Relationship Between Volatiles Formation and Temperature During Cigarette
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Smoking Investigated by Multi—Step Pyrolysis Technology
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Abstract: In order to understand both effects of combustion temperature of cigarettes on the
formation of main volatile components in cigarette smoke and the relationship between the volatile
compounds formation in cigarette smoke and tobacco precursors, the effects of sequential pyrolytic
temperatures on the formation of volatile components were simulated and investigated using the
multi-step pyrolysis technology coupled with gas chromatography-mass spectrometry (GC-MS). The
results showed that 1) the multi-step pyrolysis technology could be used to well-study the effect of
pyrolysis temperature on the volatile and semi-volatile substances released from tobacco during
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pyrolysis to reveal the relationship between the released substances and temperature. 2) During the
combustion of cigarette, the free flavoring substances distillated and released under 250 C with less
volatile substances released, which were mainly free nicotine, nicotyrine and neophytadiene. The
tobacco cracked within 300~600 C, and many volatile and semi-volatile substances were formed
when the precursors, i.e., carbohydrates, amino acids, pigments, pigment esters with long-chain fatty
acids, acyclic isoprenoids and cembrenoids, cracked at 300~500 ‘C. Protein degraded and formed a
large amount of nitrogen containing heterocyclic compounds at 600 ‘C . The carbonization and
combustion of tobacco occurred within 700~900 ‘C, mainly producing simple gases such as carbon
dioxide and carbon monoxide. 3) Compared with pyrolysis, the proportion of volatile and
semi-volatile compounds distilled from cigarette itself was very small (about 5.74% ), while the
volatile components formed by pyrolysis under high temperature (300 C or above) might determine

the aroma style characteristics of cigarettes.
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1)100 CHEFE 5 s, LA 150 °C/s THIE % 150 CHf:
PREF 60 s;

2)150 CLFF 5 s, LA 150 °C/s THE Z 200 CHf:
PA4F 60 s;

3)200 CLFF 5 s, LA 150 °C/s THE E 250 CHF:
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PR¥F 60 s;

4)250 CI#£HE 5 s, LA 150 °C/s THE Z 300 °CHf:
15 60 s;

5)300 CHAFF 5 s, LA 150 °C/s THEZE 400 CHf:
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TFE 60 s;

9)700 CHE£F5 5 s, L 150 C/s FHE 2= 800 CIf:
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FIFERBFE] ;1.5 min,
134 ZE@Aamma o WYk A RTE
T 7 3 0 T R K T B K e 0 1T AR 0.1% 1137 AR
5 IR BT R AT R RO R . 7 iR T
AR — A AT 35, AP A7 0 2 17 35 R

e 528
| 2 =5 D

21 MESSERRMEBENELEMEESL 4
ER A A |

211 150~200 CE M MR 1 Al JHH-7E 150 °C
BF, FUR I 0 JE T T KRB A | 22 i B R
AR AR A Ak A 3 LA SR AR G O S R Ok
Je s TR — R TR, EELL 3 FE

HAFTE, 3 5 R e B 285 B A A i Ak i Je
T ARE e T R 5 A PR DL TR E A
55 R MAATE , L an B i Ak Fr iR Je o T A
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Table 1 Main volatiles of tobacco leaf pyrolyzed at 150 °C

. [rr———
IR /min | LAY | TR *ﬁ‘; =
22.602 e T 14 752 551 70.151
24.661 | 65 739 0.313
26.022 A B A 2 176 402 10.349
34.117 HrAE 4 035 085 19.187

F2 AN 200 CEERMB~Y
Table 2 Main volatiles of tobacco leaf pyrolyzed at 200 °C

W TR 5 B
B i g%mmam FITEE

22.592 el T 1 032 285 72.370
26.018 A Bl A 379 213 26.585
34.117 A I 14 902 1.045
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Table 3 Main volatiles of tobacco leaf pyrolyzed at 250 °C
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i TR R
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KERLEY

7.027 T 185 498 0.682

7.647 2 67 720 0.249
14776 2,5- W Rk 38 217 0.141
15.703 P 33 103 0.122

23-"4-35-"%
16,727 -6~ S —4H-1it 504 487 1.856
T —4— I

17.889 ;i Eﬁf@'ﬁ_ﬁgﬁ 182 366 0.671
18.547 R (43) 38 508 0.142
22,612 eET 23 777 035 87.453
22.909 il 68 670 0.253
24.661 g 56 499 0.208
26.018 AT 1 743 990 6.414
29.994 KAHIM(179) 38 595 0.142
34.103 3’5:?’;\5%[2_';?;_ 26 881 0.099
36.464 R A (255) 51716 0.190
36.537 R 54 774 0.201
36.977 KA (255) 32 476 0.119
38328 RAH)(270) 41730 0.153
38.523 K HH(270) 91 513 0.337
38.684 R A1H1(207) 61 462 0.226
38.962 RAY(270) 54 148 0.199
39.304 R HH(160) 38 987 0.143

1 HaE HRR L GRK Ak & W HEA TR0 25 B . R P
IKAR A W W itk TR AT A 5 8 2 W R TR P O i A
SRy A AN ] U)o 2 AR R R B A B, 7E 250 °C
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TR H T R R EOR B R R BN R
SRS N Y Y PR B R
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B 534k ,400~500 CHA A SR IE T ILIE e |
FH R bk | P 5 ik gt 55 ) B, 3K S 9 5 T R S R
Hh S L R A M R R e 1 e

JHITFE 600 CHMFET, WAL T KE A ZE H
KO TWIR R M H AW T H A,
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WE | HH R nfk | Lk i R R 2R A S
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BT Bk B R R R . X SRR
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F4 MM 300 CEZRBE™W
Table 4 Main volatiles of tobacco leaf pyrolyzed at 300 °C

P B8 B [ I T A
IR remic G
2.135 I it 3909 081 1.868
2.147 T 13 885 800 6.637
2.334 T 832 998 0.398
2.574 2 LN 188 749 0.090
2.829 W 10 069 796 4.813
3.433 1-F2 32— i 1 614 763 0.772
3.906 23— % 644 521 0.308
4.831 ik 109 603 0.052
5378  12-2 "BEHZERTE 189 891 0.091
6.943 2,5~ 1K i — 5 242 730 0.116
6.995 i 8 429 420 4.029
7618 e 4 315 245 2,062
8.048 A 7 W R 275 693 0.132
8450  4-FMM-13-—HF] 1230906 0.588
9.298 2(5H)— 19k I A 366 267 0.175
9331 2— 2T ik vk I 393 688 0.188
10.715 51 S e e 152 489 0.073
11.007 5T S e e 2952 818 1.411
24-"¥dk25-—
11.657 P EE-3(2H)-1k - 146 348 0.070
3l
12.058 i 392 457 0.188
12.989 z_iifgjfﬁ_z_ 162 550 0.078
13.563 2-H A3 Ui 332 987 0.159
14.114 “%ifoj)& %g; 592 080 0.283
14.308 2— P L e 176 600 0.084
14763 2,5-WIEIEENE 6513 303 3.113
14.968 2%’5_ 3 ?22)_%” j;:ﬁ;; 470 049 0.225
15.692 B au) 825 406 0.395
15.830 ﬁé‘fj%g;i% 110 249 0.053
16.255 A LB 184 725 0.088
A i
16.527 2—&5;?%;%?%— 809 738 0.387
23-"H-3.5-" 5%
16892  JE-6-HAL4H-M 14 874 427 7.109
i~
17.039 A7 - 110 307 0.053
17.368 I’Z;ijﬂg_fmg' 688 284 0.329
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2’&"\' I 3] =43 I & E{
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18906 S—ﬁﬂﬁ%gﬂ’ﬁ%w- 403 045 058 2399  N,N-—HIEH 847 495 0.169
sen > - o 12700 0.0 2512 % 2 678 238 0535
. 2-%— 7 ]
2576 2 F LT 327 012 0.065
19.356 S LA 16 213 826 7.749 -
: 2721 3-H -2 TR 797 459 0.159
20616 2-2. kK A % 96 007 0.046 B
o A 2741 23-T = 5 148 095 1.029
21.505 - - T 420 968 0.201 2.854 TR AR 5T 1 995 085 0.399
3.195 Z.% 42 814 624 8.560
4 Z A2 I
2T K s 12 s 3297 2- T 541 926 0.108
23-—H-35-—% 3.367 2 B R 837 462 0.167
22.326 F—6-H F—4H-n 212 736 0.102 3.477 2 F 3L TE 231 505 0.046
"4 Tl 3.538 1-BH2-FM 13773956 2754
2T Jew T )4 Tk o 3.910 23-1% 1 871 861 0.374
2298 2Ly A A RIS 4174 3-RE2-TE 4212811 0.842
12-—4-14,6-=H .
23.923 s 133 883 0.064 4.279 IR e 467 980 0.094
o 1’“1 o 4.650 1 S 1 g 611 360 0.122
2-"5-1,16-=
24.197 e 135 244 0.065 4.699 T 2 1 429 277 0.286
54670 ) 310 608 0.148 4754 2-WH-2- T 171 870 0.034
25.981 W 35 — il 203 676 0.097 4814 eV 1 1213 643 0.243
26.022 8 B A 2550 409 1219 4.882 e 2 1 083 722 0217
27.358 2,3 BN I 490 241 0.234 4912 it % 1380 596 0276
27.966 2T A 5 138 340 0.066 4.983 2 FH e g 365 089 0.073
20187  3HEEB- KD 224 375 0.107 9:285 it LU REY 0.088
29.503 ETEt ] 153 920 0.074 5.362 1-F -2 T'fil 2079710 0.416
1D T 184 967 0,088 5438 12-7 "B Z TR 948 169 0.190
26567 . | 135912 0543 5722 3-WE-2-THEmE 910 561 0.182
38331 (R)ANHES 473 397 0226 5.869 75 T 4 P i 2794 158 0.559
e — 6.133 KRR (84) 1 404 851 0.281
sgsp3  SICEEESH- ) s 0.632 .
1,3-—F% 6.326  2-HIZL UK -3-f5 413 010 0.083
_ 17 6.523 3 hE 568 863 0.114
39176 ° %Mﬁ% 17-mft 111 537 0.053 —
65 -5,7,9(11) =% 6.960 2,5~ I — i 1322 617 0.264
39.304 1) (286) 584 122 0279 7.014 e 14 575 280 2914
39.770 I 3 285 400 0.136 o502 F %Izé?mﬁ_ 100 495 0.038
39.888 I IR 2211377 1.057 ~fi
40.321 i 516 214 0.247 7.684 BERE 14250 222 2849
7.821 I S 534 186 0.107
i = F
RS AN 400 CER RN 7.914 3— 1 L i e 459 077 0.092
Table 5 Main volatiles of tobacco leaf pyrolyzed at 400 °C 3.084 2B 7, R e 3425 105 0.685

L B4 st ]/ . U T AR . opEPTS !
LT *ﬁfqﬁ 8.115 b % 590 319 0.118
min o 8477  A-BRIRM-13-"F 5257658 1.051

2.077 Bk A 470 685 0.094 fsyy 10 SRE 1) o8 153 o100
2.135 I 2563 272 0512 : 2. :
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