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Abstract: In this study, the chemical properties of soot particles emitted from the combustion of household
honeycomb coal of different maturities were studied using the pyrolysis gas chromatography/mass spectrometry
(Py-GC/MS) technique. The influence of coal maturity on the pyrolysis products of soot was investigated. The
results showed that the pyrolysis products derived from soot particles emitted from coal of different maturities
were very similar, including aromatic compounds (58.1%—-92.0%), phenolic compounds (0.66%—-32.3%), aliphatic
hydrocarbon (0.21%-9.57%), furan compounds (1.42%-2.57%), S-containing compounds (NA—4.12%) and
N-containing compounds (NA-3.91%). They were all dominated by aromatic compounds, indicating the soot
particles were characterized by aromatic nuclei and/or oxygen- and nitrogen-containing units. The results also
showed that coal maturity has an important influence on the pyrolysis characteristics of soot particles. The

aromatic compound content in the pyrolysis products increased with increasing coal maturity while the phenolic
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compound content showed a decreasing trend. The N-containing compounds were mainly in the soot samples

emitted from the combustion of low maturity coal. These results indicated that the content of aromatic structures in

soot samples increased and the labile O- and N-containing structures decreased with increasing coal maturity. The

S-containing compounds were typical pyrolysates of coal combustion and mainly in soot samples emitted from the

combustion of high maturity coal. These results are useful for understanding the molecular structures and

compositions of soot materials emitted from the combustion of household coal of different maturity.

Key words: soot; Py-GC/MS; aromatic compounds; S-containing compounds
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Table 1 Proximate analysis, elemental composition and atomic ratios of coal and soot emitted from coal of different maturity
JE MK (Coal) 1l 5 (Soot)
FEdh TALSHT (%) SERAR (%) BE R A TRAM) o)
Koy RSy BEBK KIS C H 0 N S H/C 0/C NC  S/IC C
Hin bk 4.47 34.1 57.50 3.93 793 512 145 057 052 0.78 0.14  0.006 0.002 75.9 0.55
XU 1L 3.74 322 55.18 8.83 799 527 144 0.65 047 0.79 0.14 0.007  0.002 58.9 0.71
K I-1 1.02 25.1 65.49 8.39 88.0 598 585 156 0.51 0.82 0.05  0.015 0.002 75.0 0.77
TRIR-2 0.77 19.3 69.54 10.4 91.7 554 408 141 0.74 0.72 0.03 0.013  0.003 80.7 1.35
ey R 1.30 17.0 50.54 31.1 91.6 570 817 1.70 040 0.75 0.07 0.016 0.002 72.4 1.44
e 3.32 8.15 67.46 21.1 89.2 4.01 7.05 133 049 054 0.06  0.013 0.002 21.5 2.00
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Table 2 Main pyrolysis products of the soot samples
Frs 53 Wit =4y Vi s Frs 53 Fa Wit =4y Vi s
1 C;Hy g 92 46 CisHyy Co- R 182
2 CsHyo %3 106 47 C3H,00 9-%; I 182
3 CsHyo i) /%6 — P e 106 48 CisHis Cu-Zf 184
4 CgHg RN 104 49 C1iH,00 C -2 T 158
5 CsHyo A HR 106 50 Cy3H,00 C-Z R 182
6 C7HoN Co-NHL I 107 51 CisHiz Ci-%) 180
7 CoHy, Cs- 120 52 CisHs Cs-HE 196
8 CyH o LB Y 118 53 CiH,,0 3-(2-H LI k) - 1y 196
9 CsHsO PN 94 54 Cy3H50 2 T 180
10 CgHy N Cs-Mk mE 121 55 CisHye Cr- ALK 196
11 CoHyo TR s e R 118 56 C14H 20 Co-ZE M 10 g 196
12 CoHyo ke 118 57 C12HgS TR wEmy 184
13 CoHg Efi 116 58 C1,H,,0 Co-ZR M 172
14 C7H0 Cy-# 1 108 59 Ci4Hio E[8 178
15 CoH 3N Cy-HE IE 135 60 Ci4Ho H 178
16 CyH30 FBE R T Ik g 132 61 C13H,50 Cs-MU A AL ZE W 190
17 CioHio 12- =582 130 62 Ci3HoN Iy g 179
18 CgH,00 Co- A 122 63 CisHyg Cy-%)j 194
19 CioHs B 128 64 CisHiz C-H 192
20 C1oH;00 Co- I g 146 65 CieHig Cy-BE 210
21 CioH 20 ) 148 66 Ci3Hy0S C- R IFBEM) 198
22 CoH,,0 Cs-2# 1 136 67 CisHiz Cy-dE 192
23 C; Hyo I & 142 68 Ci6Hie T3 AU 208
24 CioHoN C-ME W 143 69 CiHie AH-ARHEZE 208
25 CoH;00 [SIGE %N 134 70 CigHis RELLE 204
26 CgH,0;5 AB2E — B R T 148 71 Ci6His Co-E 206
27 CyH ;00 i) 134 72 CiHio D) 202
28 CioH140 Cy- K 150 73 Ci6Hio 3 202
29 C1oH,00 C\-Efily 146 74 Ci6H,00 HIF[O1ZEIF[2, 3d]Wkm 218
30 CizHig IS S 154 75 Ci4H 00 BRI 194
31 CiHp, Co-% 156 76 Ci7His Cs-dE 220
32 CiHyp )i 154 77 Ci7Hi, Ci-tt 216
33 CioH 120 C-H N B 1y 148 78 CisHig Cy-FE 234
34 CiHi N Co-1E Mk 157 79 CigHig Co-th 230
35 CsH5NO, A0 T I i 147 80 CioHs Ci-— I 244
36 CiiHyy Cy- K LI 146 81 CisHg 4H-Z TR 232
37 CiHio LIRIESE 154 82 CisHig Co-9E B 230
38 Ci3Hpy Cy-BE 168 83 CiH oS HIFZRITEY R 5 234
39 CisHyy Cs-% 170 84 CisHy, AT [a] B 228
40 C1,Hs0 ZIRIT 168 85 CisHiz T 228
41 C1oHzO B 144 86 CioHys Ci-Hi 242
42 CiHi3N C-1E Mk 171 87 CyoH» I [a]tE 252
43 Ci3Hio HEARIZE 166 88 CyoHy, I[P B, 252
44 Ci3Hio Vil 166 89 CyHyy C- A [a]e 266
45 Ci3Hy, 2H-%j 168 90 CxHp BiFF[1,2,3-cd]iE 276
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Fig.3 Distribution of aliphatic hydrocarbons in the pyrolysis products of soot
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