HWAHAK KONGHAK Vol. 38, No. 3, June, 2000, pp. 330-337
(Journal of the Korean Institute of Chemical Engineers)

H=2E8 MV |B(PCBspt HHEe| F=oll H A4 Sdof 245 A7

A
A% -

I-O

. =] 13: = = * * =%
ME - olaHE - Asle - RAS'- REST - ASY - 028

LB T ) SEATFAE ﬂm}ﬂﬂ%@
(19993 8% 11¥ H<=, 20003 12 172 AH)

A Study on the Pyrolysis and Combustion Characteristics
of Printed Circuit Boards(PCBs) and Waste Bumper

Myung Soo Kim, Sea Cheon Oh, Hae Pyeong Lee, Hee Taik Kiyong Ok Yoo!, Han Eung Ryu?*,
Woo Taek Kwon* and Bong Han Lee*

Department of Chemical Engineering, Hanyang University,
*SsangYong Cement Ind. Co., Ltd., Research Center
(Received 11 August 1999; accepted 17 January 2000)

=

mlo dx 1
:<|>L_',
rn’,

FS‘.{

Ex17]9(PCBsyF HHH ] dis] 2 AAEA #g A7E TG, GC-MSH FT-RE of-&3le] a9
P%PJ S dist AEE A7) sk A3zhA 34 2 2 v[EFE Flynn-Wall, Coats-Redferdl Ozawa
3}04 shAsigitt. =84 ﬁ TAAZRE HHHe] BRI SAASHA g AR Bt TR
Oﬂ/‘i 2 3k HolFEglon wbHe| PCBe| 7% #91710l wet AR7] @243} v~ gholl A9l Wt flas

T 3 °iE} Ee] B4 wﬂziﬂ—ﬂ PCBs %} z%]ﬂuu dEE) U AarzRE YA Bde 2z sl R[]
Aol Ery) 27l nlel AR ke ZolEgitl. Tl aAF AAE] deks FIE ARS ox) 7+
f‘gM | w2} Diels-Alder o] o]gl ojel = Relrjdl T3t 7o 7|4 A AESFo olsle] bkt Latk ¢
T ARE ZREL] A 715EE FRIsk] Hsld PCBRFE ] ZHEl tfg EA 3 adsorption total pore volume
st

el
o 12
rE &

o
i

(*3
=

_‘EL

o P P o w
_{

AN

Abstract — The pyrolysis and combustion characteristics of printed circuit boards(PCBs) and waste bumper have been stud-
ied by using thermogravimetry(TG), gas chromatograph-mass spectrometry(GC-MS) and fourier transform infrared spectro-
scope(FT-IR). To obtain the information on the kinetic parameters of thermal decomposition of PCBs and waste bumper, the
dynamic thermogravimetric analysis curve and its derivative have been analyzed by Flynn-Wall, Coats-Redfern and Ozawa
methods. From the kinetic analysis, the apparent activation energies of waste bumper in air atmosphere are lower than those in
nitrogen atmosphere while the apparent activation energies of PCBs are little effected by atmosphere. From the products anal-
ysis, the products from the pyrolysis and combustion of PCBs and waste bumper are mainly composed of gaseous products. As
the concentration of oxygen increases, an decreasing tendency of the yield of residue from PCBs is observed. The aromatic
compounds of liquid product increase as decreasing the temperature because the gas product such as ethene, propene and buta-
diene are combined by the Diels-Alder reaction. To verify the possibility for the recycling of residue from pyrolysis and com-
bustion, the resulting residue of PCBs has been analyzed for their surface area and adsorption total pore volume.
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Table 1. Proximate analysis of waste bumper and PCBs

Weight fraction(%)
Item
Waste bumper PCBs
Moisture 0.43 1.66
\olatile material 98.41. 74.04
Fixed carbon 0.04 25.67
Ash 1.55 0.29

Table 2. Elemental analysis of waste bumper and PCBs

Weight fraction(%)
Iltem
Waste bumper PCBs
Nitrogen 0.25+0.02 1.91+0.03
Carbon 82.31+0.08 55.81+0.02
Hydrogen 11.7940.20 5.15+0.18
Oxygen 1.22+0.32 25.37+0.00
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Fig. 1. Schematic diagram of experimental apparatus.
1. Mixing(N,+O,) bomb 8. PID controller
2. Nitrogen bomb 9. Furnace
3. Needle valve 10. First condenser
4. Flow meter 11. Second condenser
5. Mixing chamber 12. Soap meter
6. Three way valve 13.TGA
7. Ball valve 14. Teflon bag
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Table 3. Analysis condition of GC-MS
Item Condition

30 m<0.32 mm, HP-PLOT Q
Divinylbenzene/Styrene polymer

Column
Column material

Carrier gas He
Column temperature AT to 250°C at 10°C/min
Interface temperature 23C
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Fig. 2. TG curves of waste bumper at various heating rate.
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Fig. 3. TG curves of PCBs at various heating rate.
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Table 4. Summary of kinetic values by using a variety of analytical methods

Method Reaction order, n Activation energy, E(kJ/mol)
Atmosphere
Waste bumper PCBs Waste bumper PCBs
Flynn-Wall
at 10°C/min 0.94 0.63 98 176
at 20°C/min 0.81 0.26 91 160
at 30°C/min 0.82 0.18 159 155
Aj at 50°C/min 0.45 0.12 187 154
" Coats-Redfern
at 10°C/min 15 15 85 38
at 20°C/min 15 0.5 86 37
at 30°C/min 1.0 0.5 84 37
at 50°C/min 1.0 0.5 90 42
Ozawa - - 102-174 148-189
Flynn-Wall
at 10°C/min 0.23 0.61 157 147
at 20°C/min 0.17 0.28 219 135
at 30°C/min 0.14 0.17 227 148
. at 50°C/min 0.10 0.12 231 169
Nitrogen
Coats-Redfern
at 10°C/min 0.5 2.0 109 41
at 20°C/min 0.5 2.0 168 44
at 30°C/min 0.5 2.0 185 42
at 50°C/min 0.5 2.0 167 50
Ozawa - - 179-188 137-182
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Table 5. Quantitative analysis of gas product[vol%]
Material Air 10%-Q N,
Waste bumper PCBs Waste bumper PCBs Waste bumper PCBs
Methane 800°C 11 28 12 25 20 27
900°C 15 31 19 31 24 32
1000°C 28 43 28 41 26 39
Carbon dioxide 800°C 6 27 3 20 - 19
900°C 7 27 4 27 - 21
1000°C 10 29 5 27 - 22
Ethene 800°C 37 27 32 27 42 28
900°C 42 32 41 33 45 33
1000°C 46 23 42 25 46 31
Acetylene 800°C - 5 - 3 - 2
900°C 1 6 2 4 2 5
1000°C - 5 4 7 5 -
Ethane 800°C 15 13 14 8 14 9
900°C 15 4 10 5 12 9
1000°C 5 - 7 - 12 8
Propene 800°C 27 - 31 14 19 15
900°C 16 - 18 - 13 -
1000°C 9 - 9 - 8 -
1,3-Butadiene 800°C 4 - 8 3 5 -
900°C 4 - 6 - 4 -
1000°C 2 - 5 - 3 -
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Table 6. Quantitative analysis of liquid product[wt%]

Material Air 10%-Q N,
Waste bumper PCBs Waste bumper PCBs Waste bumper PCBs
Water 80C°C 22 41 19 24 - 23
900°C 26 46 18 27 - 26
1000°C 33 48 29 34 - 31
Methyl alcohol 800°C 4 36 46 74 - 42
900°C 6 39 50 70 - 43
1000°C 10 45 47 64 - 46
Benzene 806C 41 23 23 2 61 35
900°C 37 15 18 3 58 31
1000°C 30 7 13 2 51 23
Toluene 800°C 20 - 7 - 27 -
900°C 19 - 8 - 24 -
1000°C 11 - 7 - 26 -
o-Xylene 800°C 13 - 5 - 12 -
900°C 12 - 6 - 18 -
1000°C 11 - 4 - 23 -
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Fig. 6. FT-IR spectrum of liquid product at 1,000°C.
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