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Grafting onto Wool 
12. Graft Copolymerization of Ethyl Acrylate onto Reduced Wool 
by Use of Ceric Sulfate as Redox Initiator 

B. N. Misra, I. K. Mehta and R.K. Sharma 

Chemistry Department, Himachal Pradesh University, Simla-171005, India 

In o r d e r  t o  a s c e r t a i n  t h e  r o l e  o f  -SH g r o u p s  i n  
g r a f t  c o p o l y m e r i z a t t o n  o f  v i n y l  monomers on to  
Hlmacha l i  wool f i b e r ,  an a t t emp t  has  been  made t o  
g r a f t  c o p o l y m e r i z e  e t h y l a c r y l a t e  (EA) on to  r e d u c e d  
wool ,  i n  t h e  p r e s e n c e  o f  c e r i c  s u l f a t e  (CS)  as  r e d o x  
i n i t i a t o r  i n  aqueous  medium. R e d u c t i o n  o f  wool was 
carried out with thio~lyoolic acid (TGA) in aqueous 
s o l u t i o n .  P e r c e n t a g e  o f  g r a f t i n g  and p e r c e n t  
e f f i c i e n c y  were d e t e r m i n e d  a s  f u n c t i o n s  o f  ( a )  
C o n c e n t r a t i o n  o f  i n i t i a t o r  (CS) ,  ( b )  C o n c e n t r a t i o n  o f  
monomer (EA), ( c )  C o n c e n t r a t i o n  o f  S u l f u r i c  a c i d ,  ( d )  
Time and ( e )  T e m p e r a t u r e .  R e d u c t i o n  o f  wool does  no t  
p romote  g r a f t i n g  o f  EA. The unreduced  wool dur ing  
ceric ion-initiated grafting o f  EA was reported 
earlier from this laboratory to produce more grafting. 
In oeric icm-initlated grafting of vinyl monomer onto 
wool, -SH groups do not play s~gnificant role. A 
plausible mechanism of grafting of EA onto reduced 
wool in the presence of ceric ion initiator has been 
suggested. 

Ceric ion has been widely used as redox initiator 
for effectlng o~rafting of variety of vinyl monomers 
onto cellulose (MISRA et al. 1976, 1978), starch 
(FANTA et al. 1971, SRIVA~TAVA etal. 1976) and poly~ 
(vinyl alcohol) (0DIAN, 1968). Ceric ion is kno~ to 
form complexes with the hydroxyl group of polyhydric 
alcohols and these complexes then decompose to 
generate active sites on the polymeric backbone by a 
one electron transfer process 

Rcell OH + Ce4+~ ~ B -~Rcell 0-+ Ce 3+ + H + 

~hen the oxidation of polyhydric s lcohol is 
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carried out i n  the presence of vinyl monomers, 
grafting of vinyl monomer occurs without homopolymer 
formation. For this reason ceric ion is often 
preferred over other redox initiators for effecting 
grafting onto natural and synthetic polymeric 
backbones. Grafting onto proteins in general and 
wool in particular has not been extensively 
investigated. In recent years, attempts are being 
~ ade to modify wool fiber by graft copolymerizstion 
echnique. A number of workers have reported on wool 

grafting using different initiating systems. 

Wool is a natural polypeptlde that contains 
numerous funct ional group s such as -OH, -NH 2, Imino, 
-C02H, -SH and -SS- linkage. All these functional 
groups are capable of entering into redox reaction 
with cerio ion. These complexes upon decomposition 
may generate active sites where grafting of 
appropriate vinyl monomer can occur. By using this 
technique, MISRA et al. (1977, 1978, 1979, 1980)have 
been able to successfully graft MA, MMA, VAc, AAc and 
EA onto wool fiber. They have evaluated relative 
reactivities of different vinyl monomers towards cerlc 
ion-initiated grafting onto Himachall wool. However, 
it has not been possible to identify the functional 
groups which are responsible for grafting of vinyl 
monomers onto wool fiber in the presence of eerie ion- 
initiator. It appears that -OH, -NH 2 and -SH may play 
a major role in providiDg active sites where grafting 
occurs. EANTOUCH et al. (1971) have indicated that 
both -OH and -NH 2 of wool are involved in ceric ion- 
initiated grafting of MMA. Thiols are capable of 
forming complexes with ceric ion and it is natural 
that attempts are being made to inve~igate the role 
of cystine of wool in ceric ion-initiated grafting. 
The role of sulfur compounds in initiating, modifying 
and promoting vinyl polymerizations has been 
recognized for many years. LIPSON (1949) reported 
that graft copolymer~ation in wool occurs through 
-SH groups formed by the reduction of cystine in 
wool. The probable role of cys~ine in %he polymeri- 
zation occurlmg in the presence of sulphur 
containing proteins was illustrated further in the 
research of LIPSON & HOPE (1950) who showed that 
methacrylic acid polymerizes in the presence of 
c~st~ne and ammonium persulphate. Recently NEGE~HI 
e al. (1967) investigated grafting of MMA onto wool 
in the presence of Li~-S208= initiating system and 
concluded that -SH of wool provides active sites for 
grafth~g. In earlier work we have reported grafting 
of EA (MISRA et al. 1978) onto wool by using CAN as 
redox initiator. In the present article, we describe 
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the studies on graft copolymerization of EA onto 
reduced wool. Percentage of grafting has been 
expressed as function of various reaction parameters. 

EX~ERIMERTAL 

Purification and physical chs~acterizatlon of 
Himachali wool have been described (MISRA et ai.1977, 
1978). Ethyl acrylate was treated with 5% NaOH �9 
solution, washed with water and dried over anhydrous 
sodium sulfate. The dried EA was distilled and the 
middle fraction was collected. Ceric sulfate (BDH) 
of analytical grade was used. SulfUric acid of kno~ 
strength was used in all experiments. Thioglycolic 
acid (BDH) was used as received. 

Re duc t  i o n :  

One gram o f  p u r e  H i mac h a l i  wool was 4mmersed i n  
0.5% solution of thioglycollc acid for 48 hours. The 
reduced wool was washed with water and methanol 
several times and dried. 

Graf t_  Copolymerizat ion: 

Reduced wool ( 1 . 0 g )  was dispersed in 200 ml of 
deaerated distilled water. A kno~m weight of ceric 
sulphate (C$) dissolved in definite amount of H2SO 4 
of kno~ strength was added to the reaction flask - 
which was flushed with purified nitrogen for 30 
minutes prior to the addition of monomer. A 
continuous supply of nitrogen flow was maintained 
throughout the reaction period. Measured amount of 
vinyl monomer (EA) was added dropwise to the reaction 
mixture. Graft copolymerization w~s carried out at 
30 ~ , 45 ~ and 60 U for various reaction periods. After 
the completion of the reaction, the reaction mixture 
was filtered and the residue was extracted with 
benzene for 48 hours for the removal of homopolymer 
(PEA). After extraction, the residue was dried at 
50 ~ and weighed to a constant weight. From the 
increase in weight of reduced wool, percentage graft- 
ing and percent efficiency were determined in the 
following manner: 

w2-wl w.2-w I 
% C- = �9 x 1 0 0  ; ~ E = z 1 0 0  

where ~, W 2 and W 3 denote respectively the weight of 
reduced wool, the weight of grafted wool sample and 
the weight of EA added. 
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E v i d e n c e  o f  G r a f t i n g  : 

An intimate physical mixture of reduced wool and 
PEA was prepared by stirring (I .Og)reduced wool 
samples in benzene solution of PEA for 24 hours. The 
mixture was filtered and the residue was extracted 
with benzene for 48 hours. 0.99g of wool sample was 
recovered. This indicated that the homopolymer (PEA) 
is completely removed from a physical mixture by 
benzene extract ion. 

The grafted sample was hydrolyzed with 6N H~I at 
11500 for 24 hours, when all the wool sample went into 
solutlon leaving a resinous mass which was identified 
as poly(ethylaoryl~te ) by IR spectroscopy. Isolation 
of PEA from the grafted sample after hydrolysis by 
6N HCI indicated that PEA is coval~tly bonded to 
wool backbone. ~he IR spectrum of W-g-PEA showed a 
band at 1730 cm- attributed to C=0 of grafted PEA. 

~s~_~s AN~ Dm~c.~slo~ 

It is a well established fact %hat the treatment 
of wool with thloglycollc acid (TGA) increases the 
thiol content of wool. The cystine disulfide residue 
is reduced to -SH group of cystine. 8ulfhydryl 
groups are quitereactive and capable of formation of 
complex with Ce+@. Reduction of wool was therefore 
expected to afford enhanced grafting. In a previous 
paper (MISRA et al. 1978) we investlgated grafting of 
EA onto untreated wool by using CAN as redox initiator 
and it was observed that under optimum conditions, 
PEA t o  t h e  e x t e n t  of 77.87% could be grafted t o  
untreated wool fiber. In the present study, EA was 
grafted to TGA-treated wool in the presence of CS as 
i n i t i a t o r  and under  optimum c o n d i t i o n s  EA c o u l d  be 
grafted only to the extent of 32.22% (Table I). This 
indicates that -SH of wool does not promote grafting 
when Co+4 is used as initiator. CAN is known to form 
complex with wool which easily decomposes. On the 
other hand, the complex of CS and wool decomposes 
les~ readily. Thus the nature of llgand attached to 
Ce +4 may influence grafting. However, a considerable 
decrease in percent grafting of PEA onto reduced wool 
in the presence of CS cannot be satisfactorily 
explained on the basis of difference in Stability of 
complexes formed between wool and CAN and between 
wool and CS. It seems that additional -SH groups 
arisIDg from reduction of oy~tine instead of promoting 
adversely affect grafting. Perhaps -SH groups are 
oxidized by Co+4 to give a variety of oxidized 
pr odu~t s. 
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E~feo% of Concentration of Ce+4: 
It is apparent from Table I that with increase 

in concentration of Ce +*. percent grafting increases 
+4 and reaches a maximum value of 32.22% at Ce = 2.0 

x 10-2 mole/l. Beyond this concentration of Ce +4, 
percent grafting was found to decrease. Under 
optimum conditions, untreated wool in the presence of 
CAN afforded maximum grafting (MISRA et al. 1978)to 
the extent of 77.87%. The decrease in graft yield in 
the case of reduced wool is explained by assuming the 
following mechanism: 

2R - SH + 2Co +4 ~R - S - S - R + 2Co +3 + 21{ + (I) 

R - S - S - R + Ce +4 >Wool oxidation products (2) 

- s,, + c,+4- - s - Ce - s - + 2H+ 

2/~C-S-Ce-S~2 + 2RSH--+4-S-Ce-S% + RS-SR + 2H + (6) 

It is clear from the above mechanism that 
reaction (I) leads to rebuilding of disulfide linksges 
thereby giving rise to original wool. If this 
reaction predominates it would be expected that the 
reduoed wool would yield the same amount of graft as 
the unreduced wool. However, the present study 
indicates that reduced wool produces less grafting 
and this.would be expected since -SH of wool react s 
with.Ce+* In ~.he manner described above to  give a 
varxe~y or oxx~xsed products of wool. HgCI 2 (IEACH 
1960) and A~N03 (EEIGHLEY 1968) are kno~ to react 
with wool to give a variety of oxidized products. 

Effects of concentration of sulphuric acid, 
monomer, time and temperature on graft copolymerlzat- 
ion onto reduced wool were similar as observed during 
grafting of EA onto unreduced wool (MISRA et aI.19783 
in the presence of CAN and H~O 3. 

Prom the foregoing discussion it is concluded 
that -SH groups of wool do not promote grafting of EA 
in the presence of oeric ion initiator. 
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