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Sb3aLARY 
The thermal stability of some model compounds for poly- 

vinylchloride with different types of structural defects was 
studied. The determinations were carried out in thermal dyna- 
mical conditions i using the conductometric detection of the 
evolved hydrogen chloride and thermogravimetrical methods. 
The kinetic parameters corresponding to the first stages of 
dehydrochlorination reaction were discussed comparatively. 
The following thermal stability order was obtained: macromo- 
dels with H T > macrcmodele with CIT > macromodel= with C1 A, 

INTRODUCTION 
The thermal stability of pelyvinylchloride is highly 

influenced by its molecular structure. The monomer units nor- 
mally polymerized~ head to tail, are considered stable at hi- 
gher temperatures than the temperature of beginning ef the 
nonoxidative polymer degradation (AYREY et al. 1974)~ 

The sites of the dehydrochlorination initiation m%y be 
different types of structural irregularities on the chain: 
branching, head te head structures, unsaturated groups, ini- 
tiator fragments~ ketoallylic chlorine groups, etc. (SVETLY 
et al. 1979, 1980, 1981).. 

The study of the low molecular weight model compounds 
shows a much smaller activation energy of the dehydrochlori- 
nation for the branching structure products with tertiary 
chlorine as well as for the allylic chlorine products than 
for the secondary chlorine products (CHYTRY et al. 1969, 1970 
1971, 1973, THOMAS 1967,ROBINSON etal. 1978 i ASAHINA and 
ONOZUKA 1964j 1964a, MAYER et al. 1971, SUZUKI etal. 1972). 

The studies conducted on the low-molecular weight model 
compounds give some informations regarding to the relative 
thermal stability of the different types of C-C1 bonds, but 
the extension on the polymer systems should be made carreful- 
ly, For this reason, it is necessary to study the thermal 
stability of some macromolecular compounds having the type 
and the concentration of the structural defects well-known, 
in order to realize a reasonable correlation between the PVC 
structure and its thermal stability. 

In this work we deal with the thermal stability of some 
macromodels for PVC - vinyl chloride copclymers ~ with struc- 
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tural defects deliberately introduced in macromolecule and in 
known amount. 

EXPERIMENTAL 

The following copolymers of vinyl chloride with 3-chlo- 
ro-l-pentene (CARACULAOU et al. 1978, BEZDADEA et al. 1974) 
(I), with isoproper%yl chloride (CARACULACU 1966) (II), with 
2~4-dichloro~l-pentene (CARACULACU et 81. 1970) (III) and 
wlth 4-chloro-l-pentine (BURUIANA et 81. 1977) (IV) were used 
8s macromodels for polyvir~ylchloride: 

H 
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CH 3 
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I 
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(lID -CH~-CH-CH~-C-C H~-C H- (el T ) 
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(IV) -<~H~-CH-CH=C-CH~-CH- (el A ) 
~ I i L i 

CI CH 2 CI 

~HCI 

CH 3 

The degradation of the samples and the detection of the 
evolved hydrogen chloride were performed with an apparatus 
described by BRAUN and THALLMAIER (1966). The thermal degra- 
dation was made in an inert atmosphere (argon) using a 0.2 g 
sample. The heating rate was 4.5O/min and it was obtained by 
means of a linear temperature programmer, The conductivity 
variation in time was followed by a recorder using the output 
of a Radiometer conductometer of CDM type. 

The thermograms were recorded with a MOM Derivetograph, 
Paulik-Paulik-Erdey type, with the heating rate of 12~ 
in air. The sample weight was 50 mg. 

The labile chlorine content was determined by phenoly- 
sis, according to a previous method (ROBILA et el. 1977). 
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RESULTS AND DISCUSSION 

The dehydrochlorination rate in isothermal conditions 
will depend on the number of labile structures, which initia- 
te the dehydrochlorination process, These structures can de- 
compose at much lower temperatures than the temperature at 
which the determination is performed. 

After the degradation is initiated, the propagation ra- 
te of dehydrochlorinstion on the chain will depend on the re- 
action temperature and not on the labile structure responsi- 
ble for the process, Consequently, in order to compare the 
stability of various samples~ the dsterminati6ns must be made 
in isothermal conditions and at the same temperature, The 
measuring temperature must be high enough to allow the dehy- 
dr,chlorination for the most stable samples. In such conditi- 
ons, the samples of lower stability will begin to decompose 
be~ore the moment when temperature becomes constant and the 
isothermal conditions are not realized, 

On the other hand, it is expected that the decomposi- 
tion of many primary defects takes place simultaneously at 
temperatures lower than the chosen temperature and therefore 
any distinction between their thermal behaviour will be con- 
cealed, 

In order to avoid this undesirable defect B the decom- 
position at a constant rate heating proved to be a suitable 
method for PVC thermal stability (CARACULACU et al. 1978a). 
This method permits a correlation between the starting degra- 
dation temperature and the nature of defects responsible for 
dehydrochlorination. 

The determination of evolved hydrogen chloride during 
polymer heating at s constant rate was made by a conduct,me- 
tric method (EGD method). 

The starting dehydrochlorination temperature, (Ti.EGD) ~ 
estimated as the temperature corresponding to the point'of 
deviation from the base line of conductivity curve~ can be 
used as s measure of thermal stability. 

The results are shown on the Figures 1-3 and Table I. 
The starting process of degradation occurs st different 

temperatures, depending on the polymer structure (Table I). 
Also the samples that decompose at higher temperatures have 
greater dehydrochlorination propagation rate than those which 
decompose at lower temperatures, 

To compare the thermal stabilities of different samples 
we used the starting decomposition temperature estimated by 
two methods (EGD method, Ti EGD, and thermogravimetrical data 
Ti TG , respectively) as well as the activation energy of the 
de~drochlorination, 

The activation energies were calculated by the Coats- 
Redfern (EoR) (COATS and REDFERN 1964) and REICH-LEVI (ERL) 
(REICH and LEVI 1963) methods. The first method was used to 
estimate the total activation energies from thermogravimetri- 
cal data and the second wau used to characterize the first 
stages of the dehydrochlorinstion reaction. 

In these calculations, in the EGD method, the hydrogen 
chloride amount evolved in the domain of very small decompo- 
sition degrees of samples ( a= 0-6.0.10-4) was used. From the 
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TABLE I 
Thermal stability of PVC macromodels 

EE GD E TG 
CIL Ti~EGD Ti,TG ECR O,RL O,RL 

Sample n 
(%) (0C) ~) (k~mO~ (kj/mol) (kj/msl) 

~ m= �9 

HTcopolymer - 166 187 126.9 1.3 407.4 204.8 

CI T copolymer 2.0 135 170 82,2 0.9 285.6 101.6 

CIA copolymer - 109 125 48.5 0.0 193.2 79.4 

initiator PB 

C1 copolymer 0.2 90 

initiator T~B 

thermogravimetrical data, the transfor~tion degree (a~t~ 
where ~ az~ w ~are the weight losses at a given moment of 
the reaction and at the end of the first decomposition stage, 
respectively) varied between 0 and 0.6. 

The variation of ERL values against the transformation 
degree for the PVC macromodels by the two methods is given 
in Fig. 1 and 2. 

From the variation of T i values, of the apparent activa- 
tion energies (EcR) and of the energies extrapolated to = 0 
(E0.RL) one can show that the thermal stability order is: 

~opolymer > C1 T copolymer > C1 A copolymer. 
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Fig. I: ERL,EGD versus for PVC macromodels. 
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The apparent disagreement between the results obtained 
by the two methods is caused by the too limited range of 
values used for EGD determinations and for this reason the 
accuracy of area determination to calculate the activation 
energy ~s decreased, 

The shape of the plots and the extrapolated values per- 
mit a good characterization of the macromodels. 
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Fig. 2: ERL,T G versus~for PVC macromodels. 

Also, one can notice that the activation energies cor- 
responding to the first dehydrochlorination stages have gre- 
ater values than the total energies. 

The maintenanCe of the same stability order for the 
whole temperature domain shows a very strong influence of 
the structural defect type on the thermal behaviour. This 
influence is very good evidenced by the DTG curves, which 
exhibit a rather marked inflexion for the H T and C1 T copoly- 
mers. The CI A copolymers show this inflexion at much smaller 
temperatures. The appearance of this inflexion is assigned to 
the presence of weak bonds in the polymer structure leading 
to the modification of the initiation stage (CARACULACU et al. 
1970, SCHNEIDER1978). This conclusion is evidenced from the 
aspect of ERL plots against the transformation degree, which 
differ depending on the nature of the structural defect. 

In the case of high concentration of structural defect~ 
the duration of initiation process must be change and finally 
the dehydrochlorination reaction takes place at lower tempe- 
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ratures as results from the comparison of DTG curves (Fig.3) 
with those of a 10% C1 T copolymer (CARACULACU et al. 1970), 

The copolymers with tertisry hydrogen are the most sta- 
ble at thermal degradation~ We can concluded that the bran- 
ching in PVC containing in the most part hydrogen at the ter- 
tiary carbon atom (ABBAS et al. 1975) should not influence 
the thermal stability of the polymer. 

:i 

l Vl I I i- 

50O 

Fig. 3: DTG curves for PVC macromodels; macromodel with 
HT, --- macromodel with CIT, ... macromodel withCl A 

Because the tertiary chlorine structures are in a very 
low concentration (below 0.2% monomer units) in PVC (BURUIANA 
et al. 1980), we can say that the thermal stability of the 
polymer will depend in a great measure on the allylic chlo- 
rine content, 

Our results are in agreement with those of ASAHINA and 
ONOZUKA (1964) estimating the activation energies for the 
splitting of HC1 for PVC micromodels. They found the same 
stability order: CIs > CIT > CIA. 
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