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UL AR, HILEARERM . REFREIL. BB Ry . RS fERE, FIHT K H
ff 5 — O I S B A B R A R A, I LB AT B 4 JE B Al T 38 99% LA b, S AN T
0.04%, TRIZHTH KA T ALY AR, Bkt S o s, fan,
RS, RIS R RS CPUMR T &8, FEREXRAGT, AR sE
A @k 93% LA LM B, A TAEREHE T, #5477 5 000 mL B SE R, AR [T IR 18
94.5%" 3y AN, IEUESE T BRPER R T R TR I A n A PED S B AR SR A 5T R DL AR A
B I el %, (AL 408, AN Fe. Al SERAFAE T HL AR J50RT BA AR ™ 9 ey PRUTT B AIG T H 80
=Wy ai B G KB, R - AL PE K B AR R, Cu a] KUE IR M %5 19 [Cu(NH,)]"
B A 2% A ) T E BA AR LA, TR RN A5 4 B L ASREIE S 228 B, X AT B TR R ACR
A g fEUe ) S 45 R R, TERAESME T, WPCB-MPs 4 (1 WIS 5 ol 97.48% . 4 i g 99.992
1%, HFRAHEIE 106.76%"7

FL i YA B 1T DA R ARG A 230 350 B o P o DA RO/ B TR A 7 A, T AR . PRI, X Tl
oA A EEEAEM . Ft, 76nra-SIbE it o 2% i i IR R BORF ST Sl L, BRI AR VRO B
X Cu (9 I 2 HL AR M2l 38 LA B2 Cu MINiL Zn. Pb 25 & @ T RIS, LI R 5 i Tk
AN Vg 2

1 SISy

1.1 SLIEHRE 55

A% S 96 T FF 9 WPCB-MPs B H5 B JC # £, 25470 ) 0 w4 LA B (BR20, 7k 2 B s 4 A
dbm0) HRA ), o 40 B, 43 #)ki4£<0.45 mm (1) WPCB-MPs ¥}

K Fi HCI-HNO,-HCIO -HF"* % # hlF 47 7 fiff , 38 o i BRI 6 55 88 7 140 2% & 99 1% 1 (1CP-
OES, Optima 8300, 3 [& PerkinElmer<\ v ) il iE H 4 J& i 1 & 7r %, #5 R WL 1 r7n . WPCB-
MPs H fx £ B IC R & Cu, HFE P80k 2 3430%; HKJE Ba, Fe. Al, Ni, 545K
240%. 1.59%. 1.40%. 1.42%; #R 5 & Zn.
Pb. Sn, Mg. Cr, s8N T 1%, it
H2.69%, AR T4 .

x=1 EFNREZERS
Table 1 Main compositions of WPCB-MPs

Cu Ba  Fe Al Ni Zn Pb Sn Mg Cr

AR 525 T 0K (NH, H0) 7K Bt 72

o - 34.30% 2.40% 1.59% 1.40% 1.42% 0.89% 0.55% 0.73% 0.28% 0.24%
(CuS0,-5H,0). & Ak # (NH,Cl), &1kl (NaCl)

B ar A A, S K R Atk .
12 XBRRESFHZE

SIS FH A A R VU AL KAl (10 emx6 ecmx7 em), WA 1 FTs o T R B8 A4 8 A3 43 B R BH A X
FIBHBE DX, BARL X FE 4.5 em, FHBCIXFE 5.5 om. FHMR M FHER R 98 ST R, BARC B AR, HlAR 1)

9 EER
—BAK

i I
) g v P { ,7 B l /
-1 N e /+ b 4 T 2
S o
Ci H 2+/C H)- C z+/ H)-
e SRS _— - S O
P T —_—l 1@@‘7’5{8@”\ - o © - -
B e © 1 INHS B0 o < { Inm;
e ¢ LT -. ;SR.; i, o o «. . C;EZ;;
e - e ﬁ-‘., -
‘ 0 e A Y
SCe Wicu

1 XBEETRE
Fig. 1 Diagram of experimental device
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RAFH 6.95 cm=6.5 emx0.2 em. 2L SR FRS %5 1 Jy s sh B+ 2 (-1, TR SR IS BHECA IR 2
Fl D T A XA T MU, 2 AR A S P A A T 4 fk

B UK H, i B E A% W 200 mL, 0.5 mol-L™' NaCl, 0.5 mol'L™" NH,Cl. 4 mol-'L™" NH;-H,0, 20 g'L™
Cu*'(CuSO,'5H,0). # 6 g WPCB-MPs M RS MBI FHAR ZE Hd, $iFE, 20 mA-om™ T HU# 3 he L 58
UG, R AR XA HR S, T 122 A9 ZK IR 5 S B sk AR 2% 4 9 2 A0 AR A S, S
T 60 C FH#EEEHR, HORhET 045 pm (9 ZALIEMEE T HuE, BHBGE 60 °C F PR EHE, 705
J R AR R DU T 26 2 ORI B . 5 2 R A, A AR 1 R A R A R, I T L R T
9 pH 2 9.90 Ze 7, [RIF, 1 NH,CIdE 24 9 55 A i i NH, ™9 Jot 69 5 9 B2, 7E AR 8% Co ot ok
PV R L TR LR R SR I TR) R AT 2 RS ER . RIS HUE , WOAR AR L BRAR I DL R A
W BTk, BRI 2 s,

*2 BRRBEFRERIERH
Table 2 Experimental arrangements of the electrolyte circulation system

PARTHR R YR R RP

sy PRI BRI e e e RORGpH  RRpH L A
(mA-em™) (gL) . . mL
(gL (gL

1 20 30 3 - 20 10.20 9.5 200 -
2 20 30 3 20.75 20 10.00 9.2 205 19
3 20 30 3 21.63 20 9.90 9.10 210 28
4 20 30 3 20.47 20 9.90 9.10 209 18
5 20 30 3 20.34 20 9.90 9.10 200 15
6 20 30 3 19.63 20 9.90 9.00 200 20
7 20 30 3 21.08 20 9.90 9.30 208 17
8 20 30 3 20.47 20 9.90 9.10 206 13

T " FRIZEIEAL .

RwHEZIgE, SR I . B . B 9 FE AR i 7F HCI-HNO,-HCIO,-
HF R U N EAT IR A o A VAR F, S 98 v ) e B R 2R 90 4 SO BE 1 (730 nmy) ™, LA 43 )
W5 FH ICP-OES M5 o BA A% 7™ 90 1) 0 A B AU 285 43 30l 3l 2k X 54 2 AT 54 {1 (XRD, Japan Rigaku, 29
/Ultima IV) F143 4 8 F i 535 %8% (SEM, Cari Zeiss, Ultra55, Heidenheim , 75 [F]) #1721 .

Cu IR | BAM = WEiE . Cu W HLRECR . &R EME . I . i i iy 43 i %
RSt (1)~ @) .

nyw,

Culr[IiR = 100% —

)]
1A%)
Ky m WA E, ¢ w MEBESRSEN R E D5 m, 5 WPCB-MPs ) Jli &, g; w, N
WPCB-MPs 4 1 4 J& 19 i 1 50 40 .

B = 20 = 100% — Hofts 43 @ i o 20 4% )
5 LK = an x 100% 3)

K e my ASEBRAS BN AR ) BT 6, g5 my, AR TR S 5 e A RS 2 G B AR A 1
i, g

M It

" ZoF

ny

“
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Kr: Mo, 8 CaBAHXS 43 F B fk, 63.54 gmol ' [ RiE ot ML, A ¢ LR N BBTTE], h;
Ze, MBI AS, 25 F LIRS, F=96 485.3 C'mol ',
2 #BR512
2.1 EFERMEIAIT Cu B, 4E . BRMENF M

IV e 4 1 8 R R 3 R 4 R DO M B AR AR Y R, TR A TR [l Al R
A, AAT T IR R A Rl R e A A T A s e (] 2). B RN, WIIRGs AT,
R W ] 0 0 3 L S S8R A DSR40 1) K 99.98% . 98.63% Fi 99.05% ., e % HEL ffk v i BB 2 A, B
W B 4 B 5 R B s g/, R HOJR AR, iR E] 99.9% DL b X R R, fEIRRGH, WPCB-
MPs 1 (1) Cu 0] JE Ji il ¥ R A 4 B W sk B R L T Fe I Mn 55 48 JL-T- ARJE SO 2 4% & Y,
KA TR 20 . 534, A R AR BB N, B T 95% (AN A 2(a)). i B H TR AR R AR
TEIR RO, BIITE 83% L) b (ANIET 2(b)), 328 i 4l HL A 0 IR H R RAR (6090~T0%) o L PX FT i
J&, WPCB-MPs 111 Cu BB 4% — DI A — M Bl i@ % &9, i@ G X5 & s
] 2 I A — A, i 2 VR R R A R DL — A i T SRR, AT T R R AOR (R
G~ O, EKREDER, AL NH, A, dt i, AR K T N 2 )
P Cu(NH,),”*. Cu(NH,),". NH,. NH,-H,0. NH,"JEX 177

100
oo f—t—p—p—p——— |
99 | }/\ 199 95 +
S & s S
i og | A {98 m ¥
ko /\ 2 X wf
= N Fi/8 =
= 97+ L 497 = & —Y,
85 |
96 & —a il 196 \
—a il
95 1 1 1 1 1 1 1 1 95 80 1 1 1 1 1 1 1 I
1 2 3 4 5 6.7 8 1 2 3 4 5 6 7 8
W3R SEET T W IR AEEA TR
() B I EAE A T UK A DGR AEE Y 5 (b) 4 AL fgIa A T YO HL ISR I 3 )

B2 ¥REBSTREIEEEE. BRGEMAEEPZM

Fig. 2 Effects of operation times of slurry electrolysis on copper recovery, current efficiency and purity

Cu+2NH; - H,0 — Cu(NH;); + 2H,0 +e (5)
Cu+4NH; - H,0 — Cu(NH;)2* + 4H,0 + 2e (6)
Cu(NH;)2* + Cu — 2Cu(NH;)? 7
2Cu(NH,)2* + 6H* + 3¢ — Cu(NH;); + Cu + 6NH (8)
Cu(NH,); +2H" +e — Cu+2NH 9)

2.2 HEKRMEAS Cu D HHEMNE

ARG ST, AHERESESROEMMAE, sS4 m e . = . B
T o A ROk R R o IR B AT UOBOR A TR R . R TR . B R A A s n 3
FiR o EIRHMES, Cu7EHL AW 5 BRI 7= 9 h B 20 A5 2853 0 8 72.87% Fi1 25.86%, A 1.27% 1Y
Cu A7 F AR h o B R 2K HL A B s 804 L AR VR Cu 1 40 A1 R = T BIO™ 9, H i
Ff B Cu B T B MR B (20,75 gL 507 5 F A FRL AR VR D Cu M BRI (20 g L) AHIE, & A FIK
P 56 8 KL Z 5, CufEHL MM Th 3 A RAKIH I =, T 77.19%. 7F 8 kLS, BB i
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Cu 9 73 A1 38 52 B /N B2 e sh kA A B A, 7 SYME s SS9

2SRRI RAE, 9 089%, XEM, Niulnlulisiclalils

i W T 52 A A YR BT WPCB-MPsH Cu 1Y [F] 80 |

WG AR /N, LT BT A 19 Cu #8 LL 4 )8 §6 1Y

JE 2 U B 05 4 A O 5 5 8l

Cu 75 Hh 6 315 1972 0 o B 43 0 Al i £ w}

BN, AHHTE H R R B A AT R AR 2 T B ) ol L L e Ll L L

FEY, X AT RESE T PR Cu A DT R R bR ¢ = EEEEEEE

NTF B Cu ¥ R, BT F A 9 P Y = ERE S

Cu SR G 0. B AE YL

2.3 ERREIL ST Al Fe, Ba, Ni\ Zn, Pb 75 E3 W RERETRETES NN

AL Fig. 3 Effect of operation times of slurry electrolysis on
HA, fit Wk T 2l % Al Fe. Ba. Ni. Zn. copper distribution

Pb i M2 ANl 4 TR o B 58, FE 8 B AT, ALFE FAR IR 40 A RN 21.55% 34 i HE i &
69.35%, TEPHM I o Y 4341 RN 78.42% 1% i AR 2 30.59% (AN 1&] 4(a)). X UM, BliE 2K L M 1 5
A] LAfiff WPCB-MPs H1 1) Al 2 1 76 LRV AR 20 s 48 . 78 8 AL SE I i FIAR 7= v, RAS I 21 AL, 35X
R, AL EA BAR AU BRI SR LA (—1.676°V), AT AS BEZE B DT AR Y S ELA A (R 728 Ak i 3 1
WA Ba 5 Ni, FCAE A B 04 40 A0 R B2 8 I (L 4 (o)~ 4(d)), H Ni 78 HL R b i 0 A R i
LR T Ba, HJFEHATHEJE Ni G8 5 20UKHIT4E, A0 INI(NH,), >, 1 Ba AR XEAE K Z& R
Fe K- FEAE F M . flan, 7255 74558, HBE T Fe M afiRiksmA, H
99.93%; TE5 2 1L 5G 1, Fe 78 FHAR A 43 Afidne A H A 55 35 81.28%(UN 5] 4(b))o 8 2 5255 i 4k 7=
Y rh AR K F Fe, FWIFEIZAKZR T, WPCB-MPs H1 1 Fe R MER 1 8 i i v o 3% J& K i WPCB-
MPs 1 Fe — A 43 5 50K R AEEALR IR, BIE0EE Fe B T e 8K Tt A & 2 4% 4 S v 2B ik
A EW . Po N HA W EMRAE, BE AT 588 5 i A= BT IR 38, XORE 5 W2 /F H 2B B PbCl, Al
PbSO, MR, Uk, 7Rl P72 AN AR E 1) (A 4(D). LI AFP SR AL 534 &
(AW~ -1 TS T 20 T R R AT L, AR 8] T —Fh s 2R R T 99% . IRk 93.1% 1
AL BT R, 3O G F R A AR KHS B
Zn 7E BH B 5 P 10 A SR Ml AR AR . o, FESE S ALK, Zn 7E FHA I P 1Y o0 A R
2.03%, ik 97.97% M Zn 4340 T LR (A0 B 4(e)). X R, BRI R A R 0T LUK R 4
Zn )\ WPCB-MPs H1 2 i . HJF R Al fEJ&, WPCB-MPs H i) Zn 5 /K 4 i, Zn(OH), 1 H,, Zn(OH), X
W F &K RN ARBEAT . A2 B [Zn(NH,),1(OH), %44 &R (10)~2K (11)). o1 FIZ 9 i 2 A8 7E e v
AP HE GO, R, BEE IR AT, 22 Y b AR A i 21 Zn A9 42 AR
Zn +2H,0 — Zn(OH), + H, (10)
Zn(OH), + 4NH; - H,O — [Zn(NH;),](OH), + 4H,0 (11)

A KGR XS Cu, Al Fe, Ba. Ni. Zn, Pb MY Al LIF ), FEETRH LT, &8
TE LSRR P 8 20 A A AR B R B B2 0 B R B T R R IR P R R R B O B , &
BREENR . GG Cu WL, 8 LI Al B 447 7E 99.9% L b, XKW,
fift WP ) SR AR 2 25 BA AR B 2B B2 A SR AR MR o 3 Ah, X T HIALR, B4R Al Fe, Ba,
Ni, Zn, Pb %4 @ e fL R b 0 R S R L RE B JG , (il 71 28 5 Ja 75 JsURE v 1 R AR /D ELAR A TIC
R, DR L RS R WA AR
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100 NNt Ok =A™ 100 - NN FHtE Ik =A™
NININININEINENEIN NININENVININENIN
80 b & & 80 b
S & N N S 60+
£ \ 5
ﬁ 40 & R 40
2o-§ 20 F &
AN\ N\ N
0 : 0
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
W3 AL AFAE T TR Wi ARIE TR
(a) AV/EFRMR I LR BAR = 9 v i) 2 A 1 0 (b) FereEBAM A HUAR ST i o3 A A5 0
100 N Pt gk ==Y 100 - N Pt IRk 3=
NININVINENINVININ NEININEINENENININ
80 | 80
NN
g 60 60t §_§_$
< i NANEN
R 40 b N R 40+
N D \
20 & & & & NN 20
0 - 0 '
1 2 3 4 5 6 71 8 1 2 3 4 5 6 1 8
I ARAE T TR I fRE TR
(c) Bafe FHMR I | FL AR BAAR =1 i) 0 A 1 (d) Nife FRARE | AR SRR =4 P 1) 43 A A 50
NN TR =0 100 N M AR =0
NN S Gl YNINNMNMYYR
80 & 80 |
S 60 ;:; 60 &
B N
5wl ol | N
A\
20t 20t N
. o, NENENG

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
W L s A7 U W L i im A7 U
(@) ZnfEFHHE | HURA IR 4 v (9 20 A1 155 5L () POLE PR | FUAFIR L BAR™4 Hh ) A1  0

B4 BRBBEMRRE. BFGMAR~YHE AL Fe. Ba. Niv Zn. Pb 3 HHER
Fig. 4 Distributions of Al, Fe, Ba, Ni, Zn and Pb in anode residue, electrolyte and cathode products after each slurry
electrolysis operation

2.4 [AIRF=MHEIE SR

BRAR ™ By o 32 4 J ) o oy RO AR N3 3 s o A5 R, BEE RS AT, BB
Cu iy B R B T 99.9% LA Lo UL, R A 30 o 52 4 P B0 031 R JLF A 2 52 W) B AR 14 40
BE. 38k, Fe. Ni, Zn, Mg. Crft 8 415256 A B ™ W) b B R A I 2], Ui Bk 28 63 Jm B A 2 LU
DU 7 AT IR, P 5 Sn MY B8 i 2, (HOR M KRR D . HIEZ T, Po BB
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O30 T Sne X R T Pb AL S T A AR I F AR FL N O —0.126 V, R < JE FL IR S R R OE T
Cu(+0.342 V) i —2K )@, Wik, fEd A& rF T, ML R Po a2 IR,

x3 PARFNEZERHNRENH

Table 3 Cathode products mass fraction of major metals

FRAR =) Cu Fe Ni Zn Pb Mg Sn Cr
Y, 99.984 0% ND ND ND 0.016 0% ND ND ND
Y, 99.981 8% ND ND ND 0.018 1% ND 0.000 1% ND
Y, 99.980 1% ND ND ND 0.019 7% ND 0.000.2% ND
Y, 99.976 9% ND ND ND 0.022 0% ND 0.001 1% ND
Y, 99.976 2% ND ND ND 0.022 4% ND 0.001 4% ND
Y 99.971 7% ND ND ND 0.026 4% ND 0.001 9% ND
Y, 99.969 9% ND ND ND 0.027'4% ND 0.002 7% ND
Y, 99.968 0% ND ND ND 0.029 0% ND 0.003 0% ND

TE: NDFRARKN; Y, ~Y iR 58 1 4~ 2 S HE AR S 2 AT B AR 40

¥ 8 2H S50 v B A 45 21 (Y 4 9 2 17 XRD (111)
FHIAT, DA 5 fok. mETLIA N, 8 4l *—Cu r e
BT 46 75 75 20 A 9 43.316°, 50.448°F1 72.124° UL
A0 BB R AT T4, 5 Cu 19 JCP-DS F i
K H 4 (JCPDS No.36-1450) 4 (111), (200), (220)
FEAE AT S 068 () 06 037 B — — Xt R, LA S R 3 R
WA AL XTI, AR
fiff YRAIE S S 6 T A5 B ) BB B 20 AR R, X S
TR 26 R — 2 10 20 30 40 50 60 70 80

i1 Scherrer 23 2 (D=kA/Bcosd) > 11 & & ki 20/(°)
ReFRAN, Z5R0% 4, AT EGE T, 8 41 5 BAHRSAE A XRD
FE S (111 & T A 50 B fe o . 5F — IR 3 Fig. 5 XRD pattern of copper foil cathode
f4 B B ) 96 S (L0 R A P 38 R R /N Oy N N .
44._1;;9 H; PR };;i@i&ﬁf ' Bjj':& !EIEJE I Ak Table 4§}:alf|?e1§<:i?tiz§m§aﬂiiifi t\heHE:j(l)LI:e?t- peak of
RAT B BN E AR, ABBEARZERFTE 31 nm
2Lk ﬁ%@%%%fﬁ%}ﬁiﬁiﬁ%ﬁ?ﬁﬁ%ﬁ Fa m— COIDREERREC B
G, AR AN O SCERAE P, 4 v, o1s] s
(L11) AT 2 THA G A U h o 1, 2UH (220) wl 2 Y, 0301 2657

o

<

EN

PR

-

NN

S <

the cathode product

o S AR 3 2 AR5 9 1 BT L Y, 0253 31613
DR At A2 [P B 97 T RE R AT A v B L 5 Y, 0215 37.201

A5 8 4152 10 5 745 T 46 7 6 T (B L s 0252 St
2 AR R AR, — R BT iR N . i
B TG T . — AR 5 2 6 R 9 ‘ o0 e
1) #EAT SEM F14# 53T, WG H MBS, 45 PEs Y Y SRR LSS R BB .

R 6 oo ATLAE W, BrA i §E 2 2 meE
B, OMICHARATATBURDIRAL i, H Co R R %, H5A)F, X5 XRD HM4HR—2. H
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X 8 LB G B RO ZE A A e AR A, i, MIET 6(a)~I&] 6(h) AT, BEETEERAYBELT, TR
T A U370 22 0 22 o 3ok ] BB A by i - DO ARGE R bR, R 9 L g HH 2 B T I .

2 um

20 um

(a) 55 LZH B S SEMIA (b) 55241 FIH G SEMIA]

20 um

() 53 B H FESEMIA (d) SHAL ISR T SEMIA]

20 um

() B SR I FHSEMIE () SE6L1 I 9 SEMIA]

2 um

20 um

20, um

(g) H72H PR FESEMIA] (h) LB AR SEMIA]

El 6 BELFABIAMREERN SEM E
Fig. 6 SEM of cathode copper foil obtained after each group of experiments
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ZLATFERW AR, HAb4 B Zn, Ni 25t n] DL B0 B b
2) B, e T el FH T B AR P ] [ . Al EE S AN K, A 4ERFTE 99.9% . 90% LA . #i E
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Influence of electrolyte circulation on recycling waste printed circuit boards of
mobile phones by alkaline slurry electrolysis
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Abstract Aiming at the pollution problems caused by electrolyte in the process of alkaline slurry electrolysis
of waste printed circuit boards of mobile phones, ammonia-ammonium chloride alkaline slurry electrolyte
circulation was used to recover the metal in waste printed circuit boards of mobile phones (WPCB-MPs), so as
to reduce energy consumption and pollution. The effect of electrolyte circulation on Cu recovery, current
efficiency and purity, as well as the migration and transformation of Cu and other metals such as Ni, Zn and Pb
in the process of preparing cathode copper from waste printed circuit boards of mobile phone by ammonium-
ammonium chloride slurry electrolysis system was studied. The results of seven electrolyte cycles showed that
the electrolyte circulation had a significant effect on the distribution and current efficiency of Ni, Zn, Pb and
other metals, while the distribution, purity and recovery rate of Cu were hardly affected. Cu was mainly
distributed in electrolyte and cathodic copper, while other metals were mainly in electrolyte and anode residues;
the purity and recovery of Cu in the 8 groups were higher than 99.9% and 90%, respectively. The recycling of
metal from waste printed circuit boards of mobile phones by alkaline slurry electrolysis could realize the
recycling of electrolyte. This study can provide a reference for the high value resource recycling of alkaline
slurry electrolysis in waste circuit board.

Keywords WPCB-MPs; slurry electrolysis; alkaline electrolyte; metal recovery
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