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Figure 1. Dependence of the rate of styrene polymerization on the
concentration of the investigated initiators at different temperatures: 1 —PTB
at 85°% 2 —TBPB at 73.5°; 3 —PTB at 95°; 4 —TBPB at 85° 5 —PTB at 105°

and 6 —PB at 85°
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As shown in several works (1), tert-butyl peroxide and tert-butyl perbenzoate
(PTB and TBPB), individually and especially in mixtures with other peroxide
compounds, are active initiators of suspension polymerization, combining high
polymerization rates with a high molecular weight of the polymers formed.

In connection with this, it was of interest to study in more detail the process of
polymerization initiated by the indicated peroxide compounds. For this purpose,
in the present work we studied the rate of styrene polymerization at various con-
centrations of PTB and TBPB and at different temperatures. For comparison,
under the same conditions, styrene polymerization was studied in the presence
of the initiator benzoyl peroxide (PB). The change in the molecular weight of
polystyrenes with the change in the depth of conversion and certain other con-
ditions was also investigated. Polymerization was carried out in the monomer
mass and in an emulsion stabilized with a 0.2% solution of sulvar. The polymer-
ization rate was determined dilatometrically. The experiments were performed
in the temperature interval from 85 to 115°. The concentration of initiators
was varied from 0.01 to 0.12 g-mole/] of monomer. The molecular weight of
the polymers was judged from the intrinsic viscosity of benzene solutions of the
polymers, determined at 25°.
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Fig. 1. Dependence of the rate of styrene polymerization on the concentration
of the investigated initiators at different temperatures: 1 —PTB at 85° 2 —
TBPB at 73.5°; 3 —PTB at 95°; 4 —TBPB at 85°; 5 —PTB at 105° and 6 —PB
at 85°.

In view of the identity of the kinetic picture of polymerization in bulk and by
the suspension polymerization method (?), which we verified experimentally, the
data given below pertain only to bulk polymerization.

The kinetic curves for the accumulation of polystyrenes at various concentrations
of PTB, TBPB, and PB are presented in Fig. 1. It should be noted that a linear
dependence of the depth of conversion on the polymerization time in the case of
the use of PTB and TBPB occurs only at low depths of conversion (up to 20-
30%); subsequently, self-acceleration of the process is observed.

The rate constant for the thermal decomposition of PB in an ethylbenzene solu-
tion at the polymerization temperature of 85°is 4.4-1072, for TBPB 6.1-10~%; for
PTB, thermal decomposition under these conditions proceeds extremely slowly.
Thus, the observed increase in the polymerization rate, depending on the nature
of the initiators used, is parallel to the rate of their thermal decomposition.

The dependence of the characteristic viscosity of the polymers on the concen-
tration and nature of the initiators studied is shown in Fig. 2. As was to be
expected, it decreases regularly in the series PB—TBPB—PTB. In the case of PB
and TBPB, we observe the characteristic pattern of a decrease in the molecular

Fig. 2. Dependence of the characteristic viscosity of polymers on concentration:
1 —PB, 2 —TBPB, 3 —PTB. Polymerization temperature 85°.

Fig. 3. Change in the characteristic viscosity of polymers with change in the
depth of conversion in the presence of initiators: 1 —PB, 2 —PTB at 95°, 3 —PTB
at 115°, 4 —TBPB at 85°. Peroxide concentration 0.05 g-mol/l of monomer.

weight of the polymers with increasing initiator concentration. In the presence of
PTB, with a change in its concentration in the system, no decrease in molecular
weight is observed. Within the range of PTB concentrations studied—from 0.01
to 0.10 mol/1 of monomer—the characteristic viscosity of the polymers increases
slightly with increasing concentration. This fact is difficult to reconcile with the
generally accepted rule according to which an increase in initiator concentration
leads to a decrease in the molecular weight of the polymers.

It is interesting to note that, in polymerization initiated by PTB, increasing the
process temperature does not lead to a significant decrease in the characteristic
viscosity of the polymers. Thus, for example, when the temperature is raised
from 85 to 105°, the polymerization rate increases by almost an entire order of
magnitude, while the characteristic viscosity of the polymers decreases by only
50% (Fig. 1 and Table 1).

Table 1
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Dependence of the characteristic viscosity of polymers on the time of heating at
the polymerization temperature

Heating Heating
dura- dura-
Temp., tion, Temp., tion,
Initiatofonc. °C h [7] InitiatoConc. °C h (7]
PB 0.05 85 — 0.27 PTB  0.05 95 — 1.30
PB 0.05 85 1 0.27 PTB 0.05 95 1 1.48
PB 0.05 85 3 0.26 PTB  0.05 95 3 1.60
TBPB 0.05 85 — 1.40 PTB 0.057 105 — 1.20
TBPB 0.05 85 1 1.51 PTB 0.057 105 1 1.34
TBPB 0.05 85 3 1.59 PTB 0.057 105 3 1.40
PTB  0.05 85 — 2.30

We investigated the change in the intrinsic viscosity of polymers during the
conversion of styrene into polystyrene. The data obtained are presented in Fig.
3. It turned out that, when polymerization was initiated by PB, up to 50%
conversion there was a slight increase in the intrinsic viscosity of the polymers.
Above this conversion it remained constant. If, however, polymerization was
initiated by TBPB, and especially by PTB, the intrinsic viscosity of the poly-
mers increased strongly even at considerable degrees of conversion, when the
concentration of monomer in the system was already insignificant. Moreover,
if the polymer was kept for some time at the polymerization temperature after
the end of the process, then, despite the practical exhaustion of the monomer
(its content could not exceed 2-3%), an increase in the intrinsic viscosity of the
polymers was observed. The data obtained are given in Table 1. When poly-
merization was initiated by PB, this was not observed; the intrinsic viscosity of
the polymers did not change on heating.

Such results are associated with the high activity of the radicals formed during
the decomposition of PTB and TBPB,

CH,

CHy;— C —O-
CH,

The literature (®) contains information on the extremely high reactivity of rad-
icals

CH,

CH;— C 0.
3

which are capable of abstracting hydrogen from various solvents. Moreover, hy-
drogen is most readily abstracted from tertiary carbon atoms, especially from
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those bonded to a phenyl group (*). The free radicals formed during the de-
composition of PTB and TBPB in the polymerization system can interact with
tertiary carbon atoms in the polymer chain according to the scheme:

H CH3 . CH3
¢ CH, +CH, C O-— C CH, +CH, C OH,
CHj CHj

giving polymer free radicals which, in the presence of monomer, continue to grow,
and in its absence can combine with one another, giving a polymer of higher
molecular weight. Owing to the high thermal stability of these peroxides, even
after the completion of polymerization the system will contain the amount of
initiator necessary for this (provided the polymerization temperature is not too
high). In those cases where polymerization is carried out at high temperatures,
because of the high rates of initiator decomposition it may be exhausted by the
end of the process. In this case heating does not change the molecular weight,
and the change in intrinsic viscosity with the course of the process (Fig. 3) is
weak.

Thus, the high initiating “activity” of tert-butyl-based initiators is associated
with the interaction of the tert-butyl radicals formed with tertiary carbon atoms
of polystyrene, i.e., with chain transfer through the polymer. In this case, as it
were, grafted homopolymerization occurs. The role of the less stable peroxide,
if these initiators

are used in mixtures with others, consists in converting the monomer partially
into polymer in order to create conditions for the gel effect (°).
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