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Abstract: The thermal decomposition behaviors of chlorogenic acid at different atmospheres and the
content distribution of phenol in its pyrolysis products were investigated by thermogravimetry( TGA)

and pyrolysis gas chromatography/mass spectrometry( Py/GC — MS) . The major mass loss tempera—
ture zone was obtained by thermal gravimetric analysis at nitrogen atmosphere and the pyrolysis reac—
tion of chlorogenic acid was investigated under inert( helium) and aerobic atmospheres( the nitrogen—
oxygen mixture containing 9% oxygen) respectively at four typical temperature points selected from
the major mass loss temperature zone together with the other three points chosen from the high tem—
perature combustion zone when a cigarette was ignited. The results indicated that the pyrolysis prod—
uct in the presence of helium or nitrogen — oxygen mixture did not show any significantly difference

but the product sorts in nitrogen — oxygen mixture were a few more than those in helium with the in—
crease of temperature. The relative content of the main pyrolysis product phenol did not changed
specially except at 300 °C and aerobic atmosphere. The major mass loss temperature zone was divided
into five temperature ranges by an interval of 100 °C. In each temperature range the evolved gas
was absorbed by 10 mL 1% acetic acid solution and then analyzed by HPLC. The results indicated

that the main pyrolysis product of chlorogenic acid was phenol. Furthermore the pyrolysis content of
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phenol changed with the varication of the temperature. This study provided a reference for the analy—

sis of pyrolysis of tobacco ingredients in cigarette burnning.
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Table 1  Relative content of chlorogenic acid pyrolysates under different atmospheres and temperatures w!%
He 9% 0, +91% N,
No. Compound ~ ~ ~
300 °C 400 °C 500 °C 600 °C 700 °C 800 °C 900 °C 300 °C 400 °C 500 °C 600 °C 700 °C 800 °C 900 C
Acetaldehyde( ) 0.84
2 1 3-Cyclopentadiene (1 3- 3.50 4.01 4.64 4.73 6.10 5.65 3.83 4.22 4.39 3.73 4.32
)
3 Ethyl vinyl ether( 2.20
)
4 3-Methyl2-butanone (3- 1.29 0.84 1.67
2- )
5  Bebzene( ) 1.24 5.99 833 6.61 9.8 592 514 2.9 3.71 7.84 7.64 8.54 7.47 8.88
6  Cyclobutanol ( ) 0.22 0.26 0.26
7 Acetic acid( ) 5.04 4.56 4.88 5.31 5.32 4.10 3.91 30.14 22.51 9.82 9.96 10.10 7.77 8.61
8  Vinyl formate( ) 0.96
9 Toluene( ) 0.60 0.93 2.57 2.20 2.16 1.34 2,06 1.92 2.26
10 Malonic acid( ) 0.04
11 3-Methyl3-buten2-one (3- 0.29 0.22
3-  2- )
12 Isobutyric acid( ) 0.28 0.29 0.25 0.19 0.20
13 Aldol(3- ) 0.41 0.40 0.29 0.31 0.28 0.34
14 Caproaldehyde( ) 0.16 0.31 1.99 1.21 0.26 0.14 0.13 0.10 0.15
15  Ethylenzene( ) 0.11
16 pXylene( ) 0.23 0.13 0.09 0.16 0.22 0.20 0.26
17 Vinyl methacrylate ( 0.18 0.21 0.15 0.23 0.13 0.09 0.26 0.22 0.21 0.15 0.15
)
18  Styrene( ) 0.29
19 Propy)lmalonic acid( 012 0.10
20 2-Cyclopentenone (2- 0.50 0.58
)
21 Furfural ( ) 0.62 1.57 0.88
22 Heptaldehyde( ) 0.20 1.09 0.73 0.11 0.10 0.10 0.06 O0.11
23 1-Methyld -eyclohexene ( 1- 0.11 0.08 0.12 0.07 0.07 0.07 0.07
-
24 Cycloheptene( ) .19 1.10 1.18 0.88 0.79 0.94 0.98 0.99 0.91 0.97
25 Tetrahydrofurfuryl alcohol ( 0.11
)
26 2-Methyl2-eyclopentend — 0.32 0.53 0.67 0.57 0.15 0.45 0.55 0.50 0.41 0.45
one( )
27  Glutaraldehyde( ) 0.46 0.17
28 (E E)2 4-hexadienal 0.29 0.17 0.25 0.22 0.21 0.23 0.22
((E E)2 4- )
29 1 4-Benzoquinone( ) 2.36 0.41 0.29 0.18 0.15 0.14 0.12 4.24 3.02 0.39 0.26 0.26 0.27 0.23
30 2-Cyclohexen -one (2- 0.33 1.33 1.01 1.12 0.70 0.55 1.39 1.32 1.23 1.10 0.95
1)
31 Maleic anhydride .11 1.19
)
32 Benzoquinone( ) 0.58 0.56
33 Octanal( ) 0.29 0.31 0.30 0.35 0.37 0.38 0.44 1.79 1.05 0.41 0.33 0.26 0.28 0.10
34 1-Methyl2-eyclopenten- -one 0.32 0.33 0.34
(- 2 1-)

35 4-Pentenal (4- ) 1.16 3.05 1.59 1.43 1.52 2.29 1.94 1.61 1.27 1.32 1.46 1.68 1.48
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( 1) w/%
N c d He 9% 0, +91% N,
” omponn 300 °C 400 °C 500 C 600 °C 700 C 800 “C 900 C 300 °C 400 °C 500 C 600 “C_700 C 800 °C 900 °C
36 transd 2-Cyclopentanediol 0. 60
(42 )
37 1 2-Cyclohexanedione (1 3.00 2.28 1.88 2.51 2.64 2.29 2.94 2.25 2.24 213 1.95 1.36 1.63
- )
38 2-Methylcyclohexanone (2- 6.72 5.21 4.12 3.82 2.66 1.94 3.67 4.15 3.89 3.53 3.68 3.04
)
39  2-Hydroxy-3-methyl2-¢yclo— 2.14 212
pentene-1 -one (2— 3-
2- 4-)
40  1-Nonanal( ) 1.86 1.40 1.43 1.45 0.8 0.62 1.03 7.98 4.63 1.38 1.31 1.11 0.77 1.16
41 Phenol( ) 35.87 53.12 59.72 57.69 55.05 47.55 49.29 19.58 33.96 52.39 52.03 49.95 51.13 51.42
42 m-Cresyl acetate( 0.78 1.07 0.71 0.48 0.80
)
43 Naphthalene( ) 0.11
44 Decanal( ) 0.82 0.65 0.18 0.42 0.51 0.54 0.72 1.53 0.24 0.26 0.24 0.28 0.27
45  P-Cresel(4- ) 1.54 1.66 1.39 1.73 2.17 1.78 1.56
46 2-Octene(2- ) 0.49 0.53
47  trans2-Decenal ( 2- 1.13
)
48  Cinnamaldehyde( ) 1.07 0.71 1.25
49  3¥thylphenol (3— ) 0.49
50 Benzoic acid( ) 3.92 4.65
51  Undecanal ( ) 0.38
52  2-Coumaranone (2- 1.24 1.45 1.11 1.59 2.25 2.11 1.08 1.45 1.21 1.12 1.11
)
53 Biphenyl( ) 0.24 0.33
54 Pyrocatechol ) 22.20
55  Phthalic anhydride( ) 0.21
56 1 4-Hydroquinone (1 4- 3.84 2.07 1.33 1.00 1.42 1.00 2.02
)
300 C N N ; 600 °C
. . 2- ;900 °C N N o
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Table 2 Relative uncertainties of pyrolysates under different atmospheres and temperatures (n=3)
. 1 He 9% 0, +91% N,
yrolysis compound( ) 300 C 600 C 900 C 300 C 600 C 900 C
Benzene( ) 0. 006 2 0.007 0 0.005 7 0.014 0 0. 008 4 0.006 1
Acetic acid( ) 0.012 3 0.005 1 0.007 6 0.011 2 0.007 7 0.007 6
1 4-Benzoquinone( ) 0.005 6 0.005 3 0.011 4 0. 006 7 0.007 3 0.008 5
Phenol ( ) 0.011 1 0.007 8 0.0117 0.005 7 0.006 3 0.007 4
Octanal ( ) 0. 006 4 0.009 4 0.010 7 0.005 9 0.001 0 0.008 0
3
( TGA) Py/GC - MS
300 C
o 10 mL 1%
HPLC 350 ~450 C o 2
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