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Selective solvent extraction of
copper from acid leaching solution of PCBs with LK-C2
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Abstract: Copper was extracted with LK-C2 from acid leaching solution of waste printed circuit boards. The effects of
pH of aqueous solution, reaction time, concentration of LK-C2 and phase ratio (O/A) on the extraction rate were
investigated. The effects of the concentration of NO;™ and S0,* on the extraction rate of Cu, Fe, Zn and Sn were also
studied. The results show that the extraction reaches equilibrium quickly, and with increasing equilibrium pH of the
aqueous solution, the copper extraction rate greatly increases. The copper extraction rate also increases with increasing
concentration of LK-C2 and O/A ratio. The optimum conditions are determined that the concentration of LK-C2 in the
organic phase is 15%, the phase ratio (O/A) is 1:1, the pH value of the aqueous solution is 2.00 and the reaction time is 10
min. The concentrations of NO;~, SO4*~ and CI™ have no significant effects on the extraction rate of Cu, Fe, Zn and Sn.
Under the optimized operating conditions, copper can be extracted effectively and the extraction rate reaches 99.78% at

one stage. Using sulfuric acid solution (2.00 mol/L) as stripping agent, the stripping rate of copper reaches 97.51% after

EEWB: PEEREGARGIH LR E T W% B H (KZCX2-YW-412)
Ui HHEA: 2008-05-13; f&IT HHA: 2008-09-03
BITESE: B, mIZE%; il 010-62553559; E-mail: hbcao@home.ipe.ac.cn



18 B4 12 ) FKANE, A LK-C2 M BRER R AR LR L A i 2285

three series of countercurrent extracting.
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Table 1 Composition of leaching solution (g/L)

cu* Fe** Zn** Sn** NO;~
5.126 0.633 0.158 0.393 13.682

ST FH AR IR 0 S S W) LK-C2, TR A
S F IR, 2 5E LEIRC A HLAK
W FTARAIEI A brat, SEs AN 81K

12 KWHZE

PA LK-C2 WAEHGR], WA Ve AR, f%—
5E LEAITC 1 A ARG, AR5 BL— 2 A AL 57K
AL AELL, O/A)E TR, iy, &
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WK B T (i (35[H Dionex 2], DXS500)ill5E
SCAE 25 °C R HET,
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2.1.1  I4 pH AR50
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pH {EXTA. Bk BERBAEICR I, SEE 45 R
Bl 1R
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Fig.1 Effect of initial pH values on extraction rates of Cu, Fe,

Zn and Sn with 20% LK-C2
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BEIARER; 24 pH E A 2.00 I, 47 (1 2 IR IE 3 99.00%
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Fig.2 Relationship between 1gDc, and equilibrium pH
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Fig.3 Effect of equilibrium pH on separation factor (Dcy/Dr.)
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Fig.4 Effect of content of LK-C2 on Cu extraction rate
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Fig.5 Effect of phase ratio on Cu extraction rate
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Table 2 Optimum conditions of copper extraction by LK-C2
»(LK-C2)/% O/A
2.00 10 15 1:1

pH Time/min

22 KREDENAEFREKREXZERNEA I
221 NO; TR S AR IR R

AHFFEH] NaNO ¥ 15 B T NO,y 1) it ik 23
4 13.94~18.31 g/L, fELL EARAKISEESPE T, Skl
WOIATAEHL, AFEEE NO; [T B IR X AL IR [R50 o

Bl 6 B kR NOy IR T R BE XA . 2k
BEL BIREICEM M. B 6 nEH, NOs XffART
F G B AR AR AN, o, AR AR
1F 99.27%~100.00%2 ], ZRIAIRART 4%, FEFI
B AR IIET 0.50%.
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Fig.6 Effect of mass concentration of NO;  on extraction

rates of Cu, Fe, Zn and Sn
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N 2.17~6.96 g/L, {ELL EALALIRSEEG S T,
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(R o
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Tl <5 Jeg B8 1 1R A= IR BE AR AT RE Wi, A TR A IR A
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Fig.7 Effect of mass concentration of SO4* on extraction

rates of Cu, Fe, Zn and Sn
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Fig.8 Effect of concentration of C1” on extraction rates of Cu,

Fe, Zn and Sn
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Fig.9 MeCabe-Thiele plot for extraction of Cu
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WSy . K G A NS 2.00 mol/L i FRAEAS I A
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Thiele [ fif#v2:45 211l 10 FroR i AL HL

d I 10 740, FHEE Y 11 I, AR0E BRI R A
B, B LR DTFE PR AL T
SRRAROERE, SR YITR 3. R 3 WAL, &
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AR (R B IA ) 4.749 g/L, T8k B T LA



518 5 12 4] TR, S5 LK-C2 APRER R IR HH b A e 2289
3 MY R A
Table 3 Stripping of loaded organic solution
Stripping number  ¢(Cu) in loaded organic ~ ¢(Cu) in stripped ~ Stripping rate  ¢(Fe) in loaded organic c(Fe) in stripped
of stages solution/(g-L ") solution/(g-L ") of Cu/% solution/(g-L™") solution/(g-L ")
1 5.115 3.523 68.876 0.031 0.000 2
2 5.115 4.100 80.160 0.031 0.000 2
3 5.115 4.988 97.510 0.031 0.000 3
=T, 2006, 33(1): 31-34.
7L 1:5 HONG Da-jian, ZHANG De-hua, DENG Jie. Reclamation of
1:4 PCB scrap[J]. Yunnan Chemical Technology, 2006, 33(1):
or 13 31-34.
'.'“; 5t [2] MUKHERJEE A B, ZEVENHOVEN R, BRODERSEN J,
x&u 41 HYLANDER L D, BHATTACHARYA P. Mercury in waste in
Z 1:2 the European Union: Sources, disposal methods and risks[J].
5 3r Resources, Conservation & Recycling, 2004, 42: 155-182.
2f fiu Gperating line, A:O=1:1 3] A, HACE. JEr iR SE e KAWL 0 (BT L],
142:1 EIFERET R, 2000, 19(10): 461-463.
.blzl . . ) , NIU Dong-jie, NIE Yong-feng. Analysis on pollution and
0 1 2 3 4 5 6 recycling value of waste battery[J]. Shanghai Environmental

[Culorg/(kg-m™)
10 MeCabe-Thiele FIfi# Jx 4% 4
Fig.10 MeCabe-Thiele plot for stripping of Cu

W, PRI, AT AR B . T LK-C2 AXHY
[l WAL 2 i AR R A 9 R P PR AR VT AT 1

3 e

1) LK-C2 15 J 26 M M 1 P 12 HE VA4 3R v A0 11
A4t pH R 2.00, LK-C2 WKJEH 15%, O/A
i1, AEBUSTALY 10 mine ZRIAHCERAL T 2.00%,
BERBIEARNB A, AT I AL .

2) #5853 B R BU(B=Dco/ Do) (£ V45 pH {H A
1.96 Ik B 5 L 2 154.33

3) W NOs + SO Hl CIT IR 5B X6 4l
IR NE OB IS RTES ALF

4) ERALSIE T, iRk R HE AN, &4
—RAWE, A FEIEE IR 99.78%;

5) ML 1:1 405 F, 2.00 mol/L AR RXT 12 A HL
AR A, & = RBPISR R AE, W) AR IA
97.51%, IKFEFEE RIS H 1.
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