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Study of Stabilized Poly(vinyl Chloride) Mixtures
under Different Conditions of Thermal Treatment

J. STEPEK, Z. VYMAZAL, and E. CZAKO

Department of Polymers
Institute of Chemical Technology
166 28 Prague 6, Czechoslovakia

ABSTRACT

The consumption of stabilizers based on organic soaps with
Cd/Ba molar ratios of 3, 2, and 0.4, respectively, and with a
molar ratio of Ca/Zn of 1 during thermal treatment of
poly(vinyl chloride) mixtures in a degradation apparatus, in

a press, and in the mixing cavity of a Brabender Plastograph
has been investigated on the basis of determination of chlorides
by coulometric titration. The thermal stability of the mixtures
has been calculated from the hydrogen chloride evolved, as
found by a potentiometric method. It was found that the stabilizer
was not fully consumed when the residual thermal stability
reached zero. The formation of chlorides in the stabilized mix-
tures was slower than the hydrogen chloride evolution from the
original unstabilized polymer,

INTRODUCTION

A necessary requirement for processing of poly(vinyl chloride) is
its stabilization. Although the latter has been studied over many past
years, it is still not clear how to answer all the questions concerning
the practical applications of stabilizers.
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In recent publications [ 1-4], the relations between the consumption
of a stabilizer under thermal treatment and its efficiency, character-
ized by the ratio of the amount of a stabilizer consumed during the
time when no free hydrogen chloride is present to the total amount of
a stabilizer added to polymer, have been investigated. In the majority
of these investigations, the experimental conditions differ significantly
from those necessary for the processing of poly(vinyl chloride) mix-
tures. We have shown recently [ 5] that the effect of a thermal sta-
bilizer is influenced not only by its chemical composition, but also
by such other factors as the method of preparation of the mixtures
and the manufacture of the samples for the measurements, This
contribution is a continuation of our recent investigations [6, 7]. In
these, we studied also the efficiency of stabilizers based on the organic
soaps under static as well as dynamic conditions of the thermal treat-
ment [ 6] and the relations among the value of the thermal stability
TS, the intense change in the color of the degraded mixture, and the
amount of stabilizer consumed [7]. The thermal stability TS of a
poly(vinyl chloride) mixture has been defined as the maximum time of
thermal treatment during which the evolution of hydrogen chloride
from a sample does not change suddenly [ 6]. In the present investi-
gation, we compare the consumption of stabilizers based on the
organic soaps during the thermal treatment in a Brabender Plasto-
graph, in a press, and in a degradation apparatus on the basis of the
determination of free and combined hydrogen chloride.

EXPERIMENTAL

Suspension poly(vinyl chloride) was used for all measurements.
Its K value was 68, weight-average molecular weight Mw was 90,000,

and number-average molecular weight Hn was 55,000, The mix

formulation was poly(vinyl chloride), 100 parts, stabilizer, 1.5 parts,
lubricant, 0.5 parts. The stabilizers used are characterized as
follows: stabilizer 1, molar ratio Cd/Ba = 3; stabilizer 2, Cd/Ba = 2;
stabilizer 3, Cd/Ba = 0.4; stabilizer 4, Ca/Zn = 1.

The effect of static conditions during thermal treatment was
investigated at 180°C in a degradation apparatus [7, 8] and in a press.
The samples of the poly(vinyl chloride) mixtures were in the form of
sheets (0.6 mm thickness) prepared on a laboratory two-roll mill
at 180 + 2°C for 5 min.

The effect of dynamic conditions for the thermal treatment was
investigated in a Brabender Plastograph at a rotor speed of 50 rpm.
The mechanically homogenized components of the poly(vinyl chloride)
mixture were placed into the mixing cavity (volume, 30 ml), and the
temperature of the mix was held constant at 180°C. After a certain
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mixing time, the cavity was opened and the mixture pressed at 180°C
for 2 min to form a sheet 0.6 mm in thickness.

The amount of free hydrogen chloride evolved was determined at
180 + 0.1°C in a stream of air (330 ml/min) by a continuous potentio-
metric method [ 8] and plotted against time. From the dependence
obtained, the values of the residual thermal stability TSR (i.e., the

thermal stability after a certain time of thermal treatment) were cal-
culated; the TSR values are expressed in minutes.

The consumption of stabilizer was calculated on the basis of the
measurement of the amount of chlorides formed during the thermal
treatment (under static as well as dynamic conditions) by the reaction
of hydrogen chloride with a stabilizer. Determination of chlorides
was performed as follows. A 0.2-g portion of a degraded poly(vinyl
chloride) mixture was dissolved in 10 ml of cyclohexanone and then
25 ml of 0.1 N solution of HNOs; in methyl alcohol or water was
added. In this system, chlorides were titrated by a coulometric
method with silver ions generated on a silver electrode. The equiva-
lence point was determined by a biamperometric indication by two
silver chloride electrodes polarized by 100 mV. The titration curves
were recorded, and the amount of chloride calculated from Faraday's
Law.

RESULTS

Figures 1 and 2 show the time dependence of the hydrogen chlo-
ride evolution from the stabilized and unstabilized poly(vinyl chloride)
(curves 1 and 5, respectively) and of the formation of chlorides
(curves 2) during the thermal degradation in the degradation apparatus
as well as the time dependence of the residual thermal stability TSR

(curves 3) and of the formation of chlorides (curves 4) during pressing
obtained on investigation of the static thermal treatment of poly(vinyl
chloride) mixtures containing stabilizers 2 and 4, respectively. The
solid lines indicate the amount of hydrogen chloride equivalent to the
stabilizer present in the sample.

In the case of stabilizer 2, zero residual thermal stability (TSR = Q)

was found after 71 min of degradation of the poly(vinyl chloride) mix-
ture in the degradation apparatus as well as in a press. From the
time dependence of the formation of chlorides, it is evident that at
TSR = 0 the consumption of the stabilizer at the degradation in the

degradation apparatus and in the press is 80 and 85% based on the
amount of the original stabilizer, respectively.

In the case of stabilizer 4, however, the zero residual thermal
stability (TSR = 0) was found after 45 min degradation of poly(vinyl
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FIG. 1. Effect of static conditions of thermal treatment at 180°C
on the thermal stability of poly(vinyl chloride) mixture with stabilizer
2: (1) time dependence of hydrogen chloride evolution during thermal
treatment in the degradation apparatus; (2) time dependence of chlo-
ride formation during thermal treatment in the degradation apparatus;
(3) time dependence of TSR during pressing; (4) time dependence of

chloride formation during pressing; (5) time dependence of hydrogen
chloride evolution from the original unstabilized polymer during
thermal treatment in the degradation apparatus.

chloride) mixture. The consumption of the stabilizer is equal to 85%
on degradation in the degradation apparatus and 80% on degradation
in a press.

On the basis of the measurements with stabilizers 2 and 4, as well
as with other two types of stabilizers (1 and 3), we note (see Table 1)
that the times necessary to reach the zero residual thermal stability
are in agreement for both types of apparatus. Their absolute values
depend on the amount of cations in the mixture and on the rate of
hydrogen chloride evolution from the original unstabilized polymer
[9]. From the point of view of the color changes [ 7], the samples
degraded longer than the time corresponding to TSR = 0 were already
dark.
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FIG. 2. Effect of static conditions of thermal treatment at 180°C
on the thermal stability of poly(vinyl chloride) mixture with stabil-
izer 4: (1) time dependence of hydrogen chloride evolution during
thermal treatment in the degradation apparatus; (2) time dependence
of chloride formation during thermal treatment in the degradation
apparatus; (3) time dependence of TSR during pressing; (4) time

dependence of chloride formation during pressing; (5) time depend-
ence of hydrogen chloride evolution from the original unstabilized
polymer during thermal treatment in the degradation apparatus.

Figures 3 and 4 show the time dependence of the torque (curves 1),
of the temperature in the mixture (curves 2), of the formation of
chlorides (curves 3), of the residual thermal stability TSR (curves 4)

obtained in investigations of the dynamic thermal treatment of
poly(vinyl chloride) mixtures containing stabilizers 2 and 4, respec-
tively. The solid lines indicate the amount of hydrogen chloride
equivalent to the stabilizer present in the sample.

In the case of stabilizer 2, zero residual thermal stability (TS R™ 0)

occurred in 57 min and in the case of stabilizer 4, in 52 min. The con-
sumption of stabilizers 2 and 4 was about 90 and 80%, respectively,
based on the amount of the original stabilizer. The time dependence

of the torque shows that the field of its second increase, generally
considered the start of intense degradation and crosslinking of the

mixture, is in good agreement with the value of TSR = 0 found.
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FIG. 3. Effect of dynamic conditions of thermal treatment at 180°C
on the thermal stability of poly(vinyl chloride) mixture with stabil-
izer 2; (1) time dependence of torque; (2) time dependence of temper-
ature in the mixture; (3) time dependence of chloride formation during
mixing in Brabender Plastograph; (4) time dependence of TS during
mixing in Brabender Plastograph.
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FIG. 4. Effect of dynamic conditions of thermal treatment at 180°C
on the thermal stability of poly(vinyl chloride) mixture with stabilizer
4: (1) time dependence of torque; (2) time dependence of temperature
in the mixture; (3) time dependence of chloride formation during mix-
ing in Brabender Plastograph; (4) time dependence of TSR during
mixing in Brabender Plastograph.
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Analogous results were obtained in the case of the other two types of
Cd/Ba stabilizers (see Table 1). On dynamic thermal treatment of
the investigated mixtures, the absolute values of the residual thermal
stability depend not only on the amount of the cations in the mixture
but probably also on the rheological character of the mix.

DISCUSSION

The aim of the present investigation was to ascertain the effect
of different conditions of thermal treatment of nonplasticized poly(vinyl
chloride) mixtures on the efficiency of the stabilizers used. Table 1
shows that in both cases, under static and dynamic thermal treatment,
the stabilizer was not consumed completely., At TSR = (, sudden color

changes appear [ 7], and there is no further increase in the consump-
tion of a stabilizer, it is evident that there is a direct connection
between the two dependences discussed. The values of the residual
thermal stability show that under the dynamic conditions of the thermal
treatment, stabilizers are consumed faster than under static conditions
excluding Ca/Zn stabilizer. In the case of Cd/Ba stabilizers and
dynamic conditions of the thermal treatment, zero residual thermal
stability (TSR = () values are not proportional to the amount of effi-

cient compound in the stabilizer. This finding can be explained in
accordance with other investigations [ 10] on the basis of a different
lubricant ability of the stabilizers investigated. The measurements
show further that the results obtained under static conditions of the
thermal treatment cannot be applied to mixtures which would be proc-
essed under dynamic conditions.

For the formation of chlorides by the reaction of a stabilizer from
which hydrogen chloride is evolved significantly more slowly than
from the original unstabilized polymer and for which evolution of
hydrogen chloride from the stabilized sample is practically nil during
the time interval TS, it is evident that the stabilizers slow down the
evolution of hydrogen chloride from the polymer.
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