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1.1 SEERJRE

AT R A RS S vt R A e i
Tl e R AR AN AT AR R A5 B TR B v B AR 4
BIHAR Rt RN, %R (p=0.5g/cm’),
H XRF AL A& R Bl sk 1 /0 2 sl

F1 AR XRF 73 g R
Table 1 XRF analysis results of high antimony dust (mass

fraction, %)

Sb As S Si Fe K
32.23 11.87 5.51 2.98 3.14 3.18
Ca Zn Pb Al Mo
1.61 1.22 1.33 0.616 0.271

R2 AU TES
Table 2 Chemical composition of high antimony dust (mass

fraction, %)

A" Ag" Sb As Cu Pb Zn Fe Te

13.70 5.8 31.18 995 0.55 136 1.06 570 0.27

*: g/t
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B 31.18%, AFEFMICRF LG AF
TCERMR AR S, TR %G A,

SRtk — 30 B s A PR AR ZE R FTORL FE KN,
SEIGHEAT T XRD YIAH BT A1 SEM TESRRAE, 4555
SanrE 1 A2 B

o — Sb203
v — As,04

od

o«
od

v
[e]
v °
[e]
v
0O

10 20 30 40 50 60 70 80
20/(°)

E1 =EHEA XRD i

Fig. 1 XRD pattern of high antimony dust

B2 mBhiHL SEM &
Fig.2 SEM image of high antimony dust
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1.2 SRR

AR B R L Sb,O; WIAHIRASAFAE, i
P As,O3 WIHTIRZSTELE - SbyO5 A2 LU v 3 i i
A, As,O5 52 AR N B A, Sb,05 M
WK As, O A T 7K T FIAS I B AL A v T
R TE A N A, TR TR AT
¥4 PbO Al PbSO, FALIE AR, TEBUH R S T4 54,
B e. WEIREI R FEANE M. Bk, v
PASK & 5B T B YRV WA iR A, S e B
Adfif, Bh 8. BEAEERTCR FEULE A
N, 4. RFEEEER BB,
HAESHAE . BT RN B SRR AE
A R ST

As,05(s)+6HCI(1)=2AsCl5(1)+3H,0(1) (1)

2)

i id HSC Chemistry #7535 A THE,  [B(1).
QWA HS 5351 8-173.35. =359.87 J/mol, A G® 4y
IN—62.21. —163.44 kJ/mol, LIRS [ 87 35 R it
RN, FRAES A E HAERN T 0, RBAERS K
FHIAT, IR RN AT FEAAT .

Sb,05(s)+6HC1(1)=2SbCl3(1)+3H,0(l)

1.3 LWIERTZRE

A — 2 BRI =B, Kb
[ R KB, IRAETERE, B T
R, RN A T B ] i 38 e A A R A A ]
WA Es, JEYR I E B SRR VR P A K B 2 b 4,

High antimony dust

[Ceing

BEWOER S WEEMT . PR IR, oaltkk. 5
R, LTZRENE 3 fors.

14 SHAEE
SR PRI AE IR i — 53 P2 K 5 Y20 5 R A

T, RHEERHITER A A Intrepid 11 XSP AU
RS S5E TRRSHOEREAACP) 7 M, 86 Y

AE; X BRI U(XRF) & 1 2 52 &4 A [ 4
FEMSY s HASFE2E D/max—TTR 1T B X SFFERATHHMX
(XRD) 73 7 [l A4 S AR B H AR H PR U 4
ISM—6300 Z447 4 H 85 (SEM) MY %2 [ 44 S IO T 351

2 SRS

2.1 HEGREXNZERRHENFN
AR AT E R L 2.0 MUK MREE, B
K pH=5 fihi, NERMHEARR . HRE Sb,0; fl As,0; F i
PG HEFIR B HZ 0.58 mol, IZEFEL N 5.0
i, TRERVFEA 2.3 mol/L REMEIH 3= HEEIE 5K
FREL 50.00 g rmrBhiEL, MR E R E A
5.0, MAFETHEZE 85 CHIHIRIZ HM+, 4R
EHARH 2 h, BRERIKENZ &R BRI
M, g5 R 4 fios.
A 4 TN, B BA. B BEIOIR IR BE R R
WREE I AN G A 2R E 3.0 mol/L XN
6.0 mol/L I}, fitiz i i1 96.64%1¥ N F) 98.73%, %
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Fig. 3 Flow chart of high antimony dust comprehensive treatment
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Fig. 4 Effect of HCI concentration on metals leaching rate
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TE 1% 25 B VR FE F AR Hh 28 40 w8y IR HA T rp it it o7 2
K. BHHIR AL ERIRIKE N 3 mol/L I 90.86%,
2B 12.35%, SR IR AR 2
MERERIR LA E] 4 mol/L B, BAIR Hi K H 90.86%1 i1
2] 99.41%, wHEFE AN 1.34%, FIGINEREE
WL BRIIR RS INES . B IR H R AE T LR R IR
FEVO A BIEE] 99%LL b, 37 T R AL 8N T
0.1%, R RZITETEARAFHNR R . SERRIK
FE 3.0 mol/L m# 6.0 mol/L I, iR HZRH
87.97%IG N E] 95.35%; 4B LA 4 mol/L B, 12
HE AL 1.05%, T 2 ST RIRESR . FTLL,
EMRAEN . SRR R T, SKEHERHETH
FILRM B EVFIEER AL, DLBGR HE R S A AR
K ZE, £ 4.0 mol/L Jyid B iSRRI

22 RUERERELLTZERBRHENEND

FREL 50.00 g mEhlie, ERERIKE N 4.0 mol/L,
RN 85 CHIFHRZ I 2 h, HEF HRE &L
X2 4 @R AR, S5 K S PR

LS AN, RANER IR 2R B R H R[] L P
TR0, PO A8 sk R A i 1) B s R s 4 97 ]
ELILH 4.5 IF, PRI IE SR 508 . A L i
3.0 ¥ 5.0 W, EEFEHEH 86.50%1H N
99.41%, BAFNZHEE 56.96%18 1% 99.41%, iMi)&
Tl BRI VR SN TP AT . EYIR tH AR AE AN ]
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Fig. 5 Effect of liquid to solid mass ratio(L/S) on metals

leaching rate

R TR, RN PRI, A A T Hg e
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Table 3 Chemical composition of leaching residues with

different liquid to solid ratios

Mass fraction of leaching
Sample Liquidto Residue

No. solid ratio rate/% residuo/e
As Sb Pb Zn
1 3.0 40.80 329 3289 0.072 0.50
2 3.5 32.00 255 2635 0.074 0.56
3 4.0 23.25 1.77 1829 0.087 0.78
4 4.5 16.75 1.06 507 0.107 1.03
5 5.0 13.62 0.59 124 0.088 1.05

I 3 WU, IR VA H bR AR I B P B i A
FRPRAK, 247 L 3.0 3903 5.0 i, #2R H 40.80%
FECE] 13.62%, il AUER IR 5t A7 73 0] B 22 0.59% il
1.24%, fft b AL EE A 2 SRS R IR E K . Bl
HRR LB it 57 R ] B P38 2 5K T 1 i e
By BERR RIS, VA T R S T A
PR R E LN 3.0 I 2 BAREIR IR, #EA
RN, IR HE LL 3, IR R
BARG, T EVERR H e B AR R EE AN AR S 80U A BT 3
B BRI TR R LE e N . BTRL, #EIR
HFFIER R IR B 4mol/L I, 1EHE 5.0 I&E B IR Il
[ £
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Fig. 6 Effect of leaching temperature on metals leaching rate
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TR FE REE AR SR B T VA AR AL, AT PR S Rt
JE o MR IR RE 60 CJa, KR H IR FE 8 nfs
HER NGNS, R R NIRRT RSP . B
FETIRIR H 26 IR H IR 2 (19 0 A8 A 3 R AR — 3
1E 25 CIFBRAIET 1) H 2853 3] 9 88.75%FH 91.35%:;
232 KR IR E] 45 CHF, BRAIER 112 H 3R 515 F 98%
DL b PRGNS, 12 RIneg, A
45 CULUE, BRFIES IR H AL RIS P BF10R
HER IR IR I £ A8 i r s, SR
AR LGREFHIBR B & TR AL LR H A S [
#, M 8S CHNEHMIR IR .

BRHMARAHEZIRG, TERARREH IR
g i), EER i ds R nk 4 B, XRD Y94
SHT i 7 Fis .

x4 RUBPESEGIL ISR
Table 4 Chemical composition of leaching solution crystalline

(mass fraction,%)

As Sb Cl N Pb Ca K Al Fe
3395 20.13 8.81 3.00 420 287 3.11 0.53 0.31

+ — Pby(AsO,),Cl

10 20 30 40 50 60 70 80
20/(°)

7 RS YT XRD B
Fig. 7 XRD pattern of leaching solution crystalline
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Fig. 8 Effect of leaching time on metals leaching rate
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R H 0.5 h #9032 h i, 32 HEH 98.00%1
HNE 99.19%, & H ¥ s AL 1.38% %K H] 0.59%,
TE BT HUAR FEE 0 ] PRt B T ) el )9 2 52 I A/ o
ERANER 1035 H 26 BER I 1) (R 3G I B AR DR R AN, 1)
L F 99% LA b o B IR 22 i TR PR3 i S 18
TEFTHUA A TE R N, B, BR B BRR R ZIR I
(AR EL /N, 2 R N BRI R A RIS AT . 256
ERE R AN Z, 8 HE 2 h JidE B H I TE

25 MAUEFHRESEBIIESR

WAL R IR SRR T, A5 HH R A IR T
25k ERWRE N 4 mol/L, 12 R IFE R A 5.0,
TSy 85 CHMF FHAIR M 2 he SLIGHAT T =X,
SRR HE RN 13.64%, 2 HESHTEERE S B,
1R AT B 22 X B XRD 1 a0 9 Ffios

x5 MK IHR L E e
Table 5 Chemical composition of leaching residue with

optimized conditions (mass fraction, %)

Au’ Ag" Sb As Pb
100.0 41.50 0.52 0.60 0.06
Zn Si S Al Fe
0.49 33.50 8.64 3.73 3.84
*: g/t

H& S iTH, f&ReTEEEERBES, &
PLISE] 100.0 g/ts FATER IR AL 43 53l B 21 0.52% 1
0.60%, 4RI EHRAUN 0.06%, EEdhALN 0.49%, il
By B BEMR 0N 99.17%. 99.77%- 99.40%
H193.69%; & HIVE AR AR 0 e i 2 S50

HE 9 mlA, mERHAS IR G R HE
As,O5 H1 Sb,O5 AT 5T I B 5298 2%, i AN (1038 HE S8R A
AR IR HE S EEH I S0, KT S, Sio, NEE
VIR B s, Ad 2% 4, F AN FeS. Sb,S;
S FAh B AT S

R6 MILRME. Kb, BRIZEM G4

. * — Sb,S;
4 — FeS
+— SiO,
v — As,04
°o— Sb,0;

o4

o 2 ° ° (a)
.L w_n A
10 20 30 40 50 60 70 80
260/(°)

9 BRI SRR HE XRD 1%
Fig. 9 XRD patterns of high antimony dust and leaching
residue: (a) Dust; (b) Leaching residue

2.6 SEFELREHBEE-EIZMA-SILIRIER

K F A B R B RE o6 L 200 B AR 1R A
BEAT AR,  PTRE D R A AR S IR IR IR h L2 5
ARG R R, BRIR EER SR H T 2RISR

1) KERE L2 KR s Pl TR e s, Pkl E
EART 5 mm, #EHIEEIRL 650 C, FEREES
To Kk B G FARIR 0.5 h, RHEERIFENZEN 85.45%.

2) I L2 F LIRS A B bet i, 4%
T ST B 3.0 I 2Rk, R HIREE 85 °C, i
FRAATIR A3 pH=1 /247, R E 2h, S E
BB BRI, BRIRZEZHEN 99.57%.

3) B TZ: K EARIZE AT A+,
2 ) I B LA 3.0, SR FH SR AN e T S e TR Y
W3 pH N 9~10, #HEHUZH 2 h, B pH F20E /5 0
ANBALEE I, ZEHFAENRE N 1.0~1.5 g/L, HEEA
2 36 h.

EERIR . . BRIREAE AL T 4
R 6 5], XRD WK 10 Fix.

R 6 AIAL, JHAR HE S S E AR IR
i, sl 8.64%ME] 0.12%, BRAIEHEN

Table 6 Main components of leaching residue of dust, calcining, calcining leaching residue and caynide residue

Mass fraction/%

Sample Au® Ag" Si S Fe Zn Sb As
Leaching residue of dust 100.0 41.50 33.50 8.64 3.84 0.49 0.52 0.60
Calcining 116.8 50.1 35.72 0.12 4.59 0.68 0.36 0.35
Leaching residue of calcining 116.9 51.1 35.77 0.10 4.79 0.67 0.45 0.28
Caynide residue 2.3 15.0 - - - - - -

*: g/t
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98.81%-~ MitAt R o AANER I it AL 53 7] FH 0.60%
0.52%% %] 0.35%+ 0.36%, BiFRFESHN 51.10%;
40.78%. JEWP A I IRIZ JG 1 ZN 99.57%, Wik
B, & BEedhe-RREEE, Wi nikH
116.9 g/t 51.1 git, ZIFNHE B EREF LM
23 g/t, & HEFILF] 98%.

AR L, SRR A i - IR IR B
TG, REDE R BCERES, EEE
12 HIE B B AR R R

(b)

10 20 30 40 50 60 70 80
20/(°)

B 10 MERHE. B MRIZER XRD #
Fig. 10 XRD patterns of leaching residue of dust(a),

calcining(b) and calcining leaching residue(c)

Fh 1 10 T K01, A 0 V2 2 L
fuksbe-Riade, BRSO RIRRIZIE XRD vk 5
HL SIO, HORTEIG, ARECAIANE i EY XRD %, 3¢
FeS. SbySs FURTHIE IR %, K Refbe B e

3 &g

1) KA B 0 R BRI AR IR R, W k&
FEW ISR AR = B R AR e B B BRI T
F, R WS S PR AT A AR B, e T R ]
B A TR AT IR R, 3R s 4
Ko

2) K 2 e B A 2R R S R R AT T TR
252, Hy e T iE B T 25 : SRRV E N 4 mol/L.
B E LN 5.00 85 CHAMETHEIRE 2h, 12
HEZH 13.65%, t& B &R 7 i, bk
100 g/t; 2 HE . B HVFEE AL A8 0.52%
0.60%- 0.06%71 0.49%, FFNELFIIR HZIITE 99% LA
o

3) mEHARENRAR B TSRS, &
A E FREE RS, BRIk T 98.81%, Kbl
FRIZVES 1) 2 A K 0 N Si0,, BRIZ 4 1 Fh Ak
F116.9 git, FIEMERMAAN 23 git, EHFRMR
HZIA ] 98%.
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Comprehensive treatment technology for high antimony dust from
matte smelting process of refractory gold concentrate

ZHANG Fu-yuan', XU liang', ZHAO zhou', ZHENG Ye-jie’, TIAN Yong-pan', ZHANG Yu-ming’

(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;
3. China National Gold Group Company Limited, Beijing 100011, China)

Abstract: A wet leaching process for disposing high antimony dust generated from the matte smelting process of
refractory gold concentrate was reported. The phase composition and micro-morphology of the high antimony dust were
analyzed by XRD and SEM. The elements of As, Sb, Pb and Zn in the dust were separated via hydrochloric acid leaching,
and the high grade gold concentrate was subsequently obtained. The gold concentrate was then disposed by static
rich-oxygen roasting, acid leaching, and cyaniding successively for the recovery of Au and Ag. The results show that the
main phases of the high antimony dust are Sb,O; and As,0s, and the contents of Sb and As are 31.18% and 9.95%,
respectively. The particle size of the dust is relatively fine and uniform. The leaching residue rate is 13.65% and the
contents of As, Sb, Pb, and Zn are decreased to 0.52%, 0.60%, 0.06%, and 0.49%, respectively, under the experimental
conditions of HCI concentration of 4 mol/L, liquid-solid ratio of 5.0, temperature of 85 °C, and reacting time of 2 h. The
desulfurization rate of the gold concentrate and the cyanide leaching rate of gold are 98.81% and 98%, respectively, and
the Au content in the calcine acid leaching residue reaches 116.9 g/t. The effective separation of impurity elements and
recovery of valuable elements can be achieved by the disposal of high antimony dust generated from the
pyrometallurgical process of gold concentrate through the process reported in the present work.

Key words: complicated gold concentrate; high antimony dust; arsenic; antimony; leaching
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