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ABSTRACT

l l ypothesis: Methyl styrene monomer is a styrene derivative, created by the

methyl group(s) substituted on the benzene ring. Polymethyl styrene has

similar properties as with polystyrene (PS) but a lower density and higher
glass transition than PS. The knowledge of polymerization kinetics allows us to
construct complex polymeric architectures with different polymerization techniques
and controlling their polymerization conditions. The aim of this study is to study the
kinetics of free radical polymerization of methyl styrene (64% meta- and 36% para-
methyl styrene isomers) in the temperature range of 80-140°C, using second- and
third-order thermal initiation models and moment equations.
Methods: All polymerization runs were carried out through the ampoule method.
Bulk thermal polymerization of methyl styrene was established in the range of 80-
140°C and conversions were measured gravimetrically. Modeling of methyl styrene
Keywords: polymerization was simulated by MATLAB and moment equations. Moment equations
were obtained by using the polymerization reaction. The assumed models for the
initiation step of polymerization included second- and third-order in the monomer.
Findings: The theoretical results obtained from both initiation methods showed good
agreement with the experimental results acquired from the gravimetric method. Also,
it was demonstrated that the third-order model has better adaptation with experimental
results of conversion than the second-order model. The similar results were obtained
for modeling of average molecular weights. It was revealed that the gel effect had
stronger effect on the average molecular weight than monomer transfer. This effect
was more significant for weight average molecular weight than number average
molecular weight. On the other hand, an ideal polymerization model, with no gel
effect assumptions and having the same rate constants throughout, does not make
good agreement with the experimental results.
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Scheme 1. Postulated mechanism for initiation step of methyl styrene and its derivatives.
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Table 1. Conversion and molecular weights results of poly(methyl styrene) synthesized via thermal initiation at 80 and 100°C.

100°C 80°C

M, *10° M x10° Conversion Time M, *x10° M x10° Conversion Time
(g/mol) (g/mol) (%) (min) | (gmod | (gmo) (%) (min)
7.10 4.0 7.07 120 9.73 6.55 1.39 150
7.23 4.10 9.68 180 - - 1.90 210

- - 15.53 300 9.55 6.72 4.90 345

- - 19.39 420 - - 6.19 510
7.35 4.05 33.45 600 9.80 6.89 7.93 660

- - 40.81 840 - - 12.50 900

- - 66.0 1440 - - 16.85 1485
8.24 429 77.84 1920 - - 26.69 1920

- - 87.74 2880 9.85 6.68 37.74 2880
8.40 4.89 95.60 4320 9.64 6.70 55.62 4560
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Table 2. Conversion and molecular weights results of poly(methyl styrene) synthesized via thermal initiation at 120 and 140°C.

140°C 120 °C
M x10° M x10° conversion Time M x10° M x10° Conversion Time
(g/mol) (g/mol) (%) (min) (g/mol) (g/mol) (%) (min)
3.60 1.43 7.38 10 4.84 2.43 7.75 30
3.72 1.75 12.41 20 5.12 2.65 14.63 60
3.69 1.81 16.52 30 - - 22.92 120
3.83 1.89 33.67 60 5.15 2.90 29.06 180
- - 44.60 90 - - 44.13 300
- - 64.76 150 - - 55.58 360
- - 87.55 300 5.29 2.76 69.84 480
4.10 1.62 91.70 480 - - 79.35 720
- - - - 5.69 3.0 85.16 900
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Fig. 2. Experimental and predicted conversion/time curves
based on second-order thermal initiation model for polymer-

ization of methyl styrene at different temperatures.
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Fig. 1. Experimental and predicted conversion/time curves
based on third-order thermal initiation model for polymeriza-

tion of methyl styrene at different temperatures.
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Fig. 5. Predicted monomer concentration/time curves by

third-order thermal initiation model for polymerization of
methyl styrene.
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initiation model and moment equations.
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and moment models at 120°C.
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