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Research progress of non-cyanide gold leaching in gold mines
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ABSTRACT With the exhaustion of easy-to-treat gold ore resources, gold ores containing arsenic, carbon, high sulfur, and ultrafine
particles have become the focus of gold mining. These difficult-to-treat gold ores have poor leaching effects through conventional
cyanide leaching methods. The chemicals involved in the production process are highly toxic, which can endanger human health and
seriously pollute the ecological environment. Some countries and regions have restricted or prohibited the use of cyanide to extract gold;
besides, cyanide treatment contains copper, zinc, nickel, etc. When removing impurities from gold ores, these impurity metals will
increase the consumption of cyanide and oxidant in the leaching system. At the same time, a film will be formed on the gold surface that
hinders the leaching of gold in cyanide and reduces the leaching rate of gold. Gold-containing substances that are insoluble in the
cyanide solution include antimony compounds, aurostibite, black bismuth gold ore, and gold-containing compounds formed during
reduction roasting of lead, antimony, and arsenic minerals. Although these compounds are present in small quantities, they may account
for a large proportion of the amount of gold lost during processing. Nevertheless, the cyanidation method is currently the main process
for processing gold ores. Due to the existence of defects in the cyanidation method and the declining gold ore suitable for cyanide
treatment, scholars from all over the world are studying alternatives for gold leaching to realize an efficient and environment-friendly
recovery of gold in difficult-to-treat gold mines. This article summarized the methods of non-cyanide leaching of gold: thiosulfate
method, glycine method, halide method, lime sulfur mixture method, iodination roasting process, biological oxidation thiourea leaching
method, and non-aqueous gold leaching method. The gold leaching principles of seven non-cyanide gold leaching methods and the latest
research progress in refractory gold mines were introduced. The development direction of non-cyanide leaching gold technology was

prospected based on the problems of non-cyanide gold leaching methods such as expensive leaching agent, difficulty in recovering gold
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in leaching solution, complicated leaching system, unstable properties of leaching agent, and large consumption.

KEY WORDS (difficult to handle gold mines; non-cyanide leaching gold; thiosulfate method; glycine method; halide method;

biological oxidation thiourea leaching method
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Fig.1 Simplified route for thiosulfate decomposition!
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Fig.2 Mechanism of copper ammonia catalyzed gold dissolution!"*!
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Fig.3 Mechanism model of thiosulfate leaching of gold with nickel-

ammonia catalysis®!
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B4 R, &% RN 80%. Hasab 55 ™R A
NaCl-Ca(OCl), ¥ WAL PR B AL ) 0 77 e S K5 1,
492 AR IA F] 82%. Hasab %56 SR I Sk W -k &
PR b VA WAL PR & I R RE 0, SE AR R bR &
BOERAT ORI A B B
ALY - RKAREZ | HRUEERE, S WIR 1%
iKF| 96%. Yanuar 55 PU 5 E ALY IR E IR LR
0 CEQ B2 J2 V8 W) Pz il —25 18 2 BL A A 1y A B, 75
I B AR A AR IR R Bl 37% Y ER R
W . ARF B0 R 12% NaOC ¥ W . W 8 1 20, 4x
(3 R 2R 89%. Pak 25152 SR N 48 Ak A
PR AL LA S A R T2 A0 B S B X RS
Jext RGBT AL B, T B S (G 4K 0 AE pH (E R
4, FALIE B T 1.0V, c(NaCl)=1.28 mol-L ™",
FCRN IR R 40 °CL IE A 3. B 2 h BISRETF,
SRR 96.54%.

i b, AR —Fhpd R 47, BRI
. MR R S, B E TOH AT D) A A s b
A TIAL B KT S v VR A R ke A A AR
XAE Tl FSSE B 3G 145 i 5007 11 9 R
32 RUWES

H 19 a2 DOk, wiA 238 Kk BLIR & — Rl 4f
B ¥ 4 1R R, (B O HAR A B AU iR 4
MRS EIAR N /0, FZ R TIROTR A ek
P, FLARXE 22 4 b A7 i ok iz g 2.

YRR AR B 7 5 A AR & i A 7, TR AN
AR D —A 7, HibE —fie 5iF 2R kE
FNE 5 S AR R Y. S AR TR AR PV W T B A
— Pl b s s R, 4 5 R R = (27)
(E®: bRufERAR R ). SR A P s fif 4 1) F 22 [
FOETRACY N & (v B . BHAR ATEAR (%) pH {E 5
LA

Au+4Br~ — AuBrj+3e”  E°=087V (27)

& TE WAL W W &R R AR A TR AR R
AuBry, AuBr; 73 fiff 46 FIAS AE #Y AuBry, Sz i 34N
(28) fr7s.
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2Au+3Bry+2Br~ < 2AuBr, (28)
EWIRE T (Br) %A, JF IR (Bry) Ak, 3
ALK ORIR R, 4 9 IR TR A AL I . 1z
G R (29) F1(30) R,
Br,+H,0 < HOBr+H*+Br~ (29)

2Au+3HOBr+5Br +3H" & 2AuBr,; +3H,0  (30)

5 AP DL Tl 20 e TR () i IO 4 R S
XS4, 43 50l 2R A% 46 1 A0 vk R A B R 4k
BEHBER BT AT A, &R RN 5.9%
Ml 43%. R L 3 7E ¢( KBrOs) = 0.25 mol-L™",
c(FeCly) = 0.08 mol-L™", ¢(HCl)= 0.4 mol-L", & &
BB P R N 250 romin”!, JRE A S, 12 H ]
5 min AT, &0 FEH 94.5%. BEE K
PR TR +h i Bk RS AR B R SR, B
& MR R AT IAH] 91.8%.

Sousa S5 X} A AR RS R R TTF L0 1) 4
WA TIRALYIE 528, 7 ¢(NaBr)=1.53 mol- L™,
¢(NaOCl)= 0.4 mol-L™", ¢c(HCD)= 1 mol-L™", & i Jii.
JE ok 95 °C, [EW H M 1, fidk 3 A 450 r-min”', 37
MR 4, pHIE M 4 KT, &2 B RN
73%. WFHEH TR R W i N Hy0,. Feb's &
1 55 E AR, B BRI RN 80%. (LALERAE S51F
TR, W3 T 4 IR, BEIL TR AEFE. 5
HoAh g5 vk 0 e R W, IR vk b 4 i R 5
WA, His TaiR a0, R b 4
12, AT 4 h 4 R AR IA 2 80%, 1
FACY R TG 2L 24 h A RRARAT [ RE B 403 AL
R BRI & T AN EERIA: OF T
SRR AR RRIZ &, Ik T & = B s @5
TRIEIA A, R FEAL.

g5 b, WM T HoA s i 2R IC R, TERR PRI A
BT A R T A S A i 7], ELIRE R AR
IR ALY A 0 B SRR SRR R 1032 s v P
AL AR, NSRBI 0 4 0 B 5 Ak i= 4 ik
i v (i ] Y IRRR AR VR T A A7, T HLE O 2 4
ERNKA . RERERE v B, ZME(ZVALD P,
4 J& A HL'H 22 HKUST-1([Cuy(BTC),(H,0);],, BTC
R -1,3,5- =R R ) # RE A R i 22 W IR
iR £R 00 WAL IR A ad A v, T A R AR
A8 0 AR B R R BT, Ay sk S e I M A HET L 1=
HEVR A RIS DA R A 7 AR ) B IR AL T B AR i
33 BMUUMES

L5 408 50 45 6 1 ELIR AV S 408 B 4%
GYERE, X R R &I Davis 5

X LT 4 TR A Y P A ) W i A T S R O
WUAE ML P ) AR AE B AR E B = Uk e, —
WAL B 1 2K 4 00 R A AL UL 28 5 W 1 4
R, 45 B T8 B Aul, Auly, 41 0] B A
A E Y (M [AuG], M [Aul}], M A% 48 804
PLEHES 7). Aul Al Auly 767K A0 7 B AR 5053
11,6107 Fll 1107, ffb 49 (i &5 ) n A
W, T R A BT Aul, (8 Aul (93 7 5 58 .
AH 5 B I B L #R Ty  H0s an =X (31) ~ (33) iR,
(HH aq RN KW 5 K o V5 B2 LW B o 2 A XS
RN DL DN

L(ag)+I" -»1I;, K=714 (31)
I[+2e” =317, ¢=0.536V (32)
Aul;+e” > Au+2l”  ¢=0.578V (33)

BTN 8 A5 PSR Ak 7k A PR A AR SR AL £
WF ST ARG T W EE X 42 R S, R B
M2 BB S B, 4R AR B R . IR IR AR R
FHBILAE V5 DA B Il 26 1 Al (PCB) iR 82 L 4: . 12
S TR AR IT TR E LR 4 1R R A R, 2 [
L A v ), AR R SRR, VR LS 10 B, 4
BN 90%. AW AR [ LI 4232 38T R,
PR W i Y T2 5 % PCB A i H A 4 i 45
HAE—. WL, MR 4 fe A 1 Y TR L
HHF 4R . Konyratbekova 55 AfF 5% T il —
BUALYE th 4 IR 2= B 2. TEIRE R 25 <C,
pHIE A 0~ 12.1 B, LA T A7, 24 pH{E
& T 120 B, IO FREAETRINE . 8
WAL PR & Rk, S, IR A EE AT
G, B EZ a6 81 (1, 15, 10,) 7]
LS &I U G, 1 I A8 10 SR FH b 1k DA J%2 E
il £ fig M BRI 4, 5T T IR VS VR pH XS 42 i
KAL) . YW pH {4 B X E) I, Tk 4R
b, B Wb HoAh 4 8 = AR U vE, I T304
2 REEAL. R R AE TR P2 R R e
S A, D, 12 G R R R R pHL (B R
il 76 TP SRR MV R Y, MR R T R 28
SRICEASYWRH, AR5 R B Rk 4.

BTN 8 A5 P B B AT 8 & PR, FH AR R A B
B AL 4 0 11 HE Ao A v 4R M SRR R (] ) 3
MG, 7EHT 3 h N, FRADEFE 1~ 2h N, &R %R
W, Z 517 1R TR E. Baghalha 261 fiff
5T AL S0 A fE LIk W v Wb R 3
MR LB, BB R 6 h, &R R A
77%; 32 H B (8] 28 24 h, 4238 H 3R 89%; {H Ffi = 1
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TRERLF2E, 26 43 5, 5 7

Bf )3 n, ¥ v b LS AR A & 0 T R A | Bk
J R, TR R A TE AR, Altansukh 25T A
Tl Ak B P THED R £R B AR PR 4. FE (1) =
0.008 mol-L ™", ¢(KI)=0.07 mol-L™", ¥R} 40 °C.,
B 2h AT, &0 H R KT 99%.

M-mib Yk RIZ ek . o A R AL
5 B AL B4 S5 B, o A B B AR (ST
R4 112 R, 38 T4 A pH (BT 11 B, At
S — PR b0 A2 ), DU 4 iR R s TR
T Bl S AR, 0 O SR B R UK T AR
R IO U TN AE. 5 A kAR IR R A L, -
LAk 1k 22 HLAG 5 A1 17 R A A v TR 1 R
POt 4 JE R A ARG B BE R, A X 1 A A AL
FIAH R A 26 A 700 B2, -k o X & (3
R ALK T AL B FUBR IR X 42 5 A 32 1 R
[IRERC 3T

il 29 Ak iR A R R R R R N R
AR R, G M Ak 1 G B R i e] B AR HE AR
AR DL R a] PISE R TRl 4 R, AN B OE
FE 5% J 3 18 2445 22 Uk T I TROR FE IR AL
A5 [ B ) 32 1 R O 0 R AR TR B o 4 IR
Pk BT AR, R A IBIFGE T 1) 2 —.

4 HMTZ57H%

4.1 AmAFE

SNG AR P B 7 A R R S A R
B B E ALY, BR T % BAL B e Tolk 1Y
]z . Zhang S8 B A R R AT A
AR ICT 4, B S A nB AL R R T
T b s e, s e b AR Y B A A KR A
A (LSSS) B B4y, vl TN & & ik h
e i N S A R R L SO B 7N DR SO ]
TE S P A O I R e A
BF, il R T b Ak 4. A
WA A& S0, R A R R gy A 4
W I A Tk R R R R S g,
W R 4 kW, & BEET ] R 600 s Ak T. 25
R, B 50h 15% B9 LSSS Tk % W = 4
& AR 91.98%.
42 MYBERIZ

Guo S5 VB 58 T — P b i 48 T2, SE T
MKHEE 43 8 0 v A 1B B HA RCH [l 4 L R
1620 g I REFR AN 1.6 g 59 K1, IR 2)J51E 1100 °C
TR R A A KSR 1 h, 4 IR Ik 99.92%, 4R
(A1 35K 87.78%. LAk Ba i S HLIE Ay« ik

HR, B TR S SR PR e WA AR
B7. MeAb, 8t BT BT (SEM) AT X 2k A 4
(XRD) 73 #r & W1, fE AL be i 2 b, S R 3
FURAE T FRmerE, I 17 e R L2, B
HAETEWF TR B AR 20 B R I i, A 2 Ak P
KB AR, PR AL B AAS.
43 WMERRME

B WK A B AU W 35 < 1) JC 2 35 4 KR
TR HIRIR 4 0] 73y PR PE BRI <65 A% 28 15 B At R T2
SRR, P XRIERRE SRR RE L. ik
1) B e Y AR R A A Y S R BEL A T R Ak
T .
431 MRYEGUIRE L

B K 7 TR 1 A 2% b al Bl AR AL Dy U R,
Rz (34).

2H,NCSNH, — (SCN,H3),+2H" +2¢~ (34)

BRMRTEAT Oy MR TEVA W h 5 & KA 485
JZ, B (35).

4Au + SH,NCSNH,+0,+4H" —
4Au(H,NCSNH,)} +2H,0 (35)

TR TE Fe* S8 A0 A7 16 B PR PR ¥ Wi P L e 5

GG Y, HROV R (36):

Au+2H,NCSNH, +Fe** — Au(H,NCSNH,)} + Fe**
(36)

i Mk = 4 o 7, Hy)O,. Na,0. 0,. Fe¥'| O,
I MnO, 25 Al {E A AL Hod, Fe A LU i
5 Bl SR Fe ol i IR i B, S8 AR T 47
R IR S S, DOTTHE N 1 Bt JOR 1) 91 .

Orgiil Z£1 %} + H- H: Kaymaz ) — 90k 40 43151
B &0 A AT BRI IR 056 KRR S E R
/NF 53 pum, 7SR pH A 1.35 ., BilRA&E 16.04kg t ',
RHEE 6 h 4R, &R % 85.8%. Hillk
R P AR INEALT (Fey(SOy)) I, 4518 R AEH
fiX. TR S B Ak, IR b R G4l R 5
RIME. hfe e Bk e, IF o N L T T 2408
5%, FIUHGE R AR . 75 T B R 21 (SHMP) | A [t 2 it
1% £ (CMIN) 12 L 12 1T A R0 a2 MR 1 8 BT,

Guo 5551 X i B v Al A B A RS 2R AT
T Wi i S 6, 95 VR A TR A AS T G At 3K 7
I, 4 0932 1R 84.42%. L VR T CMN, R 2
FlFe™, 412 H RN 35 5] 88.71%. % IF K F 4
AT ARG IDR 53 A, B R8T R R T B ALz
432 BRPERRIKE

Ry i O R M AR & Th R IR 4 AE A 1Y B i,
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A LR AE MR R TP BRIRER 4. ERER R,
TR 25 53R ), 5 R (37) ~ (38).
SC(NH,),+2NaOH = Na,S + CNNH,+2H,O0  (37)

CNNH;,+H;0 = CO(NH3), (38)

& 5B IR 5> 456 P B Au[CS(NH2), 13, 2 I
W= (39) FrRt,
4Au+2CS(NH;),= Au[CS(NH,), |5 +e~ (39)

TERSPER R PR R 2 S 4L R BT B
14 <5 Ja BH S 5 22 R AL B DLTE, FE IR IR H
LA LE AL SRR T DURE MR T A <6
A7 I A BT R A R R < S . AR R
Wb, BER O R 15 ket N i B R AR A

1.5kgt!' W LR 3 1. B3 W 46 pHE A 11.5,

BB E R 8h, A M 0.8 L'min', it $F
W R 300 rmin” BT, &R E 54.27%.
R 7S D Bl TR 0 348 50 T DR 190 e e, (ELRCR
O3 PR, 2 R R b 0 7S O Bl R el 4 58
B RN BB R, S S R o e TR . —
AT TR I AT A R )
433 AW EALERIRE Rk

AW AR IR R R — A T T AR
AT 8 ME R & a0 A OR§ ™) h Tl 4 1 O k.

Guo 5 SR HAE W A AL T AL B IR R T2
A PHMER SRS, O A W SR AR R AR BE 6 h
B IR HE X A 4 R e, DA ] R A R
FERR A 4.47 kgt IR IR EE R 35 °C. 2
W 6 h B IR 2 A T, &R &
95.0%. WFFTLERFIA WA H kAL B 4 R507 1
AT L. S A HE R O 7 b 9 A ) 3500
fii Fe™ 1 A S A, AEHE IR PR R85, B K25 70 I FE.
xR R h M B A, IR A A, XA
ALk 5EIKE IR A A e —FE S 3 — 25
e BN T Tk A ik
44 FEKBEEE

Yoshimura %572 $ Hy 7 — Fh AL R B8 IR AP (]
W4 138 7 15, FH& CuBr, i — F 2537 AKL (DMSO)
KB W IR 4, &4 KIUE R B, 4 7R
J& N 333 ~ 348 K 1Y) DMSO & W % fi, % W
¢(CuBr,)=0.2 mol-L™", ¢(KBr,)=0.2 mol-L™, &%t
FIRF] 99%. K HKUITEETIVER W 1 4, 41
ISR A 87%. DMSO WWIR & T 2 ML S A : %
PEAR . B IR T ZRRAMC. bréafbrksg . 2l
FEEMA ., TERAF=AA 5 08; /N Al n]
e FH I T 25 N B U b [l i 4

5 FiEERE

ARICLRE T AU IR ER L . H& MRk )R ik
(RALYE . ALYk, ARk | B A 7k
AR T2 BRI ik | ARK IR 6 7 FhAk
TR BT IE MR G PLH K E N AMIT ST . R
W G EE, DL 7 BhAERR 6k R0, =
G DR, AL T WAL BT, X HEAL B G A
RAaMOR R, BT RTR) 2 ERARRUR 4l
THAER R, ERATRE, 4RI R 2, RINIKRE
2%, B R FP B < (DA, AR kR, T2
A iR, IR A ORI, B X I 2 [, d
UL BT SE R

(DB IR R el 2, A R B E R h A
IAEARTESING, SE R0 B f OB R £ 1R 2 13 R 22 1% . i
A VA T A A R T A A (R AR
ok AU IR L, BRI A, i A
GARIE B, BLIGGR0R . A 2R
) A A A QA R A 1R < P, A TR £ T A ik
A, G YR ORI, JEREAR T IR R [l
G BAS . (EURE SR A AR I R 95 < 0A AT A LA
ARG ) R YT R4

() HAM LR & TR EERE, alfE N
o3 IR e GR]. h TH E R IR e R R R
Mg b, HBA st TR 5 S5
EVEAFSFIERL. BRILZ AN, H &R -5 HAb R 411
A P RR G BIVEH], AR R T & 0R M ACR, ik
A LAy FA R AT AE. PR IR P )RR, 45
FOB R GGG T, BRI G R ET 12—,

) RIERE T RAERER S 6, & X
s I 4, HLBTRE G EAT PUAR B, AR M SR Ak
Wy s W ELAT JE b e R AR AR, BEAT T SRR &
A R Tl 3z H; TR L T HA i R R TR, 76
PR AP B S5 R BB B 35 P AT A S < R AR
HLIR H AR s AL 8 I 2 55 Sl R S R £
35 L 9 P ] 7 A TR, DTS BIR A H
(. IRAL IR G T T IR B A G R 1, TRARE 2
G AT it oz i, T e R T A TR R R
PR Atz ) AR IR & T 20, #0301 RAE A
FHBITT i, AR AR ™ AR A T BB AR, fH5C
THANTALY IR & 00T T A XD i f vk
Bz, TR AR, Al R
AN TR 5, 98 BT AR, 934k, AT R — 2B BE S
AT JFRE P8 [T Wi s, AT AR 2 1 A

(4) B K AR A B URALY) R & 1 o T
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TRERAE, 5 4348, 5 Tl

=i, (BICI8 R AR IR L 6 2 B e AR 5 v, B
A KRAGSE s 75 pH AE K T 2 B IR PR 52 R K
T 25 °C W5 o, S BURLIRIA AL 5, 7 Bk — 2P
S8 A DR 0 e, 7 1k A P DR ) e, 42 7 R
Pk I HL AL, B IR BRIR B B AR A AR R A A
P A B R 5 T 20 2450 T RR A, 35 H R RC R
WONA, ELERE AR, UL, R P AP B Rk 5 A

Py TR RIS 5 e — M E A E— P W B 2 )W A
TR k.

(5) - H BE AR — ﬁl‘ﬂl3 ?*&i{%‘r A, A
CuBr, f — H B AR MR 42, 12 Hh T B2 A
H/i%niﬁﬁjTFKéEﬂc”‘iﬁiﬁ P, /N Al
AR T2 N ke b IRl 4z
& % x #
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