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Fig.1 Schematic diagram of experimental process
5 mino 260 C; 10:1; 1.2 mL/min; (He) 3.0 mL/min;
89.7 kPa., MS : EI 70 eV 200 C; 250 C; m/z 40 ~600;
0.2 s; 0.8 kV.
3
3.1 FTHR
CH N 55.3% 6.55% 5.56%
S. 2 650 C . 10 kPa. 90 °C /min- 30 min.
-30 C . 3700 ~3000 cm~' O—H N—H
N . 2971.86 2928.03 2873.55 cm ™!
(CH;) . (CH,) (CH) C—H 1456. 48 1412. 87
1381.40 cm ™! C—CH, CHR=CHR’' C(CH,), C—H .
100 [,
s | —
g sof \ ﬂ
£ 0 b 2
e 60} \——//\p:: S
g - ] o
! g =
20} §
4000 3500 3000 2500 3000 1500 7000 500

Wavenumbers (cm ™)

2
Fig.2 IR spectra of pyrolysis oil
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Fig.3 Total ion chromatograms of pyrolysis oil of upper clear liquid(a) and lower sediment(b)
1 «c )
Table 1  Analysis results of the upper clear liquid pyrolysis oil (brief)
Ret. time C d S Relative content
Peak No. Eminline ompounds Similarity o 1(\12/0(’)0n en
1 3.886 Phenol 97 21.31
2 4.989 2- 2-Methyl-phenol 93 1.05
3 5.329 4- 4 -Methyl-phenol 95 5.11
5 6.439 3- 2- 4H- 4-  3-Hydroxy2-methyl 4H-pyran-4-one 92 1.59
6 7.061 3- 3 Hydroxypyridine 93 3.51
7 7.657 4- 4-Amino—phenol 85 1.25
14:336- -ad- ()
8 8.695 1 4:3 6-Dianhydro-a-d-glucopyranose 96 2.33
9 8.871 2 3- d- 2 3-Anhydro-d-mannosan 91 0.84
10 9.213 3- 2 3- 3-Methyl2 3-dihydro-benzofuran 91 2.15
12 10.675 1- S5 5- 1 -Hydroxymethyl-5 5-dimethyl-hydantoin 96 10. 14
14 11.697 5- - 5-Methyl-hydantoin 94 12.94
15 11.753 dl-5- S5- d1-5Ethyl-5-methyl-hydantoin 91 1.8
16 12.317 4- 4 -Morpholineethanol 82 2.4
17 13.264 4- 4-Morpholineethanamine 85 7.35
18 13.542 d- d-Allose 96 19.15
19 14.317 Melamine 93 5.5
(note) : 3a (The peak number is the same as in Fig.3a) .
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Table 2 Analysis results of lower sediment pyrolysis oil (brief)

Ret.

time

Compounds

Relative content

Peak No. (min) Similarity (%)
2 3.886 Phenol 97 13.38
5 4.961 2- 2-Methyl-phenol 95 2.39
6 5.289 4- 4 -Methyl-phenol 96 8.0
7 5.662 2 3- 2 3-Dimethyl-phenol 95 0.69
10 6.36 2 5- 2 5-Dimethyl-phenol 95 1.97
11 6.857 4- 4-Ethylphenol 92 0.5
13 7.634 4-(1- )- 4-(1-Methylethyl) -phenol 95 1.56
16 9.252 3- 2 3- 3-Methyl2 3-dihydro-benzofuran 90 1.48
17 10.398 } :Hydroxy_rsnefl:yl—S 5-dimethyl-hydantoin 9 0.81
18 10.784 4- 4Pentyl-phenol 91 0.54
19 11.314 5- 5-Methyl-hydantoin 89 0.84
20 13.268 d- d-Allose 94 1.59
21 14.021 4- 4-Nonyl-phenol 87 0.41
22 14.266 Melamine 94 4.77
23 ig 22% Hexadecanenitrile 93 1.53
26 16.129 Octadecanoic acid methyl ester 95 0.68
27 16.18 8- 8-Octadecenoic acid methyl ester 95 0.93
29 16.365 9 12- 9 12-Octadecenoic acid methyl ester 96 0.77
31 16.542 Ed1- E-1-Hexadecenal 84 1.04
34 18.911 2- (4- ) - 2- (4-Hydroxyphenyl) methyl -phenol 85 0.35
35 20.42 A 4 4'«(1-Methylethylidene) bis-phenol 78 2.35
36 22.112 Triphenyl phosphate 94 8.53
37 22.898 Cresyl diphenyl phosphate 83 13.91
38 23.188 Monotolyl diphenyl phosphate 84 7.68

23.724
39 24.077 Monotolyl ditolyl phosphate 86 16.45
24.423
24.647
40 25.046 Tris (4-methylphenyl) phosphate 94 3.52
25.476
(note) : 3b (The peak number is the same as in Fig. 3b) .
3 GC-MS
Table 3 Summary of GC-MS analysis results
Suppernate Sediment
Compounds 3a . 3b .
Peak No. of Fig. 3a Total content (% ) Peak No. of Fig.3b Total content (% )
Small Substituent Phenolics 1237 28.72 256 23.71
Big Substituent Phenolics 4 0.25 ! 219 N?if 3158 9.7
Sugars 8 9 18 22.32 20 1.59
Melamines 13 19 6.16 22 4.77
Benzofurans 10 2.15 16 1.48
Aryl Phosphate Esters - B 36 ~40 30.09
Fatty Acid Esters - - 26 ~30 32 33 3.0
Nitriles - - 1 48 23 30 2.26
Hydantoins 12 14 15 20 25.14 17 19 1.65
Morpholines 16 17 9.75 - -
Pyranones 5 1.59 - -
Pyridine 6 11 3.92 - -
Others - - 3 24 25 31 1.62

- (The compound is not present) o
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Characterization of Vacuum Pyrolysis Products from
Phenolic Resin Laminate Substrate

WU Wen-Biao QIU Ke-Qiang" LI Chengdong XU Xiao-Qun
(College of Chemisiry and Chemical Engineering Central South University Changsha 410083)

Abstract Vacuum pyrolysis of phenolic resin laminate substrate in temperature-programmed furnace reactor
was studied. The sample and product oils were characterized by elemental analysis Fourier transform infrared
(FTHR) analysis and gas chromatography-mass spectrometry (GC-MS). Analytical results showed that the up-
per clear liquid of pyrolysis oils was mainly consisted of water-soluble substances such as phenol cresol xy-
lenol sugars hydantoins morpholines pyranones and pyridine derivatives compounds etc. while the lower
sediment was mainly insoluble or hardly water-soluble substances such as the big substituent phenolics (the
number of substituent carbon atoms of which is greater than or equal to 2) aryl phosphate esters fatty acid
esters and nitrile compounds and so on. Both of the upper clear liquid and lower sediment have a higher
content of melamines.
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