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ABSTRACT: The thermal degradation behavior of poly
(vinyl chloride), PVC, in presence of poly(N-acryloyl-N'-
cyanoacetohydrazide), PACAH, has been studied using
continuous potentiometric determination of the evolved
HCI gas from the degradation process from one hand and
by measuring the extent of discoloration of the degraded
samples from the other. The efficiency of blending PACAH
with dibasic lead carbonate, DBLC, conventional thermal

stabilizer has also been investigated. A probable radical
mechanism for the effect of PACAH on the thermal stabili-
zation of PVC has been proposed. © 2008 Wiley Periodicals,
Inc. J Appl Polym Sci 109: 2362-2368, 2008
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INTRODUCTION

Poly(vinyl chloride), PVC, is an intrinsically ther-
mally unstable polymer. It undergoes an extensive
degradation especially during its molding and appli-
cations at high temperatures, which can reduce the
useful life of the articles. Its thermal degradation
occurs by autocatalytic dehydrochlorination reaction
with the subsequent formation of conjugated double
bonds.! This results in an unacceptable discoloration
of the polymer and lack of its physical and mechani-
cal properties.”> The sensitivity of the polymer
towards thermal treatment has been attributed to the
greater reactivity of the labile sites in the polymer
chains. The degradation mechanism involves two ba-
sic steps namely initiation through labile structures
and propagation or the build up to polyenes. Initia-
tion often occurs due to the presence of a few abnor-
mal structures such as allylic chlorine,® tertiary
hydrogen and chlorine atoms,* terminal end groups
such as double bonds,” oxygen containing groups,
or peroxide residues,” head-to-head structures,® and
steric order of the monomer (tacticity).” In general,
the great commercial importance of PVC can be
attributed to the development of effective means of
stabilization. The thermal stabilizers commonly in
use for the stabilization of PVC are either basic
salts'® which can react with the evolved hydrogen
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chloride gas, thus retarding the deleterious catalytic
action of the eliminated hydrogen chloride,' metal-
lic soaps,'® and esters or mercaptides of dialkyltin'®
that can exchange the labile chlorine in the backbone
chains by other more stable ester or mercaptide
groups derived from the stabilizer. Moreover, qui-
none-tin polymers have been used as thermal stabil-
izers through intervention with the radical degrada-
tion products.'* Stabilizers of an organic nature have
recently been established for the thermal stabiliza-
tion of PVC.">™'® Blending of PVC with another poly-
mer as the second component was also used for the
improvement of its heat stability. The second poly-
mers included either addition polymers such as poly
(methyl methacrylate),' poly(styrene),” poly(vinyl
butyral),” and cis-polybutadiene” or step-growth
polymers like poly(tetramethylene sebacate),™ poly
(dimethylsiloxane),** bisphenol A polycarbonate,™
and poly(ethylene adipate).”®
N-acryloyl-N'-cyanoacetohydrazide (ACAH) and
its metal complexes have proved to be effective
additives for stabilization of PVC against thermal
degradation.”” ACAH possesses in its structure a
wide variety of reactive functional groups in addi-
tion to a highly conjugated system. This unique
structure provides the compound with the ability to
intervene in the degradation process as a powerful
radical trap. In view of some structural similarity of
poly(N-acryloyl-N'-cyanoacetohydrazide), PACAH, to
ACAH, the objective of this research work is to
study the thermal characteristics of PVC in presence
of PACAH. Our attention has been confined to a low
composition range from 0 to 5% PACAH based on
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Figure 1 Thermogravimetric analysis (TG) of PACAH in air atmosphere.

the weight of PVC to keep the other characteristics
of PVC unchanged.

EXPERIMENTAL
Materials

Poly(vinyl chloride), PVC, suspension, from Hiils
Company (Germany) with K value of 70, dibasic
lead carbonate (DBLC) from the National Lead Com-
pany (Germany) were used for this investigation.
Benzophenone was obtained from Sigma-Aldrich
Germany and Carbon tetrachloride was obtained
from El-Nasr Company for Medicinal Chemicals,
Cairo-Egypt.

PACAH,” was prepared by dissolving acryloyl
cyanoacetohydrazide (1 mol) and both sodium bisul-
fite and potassium persulphate (107* mol) in 1 L of
secondary distilled water. The resulting solution was
then polymerized in a water bath at 55-60°C for 3 h.
The precipitated PACAH was then filtered, washed
thoroughly with secondary distilled water and dried.

The prepared PACAH is thermally stable till
200°C as indicated from its thermogravimetric analy-
sis (TG), Figure 1; (Shimadzu TGA-50H, the thermal
analysis was performed in air at a flow rate of 20
mL/min and a heating rate of 10°C/min) Its intrinsic
viscosity is 3.67 cm®/g, in DMF at 25°C. The poly-
mer concentration was 0.01 g/cm?®.

Preparation of PVC samples

PVC rigid samples were prepared according to the
following recipe:

PVC lg
DBLC 2 wt %
PACAH 0-5 wt %

The mixture is thoroughly mixed in a mortar, and
0.2 g of the resulting fine powder was used for each

experiment. The results obtained are the average of
three experiments for each test.

Methods of evaluation of the stabilizing efficiency

Evaluation of the stabilizing efficiency was carried
out by measuring the dehydrochlorination rate using
a continuous potentiometric determination of the
evolved hydrogen chloride. A detailed description of
this method is given elsewhere.”® A digital pH-meter
(potentiometer) of the type CG 822 (Schott Grade
GmbH, Germany) was used. It was connected to a
silver electrode and a saturated calomel reference
electrode for the potentiometric measurements. The
extent of discoloration of the degraded PVC samples
was evaluated visually as a function of degradation
time.

IR spectra were recorded using a Tescan Shi-
madzu Infrared Spectrophotometer (FTIR 8000,
Japan) in the wave number range from 4000 to 400
cm ™! at 25°C. Elemental analyses were performed at
the Micro analytical unit, Cairo University.

RESULTS AND DISCUSSION

Results of the dehydrochlorination rates of rigid PVC
thermally degraded at 180°C, in air, in presence of vari-
ous concentrations of the polymeric additive PACAH
blended with 2 wt % of DBLC commercial thermal sta-
bilizer are shown in Figure 2. Results of a nonstabilized
blank sample and that of the sample stabilized with
2 wt % of DBLC are also given for comparison.

The results as shown from Figure 2 clearly reveal
the remarkable improvement in the stabilizing
efficiency of PVC stabilized by DBLC in presence of
the investigated polymeric stabilizer (PACAH), and
this improvement increases as a function of in-
creasing the concentration of PACAH in the PVC
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Figure 2 Rate of dehydrochlorination of rigid PVC at
180°C, in air, in presence of 2 wt % DBLC commercial sta-
bilizer blended with various concentrations of PACAH.

samples. This remarkable improvement is illustrated
not only by the presence of a well defined thermal
stability value (Ts), during which no detectable
amounts of hydrogen chloride gas are liberated, but
also by the lower rates of dehydrochlorination dur-
ing the subsequent stages of the degradation reaction
(Figure 2).

Figure 3, on the other hand, represents the rate of
dehydrochlorination of PVC samples stabilized with
various concentrations of PACAH used alone as
thermal stabilizers (i.e., in absence of DBLC) as com-
pared with the nonstabilized blank sample and that
stabilized with 2 wt % DBLC. The results clearly
reveal the improvement of both the Ts values and
the rates of dehydrochlorination as a function of the
increase of PACAH concentration. Moreover, the
results also demonstrate the slower rate of dehydro-
chlorination of PVC sample stabilized with 2 wt %
of PACAH as compared with that stabilized with
the same concentration of DBLC. However, both
of these two samples showed an identical Ts value
(7 min).

The effect of adding PACAH in various concentra-
tions to PVC samples in presence and in absence of
DBLC on the extent of discoloration of polymer at
various time intervals (before and after the Ts val-
ues) is illustrated in Tables I and II, respectively. The
results clearly show the low extent of discoloration
of PVC samples stabilized with PACAH either in
presence or absence of 2 wt % DBLC as compared
with the blank samples. However, PVC sample stabi-
lized with 2 wt % DBLC reference stabilizer showed
lower extent of discoloration as compared with PVC
samples stabilized by PACAH either in presence or
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absence of the reference stabilizer, and the samples
stabilized by the polymeric stabilizer alone (i.e., in
absence of DBLC, Table II) showed lower extent of
discoloration relative to those in presence of 2 wt %
DBLC (Table I), irrespective of the polymeric stabi-
lizer concentration.

To suggest a probable mechanism for the stabiliz-
ing action of PACAH, the following experiments
were performed:

1. A stream of hydrogen chloride gas was allowed
to pass in the degradation tube over a sample
of PACAH heated at 180°C, in air, for 30 min.
The IR spectrum of the obtained product
showed the disappearance of the =NH stretch-
ing band at 3600-3100 cm ', together with a re-
markable lowering in the peak intensities at
2260 and 1670 cm ™' corresponding to —C=N
and =C=0 groups, respectively (Fig. 4). More-
over, the IR spectrum showed the appearance
of C—Cl and —CO—C(I stretching band at 763
and 1760 cm ™', respectively, in addition to the
detection of chlorine in the polymeric stabilizer
(element test). This indicates that PACAH has
the ability to interact with the evolved HCl gas.

2. Another experiment was performed to examine
the efficiency of PACAH as a radical trap. The
polymer was suspended in carbon tetrachloride
(a solvent which gives chlorine atoms on photoly-
sis) and the solution was subjected to a low pres-
sure mercury lamp for 120 min. Benzophenone in
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Figure 3 Rate of dehydrochlorination of rigid PVC at

180°C, in air, in presence of various concentrations of
PACAH.
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TABLE I
Extent of Discoloration of Thermally Degraded Rigid PVC at 180°C, in Air, in Presence of 2 wt % DBLC Blended with
Various Concentrations of PACAH as a Function of Degradation Time

Discoloration thermal degradation time (min)

Stabilizer(s) concentration 0 10 20 30 45
Blank Colorless Brown Dark brown Dark brown Dark brown
2 wt % DBLC Colorless Buff Buff Orange Orange
1 wt % PACAH Colorless Buff Pale brown Brown Brown
2 wt % PACAH Colorless Pale brown Brown Brown Brown
3 wt % PACAH Colorless Pale brown Brown Brown Brown
5 wt % PACAH Colorless Pale brown Brown Brown Dark brown

a catalytic amount was added to enhance the radi-
cal decomposition of CCly. The elemental analysis
has proved the presence of chlorine in the irradi-
ated solid sample, and consequently, this result
indicates that PACAH can act as a radical trap.

. A third series of experiments has been made by
following the IR spectrum of PVC samples in
presence of the polymeric additive subjected to
thermal degradation at 180°C, in air, for differ-
ent time intervals (from 10 to 60 min). In these
experiments, PACAH was used in a higher con-
centration (5 wt %) to facilitate the detection of
any changes in the measured spectra, and the
degraded samples were subjected to extensive

nary ammonium salt and which appears at the
later stages of stabilization gives an additional
proof for the possibility of this polymeric stabi-
lizer to act as an HCl absorber.

. The elemental analysis of the degraded PVC

residue, in presence of various concentrations of
PACAH, before and after the induction period,
and after the extensive washing with boiled dis-
tilled water to get rid of any residual PACAH,
has shown that nitrogen is present in the
degraded PVC samples. This indicates that
PACAH molecule or at least a part of it is
chemically bonded to the PVC matrix.

washing with boiled secondary distilled water From the aforementioned experiments, a probable
to remove any residual unreacted PACAH (Fig.  free-radical mechanism of stabilization which could
5). The results show the appearance of a new  account for all the experimental findings, may be
band at 2264 cm™' which corresponds to the  represented as follows:
—C=N group of the polymeric additive. This
in addition to a new band at 1674 cm ™' which
corresponds to —CO—NH— linkage and that —CH~CH-CH=CH=CHy~GH— 1800 inail o o o ool o L gy
this peak is lowered in intensity with the time el “ o ¢
of degradation. These results indicate that the e © (1)
PACAH is attached chemically to the PVC
chains through its nitrile group. This is prob-
ably followed by a cleavage of the imide link- e

—CHy-CH— —————» —CHy-CH—
age at the later stages of the stabilization. More- o=t 06y b oty
over, the newly band formed near 1500 cm ' NmNmCeReN L ]

H H H H Cl
which correspond to the formation of quater- (PACAH) ) (2)

TABLE II
Extent of Discoloration of Thermally Degraded Rigid PVC at 180°C, in Air, in Presence of Various Concentrations of
PACAH as a Function of Degradation Time

Discoloration thermal degradation time (min)

Stabilizer(s) concentration 0 10 20 30 45
Blank Colorless Brown Dark brown Dark brown Dark brown
2 wt % DBLC Colorless Buff Buff Orange Orange
1 wt % PACAH Colorless Buff Pale brown Brown Brown
2 wt % PACAH Colorless Buff Brown Brown Brown
3 wt % PACAH Colorless Buff Brown Brown Brown
5 wt % PACAH Colorless Buff Brown Brown Brown

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 4 IR spectra of PACAH: (a) before treatment; (b) after treatment with HCI gas at 180°C for 30 min.
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Figure 5 Change in the IR spectra of PVC samples
degraded at 180°C, in air, in the presence of PACAH as a
function of degradation time: (a) virgin PVC; (b) PACAH;
(c) 10 min; (d) 20 min; (e) 40 min; (f) 60 min.
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Figure 6 IR spectra of residual PACAH extracted from the degraded PVC for 30 min at 180°C, in air.

According to the suggested mechanism, the labile
chlorine atom detached from the PVC molecule eq.
(1) is trapped by the PACAH molecule through its
nitrile group resulting in the formation of PACAH
radical eq. (2). Once formed, the PACAH radical
block the radical site on the PVC chain, thus disrupt-
ing the radical chain degradation of PVC eq. (3). On
the other hand, the lower in the intensity of the am-
ide linkage (IR peak at1670 cm™') as a function of
degradation time is in good accordance with the
subsequent steps of the proposed stabilization mech-
anism in which the chlorine atoms detached from
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Figure 7 Rate of dehydrochlorination of rigid PVC at
180°C, in air, in presence of various weight ratios of
PACAH mixed with DBLC. The overall mixed stabilizers
concentration was kept constant at 2% based on the weight
of PVC.

the PVC molecules attack the imide linkages egs.
(4)-(6). The IR spectrum of the residual PACAH left
behind the washed degraded PVC sample after
30 min degradation showed strong peak near
3180 cm ™! which correspond to the amine salt (hy-
drazine hydrochloride), (Fig. 6), this supports eq. (4)
of the proposed mechanism and the subsequent
steps. Moreover, egs. (8)—(10) represent another pos-
sibility of stabilization at the latter stages of degrada-
tion (i.e., after the Ts) through the absorption of the
evolved HCl gas.

This interpretation seems to be reasonable for two
reasons:

16
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Figure 8 Thermal stability (Ts) composition curve for
PACAH and DBLC mixtures.
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TABLE III
Extent of Discoloration of Thermally Degraded Rigid
PVC at 180°C, in Air, for 30 min in Presence of Various
Weight Ratios of PACAH Mixed with DBLC

PACAH/DBLC
weight ratio Discoloration

0/0 Dark brown
0/100 Orange

25/75 Orange

50/50 Pale orange

75/25 Orange

100/0 Brown

The overall mixed stabilizers concentration was kept
constant at 2% based on the weight of PVC.

1. The true synergistic effect observed when the
investigated polymeric stabilizer is added to
DBLC commercial stabilizer. This synergistic
effect is due to the different mechanisms by
which the two stabilizers work. The former acts as
aradical trap while the latter as HCl absorber.

2. The high extent of discoloration of PVC samples
stabilized by the polymeric stabilizer at the later
stages of degradation gives an additional proof
for the suggested mechanism. Thus, at the later
stages of stabilization (after the Ts), when the
stabilizer residues act as HCI absorbers, the
resulted amine salts being acidic in nature to-
gether with the acid chloride formed act as a
strong catalyst for further degradation and con-
sequently lead to increase in the extent of dis-
coloration of the polymer.

The high stabilizing efficiency of the PACAH in
the presence of 2 wt % DBLC (the concentration
which is commonly used in industry), has directed
our attention to study the effect of mixing PACAH
with DBLC in the range of 0-100% of PACAH rela-
tive to DBLC. The overall mixed stabilizer concentra-
tion was kept constant at 2% based on the PVC
weight. The results of the dehydrochlorination rate
and the T values are illustrated in Figures 7 and 8,
respectively. The results clearly reveal the greater
stabilizing efficiency of these mixed stabilizers, and
the existence of a true synergistic effect resulting
from the combination of PACAH and DBLC which
attained its maximum when the two additives are
mixed in equivalent weight. It seems that the syner-
gistic action resulted from the different mechanisms
by which the PACAH (being a radical scavenges at
the early stages of degradation) and DBLC work.
Moreover, an additional proof for the observed syn-
ergistic effect resulted from the combination of the
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two stabilizers (taken in different weight ratios)
comes from the remarkable lowering in the extent of
discoloration of the polymer when heated up to
30 min at 180°C, in air (Table III).

CONCLUSION

Poly(N-acryloyl-N'-cyanoacetohydrazide) (PACAH)
has proved to be a good thermal stabilizer for rigid
PVC when used alone or as a good costabilizer
when mixed with DBLC. The observed synergistic
effect when PACAH is mixed with DBLC arises
from the different mechanisms by which the two sta-
bilizers work.
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