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ABSTRACT

The gamma radiation-induced graft copolymerization of 2, 2, 6, 6-tetramethyl -4-piperidinyl-
methacrylate (TMPM) , a very effective hinderd amine light stabilizer ( HALS) , onto
polypropylene was investigated by simultaneous- irradiation technique. The various synthesis
conditions on the graft content was studied It was found that benzene. CC14 and petroleum ether are

more effective than other solvents, the percent grafting reached 7.1% for benzene. The percent

grafting is higher when graft copolymenzation is carried out in argon atmosphere than those in air. For
all the grafting copolymerization carried out in benzene and CC14, percent grafting increase linearly

from 1 to 5 Mrad and beyond 5 Mrad a tendency to level off appeared. At a constant dose, the percent

grafting was found to be higher at high dose rate until 228 rad/s. Percent grafting also increased

continuously with increasing monomer concentration up to 2. 85 mol/L, but significant increase

in grafting was observed only up to 1.14 mol/L

INTRODUCTION

Polypropylene has become the largest and fastest growing plastics because of its versatility, wide

applicability and low cost, but some disadvantages in its properties has impeded its growth in

commercial use. One of those is its poor stability to v -irradiation The use of v -irradiation to

sterilize plastical devices is increasing in populanty.but all plastics undergo some degradation as the

result of Y -irradiation. Polypropylene is particularly sensitive to radiolysis and it need to be stabilized

fore use.

Hindered amines based on 2,2.6,6- tetramethylpipendines are very effective light stabilizers, they

are always used as stabilizers as others1"3. They are also very effective in prevention

polypropylene from damage of v -irradiation. Add low molecular weigt stabilizers to polymer can

improve its irradiation tolerence effectively, but these stabilizers can easilybe evaporated and be lost

from polymer surface.Polymeric hindered amines are found to be excellent light stabilizers, but the

stabilizing effectiveness of a macromolecular stabilizer is restricted by its poor compatability with the

polymer to be protested An alternative approach to use a polymeric additive is to graft co-

poiymenze a plymenzable stabilizer to the polymer substrate.4 This method can improve the

compatibility and overcome the volatility problems.

A great number of vinyl monomers including styrene,5 butadiene,6 ethyl vinyl ether,7 methyl

methacrylate,8 and methyacrylic acid,9 have been grafted onto polypropylene by gamma radiation.

Hindered amine light stabilizer TMPM has been grafted onto polypropylene film by UV initiation.10
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In present investigation involves the graft copolymerization of TMPM onto polypropylene powder by

simultaneous-irradiation techniques using 60Co as the source of gamma rays.

EXPERIMENTAL

Materials

Polypropylene powder supplied by Anqing Petrochemistry Factory was soxhlet-extracted with

methanol for 48 hours before use in order to remove all the addtives. TMPM was synthesized by the

authors according to literature,11 it was twice recrystallized from hexane before use. All the reagents

used were of grade AR.

Radiation Source

The irradiation of samples was carried out in a 60Co (3.7 * 10HBq) gamma chamber. The dose-rates

were determined by the use of Fricke dosimeter.

Grafting Procedure

Graft copolymerization was carried out in a test tube in air or in Argon. A weighed amount of

polypropylene powder and TMPM were put into test tube, then solvent was added, and left for 24

hours in order to attain the equilibrium swelling of the powder. The tube was placed into the radiation

chamber at a suitable distance and height for a desired period. Then the polymerization was stopped

by the addition of a large volume of acetone to the reaction mixture. The whole mass was filtered and

washed with acetone. The residual monomer and homopolymer were removed by soxhlet extraction

with methanol for 48 hours. The graft copolymer was dried to constant weight under vacuum at 50X1!.

Percent grafting was calculated as follows:

Percent grafting( % )= 100(Wg-W0)AV0

where Wg and WQ represent the weights of grafted and initial polypropylene powder, respectively.

RESULTS AND DISCUSSION

1. Effect of solvent and atmosphere on grafting

Variation in the percent grafting in different solvents and atmosphere was presented in Figure 1.

AH the experiments were carried out at the dose of 2.5Mrad and dose- rate of 376rad/s. About 1

gram polypropylene, 0.2 gram TMPM and 1 ml solvent were used in each experiment.
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1. elhanol

2. methanol

3. n-butyl alcohol

4. acetone

5. chloroform

6. carbon tetrachloride

7. petroleum ether

8. dimethylbenzene

9. benzene

In air BassD In Argon

Fig. 1. Effect of solvent and atmosphere on the percent grafting of Polypropylene powder: total dose, 2.5 Mrad; dose-rate,

376 rad/s.

Figure 1 shows that the grafting is highly dependent on the nature of solvent. The percent grafting

is much higher in benzene, dimethylbenzene, petroleum ether (b.p. 60-90'C), chloroform and carbon

tetrachloride than that in methanol, ethanol, n- butyl alcohol and acetone. The percent grafting is the

highest when reactions are carried out in benzene, whereas the percent grafting is very low when

alcohols are used as solvents.

Polypropylene is nonporous material and it swells to some extent in organical solvents. Many

solvents are used in grafting experiements to enhance the accessibility of monomer to grafting sites

within the polymer. The swell behavior of polypropylene in several solvents has been studied.1213 It

was found that 10-12h is required to attain equilibrium swelling. In our experiments a period of 24

hours was used to ensure enough swelling. It was observed that white polypropylene powder turned

to be semi- transparent when swelled in benzene, dimethylbenzene, petroleum ether, chloroform or

carbon tetrachloride seperately. But this phenomenon was not observed in methanol, ethanol, n-butyl

alcohol and acetone. This shows that the degrees of swelling for polypropylene are much higher in the

former solvents than those in the latters.

A conclusion can be drawn experimently that solvent is a very important factor in the radiation

grafting of TMPM onto polypropylene. The effect of solvent on grafting may be attributed to another

factor, the stability of solvent under gamma irradiation Benzene is a very stable reagent because of

its n bond structure which can disperse radiation energy. So the free radical yield of benzene is very

low and it leads to the degree of homopolymerization of TMPM is low in benzene.Dimethylbezene is not

so stable in comparision with benzene, the two methyl groups in it can easily be attacked by radiation,

then more free radicals are formed and more homopolymerization are initiated.

The grafting copolymerization in argon atmosphere was also studied. The reaction system was

deareated by bubbling argon gas for 8 minutes, after that the test tube was sealed. The percent

graftings were found to be higher in argon than those in air. This may be account of that the oxygen

in air participates in the homopolymerization of TMPM and leads to the degree of grafting become

lower.
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2. Effect of total dose on grafting.

The effect of total dose on grafting is shown in Figure 2. All the reactions were carried out at the
dose rate of 376 rad/s. A total dose up to 10 Mrad was used. About 1 gram polypropylene, 0.2 gram
TMPM and 2 ml solvent were used in each experiment.

1 2 3 4 5 6 7 8 9 10

A Benzene CCI4

Fig. 2. Effect of total dose of irradiation on the percent grafting of Polypropylene powder, dose-rate, 376 rad/s.

It can be seen from the Figure 2, for all the grafting copoly merization carried out in two different
solvents, benzene and CC14, percent grafting increases linearly from 1 to 5 Mrad and beyond 5 Mrad a
tendency to level off appeared.

In flie initial stage of polymerization, the monomer can diffuse easily to the active sites on

polypropylene powder and the grafting coplymerization can take place smoothly. At the same time,

homopolymerization is also not much affected. At the higher doses more homopolymers are formed and

the viscosity of the reaaion solution become higher, the homopolymer act as a barrier against the

monomer reach the grafting sites on polypropylene. This results in the decrease of the grafting and the

increase of the homoplymerization.

3 Effect of monomer concentration on grafting.

The effect of monomer concentration on percent grafting of TMPM onto polypropylene using about

lg polypropylene, 0-lg TMPM and 2ml benzene at dose-rate of 376 rad/s and at a constant total dose

of 1 Mrad is described in Figure 3.
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Fig. 3. Effect of monomer concentration on the percent grafting of Polypropylene powder: total dose, 1 Mrad; dose-rate,

376 rad/s.

The results show that the percent grafting increases with monomer concentration. However, percent

grafting increases significantly only up to 1.14 mol/L of monomer, beyond which the percent

grafting increases very slowly. At much higher monomer concentration, for instance 5.7 mol/L,

percent grafting seems to decrease.

In grafting, the rate of grafting is dependent on the polypropylene macroradical yield and the

monomer concentration in their vicinity. At a given dose-rate, the polypropylene macroradical yield is a

fixed value. So the monomer molecules avaible in their vicinity is the decisive factor. Grafting yield

increases with monomer concentration in a limited range justify this behavior. But when the

monomer concentration increased, the homopolymerization of TMPM also increased, beyond a value of

monomer concentration the rate of homopolymerization overpasses that of grafting, percent grafting

increases no longer and even decreases.

4. Effect of dose-rate.

The effect of dose-rates on grafting was studied at a total dose of 0.5 Mrad under dose-rates of 73,

110, 160, 228 rad/s respectively. The results have been shown in Figure 4.

Percent grafting increased almost linearly with dose- rate in the range of 0-228 rad/s.

The number of monomeric and polymeric radicals formed during irradiation is directly

proportional to the dose- rate. Monomeric radical can react either with polymer backbone (grafting) or

with other monomer molecules ( homopolymerization).Because the rate of homopolymerization usually

obey the classical square-root relationship, while the dose-rate exponentin grafting copolymerization

often exceeds 0.5.14 As a consequence, an increase in the dose-rate may favour the grafting process

with respect to homopolymerization and thus increase the grafting yield.
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Fig. 4. Effect of dose-rate on the percent grafting of Polypropylene powder total dose, 0.5 Mrad.

CONCLUSIONS

The gamma radiation induced grafting copolymerization of TMPM on polypropylene in various

solvents, at different total doses and dose -rates as well as in a range of monomer concentration was

studied.Solvent plays an important role in the grafting reaction. It is found that the percent grafting

increase with total dose and monomer concentration, beyond a value the grafting shows a tendency

to level off.The percent grafting increases linearly with dose-rate in a large range.

The grafting need to be studied in detail in father work. The percent grafting is still very low and it

can not satisfy the practical requirements. The stability of grafted Polypropylene also need to be

studied.
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