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SUMMARY . 

Three types of pyrolysis device (an electrically heated’ filament unit, a quartz- 
tube furnace unit and a Curie-point pyrolyzer) were used in the’ decomposition of 
polymerss The pyrolysis temperature was varied in the range 4zo-gSo”. 

INTRODUCTION 

Pyrolysis gas chromatography is at present widely used for the analysis of 
polymer&e, The pyrolysis decomposition reaction is influenced by a number of vari- 
ables that are sometimes difficult to control, the main factors being the texkperature 
and the method of heating the sample, which depend on the type and construction 
of the pyrolytic device. . 

At present, the most commonly used pyrolysis units are based on electrically 
heated filaments (Nichrome, tungsten, platinum, etc.)39 4, on the tube-furnace tech- 
nique? and on the technique involving high-frequency induction heating of a ferro- 
magnetic conductor to its Curie temperatureO. 

The studies carried out in our laboratory were aimed at comparing pyrolyzers 
of such types for use in the tyre industry. 

E,XPERIMENTAL . 

The thermal decomposition of the samples was carried out in pyrolyzers of the 
three above types. 

The filament unit used was constructed in our laboratory’, and consisted of a 
coiled filament that was wound from 1x0 x 0.6 mm Nichrome wire and had a resis- 
tance of 0.6 ohm in the circuit. The Nichrome filament was heated from the ambient 
temperature to a maximum of approximately soo-goo” for 5 sec. The precise measure- 
,ment of the temperature wasnot carried out during pyrolysis,. and the approximate 
value ‘was estimated from the previously ‘obtained calibration. Temperature control 
was ,achieved’by using ,a”voltage ‘supply. control. 

., 
, 

We used a Shimadzu, .Type PY R-IA, commercial unit as a furnace-type pfn;o- 
‘lyzer; The pyroljrsis chamber consisted of a,quartz tube (170 mm x 6 mm,I,D.) and a 
,’ metal joint. The furnace .,tia.s operated’ at ,a ,temperature of qao-goo O and the sa,mpIes 
were introduced,into the hot zone in a platinum boat. 

j 
‘, 
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P.yrolysis in the Pye-Unicam Curie-point pyrolyzer was also carried out. 
Ferromagnetic wires with Curie temperatures of 480” (Ni-Fe, 60:40), 510” (Ni-Fe, 
45 :55), 6x0~ (Co-Ni, 60:40), 770” (Fe) and 980” (Fe-Co-V) were used. 

All samples were pyrolysed in argon, which was used simultaneously as the 
carrier gsis. The outlet flow-rate of the argon was 40 ml/min. 

The polymers pyrolysed were polyisoprenes and polybutadienes with different 
microstructures*, styrene-butadiene rubbers (SBR) and blends of homopolymers. 
The polymers &nd their blends were sampled as z YO solutions in benzene, 

Tsvetd-3 and Tsvett-4 gas chromatographs (U.S.S.R.) with flame ionization 
detectors and with temperature programming from 25 O to zoo0 at a rate of 7”/min or 
zo”/min were used. 

The pyrolytic degradation products were resolved on a 2.5-m stainless-steel 
column packed with thermally-treated (z15o-12oo~) INS-600 (U.S.S.R.) with a 
specific surface area of 2.5-3.0 m2/g and charged with 25 o/o of potassium carbonate 
and 5 y. of potassium hydroxide, or on a 3.0-m column packed with 20% of poly- 
phenyl ether (5 rings) on so-4o-mesh Chromosorb A. 

(a) 

I 

L - 

(b) . 

. . 

‘. ‘. 

,Fig. I. Pyrograms of I,z-polybutadione (b and d) and r,4-cis-polybutadieno (a and c) obtained by 
p?/ro!ysis in the furnace (9 and d) qd in the Curie-point,pyrolyzor (a and b). Pyrolysis temperature ,.,, 
770”. Peaks: I = light gases; z = butadienc; 3 = unidontificd characteristic pcnk for r,z-nddi- 
tions; 4 L=: bonzcno; 5 = tolucnc; G = vinylcyclohcxenc. ,’ ’ ! : ,:, 

. :, ‘,.‘/, ,.‘> ,, 

,? The torm ” microstructure” is a generally accepted term.. It’ implies addition-typos of mo- 
qo&er units (for cxamplo,, ?,z- and 1,4-additions in polybutadicno and 1,2-,.3,4- atic1 1,4-additions 
in ~blyisd~rG&), cig’and lvdns form$ and the’ dititribution s&piorice of diffcicnt nionomcr uniti in 
the copolymer (random or block), : ! 4 ;,., ,,’ ] .). ..;. 

(0) 

Cd) 
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The qualitative composition of the pyrolysis products depends to a large extent 
on the temperature and especially on the method of heating the sample to a certain 
pyrolysis temperature. Fig. I Shows the pyrograms of two polybutadienes that differ 
in their microstructures: sample I (Figs. ra and c) contains 97.5 yO of 1,4-c&, I.oO/~ of 

z,@rans and ~5% of I,z-addition forms; sample z (Figs. lb and d) contains ~0% of 
z,+trans and go o/O of r,z-addition forms. The sample was pyrolysed at 770” in 
a Curie-point pyrolyzer that was used in conjunctiori with, .the Tsvett-3 gas chro- 
matograph (Figs. ra and rb), and in th.e quartz-tube furnace of the Shimadzu, Type 
PYR-IA, pyrolyzer that was used in conjunction with the Tsvett-4 gas chromato- 
graph (l?igs. IC and cl). It can be seen from the pyrograms that the:qualitative com- 
position of the pyrolysis products formed by the thermal decomposition of the polymer 
differ significantly when the different pyrolyzers are used, other conditions being the 

a b 
P 

480' 

.Fig., 2’. ,l?yrograms of r,4-ciS-polyisoprone obtained by pyrolysis in the Curie-point pyrolyzer at: 
rlifforent tompWaturos ancl in the filament pyrolyzer. Conditions: (a) column 2.5 m x +o mm I.D.., 
packing,25% K&O, and 5% KOH on INS-600 (0.25-0.5 mm), argosflow-rate 40 ml/min, column 
temperature-programmed from 25’ to 200~ at 7O/min; (b) column 2.5 m x 4.0 mm r.D,, packing 
20 o/O polyphony1 ether on 30-40 mesh Chromosorb A, argon flow-rate 40 ml/min, column t&per- 
&ire-programmed froni 25’ to 200' at Io”/min. Peaks: I = light gases; 2 P isoprene; 3 e$ 
bonzone ; 4 - talulano ; J = dipontcno. :, / .,. 
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. 

same. The patterns of the polybutadiene pyrolysis products obtained at 770” using 
the furnace are not specific. The qualitative conipositions of the pyrolysis products of 
the samples that differ in their microstructures are identical with each other. The 
presence of benzene, toluene and light gases* in large amounts in the pyrolysis products 
of other polymers, such as polyisoprenes, shows that these components were formed 
as a result of secondary reactions. The patterns of the pyrolysis products of a large 
number of hydrocarbon polymers obtained by the pyrolysis of samples in a tube- 
furnace pyrolyzer differ only in the presence of the characteristic monomer, There- 
fore, polymers that differ in their microstructures cannot be identified from their 
pyrograms obtained by pyrolysis in the furnace. 

,In the thermal decomposition in the Curie-point pyrolyzer, mainly the cor- 
responding monomers, dimers and other characteristic components for each type of 
polymer are formed. The yield of light gases and other non-specific components is 
low. The pyrograms obtained are specific for each polymer that differs in composition 
and microstructure (Figs. ra and b). 

When the Curie-point pyrolyzer is used at different pyrolysis temperatures in 
the range 48o-g80°, the qualitative composition of the pyrolyzate does not change 
(Fig. 2). At higher temperatures (g8q”) there occurs only a small increase in the yield 
of secondary products of reaction, including light gases. 

In the case of the furnace-type pyrolyzer, the qualitative composition of the 
pyrolysis products changes sharply with increase in the temperature, as can be seen 
from the pyrograms in Fig. 3. The most characteristic pattern for I++-cis-polyisoprene 

7 2 

420°C 

Fig. 3, Pyrograms of 1,4-c& polyisqprene obt;nincd in the furnace-type pyrolyzerat different temper- ,d 
aturks; ’ Cdnditions: ‘column, 3. m x 3 ‘mm I.D., packing 20 o/o polyphenyl ether on 3o+o-mesh 
Chramosorb A, argon floti rate’40 ml/min;~cblumn tempcr$ure-programmed’from 50~’ to IJOO at A 
io”/inin.‘Ppaks:‘r, rhr light,&ses; 2 =’ isoprene; 3 = ‘benzene; 4 & tolueno; 5 and 6 = unidentified 
+mpalienF; 7 : - .dip+ene. ‘. . ., ‘: .‘.. : : ,,’ ,.:i 

. ,, ,‘.’ ,‘i, ,I ‘.,,,, , ,, ‘,’ ‘. 
,’ ,, I, !.. 

.;,‘;:. : : (, ,,.,( ‘, ., ,. ‘, I:: 
’ “‘ligh% g&es” are 8 mi+zure of C, - C, hydrocarbons in which hydrogen may’bo’present. : 
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was obtained at 420~. At this temperature, however, only partial decomposition of 
the sample occurs, and some residue remains after the degradation of the sample. The 
yield of specific components is low. By increasing the pyrolysis temperature, the 
characteristic peak of dipentene (7) decreases and the peaks of non-specific com- 
ponents such as benzene (3), toluene (4) and light gases increase, as the secondary 
reactions participate actively at higher temperatures. Finally, at 740”, the charac- 
teristic peak of dipentene almost disappears into non-specific products. 

When the filament unit is used, the thermal decomposition products change 
with increasing temperature up to about goo” (7.5 V). At high filament potentials, 
the pyrolysis of polymer is characterized mainly by the formation of monomers and, 
light gases (Fig. za). The mosf representative pattern of the pyrolysis products was 
obtained at lower filament potentials (4.5-5.0 V). 

To establish the effect of temperature on the character of the thermal decom- 
position of copolymer, the dependence of the E atios of the peak areas of characteristic 
components for SBR of different micro-structures (random and block copolymers) 
and blends of homopolymers (polystyrene and polybutadiene) on the pyrolysis tem- 
perature was determined. , 

The dependence of the ratios of the peak areas of styrene and butadiene on the 
potentiaI applied to the filament that characterizes the pyrolysis temperature was 
established. From this relationship it can be seen that the maximum of the ratios 
occurred for blends of homopolymers and’ block copolymers, while in random co- 
polymers no maximum was observed. . 

The temperature relationships obtained during the pyrolysis of polymer samples 
in the Curie-point pyrolyzer are similar in nature (Fig. 4). It was shown that the 
qualitative composition of the pyrolysis products does not change over the whole 
range of operating temperatures when the Curie-point pyrolyze: is used. Therefore, 
the possibility exists of using at the same time the dimer of butadiene (vinylcyclo- 
hexene) as a characteristic component related to the composition of the original 
polymer, as well as the monomer (butadiene). The curves shown in Fig. 4 were ob- 
tained on the basis of the ratios of the peak areas of vinylcyclohexene and styrene 

. 
or 

ct 
+--I b p 

Pig. 4. Relationship botwccn ratios of charictcristic peak arcns and pyrolysis temperatures with’the 
Curie-point pyrolyzer.Curvcs : 

rent) ; 2 and 4 = 
I and 3 a blonds of homopolymcrs (polybutadieno and polysty- 

random SBR (Europrenc 1500) ;, I and 2 = ratios of peak areas of styronc and 
vinylcyclohcxcne; 3 and 4 = ratios of pcalc arm-w of styrcnc and butsdione. 
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(curves I and z) and butadiene and styrene (curves 3 and. 4) .from the degradation of 
blends of homopolymers (curves I and 3) and the random copolymer Europrene 1500 

(curves 2 and 4). It can be seen from Fig. 4 that the characteristic products for block 
th& occurs in the 
the monomer is at 

. . - 
copolymers and homopolymer blends pass through a maximum 
temperature range 7oo-So0 O. At this temperature the recovery of 
a maximum. 
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