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1 g‘ggu Na,Pb(OH),+Na,S——PbS+NaOH 3)

1.1 SEGERAEE

H TN S b B AR P R B A, N T
SE R FURSIBOR,  SR B AR H B AR P R
ATREG . ARSI T RS, BHAAN 1.2 mm, EE
tH 5w T E(E BR) B PR A R AR, KL ERYI R 32 4%,
KN 4 cm FIK Sk, ik 1 pigl.

R1 BEHRLEL R
Table 1 Chemical composition of solder (mass fraction, %)
Sn Pb Others
25.19 74.23 0.58

S FfT FH (0 P L B R 1 3 3o R v D A A
Akl HERFEUK 6 cmX8 ecmX0.1 cm.

S i S A R o il v AL T A A B
AFVEFE,

SIS FITFH 1 65%40 T S ML E Ntk 2Eat, EZ
SRR R A B AR

FEREAN LIPS HTER] A RA R A1
HL-2B BUEGAE, &Intd KA DF-1 434
AR TFERS, BUNBCRBENIA RA R 4= THS
BB G 4 2 5 THS—2/90 FEL 3 H5 Sl 1 3 2%

1.2 SR
AT Heak AR — P ) I TR IR A LR
AMNH], IR EER D NG S, SRR
B EHNEEAR, T B E A R IR,
B G B A4 2 I OB B I, R F et i N 7 =X,
B 1E S Sk TR 2, A 0 S O] AR R TR
th SRR R R R R T,
Sn+(CH;);COOH+NaOH—>Na,Sn(OH)s+(CH;);COH
(1)
Pb+(CH;);COOH+NaOH—>Na,Pb(OH),+(CH;);COH
(2)
RS IS BERE SR AR AR &R T DL A
7B TR EED, B Sn(OH)s 5 Pb(OH) . i
AAR R B R AR o D TUE R, YA R B TE
R, AT IR NayS-9OH,0 AT ITTER . [N T7

BRI VR TP AN ) Ca(OH),,  UTTE S (1 [R]
I AT LI G K i Ca® BOHA 2% e R NI A R
AEAAHA R ITHE, FEge B T2, 4
T pH R T 12,5, PUEYIN CaSn(OH)™s &
JiRE
Na,Sn(OH)s+Ca(OH),—> CaSn(OH)s+NaOH 4)

CaSn(OH)¢ &8 i R Ue ¥ J5 AL B P 15 3] SnO,

Pl R R R R
CaSn(OH)s+HCl—>Sn(OH),+CaCl,+H,0 )
Sn(OH);—> Sn0,+2H,0 (6)

1.3 LWRRMESHINHEE

W o S5 ESRE S B IE — B
NaOH W, BEAN 1.2mm, KEAN 4 cm HED
IO, AR — iR N AT MU R, R R
MTEREAE R P2 m T S E, kM
—E I 8] 5 i JEAS BB % R, il e IR 5 W
FEEETIREANSENEREHER), iTHARK
LU

R =2 100% (7)
mW

X R AESBIIRHE, % p AEBEETIKE,
g/Ls V RNEHAERL, Ly m NE L8k sRmiz
g, g5 wAZEBAERAETI S RESE, %.
BRYERH AN BRI B ERPIRTE R
Ja PR J5 W, 76— R N A Na,S, R M5t 3E,
BRI — W E I Ca(OH),, B JFiEjE, ¥
JEVE M ERIRE BIE T =I5, 1E 300 CIS dEpd
AT KRR, SRAG . I e e & R TR
FE R & B VTIE R (R,), AR TR
R, = 2= P2 100, (8)
AN
Xt Ry ABBMIVIER, %; p NULERT &S T
PIREE, g/Ls py AVIIEE B FHIMREE, g/L: Vi, RUL
VERTRARN, Ly Vo AU R AR, L.
PEWER FH AR A 55 B RS O
(Optimal 5300DV, Perkin-Elmer Instruments) £ il £\
BIREE, SEIRFRWE 1 FTR.
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Fig.1 Schematic diagram of experimental flow sheet

2 GBRESH

21 HFRHSERGEENS
2.1.1 2 HIE FE TR H R A S

£ NaOH K JZ N 5 mol/L, 1K Z I (85% B %
W +15%011(CH;);COOH 5 ¥iR) -5 12 45 4 il bk (mL/g) v
20:1, (CH3);COOH ¥ INi# % 2 mL/min, & H
] 25 min %&0F T, FEEHIEEX &8RRI
Wi, SEEG A5 R 2 Fs.

K 2 aTLLEH, 7ERNE—B RN, BEE
s, EYBINR B RTE B, XREDNIRE T
AT a2 AL FUL 2 s BV 8RR B A — 5
16 90 ‘C NiZHF &, 70 C N IR R 5 90 C
Beilr, HAERM 20 min J§, 70 CL 90 Cig HREA
—F, HYIR RN 94.83%, HIIR HE A 97.60%,
FREREFE WA RERER, EHL 70 CHAEIER RN
.

2.1.2  (CH;);COOH AR 73 HU6HR H 2 152 1R

£ NaOH K%~ 5 mol/L, KMNRE R 70 'C, 14
RIS LA 20:1, (CH;);COOH & B b
M 2 mL/min, 2 HEE] 25 min &N, B
(CHs3);COOH &R Ho) 4 J/ 12 2 B, SL50 45
B 3 fis.

HE 3 A LLEH, 24(CH;);COOH AR 43/ T
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Fig. 2 Effect of leaching temperature on leaching efficiency

of metals: (a) Pb; (b) Sn
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Fig. 3 Effect of volume fraction of (CH;); COOH on leaching
efficiency of metals: (a) Pb; (b) Sn
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15%, Y85 1995 1 B (CH;),COOH AR 2> H it 34 n
MG, 2(CH;);COOH A KT 15%. Hii
12 2 BE(CH3);COOH ARFR 73 H (138 A8 40 AN B\,
e R, SRS EATZ MR, AR
(CH;);COOH fEBH 431, BERUHTEA 01, &8sk
WA i SR A, A T SRR S A A
FIit#E. BEhN(CH;)COOH H &, &/~ £[0125
SRR MISFE, AT E&RAEMP AR, RedER
H&, {H24(CH;);COOH AR H T, BiA ik
D, BRI, WD T AR R ERY, [
I FHTE IR 22 5 (CH;);COOH AW NI FEdr, £ B#AI
BRIEOREE, S4B R H AR, 1E$E(CH;);COOH
R ECN 15%5 N EidE .
2.1.3 BRI EXHE H R AR

SR E 70 C, AR R (85% I R +15%
i) (CH;);COOH % ) 5 /% % W [ b 4 20:1,
(CH;);COOH A INIEE 2 mL/min, & HKE 25
min ZAF T, FHEBIKENEER E RN, Sk
ZER N 4 fis.

HHE 4 7751, UK 5 mol/L i, #YEiiR
R, SIKRE /N T 5 mol/L i, HYHIIR H R
BEBRA FE 3 I 34 0, 488K KT 5 mol/L i,

100-® =8 —2.5 mol/L
*—5 mol/L
|  4a—7.5mol/L
801 v 10 mol/L
< 60
=40t
20
0 ke
2 6 10 14 18 22 26
Time/min
1(b) #—2.5 mol/L
1001 4 5 mollL
4—7.5 mol/L
80F  v—10 mol/L
< 60
= 40}
20t
0 Ls

2 6 10 14 18 22 26
Time/min

4 TR O R 2 e

Fig. 4 Effect of alkali concentration on leaching efficiency of

metals: (a) Pb; (b) Sn

VB IIR H E BRI FE B it B A . FERRA TR
Pb. Sn 4} BA PbO? | SnO,> FITE s AFEAE T i,
BRI E N S mol/L I, OH R EAWIE N, ¥ T 4
B EEEEMRE T A SR, S8EEIR
HEIEETIE N . S BR KT S mol/L i, PbO
SnO5™ 7E Bl Hh 1) ¥4 A I8 60 94 35 11 386 o i T S R
P2, ELR RN, S AR G, bk
R, AT EEMRE . GAFE, EEIKRE
95 mol/L N&EIEMHE.
2.1.4  (CHz);COOH 3 s & XHR H 2 18 52 1
NaOH iK% N 5 mol/L, MNIREN 70 C, K&
T T(85% FIBRIA Wi+15%H1(CH3);COOH  ¥##R) 51245
WE N 2001, RHEE 25 min & F, #HE
(CH3);COOH ¥ I i 55 0} 4 J 2 A R IR 52, 52
WL RaE s s,

100®
80
g 60
=40t
=—1.6 mL/min
20tk *—2.0 mL/min
4—2.4 mL/min
i v—2.8 mL/min
2 6 10 14 18 22 2
Time/min
100}®
80+
S 60
= g0}
®—1.6 mL/min
20 *—2.0 mL/min
4—2.4 mL/min
ok v—2.8 mL/min

2 6 10 14 18 22 26
Time/min

5 (CH;);COOH 3 T3 JB2 of <5 e 32 H R O S

Fig. 5 Effect of dropping speed of (CH3);COOH on leaching

efficiency of metals: (a) Pb; (b) Sn

HHE 5 al%n, 7EHEL(CH;);COOH i i 5 1
FEl N, Pb. Sn fiR H AR AN B o 230 It B 5k
I, R HELE 10 min ZATHEFEAR, 10 min 2 f5iRH
RGBS . (CH;);COOH VA VRAE R H /3 i 3 F5 e b,
BeuE A 01, RNHTIE, BT S A O]
TREEUC, W, RS RN,
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P T VR P ) M R I T AR VAR R S R
KBRS PR AR RIS 5 N, HIS AR A
hn, BEAICT NaOH V0K SE, DRI s FE i pr, 12
HEBRAC . A i B B, S SN (Al S R K
1T 0 9 (CH3);COOH. I AR CRHFEE 5, 43
P E A 2.8 mL/min B, (CH3);COOH ¥ WAE SN 10.7
min Bk M INTEEE, W TIE A [O K &=
Je 5 S BB TR R R R[OS A2 TRIIR: HH 2R B 2
T, L% RE, EF(CH;);COOH hEE N 2.4
mL/min BN G & .
(CH;);COOH ¥ 4% 2.4 mL/min i & JE 15,
KR KIS T8 A 12.5 min; 243 H B [8]IA 20 min J&5,
WG A5 02 H BF TRT AR 30, 055 85 B H R B AR REAN AR,
I HIREELE 92.36% 5 96.21%. X2 K NBEE M
AWk T, (CH3);COOH 43 il Za g imik, r=E 11
MR SRR, RIS R R, RAEE
ARV T R RIS 5N, RV ]
I Z A TER S, KONV TE], SRR HEA
RAAS, PGSR 20 min VAR B ]

22 BERERPENESEIER
22,1 HHRBTZHR

Vo L SR A ) e R b ) R A A R HE R R 6
cmX 8 cmX0.1 cm, JFE N 487.3 g, DAL 7 H
BEARIEA ;. B EARN 1.2 mm FEASERR DI RR 32 4%,
KA 4 em B, JRERN 10.7 g, DAL 5 H
PEAR A R . B E IR I R A SIS A, Ak
AR 73 L B AR AR S5 1280, IO S5 15 BRI H R
R 2 Tkl

2 BRUL T AR EBUR R L S AR
Table 2 Chemical composition of leaching liquid from
oxidative alkali leaching of simulated waste printed circuit

board (mass concentration, g/L)

Sn Pb Cu
13.48 39.71 0.37

1 2 AN, VAV 2R AAS B o e R B AR
1) Cu, ¥EWRAE 200 mL FLEH G A A 1.5 2k
1 Na,S'OH,0, Bl 13.81 g, #HEN20 C, ek
JE5N 200 t/min, MV E]A 15 min, EHIUTIERIE )
98.79%. KA IESS, [RWWET 120 C
MEAET T 8 h, SRR Ak AR, X HFET XRD 4047,
HA R 6 P, 45REWYIAEN PoS. il X 54
285 H 61/ BT (X Ray Fluorescence) 7546l 45 5 Un

% 3 g, Hod PbS AU4lErIIA 99.23%, JE4kE it
Ja iR R SRR

. =—PbS

L

10 2|0 3|0 4|0 SIO 6I0 7|0 80
260/(°)

6 JUEH) XRD
Fig. 6 XRD pattern of evaporation precipitation product

®=3 LRy
Table 3 Chemical composition of precipitation product (mass
fraction, %)
Pb S Sn Others
85.95 13.28 0.68 0.09

222 BRI 2

£ F3R 200 mL P00 JG i oI ER 18 & 2.5 £ 1)
Ca(OH),, Bl 4.20 g, ¥ RMIREHN 70 C, KRBIHF
[f]2A 60 min, #HEFEHEE N 200 t/min, BT RIEE
93.21%, HHEHAESEEE, HIIE~MET pH=1
R SRR 26 1F TR0, VRIS, BT 400 C
M5 g b #bFE 2 h 138 A MR, XRD 7 Hrgs 3
RAVIAA SnO,, W 7 fivR. @ B A S ST

=—Sn0,

L._kal
10 20 30 40 50 60 70 80
20/(%)

7 ULUE W) XRD i
Fig. 7 XRD pattern of evaporation precipitation product
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28, 25 (CH3);COOH-NaOH 14 Z: Ab B IR 35 o AR R 2 A 151

= 7 R S 6 AL (ICP-AES) T 546 45 R in 3% 4
5, FEETEE GB/T 26013—2010 ARtk

x4 YUESAC Y
Table 4 Chemical composition of precipitation product (mass

fraction, %)

Sn (6] Pb Others
78.73 21.22 0.03 0.02
3 FHip

1) I (CH;);COOH-NaOH 14 £ AbH 5 37 F B A
RS, EAOR HES P RETAE, HEEAAE
R B ARCEE AR PR Cus EVEWCT, Y8 40 0 DA
Pb(OH),* - Sn(OH)s" JEAFLE, 43 5K Na,S-9H,0
5 Ca(OH), VTIE IR BGR S 5 h e 5%, 115 PbS
F7 i CaSn(OH)g, CaSn(OH)s 203 25 a1 5% Jm #kb
FE[ 133 SnO, 7=

2) i3 ¥ %2(CH;);COOH-NaOH 14 2B 83 72 %
R R4 B A 2 sgm, 1930 7 s TE%& Mt K
FLRER 70 C, MR RN 85% TR H+15%
J(CH3);COOH ¥, #14h NaOH ¥##i N 5 mol/L,
(CH;3);COOH 3 IH3# 5 24 2.4 mL/min, & HES[E]A 20
min, TEMLZAT, HIRREESA 92.36%, H1RH
F K 96.21%.

3) B EWFMAN 15 FHEH B EW
Na,S9H,0, , HHIUTIER N 98.79%, wIHIFF4EE N
99.23%I1] PbS ™ pits AEUTIE JF P INAFIR & 2.5 £
1] Ca(OH),, J&, ZIUTIEFRIEF] 93.21%, 3% SnO,
FEeh, PR RS GB/T 26013—2010 A5ifEs

4) AR 2SI 3 AR R 11 R AR ]
W filok T H ANEYRIR S T 2 A2 s s s 5 2%
TR XS TC A 5 B vl ™ B 5 2 R 4 R e UK
FEREI 8, A T2 36 R (A 4
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equilibrium of quaternary system

Recovery of solder from waste printed circuit boards in
(CH;);COOH-NaOH system

GUO Xue-yi, LIU Zi-kang, HUANG Guo-yong

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: In the (CH;);COOH-NaOH system, the separation and enrichment of tin and lead in solder in waste circuit
board are studied. The impacts of leaching temperature, solution composition, NaOH concentration and dropping speed
of (CH;);COOH on solder extraction were systematically analysed. The optimum parameters for leaching are as follows:
under the conditions of the solution consisting 85% of NaOH and 15% of (CH;3);COOH and leaching temperature of
70 ‘C, when NaOH concentration is 5 mol/L, dropping speed of (CH3); COOH is 2.4 mL/min and leaching time is 20 min,
the leaching rates of lead and tin reach 98.79% and 99.23% respectively. After adding 1.5 times the theoretical amount of
Na,S 9H,0 to the solution, the precipitation rate of lead reaches 98.79%, the purity of 99.23% of PbS products are
obtained. After adding 2.5 times the theoretical amount of Ca(OH), to the solution, the precipitation rate of tin reaches
93.21%, SnO, products can be obtained after the heat treatment, which meet the GB / T 26013—2010 standard.
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