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ABSTRACT : This study was conducted to evaluate the characterization of the pyrolysis
products of tobacco constituents such as cellulose, lignin and tobacco additives. The pyrolysis
condition was designed to simulate the pyrolysis/distillation zone(200~600T) and
combustion zone(700~950°C) of burning corn in the smoking cigarette. The pyrolysis
products were determined by GC/MS after pyrolysis using Double-Shot pyrolyzer. In
the case of cellulose and lignin, the number of pyrolysis product in the condition that
simulate the pyrolysis/distillation zone was much more than the combustion zone
simulating one. The major products of cellulose were levoglucosan, furfural, and 1,
6-anhydro- 8-D-glucofuranose and that of lignin were phenol, 2-methoxy phenol, and 1,
2-dimethoxy benzene. In the case of tobacco additives such as 2, 6-dimethyl pyrazine,
maltol, and piperonal, the pyrolysis products of these additives were evaporated from
the pyrolyszer at least 96% intactly. These results indicate that tobacco constituents
such as cellulose and lignin were thermally degraded at the pyrolysis/distillation zone
and thoroughly broke down at the combustion zone, but tobacco additives were
intactly evaporated from burning corn of smoking cigarette.

Key word : double-shot pyrolyzer, pyrolysis-distillation zone, combustion zone, cellulose, lignin,
2, 6-dimethyl pyrazine, maltol, piperonal

WU A%, weAs YRE WEE 4T A FE DlcombustionPHe AE H 45
A2E aelzn R Sow FA=Y o4 ® U AL 53 smoking FHolAw, o]F A A
Wl ols THBAEE & exol wzPoms  ATES ok 48009 Fo AYFEZ T4 9
ebd, Zeld w3te 27 Doh(Hajaligol et al,  THL 2$¥A UcHBaker et. al., 1999). el A
AR} ARBAEL o B o

2l

THRINAL 1 305-805 WiRFAAl FAT A14E 30284, KT&GF 4374
*Corresponding author : KT&G Central Research Institute, 302 Shinseong-dong, Yuseong-gu, Daejeon
305-805, Korea

- 141 -



o2 - oz - A3 - HAL - 0|5 %

oksl7) wiFell "AZkA FlsAl uhsAA ekok
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Fig. 1. Temperature profile of smoking cigarette by infrared thermal analyzer.
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Fig. 2. Total ion chromatograms of pyrolysis products of cellulose at different conditions

(1, T and ).
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Table 1. Pyrolysis products identified from cellulose at different conditions"

No Compounds R¢ Area %
I I I
1 Benzene - 22.05 0.69
2 2, 5-Dimethy! furan 3.03 0.19 - 0.29
3 Toluene - 10.83 0.56
4 2-Methyl-2-butenal 3.85 0.27 - -
5 Furfural 5.67 1.11 - 0.58
6  Furfuryl alcohol 6.44 0.34 - -
7 1, 2-Cyclopentadiene 9.27 0.64 - 0.31
8 Furan 10.28 0.15 - -
9  5-Methyl furfural 11.17 0.24 - -
10 2, 5-Furandicarboxaldehyde 18.17 0.16 - -
11 Methyl-2-furoate 18.28 0.20 - -
12 Levoglucosenone 20.16 0.62 - -
13 1, 2:3, 6-Dianhydro-a-D-glucopyranose 27.14 0.54 - -
14 5-(Hydroxymethyl)~2-furancarboxaldehyde 28.30 1.98 -
15 Levoglucosan 47.90 68.57 48.46 83.71
16  D-Gluconolactone 50.32 1.57 - -
17 1, 6-Anhydro-f-D-glucofuranose 52.92 4.97 - 6.06

" Pyrolysis/distillation zone conditon (I) : from 300C to 600 with heating rate of 50C/min.

Combustion zone condition (II) :
30sec.
Combustion zone condition (III) :

6-anhydro-f -D-glucofuranoseS-2] Q&3 AHEE
o] £§HQl ol dEs] A= A
T gk Wbl lignin®] 3¢ HHEQ] 4k
dE3  AYMDolA wAHRA ok
styrene, 2-methoxy phenol, p-cresol®] Q&3 A
=50l dEal/FRd 2 220D ol o4
sl ABADAA BAE AL o]k Aitell
Al cellulosv BHF3ba ghdAlES] H4 QAT
Alo] i lignine methoxy phenol7| &9 i1t =%
A FEZA F2H 549 Kol 7]g dH
AN Fe dF TS Aozt 7] widel
Aar] =79 F dE A mNA AE:
HE AR F2 dise AR Aoy} 7] o
oz FetEr), Cellulose?t lignin A Sl o

xylene,

after pyrolysis experiments I and subsequent pyrolysis at 800C for

at 800C for 30sec from the begining.

Bal/E5d] 27009 A8 AdddoA Hz d7
sll(pyrolysis)=l &= MA] E7} dole did] =7
(IDe] GEl Aol A uHZ o g gAY
ol R AP AA UehulolA] lignin
cellulose?t complexE  ©o]Fo] lignocellulosic
biomass® e = E5L7] wfjFol] 2 AgolA e} 2
o] =k 3REEA2 cellulose?t lignin®] A3l
AY ARE AA Fdsle dHeA9] o)E AR
ol sl FEH AWAVee FeElPt wErh
(Gonz ales-Vila et al,, 2001). iR 7IAZ A&
%+ 2, 6-dimethyl pyrazineS GE8l/FF BHf
27Dl A A= 3 Z7 97.04%7F A2 =A
Ui LAsA FREA R B S ok
< BE3 AT fElA B A™88 S]1-q
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Fig. 3. Total jon chromatograms of pyrolysis products of lignin at different
conditions (I, I and OI).

Table 2. Pyrolysis products identified from lignin at different conditions"

Area %

No Compounds Rt I o T
1 Benzene 2.41 2.06 13.03 12.84
2 Toluene 3.90 6.22 18.12 10.49
3 Ethylbenzene 6.55 0.64 3.49 1.45
4 1, 3~-Dimethylbenzene 6.89 1.49 - 4.14
5 Xylene 7.08 - 6.02 -
6 Styrene 7.93 - 5.40 -
7 Methoxy benzene 8.85 1.35 - -
8 Phenol 12.18 3.12 8.64 4.62
9 2-Methyl phenol 16.64 1.44 6.62 -
10 p-Cresol 18.11 1.74 8.95 -
11 2-Methoxy phenol 18.63 37.86 - -
12 1, 2~-Dimethoxy Benzene 22.76 6.79 - -
13 6-Methyl guaiacol 24.66 1.46 - -

Y Pyrolysis/distillation zone conditon (1) : from 300T to 600C with heating rate of 50C/min.
Combustion zone condition (II) : after pyrolysis experiments I and subsequent pyrolysis at 800C for 30sec.
Combustion zone condition (ITT) : at 800C for 30sec from the begining.
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170000 | I'vl I. Pyrolysis/distillation
150000 \\ zone condition :
a0 | \ 300C—600°C, 50°C/min

T 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 €500
Time—>

3

6000000 4 HI. Combustion zone condition :
5500000 /\ At 800, for 30sec

SOUSAE Tk . |
10.00 20.00 30.00 40.00 50.00 60.00 70.00

Fig. 4. Total ion chromatograms of pyrolysis products of 2, 6-dimethyl pyrazin at
different conditions (I and III).

Table 3. Pyrolysis products identified from 2, 6-dimethyl pyrazine at different conditions"

No Compounds R¢ Area %
I III

1 2, 4-Pentadienenitrile 2.68 - 0.05
2 2-Methyl pyrazin 5.39 - 0.46
3 2-Methyl pyrrol 5.95 - 0.02
4 2, 6-Dimethylpyrazin 9.56 97.04 94.46
5 2-Ethyl-6-methylpyrazin 13.78 - 0.48
6 2-Ethenyl-6-methy! pyrazin 14.84 - 0.12
7 1H-Pyrrol-3-carbonitrile 31.98 - 0.05
8 4-Methyl-pyrrol(1, 2-a)pyrazin 34.34 - 0.02
9 Hamaline 60.84 - 2.80
10 6-Methyl quinoxaline 70.12 - 0.11

Y Pyrolysis/distillation zone conditon (I) : from 300C to 600C with heating rate of 50C/min.
Combustion zone condition (III) : at 800 for 30sec from the begining.
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Fig. 5. Total ion chromatograms of pyrolysis products of maltol at different conditions
(I and TID).
Table 4. Pyrolysis products identified from maltol at different conditions"
Area %
No Compounds Rt
I m
1 Methyl vinyl ketone 2.15 - 7.11
2 2-Cyclopentene-1-one 5.71 - 1.45
3 4-Cyclopentene-1, 3-dione 7.66 - 1.20
4 1, 2-Cyclopentadione 9.29 - 1.91
5 4H-Pyran-4-one 11.85 - 0.96
6 Maltol 21.12 98.67 64.60
7 3a, 4, 7, 7a-Tetrahydro-4, 7-Methano-1H-1, 8-dione 40.61 - 9.85
8 Maltol propionate 42.79 - 0.08

Y Pyrolysis/distllation zone conditon (I) : from 300 to 600 with heating rate of 50C/min.
Combustion zone condition (M) : at 800C for 30sec from the begining.

- 148 -



gus) 20 A% wof JE Y Qe 54

7500000
7000000 . .o . .
6500000 1. Pyrolysis/distillation zone condition :
6000000 | 300C—600C, 50C/min’
5500000
§ 5000000
g 4500000
'g 4000000
3 3500000 |
3000000
2500000
2000000
1500000
1000000 |
500000 .

5.00 10.00 15.00 20.00 25.00 30.00 35.00
Time~>

1100000
1000000

o

II1. Combustion zone condition :

900000 At 800C, for 30sec
800000

700000
600000
500000
400000
300000 '
200000
100000

Abundance

v

a2 4 5Nl
i g . . T
5.00 10.00 15.00 20.00 25.00 30.00 35.00

Time-->

Fig. 6. Total ion chromatograms of pyrolysis products of piperonal at different conditions
(I and IID).

Table 5. Pyrolysis products identified from piperonal at different conditions”

Area %

No Compounds Rt I -

1 Bezaldehyde 11.22 - 0.02
2 Phenol 12.22 - 0.09
3 1, 3-Benzodioxole 13.44 - 0.61
4 p-Cresole 18.08 - 0.03
5 3-Hydroxy benzaldehyde 34.26 - 0.12
6 Piperonal 35.80 99.45 98.24

Y Pyrolysis/distillation zone conditon (I) : from 300C to 600C with heating rate of 50C/min.
Combustion zone condition (IIT) : at 800C for 30sec from the begining.
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