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Characteristics of gold leaching from

acidic antimony leaching residue in Hunan Province, China

YANG Yong-bin, LIU Bo, LI Qian, JIANG Tao, ZENG Guan-wu

(School of Mineral Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: Combined with chemical composition, physical phase analysis and gold cyanidation experiment, the
characteristics of gold leaching and the affecting mechanism of oxidizing roasting pretreatment were studied on an acidic
antimony leaching residue. The process of acid antimony leaching—oxidizing roasting desulfurization—gold cyanidation
was also investigated. The results show that being wrapped in pyrite is the primary cause for low leaching rate of gold in
the acidic antimony leaching residue. Pretreated by oxidizing roasting, the contents of elemental sulfur and sulfide
decrease sharply. As a result, the total sulfur content in the calcine diminishes to only 0.15% (mass fraction) and the
ferrous sulfide converts into hematite. The leaching rate of gold cyanidation from the calcine increases up to 95.92%,

showing a favorable increment of 24% compared with that of direct leaching from the acidic antimony leaching residue.
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W), g R Ok T IRIAE, 20 tHZD 70 AEAR G
ORISR TSR EE 0 teah, RN ER
Firh S P AR IR IR BRI 2 Ak, XLl s
54 RN, PRAFEARI 4 B A LA, R
DR E A BB I A B R AR E B
Rk, (RRERE R RRR LLR R R ST, i
BG4 R RIAE, SO B R TR R R B B G I o B 5%
. CHEFRERY, B ENAG®N L, Rk,
P R INAGE RSN, H AR A, oAy
AR AT AFAE TR, 6 AN [T 400 4 3 PR AS
5, AE AR 5T 4R RIS AR o

AR SCAE B BT 5 BRI B R 4 R AR il B,
P S SRS SRRV B R IR B T,
LT T2 T RN RS AR L) KA
RS, A hT i R R R, BRI i
KT, NRVER BRI SR — e ISR .

1 X8

1.1 R

P 2B OBV R BE SR BB RS . Bha:
RH 2 00 P AR P S B & LA S VR R RS, 1%
B4R B T I () Sb-Si-Au 1K F R A DE K R
Ths HMEERY . TESENYAA AR EE
U4, RPN B RIS, BA Il .
A G B e, 4B DURAA S AE
GG AAE, WARAE TE A YAy 2
BE Y B ONKEBETT(10.62%, TR B BRE N T
BpAE(12.97%, U540, D DIBRIR 1) I A A1t
BRE RGN R W) R OB R, AT
VI BAREAT B K OTERE

R LB SR G IRVIR S IR i, 5K
WX, BAERE L2228 T WEHR 95°C, IHE
3 30 min, WE LK 4.0, FeCly HidERECH 1.1,

e W TR R A 5%

Table1 Chemical components of raw materials

HCI 5 4 4.0 mol/L. 76 B4 1F F I8 586 0.71%,
BRI RIEE] T 99.05%, 545 106.66 g/t, FEANR
BRI IGAAUN 0.99%, U TIRILIZ B b FEBA 4 K
W, BRANG BAT R AP IERENE 2 ke

FEb R B S AR eSS 1), R
9600 °C, Krket a2k 1 he

JEUBHRI A 27 1 2 3 sk 27 43 BT i e 2 5
T EE A R 1 Al

HH 1 AAI, B RS 1 32 B 25 B 3 (T 4350
MR BRAVER, B EN 24.76%, 45N 48.80
g/t; WRHREEBERSEN 0.71%, LUERE N, maE
ik 48.50%, ARG, N 2.14%, BIYEN—FhE
BRARAN G REAT, K502 Ak B AT i W 1) 7
FUOT B R RN 0.15%, RN 0.49%,
BRAERAT B KBS, SAFLAA R . AT 22
—ANEREE. BRI T E AR SRR

Hx

1.2 SKIORIE

2 8 B GRS B N 2 A3 0 Gk N
o, 1fi SbCls HATRIEE . SR 18 WA SRSy
PE, ESCIOEAET, B SI L EE, AR
FHRYE FeCls HIR 84 »

XTI BT IORE . SR Ab B CRE % /N 0.074 mm
I 80% LA F), SIS IE R R KA Ik ¥t ml it
BeE . MAERRSE . WL DL A FeCly 13t & R E Ok
5E HCI Fl FeCly &, 4 ECHILr i A A =1
I E TR KA S oI, AR AR T 2
TARERTIN 30 g BRI, bk t, RVIk S|4
MR RGEE. S TBREIE SbCly kAR, FIMRIE N 1
mol/L (MR IRVEHEORS ™), SRIGuE, Tk, Fra,
T AR RE BN AT, AR SO, Ak
I Hh AU NaOH e~ U, Tk =41 SO, 1]
FRHIRRRR . )5, AT R 4. BT
ZREmE 1R,

Mass fraction/%
Material
Fe, Sio, AlLOs CaO MgO Pb As S Sb Au”
Sb-Au concentrate  22.13 9.24 251 0.38 0.16 0.16 1.08 2571 2476  48.80
Sb leaching residue ~ 17.44  15.70 431 0.073 0.14 0.011 2.14 48.50 0.71 106.66
Calcine 33.10  37.33 5.90 0.13 0.18 0.026 0.49 0.15 0.69  202.62

1) gh.
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Gold leaching liquid Gold leaching residue

1 FUALR e SRR R
Fig. 1 Experimental process of gold cyanidation
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2.1 RS

h TR AR R, X T R R B Ak
W REREFEED 3 MPEHEAT X AT (XRD) 5>
HrRE A AT, AR 6 5 S PHIRAE R, I
AT TR B T SR IR R A
2.1.1 XRD i/t

X SR ATHHNT S ) D8—Advance, #R#E XRD i
(OB 2) AT %0, BEeoRE I 3 A A R (SbaSs)
TUERA (FeSy) M1 2E(SI0,), I 57 D A AL BRI P LA
ST s BRI R B MR IR AR, B DAY
FA e, B DL R B AR T
o, SRR E AL R . R (FeS)) s £
YE(SIOn) LA S DA AR W) s S50 1) T S A A
E(SIOL) MR RN (Fer05), 15t IR B 11 F BTt 11
PR G Kb JE R o A
2.1.2 AEWIARS BT

2R, BN TR USRI A A

F2 EURPRLPIAR 4R

Table 2 Physical phase analysis results of sulfur in raw materials

5— Sb,S,

® v oo BT % %
*
*
o % ‘( * *
(c?..»«— N VO 0 - V0 -3 S
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20/(°)

B2 3MPEHN XRD %
Fig. 2 XRD patterns of three materials: (a) Sb-Au concentrate;
(b) Sb leaching residue; (c) Calcine

15, YA LR RS, M
BT R, RSB TTmAY I R E R
42.99%; GUGEII, SRR AR TV TS AR TR T
I7 LR PE R B 56.97%; SRRbE IS, B R
BT A SRR T SRR, B R R
0.15%, BRIIIEERZFIAS] 99.84%, FAMIGE LGRS £h
VIE

3R, BEAKEY T 47.83%10 4 DL BAA 4 R
4 BT AFAE, 33.18% A1 18.83% 1) 4223 WIMRAE T
W PAREA P, TRAE T RERR SR 8P o LAl
Wby REE R TSN EEE, RS WA E
106.66g/t, FifiE WEEAT FBRAE LUK T BRAE I 3 fifE, 330
SRR, DAR S RIE R S A A BT L
Bl = 2 71.54%, RN, TAE TR YA G 4
AT Ay LB BEAIG, (EAR AR =1 IA 28.33%; KEAb
SREER IR — D E A, FEA FE DU ARG A
G RAEAE, DERAE TR .

Elemental sulfur Sulfate Sulfide Total
Material Mass Distribution/ Mass Distribution/ Mass Distribution/ Mass  Distribution/
fraction/% % fraction/% % fraction/% % fraction/% %
Sb-Au concentrate 4.86 18.9 0.83 3.35 20.02 77.87 25.71 100.00
Sb leaching residue ~ 27.63 56.97 0.02 0.04 20.85 42.99 48.50 100.00
Calcine 0.02 13.33 0.07 46.67 0.06 40.00 0.15 100.00
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Table 3 Physical phase analysis results of gold in raw materials
Single and associated Sulphide Oxide Silicate Total
Material gold
Content/ Distribution/ Content/ Distribution/ Content/ Distribution/ Content/ Distribution/ Content/ Distribution/
(gt % (gt % (gt % (gt % (gt %
Sb-Au 23.34 47.83 16.19 33.18 18.83 0.08 0.16 48.80 100.00
concentrate
Sbleaching 0 3 5 54 2571 24.10 423 0.14 0.13 106.66  100.00
residue
Calcine  191.69 94.55 0.83 0.41 10.09 4.98 0.13 0.06 202.74 100.00

22 RS

TR SR Fk WA EE 2.5:1. NaCN
WRE 0.3%(JTE5r250) I [A] 48 h. #ii#3 % 600 r/min.
FEURACPE T R B TR IR &, S %
M 71.93%, FHBCRANEAL AR M AT S, R
B b LUK G RN AR ST AR G T oy LA 3]
T 71.54%, WRAF TR (TZE 0 FeSy)H 14 F1 4 AL
YT M Fe,O3)H 14505 A 24.10%H11 4.23%, Hitk
HED, 5255 H 1R DR 28 ] R B R AR 1) 6
F. IbAh, SRR SRR B Th i BT oy
M, 2AH0 G PR i 48.5%% 5 45.95%, [FIKT
2.5%/c A7, UL TR A5 i RE R B RE, AT A
Hl, TR AR SR A1 UR KR, PRItk K
AR TV LSRR T B MR I R R 2 —
2.2.1 TR AN B RN AR R R

h T HE D TR B TR R B R R A I S
&, RH 20% NaOH(J5t 2 73 BRI AL i 4 98 °C
W LG 5.1 FNES TR A 6 h (R4 A HEAT BRI 6, ¥
Bk BT R S, B TP R BR R 29.05%, I
i %N 60.65% , 1M 5 6 v L TR BT o L RN
56.97%( M3 2), DA HEAHERT 5T O o84 NV . A T IE
B IX— T, X HEEAREIEAT XRD 43HT, 45
3 7.
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9 o — SiO,
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20/(°)

B3 AR XRD i

Fig. 3 XRD pattern of desulfurized residue by hot-alkaline

FH AV IR 1) XRD (LI 3) T 401, H it
AP TEAY, FEATIEE R, o AT
G, RN RS AR 451 git, SR RN 71.68%,
5 RS HAR R G R (TL.93%) M ZEAK, B
FRTTRR R A AT BR T RE ST AE — 8 B UL I DL Ry
filt4e, AHAE R & i EE IR . ARV,
P10 R B R AT P B T A S N T T RSP ]
FEY)ZE A LB I b 2 TR AR ) PR TR S A
LR, B R, RAEAEGR PR AR Y, R,
PR R R G SRR )N, IXRTSE S 45 R e 4
W .

[EJES, A TR B SRR 2 5 e 0 Hh e IR
7, 0B BRE AT T A2 A, S IR
25 g, 4P 5K A HyO, Flv HNO; R 22 ) TR S AL
PR, HALE R NN

FeS,+15/2H,0,=1/2Fey(SO4)s+1/2H,S0,+7H,0

AGsyg i« =—1042.58 kJ/mol (1)
FeS,+15HNO;==1/2Fey(SO,)s+1/2H,S0,+15NO,+7H,0
AGSe « =—308.43 kJ/mol 2)

REAKEMSAE: . W 12 hy H0, IR
0.3%(F 40 WL 5:1. pH NERTE.

WRIHIR AL 45 2F: I 80 °C . i) 6 hy ¥k HNO;
WRE 200 g/L W LE 5:1,

P IR ACPER 23 5 BB e A s 1 A Tk 2 R Ak
P TR AR G 25 R 3k 4 Brdl.

HH 4 AT 5N, AV 71 HO, R HNO; %846
o, SRS A S, U R e
R ani ) R ZER 3, i PR AR — 1 2 AR X — it
AP 2 8, (e A, BT RN =)
AtaE H O s A B AR IR 35 LA R Z Bk &), X
e R A T R, AR T E LR, B
KRR KB AL PIRR H ,  BAR¥E ] pH ] DALE
— PR R HIREEK N R, AR Fe IA7AE 2 g
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BRI P2, SO T BRI R, 420 Tk
Ao UBAh, IRIEREEACET, SE R E A H A
AR, TR RIS AL,

R BRTIR, SRS REAE AR I i = 2y
o
22.2  FALRERENT G S i B AL
eI RE T, H - v 3 A K o P SR R
Bl fe b, B RS BRI L, B kE
KRB, KRt At Re s b AT, DR sk
B0 I FR TR AT R BN SRR . LEAS [ RS
SIS ]IS AFF ST 5 A0 v PR 2 B R 49 HE R (1) 52
g s pr.

SR, BHAE R PR, B AR B AH N
B, SAALVESE, AR RS & i A AR
0. KEBemt X 60 min B, BEHTEN 99.84%, Mt
BRocsr, BEEMORARMEE R, SR H A
i, Ul R S OB TR, B R R
RRER R, XD EE T sk S BT 4
SR EEER, HOR oA sia iz et
eI AR PR R 2 —,  [FIIE B T R B AT
FEAe T LA S R AR I AT AT

N T D T R I R b R SRR AN SR B
AT I FE DL RS BRI, 2 0 AN [ I [R5 11
FEWPEAT XRD 04T, S5 R 4 fros.

B 4 m g, AR R R, PR I SE R AR
1, HAGHEE 120 10E, k56 E] 2 5 min B,
YA PR PR TR S A A B, R Be N IIA ) 15 min B

F4 AFELERR SR

Table 4 Gold leaching results of different oxidation residues

MiAOR, 55 W R IR KR SR 3173
v—S °— SiO,
o — FeS, *— Fe,04
e o FeS,
smin__ ey |8 | Teleefe Jono
o
| o
15 min o "?‘071(0'30“9 'f'
o
30 min S gs I mgmoe % #b
et o
40 min ATJ‘OITQ*O *0 X w*
o . .
60 min cl> TJ l oo © T # 0 ¥
s
0 10 20 30 40 50 60 70
26/(°)

B4 AFIREBEI RS ) XRD 1

Fig. 4 XRD patterns of calcine for different calcination times

TR E MR o SRR R, SN e A0
WrtAT, W PRGN AL T KRR AR
IO LI = PR IR SR AT B IR RS Y,
JEAE B N LA (Fey . S), 1AMz (K BRI 5
TEIAMNA AR, B TR W B,
D A JRHERE, DR A 2R v TR R Bk
W BB AR, eI TR 60 min I, Bk
W OB A IR SRR R P 25 SN ) )
PEAZEREQUN o BB WT K . BT IR W
Ry BEBHASCIBHTEBEEHAN R AR B W E
Jlo BEAL,  H TR BRI AT LLFRRBERE, T4
7R o

Oxidant Residue Mass.fractilon of Desulfurization Total desulfurization Gol§ contenE lof Gold leaching
rate/% sulfur in residue/% rate/% rate/% residue/(gt ) rate/%
H,0, 96.54 29.20 2.96 61.93 29.25 81.55
HNO; 42.52 7.25 89.98 96.05 29.86 92.34
x5 WS ELSSRBERXA
Table 5 Relationship between sulfur content of calcine and leaching rate of gold
Roasting Residue Mass fract.ion of Desulfurization Gold content of  Gold content of  Gold leaching
time/min rate/% sulﬁn n rate/% calcine/(gt ™) residue/(gt ") rate/%
calcine/%
0 100 48.50 0 106.66 30.47 71.93
5 85.6 35.24 37.80 124.60 32.13 74.92
15 60.4 18.77 76.62 176.59 35.14 80.64
30 54.6 12.38 86.06 195.35 29 85.56
45 53.8 6.58 92.70 198.25 26.71 86.89
60 52.4 0.15 99.84 203.74 8.88 95.92
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Table 6 Effect of sodium cyanide concentration on gold leaching rate

Agitation o(NaCN)/ Leaching Gold content of Gold leaching
pH us rate/(r-min”") % time/h residue/(gt ') rate /%
10.5-11 2.5 600 0.1 24 99.16 52.54
10.5-11 2.5 600 0.2 24 47.72 77.14
10.5-11 2.5 600 0.3 24 38.04 81.84
10.5-11 2.5 600 0.4 24 34.63 83.37
F 7 BB E A
Table 7 Effect of leaching time on gold leaching rate
Agitation o(NaCN)/ Leaching Gold content of Gold leaching
pH us rate/(r-min”") % time/h residue/(gt ') rate /%
10.5-11 2.5 600 0.3 4 61.19 70.64
10.5-11 2.5 600 0.3 8 54.32 74.09
10.5-11 2.5 600 0.3 12 48.02 77.80
10.5-11 2.5 600 0.3 24 38.04 81.84
10.5-11 2.5 600 0.3 48 8.88 95.92
10.5-11 2.5 600 0.4 48 7.65 96.35

BA SRR XIT Sk 2w FoiFEa i, s
AT 268 20 g BEAP NN 250 mL e, AR LL |
B AR B SR 1 & B R FE, F NaOH ¥ i
TIEE R pH H, WFFUEAANAE DL SR H I )R
RHERREm, B AR R 6 F 7 A,

t3 6 I, Rl SAGENIR B R3S
HBWINR . TR 0.3%, &zl
81.84%, F AR LI INE] 0.4%0), SR H RN
83.37%, LAAHIE, Wik 0.3% NEfEE . HET
LA, AR R 0.3%, 4 R B ) ) () A
KIBWER, My 48 h i, &xffi R IA 5]
95.92%, REHEBCRRLF, A T L e S A
WG], B AR EE N 0.4%, = 48 h /5,
SR RIAE] 96.35%, BIEE N 0.3%0 4103
HAIT 0.43%. 25 FRTiA, SRS oy
0.3%, et HiINTE 2, 48 ho

C e[ eI B RO R b/ IR N
i EHIASaEE, RINEER T ER 33.1%, nTLMERN—
RIS L RS D b B, b, R 8 git
LA MEEAWHEE, &8RN 4%4L40, Bk

{7/ g TS| PN P NS Bt SR 7S SR
R, BRAOEGE TS, Hir
AT LU R ITERARI .

4 g

1) WRRIER BT A AR I, SRR
AN 71.93%;  ABR IR 7 A A S0 25 R B,
ATV TP G 38 BUR T RE T RE UL AN R A
ARG I BN, i gk a4 e
I RO R AR LR 2R . Ak, AT A AR
(EF SN
2) YRS EART G, RS mEREER
0.15%, fii B BR AL F] 99.84%, FA AR FI ok 3
AP R SES, HRSEG R ARTR, BAAER R,
W LG 2.5, pH 11, #iEHHE 2 600 r/min. AN
0.3%, ¥HIEE 48 h BT, SR EREET
95.92%, LHHENRENE AR TR E T 24%, A
REROR IR S AR BE S A% ).
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