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Characterization of pyrolysis of waste printed circuit boards
by high-resolution pyrolysis gas chromatography-
mass spectrometry

ZHANG Yanhong HUANG Hong XIA Zhengbin CHEN Huangin
School of Chemical and Energy Engineering South China University of Technology Guangzhou 510640 China

Abstract Thermal degradation of pyrolysis of waste circuit boards was investigated by high-
resolution pyrolysis gas chromatography-mass spectrometry PyGC-MS and thermogravimetry
TG . In helium atmosphere the products of FR-4 waste printed circuit board were pyrolyzed
at 350 450 550 650 and 750 C separately and the pyrolysis products were identified by on-
line MS. The results indicated that the pyrolysis products of the FR-4 waste circuit board were
three kinds of substances such as the low boiling point products phenol bisphenol and their
related products. Moreover under 300 C only observed less pyrolysis products. As the
increase of pyrolysis temperature the relative content of the low boiling point products
increased. In the range of 450 - 650 C the qualitative analysis and character were similar and
the relative contents of phenol and bisphenol were higher. The influence of pyrolysis tempera-
ture on pyrolyzate yields was studied. On the basis of the pyrolyzate profile and the dependence
of pyrolyzate yields on pyrolysis temperature the thermal degradation mechanism of bromina-
ted epoxy resin was proposed.
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Chemical structure of brominated epoxy resin BER
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Fig. 2 Thermogravimetric analysis of the sample
in nitrogen atmosphere
Heating rate 20 C/min.
2.2
3 550 C
PyGC-MS TIC
NIST 147 NIST 27
11
3
. 12
; 12
: |
| |
L o
4 103 14
T N Y
1 [
1 o [T
1 79 P T O |
[ & 1 910 ; [T Y Vv
A A | N 1 b §S VW U S
| N PP B SN NI N B ¥ R ULy
Lo Ad S 1 h I f L 1 L 1 L 1 L 1 L 1 L L I
Y it 24 36 40 56
t/min

3 550 °C

Fig. 3 Total ion current chromatogram TIC of

a printed circuit board at a pyrolysis tem-
perature of 550 °C

For peak identifications see Table 1.
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Table 1 Analysis results of a printed 0 50 100 150 200 250 300
circuit board pyrolysis oo £ ]
Peak ty/ L d |
R Pyrolysis compound M, L I
No. min L !
50 |
1 1.32 CO, 44 i I
2 1.41  bromomethane 94 iij |
3 1.62  acetone 58 0 pomiho -
4 3.24 bromoacetone 136 250 300 350 400
5 7.51 phenol 94 100
6 9.38  2-bromophenol 173 €
7 13.25  p-isopropylphenol 136 50 "
8 15.18  p-isopropenylphenol 134 [ H
9 17.30 2-bromo-4- 1-methylethyl phenol 215 im i
0 ) g
10 18.61  2-bromo-4- I-methylethenyl phenol 213 v TrTTTTTTRTTT T
300 350 400 450 500
11 38.74 bisphenol 228 o
12 41.20 bromobisphenol A 307 e
13 43.40  dibromobisphenol A 386 4 a2 4 b 2- 4-
14 46.42  dibromobisphenol A 386 ¢ A d A
15 48.32 tribromobisphenol A 464 € A
Fig. 4 Mass spectra of a 2-bromo-4- 1-methylethyl
phenol b 2-bromo-4- 1-methyletheny phe-
2.3 nol ¢ bromobisphenol A d dibromobis-
° phenol A and e tribromobisphenol
2 FR-4
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Table 2 Pyrolyzates yields of a printed circuit board
100% 300 C . .
at different pyrolysis temperatures %
Peak No. 350 C 450 C 550 C 650 C 750 C
1-3 9.36 8.71 18.93 20.04 25.56
4 0.19 0.88 0.35 0.32 0.38
450 ~650 C
5 3.51 8.61 9.98 8.94 1.03
6 - 0.56 1.41 0.82 0.39
2 7 0.32 0.46 2.26 0.30 0.28
8 1.05 2.36 1.55 1.86 0.79
9 - 0.28 0.23 0.19 -
450 ~ 650 C 10 - 0.25 0.21 0.52 -
A 450 ~ 650 C 11 8.62 31.54 33.73 35.62 27.83
12 2.58 8.24 11.06 6. 64 3.57
13 1.29 2.81 4.77 2.68 1.63
14 1.69 5.75 6.84 5.00 2.45
15 1.08 3.45 4.58 3.08 1.52
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