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Table 1 Compositions of noble antimony (mass fraction,%)

Au Ag Sb Cu Pb Ni

1.25 0.25 51.32 18.84 13.68 4.34

*— Ni

v— Cu

o— Sb
. 4 — NiSb

0 20 40 60 80
20/(°)

1 & 5HE6 XRD i
Fig.1 XRD pattern of noble antimony

Element  w/% x/%
Sb 71.49 66.47
Ni 3.24 6.25
Cu 1091 1943
Pb 1437 7.85

Pb

4 6 8 10
Energy/keV

B2 &5tEh SEM {451 EDS i

Fig. 2 SEM image(a) and EDS spectrum(b) of noble
antimony
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WIF:

Ni+H,0,+2HCI=NiCl,+2H,0 (1)
Cu+H,0,+2HCI=CuCl,+2H,0 ©)
Pb+H,0,+2HCl=PbCl,+2H,0 3)
2Sb+3H,0,+6HCI=28bCl;+6H,0 @)
2Ag+H,0,+2HCI=2AgCl+2H,0 5)

RS SR 1)~(5) T3 () SR PR A XK - &2 N
HigE.
122 SEETIVL

2 HA SR H B SUBR I SEERTE 500 mL =
A R A £ =2y N i VR S A E U = IR I=R
KR, HECA AT E R A Kk e TR
R ERRRIS T e B = fbetrh, JFINFAEE IR,
FERBTEHE, AR 126 22 B0 ] LN 8 B & SR b oK,
KA PREERE 2 T, S — B ARSI e
A7 FE I8 I E IR DA — 2 R NN — 8 & B XK AT
SR, RN ERMBA, JFEETHIE, L
DUV 53 55 o R BUARR, VTEMRIRHEREE 4.0
mol/L IR BRIA M ANRE 95 “CIIFUK L G B TAK
H, SIS AL A A AR R, DR AR
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HEJRERE S AR ERRES L, H6)THE:
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BORIH ASER ) TTRAX-3 2L, AR R I A
40 kV, MEAXAEFHN 250 mA, IR 10 (°)/min).
&R B JE 3 R O SEM 3 ik (Japan Jeol
JSM—-6360LV instrument operating at 20 kV).
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AT E S T IR . W LE . R X
SR I 2R BT O SR A TN 38 558 PR 2R 2 LAV IR
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2.1 HEGRE AN

A ) R BRI B A R T i B IR R 1 o
BIRCRPL, FtE At B S 20 g4 WE LL(L/S) A 6:1.
RUEIK & R 115 £ EEUK IIAGEFE 0.5 mL/min.
TREE 80 CHIS[A] 2 h, FHEL [ EhFRH BEXHA R FL AL AN
SRR B, 2R E 3.

I, B R R B A R TR A B A S AR T
FRIL B P4 o

B 3(b) el N, Bl SRRV 3R s, AN BRI
BHRANEN, TEAERIR BRI S,
R IZ T ARG ORFEA S . R R % 1 3.5 mol/L
Hhn# 5.5 mol/L I, WA 40.0%VE [EILE 1.5%
Feda, BRAIETIR A 50.0%F1 35.0%F2 2
99.0%, HiFEL 1R H R IGAYEFFTE 99.0% . 4k L3 0
ERIRIREE, B RIGARUEFFE 1.5% K4, {HEBEHE
BITE 99.0%LA . a& B HEFERH, HiK
WRFEXT A ANET IR B AR, R B TR
% (<5.5 mol/L) F J M=) = @A 25 5y K i A2 U
ABRUTVE, T HRRERE T A S i FE AN
IR, (EEA A IR H R A ARSI, 2R 13
IR B

AR B R(D~G) I EA R, Bk ERER R
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Fig. 3 Effect of HCI concentration on leaching process:

(a) Potential; (b) Metal leaching rate

PN 4.0 mol/L, A 1 B 1k = S AL BE I /KA, SCHR[10]
AR BRI /DN 1.5 mol/L, BILE 3L
TR T T BARARLE 5.5 mol/L BA L. W4h, TSR
NeHEEFERESYERN, BARKE ZPHE
A TIRESG IR A s . Rk, A% EE
R R R AR SR &R, g
R ERIRIKEE N 5.5 mol/L.

2.2 REEERIEZE

T EE S A AR (mL) 5 & SRR () 2 L. #)
MRS B ETEA 20 gv ERIRIKIE N 5.5 mol/L. WK
IR 115 A5 REKIIAERE 0.5 mL/min. I
80 ‘CAHIMF[A] 2h, %L [ I b X i H AL AN 6 Jd v
HER ), 2551 4,

M 4 rTLAEH, 8 SRER I SRR IS U5 7
i FELST G AR R IE—175~-200 mV, [t 35 W L (1) 4
K, L& ABANREIE N, L5 &ERHERNBLE
SE4— 8.

HE 4b)rTLAE H, BEAE W L, A AR
(132 R IR LY REAAS,  BEFIET 1033 H 3R S0 n 5 %
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Fig. 4 Effect of liquid—solid ratio on leaching process: (a)
Potential; (b) Metal leaching rate

I, ARG N b 2 S RS 3G 0. R EE 401 15
KE 6:1 I, HAELRR HFIGAYERRAE 99.0%, 1M
BERER 32 2 B 70.5%0 30.3%3R 51 2 99.0%,
FERE R 2 20.0% PR 8 2 1.5% 47, dRER38 nvk
BlLt, BRRHEAN TR, EKEZ Sbd)bE AN
Sb(V), 1M Sb(V)FEULEE B~ 2 K A K i ik NI
AU, S EOR R TR, X R AT T T
FITLL, N TN ERBRVEAE, IEFRE L 6/1 A3
i

2.3 REMNEIY

P 1 SR A R TR A2 R N AT . WA 5%
fF: B DUEA 20 gv FRIRIKFEN 5.5 mol/L. Y [E L 6:1.
BUE K I 7 R E 115 % WK IR B 0.5 mL/min
AN IR] 2 h, 588 7 U FE VA A AN 4 B IR HE S 15
ma, g5 LK S,

M 5@ FTLAEH, THE RMEE, 48 smen
N RV IE Vi e rBAT B BT BRI, R B AR FFTE—200
mV A7, UL E SR TE miR VA L R 2 5 1A B
ST TR T 2 s FRA S R BRI N, SRR
FRAE 450 mV A4 .

Temperature/C
B 5 R ERHR R
Fig. 5 Effect of temperature on leaching process: (a) Potential;

(b) Metal leaching rate

HE ST N, BEERENTHE, &ERE
FIRWEIN, ERIZEEDN . SEEANT 40 CHY,
HRIAR IR R B1TA ) 99.0% LA E, U] & B8 i
AR AR A ) B AR T AR EEAE) 80 CHY,
BEAVEY IR A BRI IR B 99.0%, I A 2 PR A
Z 5% AT, YR B BRI R A TS L R R e
WK MURPEIRF] 90 CHE, HYIIR H R K, X
& T R 1 I RSV SZ IR R R e K, B IR
FERIT S, RSEPEZEIE R, (RREL A ST
BOEK R, AR SR . R BT OB
TR 5 5 RIEEE R, BTk B s EIR A 80 C.

24 WEKEERHBIFM

AT PR B R T A 3 3 4 ) U K B R s
. HIERAME: & 5t8h 20 gv ERFRIKIE Y 5.5 mol/L.
WL 6:1. R 80 'C XU /KIIANESE 0.5 mL/min
FEHA] 2 hy B8 T XK 2 R 06 A R 4
BRI, SR LE 6.

M 6()rTLAE H, & SRER I SRR IS TS
R AL IR AR E—200 mV /A7, Bl WK &
REIIE N, 2 i BN, SRR &
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Fig. 6 Effect of H,O, excess coefficient on leaching process:

(a) Potential; (b) Metal leaching rate

RECN 115 B, S LA CEINE 450 mV, 4k4:
IR &, A H gk S K.

EH I 6(b)RT LA H, Fifi 5 UK = R B3
& EE RIS RS, AHR, 2RI SR PR
JE S RGN . SXEKIS EREH 0.55 WA 0.85
B, HFIERAIR 2R T 99.0%, #EH 35.0%0%
K& 3.0%; RERInEUKE R REE 1.15 B, &
FETHIR B R A INE 99.0% LA 1, RS FKE
1.5%; SRS REKMT & R, K4 ERERY
BARTRRAR, HrAPBiAIES10I2 R PR ARIE RO, Axd
LRI RN SURIE K. 255 B 6(a) T IR AL HL A AR
B (7Y TS AT R, HRIR AL pp N 550 mV B, H
SEHANL or BATAE] 750 mV BLLE, @B =MEEL
NI B IIARHE AL AT A 750 mV, #7E EhER TR R R
Sb(IIT) AT LA WA K AR Sb(V)!, R ARG &
L (8):

SbCl;+H,0,+2HCI=SbCls+2H,0 ®)

W T RN R AR, S BURR T BRI L %
&, AT BOARAAKME, RN SR 2 5
FIRBENIKARUTIER), HE S EOX LS Jm R A

Frbff. XU 2 MXEOKRAT T mE )RR
W, TS E S A E AL S AR A, R
F ) e s 7 A HREE K PN i, B R AL
N 450 mV LA R

2.5 WEAKMNZEE RIS

FH T 52 S5 FEE ) PR, s ) B PR B KN
W RAEF HEN . VIIRKME: & 5UE 20 gv ERERIK
9 5.5 mol/L W& LE 6:1. 6. 80 °C . I FAL 450
mV. BEEUKI B RE 1,15 RIS IA] 2 h, 5% 7 XUEIK
TN S v R L D 4 I8 SR s, LB SR
Kl 7.

500
wle T
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Fig. 7 Effect of adding rate of H,O, on leaching process: (a)
Potential; (b) Metal leaching rate

M 7()FTLAE H, 248 BBk I SRR VUG 7
fiR BT IR ZARHFAE—200 mV FE 47, BB WA K I NG
FERISE N, 2SN G PR, R K I BE A
#| 1.0 mL/min B}, A6 HEAL RS 350 mV, Wit
B K IR FE IR, AR T e 3 AR Ik 31 e 2
3.

HH I 7(b) T LA, B UK I N B 384
i BRI IR H R AR LR FFTE 99.0% LA b, TS 1)
B ME AT AR, 4K I # 0.5 mL/min
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X, & W BB A SRR P ) B R 401

JemZE 1.0mL/min B, R HEH 99.0% K2
88.0%, AHXT R 1.5%$2F % 5.0%, Ui
AR GE FEXTA . B AVERIZ R RSN, T
A EAEE R, SRR, AR X
FUKIMNERE G, #5r DEEKR R M & i,
FEAMATESE, FMEEEIR H R T Xt A
ST E S R Y b A 4 S AL 2R BT,
PP WK AN GE E 0.5mL/min AL 24T -

2.6 =IMLEH

Wi T & R AL AR B AR W R
ERERIREE 5.5 mol/L, J[EILL 6:1, ¥ 80 °C, WA
A7 450 mV, BUEEZKIINIEE 0.5 mL/min( L BRE WU
#FL 120 mL) o FE A SFAF N AT T 100 g Z2IF KAk
¥, RHEEPEEN 1.30%, . . BAETIIR B R
BIRTF 99.0%LA I, ZHIERE SR LK 2.

R 2 ATLUEH, RHEPEL. SR & R
/N 0.01%, AT RLHIIX = Fh 4 8 75 H I R P A
w, VIRE D EEVREER HES . SMERENR H
B S E D IN 99.84%F1 15.6%, 1t A 7EF2 AL &
iR iR S SR BT, T RH R 2
TR NI . R XRD i LA 8.

®2 ORI E R R

Table 2 Compositions of residue and leachate

o1&l 8 ATLLE Y, IR H A S E A S <
AW B By SRIERIXT SAH, WRER B
Tixeg)® i) S BRI AR .

27 RUERSANERTH I

PR 2 R I EANR R Sy, R
2 WUVEH, fEEpfi R T, BIRAKEY
BYSE MOV EY ST AR, (E i T S HTVA i LR
I FE AR IZ T FEAR, RS M . LS
FEANIFEFE T AR LR 3.

BHRAE R A R AT A () A A, L2
J%Ir WA 4.

R3S FIEEE T B
Table 3  Solubility of PbCl, at different temperatures

0C 15C 25°C 45T 65T 8 T 100 C

0.64 0.91 1.05 1.55 2.08 2.54 3.20

R4 SACHRARL )

Table 4 Compositions of PbCl, residue (mass fraction, %)

Element  Residue rate/% Leachate concentration/(g-L ")
Au 96.00 0.003
Ag 3.00 0.28
Sb <0.01 71.85
Cu <0.01 26.74
Pb 1.15 3.54
Ni <0.01 6.17
*— Au
0 20 40 60 80

20/(°)
El8 R XRD i
Fig. 8 XRD pattern of leaching residue

AuV AgV Pb Sb Cu Ni
220 800.0 64.52 <0.01 <0.01 <0.01
1) g/t

B TR A HI T S AN 4 b, BT DUOR R
R BE AR 3.54 g/L. I 4 WTLAE L, B
TP R SRR 23R A iU, GRS 4 AR
& &5 22.0 g/t 800.0 g/to

2.8 RUEKEHEEIBR

XTEEFE 1 F0 2 WTRAE H, 2 A TR AR o &
by 32, BB KT & Stehh &R aEL 5, R
A1 HAT AR H I R R A BRI A NI R, BT
DAFE H MR 0 P B vk TSR N 4. R & T
SR R AR S & B8, 3 SR TR a4 FELAE
SR SRR, SRR R A A S N T

Ni+2AgCl; =NiCl,+2Ag+2Cl° )
Cu+2AgCl; =CuCL+2Ag+2Cl (10)
Sb+3AgCl; =SbCl5+3Ag+3CI" (11)

BJFEEAE: BHI 200 mL. B BB E 2 g,
MREE 80 CHURS[A] 2 h, I &R 3 mg/L FEKE
0.03 mg/L LR, &ifJ5 21K F] 99.0%, R IR
i 280 mg/L PAMKZE 1.40mg/L, KL R KA 3|
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99.5%, it WK H & 53 Bk i Jo (B SC i v 1 e AR
FERAT I o B S BEE INNBERRAE AN F ) pH (B 5>
ol ST« PR o

3 &g

1) #5E T & s das i A S AR H o e e 4 1
R EERIKEE N 5.5 mol/L, I L 6:1, JEE 80 °C,
WAL 450 mV, RUEZKIINEE 0.5 mL/min(ZhIR
WUSAAR 120 mL). B HEFERERT 1.30%, .
BB TR R KT 99.0%, SRR
53N 0.16%H1 84.40%, 12 HiE 4 & Bk F 96.0%
LT E S B A R B AN e SR H
i

2) TREERRRUREE . SEIRE L e B I AN
PR/NBER AN FE S8 W] DA = i 42 B i th 3, S
Ve 42 J8 4 B OCR  SE I ER IR B A R T B B R K A
DUUE, I& 3G A A R T8 4 VR, Fem iz
JE I FEE T DA 5 AR K IR R 803, sk N KN
R DAk XA K () 43 s Ik FEE B OB & &
o B Jm EAUTIE, BT DA Z50E i HEA 48 1) AL
UK B R AL

3) R HRAEN G, SRR S, R /D
B MM S RN, SULENERE . SRR
(& BN 64.52%. 22.0 g/t A1 800 g/t; T35 HIWK
I E SRy BT LA RN St &8, SRR
BHELKT 99.0%.
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Selectively separating base metals from noble antimony by
chlorination leaching with controlling potential

LIU Wei-feng, LIU Hao-nan, SUN Bai-qi, CHEN Lin, ZHANG Du-chao, YANG Tian-zu

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

Abstract: In order to enrich gold from noble antimony, chlorination leaching with controlling potential was proposed to
selectively separate base metals from noble antimony. The effects of various factors on the leaching rate of base metals
were investigated. The precious metals in leachate were replaced by noble antimony. And the optimal conditions were
gotten. The results show that increasing the concentration of HCI, the liquid-solid ratio and reaction temperature, and
decreasing the adding rate of H,O, are helpful for the base metal leaching. However, increasing the excess coefficient of
H,0, can lead to the metal oxidizing sedimentation. Under the optimal conditions, the leaching rates of Cu, Ni, Sb and Pb
reach more than 99%, respectively, the leaching rates of gold and silver are 0.16% and 84.40%, respectively, and the
content of gold in residue is 96.0%. PbCl, precipitated after leaching solution cools and the replacement rate of gold and
silver reaches more than 99.0%. The method achieves the dual purpose that effectively separating of base metals and
enriching gold from noble antimony.

Key words: noble antimony; chlorination leaching; controlling potential; base metal; gold
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