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Investigation of the Pyrolysis Behavior of Hemp Pulp Cigarette Paper
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Abstract: The pyrolysis behavior of hemp pulp cigarette paper was investigated using ther-
mal mass loss (TG) and pyrolysis gas chromatography-mass spectrometry (PyGC/MS). In
helium atmosphere, the compound was pyrolyzed at 400, 500, 600, 700, 800 and 900 C,
respectively. The pyrolysis products were directly introduced into GC/MS with two col-
umns (PE-Elites 5MS capillary column and PE-Elites Wax capillary column), and were
qualitatively and semi-quantitatively analyzed. At the six pyrolysis temperatures mentioned
above, complex pyrolysis products are formed, and 202 products are detected altogether,
including alkenes, ketones, acids, benzene, benzene derivatives and PAHs. Moreover,
with the elevation of the pyrolysis temperature, the contents of alkenes and ketones are de-
creasing, and the contents of benzene, benzene derivatives and PAHs are increasing gradu-
ally. 63 products are detected by both 5MS and Wax capillary column. 93 pyrolysis prod-

ucts of hemp pulp cigarette paper are detected with Wax column, which can not detected by
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5MS. While 46 pyrolysis products are detected with 5MS column, which can not be detec-

ted by Wax column. The main difference between the two columns is due to the type and

nature of the stationary phase of columns.

Key words: pyrolysis gas chromatography-mass spectrometry(PyGC/MS) ; cigarette paper;

pyrolysis behavior
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1 (PE-Elites 5SMS )
Table 1 Analytical results of the pyrolysis product of hemp pulp cigarette paper(PE-Elites SMS capillary column)
/%
tr/min
400 C 500 'C 600 C 700 C 800 C 900 C
1 1.351 1,3- 1,3-Cyclopentadiene 7.761 6.8952 9.397 11.134 4.958 1.648
2 1.654 1,3~ 1,3-Cyclohexadiene 0.336
3 1.656  1- -1,3- 1-Methyl-1,3-cyclopentadiene 0.571 1.32 3.168  3.443 2.229
4 1.706  1- 1-Methylcyclopentene 0.185
5 1.825 Benzene 1.576  2.075 4.588 16.819 37.756 4
6 2.012 3~ 3-Pentanone 1.733 1. 654
7 2.045 2,5~ 2,5-Dimethylfuran 0.436 5 0.347  0.563
8 2.1 2- -2- -1-  2-Methyl-2-cyclopenten-1-one 0.444 1 0.58 0.436  0.209
5,5~ -1,3-
9 2.432 0.0338 0.9622 1.14 1.763 0. 155
5,5-Dimethyl-1, 3-cyclopentadiene
10 2.549  2- 2-Methylfuran 0.598
11 2.673 Toluene 0.59 3.392  5.428 12.187 5.782
12 2.728 1,3,5- 1,3,5-Cycloheptatriene 5.11
13 3.111  1- -3- 1-Penten-3-one 3.078 7 2.4151 2.372 1.823 0.278 0.024 8
14 3.853 Furfural 0.015 63
15 3.895  2- 2-Cyclopentenone( ) 2.736  4.653
16 4.332 Ethylbenzene 0.798 4 0.579  0.984 1.143 0.14
17 4.538 1,4- 1.4-Xylene 0.476 6 1.304 1.862  2.274 1.18
18 4.74 Phenylethyne 0.079 3
19 5.134 Styrene 3.967
20 5.688  2- -2- 2-Methyl-2-cyclopentenone 4. 285 4,07 3.698  2.535 0.09
21 6.692 1,3- 3- 1,3-Dimethyl-3-cyclohexene 1.561
7- .1.3.5-
22 7.145 0.094
7-Ethyl-1,3,5-cycloheptatriene
23 7.448 m-Ethyltoluene 0.414
24 7.468 p-Ethyltoluene 0.465  0.297 0.0231
25 7.715 Benzaldehyde 0.3044 0.177 0.241  0.093 0.0338
26 7.899  5- -2- 5-Methyl-2-furfural 1. 202
27  8.187  3- -2- -1-  3-Methyl-2-cyclopenten-1-one 1.25 1.5043 1.119 1.022
28 8.351  2- 2-Phenylpropene 0.227 0.296 0.084 9
29 8.492 Phenol 0.598 0.6751 0.999 4.73 2.405 1.08
30 8.83 1,2,3- 1,2,3-Trimethylbenzene 0. 886 0.665 0.215 0.0637
31 8.956 Benzofuran 0.893
32 9.107 o-Methylstyrene 2.455  2.784  2.194  0.156
2,3~ -2- -1-
33 9.276 1.465 1.7532 1.155 0.695
2,3-Dimethyl-2-cyclopenten-1-one
34 10.086 1,2,4- 1,2,4-Trimethylbenzene 0.167 5 0.152 0.137 0.107 0.234
35 10.726 2,3- 2.3-Dihydroindene 0.066  0.113  0.107 0.024 7
36 11.22  1- 1H-Indene 4.14  1.9132 3.903 4.061 4.541  3.868
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/%
tr/min
400 C 500 C 600 C 700 C 800 C 900 C
37 11.578 a- - a-Methyl benzeneacetaldehyde 0.124
38 12.108 0-Cresol 1. 045 0.68 2.532 2.403 1. 408 0. 36
39 12.274 1.,2.3- 1,2,3-Trimethylcyclohexane 0.540 1
2,3.4- -2 A1-
40 12.536 0.611 0.15 0. 344
2,3,4-Trimethyl-cyclopent-2-ene-1-one
41 12.679 Acetophenone 0.146  0.136
42 13.277 3~ -2- -1-  3-Ethyl-2-cyclopenten-1-one 0.523 1 0.434
43 13.298 m-Cresol 0.350 4 1.045 3.655 3.081 1.996 0.516
2,3,4- -2- -1-
44 13.738 1.4
2,3,4-Trimethyl-2-cyclopenten-1-one
45 13.903 Cinnamylaldehyde 0.088  0.577 0.866  0.273
46 14.367 2- 2-Methyl-benzofura 0.76 0.256 0.0711
47 14.419 2,6~ 2,6-Dimethyl phenol 0.274 0.434 2 0.462 0.338 0.164
48 14,654 m-Divinylbenzene 0.17 0.047 6
49 15,139 p-Divinylbenzene 0.069 0.0157
50 15.327 3- Butylidenecyclohexane 0.575
51 15.614 2- 2-Ethylphenol 0.211 0.121 0.118
52 15.779 2- 2-Methylindene 0.887 7 0.407 0.791 0.325 0.064 2
53 15.845 1- 1-Methylindene 0.1 0.276 0.574 0. 835 0.18
54 15.942 [3.3.1] -2 Bicyclo[ 3. 3. 1 ]nonan-2-one 0.447 6
1- -2
55 16.038 0. 815 1.23
1-Methylene-2-propenyl benzene
56 16.082 Azulene 0.352
57 16.139 2,4- 2,4-Dimethyl phenol 0.2423 1.18 1.046  0.886
58 16.298 1,4- 1,4-Dihydronaphthalene 0. 26 0.121 0.030 5
59  16.5 1- -1- 1-Phenyl-1-propanone 0.074
60 16.732 3,5- 3,5-Dimethyl phenol 1.211 0.779  0.333 0.05
61 16.964 o-Ethylphenol 0.11 0.6245
62 16.989 Naphthalene 0. 747 1.212 6.239 18. 23
63 17.369 3.,4- 3,4-Dimethyl phenol 0.113 0.1864 0.149 0.179 0.179
64 17.698 Pyrocatechol 1.51 1.59 0.499  0.764
65 17.879 4.,7- 4,7-Dimethyl-benzofuran 0.0223 0.111 0.09 0.199 0.027 1
66 17.952 2,3- 2,3-Dihydro benzofuran 0.263 0.035 8
67 18.841 2,3- -1 2,3-Dimethyl-1H-indene 0.022 4 0.3535 0.203 0. 149 0.09
68 18.007 o Con 0.21
3-Methyl-2(3H)-benzofuranone
69 18.967 1.3- -1 1,3-Dimethyl-1H-indene 0.038 0.1855 0.354 0.281 0.078
70 19.223 1.1- -1 1.1-Dimethyl-1H-indene 0.086 9 0.322
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/%
tr/min

400 C 500 C 600 C 700 C 800 C 900 C
71 19.263 4- -1,2- 4-Methyl-1,2-benzenediol 0.49  0.504 2
72 19.435 2,3.,6 2,3,6-Trimethyl phenol 0. 146
73 19.581 1- -1 - 1-Ethylidene-1H-indene 0.171  0.055
74 19.618 o a-Hydrindone 0.271 1.3973 0.601 0.623  0.452
75 19.869 2- 2-Methylnaphthalene 0. 406 0.706 2.245 1.81
76 19.979  3- -1,2- 3-Methyl-1.2-benzenediol 0.35 0.377 3
77 20.216  2- 2-Methylindanone 0. 32 0.108
78 20.232 1- 1-Methylnaphthalene 0.539  0.699 1. 871 1. 24
79 20.368 4- - 4-Methyl-thioanisole 0.0836 0.168 6
80 20.484 4- 4-Hydroxy benzaldehyde 0.442 3 0.5
81 21.265 3,5- Orcinol 0.202
82 21.588 1,1,3- 1,1,3-Trimethyl-indene 0.189  0.149
83 21.74 Biphenyl 0.091  0.447  0.791
84 22.054 1- 1-EthylNaphthalene 0.044  0.069 0.284
85 22.244 2,6- 2,6-Dimethylnaphthalene 0.234  0.237 0.21 0.048 2
86  22.39 Acenaphthene 0.085 0.304  0.109
87 22.526 2,3 2.3-Dimethylnaphthalene 0.21 0.235 0.352 0.131
88 22.607 1,5- 1,5-Dimethylnaphthalene 0.084 2 0.129 0.181 0. 057
89 22.92 1,3- 1.3-Dimethylnaphthalene 0.088 0.099 0.251 0.044 6
90 23.147 Biphenylene 0.143 0.165 0.183 0.209 1. 545 4.495
91 23.198 1,2- 1,2-Dimethylnaphthalene 0. 081 0.07 0.094
92 23.807 2- 2-Methylbiphenyl 1. 683
93 23.984 4- 4-Methylbiphenyl 0.039  0.08 0.039 1
94 24.328 1- 1-Naphthol 0.041 0.0924 0.113 0.358  0.276
95  24.397 Dibenzofuran 0.112  0.159  0.196
96 24.515 3- 3-Phenylfurane 0.08 0.345  0.171
97 24.881 1,4,5- 1,4,5-Trimethyl-naphthalene 0.02 0.0825 0.053
98 25.587 Fluorene 0.0313 0.074 0.13 0. 25 0.747  1.403
99 26.283 2- -1 2-Methyl-1-naphthol 0.308  0.043
100 26.465 () Xanthene 0.039
101 27.509 2- 2-Methylfluorene 0.142  0.211 0.133
102 27.599 1- 1-Methylfluorene 0.046  0.065 0.044 7
103 27.772  4- 4-Methylfluorene 0. 04 0.07
104 28.825 Anthracene 0.021 0.135 0.145 0.154 0.422 1.115
105 28.986 Phenanthrene 0.016 2 0.0681 0.08 0.078 0.163  0.257
106 29.944 1- 1-Phenylnaphthalene 0.03
107 30.727 9- 9-Methylphenanthrene 0.0323 0.112 0.112 0.051
108 30.813 4H- [def] 4H-Cyclopenta[ def Jphenanthrene 0.195
109 32.849 Fluoranthene 0.107 0.03
110 33.575 Pyrene 0.096  0.113  0.037
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2 (PE-Elites Wax )
Table 2 Analytical results of the pyrolysis product of hemp pulp cigarette paper (PE-Elites Wax capillary column)

/%
tr/min
400 C 500 'C 600 C 700 C 800 C 900 C

1 1.428 1- -3-  1-Buten-3-yne 0.154 8
2 1.447  1,3- 1.3-Cyclopentadiene 2.137 2.316  2.538 8.17 3.038 1.674 3
3 1.694 1- -1,3- 1-Methyl-1,3-cyclopentadiene 16. 46 12.57 14.7 5.505 1.164 0.3639
4 1.913  2- 2-Methylfuran 3.73 6.517  5.656
5 2.056 1-(2- )-2- 1-(2-furanyl)-2-butanone 12.67

2,5~ -1,3-
6  2.261 1. 252

2,5-Dimethyl-1, 3-cyclopentadiene
7 2.319 Benzene 1.232  5.688 13.63 34.35 52.942
8 2.446  2,5- 2,5-Dimethylfuran 4.361
9 2.627 2- 2-Ethylfuran 3. 744

2,6- -1,3-
10 3.209 0.079

2,6-Dimethyl-1, 3-cyclopentadiene
11 3.282 Toluene 2.287  3.071 10.82  13.72  9.492
12 3.854 Phenol 0.4 0.33 0.062  0.008
13 4.629 Ethylbenzene 0.439 1.08 0.29 0.0821
14 4.795 1,4~ 1,4-Xylene 0.997 0.398 0.2301
15 4.961  3,4- 3,4-Xylene 0.172  1.518 2.288 1.129 0.564 4
16 5.291 1.3.5- 1,3,5-Cycloheptatriene 0.014 5

3.4~ -2,5-
17 5.759 0.205

3,4-Dimethyl-2, 5-furandione
18 6.138 m-Xylene 0.275 0. 358 0.778 0. 28
19 6.401 1- -3- 1-Penten-3-one 3.604 1.773 1. 108
20 7.362 p-Ethyltoluene 0. 64 0.02 0.019  0.013
21 7.388  3- 3-Methylfuran 0.949
22 7.458 m-Ethyltoluene 0.672  0.062
23 8.103 1,2,3- 1,2,3-Trimethylbenzene 0.076 0.113  0.069 0.0153
24 8.622 Styrene 0.17 2.114  2.934 2.62
25 8.726 1- 1-Methylethylbenzene 0. 205
26 9.46 1,2,4- 1,2,4-Trimethylbenzene 0.114  0.248 0.545 0.207 0.0431
27 9.715  2- 2-Ethylcyclopentanone 1.748
28 10.501 m-Propyltoluene 0.102
29 11.076  2- 2-Methylheptanoic acid 3.852  1.184
30 11.715 o a-Methylstyrene 0.078
31 12.044 4- 4-Methylcyclopentene 0.43
32 12.674 Cyclopentenone 3.321 4.57 3.4 0.068
33 12.853 o-Methylstyrene 1.139 1.117 0.4755
34 13.221 Phenylethyne 0.068 0.1416

35 13.244  2- -2- -1-  2-Methyl-2-cyclopenten-1-one 4.041  3.852 3.45 0.623
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/%
tr/min
400 C 500 C 600 C 700 C 800 C 900 C

36 14.59 Indane 0. 044 0.141 0. 047

37 15.656 2- -1- 2-Methyl-1propenylbenzene 0.113  0.031

38 15.968 1- -1- 1-Methyl-1propenylbenzene 0.064  0.018

39 16.236 o-Allyltoluene 0.037  0.017
2- -1,4-

40 16.331 0.058  0.011
2-Ethenyl-1,4-dimethylbenzene

41 16.396 Furfural 1.787  4.475 1.512  0.263

42 16.473 -1- trans-1-Propynylbenzene 0.01 0.0233

43 16.75 1~ 1H-Indene 0.972  2.021 2.859 2.481
2,3~ -4 -1

44 17.167 0.015  0.017
2,3-Dihydro-4-methyl-1H-indene

45 17.385 Benzocyclobutenone 0.773 0.518 0.5115

46 17.393  2- 2-Acetylfuran 0.652

47 17.537 4- -1,2- 4-Ethenyl-1,2-dimethylbenzene 0.335 0.056 0.0332

48 17.641 3- -2- -1-  3-Methyl-2-cyclopenten-1-one 0.418  0.658 1. 559

49 17.728 Benzaldehyde 0.045 0.226  0.266 0.159 0.033 0.048 6

50 17.935 1- -4- 1-Ethenyl-4-methyl-benzene 0.011 0.006 0.007 6
2.3- -2- -1-

51 18.12 2.828 2.543 1.893  0.332
2,3-Dimethyl-2-cyclopenten-1-one

52 18.303 Propanoic acid 1.418 0.695 0.127 0.011 0.0252

53 18.5 Guaiacol 0.471

54 18.878 5- 5-Methyl furfural 1.768 1.195 1.101 0.15

55 18.937 m-Divinylbenzene 0.05 0.07 0.043 3

56 19.065 2- 2-Methylindene 0.203 0.44 0.431 0.07 0.060 2

57 19.201 1- 1-Methylindene 0.556 0.601 0.772 0.312 0.118

58 19.428 Cinnamylaldehyde 0.301 0.174 1

59 19.583 1- 1-Butynylbenzene 0.284 0.467 0.216

60 19.619 3- 3-Methylindene 0.689  0.283

61 19.912 o-Tolualdehyde 0.115  0.013

62 20.023 4- Propoxybenzene 0.003

63 20.143 Butanoic acid 0.567 0.37

64 20.419 Acetophenone 0.049 2

65 20.445 Phenylgly 0.258 0.215

66 20.808 1- -1 1-Methylene-1H-indene 0.012 2

67 20.818 2- 2-Furanmethanol 1.075 0.712 0.14

68 21.026 Benzofuran 0.084

69 21.228 1,3- -1 1,3-Dimethyl-1H-indene 0.177 0.222 0.138 0.006

70 21.283 o a-Methyl cinnamic aldehyde 0.08 0.012

71 21.445 Azulene 0.699  0.213 0.1304

72 21.722 4,7- 4,7-Dimethylbenzofuran 0.058  0.052
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/%
tr/min

400 C 500 C 600 C 700 C 800 C 900 C
73 21.861 1,2-Benzenediol 0.119
74 21.863 2,3- -1 2,3-Dimethyl-1H-indene 0.023 0.026 0.053 0.227 0.02
75 22.105 Naphthalene 0. 209 2.173 10.61 12.014
76 22.21 2(5  )- 2(5H)-Furan 0.03
77 22.225 3.,4- 3,4-Dihydropyran 0.669  0.265
78 22.373 p-Methylacetophenone 0.119  0.129 0.019 0.007 9
79 22.943  3- 3-Phenylfuran 0.018 0.013
80 23.139 1,2,3- 1,2,3-Trimethylcyclohexane 0.157  0.637
81 23.457 1,1,3- 1,1,3-Trimethyl-indene 0.015
82 23.502 1- -1 - 1-Ethylidene-1H-indene 0.191 0.017 0.015 3
83 23.568 2- 2-Naphthol 0.011

- 2 2 1-
84 23.572 2.706 0.92
3-Methyl-2-hydroxy-2-cyclopenten-1-one

85 23.677 Benzocycloheptatriene 0.019
86 23.679 1,6- [10] 1,6-Methano[ 10 Jannulene 0.096 0.02
87 23.971 2- 2-Methylnaphthalene 0. 087 0.108 0.436 1. 339 2.401 1. 318
88 24.247 1,2,3- -1 1,2,3-Trimethyl-1H-indene 0.023
89 24.526 1- 1-Methylnaphthalene 0.039 0. 055 0.135 0. 804 1.526 0.834 3
90 24.768 a a-Terpinene 0.021
91 24.965 3.,4- 3.4-Xylenol 0.152 0.19 0.303 0.312 0.02
92 25.009 2- 2-Indanone 0.135
93 25.454 1- 1-Ethylnaphthalene 0.117  0.041 0.024 2
94 25.533 2- 2-Methylindanone 0.08 0.077 0.127 0.107
95 25.615 2- 2-Ethylnaphthalene 0. 24 0.037
96 25.686 1,3- 1,3-Dimethylnaphthalene 0.038 0.211 0.093
97 26.027 Biphenyl 0.244  0.569 0.61
98 26.153 2,3- 2, 3-Dimethylnaphthalene 0.164  0.822 0.1
99 26.346 2- 2-Phenoxyethanol 5.388  3.431
100 26.473 - cis-Isoeugenol 1. 253
101 26.517 o - a-Ethylidene-benzeneacetaldehyde 0. 89 0.071 0.108  0.015
102 26.533 1- -4- 1-Methoxy-4-propyl-benzene 0. 004
103 26.667 1,2- 1,2-Dimethylnaphthalene 0.057 0.061  0.025
104 26.805 2,3,6- 2,3,6-Trimethylphenol 0.082 0.104 0.188 0.101
105 26.834 1,4- 1,4-Dimethylnaphthalene 0.022  0.033
106 27.248 o-Ethylphenol 0.083 0.095 0.206
107 27.324 2,6- 2,6-Dimethylphenol 0.183 0. 984 0.597
108 27. 364 m-Ethylphenol 0.147 0.127 0.512 1.348 0.295
109 27.465 o-Cresol 0.233 0.356 0.733 1.511
110 27.637 2 2-Methylbiphenyl 0.041 0.146 0.0835
111 27.809 4 4-Methylbiphenyl 0.11 0.063 7
112 27.935 1- 1-Naphthaldehyde 0.01
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/%
tr/min

400 C 500 C 600 C 700 C 800 C 900 C
113 28.056 4- 4-Methyldiphenylmethane 0. 004
114 28.157 Acenaphthene 0.015 0.058 0.105 0.118 0.122 0.14514
115 28.293 2.3.6- 2,3,6-Trimethylnaphthalene 0.02
116 28.364 2,5- 2,5-Xylenol 0.132 0.157 0.056 0.263 0.027
117 28.616 Eugenol 0.107
118 28.671 2,6- 2,6-Dimethylanisole 0.042
119 28.722 2.3 2,3-Xylenol 0.065 0.093 0.203 0.202 0.075
120 28.731 p-Ethylphenol 0.057  0.143  0.154
121 28.883 Biphenylene 0. 065 0.074 0.18 0. 085 1. 852 1. 83
122 29.094 2,4,6- Mesitol 0.012 0. 146 0.062 0. 043
123 29.107 p-Hydroxybenzaldehyde 0.078
124 29.266 1- 1-Allylnaphthalene 0.037 0.0217
125 29.312 2,4 2,4-Xylenol 0.033 0.062 0.061 0.158 0.032
126 29.786 Dibenzofuran 0.006  0.134 0.1451
127 29.915 1~ 1-Isopropenylnaphthalene 0.029 7
128 30.016 4- 4-Methylbenzaldehyde 0.013
129 30.243 2- -4- 2-Methyl-4-ethyl-phenol 0.012 0.068 0.022 0.013
130 30.285 6- -4- 6-Methyl-4-indanol 0.019
131 30.429 4- 4-Vinyl-biphenyl 0.009 0.018 6
132 30.497 Thymol 0.015
133 30.724 Fluorene 0.037 0.056 0.073 0.096 0.497 0.651 2
134 30.788 Phthalanone 0.082
135 30. 885 o-Isopropenyl-anisole 0.018
136 31.076 1- 1-Indanol 0.035 0. 055 0. 066 0.01
137 31.117 2,3~ 2,3-Dihydrobenzofuran 0.008 0.033 0.036 0.036 0.044 0.017 5
138 31.359 Xanthene 0.027
139 31.445 o-Tolualdehyde 0.061
140 31.736 Benzoic acid 0.128
141 32.104 9,10~ 9,10-Dihydrophenanthrene 0.053 3
142 32.146 5- 5-Indanol 0.03
143 32.206 1- 1-Methylfluorene 0.027 0.029 6
144 32.351 Pentamethylbenzene 0. 005 0. 04 0. 048
145 32.388 2,4~ 2,4-Dimethylacetophen 0.017
146 32.453 2- 2-Methylfluorene 0.034 0.0597
147 32.625 Capric acid 0.02
148 32.827 Palmitic acid 0. 045
149 34.213 2,2- 2,2-Bifuran 0. 006 0.004 0.024 1
150 34.595 4- 4-Methylcatechol 0.433 0. 088
151 35.034 Pyrocatechol 0.015 1.216  0.461 0.081 2
152 35.076 Phenanthrene 0.011 1.047 4
153 35.424 Anthracene 0.026 0.23
154 35.69  2- -1,4- 2-Methyl-1, 4-benzenediol 0.143
155 35.714 Fluorenone 0.013 4
156 35.797 Hydroquinone 0.023 0.188




