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Fig.1 Flow sheet of dismantling of WEEE and extracting metal from WPCBs
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Table seperation
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Smelting

Pb and Zn
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B2 GiER -k m T 2R

Fig.2 A simple flow chart of the alkaline leaching-sorting-recovery process

R RENRIZ B RY A4 22 7Y
Table 1  Chemical composition of metal powder (mass

fraction, %)

Cu Al Pb Sn Zn Fe  Others
56.34 1.91 4.6 8.63 4.12 11.72  12.68

* Main plastics and glass fibers

DR e PP 4 32 A 2, OKs LR M 1 B Rl 2 B A
by A5 H B A BI(NaOH, =96%). fitfh
B(Na,S-9H,0, =98%)31 A HTaliikil, 75(99.5%)
AT .

5.3 JRENRIZ BE AR SRR R D R LR
%wW%%ﬁm%fﬁﬁMEﬁwﬁﬁﬁﬁ¢,

B B B BERIMESE DL S AR SR Y S

Amﬁ,ﬁimw%&ﬁmTz

Sn+2NaOH+0,=Na,Sn0O;+H,0 €8
2Pb+4NaOH+0,=2Na,PbO,+2H,0 2)
4Al+4NaOH+30,—4NaAlO,+2H,0 3)
27Zn+4NaOH+0,=2Na,Zn0,+2H,0 “4)

BB 0 i SRR 1R B T 2 2% A1 NaOH ¥R
2.5 mol/L, ¥R[E Lk 4:1, | 150 °C, %N 2.0 MPa,
PEFEEE 1100 r/min A E] 3 h, &2 HE R Ik 2
FIi7R o

XPEERR 1 A2 FTLAEH, Bl D R A iR i AR

FE SRS N W] DASC IR EIVA 28 2% AR HR R 8
CENOES) %&ﬁf%%“&lﬁm&ﬁiﬁ%ﬁ%Z%
77.6%- 78.3%H1 6.8%, HrEEiR t 2 A R DA 2 R B
il 2 B AR R P O R DA A I A AER, B
TR AR R o

=2 EHHERS RS
Table 2 Chemical composition of leaching residue (mass

fraction, %)

Cu Al Pb Sn Zn Fe Others
67.07 049 1.29 0.24 445 13.37  13.09

54 REKPEESEEW
5.4.1 E&W@%V@ﬂ%
BREWHEHEG. . 8. B58E, BTHM
%%%%ﬁ&%%ﬁ%fﬁ A 22 BRETFIEE X 5 42
FAR I AR B 2L, B T DA G [ A B v e A B A
BERZIA P SR, PR AT DU SR TR (1)
SIS . SRR UTIE 1 FR VR P AR AN,
JUE R R A AT RO

Pb*'+S* —PbS| 5)
Zn*"+8* =7nS| (6)

AEFA AR : NapS I & R AL 1.3, 1R % 85 C
P PR E 400 r/min A ] 150 mine 1§46 AT R
BB LN 3 fron. 3R 3 AT, LR TE
TR EYRIEER BEFRIRE T 0.01 g/L BAR, HAER 1T
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Table 3 Chemical composition of solution before and after

purification

plgL™)
Pb Zn Al Sn
Leaching solution  7.14 0.46 2.99 16.50
<0.01 <<0.01 2.97 16.43

Component

Purified solution

B LI L4 0 4 FR, XRD 4
Hras B 3 BiR. B 4 TLEH, JUEEmEsE
SRR, B RAR D . KR b T PR BRI W B
SnOF JEARIFIE, ARWBALITE.

P 3 WTLLEH, YUEEER T . BT
YRR SR P 0 R, TR P9 o
TR TAR I, FTLLUTIEY XRD i di AEEs
WU W7 H T AR (O P 25, SR B 40T 1 D e
B, BT B R A e 1 T 4
B, TR IO A A R SR

R4 REBEFLTUE - EEH R
Table 4 Chemical composition of precipitate
Pb Zn S (6] Na Sn Other
7344 567 1296 4.82 1.71 0.47 0.93

? *— PbS

-

1 1 1 1

0 20 40 60 80
20/(°)
3 RBEFLYTEE Y XRD i
Fig. 3 XRD pattern of product obtained by sulfide

precipitation

542 LSRR R R
R 65 °C. FFLE 2.5 V. HIRZREE 100 A/m>.

] 4 h ARG A IRIE S Limin, 4650 EB A =9
) SEM-EDS 73 #fr 45 SR an &l 4 fros. B8 4 o7 RUE H,
FLAR =R 35 5] S SE 1y 2R E5 44, EDS 43
Mr KRB A= 8 & BIAF 98%, bk, AR
FEPIHR R B A, XA F R B T S R
Pb HLARFT S EUH . FAR S VR PT LU [ B 14 e S AR
H TR IEAFIA

Element w/% x/%
Sn 98.28 98.01
Pb 1.72 0.99

Pb

Pb

0 2 4 6 8 10 12 14
Energy/keV

&l 4 ALY SEM-EDS fg i
Fig. 4 SEM-EDS image of product obtained by electro-
winning: (a) SEM image; (b) EDS spectrum

55 RUEBERKRSIE

J5 13 R £ 3% B A K 8 3k B o s AR A0 R Ak B
JG, B B BE BRES R NR M, WPCBs
U Ak B 2 R i 28 A 5 4 T B B 7 4 S Bk 3%
T2, BRI S5 A WLADLEIR i F2 v N4 Js R T
vk, Mo m R k. Fitk, Bk
AR AV W] g — 2044 2 B0 R 22 8 AU o 5 A 1)
BB K, B HERRIK 15 2]/ 8 K32 RO
YA E SRS R I E R, Bk T SR
PRI ERE, A RO B RIS RR A IR R R A
N

RIGZ&A: Pk 2000 g, KA/ 30 L/min, 45
BLHEE 200 g/min, RIS 5°, pPFE 20 mm,
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MR 250 min~'s WPCBs H & i) 3 B2 SRR B
A, IR i A e = R T DA R B G ALY
& N T E RE IR 73 1 i A2 A ML 5 I A
B, X JFURMFIR B i AT S ik E AR,
IR TEE R NE 5 Fis

xSRI G R
Table 5§ Carbon content of raw materials and sorting

products(Mass fraction, %)

Raw materials

0.74

Heavy particles
0.37

Light particles
435

B2 5 ATLUE H, Bl BRI 2 B AR A A e &
®IE 0.74%, L itn & eI AR IK 73 Ab B
G, EIEM 0.74%FKE 0.37%, D2 50%. 4
A B R BRI & B 4.35%, KKK LG
J3 B0 R 22 3 S o v ) BRI LA 71 S B U e B T
BRI .

6 25t

1) JRIHH 7 H 28 ¥ % (WEEE) /& 8 Z [ i 5 7
iR, A R BRI 2R 4 A (WPCBs) A2 [R1 i A K i o 4
JE I HEEJFORE, WPCBs 18 R U 7% KIEFE
AR EE . WPCBs HUBK 31— ki1 e H w0
ZWTZ, ERHZd FE R A 8 e S5 4R 1R 43
FAE WA R T8CA 35 SR ) J, S T —Fp
Fill 252 3% RS R U S B 2% () 4 AR 1 4%

2) TR IR 2 AR 22 e B in s SRR A
B S A, AR IR R IA B 98.2% Al
77.6%, [R5 B R AR 4 Ky Hh 0 3 7 4 R R T
(ERAREEL, RIS E N A SRS BHE
TR SRR S35, IR IR 2 2% AR R Hh A AL i B %
IEF] 50%%5 45 o

3) BN AR VBRI B 4 AN
B, EYAIEEIUTIE RIE R 99.5%LL E, R HEHRFT
VEFEPI TR AR IR R R SR T
FARIWSOE R R 185, BI85 Bk 3 98%.
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Technical route for removing impurities from copper powder of
waste printed circuit boards using combination method of
beneficiation and metallurgy

LIU Wei-feng', JIA Rui', ZHU Peng-chun'-%, ZHANG Du-chao', CHEN Lin', LU Su-jun®, YANG Tian-zu'

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. YCC Southwest Cooper Branch, Kunming 650032, China;
3.State Key Laboratory of Nickel and Cobalt Resources Comprehensive Utilization, Jinchang 737100, China)

Abstract: The waste printed circuit boards are important urban mineral resources. However, it is difficult to treat and
utilize due to its complicated composition. In this study, the current recycling technologies from waste printed circuit
boards were reviewed. Aiming at the adverse effects of tin, lead, zinc and organics on pyrometallurgy treatments of waste
printed circuit boards, a technical route for removing impurities from copper powder of waste printed circuit boards using
the combination method of beneficiation and metallurgy was proposed. The copper powders of waste circuit board were
leached in an alkaline solution by pressurized oxidation process. Tin, lead, zinc and other impurity metals were leached
into the leaching solution, and the leaching rate was above 98.2%.The leaching solution was purified by sulfide
precipitation, and the precipitation rate of lead and zinc were up to 99.5%. Then, the crude tin containing more than 98%
tin was produced from the leaching solution by electrowinning. The organics in leaching residue, such as the substrate of
waste circuit board and solder mask, were striped from the copper foil by shaking table, and the removal rate of organics
was more than 50.0%. In this process, the impurity metal of tin and organics from copper powders of waste printed circuit
boards were removed by the combination method of beneficiation and metallurgy, which provides high quality raw
materials for copper pyrometallurgy. Meanwhile, this process provides a new technical route to the efficient treatment for
copper powder of waste printed circuit boards in copper pyrometallurgy process.

Key words: waste printed circuit boards; copper; pressurized oxidation; shaking table; tin
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