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Summary

A method is outlined for the calculation of azeotropic compositions in ter-
nary copolymerization. The results of these calculations are consistent with
those reported by Tarasov et al. (2), and with those calculated by a recent
method developed by L. J. Young of the Dow Chemical Company. Our re-
sults are further checked with the calculated monomer/copolymer composi-
tion during the predicted azeotropic copolymerizations. It was found, in all
cases, that the monomer/copolymer compositi(m stays constant, as ex-
pected. A method of graphical extrapolation is introduced for estimating
the azeotropic composition when some reactivity ratios are inaccurate.

Methods of calculating the composition of ternary azeotropes
were reported by Slocombe (I) and Tarasov et al. (2). A criterion
was derived in Ref. 2 for testing the existence of ternary azeotrope
for a given set of reactivity ratios. Recently, the results calculated
by Tarasov and co-workers (2) has been questioned by Ham (3).
The purpose of this paper is to present a more convenient method
for calculating ternary azeotropes. This has been done by a numeri-
cal method. The Burroughs 5500 computer time used in the calcu-
lation of one azeotrope is only a few seconds. Following is a brief
description and results of the method.

The notations used in this paper are the same as those in Ref. 4:

Subscripts i and j range from 1 to 3.

M, = monomer j

~~M; = free radical j
1089
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k= speciﬁc rate constant

M=M,+M,+ M,

=

fi= Vj = mole fraction of monomer j (1)
dM; dM; . .
F;= M E, SAaM, = instantaneous mole fraction of (2)

monomer j in the copolymer

Using the steady-state approximation, Alfrey and Goldfinger
(4,5) derived the ternary copolymerization equations:

M, dMy:dM, = £, [ 4 Jo oy s Hf 5 ﬁ]
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In azeotropic copolymerization, the polymer being formed has the
same ratio of monomers as the feed; i.e.,

Fy=f; 4)

From the definition of F;, Eq. (2), together with Eq. (3), F; can be
expressed as a function of f; and ry;; consequently, Eq. (4) represents
a set of nonlinear simultaneous equations of the form

fi= function (f;, r;) (5)

Equation (5) can be solved for f; in terms of r;'s by a three-dimen-
sional iterative method (6,7). Differentiation of Eq. (1) gives

df;ldM = (F;— f})IM (6)

If the initial conditions of f; and M are given, Eq. (6) can be solved
by the Runge-Kutta method (4,5) to find f;, as M varies. For azeo-
tropic copolymerization f; should stay constant during the polym-
erization process. This provides a good check of the internal con-
sistency of the method of predicting ternary azeotropic composition.

It was found that our results are in agreement with those pre-
dicted in Ref. 2, and with those calculated by a recent method de-
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veloped by L. ]J. Young of the Dow Chemical Company. One of the
three sets of azeotropic mixtures listed in the table of Ref. 2 (the
system of styrene, vinylidene chloride, and diethyl fumarate) was
used as initial monomer feed. The results from integrating Eq. (6)
indicate that f; (or F;) stays constant during the copolymerization,
as shown in Fig. 1. The other azeotropic mixtures resulting from
our calculations show similar calculated behavior in copolymeriza-
tion; however, f;'s do not stay constant if the feed composition is
different from the azeotropic composition. Figure 2 (f; vs. 1y, all
other r;;’s are held constant) shows some other results of our calcula-
tion. Careful examination of Fig. 2 reveals that when

Tie = T3 = 0.1
T3 = I3 = 0.2 (7)
Ty = 0.3

no azeotrope will be expected for r,; = 0.1 and r,y = 1.1, i.e., their
azeotropic compositions are not realistic, the mole fraction of one
of the three monomers is either zero or negative. Suppose in a set
of reactivity ratios that the conditions above are satisfied. If ry,
has been experimentally determined to be 1.0, when it should be
1.2 (this is the order of magnitude of the error suffered in most of
the determinations of r;) from Fig. 2 the system with r,; = 1.0 has

1.0
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FIG. 1. Copolymerization behavior of styrene, vinylidene chloride, and
diethyl fumarate.



11:41 25 January 2011

Downl oaded At:

1092 R. K. S. CHAN AND V. MEYER

T T T | T
When: Yz = rs = A
0.8 rz)p = l3p = 2
ra; = Varies 7
0.7 - —— f, =
— fy .5
—_ s
0.6 _
.3
A
0.5}
fi _————————-—'3———-4
0.4 ] —
N X O\~ :
9
/ \ \
0.3 Y rd ., _
/ /)\ * \ 7
// ) // \ \ -
/ / ' - |
/ / ”
/ / PR \ \
/ 7
/ // Y .9 .
ol yay ”’\i
rd -
s —_—
T
0 | T | | |
0 0.1 0.3 0.5 0.7 0.9 K]
FE)

FIG. 2. f, versus 7y,

an azeotrope, while the system with r,, = 1.2 (the real case) does
not. Therefore, it is very likely that inaccurate reactivity ratios can
introduce erroneous conclusions about the existence/nonexistence
of ternary azeotrope. Plots similar to Fig. 2 can help indicate that
possibility, and hopefully clarify the situation.
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Zusammenfassung

Eine Methode zur Berechnung von azeotropen Gemischen in terniren
Kopolymerisaten wird angegeben. Die Ergehnisse dieser Berechnungen
stimmen mit jenen von Tarasov et al. (2) iiberein, als auch mit jenen nach
einer kiirzlich entwickelten Methode von L. |. Young, Dow Chemical Com-
pany, berechneten. Unsere Ergebnisse stimmen ferner auch mit den
berechneten Monomer/Copolymer Zusammensetzungen wihrend der
vorausgesagten azeotropen Kopolymerisation uberein. In allen Fillen
wurde gefunden, dass die Monomer/Polymer Zusammensetzung wie
erwartet konstant bleibt. Ferner wird eine graphische Extrapolations-
methode eingefiihrt, die es gestattet, die azeotrope Zusammensetzung
abzuschitzen wenn einige der Reaktivititsverhiltnisse ungenau sind.

Resume

On présente une méthode de calcul de la composition azéotrope dans des
copolymérisation ternaires. Les résultats de ces calculs sont en accord avec
ceux de Tarasov et al. (2) et avec les résultats calculés a ’aide d’une nou-
velle méthode developée par L. J. Young de Dow Chemical Company. On
a également verifié nos résultats avec la composition calculée en mono-
meére/copolymére aun cours de la copolymérisation azéotrope prévue, On a
trouvé que dans tous les cas la composition monomeére/copolymere reste
constante comme on s’y attendait. On introduit une méthode d’extrapola-
tion graphique pour I'évaluation de la composition azéotrope quand les
rapports de réactivité ne sont pas exacts.
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