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Py-GC/MS study on the characteristics of soot and charcoal
derived from biomass materials and coal
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Abstract: Black carbon (BC) was divided into soot and charcoal based on the formation processes. In this
study, four representative feedstocks including masson pine, rice straw, corn straw and coal were collected to
produce soot- and charcoal-BC materials. Then, these BC materials were characterized by elemental analysis
and pyrolysis-gas chromatography/mass spectrometry (Py-GC/MS). The results showed that the elemental
compositions of different types of BC materials are very similar, with the highest content of carbon, followed
by oxygen, hydrogen and nitrogen. However, each BC sample has its distinct properties. The atomic ratios of
H/C, O/C, N/C and (O+N)/C were higher for soot samples than charcoal samples formed from the same
feedstock, indicating relatively high contents of polar components in soot samples. Py-GC/MS results
revealed that the pyrolysis products derived from different BC samples were generally similar, including
aromatic compounds, N-containing compounds, furan compounds, phenolic compounds and S-containing
compounds. They were all dominated by aromatic compounds, indicating these BC materials were
characterized by having aromatic nuclei and linear or branched aliphatic chains, and/or oxygen-, nitrogen
-containing units. However, some differences were also observed among these BC materials. The pyrolysis
products revealed that biomass soots contain more useful information on original biomass materials such as
proteins, lignins and polysaccharides, while charcoals contain higher contents of condensed aromatic
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structures. The results may be useful for understanding the compositions and molecular structures of different
types of BC materials.

Key words: biomass; coal; black carbon; elemental analysis; Py-GC/MS
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Table 1 The chemical compositions and atomic ratios of different feedstocks and BC samples
(%)
C N H 0 N/C H/C o/C (O+N)/C
73.2Y 132" 4.0 8.41" 0.02 0.66 0.09 0.10
44.7 0.20 7.2 45.0 0.00 1.93 0.76 0.76
36.0 0.60 5.4 37.1 0.01 1.80 0.77 0.79
38.7 0.50 6.6 442 0.01 2.05 0.86 0.87
75.3 1.06 531 11.2 0.01 0.85 0.11 0.12
soot 57.3 1.42 5.81 25.1 0.02 1.22 0.33 0.35
55.6 4.77 5.96 20.3 0.07 1.29 0.27 0.35
54.5 8.83 5.69 27.0 0.14 1.25 0.37 0.51
65.9 0.35 2.66 5.62 0.00 0.48 0.06 0.07
charcoal 83.8 0.18 2.86 7.85 0.00 0.41 0.07 0.07
74.6 0.35 2.68 10.3 0.00 0.43 0.10 0.11
75.8 0.26 2.44 10.1 0.00 0.39 0.10 0.10
) [13]
soot charcoal  H/C (0.39~0.43), charcoal
, soot H/C 0/C  (O+N)/C
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Fig.l Total ion charomatograms from Py-GC/MS of the four soot materials
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Fig.2 Total ion charomatograms from Py-GC/MS of the four charcoal materials
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Table 2 Main pyrolysis products of different black carbon samples
1 92 43 1- 153
2 3 81 44 2- 144
3 106 45 168
4 106 46 182
5 104 47 1,2- 180
6 2- - 105 48 C3- 170
7 C3- 120 49 C3- 171
8 Cl- 118 50 1H- 166
9 106 51 166
10 103 52 4-(4- )- 169
11 118 53 4- - 182
12 3,5- - 121 54 1- 168
13 94 55 4- 182
14 116 56 Cl- 180
15 108 57 [h] 180
16 108 58 () 180
17 Cl1- 132 59 180
18 C2- 122 60 178
19 3- 137 61 178
20 1- 130 62 [c] 179
21 - 135 63 4,7- 180
22 128 64 - 195
23 [b] 134 65 Cl- 192
24 2,2- 174 66 4H- 190
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CEP)
25 - 146 67 3- 193
26 2- - 144 68 2- 204
27 129 69 - [h] 207
28 2,3- - 120 70 202
29 129 71 202
30 2- - 142 72 3- 203
31 117 73 4H-  [de] 218
32 - - 142 74 [g] 221
33 154 75 11H-  [a] 216
34 C2- 156 76 3,4- 217
35 154 77 Cl- 216
36 152 78 230
37 - 157 79 2,6- 231
38 2- 155 80 /9,10- 228
39 3- - 168 81 Tl 228
40 4- - 168 82 [b] 252
41 152 83 [k] 252
42 182 84 [a] 252
K3 TREBBHRBEYIEIRZASHSE%)
Table 3 Relative percentages (%) of major groups of pyrolysis products in different black carbon materials
43.1 5.96 12.0 38.1 NA 0.87
57.3 7.51 19.9 13.8 NA 1.51
soot 62.0 6.03 25.7 4.88 NA 1.41
45.5 5.06 21.5 27.9 NA NA
85.8 2.49 0.99 4.84 5.90 NA
93.7 3.68 0.80 1.83 NA NA
charcoal 64.5 13.0 1.60 20.9 NA NA
83.3 6.42 0.25 10.0 NA NA
:NA
2.2.1 soot BB (3~4,7)
4 soot ) a4 (33)
4 (22) (30, 32, 34, 48)
B1%~ 35 (@6 () ;
62.0%, Song et al.’ (60,65)  (61); (70) (71
soot (77~78) ,
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(1)  soot (29) (37) C3-
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(69) 3,4 (76),
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Fig.3 Distribution of different rings of aromatic compounds in pyrolysis products of soot and charcoal materials
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