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Abstract
characteristics and reaction kinetics of waste printed circuit boards ( WPCB) powder. Py-GC/MS and TG/MS were

Under nitrogen condition, thermo gravimetric analysis ( TGA) was used to test the pyrolysis

used to analyze and discuss the pyrolysis products of WPCB. The results showed that the pyrolysis process of WPCB
powder was divided into three stages, including evaporation of water, decomposition of organic matter and
stabilization. The decomposition stage included volatilization and decomposition of organic matter and decomposition
of residue, whose apparent activation energy was 250. 74 and 23. 58 kJ/mol, respectively, and the pre-exponential
factors were 1. 35 x 10°" and 3 428.92 min~', respectively. The main products of the pyrolysis of the WPCB
powder included aromatic compounds which mainly substituted by benzene ring-substituted aromatic compounds and
bromine-containing compounds, and a small amount of low molecular weight hydrocarbons, benzofurans, etc. The
benzene ring-substituted aromatic compounds mainly included benzene, toluene, ethylbenzene, xylene, phenol,
isopropyl phenol, while the bromine-containing compounds mainly included methyl bromide, ethyl bromide,
bromophenol, dibromophenol and hydrogen bromide.
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Table 1  Element analysis and industral analysis of samples %
C H 0 N S Br Fe Cu K5 WAy R 31 5 ke
28.22 2.40 7.36 0.83 0.04 4.65 0.03 0.45 0. 69 43.16 51.80 4.35
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pm ) s FEFRFHERFR 7 ARG R 60 °C &4 1 min,
120 °C/min F} ] 100 °C, {3 £F 2 min, F L)L 20
°C /min F+ % 260 °C , {445 10 min; FEEE 115 B R 280
C5EANEAA, R 1002 1, i & 1 mL/min,
Jii S R L 2 7 (ED) 8508, B 1 IR0
k1230 °C, HLFRERN 70 eV, #2250 °C L, 45
LRI 10 ~ 500, Py-GC/MS Gl B i (0,35 38 2:f
TEFE NISTIL. 1ib K22, MAHLE K T 90% B A 4
SE IR

TG/MS Mz : 1L 78 % A Thermo Mass Photo ( H
A% Rigaku) il PLOGHL BSUE) 5 B 5L 50 mg, AN
100% &/, Fik A 40 mL/min; FHEFEFE KL 10 °C/min
M2 4y BT E 400,500,600 FHT 700 C, 414 15
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Fig.1 TG/DTG curves of pyrolysis of non metallic

powder of WPCB at different heating rates
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IRE, AP R0 R HAETE 1 NG Ak RE, v H]
Friedman J775:K % WPCB Wit s 11+ S8 E R
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BONHIR G BRI ARG R 2 A B RN B,
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4B H ] Coats-Redfern 75 85 X ol il v 114 498 B 5
RSB Ty AT 15 A HLBT R BE B B 3 A
SEFRIG E 4350k 82,43 8. 81 i1 12.49 kJ/mol, #JHL
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. =1,ln[ 1n(1—a)]_1 [giE?(l 2RT)] z
(3)

Pin 1,m[%} _
(- @
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K Coats-Redfern =% WPCB JF 4 J& # A #4

fite s AR A LT o0 M B B (5 T B B ) i 4730 2

ZHORMR . 55 W BB A DU & 53 g Ak i 43

fif 2 AN B O BRSO R], 2043 SR i . B 4y

S 10,20 .30 .40 °C/min, $EBCARIE] n X453 7Y

BAGHATEANEIE R 2 AFHREHE R 10 °C /min ff
Ayt B Bl 1 S
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Table 2 Kinetic parameters for pyrolysis process at heating rate of 10 °C /min

PSR n WA R? E/(kJ/mol) A/min !
0.5 y=-22099.9x +22.3 0.968 3 183.73 1.07 x10"
1.0 y=—22780.9x +23.5 0.966 1 189. 40 3.66 x 10
WL K R 1.5 y= -23361.7x+24.7 0.963 3 194.23 1.08 x 1016
2.0 y= -24061.6x +25.8 0.960 9 200. 05 3.78 x 106
SEPAE 191.85 1.33x10'
0.5 y= —618.47x - 12.06 0.967 8 5.14 0.04
1.0 y= —1772.20x - 10.07 0.997 0 14.73 0.75
TR i 1.5 y=-3210.39x -7.56 0.998 4 26.69 16.73
2.0 y= -4967.11x -4.55 0.997 4 41.30 525.14
S 21.97 135.66

E 2SR S T 0 A e o, SRS AR A I
A RER S T A TR AL RE R 2, E
t/J\ FER IS T T SR BE RN SN R S i

Ty 2 BOE LR S R T R R P A
zﬁm M&Tri’a{ﬁﬂ%%% 23 LA H, AL
TR R AR IE-34 E R 250. 74 kI /mol | 5% 8 43 1)
VX E SRy 23. 58 kJ/mol , Ui WA HIL BT 4% A 41 il L %
T S LATEA T, LI DR AT BB R R AR R
K, IREMRT 500 C BB ANRESE 24 , iR R
500 °CJ5 , FR i AR 56 1, 78 3 P I A 3 2% 1

LA RER D
x3 ARAARBEABIRNNZSHTFHE

Table 3  Average values of kinetic parameters

for pyrolysis process at different heating rates

AL E/(kJ/mol) A/min !
HHLBE K5 250. 74 1.35 x 10
B A3 23.58 3428.92

2.2 [EIHEEREAE=Y
300 °C B}, Py-GC/MS H s 8 iy i, A0 45
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Fig.2 Total ion chromatogram by Py-GC/MS at 500 °C
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#4,

&4 700 Cht TG/MS UM EEY R RERSEE

Table 4 Maximum abundance of identified main substances

at final temperature of 700 C by TG/MS

JE UL

Jrivcigea R HEEEN0"0
57 27512 F LT 20.2
92 'S 21. 4
94 W 1 060. 0
104 WL 94.8
105 1-R 15.9
108 2-F B HE 61.2
118 I 16.5
122 2,6-— H LK) 25.7
134 -5 P97 B R 1y 83.2
136 2,4,6-= HZK 44.0

P& 3 J2 700 °C i LA =5 240 o 3 B W 3R A 43
TGS AIE 3 BT LUE R By EE R,
B A WA (XS IO A 9L Bt B A1, 7 330 °C B st s B
TR, Bl T R R R, YR AT 500 C
B, o e RN AR, U B i WPCB ) A Hh i 2K
Ty BRI SE R s 2R R O M 2-H R 2, 6- 1 3
A =F B 1 U 1 BRAE 440 ~ 480 °C L FfifE#a T AN
AR U 2R VI R ik TL AR ) o 7= A e e R X

1100

100f v e Xy
900+ i — %
T O KN
S - - - 2R
g0 b 2, 6-— ALK
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2001 R
100 ; et
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Fig.3 Temperature distribution of main substances

at the final temperature of 700 °C
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23X ] BE S (AR 1Y SR B OR [ 3 S, TG/MS A
H4% Py-GC/MS [yttt , T80 L) A RE /3T
AFZRTT TG/MS %58 AR L 5. TR
5 AU, B TR I TR, TG/MS S5 R 1) T b
A7 Bt (B3 500 °C )5, FeA AT 254k, B
WG B O 28 FE 43 R AT, W) T I D 2R 2 TS
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W SR Ak S B Br—Ph SRR A B

£5 FELET TG/MS K5 o B R
Table 5  Identified pyrolytic substances by TG/MS at different final temperatures

EREEC
JBas L P2

500 600 700
42 2,5- " F Bkt * % *
43 1-358-2- A il * * *
57 2-J5L-2- B Py g * * *
83 2,2°,6,6™-PU H 3 -4-R B il — — _
92 FS * % %
93 2- B g * * *
94 Ry * * *
104 R * * #
105 -5 B * * s
106 X Z R * * *
108 2-F L * * *
118 I — _ _
122 2,6- " H ALK By * * *
132 2 - HH L8 I ek gy * % _
133 2- I BEOR R — — *
134 p-FEN R * w .
135 2(1,1-=H 2. 3%) K # # *
136 2,4,6-= KK * % #
150 3, 4= -2 I -3 - — " _
163 SN — — *
168 A% — — _
172 2-TRAL R — # *
174 1,2,3,4-PUHE-5-(1- 59 48) % # # *

Tk RRA s —FR AR
3 Hig

(1) WPCB ¥y AR #fgad #2530 3 ASFrBe: 1Ko
RO BL I E/NT 280 C L BT AR/ N T 1% , 3%
7 WPCB #3 AR 7K R ARME , X 5 H Tolk 43 #r 45 SR A7
56 W, R A 280 ~ 500 °C, i A8k hy
18% ~26% ; Wl 2 B B , i B2 KT 500 C, it 4%
WINT 2% o SRR A AR5 T B Be, il I 34
fif it FE R AT BB, A& 2 Ml AL
A5 K 53 i (330 ~ 380 °C) 5% i 43 fiff (460 ~ 500
C) , HFEMiEALE -5 5 250. 74 Fi1 23. 58 kJ/mol ,
FERT T2 510 1.35 x 107 F13 428. 92 min ™', G

T K3 ik LU TS A SR

(2)500 C i, Py-GC/MS %E5E Hi R (19 221 7 1)
15 80 Z A, {H 300 CHf, HAEE H 8 F i, (5K
My R B XU A S5 X2 T 300 Cif, WPCB i
BA T, B U™ A 9 s 2/ (B 2
S B Le b S B R TSRSV . TG/MS SR i 45
W, B B R B, M R AW 2 A P
I AEH S 500 CJm, FEAS A AE AL, X R4 g
i C e T SRR A S AN

(3) WPCB Ry AR M 1 2 27 1) f0 45 28 R AR
55 B AL SRS R AL S 1, Ak A A AR
THRRESEY TR RPN I7 &
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