%54 5 53
2025 4 6 H

HES RS
China Nonferrous Metallurgy

Vol. 54 No.3
Jun. 2025

SIsctg s R B G RN, A RIHEARZE S ISR B DT T BERE ()] vh A (iR 42 ,2025,54(3) 114 - 22.
YUAN Yongtao, YUAN Rong, LI Chunyu, et al. Research progress on product recycling and bromine removal of waste cir-

cuit boards[ J]. China Nonferrous Metallurgy, 2025,54(3) .14 - 22.

VR TH L il 2 [m ] WAOR) FH B B3 TR 2 0

ERA R R EAS Tk
(1. BB TR R S5RE TR, =8 BW 650093
2. M RTEIRBRNARAR, =/ B 650093;

3. AR S ESLRE, zmM B 650093)

[ 2] BEERBR(WPCB) PAAREANEBAAND g BT %, L PHEE & LEZD, 5
WPCB W #4948 3 47 191 MR A= 88 28 #R4R TR 4288 P) 88, 3B 46 A 2 WPCB W9 3R357F £ P8, B Al 69T % X
%4 WPCB w AN 45 TR e eI, m stk 2 B3 o F A AL £ 25 k4B 4L 4 d i AL TR
RS B R, A2 B BG4 P AT 3 4T B R R w R R A e B WPCB 89 4 22 07 ik 6L3E
KEAELIY AR E BELLIYE REE MEAEFZRFAEAHLBERZR, EF KEkseT
LERABRAR, ORI BFATATEAEN R, LLEE L& VR E LS, B RF R F
AT WPCB #9TAAL 2 ;iR ik 2 T8 7 AR 0 B K, BedAn B oY B K AL 22 2 Gy 8 3 T VA B1ICH
M AT, A2 B TR R G, m BRAF R S, T B3R EA THR A, BRI %
HAERARFEDRERZRNMAE T ERENR, ERZEIEAK F RGBT R TALE R 5 @K
NFFR Mt 2 AL B B, kok 4R ZEA B R DA BN AL TR RAR AR e AR T R AR

TR RN R 5 6 AR ALIE E WPCB DGR B 89 BE R T

[ &4 ]
[ hESHKSE]  X758; TF803 [ SCiRAR A ]
DOI:10. 19612/j. enki. enl1-5066/tf. 2025. 03. 002

0 515

UTAEK , I 25 T 14 1 FH 40k Ay Pk 2 Jie 4 75
SREKEIE AN, 35 (2024 AEH AT AFIE IR A ) B
FRIE 2022 ARG BEIRAE A R 2700 J7 ¢, o HEFR AT
PREAGE R LR 4% , AR S AL 89 (0.2% ~
0.5% ) 525 5 H ik 80% , i i 0% g B8 = 1) 'y
LRI, P AR A R TR H AR, H=

[ Wik H 4] 2024-09-26

[S—VEH ] BB (1999—) B WL iREg A Wi, B 55 7 ol %
RLEEFIH

[EfEMEE] 2o (1984—) 5 ITP5 A B+,

[HE4TH] =/ KL (202202AB080007 ) ; 75 F 44 “ M4y 3k A
AR AL BT AA (= KA [2019]1096 5 ) s EEBAFET. R
IR 4 (2023 M20222228017)

JEE & 3545 (WPCB) 5 iBALTAMR A 4R, B0 5, KRR A, A, Mok ®E R

[ XFEHT] 1672-6103(2025)03-0014-09

B A I T 1 A KR4, 30T K
R IH A S K I e A S A
PE K EHLE 4@ & e bR, A 1Y 555 B ab B )y
X FURRE] T HEBRER , A X H i B 7R
PEAT DS AR B e, i ELX 3k T A - b K 9%
TR T H R fEE

1 H ER B Al ( WPCB ) 2 J32 TH FE - FL 25 1) R 244
BCER Y, WPCB B4 B 53 2446 = &R 43 . Cu Fe
Sn . Pb.Zn S M &R AV RAEY  BREH
A R B RS LR AET B ARE A AL
BEJRELAE R NA, P AILEREY & H
KA Z BB, WPCB Ff A0 4 & 2 3 [ N
16.57% ~36.49% Z[a], A~ N\ H i 5 H A4l FH 20 )2
FEA AL AR, T AL 22 )2 AR AR ) PR 3
M i S VL A 13.21% ~22.98% ), 2 23
H g &N 16.00% ~34.49% 1 S T4



2025 4E 6 A% 3 M

B VRS JRIH AL SR ZE 5 (VSO P S TR0 5

.15 -

H 7 (0. 56% ), XF WPCB #4745 &% i [ i A
FH AT LA 33 [ A 2 5 g () R 38 ] LA 280
DR RV A i A BOIR Y BB BERIF ST A B B R
R ZFEXT WPCB 1 [N r v, o &1 X 4
B B A RS G 1 B e e, X AR 4 SR 4 o i b
WPCB HE 4 Ja 20 73 i 1R AR BELIA 312 5% g A4 (gt
I 200 (0 fa b ) ot , (6 AT 4 J B U5 [l ie A YR ) HE
BRol A4 @Ak A 8 X e U AL s 5 4 R —
P 5 o HL 5 NS AR 0 B B AR B e (e U, AT
Ho4r Jm VR AR A T4 A sl T ORI S BT IRAE 5F
EEXT WPCB v B8 5 1) ) 8, A< SC7E TR iR

WPCB H4f [ i 2% b T 2[RI, A2 7 150 43 1
KT LU XS AR WPCB (4% (8 1] Fp 2225 &
RIS %

J 1H HRL B A %) B3 A [T e 3R

HRIE 4 2% 55 A £ 4k 2 A0 v S 4 60 )2 T R ) 6
BHEGOR 428, K 2 8000 3 15 13 & T3 ML
FR -4 RUHBEAR 115 5 7 b W4 FR -2 70 A %
B, FR TS Al L B AR A A R AS [ 2 B i 43t
A, & 1 BT PURPAS [RI 28 1 He AR 4 2 A

> 12,13
W

1

R DURNA[RIZE Y f AR ZH U (B 7 0 L)

Table 1 Components of four different types of circuit boards ( mass percent) %
FR4-LCopper( #i#1 FR4-HCopper ( 41 ) . FR4-Sn—Ag—Bi &4 (HilF0
, . o . RS A (AR . L
H, fif Al 2 A AL B BT S A B e R AR R LR BT R L,
B WKL) TCHYER)
| 7 27 36 27
B 12 2 10.7 2
LB ET A — AL R 24 15 13 15
LR 23 5 7 5
% 5 0 3 0
% 0. 002 0.1 — 0.1
4 0.3 3 0.2 0
& 0.03 0.1 0 0.1
A 0. 005 0.05 — 3.45
B 3 0.5 — 0.5
G2 7 1 22 1
B 2.3 0.2 0.1 0.2
il 0.3 0.04 0 0.1
B 0.3 3 0.2 2.5
WA g 7 8 0
Ty B A 0 0 0

FR4-LCopper J2& 48 i 7 it 5% 19 f B A, 5 WL
(14 2 PV W 1 22 28 L 866 79 0 588 A1 5 FR4 — HCop-
per JEFG M2 BUE LR B 2 (1 L R AR, LA R A A AL
oo JEE AN P A M B BELR B A vy, 3 A v 3k
M2 ; FR4-Sn - Ag —Bi &4 16 R 4T T 2 A0 L %
Me , 78 PCB 4135 F 3 FHUN Sn—Ag - Bi &4 FERM R
FrEVIRRE AR T R AR E I A [ B A A AR 3R

H & 1 AT, WPCB H & A K it i 4 )8 X3
LTS IR I B A BRI, Hoh e 2 B
HIFE WPCB [ R ME () B R R 2 —, BRIk, 7

B R RR L WPCB BT
2 PR ITHH AR B ORI 7 ik

H T, WPCB a1t s A i T 202 KR 1
KR IE T 2 R Ab B WPCB 4R | W % 1 X B
A FE IR S ZWEE SR B T AT R ; AR
i WPCB [NSCR 5 A HLRAL B R k46 4
A AL OB AR Ak
2.1 NEBRBEIZ

WPCB W) KRG T 2R 2% WPCB 5%

A PR R SR PR T8 28 S R A R



- 16 - T H A E &

BREIA

o, PEAT I A AT RN 1R T R A
1 FiR.

] S Al ) AR IOV it s e B R B ] 4k
BRSO, I SEREA w2k T SEBE T0 IR
FEARLO Hi B I 7B N TR R IR 220 T
Brfi R H AR [ R R SR HT 22 o TR I 4
AR BEALE UK R AR R
FEIT WPCB 1Y kK ikih 4 T2, Bk el 19
1.0 /h & 435 %] 2.5 v/h ( HL B&% A Ak FE &),
HUANG'™ 5 TR 50 5Ok i AL, O, 75 28 X6 4 B IR
FAAA v ZRER S A, &R AL O, & /)
T 15% B} B E RN 95% ~98% , M b —
Ik B A B W e e 5 il A E—2020 ) %
SR, AT RASCE = Wy e R i 2 5 AR (R 07 i R
FHAC L B 27 A o i B R SRS RE T SR &
SNt s o B A 3 4 15 6 5 WPCB. P[] Ak
B R A A5 81 v R A A o 5 R R i A
24 B A W R W A 3 R e, T e B R AR
TR BRI (E R S SRR RS B [E A
J& TR, AOME UL B i ELAR 2 H 2 s B2 8 L
TEPERIEAEE K,

Kk ikiR 4 T A A WPCB, HAT 4 il |
Ab PR RS {2 WPCB R4 i 41 7 A
152 mIOR A, B ERE T0 A 2 | et # v
oy B FEY) N ( ESCON HBr 45 | B {d
T R I AT e LA b B

P B A

Jhi 8 A B

R LT | B AL A St i
L
BUEAES | FREN
SRR
til | i
LS SR AN b~ IR
it RG] o el
Bl Jkif IRk v i < S A A
T WA

Fig.1 Metal phase smelting process for

recycling waste circuit board by pyrometallurgy
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Fig.2 Mechanical separation and recovery of metal phase process of waste circuit board

SNSRI 21 F #3081, 2% , IESE H &
i R A AT (B A AT IR A 5T LA 42 5
B HRCR AN, B HLIRR LT HE— 25T

BB SBAR GEYIE SHAR FHEE X4
WIS, %R 4 SR Lo A/, S A AR AE 4 TR
2 53 AT AEATUA T A B 73 B8 ke i 0 I Y Uk T
TS AR SR

Wk T4 AN HE WPCB 76 42 & [n1 050 5 Tl 48 b
B, HERE T B TCE S A s (R AN 2 4
JEME LA B2 H, B R 2R AR 4G R
iR PRI R L, AR 2 R K, TR R K
Ab PRI BN Tl A

PEHL AR

B AR A

e <o} i
R

B3 RIERPUK RS E TR E

Fig.3 Wet leaching process of metal copper

HA A

from waste circuit board

2.4 #fEE
PR IR AR B AR Bl T R RS A k2

FAR M WPCB H [T i B, 38 axb £ A 2o AR A A7 AL
ML TS5 A T BR A0 A B AR AR [ A
a7 AN RMbE 2= BT B e A o A I PR
RSNy, 22 )5 2 b BT FH AR Ak 2 i 3 110 BE R
JEoRE S

ZHU %54 §F 58 7 WPCB P fi i 72 o 77 ) 43
A WFFE4s B0 7F 500 °C |, 172 AT E] 60 min B 75
B [F R 7= Py 4 [ECR Ry 91, 46 % | SR =) 3 2
H CO.CO, CH, H, 5840 J, WA ™ i rh A B 25
F5 N ISR AT AE Y, CHEN %7 X%t WPCB
A4 R 3 HEAT AR FERRIRAAR T v R R S b
FEA IR & o LAy, I b 2 B AR A L
WIAELE s th TR BB B, S 380 HLVR ok
AR AR R AL A T o 2 s M e, LU
SHEN 4% 3@ i %+ WPCB #1718 1k #4 i, &
WPCB A LB o $ i B 5% 468 T HBr, [&4H
W Br AT DLEE R B A AR L b S A R
WPCB R HUAS 5 A (B 4 7= i, (HL 125 7 & o A
G )8 (A0 Cu) FHEGEIR (ARER) 1 53 BT ) 22
TR, TOHLIR ST R A R ER /T F
TREE =,

A mT DL RDSCA HLAY R RE B 0T A 8o A DL
AL T 438, T HARAE (B ] J ] — e &5
A EY A A A8 IR DR s (A PR
e 23 AR BE TG YL, 53 AR B A /N . A b | 35
i N A S T A TR AT ST
2.5 fUKEAEE

o B 28 v v PR AR B AT



- 18 - T H A E &

BREIA

RGN, FERT LUK L S A SR R i i AT Al
S B BATAR A 1 W R R B YR A
A HARAAPEL R P R T T R, BUTEC
S0 T WPCB B ™ T 2R BANE 4
Ro PENG 4513 i s 4 B 4 fi WPCB [l i &
eSS YR SE TR R S
99. 98% i3 — 4 5 55 (I 1 5 5 e ok P I B
BEIH b2

I IH L AR AR A

> BRI

Tk A A

A
Tl

= 4

> SR IS A

SFE R Z % B R . SURIAPPARAO 450 3@ 1 [
WPCB Hrgs nsiclst mie i 551 a2k 47 IR i s, & BAS
A1 B AT AR I P 28 A B ) R S B R b
T, 2 B R 83% W AR S A K R 91. 5%
A7 SRR L B 110 R D5 700 (5 45 DAk A i ek st T
TR o PR ST G A (0 ¢ =C AR
B BRI R EE WIS S S B = 4

Vol [ B UK —>{ ARl [ b |

ity Ak AL TR

&BAs [l

E&mA

T B [l WM R L B AR T 207

Fig.4 Microwave pyrolysis recycling waste circuit board process
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of copper from waste circuit board metal
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Abstract: Waste circuit boards (WPCB) contains a large number of valuable metals and organic matter and glass
fiber, of which the copper content accounts for a relatively high proportion of copper recovery in WPCB can not only
alleviate the problem of shortage of copper resources, but also solve the problem of environmental pollution of
WPCB. Currently, most of the research focuses on the recovery of valuable metal resources in WPCB, and less
attention is paid to the organic matter in the non-metallic part. Brominated flame retardants in non-metallic
components are dangerous carcinogens, and it is especially necessary to immobilize or recycle bromine in the metal
recycling process. The treatment methods of WPCB include pyro-metallurgical process, mechanical treatment,
hydrometallurgical process, pyrolysis, microwave treatment technology and biological treatment technology. Among
them, although the pyrometallurgical process is the most widely used, the recycling process will produce toxic and
hazardous substances, and the process needs to be improved; the separation effect of the mechanical treatment
method is not ideal, and it is often used in the pre-treatment of WPCBs; the hydrometallurgical process produces
more wastewater, and it needs to be equipped with the corresponding wastewater treatment system; the pyrolysis
method can recycle the organic matter and energy, and the recovery of valuable metal resources is high, and it is
simple, and it can suppress the production of harmful substances, such as dioxin, and the application prospect is
more promising. and other harmful substances, the application prospect is better; microwave treatment technology
and biological treatment technology is still in the laboratory stage, need to be in the process parameters, leaching
mechanism research, engineering application of in-depth research, to promote the industrialization of the
application. In the future, improving the recycling value of non-metallic substances, simplifying the process,
reducing the pollutants generated in the recycling process, and studying the migration mechanism of bromine are the
research directions for the recycling of WPCB.

Key words: waste circuit boards (WPCB) ; brominated flame retardants; copper recycling; bromine separation;

resources utilization ; pyrolysis; microwave processing technology



