High conversion polymerization of methyl methacrylate
in the presence of poly(methyl methacrylate) of different relative
molecular mass

J. BARTON, V. PASTUSAKOVA, V. VASKOVA, and P. AMBROVIC

Polymer Institute, Centre of Chemical Research,
Slovak Academy of Sciences, CS-842 36 Bratislava

Received 12 August 1982

Dedicated to Professor RNDr. J. Gasperik, founder of the Department of Organic

Technology and of the Department of Chemical Technology of Plastics and Fibres

of the Slovak Technical University on the occasion of the 40th anniversary of their
foundation

The initial rate of heat evolution for methyl methacrylate polymerization (v,)
is decreased by adding poly(methyl methacrylate) into the polymerization
system. The effect of poly(methyl methacrylate) on the value of v, is a function
of concentration and relative molecular mass of poly(methyl methacrylate).
The addition of polymer does not significantly influence the maximum rate of
polymerization, but shortens the time needed to reach it as well as the overall
time period of polymerization. In the presence of solvent cyclohexanone the
value of v, is not affected by poly(methyl methacrylate) addition.

HavanbHas ckopocTh TemoBbineneHus (v,) OpH MOJMMEPH3ALNM METHII-
METaKpUjiaTa MOHHXaeTcs NpH A06aBIEHHMH MNONMMETHWIMETaKpHIaTa
B MOJIMMEDPHU3ALMOHHYIO CcHCTeMy. BiMsiHME nNoNMMeTWIMeTaKpWiaTa Ha
CKOPOCTb U, SBISETCA (DYHKUHMEH KOHIEHTpaUMM H OTHOCHTEILHOTO
MOJIEKYJIIDHOTO Beca MOJMMEeTHIMeTakpwiaTa. [loGaBieHHe mojiMMepa He
M3MEHSIET CYIIECTBEHHO MaKCHMAJIbHYI0 CKOPOCTh MOJIMMEPH3aliMH, HO CO-
KpaljaeT BpeMs Heo6xogMMoe AN €e [OOCTHXEHMS M Takxke OO
MOJIyNepHol MOJMMepH3alMyd. B MpHCYTCTBMM LMKJIOreKCaHOHa KaK pacT-
BOpUTENS 3HAYEHHE VU, HE 3aBUCHUT OT JOGaBKM MONMMETHIMETAKpWIaTa.

The decrease in initial rate of polymerization due to a polymer added into the
system, the so-called negative template effect [1] is documented by many examples
in the literature [2—5]. In spite of this fact, the nature of this effect is not, however,
reliably explained [4—7]. In the papers dealing with the effect of added polymer on
polymerization kinetics hitherto published the attention is mainly given to initial
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stage of polymerization. The effect of added polymer on the course of polymeriza-
tion in the whole region of monomer conversion has not been studied adequately
by now. This is quite surprising because of a great practical importance of such
studies, e. g. for preparation of high impact polystyrene. It was therefore the aim of
this work to appreciate the influence of the added polymer of different relative
molecular mass on the course of polymerization up to high monomer conversions in
the presence and/or absence of solvent. As a model system methyl metha-
crylate—poly(methyl methacrylate) was selected.

Experimental

Methyl methacrylate was purified by repeated distillation under reduced pressure of
nitrogen (100 Pa). Cyclohexanone was purified by thermostatting at 90 °C, stirring and
bubbling with nitrogen for 2 h in the presence of 1 mass % of iron(II) sulfate. Afterwards, it
was filtered, dried with anhydrous calcium chloride and distilled under reduced pressure of
nitrogen at 110—120 °C. 2,2'-Azoisobutyronitrile was purified by twolfold crystallization
from ethanol and its melting point was 103.5 °C. Poly(methyl methacrylate) of different
relative molecular mass was prepared by polymerization of methyl methacrylate using
various concentrations of 2,2’-azoisobutyronitrile as initiator [8].

For the measurement of the heat evolved during polymerization a differential scanning
calorimeter DSM-2M (USSR) was used. The polymerization mixtures were prepared by
mixing a solution of poly(methyl methacrylate) in methyl methacrylate with a solution of
2,2’'-azoisobutyronitrile in methyl methacrylate or in the mixture of methyl methacrylate
with cyclohexanone. The calorimetric measurements were performed according to the
procedure described in paper [9]. The presented results of experimental measurements are
arithmetic means of two measurements at least.

Results and discussion

A typical calorimetric record of methyl methacrylate bulk polymerization is
represented in Fig. 1. After a relatively short induction period (ca. 300 s) the rate
of polymerization heat evolution reaches in the course of 20—50 s the initial value
vo. The section of practically constant rate of polymerization v, is subsequently
succeeded by a rapid increase in the rate of polymerization heat evolution which
reaches the maximum value v... and afterwards gradually decreases to attain the
zero value. The zero rate of polymerization heat evolution indicates that the
polymerization is practically finished (limiting monomer conversion >90 %).

It results from Fig. 1 as well as from the values in Table 1 that an addition of
poly(methyl methacrylate) influences the value of v, while the value of Vmax
remains without any significant change. In general, the functional dependence of
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Fig. 1. Variation of the rate of heat evolution (mJ s™') with time (s) for methyl methacrylate bulk
polymerization in the presence and/or absence of the added poly(methyl methacrylate) of viscometric
relative molecular mass of 160 000. Concentration of 2,2’-azoisobutyronitrile 5x 1072 mol dm™
temperature 60 °C.
1. Without any addition of poly(methyl methacrylate), mass of polymerization mixture 8.42 mg; 2.
1 mass % of poly(methyl methacrylate) referred to methyl methacrylate, mass of polymerization
mixture 7.45 mg; 3. 5 mass % of poly(methyl methacrylate) referred to methyl methacrylate, mass of
polymerization mixture 8.14 mg.

’

the ratio of the initial polymerization rate in the presence of a polymer and of the
initial polymerization rate in the absence of a polymer is described by a plot [4]
with minimum and the position of this minimum is determined not only by
concentration but also by relative molecular mass of the added polymer. This seems
to be valid also for the case of methyl methacrylate polymerization in the presence
of poly(methyl methacrylate) (Table 1).

The overall period of exothermic peak (of polymerization) varies in the range
5900—7000 s. The time of polymerization gets shorter by the effect of poly(methyl
methacrylate) addition and this reduction is more conspicuous at higher concentra-
tion and especially if poly(methyl methacrylate) of higher relative molecular mass
is used. The reaction time necessary to reach the maximum rate of polymerization
heat evolution also decreases in the presence of added poly(methyl methacrylate)
(Fig. 1), which means that the gel effect takes place at lower conversions when
compared with the conversions necessary for inception of the gel effect in the
absence of added poly(methyl methacrylate).

The retarding effect of the added poly(methyl methacrylate) on the initial rate of
polymerization [1] is eliminated by the effect of solvent. The ratio v, pmma/vo in the
presence of solvent approximates the value of 1 (Table 2). Possible causes of
elimination of the effect of the added polymer on the initial rate of polymerization
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Table 1

Variation of the initial v, and maximum v,,,. rate of heat evolution for methyl methacrylate bulk polymerization and polymerization heat AH with
concentration and relative molecular mass of the added poly(methyl methacrylate)
Concentration of 2,2’-azoisobutyronitrile 5 x 10 * mol dm *, temperature 60 °C

PMMA* w/mass % of PMMA Vg i AT Vs AH' AH
referred to monomer Jmol's ' Vg Jmol 's ' kJ mol ' AH'’

—_ — 4.7 1.00 66.3 —56.6 1.00
19 400 | 4.6 0.99 66.6 -53.5 0.95
3 4.1 0.87 64.0 -51.5 0.91

5 3.9 0.85 60.3 -50.5 0.89

61 000 | 4.7 0.99 64.4 -54.2 0.96
3 4.3 0.93 63.8 -533 0.94

5 3.9 .84 60.4 —-49.7 0.88

160 000 1 3.0 0.65 66.7 —47.8 0.85
3 3.7 0.80 63.2 —-49.6 0.88

5 4.2 0.89 61.6 -50.2 0.89

a) Poly(methyl methacrylate) of a given viscometric relative molecular mass.
b) The ratio v, emma/vo is referred to initial rates of polymerization heat evolution in the reaction mixture containing the added poly(methyl
methacrylate) and in the reaction mixture without any addition of poly(methyl methacrylate).

c¢) For methyl methacrylate bulk polymerization the values of —55.7 kJ mol ' and —58.2 kJ mol " were reported [12, 13] for 74.5 and 76.8 °C,
respectively.

d) AH' = - 56.6 kJ mol '.
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Table 2

Variation of the ratios of initial rates of heat evolution, reaction heats and maximum rates of heat
evolution for methyl methacrylate polymerization in the presence and/or absence of poly(methyl
methacrylate) with cyclohexanone (CHx) concentration in the reaction mixture
Concentration of 2,2'-azoisobutyronitrile 5 X 102 mol dm ™, temperature 60 °C

[CHX] Vo.pMMAY AHppma® Umax U max.PMMA?
mol dm™* Vo AH’ Jmol™'s™! Jmol™'s™!
— 0.93 0.94 66.3 63.8
0.48 0.95 0.99 55.3 57.6
0.96 1.02 0.98 45.2 41.7
1.35 0.99 0.99 36.3 39.8
1.93 0.97 1.03 26.5 27.7

a) Index PMMA in vy, pmmas Umas. puma> and AHpuma denotes the values obtained for these quantities
in the system containing 3 mass % of poly(methyl methacrylate) of viscometric relative molecular mass
of 61 000. Mass fraction is referred to monomer and solvent or only to monomer; AH'= —
56.6 kJ mol™".

have been discussed in previous paper [1]. With respect to eventual influence of
solvent on polymerization kinetics [10], it is necessary to make some pertinent
corrections for the determined value of the rate of polymerization. This circum-
stance was taken into consideration in summarization of the data given in Table 2.
The added solvent significantly reduces the value of v..x, i.e. suppresses the gel
effect [11] of methyl methacrylate polymerization. If the concentration of solvent is
high enough (for the case discussed this concentration is 4.8 mol dm™), the gel
effect is not to be observed. From these experimental results one could therefore
conclude that in the presence of solvent the kinetic differences between polymeri-
zation system with added polymer and polymerization system without added
polymer are practically eliminated.

The decrease in the values of reaction heats of polymerization accompanied by
a decrease in the values of initial polymerization heat evolution rates (Table 1) is
evidently due to difficulties in preserving the calibration of the DSC instrument for
the whole period of experiments. The calibration was accomplished by melting
a standard substance with known latent heat of fusion. Such melting process
proceeds rapidly and a calibration based on this process would not allow for the
heat losses during lengthy polymerization [14]. However, it has recently been
shown [15] that the heat of methyl methacrylate polymerization does not depend
on reaction rate, i.e. time of polymerization, if this time is relatively short (less than
30 min). In such instance the reasonable value of the polymerization heat is
obtained.
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