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Leaching of Au from refractory gold ore in
thiourea-thiocyanate solutions and stability of lixiviants

YANG Xi-yun, LIU Zheng-kun, GUO Kong-bin, XU Hui, SHI Xi-chang

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

Abstract: Gold was extracted from refractory gold ore using a process of roasting followed by thiourea-thiocyanate
leaching. The effects of roasting temperature, initial concentrations of thiocyanate, thiourea and ferric as well as pH value,
leaching temperature and time on the leaching rate of gold were investigated. The results show that the gold leaching rate
is 93.1% under the optimum conditions, and the leaching rate in mixed system is greater than the sum of leaching rate in
solutions with each individual lixiviant. The mole ratio of thiourea to thiocyanate has significant influence on the leaching
rate of gold and open potential. Thiocyanate accelerates the decomposition of thiourea whereas thiourea alleviates the
decomposition of thiocyante.
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Table 1 Composition of gold ore (mass fraction, %)
Au"  Agh Zn Sb Pb Mg Al
28 13.1 0.29 2.3 0.01 1.2 3.2

S Fe Ca Cu K As
13.9 16.3 33 0.05 1.5 2.3
1) g/te

1.2 KIGiHiE

SR . S iR e AR B, SR
Wi, FEHIRBEEE 600~800 C, Kikea Ak SO,
DL As,Oy UM, AU R iLAE NaOH 3l Il
i SO, BA K AsyOs.

SR . WA ISR BE D 20 g RIA
500 mL = 48, & HL 200 mL Fey(SOy)s- it IR (Tu)
DL NaSCN 2R G, R EHIR GBI =
FIRe i SR /RIS, M HoSO. 1 pH E, HIR

R LI HEE A B G RO R B 1 2165
PR e A, E, S HTERR R, T
G
13 S7A*E

Au WK F] ICP-AES R JBHE 4525 5 AR 1
RS CEREATAI, Wl 267.50 nm.

TR IRAR FE I . DAE R i Fas i, R FH IR
W E 2 TR

M%Mﬁmﬁmmm TERR IR RV NI
IR, B RERY O, DA b fa
A, PG SRR AR MRV B 7T 28 IR AR AL R, MR
i T R Rt L PR 54 P 420 O 11 2 2 o SR U PR A A
&,

1.4 FFEEEBAIAYNR

K H CHI660B HAK % TAFuG, W5 Hutl o A Pine
Instrument A 5 IE G AR, SHCHERCY 232 AU
YRTH R Hitl, SR A B0 (0 SR T B AN R
[ R A S H 34 B AR AR AR (O DR P BEL , 46 F AR FH 46
FHRP AN, 780K PPUE. AR5 B4R T4 ki
7K, Bl IEAER = A K I, 5 J B EA T 5l e

2 FHR51R

2.1 EFHIRHEER
2,11 REREIRLEE X 4 e s

PEHIREGRIN ] 2 h, SRR L 2S48 Tu
0.01 mol/L. NaSCN #J& 0.05 mol/L. Fe’*0.01 mol/L.
pHL.5. &R 30 'C. W= HINTE Y 80 min, Krbeit
JEEXS R A IR S R 2 Fr A

R2 RO R AR A5

Table 2 Effect of roasting temperature on gold leaching rate

Temperature/ 'C Leaching rate/%

650 53.73

700 75.49

750 89.29

800 84.00

850 79.14

900 75.57
HIE 2 W LAR Y, BRI B A B e, ity

KA. RS BER TR 750 CIF, S0 1R Rk
Pl = {H 89.29%, SRE:FEREE, 0 R R T
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Fig. 1 Effect of NaSCN concentration on gold leaching rate

MK 1 ATRLEH, 24 NaSCN IRERIRNT, 41
e Z B4 NaSCN i B 38 Km T, 24 NaSCN ik
FEERE 0.01 mol/L 5, iR H#k%E NaSCN AL
(BT B P A — B n] RS A I 7 T ) i A«
1) SRR BT FEE 5 Mt R 5 4 SR B 2 [ P R R L
117 L A0 S iR YANG 2509 2UR gy & 0,
YRR RAR TR R EEN 11 & 14 i, DURBAHARAR
BRI ROV DT, AR/
R AIRANEE R ELRT 101 i, DUIRR A, N
$ QAT AR IR/ RN BE K LN T 125 1, B
IR AR Mo A, RN G)HEAT, B IR I X
Vi3 )5 LUBR RS, P DABR SR AR Ak 21—
BN 2) NaSCN Wi IR I Ae e M e, iR
(R SRR BT AR -5 BB IR 40 i, BRI DR P R FiE
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Fig. 2 Changes of open potential of gold disk with time at

0.45

different mole ratios of Tu to NaSCN

2Au+2Fe’ +4Tu+SO2™ — [Au(Tu), 1,80, +2Fe**
2)
Au +Fe** +2SCN™ —> Au(SCN),” +Fe** (3)

N T T AR B R B R K LR BN T R R R
W, DA AR SR, HOR ISk, [#5E Tu
WA 0.005 mol/L, Fe’ ¥ J¥ 0.055 mol/L. pH 1.5,
HE 30 °C, SRR AL, AR 5 S R i B
IREEZr 54 11, 1:20 1:4 1:10, SRR T 4 AR T %
HAr B I (R A4k, HLEE SR 2 o

M 2 FTRAE Y, B IR 5 S R AR K LE E
L1 9g/NE] 1:10, FFE AL ETHE B, RREERERS 77
F, $ED)EN3), TR A N AXBRIG, BEERmIR 5
0, TP B0 B K LUK S N2 [ R AT 5
2.1.3  Tu WX G353 H R P50

7F NaSCN /& 0.01 mol/L. Fe* ¥ & 0.01 mol/L.
pH 1.5, S HEE 30 C. & HIH 80 min. k&
TEERISE R, Tu W42 R WL 3.

HIE 3 FTLAE H, Tu R BEXS G5t Rk,
2 Tu WKL T 0.01 mol/L, BEH Tu RN, 4
BZHEH S0%H N 94%, 4 Tu IRFERLLI N, &
HARR A PG X B T AT FEAERTT,
R PERR KR A% Q) T, [AII), BRARA G2
Wi P SRR BRI, B R AT D A R
IR S HEEA TR, SOV @) (5) s

2CS(NH, ), +2Fe’" == 2Fe’" +(CSN,H,),+2H"  (4)

(CSN,H,), == CS(NH, ), +S+CNNH, (5)
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Fig. 3 Effect of thiourea concentration on gold leaching rate
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Table 3 Comparison of gold leaching rate between single and

mixed lixiviants

Lixiviant Leaching rate/%
Tu 78.3
NaSCN 13.8
TutNaSCN 94.18

H TSR A R R R RGBT, 24
A IR T e i, 23wk 3 pral. ik
3 AR H, BERRTEREERT R —4RET
BRHEZA, TR AR R SR — A E P A
H.
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mol/L. Tu ¥#&% 0.01 mol/L. ¥ HiF 18] 80 min. K
JEMESE MI4IE R, Fed IR 4012 A 152 LY 4.

i 4 aTLLE R, 24 Fe WKE N 0.005 mol/L F
0.01 mol/L I, (st =R BH Fe v B 1 184 i i) S5 3
K, M FSWIE KT 0.01 mol/L, &R RkE Fe’
WK PAG o Fe 1 b SR A A Y ik 1 A Ak H A7
Yerefr—E i, DMRAIES BARERRRES W,
TRIRIR G F M — RIS, W Fe(NCS),
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Fig. 4 Effect of ferric concentration on gold leaching rate
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AL B AR K, BRI BB, 1 HLAR R T
ARG HHEN, 23 Au RHEREMZ .
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2.1.5 pHEX 4= R 15 m

7t NaSCN K% 0.01 mol/L. Tu #¢/% 0.01 mol/L.
Fe' 9% 0.01 mol/L. % 30 C. &2 Hi A 80 min.
PP TR E 4N, %87 ANF pH E MRA A&
RIZEE, HERWE S PR,

M S TTLVE H, A b pH E3G i —
AN SRR, Y pH=1.5 I, R, X
BRI SRR, pH EAE 1~2 MBI, &
HRBEE pH (TR s I 76— SRRk 4
A, BAR pH AR ERAR e
RAERETHERIIG, W AERE N /805 pH E
W, BRI R, (R Tu A0 R ik
(SCNHy), P FE I, ARSI AT E . Lk,
i R =k (1D~ S R BV A5 PR R 4 I 358 HH T
pH {4 1.5 8 i
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Fig. 5 Effect of pH value on gold leaching rate
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Fig. 6 Effect of temperature on gold leaching rate
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2.1.7 RN SR AR
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Fig. 7 Effect of time on gold leaching rate

M 7 AIEH, BERE R, SRt A8
B2, 2 HIEEES] 80 min B, RHIH N 93.8%, 4k
SRR [A], I IS

it 750 CREBEFALEE RS RS 100 g {81\ 2500
mL = BN, B 1000 mL 32 HR, #55] NaSCN
WIZ 0.01 mol/L. Tu iK% 0.01 mol/L. Fe’ ¥#J% 0.01
mol/L. pH=1.5. ® iR 30 C. & H KA 80 min,
ok, YER, iﬁﬂF 135 92.4 g ¥, xﬁ?%ﬂ:ﬂj@i&ﬁ
th2E o3, RIESEN 2.54 gty S FEN 0.2%,
As Tl 0.23%, Lfﬁﬂjéﬁﬁﬁﬂjﬁjj 93.1%. S I
SRS RIS, BT D ERIR R AR S AT
Wi, Jioh, KRS AR SR T R R S B AR
B IR R R VA T, SR S A .

22 REFIBEEE
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%2‘3? T SR IR XS R IR 0 iR A e, 25 51 LI

o TRV UMM A P52 B IS T (1 AR Ak b 9 AT 10 i

N> TR, R R R E R DR B — A R v 1 0 i

HBHI AR SRR 9

B4 NaSCN ¥REEMIHE I, Tu Mo ffia 1™,
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O I 5[] AR A4 PR R A 7] EE? IR EH, TR
B AR ZR UK 73 ik P s e —

fiP 10 A7 %0, BEE Tu m"zf;:i%f'jz il TR A F e
PSR, 4 Tu KR E] 0.01mol/L B, B e 17

B NT 1.5%. WRIRISE T 0 EURAN ) i, TR i
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