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Electrochemical Profile of Leaching Gold with Sodium Hypochlorite
and Experiment on Leaching A Refractory Gold Ore
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Abstract: The polarization curves of gold anodic dissolution under different concentration conditions of
sodium hypochlorite and pH values were measured by using a potentiostat, and the self-corrosion potential
(Ecorr), the self-corrosion current density (/o) and the linear polarization resistance (R,) were calculated
by the curve-fitting method. These parameters were subjected to the verification of actual leaching process
of a refractory gold ore. The results showed that the gold corrosion rate first increased and then decreased
with the augment of sodium hypochlorite concentrations. The gold anode started to passivate at the
concentration of 0.75 mol/L. The outcomes of the actual leaching experiments were in good agreement
with the electrochemical profile. The corrosion of gold accelerated with the increase of pH values,
resulting in an increase of the leaching rate. However, the leaching rate would decreased slightly after the
pH value exceeded 12, which is slightly different from the results of the electrochemical studies.
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Tab.1 The chemical composition of ore 1%
Jt#  Fe C S As CaO MgO Au/(gh)
S8 299 946 165 0.14 246 139 17.10
JtE Cu Mn Zn  Pb SiO, ALO; Hith
&8 0.0016 0.15 0.099 <0.05 8.78 <0.01 38.17
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Fig.1 Polarization curves of the anodic dissolution of gold in

different sodium hypochlorite concentrations
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Tab.2 Tafel curve fitting data at different sodium hypochlorite

concentrations
NaClO
030 045 0.60 0.75 090 1.05
/(mol/L)
Ion/(WA/cm?) 0.881 1.021 1.063 1.343 0.491 0.542
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Rp/(104Q) 2229 1.747 1.661 1.329 3.315 20957
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Fig.2 Relationship between the corrosion current and sodium

hypochlorite concentration
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Fig.3 Polarization curves of the anodic dissolution

of gold at different pH values
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Tab.3 Gold Tafel curve fitting data at different pH conditions
pH 105 11.0 115 120 125 13.0

Low/(uA/cm?) 1207 1345 1.846 2.185 2.832 3.204

E.on/mV 4951 509.6 5144 5194 493.6 5483
Rp/104Q 1.524 1460 1.119 1.018 0.771 0.831
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Fig.4 Relationship between the corrosion current curves and pH
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Fig.5 Relationship between the concentration of sodium

hypochlorite and gold leaching rate

HH ] S BT, IR B AN 0.3 mol/L 2 =1 £
0.75 molV/L I, &HIZHZFRIEMN 51.90% T+ 5
70.12%; IR FR AR FE SR SE I iy, 12 2T
1T BES

132 H S0 55 R A S AR 4 S AR T AR P R A
A= BT BEIRJFEESL, =S KR
WHERM, TRPMAERES =W, R4
FeAsS. FeS, 7rfif, MIMFTHE&REE. HIRAR
BRI 0.75 mol/L 5, RHEA NEES, 2
DR A I BRI 1ok v R AR RO il s (IR 2
AR TR, HERRATRIKRE S T3 RS H ik
FURRATE S0 = H R R AR E L 0.75
mol/L NH .

2.2.2 pH X &% H 2R 1520

WHE 50 g, WRHBE 4 h, REARINIKSE 0.75
mol/L, & 30°C, HHEHEE 400 r/min, VAW pH
55 10,50 11.04 11.5. 12.0. 12.5. 13.0. %
SN[A] pH NHEANER S 1832 HACR, S5 R Kl 6
FIi7R o

ME 6 IEH, SMREERARS pH HILH
—ERFR, HRIEEEN pH EXAN, &R

~
o

~
N
T

{

Gold leaching rate/%
& 3

[e2]
(=2}
T

»
e

pH

B 6 pHEERMEXR
Fig.6 pH and gold leaching rate curve

RIEINIEAN G, ERA pH (50 VEH P ih 438
W52, 1£ pH AN 12.0 BHZ H 2158 S5 1)
72.80%, 5 KN 4 PHAR AR R AN TE 4
—3
TSR, NaClO g FeS, fll FeAsS 4
IFFEHZ H Au, BRI R S
VIBEAE T KER OH, SEUAH NaOH & & F
B, B FRAR, SR BIRES, MRS T
W pH AEXHE S FR R, (HAE IV pH (BN 10.5
F12.0 FIIX AT, ARERBENLIN IR R 13 . 24
W pH A KT 12.0 B, RHRBICFEZBKAE T
B, o DRNTE BB 261 R A U Fe(OH); e i B
WPt —3B o4, M T S EENES R miaT
B RSN IR B pH N 12,7812 5L,
AT LLEE RN NaOH 7K pH Fee 7E {8, LA
PR EEIRHE,

3

1) ANFEREERENIRE T R sLie 3R 0,
S R RS R S vk, 7EVREDN 0.75 mol/L
Ik 25 K. R BETE T R SRR R, %
PR R, o B PRI (HIR SR ENIR JE
AR Au(OH)s bR, S IR Bif . ok
BRI SRR T Iah 3, JEf e I SRR B Ak
%4 0.75 mol/L.

2) AN pH &AF FH AR R, &HE
PIIE AR pH 3G TEWIE K. X2 PRI R ik
PEARAE T R Au ] Au(OH); KI5k, TiS2briz
H SR R A R HE SR BE pH 3 KT AR LS /N, pH
o 12 JEAEA TR, 5SS U A R .
Hiff 2 ARV R 4 s R ) B pHL R 13,



B4l MR s

UCRRRIR S PR S0 R ST AL 43

TEXMHR S IR H A& pH N 12,

3) ANTF pH ) HLAL A SRR AR HY SR 25 R AN 58

G5, EBUYSERRR I R R A 5 ) 5T
MU KE OH, e SR MNIRIS. ¥ pH
12 )5, AR Fe(OH)s A BEMR B — 873 1 &2
FANEOM s

S 3CHR -

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

9]

HILSON G, MONHEMIUS A J. Alternatives to cyanide
in the gold mining industry: what prospects for the
future[J]. Journal of cleaner production, 2006, 14(12/13):
1158-1167.

BAGHALHA M. Leaching of an oxide gold ore with
chloride/hypochlorite solutions[J]. International journal of
mineral processing, 2007, 82(4): 178-186.

e, kg%, RREE, & REAER SRR
22[]. A 48, 2012(1): 129-134.

KIM C S, ZHANG T A, MU W Z, et al. Thermo-
dynamics of gold chlorination leaching process[J].
Chinese journal of rare metals, 2012(1): 129-134.

MeBE, XM, FHIEC, & HIRERR R G
R AR, BIEE 4, 2016, 147(3): 196.
YAN P, LIU X C, TANG D W, et al. Thermodynamics on
leaching of gold from carlin type gold ore using sodium
hypochlorete[J]. Hydrometallurgy of China, 2016, 147(3):
196.

LR, 2UET, RO, 55 WER &M b i
4. RIZHFFA]. #4, 2009, 30(11): 38-42.
GONG H J, LI L N, ZHAO S J, et al. Research on gold
and silver extraction from chloride gold leaching dilute
solution[J]. Gold, 2009, 30(11): 38-42.

RN, kEH. AW SIETT]. &4, 2003,
24(2): 35-38.

LT M Q, GUAN Y R
chlorination-leaching gold[J]. Gold, 2003, 24(2): 35-38.
OFORI-SARPONG G, OSSEO-ASARE K, TIEM M.

Study on mechanism of

Fungal pretreatment of sulfides in refractory gold ores[J].
Minerals engineering, 2011, 24(6): 499-504.

HASAB M G, RAYGAN S, RASHCHI F. Chloride-
hypochlorite leaching of gold from a mechanically
activated sulfide
Hydrometallurgy, 2013, 138(6): 59-64.
NAM K S, JUNG B H, AN J W, et al. Use of chloride-

refractory concentrate[J].

hypochlorite leachants to recover gold from tailing[J].

[10]

[11]

[12]

[13]

[14]

[15]

[16]

International journal of mineral processing, 2008, 86(1/4):
131-140.

XIS, N, BESC, &5 MEREH AR
12 RIS [T]. JBIRIR 4, 2014, 138(6): 413-415.
LIU X C, JIANG Z G, TANG D W, et al. Experimental
study on leaching of gold from a refractory gold ore using
sodium hypochlorite[J]. Hydrometallurgy of China, 2014,
138(6): 413-415.

GHOBEITI H M, RASHCHI F, RAYGAN S. Comparison
of cyanide and chloride-hypochlorite leaching of a ball
milled refractory gold concentrate with ultra-fine
particles[J]. Advanced materials research, 2013, 829(1):
869-873.

WEh, BOCK, XEoE, . e B R4
th-FAIZ H[T]. T EA 8RS, 2011, 21(5): 1151,
YANG W, QIN W Q, LIU R Q, et al. Extraction of Au
from high arsenic refractory gold concentrate by bacterial
oxidation-cyanidation[J]. ~The
nonferrous metals, 2011, 21(5): 1151.

LI Q, LI D, QIAN F. Pre-oxidation of high-sulfur and

Chinese journal of

high-arsenic refractory gold concentrate by ozone and
ferri-c ions in acidic media[J]. Hydrometallurgy, 2009,
97(1): 61-66.

e, KiE, , B SR A AL TR
IMEFACE TR S WA EEM RS TR,
2012(S2): 569-572.

KIM C S, ZHANG T A, ZENG Y, et al. Study on
chlorination leaching of gold from pressure oxidation
residue of refractory gold concentrate[J]. Rare metal
materials and engineering, 2012(S2): 569-572.

RBE, BT, NG, SE. RS RAL AL A AR B
M Ab B HT[I). WA &JEMELS TR, 2009, 275(6):
1091-1095.

ZHU P, LI K F, ZHOU M, et al. Study of in situ leaching
gold from refractory gold ores with method of ultrasonic-
aided electro-chlorination[J]. Rare metal materials and
engineering, 2009, 275(6): 1091-1095.

A HE. HUBGE SR AL & i SRS BRI L2 LR
WFFL[D]. Kib: IR, 2002,

LI X H. Study on technology and mechanism of
mechanical activation enhancing leaching of gold
concentrate containing arsenic[D]. Changsha: Central

South University, 2002.



