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A Simple Method for the Determination of the 
Degree of True Grafting in Graft Copolymerization 
of a Vinyl Monomer on Cellulose or Oxycellulose 

PREMAMOY GHOSH, MADHUSUDAN BANERJEE, and 
TAPAS KUMAR GHOSH 

Plastics and Rubber Technology Division 
Department of Applied Chemistry 
Calcutta University 
Calcutta 700009, India 

A B S T R A C T  

Graft copolymerization of methyl methacrylate (MMA) on cellu- 
lose o r  oxycellulose gave a gross polymer product from which 
the free poly(methy1 methacrylate) (PMMA) was easily sepa- 
rated by extraction with benzene. From the residue called the 
apparent graft copolymer, the unbound o r  free cellulose/ 
oxycellulose portion was separated from the cellulose/oxycellu- 
lose-PMMA graft copolymer portion by extracting the former 
with 4% aqueous NaOH following a xanthation process. The 
xanthation method allowed easy determination of efficiency of 
grafting with respect to cellulose/oxycellulose and degree 
of true grafting giving mmoles o r  moles of PMMA grafted per  
gram o r  per mole of cellulose/oxycellulose. 

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

When a vinyl monomer is polymerized in the presence of cellulose, 
the gross  product obtained usually consists of three different polymeric 
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entities, viz., f ree  or  unbound vinyl polymer, cellulose-vinyl graft 
copolymer, and free cellulose [ 11. In almost all cases i t  is easy to 
isolate the free vinyl polymer by an appropriate selective extraction 
process but thereafter it is difficult if not impossible to separate the 
free or  ungrafted cellulose portion from the true graft copolymer 
fraction in the residue, which may be commonly termed as the appar- 
ent graft copolymer system because of the general insolubility of 
cellulose, Most reports on graft copolymerization of cellulose there- 
fore give little information on the extent, efficiency, or degree of 
true grafting with respect to cellulose [ 2-51. The present paper r e -  
ports results of our investigations on this problem, based on selective 
extraction of free cellulose from the apparent cellulose-vinyl graft 
copolymer. 

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

Methyl methacrylate (MMA) was used a s  the monomer in the 
present studies, and it was purified following standard procedures. 
Cellulose or  oxycellulose (prepared by periodate treatment of cellu- 
lose under conditions that effect practically no chain degradation 
[ I] ) was used a s  the preformed polymer for graft copolymerization, 
and the initiators used were 1) the KMn04-oxalic acid redox system 
or  2)  KzSz08 in limited aqueous systems under photoactivation with 
visible light a t  a low temperature (32 f 1°C). Experimental details 
have been given elsewhere [ 1, 21. In each case the polymerization 
product, called the gross polymer, was isolated, dried, weighed, and 
then subjected to selective extraction of the free poly(methy1 meth- 
acrylate) (PMMA) fraction with benzene according to procedures 
already given [ 11. The residue after this f i r s t  extraction step, called 
the apparent graft copolymer, was then subjected to a xanthation 
process so as to enable selective extraction of the free cellulose/ 
oxycellulose fraction. 

X a n t  h a  t i o n  

It is well known that cellulose can be easily xanthated by following 

Xanthated cellulose formed as above was completely soluble in 4% 
the reaction steps given on the following page 61. 

aqueous NaOH solution. A known weight of cellulose (0.2-0.3 g) was 
then intimately mixed with 100 to 1000% i ts  weight of PMMA in ben- 
zene solution and the PMMA was then completely precipitated out 
with excess petroleum ether. The mixed polymer system, collected 
and dried at  40°C in vacuum, was then subjected to the xanthation 
procedure whereby the cellulose portion of the mixture was completely 
solubilized in  4% aqueous NaOH solution, and the PMMA portion, re- 
maining practically unaffected, was quantitatively isolated on 
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2 mL CSZ, 
added portion- 
wise over 1.5 h 
with shaking 
a t  30°C 

and the system 
was then kept a t  
5°C for 24 h 

S 

SNa Shaking for 1 h cellulose xanthate 

25 mL of 4% NaOH, 

a t  30°C 

4 R cell 04, - Solution of sodium 

(sodium cellulose xanthate) 

decantation, filtration, washing with dilute NaOH solution and distilled 
water, and finally drying. 

The residual mixed polymer system (apparent graft copolymer), 
obtained after benzene extraction of each of several gross  polymer 
samples prepared by graft copolymerization of cellulose o r  oxycellu- 
lose and MMA [ 1, 23, was then subjected to the above procedure of 
xanthation. The product after xanthation when extracted with 4% 
aqueous NaOH solution is expected to produce a solution of the free 
cellulose/oxycellulose fraction leaving the true cellulose/oxycelluloxe 
PMMA graft copolymer as a partially swollen residue. In fact, in 
each case it was found that a significant portion of the mixed polymer 
system (apparent graft copolymer) dissolved when the respective 
xanthated product was shaken well with 4% aqueous NaOH solution. 
The residue was then isolated by filtration, washing thoroughly and 
successively with 4% NaOH solution, 0.5 N HC1 solution, and distilled 
water, and finally drying a t  40°C under vacuum. Loss in weight due 
to dissolution of f ree  cellulose/oxycellulose was noted, and grafting 
efficiencey (%) on the basis of cellulose/oxycellulose was calculated. 
The final residual polymer is referred to as the true graft copolymer. 
Grafting efficiency (%) with respect to total PMMA formed, EM, was 
also easily calculated after the benzene-extraction step on the basis 
of relevant data giving amounts of total PMMA formed and free and 
bound PMMA [ 1, 21. 

metrically following nitration of the cellulose according to the method 
of Alexander [ 71. The grafted-on PMMA chains were freed from 
associated cellulose or  oxycellulose/(bound/unbound) by treating 

The molecular weight of the cellulose used was determined visco- 
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the apparent graft copolymer or the corresponding true graft copoly- 
mer with 72% HzS04 leading to quick and complete degradation of 
cellulose chains according to known procedures. The molecular 
weight of the respective grafted-on PMMA chains, thus isolated free 
of cellulose/oxycellulose, was then determined viscometrically from 
benzene solution [ 1, 81. 

All relevant data are given in Table 1. Calculated values of degree 
of t rue grafting in the form of (A) mmoles of grafted-on PMMA per 
gram of truly grafted cellulose/oxycellulose and (B) moles of grafted- 
on PMMA per mole of truly grafted cellulose/oxycellulose are given 
in the table. On a mole for  mole basis, the t rue graft copolymers are 
generally richer in PMMA. It is interesting to note that the average 
molecular weight of the grafted-on PMMA chains are significantly 
higher than the average chain length of the cellulose molecules used. 
This may be understood on the basis of delayed or restricted termina- 
tion for  the grafted-on growing PMMA chains in the cellulose matrix. 
Variable extents of intermolecular cross-linking of cellulose chains 
through growing grafted-on PMMA chains as  a consequence of such 
delayed terminations may also partly account for unusually high 
average chain lengths for the grafted-on PMMA chains in the final 
analysis. 

certain side reactions involved in i t  [ 61, but i t  is a simple method 
for  the analysis of cellulose graft copolymer systems of the present 
kind, providing a reasonably easy determination of extent o r  degree 
of true grafting and efficiency of grafting with respect to cellulose 

Obviously, the xanthation technique has i t s  limitations in view of 

(Ec). 
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