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Solvent Effects in the Graft Copolymerization of 

Methyl Methacrylate to Polypropylene 

PETER J. BURCHILL, DON M. PINKERTON, and 
RICHARD H. STACEWICZ 

Materials Research Laboratories 
Defence Science and Technology Organization 
Melbourne 3032, Australia 

A B S T R A C T  

Methyl methacrylate can be readily graft copolymerized to 
polypropylene film by mutual y-irradiation in vacuo. Graft 
yields in excess of 1000% can be obtained a t  low total doses 
(0.1 Mrad) and dose rates  (0.05 Mrad/hr). When the monomer 
is diluted with solvent mixtures, similar yields can be obtained 
a t  lower monomer concentrations due to an accelerative effect. 
Besides swelling of the polypropylene, the results indicate the 
importance of solvent on the reaction kinetics of the growing 
poly(methy1 methacrylate) radicals. A possible explanation of 
the effect of diluent is  presented in terms of polymer chain 
entanglement. 

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

Although radiation-initiated grafting of monomers to polymer sub- 
strates by the mutual irradiation technique has been extensively 
studied [ 1-31, the influence of diluents on the process is still not 
satisfactorily explained. An accelerative effect of diluent on the rate  
of grafting was first  reported by Dobo [ 41, and since then extensively 

79 

Copyright 0 1980 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
1
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



80 BURCHILL, PINKERTON, AND STACEWICZ 

explored by Odian [ 5, 61 in the system polyethylene-styrene-methanot. 
Silverman [ 71 concluded from his studies of this system that the ob- 
served maximum graft rate is an optimum resulting from a high con- 
centration of absorbed monomer and a low viscosity for the poorly 
swelled polymer matrix. However, this seems to be insufficient a s  a 
general explanation since high graft ra tes  can be found for systems 
in which the diluent, and not the monomer, swells the substrate. This 
is  shown by the effect of water or alcohols on the grafting of styrene 
to nylon 181. Thus these systems indicate the importance of swelling 
of the substrate and effect of solvent on the grafted polymer. Wilson 
[ 91 has attempted to rationalize the observations by using monomer- 
solvent mixtures which should swell the substrate in a predictable 
manner based on their Hildebrand solubility parameter. For mixtures 
with the same solubility parameter, the graft ra te  was found to in- 
crease a s  the monomer concentration increased. 

The effect of diluent mixtures on the grafting yield has received 
little attention. The reports that do exist a r e  those involving aqueous 
systems in the grafting of monomer to poly(viny1 alcohol) [ lo ] ,  
celluose [ 111, and nylon [ 121. Recent work by the present authors 
has shown that an accelerative effect of diluent can be obtained over 
a range of monomer concentrations by the use of diluent mixtures. 

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

Methyl methacrylate monomer was washed with a 5% aqueous 
solution of sodium hydroxide, 10% aqueous solution of sodium chloride, 
and distilled water, dried with anhydrous magnesium sulfate, and 
vacuum distilled just before use. Blown polypropylene film (50 pm), 
produced from unpigmented polymer containing no antislip, antistatic, 
or antiblock additives, was supplied by Shell Chemical (Aust. ) Pty. 
Ltd. The film was extracted with acetone in a hot Soxhlet extractor 
for 48 hr and dried before use. Specimen size for each irradiation 
experiment was 25 mm X 15 mm. All irradiations were conducted 
at 25°C under vacuum mm Hg) in 13 mm X 100 mm borosilicate 
glass ampoules with a “Co y-ray source a t  a dose rate  of 6 X lo4 
rad/hr. All monomer solutions were prepared on a weight percent 
basis, and 5 ml of grafting solution was used. The graft yield, ex- 
pressed a s  (W - WO)/WO, where WO is the initial weight of the film, was 
determined from the weight increase after removal of homopolymer by 
extraction with acetone. 

Swelling was determined by measurement of the change in linear 
dimensions of strips of film immersed in the grafting mixtures. 

R E S U L T S  AND DISCUSSION 

When methyl methacrylate is grafted to polypropylene from meth- 
anol or benzene solution the results shown in Fig. 1 a r e  obtained. 
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FIG. 1. Variation of graft yield with concentration of methyl meth- 
acrylate when diluted with ( 0 ) benzene or  ( A ) methanol. 

Unlike methanol, on using benzene a s  a diluent no accelerative effect 
is observed a s  the monomer concentration is reduced. However, when 
some of the methanol in a 1:l mixture of methanol with methyl meth- 
acrylate is replaced by benzene, an optimum is found a t  10% benzene 
a s  shown in Fig. 2. Similar data a re  obtained for grafting reactions 
at  other methyl methacrylate concentrations, a s  expressed in Fig. 3 
which shows how the yield varies for the whole range of concentrations 
of monomer, methanol, and benzene. 

The swelling of polypropylene by the range of mixtures methyl 
methacrylate 5fl-methanol (50 - xfi-benzene x% is shown in Fig. 4, 
which indicates that a gradual increase in volume of the polymer film 
is found a s  the benzene concentration increases. Thus it appears 
unlikely that the very sharp increase in graft rate, a s  seen in Fig. 2, 
can be explained on the basis of a sharp increase in monomer con- 
centration in the polymer, especially a s  with benzene concentrations 
greater than 10% the graft yield again falls. Benzene, besides being 
a swelling agent for polypropylene, is also a good solvent for poly(methy1 
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1 
0 *1 .2  -3 -4  

Weight Fraction 

FIG. 2. Variation of graft yield with benzene concentration; methyl 
methacrylate fixed at  0.5 weight fraction, and the weight balance pro- 
vided by methanol. 

methacrylate) (PMMA) and thus the change in graft yield with benzene 
concentration will therefore be a reflection of how the propagation 
and termination rate  constants of polymerization vary with swelling 
of the substrate and the grafted monomer. 

The high grafting rates  which a r e  shown at  the optima in this sys- 
tem may be due to the same factors which produce the wel l  known gel 
effect in the bulk polymerization of methyl methacrylate. This phe- 
nomenon has recently been elaborated by Cardenas [ 131 in terms of 
polymer chain entanglement. The extent of entanglement is dependent 
on the molecular weight. Once the propagating polymer chain length 
exceeds a critical value at  which entanglement can occur, the termi- 
nation rate constant is greatly reduced while the propagation rate  
constant is hardly affected, so giving r i se  to a large increase in 
polymerization rate. Entanglement would also be expected to be 
medium dependent in that polymer chain extension will vary with the 
composition of the solvent mixture. For good solvents the entangle- 
ment will be reduced, thus allowing easier termination and a reduction 
in ra te  a s  observed at  high benzene concentrations. At low benzene 
concentrations the low rate  of grafting would then be due to a reduced 
propagation rate constant such as that found in bulk polymerizations 
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0 .1 * 2  *3 4 
Weight  Fract ion 

FIG. 4. Relative increase in the volume of polypropylene film with 
change in ( a )  benzene or ( m ) hexane concentration; methyl methacry- 
late fixed at 0.5 weight fraction, remaining weight is methanol. 

32t 

FIG. 5. Variation in graft yield with concentration of ( a )  hexane 
or ( 0 ) acetone; methyl methacrylate weight fraction 0.5, weight 
balance with methanol. 
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which a r e  approaching the glassy state. Where the optimum grafting 
rate  is observed, conditions must be such that entanglement limits 
the termination rate  to a greater extent than the propagation rate. 

When benzene i s  replaced by hexane, which is a nonsolvent for 
PMMA, but a better swelling agent (Fig. 4) for polypropylene than 
benzene, the results shown in Fig. 5 a r e  obtained. The decrease in 
graft yield at  high hexane concentrations i s  probably due to the propa- 
gation rate  being limited by increased entanglement of the grafted 
polymer. In contrast, when a solvent for PMMA is used which does 
not swell polypropylene, no accelerative effect is observed. This is 
shown by the methyl methacrylate-methanol-acetone system (Fig. 5) 
where the increase in graft yield a s  the methanol i s  replaced by 
acetone i s  due to an increase in the propagation rate  constant. 

In addition, when the conditions a r e  favorable for a high polym- 
erization rate, the presence of the grafted PMMA is also contributing 
to the rate  due to new grafting sites located on the grafted PMMA. 
This will  also result  in an acceleration [ 141. 

R E F E R E N C E S  

A. Chapiro, Radiation Chemistry of Polymeric Systems, Wiley- 
Interscience, New York, 1962. 
H. A. J. Battaerd and G. W. Tregear, Graft Copolymers, Wiley- 
Interscience, New York, 1967. 
J. E. Wilson, Radiation Chemistry of Monomers, Polymers and 
Plastics, Marcel Dekker, Inc., New York, 1974. 
J. Dobo, M. Somogyi, and L. Kiss, Large Radiation Sources in 
Industry, Vol. 1, International Atomic Energy Agency, Vienna, 
1960. 
G. G. Odian, A. Rossi, and E. N. Trachtenberg, J. Polym. Sci., 
- 42, 575 (1960). 
G. Odian, M. Sobel, A. Rossi, and R. Klein, J. Polym. Sci., - 55, 
663 (1961). 
S. Machi, I. Kamel, and J. Silverman, J. Polym. Sci. A-1, - 8, 
3329 (1970). 
G. Odian, T. Acker, andM. Sobel, J. Appl. Polym. Sci., - 7, 245 
(1963). 
J. E. Wilson, J. Macromol. Sci.-Chem., A8, 733 (1974). 
A. Chapiro and V. Stannett, Intern. J. Appl. Radiation Isotopes, 
8. 164 (1960). 
5: T.  Guthrie, Polymer, 16, 134 (1975). 
K. Hayakawa, K. KawaseTand H. Yamakita, J. Appl. Polym. Sci., 
18, 1505 (1974). - 
J. N. Cardenas and K. F. O'Driscoll, J. Polym. Sci. Polym. Chem. 
Ed.. 14. 883 (1976). - -  
J. Dobg and M. Somogyi, J. Chim. Phys., - 56, 863 (1959). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
1
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


