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B G B TRV  RAR 2 & S TR R,
KBS ER E T 293 Cu. As. Sb 254 A
ik, [JEMRSAE Mg, & a1 4—CuS
B ECER, K EANICER Sb, Fe ¥y E#REICH N
MICE Cu, AT B FRALEE . Z PRk Ab 2
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PME T — AT A BIP ERE

i
1 X “
10 3b SIO 7b 90

1.1 SEWER 20/(°)

S BT EORR B BB SRR G R 4
PRI A S, R B R A S T IR
BT JEORHBCE I K, fAEE—E M HARAAMI S,
S HIRE L 2:1. IR 85 C. BRIRIATIH 3 pH=1
AL BEEEIRE 2 h, BRSO ERTRAALEN
840 pm FRETHER J R BURLA 5T, R B2 T B
IR, HRR I AL 22 B IR 1 BTR

x=1 PGSRBS R
Table 1 Chemical composition of acid leaching residue of

iron matte alloy (mass fraction, %)

Bl 1 J5RHY XRD
Fig.1 XRD pattern of raw material

Fe. As f1'S, 1 Cu. Sb Al As 2544 £ E LLEALIE
BHENTEW 51408 Au RIANEPER Si s SEEIR i,
I Fe FI S ¥t NI . S R Al
KL HAR N B b B 2% 2 FTR

2 AHRITTE B RRR SR B b v LA
Table 2 Electrode reaction and standard electrode potential of

related elements

Cu Sb Fe As Si S Au

14.14 12.64 1253 11.77  9.07 8.10  0.763

Pb Cr Al Mo Ni v Ag

0.695 0482 0432 0353 039 0202 0.064

HHEE 1 AR, B 3 EH It ER N Cu. Sb. Fe.
As. Sif1S, HWMEICE Cu. SbFEFHN 14.14%
A 12.64%, HEILER As SEEIE 11.77%, "R&E
Au @B E] 0.763%, AL EERk,  HAh R 5
LR ERK.

T 5 IR R R 32 B G R AR AS
SIS AT T XRD WIAHS T, G RE 1 R,

B 1 A, ERHK XRD i H L CuS 75T,
HGERE T, Pl CuS Mg iz, HAb R Z Ry
A AT R H I AT 0

1.2 LRI

2RI SRS B BRI R TR R A A
(RRHER 3 T 3 MR ST AR AE, BRIV 7 ZE AR
REANS, ME—PEERERE, TRERTR
FERFUCEREMNR S, BB RN E T,
IR RS AR AL, ALEREEIR H Cu. Sb.

Element . Standard electrode
Electrode reaction .
couple potential/V
Aw'/Au AuCl +3e=Aut+4Cl" 1.002
Ag'/Ag AgClre=Ag+Cl” 0.222
Cu*'/Cu Cu?'+2e=Cu” 0.337
Sb>*/Sb SbCl, +3e=Sb+4Cl- 0.17
As/As  HAsO,+3H +3e=As+2H,0 0.247

B2 T, SRR Au g) o), =1.002 V) i
WA B e, e e . Ao % L, Cu. Sb
I As BRI LA KNI A 2 2. o =0.337 V>
O 5 T024T V>0 =017V, Cu [fhri FAIEE
As 1 Sb 5, #1258 As Fl Sb a5 48 Au Al
Cu [ HLAI ZEIE ] 0.665 V, BT H1IR ik R 1 Az
INFEWIFRUERAL . KT Cu MIARHERSAL, BIIRH A
FITE 0.342~1.00 V, 5148 Au ANV AR T 4% 5 70 2=V il
fER R, RIRTSEl S &8 S i B . [FT,
JFR R Ag FTHEEAR A Ag', BT KE CIHIARAE,
Ag TTERL AgCl EELRAEIR HE . ARSLIRIR R R
W LIS TR A B TAE fAl, WRATH R A S
FRK, BTl AR D &R S T IR A AL ST
FRK R 2 2.
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1.3 SWAESTIZRE

SRR IRV SRS IR )E, WA TR
T, 2B WG Fo et LERRERT,
KH NaClOs AHEAHF], i FEHlR T KR &5
W JEHAL, FERH ) Cul As. Sb &A% i AL
N, i Ag DB EMIEENR LT, KA
TTE Cu k7 B UTIE Ag, 7B IIVBUAR KB L Z
TP TTER Sb, 7 BHICR A RO Bt B T Z RN
i, TR SRR DUE LA B A FIoRM, &
RGP E NG VM Wa A EIVE NI S WL SRR 2L
RN BEItEEnERme. RMEATZREWE 2 s,

1.4 ST

W AAKFE iR X 327661 A (ARL Advant” X
Intellipower 3600)E - 5€ &5 #fr, DSADVANCE %Y
G X B ERATHOGHEAT YRR AT, IR R TR R H
H 7 it ICPS—7510 3 Akl s e & P ) s K FH A
B, AR E R R BRI e, BRI e K
FHBR BRS04 72 V2 o

2 ZER5THE

2.1 HMZRHERHERAEMN

HERf BN 200 mL 37 RN 400 mL AR, $ii

PR FEKIBHR R INAE 55 C, #lE RN
5:1 N 40 g J5 R, SR NaClO; #2512 H B A7 360 mV
SN2 hy, FEEEH AR AR T, BRIR H R IR,
ZERNE 3 fis.

B 3 mIAN, BE[H TR0, 12 8 2m T AR,
[H'7H 1 mol/L ¥44n%) 3 mol/L B, 12 HE % 78.2%
P 3 63.6%; 1 e BE[H 1F =2 5 mol/L i, ¥Rk
HPFCE 28.4%. Cu (1= H 26 FEH 3G N £ 2218 |
FHiass, 1E[H =4 mol/L I}, RHRIEARFELE 81%
KA. Sb Al As IR HRAE[H ]=1 mol/L B 3K, Jt
H Sb IR ERAUH 0.386%, FEE[H RN Sb Al
As IR HERPUERG N 7E[H]=5 mol/L B, Sb Fl As
(735 R A3 ik B 93.7%H1 84.3%. HIR As. SbfEN
G R A REZIAMER, BT A,
PEHEARZHER LM ER; ERBE~EFS, As
HENER FE L H3AsOs XX AFAE, Sb EZEELL SbCl;
TERENEW, (EIR IR, W bR AR R
AR B, KA HCL/E IR 7, — 5T A
PASR AR tH T e IR IR R, 59— T & B TR A&
BETH%EFET Cu. Sb Al As FIRH; [H
XF Sb (132 R MR, E R R R A
(¥ Sb> TEBAREREE N ol KM= A ANV HE) SbOCT It
VE, FESb MR REK. 45558 HCLERFE
PPERE, 5 mol/L A& B IR KR FE .

Leaching residue of iron matte
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Fig.2 Flowsheet for enrichment of gold from raw material

!

| Precipitation As ‘




1156 hEA O RYR

2020 £ 5 H

100 80
< 80t 170
B e
g 160 £
G 60+ §
af; 4150 2
e 40} g
= 140 38
§ =4
= 20+ 130

0 20

[H*}/(mol-L™)
B3 [HE S48 R R
Fig. 3 Effect of [H'] on residue rate and leaching efficiency

of metals

22 FRHBMANZTRZHENZIN

R E X 200 mL 32 H RN 400 mL At [H']
IREEN 5 mol/L, it HEAFAF M AEKittim g2 55 °C,
R E R LA 5:1 hn 40 g JERL, SR NaClO; i
PR AR 2 h, FEEH A Z AN Al
BRI, SR WE 4 Fos.

100 30

95+ ——Cu 129
——As

90+ B o Slag B

Leaching efficiency/%
[\]
[oe]
Residue rate/%

85t =
e

360 380 400 420 440
Electrode potential/mV
El4  HALHERMGRR L AR R

Fig. 4 Effect of electrode potential on residue rate and

!
N
3
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26

leaching efficiency of metals

4 7750, 7EIR H AT 360~440 mV,
RILARGETLE 27%~29%, HFHE R H AL N, #
RIZHTH 28.9%F&MKH] 27.7%. Cu Fl As (IR HRAE
HLA7 360~380 mV X [AI N H A A F#EaS, 1= HERE
BT, AL BE 380 mV I, HIRHIRIEAFEE,
M Ji5 Bt A FLA (3G IR 2R AR, Cu T As (IR
H R B Fa EAE 83% 1 86%. Sb K13 H R BEIR H H Az
(R HEANTTZE Fi, (EIR HHAA 360 mV B, Sb [
R 93.8%; (EIRHHEAIFNE 440 mV K, RHF

BEINE] 96.7%. %m0 H LA BAA SR A,
AATEEETEMR S, Hid R e AT e
SEbERSBENEM. Kk, ERLRHERT
LR B AR AL, AR TR E AR & . R,
PR H HA N 380 mV B TRR L BT AR

23 BENZTRRHENZM

TERA 2L 200 mL 12 HBTHR 400 mL K441, HCL
WEER S mol/L, [ &R 5:1 I 40 g SRk,
K- F NaClO, #2# FiA7 380 mV 28 2 h, HER R
FEXFE AR Cu. As. Sb IRH R, 458K 5
Fi7R.

100 +— 50
< 90f 145
& ©
5 3
g 80F 140 £
E 3
270t 135 %
=
§ =4
— 60 130

50 ! i ! ! L ! 25

20 30 40 50 60 70 80 90

Temperature/C
B 5 B R GR IR AR 5
Fig. 5 Effect of leaching temperature on residue rate and

leaching efficiency of metals

& 5 ara, BEER R T, BRI
B, 75 24 CHF, BHBE RN 47.9%; T EE] 60 C
I, EERBEKE] 29.5%; FAmEmER, BRIEARTR
SEAE 27% /A5 Cu IR H 28 B I () s i i
&, WERIE 45 CH, R HZEH 79.8%¢ H E 82.4%:
B EIRER, Cu MR AR ESE S, 85 CHF, &
F] 99.6%. As I Sb (137 H ZAEWREALT 65 CH5ZIR
FERZMAR, WRBEH 45 CHmF] 65 CHE, As Al Sb (1)
R HEE] 99.5%H1 99.4%, ¥HEA IR H
H, FhEnR HIREA R TR KR, ki +#
A, GRS LA, AT ROE A, H
o R 2 TR AR I, [RIIT 3G R R R R
LEA R 85 C OB IR IR .

24 RELEX % TRRHENN

THERfE X 200 mL 32 HEUON 400 mL BEARH, 2
il HC1 KN 5 mol/L, I 40 g &Kk, KF NaClO,
R HAL 380 mV, IR HIREE 85 'CRJV 2 h, H%E
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12 R E EEXHE R AT Cuy As. Sb IR HIRFm, H
ZERWE 6 Fim.

I 6 FI T, IR VA A BE R AR I LU 1 i
i, R EE A 3:1 38 N2 4:1 i, 32 HERH 44.2%
BEAKE] 29.8%, FIRHGAN HIR A LUi, 2R IR A ORFF
15 29% /e 47, 132 H R SR ARTE ISP . Cu 1R HH 22 [
= R L 3G T 2248 b, W b 301 BN E
5:10F, RHZH 85%MMNE] 99% /A7 WIE LX) As
A1 Sb FIR MR, WREIEE 9 3:1 15, As AT Sb
(R R RN 74.4%F 57.4%, BRI, EREEAN
44.2%. W LR, 132 R 4 B TR A
ERFERUR, VA FE R ISR TR R B AT 5
T ELI N 4:1 B, As AT Sb [{J3R H 38 g pe,
I3 R ENE 99.4%A1 99.4%, As Al Sb (K37 H FHAL 5]
ST o 3 2 IR VR B R T BRI FE L ik
SRS, R EE B AR B TIRERIR B, 4
HHREIERE 51 G E IR R E L.

100 45
& 90r 140
2 o
8 =N
5 80t 1358
E =~
of 2
2 70t 130 2
e 3
g
~ 60F 125

50 L L 20

311 3501 41 451 5:1
Liquid to solid ratio

Bl 6 R I EL X A AN iR AR AR R
Fig. 6 Effect of liquid to solid rate on residue rate and

leaching efficiency of metals

2.5 RHMEXNZTRZHENFIN

R R 200 mL 32 HERBON 400 mL BEpr e, 2
il HC1 ¥ FE N 5 mol/L, B0 40 g J5k}l, RH NaClO,
PR H BN 380 mV, 2GRN 85 C, HEIR
S AR Cuy As. Sb I HIZREIFEM, 45 54
Bl 7 Fise

P 7 AT, 32V 2 IR H T ] (1 S K T2
i, RHETAEA R 2 h B FE AR ETE 28% A 45 . Cu )
T2 R E R H IS I 1) S A T IR I, SR N TR )
SO AR, IR A H 0.5 h 3 E 2 h i, 3R HE
78. 2% N 99.4%. As A1 Sb [ H 2 B I8 H i 1] 1)
ERIMERNGIG N, TE I NI [ AR AN K, RIATER
FIWTEN As A1 Sb B2 HIA R RHEM TN 2 h

HKARTC, &5 HAERT SmRimEE A E AR L EEST SRS 1157
100 33
95F 132

o
(=]
T

oy
S
Residue rate/%

Leaching efficiency/%
o0
W

80f 129
75t 128
70— : ' 127

0.5 1.0 115 2.0 2.5
Time/h

7 IR R A SRR AR AR R
Fig. 7 Effect of leaching time on residue rate and leaching
efficiency of metals

i, As A1 Sb BRI 51N 98.7% 99.3%. 456575
FEREFE. ALBRAE /TN, EHE 2 h NIEE KR
&)

26 LZEFEMHIR

HERBFERFZ ML/ HEENLGE L ES
B HERREE 20 OmL 32 HIEAN 400 mL AR, 1%
il HC1 ¥R BE2N 5 mol/L, JIA 40 g J5kL, SR H NaClOs
PR AN 380 mV, TEIR HRE N 85 CH&M4FT
PR 2 he RMEEREER B, THEE 2L Cus,
As. Sb [FIRHFEn=3), &RWE 3 fin, RHEBEN
IIATEE RN 4 FioR .

HHEE 3 A, A SRR SRR i 26 28.2%,
JERFRIE 71% 0 B B fREE R R R

*3 MUFKARHERER

Table 3 Results of integrated experiments

Leaching Leaching
Experiment Residue efficiency/% solution/(mg-L")
No.  mate% “o " As sb Au Ag
1 28.6  99.7 998 99.8 Trace 15.23
2 280 99.6 998 99.8 Trace 17.64
3 282 997 99.7 999  Trace 16.81
Average 283 99.7 99.8 99.8 Trace 16.56

4 AR B T4 R
Table 4 Analysis results of leaching residue in integrated
experiments (mass fraction, %)
Si S Au Al Cr Fe v
29.39  22.72 2609 141 1.59 2.25 0.69

K Ti Cu Cl Pb As Sb

0.49 0.38 0.18 0.13 0.12  0.095 0.084
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HEE Au IS RENME, Au A E LR HE
o JER I E R T E Cus As T Sb IR H &5
HIEF] 99.6%- 99.8%41 99.8%.

& 4 05, LRSS FREE, 17
VA TR iR S 43 N 29.39% 1 22.72%,
HEBEN ML ES£S] 2.609%, Cu. As Fl Sb (15 &
BIERREEM, 2208 0.18%. 0.095% Al
0.084%. ZJFRIEdEBEMR TR, EEZA Cu.
As 1 Sb ¥IRBIERI S, HeRERmEE, AF
TR —LFis&Em s aita.

2.7 REERERKEERRER

A SERR T S S EIAH] 22.72%, K& S
(AELE AT X Bt & IR R 4y BT , AT RE M 42 (1)
IRR AR . SR B AT T B ER A5 6 it
AEEE: FREUCAGSRE0IR S P4 TR e i, B
KF 3mm, F=HRTHEIEE 650 C & A RbE2h, Tk
B G HRERR 0.5h, RHIEREAEN 66.5%, RSP
SRR S PR, KRR HER) XRD wE a8
PR o

M 5 T4, RHHEARRE S & a i EkT
22.72%[% 5] 0.87%, MiiZFIEF] 96.2%; Kb+
BN S, SRR 37.41%, &)@ Au ALt —
R T EE, =i 3.937%, HABZLR A BRI,

®"S KW ER

Table 5 Analysis results of calcine (mass fraction, %)

Si Au Al Fe Cr
37.41 3.937 2.33 2.64 1.85
S \'% K Ti Cu
0.87 0.82 0.65 0.47 0.34
. =— Au
I ] o — SIOZ
l +—S8

| Roasting residue
il s

AlA

a4 Leaching residue
A
A n AA A

10 20 30 40 S50 60 70 80
20/(°)

8 IRHEAEI I XRD
Fig. 8 XRD patterns of leaching residue and calcine

i 8wk, fLibsiifiz hil XRD I B4
JEURHIE R AR, 32 I ) XRD i 1 3 B H L Si0,. S-
Au fORTHIE, o S A Si0, FIfTEHIE ELAS A &, CuS
RSP ITEIE R, JRRH Y CuS @i 45 A & AIR
Cu EEARA IR R 12 B XRD 3 A 50
SR S MIfTETE, BB S e B “mgE”
AR T & B S E . 1= HER AR IR b
B AT A RSP ) XRD B, BRI S [RIAT S IR ARTH
g%, HILHTE Si0, M Au BOATHTIE, I B A
NGB B E RIS T RIF%M.

3 Z5ip

1) X ERERT GHRRMH SRR EES
% Cuv Asv Sb ZFMERIEVE, H&H KRS
R HEAIBRA T, WL N RN H IR
oW, B TS [HDN S mol/L. HLf A 380
mV. LA 85 C. WE N 5:1 I EEEH 2 h, %
ZAE TR N 28.2%, Cu. As 1 Sb [)IZ %5
AN 99.6% 99.8%. 99.8%.

2) AR HBEREZER SN Siv S fl Au,
SEIHIN 29.39%. 22.72%F1 2.609%; 1% HiE T
BRI RS BE T 2T AR, S IR FIEE] 96.2%:
RPN il Au, HEED RN 37.41%F
3.937%. JERHE i 3% AL S AR H B 2212 HE B R
eRERe A, 748 &R EE N E 4.

A~
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Enrichment of gold from iron matte sulfuric acid leaching
residue from refractory gold concentrate by
controlled potential chloridizing leaching

ZHANG Fu-yuan', XU Liang', ZHAO Zhuo', ZHENG Ya-jie?

(1. School of Metallurgical Engineering, Anhui University of Technology, Ma’anshan 243032, China;

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

Abstract: The leaching residue of iron matte from the pyrometallurgical matte making process of refractory gold

concentrate was used as the raw material to separate the impurities of Cu, As, and Sb with the controlled potential

chloridizing leaching process. The precious metal Au was enriched and high-grade gold mud was obtained, which was

sent to sulfation roasting desulfurization for further enrichment of Au. The results show that the double-electrode

controlled potential chloridizing leaching conditions are 5 mol/L for H" concentration, 380 mV for leaching potential, 5:1

for liquid to solid ratio, 85 “C for temperature and 2 h for leaching time. The residue rate is 28.2%, and the contents of Cu,
As and Sb are decreased to 0.18%, 0.095%, and 0.084% with the leaching rates of 99.6%, 99.7% and 99.8%, respectively.
The contents of Si and S in the leaching residue are 29.39% and 22.72%, and the Au content is enriched to 2.609%. The

sulfation roasting desulfurization of the leaching residue achieved the firing rate of 66.5%. The S content is declined to

0.87% with the desulfurization rate of 96.2%. The major phases of the calcine are SiO, and metallic Au, with the Au

content being enriched to 3.973%. The precious metal Au is effectively enriched by controlled potential chloridizing

leaching and roasting desulfurization of the iron matte leaching residue from refractory gold concentrate.

Key words: iron matte alloy; acid leaching residue; controlled potential; chloridizing leaching; gold
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