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SUMMARY

A recently described kinetic method for modelling and simulation of non-linear irreversible
polymerizations can be advantageously used with non-linear free radical polymerization, as it

set of kinetic parameters for free radical polymerization of vinyl acetate at 60 C in bulk and
solution in z-butanol has been obtained fitting previously published experimental data of
monomer conversion and average molecular weights in batch polymerization, as well as
measurements for saponified and reacetylated polymer. Experimental results in CSTR agree
with theoretical predictions if perfect micromixing is assumed.

Kinetic model

The kinetic approach the authors propose to call stoichiometric method [1, 2] defines a set of

active groups A, a set of reactive compounds B, (monomers, initiators, transfer agents) and a -

set of product groups X, unable to react any further, coming from the reactions among active
groups, so that they fully describe the mechanism of the polymerization with the needed
details. They are shown in table [ for the case of free radical polymerization of vinyl acetate
Started by a symmetrical azo or peroxide initiator. In table II are presented the stoichiometric
coefficients of the reactions involving them, as well as the kinetic constants which were
computed in this work from the fitting of experimental data. Main assumptions are :

* Termination by primary radicals of initiator is considered, in order to explain the apparent
decrease of average kinetic chain length at higher solvent concentration [3].

* Kinetic constants of termination and etficiency factor of initiation J change with polymer
weight fraction. They were correlated to excess Van der Waals volume fraction v, , as
computed by Bondi's group contributions and overall density, which in terms of polymer,
monomer and f-butanol volume fractions y P Vi Vg st

v, =0.381 vp+ 0.466 Vg +0.442 v
The consideration of the change in fis-crucial in order to simultaneously fit conversion
and molecu]ar weight data in bulk at high polymer concentration found in [4]. .

* Al other kinetic parameters were taken as invariant with solvent and polymer

concentration. They are based on an absolute value of Icp obtained by pulsed laser

initiation [5] equal to 11700 dm3 mol-! s-!.
Fitting was done using weighted least-squares assuming equal relative standard deviations in
average molecular weights and monomer conversions. The observed ATI” at zero conversion

and very low amount of initiator yields the relative transfer constant to monomer.
Experimental average molecular weights for a batch reactor before and after saponification +
reacetylation [6] were used to estimate, with a fairly good accuracy, the relative rate constants
of transfer to polymer and propagation on terminal double bonds (see fig. 1). Termination by
combination is almost negligible, since gelation is not observed even at high conversion.
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TABLE I: Chemical species in the free radical polymerization of vinyl acetate
(CH3COOCH=CH2) polymerization initiated by a symmetrical compound (R-R).

Species Description Formula

Ay Generic radical

Asy Non saponificable transfer site -Cﬂ(OOCCHB)-CHZ—
Aq Saponificable transfer site “CH(OOCCH;)-CHy-
Ay Terminal double bond CH2=CHOOCCH2—
B, Monomer CH3COOCH=CH2
B, Primary radical R

By [nitiator RR

B4 Solvent (CH3)3COH

X4 Polymecrised monomer —CH(OOCCH3)-CH2—
Xy Initiator fragment B-

X3 Saturated terminal group CH3COOCH2—C_H2~
4 Non saponificable branch —(II(OOCCH3)CH2—
X < Saponificable branch “CH(OOCCH,-)CH,-
Xg Unreactive terminal double bond CH3COOCH=C-H—

TABLE II: Mechanism

of free radical polymerization of viny! acetate-

Rate parameter @ 60 C

Reaction name Chemical equation
Tnitiator scission k= 9.0 106 (AIBNY; 2.9 104 s"/(DCP)*
By——— 215 £= 0.5 expl-0.9(1 v 1ve0)]

Monomer initiation Eap =

90 (AIBN); 11700 (DCP) M-lg-!

saponificable branch

Terminal double bond kan, =K 64 (AIBN); 8300 (DCP) M-1s!

initiation A +B——2—L A+ Kot Xs

Monomer propagation b =h ) M-1 sl
mer propagation g Tabu T, X 4 A+ Ayt A 11700 M~ s

Terminal .double “hond koo =k 8300 M-! s

propagation ' AI+A4—'—H__“—’X5+A!+A2 :

Chain transfer o]’ Lo =k 2.84 M- 57

monomer Ar+BI—MXJ+XJ+AJ+A4 : '

Chain transterto solvent kT, =k 032 M-! 57!

4! A+ B2 X, + By T

Chain transfer 1o ki =kpy .11 M1 st

polymer in a non Ay A, X+ Xyt A

saponificable branch :

Chain transfer to f =alta .13 M1 sl

polymer in 3A1+AJ-"£L_-—}X.€+X5+A.'

Termination
dismutation

*

by ko =k

% AA nd
M

24, 5 X+ X

240 1016exp(-8.3/ve) M7 571 (bulk)
264 1010exp(-8.3/ve) M- s} Gsoluty

Mutual primary sadical

L =

BB::—;‘?

i
2B, ———— Tnert products

1.0 1010 M-1 -1 (AIBN)

termination
Primary  radical kag,, =i 15 108exp(-2.T/ver12.9wsM" L 57!
B By (AIBN)

termination
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Figure 1: Comparison between experimental [6] and predicted (this wc;rk) ]W” and M,, of
PVAc made in a batch reactor before and after saponification + reacetylation.
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Figure 2: Comparison between experimental [3, 4] and predicted (this work) ﬂ?w for batch
reactor, either in bulk or with different values of #-butanol / monomer initial mole ratio S.

Ina later stage, experimental data in bulk and suspension [4] were used to refit the values of
efficiency of initiator and of termination rate constant. Literature values were used for the rate

constants of monomer initiation [8]. Results in solution yield finally information about the
rate of primary radical termination.
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Discussion and conclusions

In earlier works [3, 41, a satisfactory fit of experimental data was not possible owing to the
approximate nature of the mathematical method used to predict the molecular weights. A
surprising dependence on solvent concentration of the transfer constants to polymer had also
been found. The more exact calculations of this work allow the postulate of this non-physical
dependence to be avoided. The rate-constant of primary radical termination with AIBN was
nevertheless found to increase strongly with r-butanol concentration, and more experiments
would be welcome so that a better understanding of this phenomenon could be grasped.

In the CSTR, the method of momenis predicts a fast rise in M,, above a certain value of

space-time, followed by gelation, but, once again, this is a mathematical artifact which does
not occur when stoichiometric method is used (see figure 3).
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Figure 3: Comparison between experimental [4, 7] and predicted M, in CSTR
(stoichiometric method and method of moments [4], with same values of rate parameters).
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