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ABSTRACTS : This study was conducted to evaluate the characterization of the pyrolysis
products of propylene glycol(PG) and glycerine alone and together with tobacco. The weight change
of the samples during the pyrolysis was measured by a thermal analyzer(STD-2960). The pyrolysis
products were determined by GC/MS after pyrolysis using a curie-point pyrolyzer(CPP, 220T, 40T,
650T, and 920TC) and a double-shot pyrolyzer(DSP, 220T, 420T, 650T, and 800T), respectively.
The pyrolysis products from tobacco with and without the addition of PG(2%) and glycerine(2%)
were assayed for its pyrolytic behavior. The results showed that a dramatic change in weight of PG
and glycerine was observed at 175T and 249, respectively. PG and glycerine showed different
patterns for their pyrolysis products according to the method of pyrolysis. Namely, the change rate
in pyrolysis with DSP was much higher than that of CPP at above 650C. The major pyrolysis
products of PG were propene, acetaldehyde, propanal, and acetol; the major pyrolysis products of
glycerine were 2-propenal, 2-propenol, acetol, and acetic acid. In the pyrolysis experiments of tobacco
added PG and glycerine, the pyrolysis products of PG and glycerine weren’t detected additionally,
except for diethyleneglycol diacetate. From these results, it can be concluded that the PG and
glycerine added to tobacco would not be expected to pyrolyse extensively during smoking.
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Fig. 1. The adsorption device of mainstream
smoke.
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Table 1. Comparison of PG pyrolytic products by curie-point pyrolysis and double-shot pyrolysis

Pyrolysis temperatures(C)

Peak
No. Components 220 650 920 800
Curie’ Double” Curie Double Curie Double (Curie) (Double)

1 Propene - - 2.13 - 13.53 9.96 22.19 7.51
2 Acetaldehyde - - 0.42 - 1.66 22.27 30.2 44.53
3 Propanal - - 0.56 - 2.63 13.27 3.25 1.81
4 Acetone - - 1.39 - 5.65 - 5.52 15.08
5 Benzene - - - - 0.12 - 1.14 1.67
6 Toluene - - - - 0.19 - 0.64 0.93
7 2-Propenal - - 0.06 - 0.23 - 0.38 -
8 2-Propenol - - 0.11 0.06 0.89 3.73 0.29 0.26
9 Ethyl benzene - - - - 0.17 - 0.25 0.64
10 Xylene - - - - - - 0.06 0.26
11 Styrene - - - - 0.16 - 0.33 0.90
12 Acetol - - 2.49 1.78 1.85 4.72 0.77 0.25
13 Acetic acid - - 0.15 0.09 0.30 0.06 0.84 1.56
14 Propanoic acid - - 0.10 - 0.48 - 0.85 -
15 Propylene glycol 94.79 9880  86.62  96.87  59.22 1240  37.18 0.93

2 Courie-point pyrolysis, ” Double-shot pyrolysis.

acetone, acetol 5-¢| #9lz gt} AEsl ] 3
A g = ghslrA gl free radicaloll A f-#iE =
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pyrolyzerol| A= 800Teoll 4] &<e1=)gic}. Baker S
(2003)2 filament type BEN7E o] &3}
300CHE] 900C7HA] 1zl 30TH F-shdA
PGS AE3) 3¢ w PG 86.3%, 1,3-propylene
glycol 6.2%, acetol 4.7%, pyruvaldehyde 2.8% &}
I Bagk wp Qloh ol ¥ Autes B HgNA
vebd dEd A E ohd: Zolrt vl o]
3 wao] dhz g Age x=7 A

AR FHE2 benzene,

a
GC/MSDZE #elsle] vl BA43% A= Table
20l VeI, Peak area(%)ell €3k &% A
AES vaste] By g2 Frlo we
2-propenal, 2-propenol, acetic acid 52 Q&3

52 ko] Z7)8k vl glycerined]
o7 yerych. glycerined

curie-point pyrolyzerell €8] 220°CollA 99.4%,
420TColl A 86.6%, 650CelA 79.0%, 920TelA

62.7% % SE =7} 220TA 920CE A5
shHA A <k 36.7%2] glycerineo] thE AEs WA
E2 W3ls Aoz velyt o], double-shot
pyrolyzeredll 284 = 220To A 99.0%, 420TCeoll
2] 99.0%, 650C A 52.9%, 800TollA 2.4%E
&M X7 420C7HA = glycerined] &3l
Fo] Yoy 800TAAE 220Tql nls] <F
96.6%2] glycerineo] &-Z3l Hol v A==
M3tE o2 Jehdeh o)eh o] 650T o4
ol A curie-point pyrolyzerell B]3H double-shot
pyrolyzeroll Al G-E &o] 43| A vehd
AL A& FH(cup)d] ANAF E9] 7hadrtA o]
27 giFe g AdHch. Baker §(2003)2
filament typel2.E 300CXE 900T7HA] 130
30CH 23 A glycerined A3l 3tS
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Table 2. Comparison of glycerine pyrolytic products by curie-point pyrolysis and double-shot

pyrolysis
Pyrolysis temperatures(TC)
Peak
No Components 220 420 920 800
' Curie” Double” Curie Double Curie Double (Curie) (Double)

1 Toluene - - - - 0.76 0.09 0.43 0.04
2 2-Propenal - - - - - 7.27 - 22.99
3 2-Propenol - - 2.61 0.01 8.67 9.77 26.65 23.49
4 Styrene - - - - 0.30 1.02 0.14 1.15
5 Acetol - - 2.67 0.11 1.70 5.35 1.73 11.82
6 Acetic acid - - 0.41 0.21 1.16 5.34 1.85 6.77
7 Propanoic acid - - 0.22 - 0.45 - 0.74 -
8 Phenol - - - - 0.29 0.15 0.41 0.17
9 glycerine 99.36 98.98 86.58 9898 7897 5290  62.67 2.42

@ Courie-point pyrolysis, * Double-shot pyrolysis.

99.5%7F dE2E AA g FFHcha B
wt ghvt, o]eldt A filaments] £EE 30

L
ot

S
@]

Fel st Algste] oF 420To) EE @S )
WE-E-2l glycerineo] ZHE7] wifeg Fctd
7Aeks 24

t}. W8k PGS} glycerined] T37H4A 9
3171 913l thermal analyzer(TA)2 ¢]£3}o] 30T
olX] 900C 7HA] &EF Tolwira R4z Az
(Fig. 2) PG 175C F-ZollA, glycerines- 249T

100 —: PG
{ """" : Glycerin
80
X 60r
=
.20
S 40fF
B
20
ol
1 1 1 JrS— | 1 1
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Temperature [C]

Fig. 2. The weight change of PG and glycerine
by thermal analyzer.

Folld dF&e] FRRaTt dolntedl ol
2¥ ol Y % S0 71U% A2

PGS} glycerineQ| J19} P& I} EHHjQ| A=35)

PG(2%)3} glycerine(2%)& 24713t l<dul e}
F2471 9GS double-shot pyrolyzer® 420C
o} 650TCoNA 7+7t A &2l 3lo] el total ion
chromatograms(TIC)E Fig. 3ol YJeh iz Ee]
H AEES GCO/MSE #<13F A3t Table 33
2t} PGS} glycerineE d7)¢k FullE 420Toll A
AR -2 ul peak area(%) 7]F o2 PG 1.8%,
glycerine 5.9%7} 75l ALZ Jelygon,
650 CollAl+= PG 0.4%, glycerine 6.0%7F |53}
A g5 SREe AoE vEhyeh &, d&)
2=7F 420Tol4 650TCE 42 ol glycerine
o Aee ¥ e A ke, PGE 1.8%
A 04% 2 FHaEE %S Jebdled ol
PG7} glycerineol ®lsll Gol] & kA s}7] w2
B ke, w£g, BaArh FEvkE galel v
3l e gefell ] A2 QA== 2 B
< 7R U8R ekt 2yl A4 wig
25+ 3ZA CO, COs FEA Bh3l4 =l free
radical 58 AAsl= Z&H(600~900T), -2
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Fig. 3. TIC of tobacco pyrolytic products by double-shot pyrolyzer.

oA AAAE AAAFe] EAolu) free radicalEo]) A7l % g2 (JHS-100A) 2 o) g3led B4
Bgsl LS doye dR-=FEd(100~ gk TICE Fig. 49} Za, 228 ol& AZES
600C) = A-LU(100T o]she] 37}A] FHo = GC/MSE #eidt A3l Table 49} 72v}.  Peak

FRe 4 9ltH(Thomas 1975). £ Ao o area(%) 71522 PG(0.72%), glycerine(0.04%),

o -FF el uls) E_%EHOHH AMzg g diethyleneglycol diacetate(0.33%) %2 PGS}
BYES FUFA oksky, vhib peak area(%) 7] glycerines H7lelAl 92 Hufellde #UEA
TOF nicotine®] ko] 21% FEA 8% FF AP eu o]F HFAIE AU duellAEs Eel
22 A Fol=v Z¥%e Jebhglch PG(2%)  Fith o3t 7"3’4'_‘%—3’—5'] AA FAzTelA
9} glycerine(2%) 713 el F-4713 2l PGS glycerine® FHASE ojd®He & ¢ 3l
E B Ao AR Ax)(Fig. DE Q44 a, diethyleneglyco] diacetater= PG%} glycerine<]
2 F F7d AEES FFA(Tenax GR)O §F 28l 2z Az W49 42 49k
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Table 3. Comparison of pyrolytic products by double-shot pyrolysis from the tobacco with and
without the addition of PG and glycerine

Pyrolysis temperatures(C)

I;(;Zk Components 420 650
) No addition” Addition” No addition Addition
1 Toluene 0.41 0.34 1.87 1.63
2 Xylene 0.14 0.15 1.12 1.06
3 Limonene 1.27 0.72 1.86 1.56
4 Acetol 2.63 2.15 2.23 2.06
5 Acetic acid 5.98 5.33 4.40 4.06
6 Furfural 2.51 1.30 1.42 1.35
7 3-Vinyl pyridine 0.17 0.15 0.78 0.68
8 Pyrrole 0.32 0.33 0.65 0.56
9 Propylene glycol - 1.81 - 0.41
10 5-Methyl furfural 1.48 0.72 0.87 0.73
11 Furfuryl alcohol 1.82 1.74 1.06 0.81
12 Nicotine 27.08 27.58 8.31 7.81
13 Phenol 1.39 1.13 175 1.63
14 glycerine - 5.94 - 5.95

% Sample without the addition of PG(2%) and glycerine(2%) in the tobacco.
» Gample with the addition of PG(2%) and glycerine(2%) in the tobacco.

No addition of PG, glycerine

i

" i s %
10.00 20,00 30.00 40.00 $0.00 (000 Y0.00 80.00

1

Addition of PG, glycerine

12

6
. 8 i
N N,
0

i
0 2002 40.00 5000 B0.00 70.00 8004

10,00 20

Fig. 4. TIC of mainstream smoke products under burning cigarette.
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Table 4. Comparison of mainstream smoke

compounds form the cigarette with and
without the addition of PG(2%) and
glycerine(2%)
Smoking of
Peak 1 cigarette
Components
No. No = Addition”
addition”

1 Toluene 8.75 6.91

2  Xylene 2.29 1.09

3 Limonene 1.56 1.27

4  Acetol 0.96 0.31

5  Acetic acid 0.98 0.55

6  Furfural 1.09 0.13

7  Pyrrole 0.46 0.22

8 Propylene glycol - 0.72

9 5-Methyl furfural 0.17 0.01

10  Furfurlyl alcohol 0.17 0.02

11  Solanone 0.11 0.01

12  Nicotine 8.94 7.08

13 glycerine - 0.04

Diethylene glycol
14 diacetate 0.33

¥ Sample without the addition of PG and
glycerine in tobacco.

» Sample with the addition of PG(2%) and
glycerine(2%) in tobacco.

w3l double-shot pyrolyzer® <AE3 A3}
(Table 3)9} AA Qdix] z76dAe] wsle} 2}
ol4& #alsly] 98l Fig. 19 AXE AXA
Z3(Table 4)5 wlasto] 2w 3-vinyl pyridine
7} phenol AE-E double-shot pyrolyzer 4ol
Aut #elxlgd 31 solanoned Fig. 19 AXE o
&A1 71 Aol Aut gel= e}, ae#fu} furfural,
5;methyl furfural, furfuryl alcohol 3-& 32 o

Bajloll 93 A E(Schiotzhauer %, 1982)3}
hydrocarbons, alcohols AEE2 7 W4 EFo

A #olslglrl. ojet 7ol double-shot pyrolyzer
2 Age Anrl dA Aot A 27(Fig.
DellA Agg Aebs i Xole et ol

1=/ = Q

R $4% A%E dehdle]l AL AR

. aAl .

3 - AR - olF S
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WAl Ao g AdEc, AR AXE o]l g3}
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o5 EFAE Pullol Hrisle] AR e
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A ol Slef Mskrh 2 QoluA ebe w)2A
Aol FHH TA Aoz ),

Okrl-
&L
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PG#} glycerine®  curie-point  pyrolyzer2t
double-shot pyrolyzerg o]83}o] 220T, 4207,
6507, 800C HEx 920TollA Z+7h dBa] s uff
AR LE7F 420T olstellAE
pyrolyzerel] B3l double-shot pyrolyzeroll4] &
&l gol] Az dokort 650C ol FollAE double-
shot pyrolyzerdll4] e&la AEN &o| =4
ebitcl. Thermal analyzer(TA)S o]-g3slo] PGSF
glycerine®] F#H44E 4% A7 PG 175T
Hzo)A, glycerined 249T oA L E9
Ferart dojygrl. w3, PGR%)S glycerine
(2%)rs A7hgt d=geiel AR ddelE
double-shot pyrolyzeZ 420T, 650Coll4 Z+zh &
WL o] PG} glycerineoll 23k A& A
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o] 247FA dell 9l Wshrt ZA dolhA &
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