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Research Progress on Pollution Prevention and Control of Typical Utilization
and Disposal Technology of Waste Printed Circuit Boards

LIU Xiao-jing, WU Yu-feng. LI Bin, YU Lu

(Institute of Recycling Economy, Beijing University of Technology, Beijing 100124, China)

Abstract; Utilization and disposal of waste printed circuit boards ( WPCBs) can create considerable
economic benefits and effectively alleviate pressure of resources, but there are also greater environmental
health risks, especially heavy metal and organic pollution. Environmental health risks of typical utilization
and disposal technologies of WPCBs, such as physical method, hydrometallurgy, pyrometallurgy, and
pyrolysis, were briefly described. On this basis, emission characteristics, prevention and control
technologies and management policies of characteristic pollutants such as heavy metals, organic
pollutants, brominated pollutants and leaching tail liquor were analyzed. Relevant suggestions were put
forward to standardize and improve pollution prevention and control level of waste printed circuit board
utilization and disposal industry, which is conducive to promoting the green development in this field.

Key words: waste printed circuit board ( WPCBs); utilization and disposal; pollution prevention and

control; heavy metal; organic pollutants

SR AN D L 72 i A T P S A
1 2555 T 1 TR
TR 2k I Hk (waste printed circuit boards, WPCBs) 3=
SRR A 7 AR F A E R R AR A

i HEY:2021-06-02

BB EREESH AT E 2018YFC1902803) ; E 4K A SR FH 2 3 4

[ % T 5 S0 3 52 1 H (SWR-2019-004)

2019 4FFk E LB AR = IK 6. 99 42 m” , SEPRYF A AL B
SR Sk 8 300 F B AL, WPCBs
TR FE A A R R A 4 1 R I HL & B AL RS
AL AN &AM 4 8 AR St AR L i HL A E 2/3

BRI H (42007126) 5 [ B 5 U546 FI T 15797 BE A4

YEE B A XV BEiH (1996-) 2 TR 22 PN D A= 5 B AR AR - 45 (1982-) . 35 i Mol AL A T -, &I BT A



o T2 o A4 g QR (http://ysyl. bgrimm. cn)

2021 4F%65 10 3

Ak 4 JE A RE AT AR PR ok AR AR A R
BHERE = 8. WPCBs W K EHANA
Yy, 32 B K TR 4 R pd 2 BRI B R 2R, (1
FIGR R 4 5% ) (2021 JO H B B 2 WPCBs (f3
15 O PR BR sl R PR bR oo 25 4 1) WPCBs) FlAb & i F2
7 B R B R e T S B . £ WPCBs Il i Ak
B E AR A LG Y Cn ZRE D K g )
BN NN N (8L % 3 RS A L O RA ko
DA B Ji B 7 A A R B 5 i XL

tF WPCBs [ A7k 4 £k 7K F R 35 A8 5%
TEHEARERT 24,8 T A %t WPCBs i H
Ab A TR IS Y A TR i B AR T AR A E
TR P RRAE 15 e ) 1 B AL R 0 5 HE R M A AR
P RIS R . ARFGRMIR T WPCBs it B 4L & 5 R
BUBE) B3 L KRR 4 AR T R 20 4 1 I 855 (g
JRE RS s 43 BT TR TS e W A B A DR A PTG e
TRALTS ey 32 R VA HE R 1 A % B s B R
EIHEOR PR I T A O @ W A 4R+ WPCBs [al
WA B AT 5 G By 45 KT o A i i R £ K e

1 WPCBs #) B & & iE #2775 4 AR5 47

L1 #ANFRALELERSHETR
L1.1 HLbyy ik

PUBR ) BB # 15 D WPCBs Ak 8 ) 9140 B £
EOBIIBUE /N 1aN T R L 1B e G R RPTVE 1 B BN TN
JERAE G R BRL .t T YRR R AR BT e
A ME SR He Pb.Sn & £ 0K (PCBs) 45 1 [
SR+ 2B A R IR SRR ) A 2 Ak R
TCA SR AE PR S R R XU . Al e 3t i i
PV PRLE XU | R MR A SR BT L O B R AR
JEAAEG BARE Tk 2™ R KR AR R IRE
SARFER KGRI S EERIA LK.
1.2 kiEl4e

KIEAR I — TP el MR WO R R
W INAE R T R R
Kk Z X WPCBs H HI AL B 22 5% 1 0 [6] 16 5 4
A HATRE KIA H AR L RLTESE rb ol o A 24K 0T
WPCBs [l 1t Hr $E R ¢ . WPCBs ifi 523 % &=
T AT I A AR R A W LR B
AR TR NRTS & S TR ) & S 0 W44 3
I WCIR AR PR ) R AR 20 260 i il 4K
ST AL TE R 58 o0 ik 4R (ML SR RE Bl B 21 4
SETCALAR 5 Jm AR LI R 25 00 B I R e v
R o i [ WSO B A R A . R R O S A

1) HCL HBr, W 9 45 35 Je W) 2 1% FR 32 28 1 X 1
EZ A I P
1.1.3 sk

WPCBs FAfiff i 15 Bk 48 550 480 2% 1 T 4k 2 fif
BV G 20 & A B T M T R
BT IR AR EOR (B PR ORI R I
AR Ik A AR A AR R ST IR
A AR T 2R 0 R R 3 0 M A Al S — 2P ik
BWHSGr . AP 8 G T8 R AR S AN R 4L 5y
Yo 8IS U L AR By 28 W) o2 Ry 2 Y B L R S B
T i BEAR RSt WPCBs ) i 0 &
5 it AR HL T b 3R AR S i S R Al
AR WA B o5 e ) R 25 2 A0
1.1.4 ®BIKGS

TRV R A Al A AL IR I L 2% A AR HUSE 1R DK
H b 42 8 e 78 B IROMDIE 70 B4R O HOR . TRk 4
HREH T B M E R 7 & WPCBs DL R & 5t 42
J@ TR AL, I Au, Ag Pd Pt 4
wot e E . WA AR K EHR
A (AR VAR IR (BRI R SR i IR
RAENT L MRIRIR A RE TR O RLK IR AL 2E N L R
R B3 A2 % s A0 AE R0 L0 TR A R K 4
o WA KU v ELAG B RLAS B 5
1.2 HESEYSHREREXE
1.2.1 #EEHEITH

HERMWITRBEE KT 4.5 glem®, H Pb,
Cd.Cr.Hg.As EY R I, &7 R el
154, WPCBs & & i 4 J8 Cu(20%0),
Sn(4 %) \Pb(2%) Ni(2%) . Zn(1%) .Sb(0. 4 %) th
FIHIE A R E 12 1 22 5 R I A6 19 1 8%
UK. WPCBs Hi iy Cu Al Pb AR 58 #0450 £
SO AE b P R PR IR BT S N A S B, R AR
o P ERBE TG RO AR A B R PML, R E AR
£ Pb>Zn>Cu>>Cr>Cd, H th Pb ¥ & 7] 5 3|
6. 74 pg/m™' . Pb il Sn J& FoR 4% & M 4R L I HB
By oy i R g NioYE RV & H DU S E T
WPCBs H, b8 J5 3 ] [ AH . 75 B S B8 5 i Be o 4
SR TCHS MR RSB ES R ET
25 KR AT I8 I A A R A T i B WPCBs
A BT EREE Cu NI Pb K PAHs(Z 33548 #kJE
P AR X B R A A B T R R R B
FAME R RS IR MRS IR AL B WPCBs B, T 4
o 1ok TS A Al B TR MR T S AR i S AR
A HA R G K)o B A



2021 %7 10 3

A4 g QR (http://ysyl. bgrimm. cn) e 73

1.2.2 FpAMEA TG Y

F A HLI5 4 ¥ (persistent organic pollutants,
POPs) R e AR R4 Fp AN DL e B 5
Bk ™ M PR 8 22 A IR e . /E WPCBs #Au4h
B R P A R B REASIN 21 POPs (B £
ESIY TN 2 N0 S ALY S SNl o (Ve 7R

IDE 27555

% ¥ 35 12 (polycyclic aromatic hydrocarbons,
PAHs) & — B 70 1 v &8 A S DL B3R ER DL 26
& AR & 1y B A 0% BOm 2 19 POPs, WPCBs A
TR RE S 8 PAHs HEC, 5E05 0 m A M A
FL T~y IR A 7 M PR B b 2 R T B S v ok R
PAHs" L B S0 e XU 3 & F O 38 K F
T AR DU AT A 4 B R PA s R & B
WPCBs # it 4= ] 25 U Ko 7 i PAHs ¥k J& 42
fiX, EZ LI 3.4 35 PAHs O . PAHs BB TK 2 Bl
TRLRE T MG L A ) 96 %6 A B,

2) Z RHR

Z 485 7% (polychlorinated biphenyls, PCBs) &2
R B A U 7 8 R T IO 28 A REBUB A
LY BE TN 20 RGUF Rt Rk R T 1
AL I 4 #E PEV . PCBs & B A7 AE T UKL AR o B
W AE WPCBs v fiff T BLis Qe B ™ H . 7EIE M
WPCBs it 7 4, PCBs 11 32 Fi [6] R 9 ¥ 9k s
SRR AR PCBs ik B2 7K P B IR AR s AR
(ZZ W EOPCBs e B %5 i HE ke 50 . T e R
1E#L WPCBs ¥ i & #b . PCBs 15 Y& 7™ 5 , H ] [ &
R T PCBs 1B B0 XU 8 1 5 bR 2 2 75 1Y
AT 4552 KU K

3) 2 IR K R Tk

Z IR B Kk (poly brominated diphenyl ethers,
PBDEs) J& £k % A b 1 F fie ) B BHLAR 57 22— m 1A
THE N 2300 D) BE R W A BB R [ I A TR AR
P EBUBRY R T IR Y . WPCBs 78 #4440 P 1) 7
th B PBDEs, 78 81 B W 1 B W) I i 42 1) op
THF % Wk A v PBDEs ¥ J¥ 35 57. 7 ng/m®, T #4
Prfift 27 10) UKL AR T PBDESs ¥ J¥ 5 ik 156 ng/m’
TEY) 3 v PBDEs 32 223 1n] B 2B K A HE 4 @ A
Bh LR 4 8 BB JE0RE 3 Y A 28 8% (B
PBDEs ¥ & 8 J58HA BT 15 55 5 38 2o 0 5 50 A Ak
H,PBDEs 1) 2B Z @ik 95 %, 58 R 1) PBDEs 3%
T 1) 4 TRRL A AR R

4 TIES KDY

TSPl (dioxin-like chemicals) & #L4

AR GE SRR A i A T G M A R Y Rk
AW, 4G B (PCDD/Fs) 2 ALY — X —
I & (PBDDs) \ 2 A 28 3wk i (PBDF's) F At
RAERMRIEY . T AR M 77, WPCBs
b 33 FE e PBDD/Fs 1) B O B2 322 5 F PCDD/F's
Wi . PBDD/Fs 5 PCDD/Fs AH {6l H HA 558 1)
A E S BUE T 55 &0 A N A R
P RPN REZ B MG T 5 FEHRY . AR
fif R B B B T SLHE ) PCDD/s #k B & F 4 41
SUHEI . AEBR R AR b, 2R B N 800 C i F
1200 CH},PPBD/Fs St &2 Se 3 g i /> iy FLAEE
1200 C B SEAPREEAAE 45 & W B A4k, i IR TR
WA ) PBDF's = %2 ph 352 BELJA 700 1) 115 50K 4 24 it
A5 3 1 R BRI 19 PBDF's W 32 %2l M3k & B
NEAF RN 2 g S R B, il TR AR
FRY 1G22 V6L 1 7= S B 0L T PBDD/Fs 1 7 2
I, V5 Ak PBDEs 45 F T FT 8 ik 58 2 i 2 R % A%
T4k PBDEs W7 #| F %% 16 & PBDD/Fs™*, 4 i &
BWmE 1R,
1.2.3 {RALYis Y

WPCBs iR & &40 5% ~8% i dy » Hii Ak
PR A 4G HBr, 4 J& IR Ak ) 55 JC ALV il PBDD/F's
SEWLAL A ALY A7 A B Tl 15 2% 0 3 B 05 4kt R 11
B SR A B 0 TSR TS e . e TR A
PRI 4 3T 5% 5% AL 5 0 A1 PBDD/Fs 9 A4 i HE W04
M Z 8] R AR B Y GRS, 46 1 200 CRL R
TR BR S LT 4 LA TG AL B T 25 e 8 2 R
R RO R MR T ALK 8 T Br, [
HBr # 75 , K|+ PBDD/Fs f 7= 4, A oL 2
o YR AR T 300 CHF DS IR A IS EEY . 5
FLEAHTR VOCs 1190 26 o e TRLEE 1) T 8 % 107 0 e
JHCE 1) LA B AT 5 24 3 B e 3k 400 C L IRk &
P IR IR T R 5L ) A HE JC R 3 i
L2.4 BERBIGYH

WPCBs 77 Au.Ag.Pd.Pt R4 )g FHE
3 W R A 0 Oy 2RO Al e AR T RE K R 1Y
1 B AE U 2% 5 70 A5 ) L R R T R I
SR ERYE (M) . B S E AR ALY 2R
VG Y I A B A KR A
Fi kb R 1 5 SR TR R B & R, FUk R & R
CN™ X 5% 4 J@ 2 1 5 19 45 A Rk 0 Il il 4 s
AR SRR T & CNT LSCN™ K & Fh 4 8 1)
TR M LKA e 4 hb 6 A ARAF 75 fie
JR AR



o T4 A4 g QR (http://ysyl. bgrimm. cn)

2021 4F%65 10 3

With ortho-Br
and ortho-H
_—
PBDD Formation
With two
ortho—Br
_—
: 0 :
Br X Br
' n-PBDEs With ortho-Br
and ortho-H
R ——
PBDF Formation
With two
ortho-H

0 /_\
0
(0]
— (L3
0
- Br, Br_, Br,

)
0 0
— )
Br, H H Br, Br, B

~ (n-1) PBDDs

" (1-2) PBDDs

-0
0T N Br
(6] 0
0
BrH BrH Br , ) BIH
(0] 0
(LI —
B, B Br, Br Br,

"~ (n-1) PBDFs

T

n-PBDFs

1 PBDEs % % B PBDD/Fs g% 120
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