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1.1 iR

FEA R AL A 40 g/L SnSO4 (22.1 g/L Sn). 90
g/L HySO4. 0.2 g/L B-ZEW. 1 g/L IR, LiRi7¥y
oA, HEYREER thVE & I ARERERTE 90 CF
ik 2 hfilpk, FmEEIR E B L SN, BE
FIERLL CHO5 H,O NN ARIRTTH, Fefil i fgiR
16N BE, NI HER R (Cresol sulfonic acid) 1 &
TR (Gallic acid) i) FLAEW 7> #idy BE-CSA #1 BE-
GA, MMAKREFZHEREN(Sodium ligninsulfonate)-7% &
TREABINFIN BEMRICA BE-GA-SL. @RI
PiH, CSA. GA M INE AN 5 g/L, SLINE N2 g/L.

1.2 MWk E*E

BT A AL S M 3 7R i R A Ak 2 TR
(CHI660E) 31T, HRBEREFEHELE 35 C, MK
F =ik R, 2t~ Hg/Hg,SOu/sat. K,SOy,, 3L
TCRFIR UL, BT AL IAR Tz k. RAZ%
PR 7735 43 BT R I B R AN L B T IR 1) HL A 2 38
P, TAEHARATS R348 Pt (10 mmx10 mm), HL
AL AR TEFE —0.410~1.700 V, $935#E 5 mV/s. K
F R (LS V) 2 AT Y I s R R0 9% 13 1 R T B AR 7T
AT N IREI, TAEHARN 99.99 %857 (20 mmx 20
mm), X EACAAT R EA% (40 mm*40 mm), AT
Y H—-0.880~—1.100 V, 343 £ 10 mV/s. K H Tafel
MR A A AR Sn(IDFIVTR B 1%, i

3 I N—0.780~—1.020 V, F3#EE 0.166 mV/s.

FL AR SIZ 50 R SRR AR &, BHARCRTL Y [ SR
BHEH R 7 4245184 (20 mmx20 mm), BHH N
99.99 %A%45(20 mmx20 mm), HLFEEE A 100 A/m?,
HLARIST ]2 24 h, LR FETEEAE 35 °C, RN
50 mm. HfEE, SERIECH ARG, 287K
Ji, 16 80 C FMET 8 h JFikHHiH T Bl BL(SEM)
MR BIRB IS R 5 M R 5
T B A B (psnqn)~ A BIR P (psnemy) T HHRFE
(carty)» pSn(H)%ﬁH B e VA s D& pSn(T)ij‘—é%
F AL A ¥ s va b Sn(IV)I&JR A Sn(Il), VAR A
Jei, RGP B VEAR psary: cary i NaOH i
SEVEIRTT . HARET. XS BAMRAR R, 2= EVEIRAS F AR
ARG R, SRR B RACR.
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Fig. 1 Anodic polarization curves of Pt electrode in different
electrolytes (Potential range from —0.400 V to —1.700 V,

scanning rate of 5 mV/s)
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0.080 V i HLIRFF4AIE A, 0.090~1.250 V H B L%
Al, FfiJa HIEA A2, B 1(b)FI(c)AH T Pt HIAK
TE27 AN [F)AR B PR Py sk AR 3 1 1 IR 1) PR R TR LSV
k. Wi 1)fn, BRI 2.5 g/L FrE 2
10.0 g/L, LSV MiZFEA T A, N H BT R N6 B
Ak A2, BLEITE(RT 10 g/L MRS, KA
I E YRR TE Pt FRK B AAL ROB . 7R B T IR
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HLARR, BAARARAL I 2R T ARAH I, #H%% BE-CSA(2.5
g/, BE-CSA(S g/L)FEMRIR 85 TR FEL IR A Dk
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Fig. 2 Cathodic polarization curves of Sn electrode in different
electrolytes (Potential range from —0.885 V to —1.100 V,

scanning rate of 10 mV/s)
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AL T7 oA F e A, A ETIE S R4 CHIG60E (1)
IR-compensation BEHIRAFA MR HAT Ry, B 3 Fros ik
[ HLAL A% et @app—iRy 1B TE, MY @ppn AFHHIE 2
FEINET AL, @ NPT, Tafel HIZERH Orgin %X
PEATENEE, PAF AR BT Sn(ID)TTR R
e AR e IR T, i 3 IR TR . AL
EHFEATUEE, IR & T RIS I
B HRALBETOERS . LLBUR R A Sn(IDTTARA #:
ML FE T DA H R AR (100 VS S B8 DU AR S e
BN, VIR SRR, SRR T4
R, IEEH BRSO ERER . BT
TR PRI TN (R /N B IS i L IR 5 B, R LR 4500
R BEL i 5 R 2 T R B R
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-0.87t
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B3 Sn HARAEAF] HURBF ) Tafel ih2k

Fig. 3 Tafel plots of Sn electrode in different electrolytes

(Potential range from —0.780 V to —1.020 V, scanning rate of

0.166 mV/s; inset table showing linear simulation results of

Tafel plots)
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DR PEA AN [E S D0 7R 0T FR R R e PR s e, 7E 24
h AT S, 208 T BRI — A8 Sn(ID)¥KR B« Sn(1D)
TEEE Sn(T)H i 5 EL A HY IRk, il 51 F3% 1 Al
2. WK 1 A&, 7£ BE R, BMAERT. )5 Sn(T)
WML T 04 gL A4, Sn(ID) 5 448 0 il i
74.68% AL F 73.30%. 7 BE-CSA HLfFW . BT «
J& Sn(ID)FIRFERRAK T 0.86 g/L, JUE HIK BT AR
T BE W, (H2HMRT. 5 Sn(IDIRE T
BE WA R AL, AR 24 h J5, F csaay/Csnr A
m T BE VWA Ui B F R (1N i v] LA B —
MR E WE . 76 BE-GA HRF, HfEer. &5
Sn(INIKEE AR T 0.82 /L, HLf#ERT & Sn(ID)KIHK

5 BE-CSA HfER MY EAEREIZ, HiE24
h J5 BE-GA VAW H %) Sn(Il) 5 HBH & & T BE 1 BE-
CSA M. B, B FRAEREBR Sn(1)ik
FER Sn(INTE S8 0 5 beor i B R MER, &
AT H R IR - 3X 1T g 598 & T BRIE I P B 5 A K .
7E LA ol AR PP LR R IO A AR AE S Sn(IV) T 5% & 1
FRALSE [ 8E, J8/b Sn(ID A, HZE AT REMERE Sn(IV)
W) Sn(In), AT ASE FELAAEVR A Sn(TT) IR FE AR FFTE R
K

R 24 h HERAT. JRIEVCE Sn(IDIRE K Sn(I/Sn(T)2E L
Table 1 Sn(Il) concentration and Sn(II)/Sn(T) concentration
ratio of electrolytes before and after 24 h electrolysis

Psnny/ (g'Lil) [Psnqn /psncr )}/ %

Before After Before After
electrolysis electrolysis electrolysis electrolysis

Electrolyte

BE 15.77 15.38 74.68 73.30
BE-CAS 16.72 15.86 78.76 73.70
BE-GA 16.55 15.73 77.95 76.63

EHRIERE T, BR T Sn(I)IR X BRI FEA 5
M), FEL AR VR P B %o B A 7= it B B FRLIATAKCE . Sn(IT)
A VA S . Rk, AT T HARRT . S AR
IR . BT R AN TR IR, &
BT H . R, THRER I XHR & UK, 4R,
PRI FE AR AR W] LAE VP AL v e PR — /MR
Fro WIFK 2 Fion, BE W, FARRTE HURERC
7 0.084 mol/L. 7£ BE-CAS HLfEF, H IR EFFK T
0.045 mol/L, MRJEIFAKIEELIN BE HURRIT —F.
IM7E BE-GA Hffl ., M. EIRELTFREE
AL, BRFERFRRAE . 1X 5 LSV FAMAR AL il 285 1 2
—8, WETRMBTENIEME, /£ BE-GA H
i, HIEAR A 5T RN .

Sh4 W YR B RN 5 B TR0 ARV (TR B
Sn(IT) 5 &8 LU G AN IR BE g sg i, m] AT 2518, AHER

2 24h EET. JE AR HOUREEAR L
Table 2 Concentration variation of H' in electrolytes before

and after 24 h electrolysis

C(H+)/(m01'L71) AC(H+)/

Electrolyte : - .
Before electrolysis  After electrolysis (mol-L ")
BE 2.176 2.092 0.084
BE-CAS 2.201 2.156 0.045
BE-GA 2.196 2.193 0.003
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THEERR, B TR NG R T e s m
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RS R, A AT AL R R IEAT

2.4 PRI SERME

TEMRIR AR R, BT TR/, Ut
B fiet, SAKEE. ik, @it RJEmA
25y FUIREER A, AR TR BE R
HFOARINA 0.2 g/L g-ZEM. 1 g/L Wi, 7& BE Hf#
WHOLE 4)f(b), BIRBRMEBCE, KinEHE
(1 s A RIORE HERR TS, DR 43 iy M RORE 522 J K ST K o
2 FLAAR A N R RS, B AR R T SO T HLT

(L 4(c)fi(d)), ToBA SR RURLR . ST (LB
4(d)) A DA S AR R S . DR, R T A R
AT LR o5 B AW P S P o AR I A AR Ak it 2 R
Tafel HZ& I HTas H, 755 MR iR, Hi
TERR B A Sn(D M4 f AR, 8 RKBAMARAL, G 5T
13BN A/ SRR o SRTIT, 1] 4(c) () TSR I o,
o F R FELA R, BRI 2 T TG P . A RORE T
i, RMAEH-FE. nrCAHEN, R A A BE A
Sn(I) 45 & AR, BT IR I W] REAE B AR R T RF IR I
Bt ATTIEZMT Sn(ID) YRR BSR4, D B8P 20U
P 7y s 2 %o 9] A 2 2 T FRD R BFHAT A Sn(ID AL
R A R T3 — BRI

FES B TR AR O 4(e) (D), AR 2

B4 A AR T B 24 35 C,

100 A/m?)f5 B4R 45 (K T4
Fig. 4 Morphologies of cathodic Sn after 24 h electrolysis in different electrolytes (35 °C, 100 A/m?): (a), (b) BE; (¢), (d) BE-CSA;
(e), (f) BE-GA
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RIFRZACT BE W, LS AR BORL HERR Y B
KA TR SRR AN ST 5 A, R EERY /N
T BE ¥, RS T A7 A A A RO AR 7= A 1) 23 B
WK, BeAh, 7 BE-GA(10 g/L)EfEW, B
WG A 2 HBUR B IR, B 4(e) TR 4K At
TE dl KL R A i o

£ 3 BT AF B AR RR . /£ BE
HLARV T, HIRUCRATIA 99.53%. /£ BE-CAS HLfRR
o, B HIR AR AR B F I R RV B3 K,
IR AR, FEARYEFFE 98.5% A4 . HIHE
B, ERMEART, Prase Ik e R
{H 2 AE BE-CAS ¥ LTI Jo HOVR FE B AR R /N T
BE VA, 15 BATE 2 FY Iy A R PP LR SR BRI
SEAmrEARIR N T . /£ BE-GA HAREF, 1Rk
BE(2.5~5 g/L)E& & TR AR Em AR, H
MRS BE A Y. SR, ¥ T EIR S N
F 10 g/L, HABCRP R, XREERAEE T
BRI KT, AR AR, X 2
ST RHR S RAMEL S, AT B R R B R . R,
WEFRRIIR B T 247 10 g/L BLR.

3 IR 5 P AR AR 9 A P TR SR R
Table 3 Influence of additives on cathodic current efficiency

during tin electrorefining

CSA GA
pesal(gL™) efﬁcctilzlecr;t/% parl(gL™) efﬁcctilzlecr;t/%
0.0 (BE) 99.53 0.0 (BE) 99.53
25 98.85 25 99.60
5.0 98.35 5.0 99.46
10.0 98.60 10.0 96.32

2.5 E&FMFIXIBARFIREIS 0D

B ESCRTEN, TERINA B TR AR, Bk
BRSO EACT BE Al BE-CAS HLf#R. Hph
ININE T ERICTE A2 TVl ks B 2SRk . TR
I, PRk T UMERER AR A R B E R SR B TR
HRE AW, WL T A E S A I R Y]
WS . SRR B, KB & B R 4 (Sodium
ligninsulfonate, iy SL)5 % & R4 M E AN
FIRT DL 2 5 AR 85 T 3

K 5 fit7n N BE-GA-SL 7 H LA 24 h 3RA5IBA
WS, HE S@Mb)AT W, 7EA R KRN
BETREERMFIAR, BTSRRI A W50 &

5 BE-GA-SL Ml Hif# 24 h(35 C, 100 A/m®)J5
R IS

Fig. 5 Morphology of cathodic Sn after 24 h electrolysis in
BE-GA-SL electrolyte (35 °C, 100 A/m?): (a), (b) BE-GA-SL

Wi Je 73, BI85 3R 1H - 84 B2 51 o AT BE F1 BE-GA
&%, SL-GA B4 INnT DL 3 28 [ 25 7 5 A
FURFE, 5o GA SN IN T BOK R AR BRI 7] A
F#: T BE-CSA 14 %, BE-GA-SL 14 £ B W45 (750
FHIES BE-CSA #HiL, RE-TFEEKKT BE-CSA
A Z8, AEUAT DL 58 49 2 T 85 FEL AR gk A 5K IR I
AR R RR AN & TR A TN IR 22 AR
TR, BN Hh MRS H b v S C TS D5

3 #ig

1) B EFROE LT H B, mi B
R LTEAT o SNV 18 P DU FEL AR R P4 ZE F5 AR
S, I HLARR Y SR BRI Sn(IT) (245 1 LU R R
R MR PBER, WeTREAH TS
AR RS E

2) PR AR 2 2 B Sn(IDAIVTAR, B9 0B AR AR
1, BIMRGEUE 5, SFREPUR LT B TR Sn(1D)
DURRBN D155, PR PR . U R,
IR R B FRE S FEPH AR
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Influence of gallic acid on tin electrorefining process

XU Zhi-feng', LI Zhu', LU Yong-suo”, NING Jian-ping?,
ZHONG Xiao-cong', LI Jin-hui', ZHAN You-bei’

(1. School of Metallurgical Engineering, Jiangxi University of Science and Technology,
Ganzhou 341000, China;
2. Technology Center, Jiangxi Self-Independence Environment Protection Science and Technology Ltd.,

Fuzhou 344133, China)

Abstract: Traditional tin electrorefining proceeds in electrolyte containing H,SO,, SnSO, and cresol sulfonic acid (CSA).
It is urgent to search novel environmental electrolyte additive to replace CSA due to its stench and toxicity. Influences of
CSA and gallic acid (GA) on electrolyte stability and Sn(II) electrodeposit behavior were comparatively investigated
through linear scanning voltammetry, Tafel test, titration analysis and SEM. The results show that GA presents stronger
reducibility than that CSA does, and remarkably inhibits hydrogen evolution side reaction. Addition of GA stabilizes
electrolyte acidity, and enhances Sn(II) concentration and Sn(II)/Sn(T) ratio. Compared with CSA, GA is more suitable to
enhance electrolyte stability. Addition of CSA apparently inhibits Sn(II) electrodeposition and increases cathodic
polarization. Therefore, CSA presents excellent flattening effect. However, GA shows smaller influence on Sn(II)
electrodeposition dynamic, and decreases the flatness and compactness of cathodic tin. Moreover, addition of GA in high
concentration results in the appearance of tin dendrites. Sodium ligninsulfonate (SL), as a leveling agent, is selected and
combined with GA. Composite additive of SL and GA is demonstrated to improve compactness and flatness of cathodic
tin. Consequently, SL-GA composite additive is a potential alternative to CAS. It could be a novel environmental-friendly
additive for tin electrorefining.

Key words: tin electrorefining; cresol sulfonic acid; gallic acid; sodium ligninsulfonate; stability; morphology
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