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Abstract; An online pyrolysis-vacuum ultraviolet photoionization mass spectrometer
(PY-VUV PIMS) was built for the analysis of pyrolysis products of solid materials.
Vacuum ultraviolet photoionization is a “soft” ionization method producing few or no
fragments of molecular ions, making the identification and interpretation of complex py-
rolysis products in real time possible. In this work, the gaseous pyrolysis of polypropyl-
ene at the temperatures range of 400 °C to 600 C were firstly studied with this new-built

setup. A series of mass spectra of gaseous products were obtained, and the time-evolved
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curves for the products like propylene (m/z 42) and pentadiene (m/z 68) were also re-
corded. It was found that the increase of temperature can dramatically shorten the reac-
tion time. Due to the effect of secondary reactions, the formation time of pentadiene is a
little later than that of propylene produced only from primary reaction. Reactions like
chain fission, back-biting, and f-scission contribute to most of the primary reactions.
The pyrolysis of tobacco was also performed with PY-VUV PIMS in the temperature
range from 400 C to 700 °C, and the effects of reaction temperature on the pyrolysis
products intensity were studied. For relative small molecular weight compounds like
propylene (m/z 42), their relative intensities increase all the time as pyrolysis tempera-
ture rises. As for acetone/propanal (m/z 58) and some other compounds, their relative
intensities first rise to the maximum and then decrease. In the case of relatively large
molecular weight compounds like nicotine (m/z 162), they decrease with temperature
increases, indicating that it have suffered secondary reactions under high temperature
and decomposed into small molecules. Results show that vacuum ultraviolet photoioni-
zation mass spectrometry is a powerful method for pyrolysis study, which can offer im-
portant information for learning the pyrolysis mechanisms and dynamic processes.

Key words: solid materials; photoionization mass spectrometry; pyrolysis; gaseous

products; online
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Fig.1 Schematic of pyrolysis-online vacuum ultraviolet photoionization mass spectrometry
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Fig.2 Photoionization mass spectra for the pyrolysis products
of polypropylene at 400 C (a) and 600 C (b)
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Table 1 Some major pyrolysis products of polypropylene
m/z LEY R m/z LEY R
28 Z. 4% Ethylene 42 W4 Propylene
68 ¥, — ¥ Pentadiene 70 2-1% % 2-Pentene
84 2-F B-1-% 4% 2-Methyl-1-pentene 126 2,4-"F £-1-Bi 8% 2,4-Dimethyl-1-heptene
84 4-F Je-2-1% 4% 4-Methyl-2-pentene 126 4,6-—F #:-2-Bi % 4,6-Dimethyl-2-heptene
112 4-FA J-2-BE 4% 4-Methyl-2-heptene 140 2,4,6-=H F-1-B&4& 2,4,6-Trimethyl-1-heptene
154 4,6-—F #-2-F-# 4,6-Dimethyl-2-nonene 196 4,6,8 = H }-2-+—#% 4,6,8-Trimethyl-2-undecene
168  2,4,6-=H #-1-F4% 2,4,6-Trimethyl-1-nonene || 210 2,4,6,8-PUH F-1-+—4% 2,4,6,8-Tetramethyl-1-undecene
168  4,6,8-=H #-1-F4% 4,6,8-Trimethyl-2-nonene | 210 4,6,8,10-py B 3t-2-+—4#% 4,6,8,10-Tetramethyl-2-undecene
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Fig. 3 Time-evolved profiles for the pyrolysis products of polypropylene

at the temperature of 400, 500 and 600 C
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Fig. 4 Mechanisms for the pyrolysis of major products of polypropylene
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Fig.5 Photoionization mass spectra for the pyrolysis products
of tobacco at 400 C (a) and 700 C (b)
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Table 2 Some major pyrolysis products of tobacco

m/z &Y % m/z [azg/ P23
17 &R, Ammonia 92 2% Phenol/N = B¢ Glycerol
42 W4 Propylene 96 — B 30k Dimethylfuran/#§ % Furfural
43 2% M Vinylamine 106 Z. F: 7K Ethylbenzene/ — F 7 Xylene
44 Z. W Acetaldehyde 110 345 BE Methylfurfural/2-Z, Bk Wk i
48 i B Methyl Mercaptan 2-Acetylfuran/Z — i Dihydroxybenzene
58 PiBA Acetone/ P Propanal/Z — & Ethanedial 122 Z 3% B Ethylphenol/# F i Benzoic acid
68 kg Furan/ 5 % — % Isoprene/ 3 X4 Cyclopentene | 124 4-F S K B 4-Methoxyphenol
82 2-F JE kg 2-Methylfuran 132 2,3-=%-1-Bif 1-Indanone

/3-F FE kg 3-Methylfuran
/3-8 %k 3-Hexyne
/2-F JE-1,3-1% —#% 2-Methyl-1, 3-pentadiene
84 3-F1 #-2- T Ji B 3-Methyl-2-butenal

/2-B %% 2-Hexene

/2,5-" 3K Z 4 2,5-Dimethylstyrene
136 2-7. K:-5-FH By 2-Ethyl-5-methylphenol
/F G2 FI i Methoxybenzaldehyde/#7 84 Limonene
144 1-2£ 1-Naphthol

162 J&# T Nicotine
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