decrease 
in percent grafting [6]. 

The effect of temperature on grafting was observed and the results 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
4
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1
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P h y s i c a l  P r o p e r t i e s  of  G r a f t  C o p o l y m e r  

It is clear  from Table 1 that the solubility of grafted wool decreased 
in acids and alkalies, and that there was a slight increase in solubility 
in u rea  bisulfite solution. 

TABLE 1. Solubility Behavior of Grafted and Ungrafted Wool at 
Concentrations of HC1 6.0 N, NaOH 0.1  N, u r e a  50%, sodium metabi- 
sulfite 3%, pH = 7.0, 65"C,XO min 

- 

% Loss in weight 

Solvent Ungrafted wool Grafted wool 

HC1 

NaOH 

Urea-bisulfite 

15.09 

12.0 

10.04 

8 .9  

10.9 

12.57 
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