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afi, Bk RIR A 2 ALY AR AR S T FR B
TR G R A5 . FURIER) XRD 15 LA 1. H 2k
KB, ZEEER FEYN CaSOsn Fe(OH)SO,
H1Si0,. S EWE &M AF 77 Kb W3R 2.

M 2 Ara, SRESR R RARE. EEe L
71.40%, WRALPIEES S 12.23%, BEMAYEHES
17 10.17%, R EICH 0.05%.
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Table 1 Main chemical composition of oxygen pressure

residue (mass fraction, %)

Au  Fe o Si Al S Ca As K

174V 158 348 17.1 446 128 7.54 277 2.08

Note: 1) g/t

»— Si0,
s 4 — CaSO,
v — Fe(OH)SO,

10 20 30 40 50 60 70 80
260/(°)

E1 EAEYAHEE
Fig. 1 XRD pattern of oxygen pressure residue
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Table 2 Gold phase analysis of oxygen pressure residue

Content/  Distribution/
Phase O
(gth) %

Exposed gold 12.43 71.40
Encapsulated in pyrite 2.13 12.23
Encapsulated in iron oxides 1.77 10.17
Encapsulated in arsenopyrite 0.98 5.63
Encapsulated in quartz 0.10 0.57

12 RHERBMSLESE
1.2.1 B

MRV R A &, BRARTE pH A 1.0~2.0 Tl 54824
JBRAC BT Au(H,NCSNH,); , 124 [IFEA s N AR fe
ZT<“7]:

4 Au+8H,NCSNH,+0,+4H =
4 Au(H,NCSNH, )} +2H,0 (1)

Au+2H,NCSNH,+Fe*'= Au(H,NCSNH,); + Fe**
2
Pt ALY A &, R 2 B A RUR
S*. Sy SyTEBRMEAME T 58 RAEE R,
A AR E B S W) AuS | AFAE TR W 2 Bk
HHIE IR N4 NaCly NH,Cl Z54b 2255, F AR ik
FIZ ARG R . A IEA R B R FiRP):

Aut+S]” = AuS; +e 3)
Au+S2™ = AuS; +e @)
6Au+2S” +SI = 6AuS +e (5)
8Au+3SY +SI = 8AuS +e (6)
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HENAEEE T RMNEF, IMA—EERAK, K
— VR LR TR 2R s 2) BRIEAR REAR AR UM
EPIMAGRER . RERELITT pH S 1~2 KA, fiHk
PSRN — e R EE R, FREA T IR R A
AL AN pH AE S 10~11, BEFEH A G & &2
EAIZAAY, FFEANTA: 3) B SE A IR
g B SRR pH fEIE B X E], RLTERUE B
FRLYE, BUR R, R R BRI 2 O
FIBEE, JEDHE 110 CHRT IR E. &R RN
SWEfRE S aEN 8, Hig@)iHE:

nz(l— mxw ]XIOO% 7)
mo XWO

K g BoREHE (%) mo I wo FRRFE i T & (g) il

SMEE%); m M wXKREHERE@MEHNEE

(%)

1.3 ST SR

FEM ST Rm TR A R4k, R, B,
TR ME BT ICP-AES 3 A E (35 [ H
12 7] IRIS interprid 111 XRS 7Y o BHE & 46 88 744
SAELD . BRI ROWE SR SEM(Japan jeol
JSM-6360LV, 20 kV)HEAT 73 #7 o FE il A 20 ek X
STARATH(H AT TTRAX-3 AL, IR L& 50 kv,
DA LI A 300 mA, F48 25424 10 (°)/min) #4770 4.
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Fig. 2 Effect of thiourea concentration on Au leaching
efficiency

M 2 BT, BEAEBRIRIKEIR R, SrRHER
Je BFHE TR, SRR E 1.5%0, &1
BRI E R KA 52.4%, ELREHRIRKE, &
BRI AEHET N R, R & R IRR AR T4
JEE SR . BUONBIRIK L &, Bk 2 A
A TR R R, JTRRB N RaE, ]
AW Ak ST, BEAS T BT 4 S BRI A S R
17, SEERBE TR,
2.1.2  BMEAERUA RE MR H

WIIEZEI R : pHAH 11.0~11.5. &5 #3400
t/min. YR E LG L/S=6. JEPERIK LS 80 g/L. BF[A] 3.0
hy BN, BEAEFER SN2 HAIREEX 12 H
R, 58K 3.

M 3 ATRAE 1, BEE IEFUR &7 2 A VI EE
e, MR HRZET S, YRERZmemk

90 50

4
I
AN
S

80

70+ 4 — Au leaching efficiency |

= — Au content in residue
60 \_’__4“’__‘

0 0.6 1.2 1.8 2.4 3.0
Concentration/%

B3 ALY R A R
Fig. 3 Effect of polysulfide concentration on Au leaching
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@) s Region 1
Ca Element  x/% W%
(0] 49.28 29.19
Ca 25.69 38.11
S 20.91 24.82
Si 1.73 1.80
Fe 1.26 2.60
Br 0.62 1.82
Y 0.41 1.36
As 0.10 0.29
o .
Si Ca
C ﬂ
e’g U Fepe
0 4 8 12 16
Energy/keV
) s
Region 2
Element  x/% wl%
(6] 74.00 55.57
Ca S 13.02  19.60
(0] Ca 12.05 22.67
Si 0.61 0.81
Nb
8 12 16
Energy/keV
Region 3
Element  x/% wl%

(©) 71.69  46.85
Si 7.46 8.56
K 5.24 8.36
Fe 4.39 10.00
Ti 4.06 7.94

K Br 268 875
S 1.73 2.27
. Ca 162 265
Ti As 0.59 1.82
a Fe I 0.54 279
I .
[T Fe
P 3 12 16
Energy/keV

B4 REERRHER SEM AR X K1) EDS i

Fig. 4 SEM images of leaching residue((a)—(c)) and EDS spectra of corresponding areas((a’)—(c')): (a) Oxygen pressure residue; (b)
Leaching residue of acid thiourea system; (c) Leaching residue of alkaline polysulfide system; (a’) Region 1; (b’) Region 2; (c')
Region 3

®3 ARERIREEEMARTRE L ER

Table 3 Leaching efficiency of coherent element during leaching process of different system

System Acid thiourea system" Alkaline polysulfide system”
Element Fe Si Ca Fe Si Ca
Distribution, w/% 14.66 21.07 9.1 17.46 18.6 6.73
Leaching efficiency/% 26.23 2.03 4.04 0.59 2.16 19.58

1) Loss of residue: 20.49%; 2) Loss of residue: 10.05%
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WD IE 1.5%3= H 1) XRD w21 E 5 s .

@ = — si0,
s — CaSO,
v — Fe(OH)SO,

20/(%)
®) »— SiO,
v — Fe(OH)SO,
v |
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20/(°)
BEl5 AFKRERHER XRD #%

Fig. 5 XRD pattern of leaching residue from different
systems: (a) Leaching residue of acid thiourea system; (b)

Leaching residue of alkaline polysulfide system
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®)

2FeAsS+7Fe,(S0,);+8H,0—
16FeSO,+2H,As0,+5H,S0,+28° )

2Fe;S¢+14H,S0,+70,—=14FeS0,+168’+14H,0  (10)

F€7Sg+7Fez(SO4)3:21F€SO4+8SO (1 1)
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CaS0,+20H = SO} +Ca(OH), (16)
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FeS,+Fe;(S0,);=—=3FeS0,+2S° (20)
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Fig. 6 Effect of polysulfide concentration on Au leaching

efficiency and Au content in residue
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Fig. 7 Effect of C concentration on Au leaching efficiency

and Au content in residue
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N 0.9%- B[] 5.0 h, FHEEHPEE RS H RN
ey, 28 R 0 8.
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Fig. 8 Effect of Stirring speed on Au leaching efficiency and

Au content in residue
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WIUGZAt: pHAE N 11.0~11.5. JRNIEFE 40 C.
WA B L/S=5. AEFIR AR EE A 0.9% . B I 280
r/min, 55 NI R 423 R M, LA R ILE 9.

M9 mIAN, G H ERBE A I A R K 2218
Tt &2 Sh EIHE 85.36%, 1fifa LIt
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Fig. 9 Effect of time on Au leaching efficiency and Au
content in residue
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Fig. 10 Effect of L/S on Au leaching efficiency and Au
content in residue
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Fig. 11 Effect of temperature on Au leaching efficiency and

Au content in residue

M 11 T 50, B8 LR 3 0 4 (1038 H SR 7
. HEE 10 CEAZE 20 CH, &RHEREAZE
80.52%, LAMREEAAE, W/EHERE AR, SRH
RTINS, MIEE LT R 50 CH, &R HEN
LB i 83.18%. MR, 2T HISahEEZY,
ART SRR, ABER IR,
Fe i OB v REAR K, RN MR R & A
RE SRR, BHEEIERE 50 CHEsEE,

22.7 HARKM

T I AP TR s R AR P R R R A R A
WR: pH EHA 11.0~11.5. &MNEE 50 C. lE L
L/S=5. WETERIKEE 40 g/L. Pk 280 r/min. IF
FIRHANREN 0.9%. KA 5.0 h, fEHARFAM Tt
IT=2H 500 g iy Kikee, REss Rk 4 s,
ST 3 SERHESRA T, R S frs.

*4 RIMFKMATERIE

Table 4 Leaching efficiency of gold under optimal conditions

Serial Content/ Mass/ Leaching
number (gt™h g efficiency/%
1 2.75 456.05 85.61
2 2.82 466.15 84.82
3 2.66 453.31 86.04
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Table 5 Gold phase analysis of residue

Content/ Distribution,

Phase (g{l) W%

Exposed gold 1.48 55.64
Encapsulated in pyrite 0.43 16.17
Encapsulated in iron oxides 0.59 22.18
Encapsulated in arsenopyrite 0.11 4.14
Encapsulated in quartz 0.05 1.87

H& 4 7JLLEH, AERBERNZG NG,
BHEEE2 2.7 gt HEASEHEIL 85%U |,
RERMEARR T, RAJEFRSESTZ AT Lk
HAEEPSMEAORH . HE S AR H I kg
A G R s 55.64%, HUCN BRI B EE S it
22.18%, HEFRILAEMBTHEESED, A EX L
TFRIRER ST
228 WERE

12 TR 57 S T R TR A IR FEIR A T
o WIGEZAF: pHEN 11.0~11.5. JRNHRE 50 C.
T B L/S=5 i 14 % ¥R B 40 /L 3¢ £F3 i 280 r/min.
AEFIR KRN 0.9%. IFHE] 5.0 h. R T
o ORE 38 BOGRL FE 3 A A 45382 HY I A R0 R 428
Do=15~25um, HEAEEINZE 100 W, IR G =
THREE I, HAgRIE 6.

®o6 MNFENRITTEERIE
Table 6 Leaching efficiency of gold in different leaching

methods
Serial Content/  Leachi
era Leaching method on in ee.lc e
number (gt") efficiency/%

Conventional secondary

1 . 2.61 87.03
leaching

2 Superfine grinding leaching  1.95 91.95

3 Ultrasonic leaching 2.28 89.77

HHEE 6 AT A, AR B8R HHE 5L 91.95%,
AR IR AR R IR 89.77%, HEANEE 412 A
A SRR E R R R eR E R E, R
2 BB AR 75 I R 1T e e SRR R R

SYRTRIEN, AN B AV r (SR 0, 2 4 AR T
B ZWMOR, SHFE TR, BB FEE T iR
V396 24 7] B FLAhR B A 4 B B 4 7 A T IR R
FRPY, R R T, 18 IR R T R
FLERANZLRAG RN — 2Dy R, B AR EA B

R AT IEALE UL R T R ) B R S, (AR
RIAZAH, AERHR AR EER A K. B AR RIS T
PR A TR, NPT A SR A pd R, A TR
H R T A AL AN T SRR P AT, TR R ) B L 5
T, ARHER PR AR A, A I AL
PEFEAE P A T [ A0k 2 T VR 2 B RE . A AT
I INEI G

3 Z5ip

1) BRIERIRAR RIE S RCRAC, Tk IEF A R4
R, ik 2 A ik R A R 82 R
71 30%.

2) BRAEFRPERIRAR RIS MR, Bl 2 Ak )4
RIEMRAL, REIERRIA RIEMRAL, FSTERMETRIR
WERIEMRAR, Tk 2 A RIGMER G .. BV
MR, BRG VM, ARAERRIK 5 FAb /) il A2 BT 2
TER B . Bl 2 Ak ik R R TR RS Vi
TR S KAV, GEERBIRRNEE, &
BHEGE.

3) A RERE 2 AR O R e A %A pH
fHRN 11.0~11.5. RN 50 °C, R L/S=5. i%k
HRWE 40 g/L. PR 280 r/min. FEEUR AW E
9 0.9%. WA} 5.0 h, RIBESE&2.7g AhH, &0E
H2Ik 85% LA bo TP TIRER &L, BRI
R R AR R TR 91.95%M1 89.77%, 4N
JE IR A P R TR R m R R
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Gold leaching of high pressure acid leaching residue using a
non-cyanide system and its mechanism

GUO Xue-yi"?, ZHANG Lei"?, TIAN Qing-hua"?, YU Da-wei" %, CUI Fu-hui'?

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;

2. Cleaner Metallurgical Engineering Research Center, China Nonferrous Metals Industry Association,

Changsha 410083, China)

Abstract: Using oxygen pressure leaching residue as raw material, the leaching behavior of carbon leaching in acidic

thiourea system and alkaline polysulfide system was investigated, and the mineralogical change during leaching was

analyzed. The results show that the gold leaching rate using the alkaline polysulfide system is 30% higher than that of

acidic thiourea system, and gold is exposed and released in alkaline polysulfide system, which is conducive to the

efficient leaching of gold. The influences of various factors on the gold leaching rate were investigated in the alkaline

polysulfide system, and the optimum leaching conditions were determined. Under the optimal conditions, the gold

leaching rate is over 85%. A study on enhanced gold impregnation is carried out, the ultrasonic gold leaching rate reaches

89.77%, the leaching rate of ultrafine ground gold reaches 91.95%.

Key words: oxygen pressure leaching residue; non-cyanide system; thiourea; polysulfide; leaching; gold
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