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Solubility of Vinyl Chloride in Poly(vinyl Chloride) from Plant Data

INTRODUCTION

It has long been known that poly(vinyl chloride) is practically insoluble in its monomer as is evi-
denced by the precipitation of the polymer during the bulk polymerization of vinyl chloride. On
the other hand, the solubility and diffusion characteristics of vinyl chloride in poly(vinyl chloride)
has long been considered no more than scientific curiosity. For example, about 20 to 25 years ago,
the precipitated polymer particles were qualitatively noticed by several workers!-3 to be swollen
with monomer to a certain extent, but no quantitative measurements were reported.

In recent years it has become very important to make poly(vinyl chloride) free of vinyl chloride
monomer. To do this, poly(vinyl chloride) producers need accurate quantitative data on the solu-
bility and diffusion behavior of vinyl chloride in poly(vinyl chloride) so that they can design adequate
facilities for the removal of the monomer.

THEORY

Typically, for a system such as vinyl chloride/poly(vinyl chloride), solubility at a given temperature
can be measured by mixing known quantities of the polymer and monomer in a pressure vessel of
known volume and measuring the pressure at equilibrium. At low pressures, higher accuracy can
be achieved by using an electrobalance. Both techniques were recently utilized by Berens*® to
measure the solubility of vinyl chloride in poly(vinyl chloride). Berens fitted his data to the
Flory-Huggins equation®:

Ina; =In¢; + ¢o + x93 (1)

where a; = solute (vinyl chloride) activity = P/Pg, P being the equilibrium partial pressure and Po
the vapor pressure at the given temperature; ¢; = volume fraction of the monomer; ¢2 = volume
fraction of the polymer = (1 — ¢;); and, x = Flory-Huggins interaction parameter.

He found that a value of x = 0.98 represented the best fit of the data above 1 atmosphere. This value
was found to be independent of temperature.

In this paper actual plant data were used to measure the solubility of vinyl chloride in poly(vinyl
chloride) at pressures above 1 atmosphere. In suspension polymerization of vinyl chloride, the
pressure in the reactor is the vapor pressure of monomer at reaction temperature. The pressure
remains constant until about 70%-80% conversion, and then it starts to drop continuously until the
reaction is terminated (for example, by adding a chain stopper). The theory behind this is that the
polymerization of vinyl chloride in suspension or bulk takes place in two phases.”® The composition
of each phase is given by the saturation solubilities of the monomer and the polymer in each other.
The monomer-rich phase is essentially pure monomer since poly(vinyl chloride) is insoluble in vinyl
chloride. The polymer-rich phase is a mixture of polymer and monomer given by the saturation
solubility of vinyl chloride in poly(vinyl chloride). As the reaction proceeds and the monomer is
converted into polymer, the mass of the monomer-rich phase decreases while that of the polymer-rich
phase increases, but the composition of each phase remains unchanged. As long as vinyl chloride
exists as a separate phase, it will exert its own vapor pressure and the pressure in the reactor will
assume a constant value. Classical homogeneous kinetics apply to the specific reaction rates in each
phase, and the apparent rate is the weighted sum of the two with a variable weighing factor. At the
point when the free monomer phase is completely depleted the reaction continues, but in one phase
only, namely, the polymer-rich phase. The conversion at this point is identical to the polymer content
of this phase. At higher conversions the composition of the reaction mixture changes and the
monomer content continually decreases. The equilibrium partial pressure of vinyl chloride also
decreases, following the composition of the monomer/polymer mixture. If the reaction is stopped
during the pressure drop period at any specified pressure, the composition of the monomer/polymer
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mixture in equilibrium with vapor phase at this pressure can be calculated by determining the
polymer yield (y) and calculating the conversion (¢) from the yield as shown in the next section.

RESULTS AND DISCUSSION

Results from a series of actual plant polymerizations terminated at different pressures are given
in Table I. The yield y is defined as follows:

_ mass of polymer produced

2)
mass of monomer charged
Conversion ¢ can be calculated from the yield by allowing for the inaccessible monomer. This
is the monomer in the vapor space of the reactor and the monomer dissolved in the suspending me-
dium, usually water. At the pressure drop point, the inaccessible monomer (Mj,)p,, is given by

(Min)Po = MU + Mw (3)

where M, is the mass of monomer in the vapor space. This can be calculated from the volume of
vapour space (V), the pressure in the reactor (Py), and reaction temperature (T):

M, = 62.5PyV/RT 4)

where R is the gas constant and 62.5 is the molecular weight of vinyl chloride. M,, is the mass of
monomer dissolved in the water; it can be calculated from the mass of water in the reactor (W) using
an expression derived from the data of Berens? of vinyl chloride solubility in water at various tem-
peratures. The solubility is given by

P

=0.01 (170) )

where P is the pressure and Py is the vapor pressure. At pressure drop point the pressure is the vapor
pressure, and hence M, is given by

grams vinyl chloride

grams water

M, =0.01W (6)

Since M, and M,, are linear functions of the pressure, the inaccessible monomer at any termination
pressure is given by

P
(Min)p = (Min)Po[T (7
o

The inaccessible monomer does not take part in the reaction, and this results in the apparent yield
() being lower than the actual conversion (c).
If My is the mass of the monomer charged to the reactor, the actual conversion at termination is
calculated from the yield as follows:
M, in
e=y/(1- —) ®)
Y / ( Mo

If pm and pp, are the densities of monomer and polymer, respectively, the volume fraction of the
polymer in the mixture (¢2) is given by

CPm
g = 9
cpm + {1 —clpp
The Flory-Huggins equation can be rewritten as
a
In (5) — g2 = x4 (10)
61

If [In (a1/é1) — ¢2] is plotted versus ¢Z, a straight line passing through the origin should result.
The slope of the line is the interaction parameter x. Such a plot is shown in Figure 1. The slope x
of the best-fit line passing through the origin is estimated as 0.985. This estimate of x is in excellent
agreement with Berens’ estimate®5 of x = 0.98 and also in fair agreement with x = 0.88 as estimated
by Gerrens et al.® from data on emulsion polymerization of vinyl chloride.

The good agreement with Berens’ estimate suggests that the presence of water does not influence
the solubility of vinyl chloride in PVC, since Berens carried out his experiments in the absence of
water.
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Fig. 1. Flory-Huggins plot of plant data: (a) 65°C; (@) 57°C.

The conversion ¢ at the pressure drop point can be obtained by solving eq. (1) for ¢z at ay = 1.
Rearranging eq. (9) to yield conversion from polymer volume fraction ¢,
c= ¢2Pp
b2pp + (1 - ¢2)pm
Fora; =1, eq. (1) yields ¢2 = 0.675. Substituting this value in eq. (11) yields the conversion at the
pressure drop point as 77.6% at 57°C and 77.9% at 65°C.

It is also noted from Figure 1 that points from runs at different temperatures lie on the same line,
indicating that x is independent of temperature in the range studied. This conclusion is also in
agreement with Berens’ conclusions. )

The correlation between the pressure in the reactor and conversion during the pressure drop period
can be very useful in determining the yield of the reaction at termination. Conversely, the correlation
could also be used to terminate the reaction at any desired conversion.

(11)

CONCLUSIONS

Quantitative description of the solubility behavior of vinyl chloride in poly(vinyl chloride) could
be obtained by utilizing actual plant data to estimate the Flory-Huggins interaction parameter x.
Although this method is equivalent to and in excellent agreement with the one carried out in the
laboratory by mixing known quantities of monomer and polymer, it offers two distinct advantages.
First, the data are usually available from reactors since the pressure is recorded and the yield is
measured routinely. Secondly, the system is at equilibrium all the time since the changes involved
are gradual and small, unlike the large step change associated with mixing pure polymer and pure
monomer.

Solubilities in other systems where the polymer has partial solubility in the monomer can be de-
termined by applying the method described in this article. Examples of such systems are polyac-
rylonitrile and poly(vinylidene chloride).
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