
Revue Synthèse N° 20, Juin 2009  S.F. Chabira et M. Sebaa 

 94 

 

Effect of thermal stabilizers  
(Ba/Cd/Zn metal salts carboxylate and dibasic lead stearate)  

on the kinetic of carbonyls formation of PVC films 
 

Salem Fouad Chabira et Mohamed Sebaa 

 
Department of Mechanics, Laghouat University, 

BP 37 G, Laghouat 03000, Algeria. 

 
Accepté le 08/04/2009 

 ملخص
انمىاطك  فًٌذا انىُع مه انخهٍظ مؼذ نىمم انمٍاي  ،انمسخمزة َانغٍز مسخمزة PVC انـ ٌذي انذراست ػهى رلائك أجزٌىا

انمثبخان انمسخؼمهٍه . مه الأمزجت باسخؼمال مثبخٍه فً مخخهف انخزاكٍز أوُاعحضزث ثماوٍت . انشبً صحزاٌَت َانجافت

الأشؼت ما فُق انحمزاء  باسخؼمالانخحانٍم انطٍفٍت  . (DLS)انزصاص ثىائى لاػذةو  Ba/Cd/Znٌما كزبُكسٍلاث

 حخفاػم بشكم شبً حاو مغ Ba/Cd/Zn انكزبُكسٍلاث أن أملاح( انزلائك نخحضٍز) انخحُلحظٍز أن خلال ػمهٍت 

PVC أن  إلا(DLS) سذة حشكم وُاحج مؤك إنىحؼزٌض انزلائك لأشؼت ححج انبىفسجٍت ٌؤدي  إن .نً حفاػم جزئً فمظ

ٌغٍز حزكٍت َوُع  PVCـ كماِ أن َجُد انمثبج فً ان. مثم انٍٍذرَبٍزَكسٍذ َانكزبُوٍم َانىُاحج مزدَجت انزَابظ

ػىذ  اسخٍهكجولاحع أن انخزاكٍز انبالٍت مه ػمهٍت انخحُل لذ  (DLS)َكمثال فً حانت . انىاحج انمؤكسذ انمشكم

حشكم مهحُظ فً حمض انكزبُكسٍهٍك َ حزكٍزي  إنىؤدي َ ٌذا ٌ .حماما UV أشؼت ححج انبىفسجٍت إنىانخؼزٌض 

سزػت حشكم حجمؼاث انكزبُوٍم حىالصت بصفت مؼخبزة َ كذانك  Ba/Cd/Zn انخاص بىٍاٌت انخفاػم غٍز أن فً حانت

  .حزكٍز وٍاٌت انخفاػم إنىانحال بانىسبت 
 

 .IRفً ححهٍم طٍ؛ مثبخاث حزارٌت؛ حأكسذ ؛اوحطاط ضُئً؛  PVC :الكلمات المفتاحية

Résumé 

Cette étude a été conduite sur des films non stabilisés et stabilisés de PVC vieilli au moyen d’une lumière UV 

artificielle. Ce type de mélange rentre dans la fabrication de tuyaux en PVC destiné aux transports de l’eau 

d’irrigation dans les zones arides subsaharienne. Huit (8) mélanges de PVC ont été préparés en introduisant 

deux types de stabilisants à diverses concentrations. Les deux stabilisants utilisés sont respectivement le 

carboxylate de Ba/Cd/Zn et le stéarate dibasique de plomb (DLS). L'analyse spectroscopique Infrarouge 

montre que pendant le processus de transformation (pour produire les films), les sels de carboxylate de 

Ba/Cd/Zn réagissent presque totalement avec le PVC alors que le stéarate dibasique de plomb (DLS) réagit 

seulement partiellement. L'exposition des films à la lumière UV conduit à la formation de produits 

d'oxydation tels que les hydroperoxydes, les carbonyles, et les insaturations. La présence de stabilisants dans 

le PVC modifie la cinétique et le type de produit d'oxydation formé. Par, exemple dans le cas du DLS on a 

observé que la concentration restante postérieurement au processus de transformation est finalement 

consommée pendant l'exposition aux UV. Ceci augmente considérablement le taux de formation de l’acide 

carboxylique et sa concentration de fin. Par contre dans le cas du Ba/Cd/Zn la vitesse de formation des 

groupements carbonyles est considérablement réduite et leur concentration de fin est également diminuée.   

Mots clés : PVC; Photodégradation; Oxydation; Stabilisants thermique; spectroscopie IR. 

Abstract 

The study of the photodegradation of unstabilized and stabilized PVC films has been performed by means of 

artificial UV light. Eight (8) mixtures of PVC have been prepared by compounding PVC powder with two 

kinds of stabilizers at varied concentrations. The two stabilizers used are namely Ba/Cd/Zn carboxylate and 

dibasic lead stearate (DLS). The IR spectroscopic analysis has shown that during processing (to produce the 

films), the Ba/Cd/Zn carboxylate salt reacts almost completely with PVC while the dibasic lead stearate 

(DLS) reacts only partially. The exposition of the films to UV light leads to the formation of oxidation 

photoproducts such as hydroperoxides, carbonyls, and unsaturations. The addition of stabilizers to PVC has 

modified the kinetic and the kind of the oxidation products. For, example in the case of DLS it has been 

observed that the remaining concentration of this stabilizer after processing is consumed during UV exposure 

and it considerably increases the rate of carboxylic acids formation and their end concentration. In the case of 

Ba/Cd/Zn, the rate of carbonyl groups formation is slowed and their end concentration is lowered too. 

Key words: PVC, Photodegradation, Oxidation, Heat stabilizer, IR spectroscopy. 
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1. INTRODUCTION 
 

The processing of PVC without heat 

stabilizers leads to an irremediable 

degradation of the material. To avoid 

this disagreement and to help 

processing, factories producing PVC 

tubes and pipes add into the PVC 

recipe heat stabilizers. This avoids to 

the material an excessive 

dehydrochlorination leading to a rapid 

burning of PVC into the processing 

tool. Most of the industrial stabilizers 

prevent material degradation by 

replacing labile chlorines with much 

more stable substitutes.  

PVC tubes ensuring water 

transportation to agricultural lands in 

the Sahara are subjected to the very 

intensive and deleterious effect of solar 

light. The ultraviolet range of solar 

light is known to be very energetic and 

thus responsible of the degradation of 

the most industrial polymers.  This 

ultimately leads to an undesirable loss 

of the mechanical and the surface 

properties.  

The reasons of the high 

photosensitivity of PVC toward UV 

light is still not completely elucidated, 

since the monomer unit itself 

constituted of saturated bonds do not 

contain chromophores absorbing in the 

solar emission range. Commonly, 

polymer degradation is supposed to 

start from structural defects of the 

chains but their precise nature remains 

sometimes controversial or 

contradictory. Hydroperoxydes, 

carbonyls, unsaturations, residual metal 

salts (from catalyst) and structural 

irregularities (tertiary chloride, methine 

carbon of branching etc...) have been 

advanced as possible initiating 

chromophores [1-6]. 

Exposure of PVC films to UV light 

(>300nm) provokes the formation of 
polyene sequences –(CH=CH)n–CHCl– 

via dehydrochlorination  reactions (zip 

dehydrochlorination) with concomitant 

evolution of HCl (fig. 1). Those 

polyene sequences are photo-

oxidizable and they quickly disappear 

on irradiation in the presence of oxygen 

[7, 8]. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Zip dehydrochlorination 

mechanism. 

 

The abstraction of labile chlorine 

atoms from the polymeric chains leads 

to the formation of radicals, which can 

themselves react with surrounding 

oxygen. The resulting peroxy radical 

react with a polymeric chain to form a 

hydroperoxyde, this last one can 

undergo a homolysis of the O-O bond 

under photochemical excitation. The 

cleavage of this bond gives an alkoxy 

radical. The evolution of this radical 

leads to several photo-oxidation 

products, that can be detected by their 

IR absorptions [7-9]. This is described 

through a simplified photo-oxidation 

mechanism sketched in (fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Simplified mechanism of 

PVC photo-oxidation. 
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On the IR spectrum appears a 

complex growing absorption band 

centered around  

1730 cm
-1

. Of course several groups 

involve the presence of a carbonyl 

group, which contribute to the broad 

band around 1730 cm
-1 

by shoulders 

which are difficult to analyze 

separately. The most common 

oxidation products which were 

identified in our study are listed below 

[3, 7-9]: 

-1715-1718 cm
-1

: Carboxylic acids 

-1725-1745 cm
-1

:  and  

chloroketones  

-1735 cm
-1

: Ester groups  

-1744-1750 cm
-1

  and ’ 
dichloroketones 

For very long time of exposure, the 

band becomes very large and extends 

from 1680 to 1800 cm
-1

. Other 

shoulders emerge on its both sides. 

These shoulders are other oxidation 

photoproducts, among them [3, 7]: 

-1760- 1790 cm
-1

: Acid chlorides, 

peracids, peresters and lactones. 

-1680 cm
-1

: Unsaturated ketones. 

The addition of DLS to PVC gives a 

rise to a broad band at 1510-1540 cm
-1

 

and at 1735 cm
-1

. Those absorption 

bands can be assigned to the C=O 

valence of the incorporated lead salt 

[10-14].  

This work shows how two 

stabilizers primarily used in the 

Algerian industry of plastic to prevent 

PVC degradation during processing can 

affect the rate of formation and the end 

concentration of the oxidation 

photoproducts. The mixing of these 

two kinds of stabilizers, even with 

small variations of their respective 

concentration, can affect dramatically 

the oxidation kinetic.   

Most of the works that deal on PVC 

photodegradation have been conducted on 

samples made by casting; such a method 

does not take into account the thermal 

history necessary in the industrial 

processing of PVC. For this reason, we 

chose to make films thanks to a method, 

which offers operating conditions as close 

as possible to those prevailing in industry.  

PVC being very sensitive toward UV 

light it is expected that the most important 

oxidative reactions take place during the 

first hours of U.V exposure. It is for this 

reason that we have focused most of our 

attention on this critical period.  

 

2. EXPERIMENTAL  

 

Commercial PVC powder, supplied 

by the national society “ENIP” of 

Skikda, has been manually mixed with 

two kinds of stabilizers namely 

Ba/Cd/Zn carboxylate and dibasic lead 

stearate. This was done according to 

eight different formulations as 

indicated in table 1. 

 

Table 1. The PVC formulations (concentration in phr). 
 

 A B C D E F G H 

PVC 100 100 100 100 100 100 100 100 

LDPE 1 1 1 1 1 1 1 1 

Ba/Cd/Zn 0 1 1 1 1 0.5 2 0 

DLS 0 0 0.5 1 2 1 1 1 

 

The general chemical structure of 

the two stabilizers used is for:  

DLS: (C17H35COO)2 Pb.2PbO 

Ba/Cd/Zn carboxylate: MeOCOR 

where Me independently can be Ba, Cd 

or Zn 

The mixtures were poured 

successively on a two rolls mill to 
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achieve the mixing and to prepare 

preformed sheets. 

The sheets were then squeezed 

between two aluminum plates and 

shaped into thin films of 200 µm by 

means of a compression-moulding 

machine “Wabbash” under a pressure 

of 35000 Psi and at a temperature of 

180 °C.  

To help the processing of the films 

and to ensure an external lubrication 1 

phr (part per hundred resins) of LDPE 

has been added to all the formulations. 

It was checked that the presence of a 

small amount of LDPE does not affect 

the IR spectrum of PVC.   

The formulations A, B and H were 

prepared to show the separated effect 

of each stabilizer and to allow a simple 

comparison. The others are 

combinations of the two stabilizers 

mixed at various concentrations. They 

make it possible to check if their 

combination at the concentrations 

studied can lead or not to a synergistic 

system. 

To achieve the aging, the films were 

exposed to artificial UV irradiation at a 

temperature of 70°C. The source of 

light is a high-pressure mercury lamp 

of 400 watts. The bulb of the lamp 

made of borosilicate acts as a filter to 

get rid of wavelength light below 300 

nm (absent from the solar light 

spectrum). 

The apparition and the growth of 

new chemical species have been 

monitored by IR spectroscopy. The 

apparatus is a dispersive 

spectrophotometer Perkin Elmer 683 

interfaced to a computer. Every ten 

hours of exposure a sampling of each 

formulation was done, this has been 

continued up to 70 H.  

The specific absorption peaks were 

analyzed from the spectra delivered by the 

equipment. For each peak the "optical 

density" (OD) was determined following 

the usual definition as: OD=ln (I0/I), were 

I0 is the reference infrared intensity 

corresponding to the baseline of the 

spectrum at the peak wave number and I is 

the minimum intensity at the base of the 

peak. 

 

3. RESULTS AND DISCUSSION 
 

Just after processing, the oxidation 

state of the films has been checked by IR 

spectroscopy. In all the cases, the films 

show an absorption band in the carbonyl 

region. This band increases from A 

(Unstabilized) to B, through D, C, E, F, H 

and G respectively.  

Their respective carbonyl bands are 

constituted by the variety of oxidation 

photoproducts described in the 

introduction.  

During exposure, the absorption band 

of the carbonyl groups of all the mixtures 

increases and widened to extend from 

1680 cm
-1

 to 1800 cm
-1

, with many 

shoulders on its both sides (fig. 3,4,5).  

The IR spectral changes in the 

carboxylate region (1500-1600 cm
-1

) were 

checked for all the mixtures. However, the 

absorption band around 1510-1540 cm
-1

 

was only observable on the spectrum of 

mixtures containing DLS. The presence of 

this specific absorption is probably due to 

the vibration of the COO
-
 structure present 

in the stabilizer [10-12]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. IR spectra [PVC (A), 

(Unstabilized)] for three aging stages 

(carbonyls region). 
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Figure 4. IR spectra of stabilized [PVC 

B, (Ba/Cd/Zn)] for three aging stages 

(carbonyls region). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. IR spectra of stabilized [PVC 

H, DLS] for three aging stages 

(carbonyls region).  

 

A comparison of the carbonyl band of 

PVC A, B and H for three aging stages 

(fig. 3, 4 and 5), allows a simple 

comparison of each stabilizer effects on 

the kind and on the concentration of the 

oxidation products formed before and 

after aging. 

3.1 Effects of the respective stabilizers 

on the type of oxidation products 

formed. 

 

In this section an analysis and a 

comparison of the IR band of the three 

basic formulations i.e. (A, B, H) is carried 

out. Such an approach allows a qualitative 

evaluation of the effects of the respective 

stabilizers on the type of oxidation 

products formed.  

Unstabilised PVC A makes it possible to 

highlight the influence of the two 

respective stabilizers on the oxidation 

mechanism.  

On its spectrum, at zero time it appears 

only a weak carbonyl absorption band. 

After ten (10) hours of UV irradiation the 

carbonyl band increases and points at 

1735 cm
-1

 and another absorption band at 

1600 cm
-1 

generally ascribed to 

unsaturations appears too [7,15,16]. After 

40 hours, the carbonyl band widens and its 

bottom flattens. As the oxidation 

progresses, it continues to widen and 

develops two maxima of comparable 

intensity, one at 1715 cm
-1

 and the other at 

1750 cm
-1

 respectively, a shoulder at 1780 

cm
-1 

is also observable. 

At zero time PVC B (fig. 4) stabilized 

with Ba/Cd/Zn is more oxidized than PVC 

A. Its carbonyl band points intensively at 

1735 cm
-1

 and the absorption at 1600 cm
-1

 

is already well developed. Until 40 hours, 

the absorption band of carbonyls 

continues to point at 1735 cm
-1

 and the 

absorption band at 1600 cm
-1 

increases 

too. This last one remains present during 

all the UV treatment. At the last stage of 

aging, the concentration of the carboxylic 

acids (1715 cm
-1

)
 
reaches that of the esters 

(1735 cm
-1

). The signal at 1780 cm
-1

 

visible at zero hour becomes only a 

shoulder at 40 hours. Then it is no more 

observable because its signal is 

completely overlapped by the carbonyl’s 

band, which became broader.  

At zero time, PVC H (fig. 5) points less 

intensively at 1735 cm
-1 

than it does in 

PVC B. The absorption band at 1600 cm
-1
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is also less significant and disappears at an 

early stage of exposure.  

The growth of the carbonyl band is 

different to that of the two other mixtures. 

At the beginning of the exposure, the 

carbonyl’s rate formation is very low. 

After forty hours, it starts a very rapid 

increase and the absorption band points 

intensively at 1715 cm
-1

. At the end of the 

exposure, on the massive absorption band, 

the esters at 1735 cm
-1

 appear only as a 

shoulder while carboxylic acids show a 

much higher concentration. 

 

3.2 Effect of respective stabilizers on 

carbonyl formation kinetics 

 

The graphical representation of the 

variation of the optical density (O.D) 

measured at the maxima of the carbonyl 

bands of the three basic formulations 

(A,B,H) versus exposure time are reported 

on (fig. 6). This allows a simple but a 

quantitative comparison of the carbonyl 

groups formation’s kinetic of the three 

respective formulations.  
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Figure 6. Relative optical density at 1715 

cm
-1

 vs exposure time, PVC A, B and H, 

effect of the respective stabilizers on the 

oxidation kinetic. 

Unstabilized PVC A knows an 

autoaccelerated carbonyl formation 

already at the beginning of the UV 

treatment. The rate of carbonyl groups 

formation is almost linear during the first 

thirty hours, just after it slows down and 

then saturates. Finally, it becomes 

negative beyond 60 hours of exposure.  

Compared to the other mixtures PVC A 

(fig.6, 7 and 8) has the highest rate of 

carbonyl groups formation but it does not 

have the highest end concentration.  

PVC B to which Ba/Cd/Zn has been 

added alone shows the slowest rate of 

carbonyl groups formation and has the 

lowest end concentration as well.  

In PVC H where DLS is added alone, 

the carbonyl group’s rate of formation is 

also reduced during the firsts thirty hours, 

but less than in PVC B. Beyond this limit 

of time the rate of carbonyl formation 

becomes auto-accelerated until 60 hours 

of exposure. During this period, the rate of 

formation reaches almost the infinity. 

Afterward, it slows down and saturates. 

The kinetic of the carbonyl groups 

formation follows an s-shaped curve. 

Finally, it can be noticed that the end’s 

carbonyl groups concentration in PVC H 

is the highest compared to the two others. 

 

3.3 Effect of DLS concentration, on the 

kinetic of the carbonyl groups 

formation (when added to one phr of 

Ba/Cd/Zn).  

 

In the precedent section, the individual 

effect of each stabilizer on the oxidation 

kinetic was described. But, how does the 

kinetic or the end carbonyl groups 

concentration is affected by the 

progressive addition of one stabilizer to a 

fixed concentration of the other is 

discussed in this section.   

The variations of the carbonyl groups 

formation and their end concentrations of 

formulations where DLS (fom 0 to 2 Phr) 

was added to 1 Phr of Ba/Cd/Zn are 

reported in (fig. 7).  
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It has been found that the carbonyl 

groups end concentration and their rate of 

formation increase with the increase of 

DLS concentration. DLS seems to acts as 

an auto-accelerator promoting the 

formation of oxidation products. To 

achieve this analysis the reverse was tried 

and this time Ba/Cd/Zn was added to 

DLS. 
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Figure 7. Relative optical density at 1715 

cm
-1 

vs. exposure time (effect of DLS 

added to 1Phr of Ba/Cd/Zn). 

 

3.4 Effect of Ba/Cd/Zn concentration, 

on the kinetic of the carbonyl groups 

formation (when added to one phr of 

DLS).  

 

This section describes the effect of a 

progressive addition of Ba/Cd/Zn (from 0 

to 2 Phr) to 1Phr of DLS on the kinetic of 

the carbonyl groups formation. The 

variation of the optical density versus 

exposure time of these different mixtures 

is reported on (fig. 8). It can be observed 

that the progressive increase of the 

Ba/Cd/Zn concentration lowers the 

carbonyl groups end concentration and 

their rate of formation as well. For a 

concentration of Ba/Cd/Zn equal to that of 

DLS (PVC D), the formation of oxidation 

products is almost completely inhibited 

during the first 20 hours. Then it becomes 

auto-accelerated.  
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Figure 8. Relative optical density at 

1715 cm
-1

 vs. exposure time (effect of 

Ba/Cd/Zn added to 1Phr of DLS).  

 

A lower concentration of Ba/Cd/Zn 

(PVC F) has drastically increased the 

carbonyl groups end concentration and 

their kinetic of formation is auto-

accelerated after a short induction period 

of about 20 hours. In a general manner, it 

can be considered that the addition of 

DLS with a higher concentration makes 

the kinetic of oxidation following an s-

shaped curve.  

 

3.5 Stabilizers Consumption  

 

Addition of DLS to PVC gives rise to a 

peak around (1510-1540 cm
-1

). This 

absorption band is specific to the presence 

of a stearate structure. This peak does not 

appear in the case of Ba/Cd/Zn 

carboxylate salts.  

Combination of these two stabilizers 

with various concentrations affects the 

initial intensity of this peak of absorption 

and its speed of disappearance. 

On (fig. 9) is reported the variation of 

this peak versus exposure time for five (5) 
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different mixtures PVC (D, E, F, G and H) 

respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Variation of the carboxylate 

metal salts absorption at (1510-1540cm
-1

) 

vs. time exposure 

 

A cursory observation of the graphs 

reveals that PVC H has the highest initial 

intensity. 

An increasing concentration of Ba/Cd/Zn 

compared to that of DLS, lowers the 

initial intensity of the peak. 

The combination of the two stabilizers 

with a half concentration of Ba/Cd/Zn 

compared to that of DLS, as in PVC E and 

F, has completely delayed the total 

disappearance of the absorption peak.  

 

3.6 Discussion  

 

A global analysis of (fig. 6, 7 and 8) let 

us to do the following remarks. Addition 

of stabilizers to PVC modifies the kinetic 

of oxidation. When added alone the two 

kinds of stabilizers lower the effect of 

light on the rate of carbonyl groups 

formation, at least for the first forty hours 

with DLS and during all the exposure 

period for Ba/Cd/Zn. This last one limits 

drastically the carbonyl groups end 

concentration as well. The mixing at 

varied concentration of these two kinds of 

stabilizers shows a variety of behaviour. 

The rate of carbonyl formation of all 

stabilized systems (excepted mixture G), 

is lowered during the first hours of 

exposure. Carbonyls groups formation 

follows an s-shaped curve when DLS is 

used alone (PVC H) or in higher 

concentration, as in PVC E and F where 

the DLS concentration is twice that of 

(Ba/Cd/Zn), (fig. 7 and 8). Moreover, it 

can be underlined that the mixing of the 

two stabilizers in this way has drastically 

increased the carbonyl groups end 

concentration. From the shape of the 

curves, it can be considered that carbonyl 

formation in these stabilized systems is 

slowed in the beginning of the 

experiment. While, after a few tens hours 

of exposure, carbonyl groups know an 

auto-accelerated formation in which 

carboxylic acids are the main 

photoproducts.  

The action mode of the two stabilizers 

is somewhat different. Ba/Cd/Zn stabilize 

PVC by the displacement of labile 

chlorines, the mechanism for such 

substitution is described below :  

The ester formation on PVC with metal 

soap by Free and Horst mechanism can be 

detected by the 1740 cm
-1

 absorption band 

in the IR spectra of the films [13,17].  

It is conceivable that because of this 

reaction zipper-like dehydrochlorination is 

blocked. After processing it has been 

observed that ester group’s concentration 

is higher in PVC B and least in PVC H. 

This emphasizes the hypothesis that the 

carboxylate structure of the Ba/Cd/Zn 

stabilizer has well reacted with PVC by 

the replacement of labile chlorines by 

more stable structures having an 

absorption band at 1740 cm
-1

.  
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A transverse comparison of figures 7, 

8, 9 shows that in the case of the 

formulations having an oxidation kinetic 

following an s-shaped curve, the kinetic 

curves of the stabilizer consumption 

follows an inverted s-shaped curve. In 

some cases as in PVC H the total 

consumption of the stabilizer coincide 

with the auto-accelerated formation of 

carboxylic acids.     

In other studies, it has been shown that 

carboxylic acids formation is coming from 

the hydrolysis of acid chlorides 



consequently this leads to a decrease of 

the average molecular weight [7,8]. This 

is known to affect adversely the 

mechanical properties by lowering the 

properties at rupture.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Chemical formation of 

carboxylic acid. 

 

Addition of stabilizers can reduce (as in 

the case of Ba/Cd/Zn) or increase (as in 

the case of DLS) the carboxylic acid 

concentration. 

In our case, it remains difficult to 

assess whether the carboxylic groups in 

stabilized systems come from chain 

scission reactions, or they are simply 

related to the reaction of the stabilizer 

with PVC. 

However, the simplest way to check 

this assumption would have been to test 

the films mechanically since the 

properties at break are directly related to 

the molecular weight of the polymer. Of 

course, it would have been very 

interesting to verify the potential 

relationship existing between the growths 

of the carboxylic acids and the evolution 

of the mechanical properties at rupture. 

Unfortunately, the technique used to 

prepare the films did not allow the 

fabrication of normalized test pieces for 

mechanical testing. 

 

CONCLUSION 

 

The poor thermal stability of PVC 

requires its processing in the presence of 

heat stabilizers. However, their addition to 

PVC modifies the mechanism of 

photooxidation. The rate, the kind and the 

total amount of photooxidation products 

are singularly affected. 

The analyses have shown that 

Ba/Cd/Zn and DLS operate their 

stabilizing action differently.  

 

- The first reacts almost completely with 

the weakest sites during processing. It 

replaces labile chlorines by carboxylate 

groups leading to a more stable PVC 

structure. Therefore, the new structure is 

not only more thermally stable but also 

less photosensitive. This is argued by the 

fact that no absorption band 

corresponding to the unreacted 

carboxylate part of this stabilizer appears 

on the IR spectrum of processed PVC B. 

Secondly, at this stage of the treatment 

ester groups (1735 cm
-1

) are well 

developed consequently to the 

replacement of the labile chlorines by 

carboxylate substitutes.  

 

- DLS does not react entirely during 

processing. The unreacted portion of the 

stabilizer shows an absorption band in the 

carboxylate region of the IR spectrum at 

(1510-1540 cm
-1

). During the UV 

treatment, this last one decreases 

progressively with exposure time 

consequently to the reaction of the stearic 

part of this stabilizer with PVC, by 

replacing labile chlorines by a more stable 

CH2 C CH2

OOH

Cl

h

CH2
C

Cl

O

CH2 C CH2

O°

Cl

°OH

CH2
C

Cl

O

H2O  or h, O2

 



Revue Synthèse N° 20, Juin 2009  S.F. Chabira et M. Sebaa 

 103 

structures. This gives rise to esters groups. 

The kinetic of the carbonyl groups 

formation in the presence of DLS follows 

an s-shaped curve. Their auto-accelerated 

formation coincides with the sudden 

consumption of the stabilizer. The total 

stabilizer consumption is accompanied by 

a drastic increase of the carboxylic acids 

formation. Carboxylic acids are known to 

be end products arising from chain 

scissions. However, they could also come 

from the reaction of the stabilizer with 

PVC producing carboxylic acid without 

any specific incidence on the average 

molecular weight. The simple way to 

verify this hypothesis would have been to 

test mechanically the films.  

Mixing of the two stabilizers at various 

concentrations has led to a variety of 

behaviours, but no specific synergistic 

effect has been found. Contrarily to what 

it was expected, the addition of DLS to a 

lower concentration to that of Ba/Cd/Zn 

has significantly enhanced the carboxylic 

acid concentration, while the inverse has 

lowered it.  

However, from all the proposed 

mixtures, the best stabilization system in 

terms of lowering the carbonyl groups 

concentration is Ba/Cd/Zn when added 

alone. 

Addition of heat stabilizers to PVC 

leads to their reaction with the polymeric 

chains during processing and during 

exposure to UV light. This is followed by 

a modification of its chemical structure. 

However, what is their impact on the 

morphology and the thermal behaviour of 

PVC? this will be discussed in a 

forthcoming communication. 
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