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The thermal degradation of chlorine-containing polymers used in a rubber tech- 
nology has been investigated in a nitrogen atmosphere. The characteristics of degrad- 
ation have been compared on the basis of thermogravimetry, carbon residues and 
chlorine elimination. The observed structure-dependent differences in degradation 
of the investigated polymers are discussed. 

When heated in an atmosphere of inert gas or in air, polymers with hydrocarbon 
chain structures containing chlorine undergo thermal or oxidative degradation 
processes, sometimes connected with crosslinking [1 - 4]. High temperature causes 
accelerated dehydrochlorination, with simultaneous formation of unsaturated 
bonds in the hydrocarbon chains, followed by chain scission. As a result of the de- 
struction process, volatile products and a non-volatile residue are formed, which 
burn in an oxygen atmosphere or in air. Hydrogen chloride evolution proceeding 
at lower temperature, is usually distinctly separated from polymer chain degrada- 
tion. Sircar and Lamond [5] showed that dehydrochlorination can be exothermic 
or endothermic, depending on the polymer structure, the medium and the reaction 
mechanism. 

In the literature there are many publications concerning the study of polymer 
degradation. As regards chlorine-containing polymers, most attention has been 
devoted to the investigation of polyvinyl chloride [6-  11 ] and polychloroprene 
[12- 14]. 

Chloropene rubber shows a higher thermal stability in comparison with PVC, 
and the HC1 evolved does not catalyze the degradation reaction, in contrast with 
the case of PVC. The main stage of dehydrochlorination proceeds at higher tem- 
perature for polychloroprene than for polyvinyl chloride, and is not separated so 
distinctly from the subsequent stages of chain destruction. It has been shown that 
90 ~ of the chlorine content is evolved in the first, main destruction stage. 

Dodson and McNeill [15] were concerned with the study of chlorinated rubbers 
and especially chlorinated polyisoprene. Similarly as for other chlorine-containing 
polymers, the degradation of chlorinated rubbers proceeds in two stages. However, 
95 ~ of the chlorine, in the form of HC1, is evolved in the first stage. 

Dodson and McNeill also studied the thermal degradation of polyvinylidene 
chloride (73 700 chlorine), which was found to lose only half of the chlorine content 
in the first degradation stage. Elimination of the remaining chlorine is very difficult 
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and needs a high temperature,  as the dehydrochlor inat ion is inhibited by steric 
effects, proceeding with more  and more  difficulty as the distance between the H and 
C1 a toms in the chain increases. 

Dudley and Smith [ 1 6 - 1 7 ]  proved that  chlorosulphonated polyethylene is 
characterized by  a three-stage thermal  degradat ion,  and that  the degradat ion pro-  
cess is initiated by the elimination o f  weakly-bonded chlorosulphonic groups, 
probably  with the evolution o f  labile chlorine. 

Despite many  investigations date, a series o f  problems connected with the kinetic 
as well as the mechanism and thermal  stability o f  these polymers have not  been 
explained. The relation between the character o f  the degradat ion and the structure 

Table 1 

Characteristics of polymers 

Type of polymer 

Polychloroprene 

Homopolymer 
of epichlor- 
hydrin 

Copolymer of 
epichlorhydrin 

Terpolimer of 
epichlorhydrin 

Polyethylene 

Chlorinated po- 
lyethylene 

Chlorosulphon- 
ated polyethy- 
lene 

Polyvinyl chlo- 
ride 

Chemical formula Trade name 

(-- CH2-- C-- CH-- CH 2- )n 
I 

CI 

(-- CH2-- CH-- O -  )n 
/ 

CH2C1 

(-- CH2-- CH-- O - CH 2- O-- )n 
L 
CH2C1 

(-- Ci-Iz-- C H r  CH2-- CH~- )n 

(-- CH-- CH2-- CH2-- CH~-- )n 

C1 

[(-- CH~-- CH2-- CH-- CH2-- CH2-- C H , ) n - -  
I 
C1 

- -  C H  - -  
I 

S O 2 ] m  

(-- CH2-- CH2-- )n 
I 
C1 

Skypren 
B - 30 
Butaclol 
MC-- 1( 

Hydrin 
100 

Hydrin 
200 

Hydrin 
400 

Hypalor 
20 

I Hypalon 

Chlorine content 
in polymer, 
theoret- experi- 

ical mental 

37 33.7 

37 34.2 

38 35.6 

24-  26 24 

24 26 23.7 

io 
42 42.0 

29 28.5 

35 33 

56 52,0 
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of various chlorine-containing polymers has not been investigated under com- 
parable conditions either. In the available literature there are no data concerning 
the thermal degradation of epichlorhydrin elastomers. 

The purpose of the present paper is the comparison of the thermal degradation 
of some polymers containing chlorine by using thermogravimetry. The TG method 
yields information concerning the degradation teinperature and the rate of weight 
changes. 

Such information can be utilized as the basis for evaluation of the possibility of 
using thermogravimetry for quantitative analysis of rubber vulcanizates. So far 
[18- 19], this method has been employed with success for analysis of the composi- 
tion of hydrocarbon rubber vulcanizates. 

Experimental 

Materials and investigation methods 

The subjects of investigation were chlorine-containing polymers with various 
structures of the main chain, commonly used in rubber technology. They are listed 
in Table 1. For comparison, polyethylene was also taken into account in these in- 
vestigations. 

Thermal degradation was carried out in a nitrogen atmosphere in a Perkin-Elmer 
TGS-1 Thermobalance at a heating rate of 20~ using 5 mg samples. Thermo- 
gravimetric weight loss TG and DTG curves were recorded. From the curves the 
weight losses and temperature ranges for various degradation stages were deter- 
mined, as well as the non-volatile residue obtained after heating at 550 ~ in a 
nitrogen atmosphere. 

Determination of chlorine content was performed on samples heated to a given 
temperature. The Sch6niger method used consists in burning samples in oxygen 
in the presence of a platinum catalyst, and determining the chloride percentage 
by titration. 

Results and discussion 

Characteristics of thermal degradation 

The characteristics of thermal degradation of the investigated polymers are pre- 
sented in Figs. 1 -2  and Table 2. These data show that the character of the thermal 
degradation, the value of the carbon residue and the thermal stability are different, 
depending on the structure and the chlorine content. 

As expected, the thermal degradation of polyethylene proceeds in one stage, 
with maximum rate at 495 ~ . 

Chlorinated polyethylene is characterized by a two-stage degradation. The first 
stage is connected mainly with hydrogenchloride evolution; it occurs in the tern- 
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Fig. 1. TO and DTG curves of the polymers: a) polyethylene, b) chlorinated polyethylene, 
e) Hypalon 20 d) Hypalon 40. Heating rate: 20 ~ min -1 
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Fig. 2. TG and DTG curves of the polymers: a) Hydrin 100, b) Hydrin 200, c) Hydrin 400, 
d) Skypren B-30. Heating rate: 20 ~ min-X 

perature range 2 3 0 - 4 1 0  ~ (DTG max at 330~ Chain destruction in the next stage 
takes place at a similar temperature mentioned above, the degradation o f  chloro- 
sulphonated polyethylene occurs in three stages. The first degradation stage, at 
1 8 0 - 2 7 0  ~ appears in the D T G  curve in the form of  a flat peak and is related to the 
elimination o f  the SO~CI group. This finds confirmation in the absence o f  suIphur 
in samples heated to 300 ~ . 

There is no  regular relation between the chlorine content of  the polymer with 
ethylene chain structure and the temperature corresponding to the maximum de- 
gradation rate in the stage connected with elimination o f  hydrogen chloride. 
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Table 2 

Degradation temperatures and weight loss of polymers degraded in nitrogen atmosphere 

Degrada t ion  temperatures ,  ~  and weight  loss o f  polymers ,  % 

I degradat ion  stage associated 
with the ma in  

hydrochlor inat ion 

initial stage of  
decomposi t ion 

Type  of  po lymer  

range  o f  weight  range o f  weight range o f  
tempera-  loss, tempera-  T D I G  T D r G  weight  max,  loss, tempera-  max,  loss, 

ture, ~ ture, ~  % ture,  ~  
~  ~  ~ 

Polychloroprene: 
Skypren B-- 30 
Butaclor MC-- 10 

190-- 340 
180-- 340 

180-- 270 
180-- 270 
200-- 260 

12.5 
10.7 

7.4 
5.0 
3.0 

340--440 
340--440 

290--480 
300--475 
250-- 575 

230--410 

270-  415 
270--420 
280- 400 

395 
390 

380 
385 
390 

330 

355 
365 
330 

40.0 
43.7 

88.9 
92.5 
93.5 

43 

53.6 
40.7 
61.0 

I I  degrada t ion  stage 
associated with decomposi t ion  
o f  the main  chain  s t ructure  

440--550 
440-- 540 

310-- 530 

410-  520 

480 27.4 
470 23.1 

495 

490 

485 
490 
490 

Polymers of epichlor- 
hydrin : 

Hydrin 100 
Hydrin 200 
Hydrin 400 
Polyethylene 
Chlorinated polyethy- 
lene: 

Chlorosulphonated 
polyethylene: 

Hypalon 20 
Hypalon 40 
Polyvinyl chloride 

415-  525 
420-  520 
400-  565 

m 

m 

99.5 

50.5 

55.4 
49.8 
27.5 

The  chlor ine content  has no influence either on the des t ruc t ion  t empera tu re  o f  
the hyd roca rbon  chain.  F o r  all invest igated c o m p o u n d s  the  deg rada t ion  t empera -  
ture  was abou t  490 ~ (max o f  the  peak  in the D T G  curve). 

Polyvinyl  chloride,  wi th  a similar  chain s t ructure  a l though  with a different 
segment  length between the chlor ine  a toms  and with a higher  chlor ine  content  
undergoes  the rmal  degrada t ion  in a very similar  way to ch lor ina ted  po lye thy lene  
f rom the poin t  o f  view of  charac te r  and  t empera tu re  d i s t r ibu t ion ;  the only differ- 
ence is the  higher  rate  o f  the  first deg rada t ion  stage. 

Thermograv ime t r i c  curves o f  ep ich lorhydr in  e las tomers  show different charac te r -  
istics. H o m o p o l y m e r ,  copo lymer  as well as t e rpo lymer  deg rada t ion  proceeds  in one 
stage, in a very n a r r o w  t empera tu re  range.  High  and wel l -developed peaks  in the  
D T G  curves,  with max  rate  at  abou t  390 ~ prove  tha t  the  degrada t ion  occurs  wi th  
high ra te  in the whole range.  

The  weight loss in the T G  curves begins at  abou t  300 ~ for the  homo-  and  the  
copo lymer ,  and  at  250 ~ for  the t e rpo lymer .  

The  charac ter  o f  ch loroprene  rubbe r  degrada t ion  does  no t  show any devia t ion  
f rom tha t  presented in the  l i terature.  The  weight loss s tar ts  at 1 8 0 - 1 9 0  ~ (about  
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11 7oo, in comparison with 3 -  7 7o for the polymer with the ethylene chain structure) 
and proceeds very slowly up to 300 ~ . No peak is observed in this range. The weight 
loss rate increases significantly in the range of  the two main degragation stages 
connected with efimination of  hydrogenchloride and hydrocarbon chain destruc- 
tion, at 3 4 0 - 4 4 0  ~ (DTG max at about  390 ~ and at 440 - 550 ~ (DTG max at 470~ 
respectively. 

As will be shown in the next part  of  the paper, the elimination of  HC1 f rom poly- 
chloroprene requires a much higher temperature that for the other polymers in- 
vestigated. 

Carbon residue 

Pyrolysis o f  chlorine-containing polymers in a nitrogen atmosphere usually leads 
to the formation of  a non-volatile residue, conventionally called the "carbon re- 
sidue". Investigations of  the composition of  the residue after heating of  certain 
polymers such as PVC [4, 5] and CR [1, 2] showed that it also contains some hydro- 
carbons with methylene groups. 

Table 3 lists values obtained f rom curves of  residues after thermal degradation 
of  particular polymers at 550 ~ which are burned in air at 6 0 0 - 6 5 0  ~ 

These data are different, depending on the chemical structure and the chlorine 
content of  the polymers. 

In polymers with similar chain structures the carbon residue increases with in- 
crease of  the chlorine ratio. This finds confirmation in results obtained for Hydrin 

Table 3 

Carbon residues after thermal degradation of polymers at 550 ~ heated 
at a rate 20 ~ rain-~ in nitrogen atmosphere 

Amount of  Carbon residue 
Type of polymer chlorine weight, weight, 

% 

Polychloroprene: 
Skypren B-30 
Neopren WRT 
Butaclor MC-10 

Epichlorhydrin Polymers: 
Hydrin 100 
Hydrin 200 
Hydrin 400 

Chlorinated Polyethylene 

Chlorosulphonated Polyethylene: 
Hypalon 20 
Hypalon 40 

Polyvinyl Chloride 

33.7 
37.2 
34.2 

35.6 
24.0 
23.7 
42.0 

28.5 
33.0 
52.0 

20.1 
24.6 
22.5 

11.1 
7.5 
6.5 
6.5 

3.6 
4.5 
8.5 
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100, 200 and 400 and polymers of ethylene chain structure (3,6-  8,5 % residue for 
a chlorine content of 28.5 - 52 %). 

In the comparison of polymers with similar chlorine contents but different nmin 
chain structures, as for example polychloroprene (about 34 % chlorine), epichlor- 
hydrin homopolymer Hydrin 100 (35.6 ~ chlorine) and chlorosulphonated poly- 
ethylene Hypalon 40 (33 % chlorine), a distinct dependence between carbon residue 
and polymer structure can be observed. 

The highest residue (20 %) is given by polychloroprene, lower ones (6.5 - 11.5 %) 
having ether groups in the chain, and the lowest ones (3.5-  8.5 %) polymers with 
ethylene main chain structures. 

o o o Hcto 
2o 

40 40 

6o 
62~ c~ 6o6 62~ , 

o __ _ \ \  i o o o  _ . . . . . . . . .  ,00  
z . . . . .  ,oo ~: z 

200 250 300 350 400 200 250 300 350 400 

.4 

m 
o 

b) i 
�9 I ] 
' I 

ZOO 250 300 350 400 

-t c~ r i !] : 
200 250 300 350 400 

T e m p e r a t u r e  ,~ 

o7 

4C 

.4 20 

s 

3 : 4 0  

0 

20 

4o ~ 
60, m 
80 o 
I00 

0 

20 

40 .4 

60 

80 o 

poo 

; 

t0 20 

40 

.......... 100 

4 0 : -  e) , I : 

200 250 300 350 400 

0 # 

40 
.4 2 0 - -  

I , I 
200 250 300 350 Z. O0 

Temperature , ~ 

Fig. 3. Comparison of weight loss measured by TG and hydrogen chloride determined from 
titration data: a) Hydrin 100, b) Hydrin 200, c) Hydrin 400, d) Skypren B-30, e) Hypalon 40, 

f) Chlorinated polyethylene 

J. Thermal Anal. 19, 1980 



76 JAROSZY/qSKA et al.: D E G R A D A T I O N  OF POLYMERS 

In general, it can be stated that the quantity of  non-volatile residue f rom the 
polymer investigated depends to a higher degree on the structure and the ratio of  
the number of  hydrogen atoms to chlorine atoms than on the chlorine content o f  
the polymer. 

This problem is of  fundamental importance in the quantitative analysis of  chlo, 
rine-containing rubber vulcanizates, because the carbon residue can lead to errors 
in the evaluation of  the ratio of  particular components in the compounds (elasto- 
mer, carbon black). 

Elimination of  chlorine during heating in a nitrogen atmosphere 

The quantities o f  chlorine (calculated as HC1) eliminated f rom the investigated 
polymers at various temperatures are presented directly in the thermal curves (Fig. 
3) and in Table 4. 

Table 4 

Amount of hydrogen chloride evolved during programmed degradation up to various 
temperatures in nitrogen 

Type of  polymer 

Polychloroprene 

Epichlorhydrin Polymers: 

Chlorosulphonated 
Polyethylene 

Chlorinated Polyethylene 

Trade-name 

Skypren B-30 

Hydrin 100 
Hydrin 200 
Hydrin 400 

Hypalon 20 
Hypalon 40 

Weight loss in 
I degradation 

stage 
% 

42.0 

89.9 
92.5 
93.5 

36.0 
40.7 

45.0 

Calculated HCI as 
amount of  HCI 
as % polymer ~ xDu 

34.7 

36.6 
24.7 
24.4 

29.0 
34.0 

43.3 

1.5 
1.0 

0 

Polymer chlorine at various temperature ~ 

275 300 325 350 375 400 450 

10.3 
6.0 

8.0 

2.5 

5.6 
2.5 
1.7 

24.1 
14.8 

39.1 

5.4 

13.2 
12.6 
5.9 

41.4 
31.0 

62.0 

19.3 

41.9 
30.2 
41.4 

74.1 
60.0 

85.3 

57.3 

75.3 
64.2 
95.0 

94.6 
92.8 

100 

71.8 

99.5 
100 
I00 

100 
100 

93.5 
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Comparison of the data shows that the weight loss in the first, main degradation 
stage is usually higher, than the quantity of hydrogenchloride evolved. This is in 
agreement with literature data indicating that the elimination of HC1 is connected 
with partial chain decomposition and the evolution of other volatile products. 
Further, in the case of epichlorhydrin rubbers, which degrade in one stage, distinct 
differences were observed between the general weight loss and the amount of HCI 
evolved. 

With the exception of the initial period, the differences are the lowest for poly- 
mers with ethylene chain structure (chlorinated and chlorosulphonated polyethyl- 
ene). 

On the other hand, only in the case of epichlorhydrin elastomer is the initial 
weight loss connected directly with dehydrochlorination. In the remaining polymers 
it is preceded by a decrease in the TG curve, probably caused by the evolution of low 
molecular weight volatile products. It is especially distinct in the case ofpolychloro- 
prene a weight loss of, (about 11%) even at 180- 300 ~ not connected with dehydro- 
chlorination). 

The least stable is the bonding of chlorine in chlorinated polyethylene. The total 
evolution is complete by 370 ~ . At this temperature the elimination amounts to 
about 93 % for Hypalon, 64-75 % for epichlorhydrin elastomers (the most stable 
in copolymer) and 57% for polychloroprene. 

The diagram presenting the amount of evolved HC1 as a function of temperature 
is nearly linear for chlorinated polyethylene and Hydrin, which may show that the 
reaction is not catalyzed by evolved hydrogen chloride. Similar data were obtained 
during an isothermal investigation of epichlorhydrin elastomers in an atmosphere 
of air [201. 

In general, the temperature ranges as well as the relations between hydrogen chlo- 
ride elimination and temperature are connected directly with the polymer structure 
and the mode of chlorine bonding. 
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Rt~SUMI~ -- On a 6tudi6, en atmosph6re d'azote, la d6gradation thermique des polym6res 
contenant du chlore, utilis6s dans la technologie du caoutchouc. 

On a compar6 les caract6ristiques de la d6gradation par thermogravim6trie, formation d 'un 
r4sidu de carborle et 61imination du chlore. On discute les diff6rences observ6es dans la d6gra- 
dation des polym&es 6tudi6s suivant leur structure. 

ZUSAMMENFASSUNG - -  Die thermische Zersetzung yon in der Kautschuk-Technologie verwende- 
ten chlorhaltigen Polymeren wurde unter Stickstoff untersucht. 

Die Charakteristika der Zersetzung durch die Thermogravimetrie, Kohlenriickstand und 
Chlorabspaltung wurden verglichen. Die in der Zersetzung der untersuchten Polymere in 
Abh/irlgigkeit yon ihrer Struktur beobachteten Unterschiede wurden diskutiert. 

Pe3~oMe - -  I/I3yqen B aTMocqbepe a30Ta TepMHtleCKI'I~ pacua~ xnopoco~ep~amrlx rlOJll4MepOB, 
~acrlonk3yeMJ, lx a TexI~oJ~orm~ pe3m-i. C rlOMOUlr~ro TepMorpaBHMeTp~m 6blJIrt corlocTaBYlem,i 
xapaKTepr~cT~ pacrm~a aTaX nOaaMepoa rt o~er~ermi ocTaTO~Hbta yraepo~ H BlaI2[e~Kt-omi4_~c~ 
nprt 3TOM x~op. OTMeyeni-mte pa3nmfna B paano:~eHrtn necJIe]IoBarlubIX rlOnaMepoa o6cy~eitbt  
Ha OCHOBe JJX CTpOeIt~. 
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