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On the Pyrolysis of Polymers

III. Identification of Gases from Rubber Pyrolysis by Gas
Chromatography

By Chwa-Kyung Sung

National Industrial Research Institute

Aliphatic hydrocarbon gases from rubber pyrolysis have been identified by gas chromatography with
tetraethyleneglycol dimethylether column. Rubbers used in this work are polyisoprene, SBR, NBR,
polybutadiene, buthyl rubber, polychloroprene and polyurethane rubber. The chromatogram is charac-
teristic for each polymer.

Author proposes a method of identification of synthetic rubbers by gas chromatograph of pyrolyzed
gas. Sample is pyrolyzed at 450°C under nitrogen or more effectively helium and gaseous portion, which
eliminated liquid condensate, is passed to the column. The appearance of exclusively large peak of
isoprene, isobutylene and carbon dioxide shaws the presence of polyisoprene, polyisobutylene and
polyurethane, respectively. Large peak of butadiene will appear in case of polybutadiene, SBR and NBR.
but SBR can be identified through the styrene peak in gas chromatogram of liquid pyrolyzate and NBR
can be identified by the evolution of hydrogen cyanide during pyrolysis. Polychloroprene is identified by
the evolution of hydrogen chloride. This method could be applied to the identification of copalymer or

polymer blend.
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Fig. 1 Gas chromatogram of gases from polybuta-
diene pyrolysis at 450°C(by Silica gel column)
J-Column, 120°C ) Air & Methane @ COx+C;Hs
@ CHy ® CsHs @ CsHs
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Fig. 2 Gas chromatogram of gases from polybutadi-
ene pyrolysis at 450°C(by Phthalate column)
A-Column, 40°C @ N; @ C; Hydrocarbons @) Cq
Hydrocarbon @ Isobutane & n-CaHio -+ i-Cils +
1-CiHs @ trans-2-Butene (P cis-2-Butene ® i-Cs
Hi; 4 Butadiene
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Fig. 3 Gas chromatogram of gases from polybuta-

dienc pyrolysis at 450°C(by Tetraethyleneglycol
dimethyl ether column)
F-Column, 40°C (D Air @ C; Hydrocarbon @ CO,
@ CHs @ CiHs ®i-CiHio @ n-CiHio @ i-CiHs
@ 1-CiHa ® 2-CiHs(i CsHi) @ Butadiene i

TIsoprene(n—CgHus) 1
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Fig. 5 Gas chromatogram of gases from natural
rubber pyroi‘;.rs‘.]s at 450°C
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Fig. 6 Gas chromatogram of gases from polyiso-

I-Column, 40°C (@ Air @ C; Hydrocarbons @ CO. prene pyrolysis at 450°C
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Fig. 7 Gas chromatogram of pyrolyzates(liquid) of polyisoprene at 450°C, B-Column, 150°C (D Air @ Isoprene
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Fig. 8 Gas chromatogram of gases from SBR
pyrolysis at 450°C
F-Column, 40°C @ Air @ C; Hydrocarbans @ CO,
@®CsHa G: CiHg ®i-CHro P n-Callzo @ 1-CaHy
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Fig. 8 Gas chromatogram of gases from NBR
pyrolysis at 450°C
F-Column, 40°C (D Air @ C; Hydrocarbons @ CO:
@ CsHs B CsHe @i-CéHio @ n CiHio ® i-CaHs
@ 1-CHs B 2-CiHs(i-CsHiz) 1D Butadiene
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Fig. 10 Gas chromatogram of pyrolyzate (liguid) from SBR at 450°C
B-Column, 150°C_(® Tolucne @ Styrene n)
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Fig 11 Gas chromatogram of gases from butyl rubber pyrolysis at 450°C

J-Column, 120°C @ Air @ CHs @ CoHe+CO: @ C:He ® Citls ® Cslls @ i CHu(?)
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Fig. 12 Gas chromatogram of gases from buty] s P 7 2 .0

rubber pyrolysis at 450°C

F-Column, 40°C (D Air & Cz Hydrocorbons @ CO:
@ C3Hs & CaHlg ® i-CsHio @ n-CsHpo @ i-CaHa
@ Isoprene

Fig. 18 Gas chromatogram of gases from CR
pyrolysis at 450°C
J-Column, 126°C D Air & CH« @ CO2 I-CHs @ Cotls
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Fig. 14 Gas chromatogram of gases from CR
pyrolysis at 450°C
F-Column, 40°C @ Air @ C; Hydrocarbons @ CO,
@ CiHa & CsHe ®n-CiHp @ i-Citha B 1-CiHa
@ 2,C4Hs @ Butadiene
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Fig. 15 Gas chromatogram of gases from poly-
vrethane pyrolysis at 450°C
J-Column, 120°C @ Air @ CO @ CH4 @ COz(C.Hs)
® G

" parypen

@ 1@

x8

X2

®@'LL

[ 4 2 [

_— Min,

Fig. 16 Gas chromatogram of gases from poly-
urethane pyrolysis at 450°C
F-Column, 40°C @ Air @ C; Hydrocarbons (3 CCy
(+CsHe) @ CsHs B i-C\Hipy ®a-CiHie @ i-CHe
8 Butadiene(n-CsHiz)
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Table 1 Pyrolysis products from various rubbers

| pip| PB |sBR|NBR| PIB |CR| PU
Methane [O O (2 |2 [OL [C [O
Ethane (OSSO [© © 0S8 10O |OL
Ethylene 1O 1O |O |[© ©s |O [OL
CO; o 0 10 ©0 O O OLLL
Propane © 1O [0 O © ([OS|O
Propylene (OL {OL (OL |[OL <O (O |O
Isobutane |[OS |[OSS|OSS|OS (OL |~ {OSS
n-Butane O 1O [0 O ©OL [0 [O
Isobutene (OL (OL |O O |OLLLICS O
Butene-1 [0S O |0 IO |-~ OSp
Butene-2 [OS [O © ©O —~ (O8S|—
Butadiene [0S |[OLLIOLLIOLL|- O |OSS
Isoprene |OLLIOS [ |— O — =
CO - = = - - IO

S : small, SS: very small

L :large, LL: very large, LLL : extremely large
of vehict, 7 Diene REAH Felos £R
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