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Table 1 Chemical composition of tin-copper slag (mass

fraction, %)

Sn Pb Cu As Fe Sb S Others

622 92 163 1.3 0.9 0.8 8.5 0.8
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Fig. 1

Schematic diagram of processing tin secondary

resources based on membrane electrodeposition
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Table 2 Main chemical composition of leaching solution

(gL)
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Table 4 Effect of reaction temperature on Cu, Pb removal

ratio and Sn loss

Sn Cu Fe Pb As Sb HCl
203.55 0.76 1.62 1.11 0.03 0.17 128
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Table 3 Effect of dosage of sodium sulfide on Cu, Pb

removal ratio and Sn loss

Temperature/ Curemoval  Pb removal Sn loss
C ratio/% ratio/% ratio/%
30 98.04 47.72 3.99
50 91.17 48.21 3.74
70 3.16 49.99 3.57

Na,S Cu removal Pb removal Sn loss
dosage/times ratio/% ratio/% ratio/%
0.85 66.94 38.85 1.95
1.1 81.56 47.97 2.24
1.3 98.04 47.72 3.99
1.5 98.17 48.22 8.13

SUREW], FEARR MBI EBRSCR . B
WPEII T, BRAAZHT AR, MERET RIS, B
RIBWD . —BAFOUE, 298 K RHRALETE R R T
PRI 2004 0.1 mol/Lo e Wil BEd v, BriAL Wi
JEZURIFEAR, AR AL S IO R AL, ROV A3
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Table 5 Effect of reaction time on Cu, Pb removal ratio and

Sn loss
Time/ Cu removal Pb removal Sn loss
min ratio/% ratio/% ratio/%
15 97.81 50.00 1.39
30 99.04 43.35 2.29
45 98.77 44.50 2.89
60 98.04 43.72 3.99
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HH2 5 SE RIS TR R T % 5
AR, HAE 15 min FRAFIB R TR SAKE, wiEL
V) AVET I RN F R TR B AR, BRAY
REAW RIS, GINPURER, oSSy
SRR SG, BEERMMEL, &EmAY S Y
A, BWIN TR D, B AR S N R )R
HIK, iy 15 min.

2,12 BUERERE
TABR I IE, 98% LA EHiH k2, EFIL 50%
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Table 6 Effect of different barium salt on Pb removal ratio

Pb removal ratio/%
BaCl, 54.47
BaCO;, 97.13

Barium salt

M 6 SR LUE H, [FRK4&M N, BaCOs
T R EAL T BaCly 1, W BT oeE 2 il ik
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Table 7 Effect of dosage of BaCOj; on Pb removal ratio

BaCO; dosage/times Pb removal ratio/%

1 54.76
1.5 63.84
2 84.33
3 97.13
4 98.30
5 98.55

2,13 HLEAIRE

HH AR TR IR A VA A AT A B R -
WRPE 30°C, HFH) 15min, Na,S & N FS R 1.3 £i%;
BIEERRAT: BaCO; IR W FIR I 3 f5. (Ediifbse
PEFIET 3 R KREEERE, WY 1L/, ik
ek gk 8. £ 9 g, ik R LU, &
PAIRIE A, R RIS L BRI 2] 99.33% K1
97.98%, B RHRAE 3% LU R, ki Cu* & Pb*
HIIRFE/NT 0.05g/Lo X T HAl I ot 2 (U1 Fes As.
Sb &), HTEREIRNSEE RS, ATTIE R ik
BRERBE SRS, MRS BAR AR S Y A AR e R
piiE, (HEPIARR SRR, fERRdRET A
H o> A B 25 B AL UTE, AR HUR B A0 T RE RN
W5

R8BI KRR R

Table 8 Results of confirmation purification experiment

Experiment  Cu removal Pb removal Sn loss
No. ratio/% ratio/% ratio/%
1 99.77 98.16 2.33
2 99.94 98.69 3.55
3 98.27 97.10 2.69
Average 99.33 97.98 2.86

RO BB T B B I TR

Table 9 Main chemical composition of purified solution (g/L)

Sn Cu Fe Pb S As Sb

190.30  0.01 1.32 0.03 1.74 0.01 0.03

22 BRAZER5ITR

CAVb S5 N ISR T B B IS rE B R .l ot A
DRI 2RI A FL R S s TR B IR PRI 3 S5 4 1
XoF 1% L T SR F B ok R R RE 4R A (91 A FE I 5%
VR F ) R S
22,1 HLREHE IR

FE [ 58 Gtk A I [Sn® 1180 g/L. [HCI]2 mol/L+
LML 25 “C I, 23 2% S AN [ L 3t %5 243 53l b 100
150, 175+ 200 250. 300 A/m? % FIMRR . BB H
IR SAE R 52 mT . F AR [R) A 10h, a6 45 R
w10 i, B3R B b a2 fros o

P S S T 5 N PSS 2 S (A
RN, BB DTBDIR LR (L 2(a)F(b)),
AR ARG s B FR R IR, R
B, A ARBEZ 30, A B AR T AR B AR TR
RVUVBHIRE, WS — K o B
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Table 10 Effect of different current density on electro-

deposition
Current density/ ~ Current  Cell voltage/ Cathode surface
(A'm?) efficiency/% A% morphology

100 95.24 1.09 Flat and light
150 99.00 1.57 Flat and light
175 98.03 1.59 Flat and whiskers
200 99.80 1.36 Little whiskers
250 99.08 3.27 Some whiskers
300 99.47 3.10 Great whiskers

B2 R MR AP B A 5

250 A/m’, HBIRRS KR 4. L8 T+ th
2 RN L AAR N AR SRR A, AERR
(R AT AR BIT LR IS ST S 15 2RRS . B SCIR BRERIR
VLRI (IL I 2(e)F(E)), BT LAEEAZE I R (1Y) R R 35 82
ANEI K. LA I L% B 200 A/m’.
222 WRRR FE IV 52 e

P 52 4 E I FABB SN 1 80 g/l L% E
200 A/m* HIBUWEEE 25 CHISME R, 202 52 B
BRIy 514 0.5 1. 24 3. 4 F1 6 mol/L I, % BHMM Ak
B BIAR R B TR R 52 o FRRIRER] 2 10 b,
WL R 11 pral), P AR AP B S W 3
Fi7R o

ETIR A Smm——

Fig. 2 Tin optical photo under different current densities: (a) 100 A/m?; (b) 150 A/m%; (c) 175 A/m?; (d) 200 A/m?; (e) 250 A/m?;

(f) 300 A/m>
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F A1 IR X85 HL TR 1 5 WA RRY,  PIHRIR BB (0.5~1 mol/L)
Table 11  Effect of different acidity in catholyte on i, BIMBUIRIRIIR 2, 2 0% . ﬁ"{j{gﬁ'ﬁiﬁ( LI
electro-deposition 3(a)Mi(b)). BEAE R IHE K (2~3 mol/L), BRI E
Acidity/ Current Cell Cathode surface WUt ZNVHEOLS, E%zjﬁﬁ’/l\(ﬂ@ 3(C)$ﬂ (d))- 173
(mol'L™") efficiency/% voltage/V morphology EiLE(4~6 mol/L), HLIRRCRIL, FItREImITIhRE

0.5 - - Scaly surface BT, LR R AR 2 L 4,
1 99.90 2.74  Scaly, many whiskers ALK 3(e)FI(D)e EATERRTESAE T, EhIRANMY
2 99.00 1.42 Flat and light A RIBTIE B TR, RUEWINAER], e ReE B
3 97.51 1.24 Flat and light P TS SIS N A8 Fr AR, PRACHE
4 93.20 111 Rough J, it 2 (KRR AN MR T T . 254525 HE A 2 B

6 92.80 1.16 Rough and dark % FL AR T 0 3 mol/L 58 N3 B

3 ANFIFIRRIR B4 T T3 HI i 2 e 30
Fig. 3 Tin optical photo under different acidity in catholyte: (a) 0.5 mol/L; (b) 1 mol/L; (¢) 2 mol/L; (d) 3 mol/L; (e) 4 mol/L;
(f) 6 mol/L
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LEFE E 2 N BIAGEIR B 3 mol/L HLFR# E 200 Table 12 Effect of different tin concentration in catholyte on
A/m?, 25 CHAET, 43 M5 5L 43 50 K 20 electro-deposition

40, 60 80. 100. 120 g/L Itf, X EHEHTIHRDL [Sn*Y/ Current Cell Cathode surface
BB i 53 SR R TR . FRARIST )2 10 By, 3 (gL efficiency/%  voltage/V morphology
2 RN 12 5, A B AR SR WS an 1 4 s . 20 95.10 1.67 Scaly surface
PRI 25 KR, I B B R AR (<<20 g/L) 40 97.00 1.49 Flat and rough
I, ISR — e, RifmHRE . Aase: ke 60 98.60 1.55 Flat
H BB B BE IR (>40 /L), OB AR U 30 99.30 1.48 Flat
ESRE S0 7L O Pk UK TV R & 100 99 50 147 Flat
HRARWA K. LhE5E, TR, i 120 98.70 143 Flat and rough

AR B3k I 80 /Lo

- e

B4 AFEPIRE BRI IR E S
Fig. 4 Tin optical photo under different tin concentrations in catholyte: (a) 20 g/L; (b) 40 g/L; (c) 60 g/L; (d) 80 g/L; (e) 100 g/L;
(f) 120 g/L
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224 VIR IR S e

FEBAR I [Sn* 14 80 g/L. [HCIH 3 mol/L. Hiifi
W 200 A/’ A AE R, AN SRR IE N 25, 35, 40,
50 “CHf xof B AR BSR4 L 50K R 52 o FL RSN i)
A 10 h, RIG L5 R WK 13 B, Fifs I e g
WK s s

SRR, WA, HRACRE S, RS
KA b, RITHRE, SBORIA LI 5@a)): B R
FERIT i, HBCR BT, SRR 28 T )

F 13 AR FR TR S
Table 13  Effect of different electrodeposition temperature on

electro-deposition

Temperature/ Current Cathode surface
C efficiency/% morphology
25 99.49 Rough and whiskers
35 98.11 Rough and light
40 98.93 Rough
50 81.97 Whiskers, rough and dark

- .
*

B 5 AR NPT e S S

b, BCIRILAR L, WEES 40 °C I R R A (L
5(c))e WRAEIE S, IR SR NI, TR H R
KIMMEE, w2, BBCRAEZLE 5d). B
DRI N 0 ra A 2 TR A B gk PR Re 2, i)
5 2T PR 033 /<o =7 S 1 I O 299 A 13 B i 2 7
& T s R B S AR AR B A T D AR 7
At FLAR R MR SR 40 C o

225 LREFMAR

T bk PR B2 R A 1) B e P AR R Ak
ZAFR s BARR AR AL Sk [Sn®T] 80 g/L. [HCI]
3 mol/L, HLJRZESE N 200 A/m*, HIRLEJE A 40 C.
TEMEAAT N REAT R BRI FU AR R G 4 AR, A [
12 h, AR5 AR AR IL B 98%, “FIIREHLE N
1.9 V. FrfFPIR i BURGL & 6(a) s, Frfd B
[ 2 B4k 22 RS ICP-AES 43 T2 14 %),

HIRIE 45 v, RS 4, T RAIRAR
TES R AP ARY, IR Ee%, Wafe 2Ia
B, ST KT 99%, A K
6(a) X AR MR R, K 6(b)FT = I %

Fig. 5 Tin optical photo under different electrodeposition temperatures: (a) 25 ‘C; (b) 35 °C; (c) 40 'C; (d) 50 'C
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Table 14 Main chemical composition of cathode tin (mass

fraction, %)

Sn Fe Zn Pb Cu As Bi

99.49 0.022 0.001 0.053 0.092 0.001 0.075

6 BIRBIBAISA A SEM 15
Fig. 6 Tin optical photo and SEM image of confirmation
experiment: (a) Optical photo; (b) SEM image

SEM % s B U U URR A il PR, SRR 352 (K]
FLIRABTRL. A& 7 B K XRD el LI, B
By BT AT e AR L, HRAI
i L, X 53 14 FP PRI TS5 R 2
BV ™ o 0 PR

Fz16 ATLZHIMTZRE

2.3 ZFRARIERR

IR AL, T T L ki
Pt ZEA JsUR} 2l P (AN 35 B9 AR T (0 5Ok AN
ANTLBHEES (I 15)0 [N ZI2E T JURH WL b 21
TGS, FE AT 28T T (LR
16). SNSRI B, A T 2080 & 5t a5 Al

*+— Sn

10 20 30 40 S0 60 70 80
20/(°)

7 B XRD i
Fig. 7 XRD pattern of resultant Sn plate

F 15 MR 2w A
Table 15 Cost of per ton tin recovery through membrane

electrodeposition process

Parameter Value Unit price/¥  Cost/¥
Hydrochloric acid 200 kg 0.4 80
DC consumption 1200 kW-h 1 1200
Power consumption 200 kW-h 1 200
Water 2 m’ 1 2
Sodium sulfide 15 kg 3 45
Barium carbonate 15 kg 2 30
Sulfuric acid 10 kg 0.3 3
Total 1560

Table 16 Comparisons between proposed process and traditional process

Process Investment Tin recovery ratio/%  Raw material cost/ ¥ =~ Environmental
Leaching-electrodeposition process Medium 98 1560 Friendly
Sulphuration volatilization process High 85 5000 unfriendly
Roast-leach process High 90 4000 unfriendly




o 26 B4 12 ) R, S SB TIRERRB LR R B L2 2665

RHITAE, K2 B nT AR P15t R A 1
POk EBAAIRAMS, A KA T M4 B )
AL, BT LAABE /N o

3 #ig

1) T I R R A (B WSO8 (1 3 T 2 Ak 3 B A
#, R PR, AENSE BT SR
WG PR TRLE, B E>99%. Z%H L AR
HWFERL REFEMC. CRKHEBSE L, &R he
IR I8 — R B v D ORr T 2.

2) BT | B B n DUl I R A DTE
AN ER e 17 R 25 0 WA A A A - BRAL R -
ULEE 30 °C, W) 15 min, Na,S FHENFHICEM 1.3
fifs BUERERET: BaCO; HIH BRI 3 £, fEMs%
PER, BB AV 22 B IE B 99%H1 97%, B
REAE 3% AN, IHLJEEH Cu™ & P> IR /N
T 0.05g/L.

3) RGBS PR R A
H: [Sn*'180 g/L, [H']3 mol/L, HLFE 200 A/m?,
HIFIRLEE 40 °C o IBA5AE NPT B T 2 308,
WACHTTIA 99% LA |, Wid% H i FFE/NT- 1200 kW-h,
B S i 99.49%
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Novel process for tin recovery from
stannous secondary resources based on membrane electrodeposition

PENG Si-yao, YANG lJian-guang, CHEN Bing, LI Shu-chao, LEI Jie, LI Jun-yuan

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

Abstract: In view of the current tin secondary resource treatment processes existing problems, a new process based on
membrane electrodeposition was studied to recover tin from tin-copper slag. The results show that under the
solid-to-liquid ratio of 5:1, hydrochloric acid of 4 mol/L, temperature of 50—60 ‘C, 98% tin can be leached from
tin-copper slag. Under the conditions of 30 “C, 1.3 times dosage of stoichiometric Na,S, 15 min duration, and 3 times
dosage of stoichiometric BaCOs, the Cu®*, Pb*" in the leach solution can be reduced to below 50 mg/L. The purified
solution was subjected to membrane electrodeposition. Under catholyte [Sn*'] of 80 g/L, [HCI] of 3 mol/L, current
density of 200 A/m* and electrodeposition temperature 40 °C, a compact and smooth cathode tin can be obtained from
cathode. The current efficiency is more than 98%, and tin purity is more than 99%, power consumption is less than 1200
(kW-h)/t. The resultant SnCl, solution in anode compartment can be reused as leaching agent for leaching, which
achieves the closed-circuit circulation process.

Key words: tin copper slag; chloride leaching; purification; membrane electrodeposition; tin; clean process
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