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Analysis of Pyrolysates from Flue-cured Tobacco and
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Abstract; To further evaluate the effects of natural flue-cured tobacco and paper-making reconstituted tobacco in cigarettes, a
detailed comparative study of chemical components of flue-cured tobacco and paper-making reconstituted tobacco before and after
combustion was carried out. A modified apparatus of pyrolyzer was used to simulate the combustion behavior of cigarette. The
pyrolysis behavior of flue-cured tobacco and paper-making reconstituted tobacco was studied by heating at 300, 600 and 900 C in
air, and the pyrolysates were analyzed by GC-MS. The results indicated that the kinds of pyrolysate from flue-cured tobacco and
paper-making reconstituted tobacco were positively related to the pyrolysis temperature. On the other hand, the kinds of pyrolysate
from flue-cured tobacco were much more than those from paper-making reconstituted tobacco at the same temperature level.
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Table 1 Average values of routine chemical constituents in 20 flue-cured tobacco and reconstituted tobacco %
a8 i 5 A B R 3 [ R [
it i LJ?fﬁ S e p o R B L {E ﬁ\_b}itt{ﬂ
total reducing total o . R . sugar/ nitrogen/
tobaccos . nicotine potassium chlorine protein L. L.
sugar sugar nitrogen nicotine value nicotine value
KE AR T 28.25 25.48 1.77 2.09 2.10 0.23 8.81 13.50 0.85
flue-cured
ﬁiﬁi“l‘ 12.7 11.9 1.34 0.59 2.51 0.75 7.74 21.53 0.44
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Fig.1 Total ion current chromatograms of pyrolysates of reconstituted tobacco(a)and flue-cured tobacco(b)at 900 °C
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Table 2 GC contents of reconstituted tobacco pyrolysates at different temperatures

¥ B min et 44 GC &kt GC content/%

No. retention time compounds 300 C 600 C 900 C
1 1.59 LR acetic acid 2.553 1.018 0.637
2 1.91 [ G [ crotonaldehyde 0.543 0.599 0.451
3 2.56 1,2-75 [ 1,2-propylene glycol — 0.192 0.124
4 2.73 2—F EL— 1 2-methyl-furan 1.316 0.628 0.468
5 2.94 € toluene — 0.224 0.137
6 3.90 HERE furfural 14.762 4.253 2.572
7 4.29 HE s 3-furanmethanol 1.435 0.525 0.109
8 4.59 1,3- " H 29 1,3-dimethyl-benzene — 0.242 0.140
9 4.89 4-I -1 ,3- il 4-cyclopentene-1,3-dione 7.635 1.282 0.689

10 5.04 WM styrene — 0.230 0.152

11 5.37 2— B 3 -2 - 3K 1% M5 — 1 = i) 2-methyl-2-cyclopenten-1-one — 0.248 0.105

12 5.49 1-(2-1kI 3L ) — Z i 1-(2-furanyl) -ethanone 0.431 0.303 0.368

13 5.54 2(5H) -k 2 (SH) -furanone — 0.430 0.480

14 6.67 7% H i benzaldehyde — 0.108 0.274

15 6.73 5—FRE -2 g F % 5-methyl-2-furancarboxaldehyde 7.037 1.674 0.611

16 6.82 3 2 M H - My B 3-vinyl-pyridine — 0.334 0.450

17 7.07 WE I ¥4 ¥ 1T 7S methyl furoate 0.732 — —

18 7.18 K1 phenol 0.741 0.821 0.574

19 7.62 Ik M benzofuran — 0.264 0.111
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B {5 88 1 8]/ min 14 % Bk GC & # GC content/%
No. retention time compounds 300 °C 600 °C 900 °C
2-FR AL -3 F L2 IR M -1 -
2 . — .2 11

0 8.38 2-hydroxy-3-methyl-2-cyclopentene-1-one 0.275 0.110
21 8.47 1,4-3 ¢ -2-45-2-F 1 ,4-cyclohex-2-en-2-one — 0.188 0.091
22 8.75 2,3- B B2 -FR 4 —1- 2 ,3-dimethyl-2-cyclopentene-1-one — 0.178 0.100
23 8.89 7K 1 benzeneacetaldehyde 1.014 0.240 0.158
24 9.50 7K £l acetophenone — 0.290 0.255
25 10.33 7% B i B i methyl benzoate 7.856 — —
26 10.59 T-fi%¥ nonanal 1.932 — —
27 10.63 2,7- W R -SH A WA F TG 2,7 -dimethyl-oxo-rosin ester — 0.143 0.109
28 10.98 1-(2-MRm 5L ) —2- 55 Z B 1-(2-furanyl) -2-hydroxy-ethanone — 0.173 0.139
29 12.67 1-(3-H FLAIL) — Z [ 1-(3-methylphenyl) -ethanone — 0.311 0.257
30 13.03 1-(4-H ILIHKI) - Z B 1-(4-methylphenyl) -ethanone 1.727 0.845 0.802
31 13.25 2-H A FL—4- B - 2K ) 2-methoxy-4-methyl-phenol — 0.409 0.262
32 13.44 1,2-78 [ 1,2-benzenediol 1.078 0.464 0.342
33 13.63 2L 1% decanal 1.654 — —
34 14.18 5-$2 B I —BEEE 5-( hydroxymethyl ) -2-furancarboxaldehyde 3.648 0.751 1.271
35 14.28 2,3,6— =H H W 2,3,6-trimethyl-phenol — 0.463 0.453
36 14.47 4- 2 -3 - H - 2K i)y 4-ethyl-3-methyl-phenol — 0.303 0.272

2,3- A -2- P B~ 1 H-Bfi - 1 i
3 . — . .

7 16.08 2,3-dihydro-2-methyl-1H-indene-1-one 0.542 0.528
38 16.16 1-H 3£ -Z% 1-methyl-naphthalene — 0.576 0.412
39 16.25 2- B & J -4 - 2 5 FE PR 2-methoxy-4-vinylphenol 0.874 1.281 0.448
40 16.31 1 - LB -2~ 1-methyl-indene-2-one — 0.215 0.304
41 16.59 1-Z£ 1-naphthol — 0.871 0.663
42 16. 80 4- (2-TN M3k ) —ZK B} 4-(2-propenyl) -phenol — 0.423 0.350
43 16.94 HH % nicotine — 3.572 3.113
44 17.17 2 2P M - B AR B trans-propenyl-guaiacol — 0.610 0.518
45 17.34 1S-a-JR ¥4 1S-a-pinene 2.238 1.294 1.028
46 17.73 3- - 1H-W5[ B 3-methyl-1H-indole — 1.088 0.888
47 18.91 T T3 eugenol — 1.283 0.916
48 18.96 - FE P 6 ,10-dimethyl-5,9-undecadien-2-one 0.804 0.760 0.649

2,3-"%-5,7- "W I-1H-Bi-1-F

4 19.2 — . 0.

? 9.29 2,3-dihydro-5,7-dimethyl-1 H-indene-1-one 0.558 569

3o (1= 11 Ho -2 38 ) g
. . . .53

50 19.51 3-(1-methyl-1H-pyrrole-2-yl) -pyridine 1.614 1.785 1.534
51 19.61 1-+ F bk HKs 1-pentadecene — 1.449 0.943
52 19.74 + Tkt pentadecane — 0.833 0.859
53 20.84 F & =/ A megastigmatrienone A 0.576 1.424 2.193
54 21.11 H & =)l B megastigmatrienone B 1.074 0.815 1.357
55 21.14 2 fluorene — 0.948 0.914
56 21.22 I1-+-E kK 1-heptadecene — 1.048 1.084
57 21.63 E & =40 C megastigmatrienone C 0.751 0.815 0.861
58 21.75 2,5- “HAA IR B BZ 2,5-dimethoxy-benzoic acid — 0.691 0.767
59 21.84 H & =/l D megastigmatrienone D 0.908 1.231 1.357
60 23.64 + U R tetradecanoic acid — 0.108 0.734
61 24.05 JE phenanthrene — 0.386 0.557
62 24.50 9,9- " H X -9H-%j 9,9-dimethyl-9H-fluorene — 0.428 0.469
63 24.63 2-(1-FR M5 —1-%E) - 25 2-(1-cyclopenten-1-yl) -naphthalene — 0.561 0.3882
64 24.73 A 4 neophytadiene 2.200 1.884 2.062
65 24.82 6,10,14-=H I -2+ F il 6,10, 14-trimethyl-2-pentadecanone 0.514 0.731 0.974
66 25.80 45 WK B farnesol — 0.524 1.079
67 26.24 + 752 n-hexadecanoic acid — 0.555 0.770
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Table 3 GC contents of flue-cured tobacco pyrolysates at different temperatures

KB REH ) /min I GC 1 ft GC content/%

No. retention time compounds 300 C 600 °C 900 °C
1 2.15 # benzene — 0.06 0.29
2 2.50 2,5- " H Bk 2,5-dimethyl-furan — 0.16 0.07
3 3.09 2- B 3 -1 ,4- % — H5 2-methyl-1 ,4-pentadiene — 0.17
4 3.28 2% toluene — 0.35 0.67
5 4.55 BERE furfural 6.11 3.47 2.22
6 4.69 2,4- " H E -1k 2 ,4-methyl-furan — 0.28
7 5.13 3— 1k i F i 3 -furanmethanol — 0.21 0.10
8 5.33 3 Bt BE 3-methyl-pyridine — 0.07 0.28
9 5.53 1,3- " H%-7 1,3-dimethyl-benzene — 0.50 0.57

10 5.99 2- -1 ,4- i 2-cyclopentene-1,4-dione — 0.99 0.61

11 6.20 2K Wi styrene — 0.30 0.84

12 6.93 1-(2-LMg %L ) — £ B 1-(2-furyl) -ethanone — 0.14 0.08

13 8.74 D-¥r ¥ D-lemonen — 2.55 1.51

14 8.87 % B i benzaldehyde — — 0.12

15 8.94 1- 2 F-3-F 37K 1-ethyl-3-methyl-benzene — 0.24 0.23

16 9.04 5-F 4L -2 — B 5-methyl-2-furancarboxaldehyde 15.0 1.99 1.60

17 9.08 3 — 24 H - ML BE 3-vinyl-pyridine — 0.62 6.02

18 9.99 B phenol — 0.13 0.64

19 10.20 2,6- " H -2 6-3 " 2,6-dimethyl-2 ,6-octadiene — 0.13 0.10

20 10.40 1,2,4-=H 35 1,2 ,4-trimethylbenzene — 0.15 0.41

21 10.47 g R R vinyltoluene — 0.32 0.77

22 10.91 M -2 ,6- —F -1 ,6-F "/ cis-2,6-dimethyl-1,6-octadiene — 0.16 0.12

2,5,6-= :—1,3,6- P =

23 1166 2,5,6-trimlflhiyl-l ,3,6-hitalf:lene o 0-15 0-15

24 11.83 1-HE-4-FHE-HF 4 1-methyl-4-isopropyl-cyclohexene — 0.36 0.26

1, 1-(1-2 0 3-1,3- Nk %) - %

25 12.06 1,1 -((] -vinlea-%] ,3-dipropyl ))E—benze)ne - 0.26 0.28

26 12.96 Bl indene — 0.08 0.78

27 13.05 K 1 benzeneacetaldehyde 4.11 0.11 0.05

28 13.42 H W2 T ethyl benzoate — 0.18 0.18

29 13.84 2 - F L -2 W) 2-methyl-phenol — 0.12 0.14

30 14.31 7% Z ] acetophenone — 0.10 0.09

31 14.38 2-H - K B i 2-methyl-benzaldehyde — 0.09 0.10

32 15.06 4—H1 3~ 1 4-methyl-phenol — 0.06 0.09

33 16.70 2 - F L -2 FF Wi 2-methyl-benzofuran — 0.25 0.22

34 17.00 1,3,8—p—3ifif =4 1,3,8-p-menthatriene — 0.36 0.19

35 18.08 2,4- " HI LK 2 M5 2 ,4-dimethyl-styrene — 0.12 0.16

36 18.21 3.,4- " HH-2 4,6-3¢ =% 3 ,4-dimethyl-2 ,4 ,6-octatriene — 0.32 —

1,2,3,4,5- A HHE-1,3-%7 =

37 18.92 1,2,3,4 ,S—penimﬁthyl—l ,3—cyclnlfxadibne o 0.29 0.21

38 19.10 1-H 3£ -1H-2{ 1-methyl-1H-indene — 0.30 0.79

3 1945 i-mqitj}il;-(i:ifpﬁerfe-fylfenzene o 0.45 .06

40 20.65 2- 2 k- 1 2-ethyl-phenol — 0.06 0.09

41 21.13 2% naphthalene — 0.25 2.50

42 21.47 1-H 23— Z i 1-methylphenyl-ethanone — 0.37 0.32

43 22.20 1-+ — 4% 1-dodecene — 0.20 0.31

44 23.10 (Z)-2-+_# (Z)-2-dodecene — 0.15 0.12

45 23.34 47— = -2 90k g 4 ,7-dimethyl-benzofuran — 0.23 0.21

46 23.75 % If- WEME benzothiazole 14.29 0.18 0.35

47 24.53 5 H I -HEEE 5-( hydroxymethyl ) -2-furancarboxaldehyde — 2.39 1.86
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[ {5 52 1 []/min b2 4 B GC & i GC content/ %
No. retention time compounds 300 C 600 C 900 C
48 25.72 1,1-_—H BE-1H-%i 1,1-dimethyl-1 H-indene — 0.31 0.37
49 26.07 2,3- " H 3 -1H-#j 2,3-dimethyl-1 H-indene — 0.41 0.68
50 26.38 1,2- " %(-3-F %-2¢ 1,2-dihydro-3-methyl-naphthalene — 0.36 0.92
51 27.79 Sl hydroquinone — 0.99 0.80
52 28.13 2 - H % - 2% 2-methyl-naphthalene — 0.58 2.51
53 28.40 5| & indole — 0.18 0.27
54 28.59 I-+ =4 1-tridecylene — 0.39 0.54
55 28.77 7-H 3 -6+ =i 7-methyl-6-tridecylene — 0.17 0.25
56 28.85 (E)3-+ =4 (E)3-tridecene — 0.10
57 29.94 2,3,5,6- DU H 3—p-KR 2,3,5,6-tetramethyl-p-benzoquinone — 0.14 0.23
58 30.78 KH B nicotine — 6.17 4.41
1,2-"%4-2,5,8-=H -2
59 31.09 1 ,Z—dih;ro—Z 5 ,S-lnfelhyl»Tnaphumlene o 0.36 0.54
60 31.23 4L % 4 ionene — 0.08 0.10
61 31.34 il 8-methyl-5-( 1-methylethyl) -6 ,8-nonadien-2-one — 0.60 0.79
62 31.55 I-H3-1,3- 2% - 7K 1-methyl-1,3-dipentenyl-benzene — 0.27 0.59
63 31.80 =Y tricyclene — 1.88 1.21
64 32.00 2- £ ¥ 3~ 28 2-vinyl-naphthalene — 0.24 0.56
2,3-"&-1,1- 3 -1H-Bfi —4- F i
65 32.09 2 ,3»dihy(;m»l ,1 —difethyl»l H-irlldene—f—glzethannl o 0.36 0.19
66 32.70 (E)2-+1 DUt (E)2-tetradecene — 0.61 0.83
67 32.83 2,6- " H F-2% 2 6-dimethyl-naphthalene — 1.02 1.47
68 32.97 + U &% tetradecane — 0.58 0.33
69 33.13 B~ % )i B-elemene — 1.25 0.58
70 33.30 2,6- " Hl 3£ -2% 2 6-dimethyl-naphthalene — 0.85 1.01
71 33.65 2,3- " H $:-2¢ 2 3-dimethyl-naphthalene — — 0.94
72 33.67 5—- A Q7 5-guaiene — 0.46 0.41
73 33.81 E,E-a-4 &M K, E-a-sesquicitronellene — 1.92 1.43
74 34.13 J& H5 acenaphthylene — — 1.00
75 34.54 A WHETNER 6,10, 14-trimethyl-5,9 , 13 -pentadecatrien-2-one — — 0.49
76 34.79 4,8- " H H -+ —%¢ 4,8-dimethyl-undecane — 0.64 0.48
77 35.59 1 -+ H k4 1-pentadecene — 0.93 0.83
78 35.79 + T ki pentadecane — 1.21 1.49
79 35.90 1,4,5-=H 3 -2% 1,4 5-trimethyl-naphthalene — 0.56 0.45
80 36.40 1,6,7-=H 3 -2%1,6,7-trimethyl-naphthalene — 0.69 0.81
81 36. 80 2,3,6— =H 3 -2 2,3 6-trimethyl-naphthalene — 0.63 0.44
82 37.18 1,2,3,4-P4H 3£-2% 1,2,3,4-tetramethyl-naphthalene — 0.80 0.22
83 37.67 E 5 =/ B megastigmatrienone — 2.48 1.04
84 37.94 I+ 75 bE cyclohexadecane — 0.49 0.43
85 38.02 SR 2K — H iR . £ liE diethyl phthalate 6.99 0.37 0.22
86 40.45 1-H 3 -3+ — 45 1-methyl-cyclododecene — 0.78 0.63
2,3,6-=HH-1,4-25 "W
87 41.36 2,3 ,6-trimethyl-1 ,4»11?1;)hlhalenedi0ne o 0.12 0.19
88 42.75 1,19- "% —Hs 1,19-eicosadiene — 12.56 6.09
89 43.28 ABFE R — 5% T W& diisobutyl phthalate 13.04 0.42 0.18

B b7 36k AR P4 3 A R MR A 3 AN TR B PR ) T A B2 2R R R R
KEMA Y, P 7E 600 F1900 °C F#ARL - My iy RS JC W] 1 /Y 22 5% (H 5 300 °C R AR EE, R I 4
2, B MR 7 ) P S AT — R SR AR W, T 300 °C TR AR R ) R LR
Ew.

e AR [ 00 FA i U BE T, 3 7 P A 0 O A e A R A 7 AR Y ) B R S A A 2 . TR
300 C N, i 4R35 -1 M0 i ARGRIE AR B W) RN 2K 22 TR MR A I, £ 600 1 900 °C R i 4%k - I A
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