
Grafting Vinyl Monomers on to Cellulose. X.  Graft Copolymerization 
of Methyl Methacrylate onto Cellulose Fibers Using Acetylacetonate 

Complex of Vanadium Ion 

Graft copolymerization of vinyl monomers onto cellulose has been extensively studied using a 
variety of methods, e.g., chain transfer,' high energy low energy radiation in the presence 
of a sensitizer," mechanical degradation, and redox  system^.^^^ 

Nayak and co-workers have used quinquevalent vanadium ion as the initiator for graft copoly- 
merization of vinyl monomers onto wool,' silk: cellulose,9 and PETlO fibers. Recently the interest 
of many authors has been focused on the study of the kinetics and mechanism of initiation of radical 
polymerization of vinyl and diene monomers by metal chelates.11J2 This note presents the results 
of studies of graft copolymerization of methyl methacrylate onto cellulose using acetylacetonate 
complex of quinquevalent vanadium ion. 

EXPERIMENTAL 

Egyptian cotton slivers were purified by our previous pro~edure.~ The acetylacetonate complex 
of quinquevalent vanadium was prepared according to the literature pr0~edure. l~ The graft co- 
polymerization was carried out according to our previous meth~ds.~-lO 

RESULTS AND DISCUSSION 

The effect of the initiator concentration on graft yield was investigated by varying the initiator 
concentration from 0.75 X to 3.75 X 10-4M at  different monomer concentrations. The results 
indicate that, with increasing chelate concentration, the graft yield increases. But, a t  very high 
concentration of chelates, a decreasing trend in the graft yield is noticed. This phenomenon has 
also been observed while grafting methyl methacrylate onto PETlO fibers using V5+ as the initiator. 
The effect of monomer concentration on the polymerization reaction was evaluated by changing 
the monomer concentrations within the range of 0.2816-1.032M at different initiator concentrations. 
It is observed that increasing the monomer concentration in the initial stages causes an outstanding 
enhancement in the graft yield. But as the concentration of monomer increases after certain stage, 
the graft yield decreases. The effect of sulphuric acid concentration was studied using acid con- 
centration within the range of 1.5 X 10-3-5.0 X 10-3M. It is observed that the graft yield increases 
up to 7.5 X 10-3M and thereafter the graft yield decreases with further increase in acid concentration 
(Fig. 1). The effect of raising the temperature from 5OoC to 7OoC is to bring about a significant 

TlME IN HOUR 
Fig. 1. Effect of acid concentration: [complex] = 2.5 X 10-4M, [MMA] = 0.4694M; temp = 7OOC; 

M:L = 1:lOO; (0) [H2S04] = 1.5 X 10-3M; (A) [HzS04] = 4.5 X 10-3M; ( 0 )  [HzS04] = 7.5 X 10-3M; 
( 0 )  [H*S04] = 15 X 10-3M. 
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Fig. 2. Arrhenius plot of log Rp vs. 1/T. 

enhancement in the rate of grafting. Beyond 7OoC the rate of grafting decreases. From the 
Arrhenius plot (Fig. 2) of log R, vs. 1/T, the overall activation energy was computed to be 5.2 kcal/ 
mol. 

Arnett and Mendelsohn14 and Bamford and Lind'l have pointed out that the initiation mechanism 
by V(acac)5 is considered to occur through the homolysis of their metal-oxygen bonds forming 
acetyacetone radical or the radical in combination with the monomer (R.) which initiates 
grafting: 

Initiation: 

1 (R') 

V(acac)5 + M * [M - V(acac)s] - I1 (R.) (acac) - M' + V(acac)4 

cellulose + Re -+cellulose' + RH 
k i  

k; 
cellulose' + M +cellulose-M' 

0 0.4 0.0 I .  1 

Fig. 3. Plot ofR, vs. [MMA]: (0) [complex] = 1.75 X 10-4M; (A) [complex] = 2.5 X 10-4M, (0) 
[complex] = 3.25 X lO-*M. 
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Fig. 4. Plot of R, vs. [comple~]~/~:  (0) [MMA] = 0.4694M; (A)  [MMA] = 0.7041M; ( 0 )  [MMA] 
= 0.9388M. 

Propagation: 

kP 
cellulose-M’ + M -+ cellulose-Ml 

Eellulose-Mn-l + M -+ cellulose-Mn 

I 

1 kP 

Termination: 

k t  
cellulose-Mn + cellulose-Mn -+ graft copolymer 

Applying steady state assumptions to the growing radicals we have 

R, = k,  (ki/kt)ll2 [V(a~ac)s]”~ [MI 

Thus the plots of R, vs. [MMA] (Fig. 3), R, vs. [comple~]~/~  (Fig. 4) were linear, indicating the validity 
of the above reaction scheme. 

The rate of grafting was also studied in presence of two monomers, i.e., methyl methacrylate, ac- 
rylonitrile and methyl methacrylate, methyl acrylate. In both systems methyl methacrylate con- 
centration was maintained constant. The perusal of the result indicates that, as the monomer 
concentration (acrylonitrile or methacrylate) increases, the graft-on percentage decreases. The 
effect of inhibitors like hydroquinone and picryl chloride was studied. As the concentration of in- 
hibitor increases, the graft-on percentage decreases, and it becomes negligibly small at certain stages 
of inhibitor concentration. 
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authors (S.L. and A.K.T.) are thankful to C.S.I.R., New Delhi for Research Associateship and 
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