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Fig. 1 OCP curves of arsenopyrite electrode in Fe,(S0, ), solution (a) and in Cu** =NH,-S,0,* gold leaching solution with added Fe,(S0,), (b)
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Fig. 2 CV curves of arsenopyrite electrode in Fe, (S0, ), solution (a), gold leaching solution (b),and Cu*~NH,-S,0? gold leaching
solution with added Fe2(S04)3 (¢)
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Table 2 Tafel curve parameters of arsenopyrite electrode in
Fe,(S0,), solution and in Cu**~NH,=S,0? gold leaching
solution with added Fe,(SO,),

paSid Jow/ (WAcm™)  E_/V
5 mmol/L Fe,(S0,), 114.7 0.383
10 mmol/L. Fe,(S0,), 191.8 0.413
15 mmol/L Fe,(S0,), 233.6 0.439
20 mmol/LL Fe,(S0,), 356.9 0.431
Cu*-NH,-S,0 8.53 -0.186
1.0 gFe,(S0,),+ Cu?*~NH,-S,02 115.6 -0.245
2.0 gFe,(S0,),+ Cu?*~NH,-S,0% 216.8 -0.17
3.0 gFe,(S0,),+ Cu?*-NH,~S,02" 99.94 -0.252
4.0 gFe,(SO,) 5+ Cu**-NH;=S,03 79.07 -0.199
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Fig. 4  EIS curves of arsenopyrite electrode in Fe,(S0,), solution (a) and in Cu**~NH,=S,0? gold leaching
solution with added Fe,(SO0,), (b)
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Fig.5 Equivalent circuit diagrams for arsenopyrite electrode

in Fe,(S0,), solution and in Cu**~NH,-S,0? gold leaching
solution with added Fe,(SO0,),
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Table 3  Parameters of circuit components in equivalent circuit diagrams from EIS curves of arsenopyrite electrode in Fe,(S0,),

solution and in Cu**~NH,=S,02" gold leaching solution with added Fe,(SO0,),

bEaRi R/(Q-cm?) Y, /(S-s"-cm?) (n) R/AQ-cm?) Y /(S-s" em?)(n) Ry(Q-cm?) W/S-s"5cm™) X2
5 mmol/L Fe,(S0,), 0.01021 9.51x10°(0.413 7) 9.808  9.681x10°(0.778 1) 246.4 0.0959 1.363 1x10
10 mmol/L. Fe,(S0,), 69.94 4.463x104(0.5906) 9227  5.9751x103(0.6745)  28.83 0.007 182 1.476 1x10™*
15 mmol/L Fe,(S0,), 59.81 3.991x104(0.5597)  98.5 1.6271x102(0.6053)  186.5 1.48x10'®  1.4721x10*
20 mmol/L Fe,(S0,), 41.15 6.586x1074(0.568 8)  46.06  2.6991x102(0.5151)  21.93 1102 9.148 1107
Cu?*-NH,-8,03 1.934 1.258x104(0.764 6)  587.1 4.2731x107% (0.340 5) 3.750 13 2.599 1x1073
1.0 gFe)(SO),+ Cu*-NH,-S,03  1.181 2.258x1074(0.820 8) 78.57 1.6931x1073(1) 16.93 0.007 245 1.097 1x107?
2.0 gFe,(SO,),+ Cu>*-NH;-S,03~  0.01 8.299x1074(0.8) 25.93 8.7081x104(0.6343)  133.1 0.144 3 9.134 1x107
3.0 gFe,(SO,),+ Cu**-NH,-S,0  16.73 4.17x1074(0.434 9) 5723 3.1321x104(0.7393)  223.2 0.00557  1.5931x10™
4.0 gFe(SO,),+ Cu?*-NH,-S,0>  0.01 1.442x10°8(0.6312) 2227  1.082 1x1073 (0.6545) 148.3 0.007 084  1.3321x10™*
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Fig. 6 XPS spectra of arsenopyrite electrode in gold leaching solution and in Cu**~NH,-S,0%" gold leaching solution with added Fe,(SO,),
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Table 4 Peak parameters and sulfur species contents of S 2p,, spectra of arsenopyrite electrode in gold leaching solution

and in Cu**~NH,-S,0% gold leaching solution with added Fe,(SO,), %
Yy Cu?~NH,-S,0% 1.0 gFe,(S0,) + Cu?~NH,-S,0% 2.0 gFe,(S0,),+ Cu>~NH,-S,0%
(AsS)> 50.28 56.05 43.39
S0 14.60 16.39
S0 8.39
S0z 41.33 29.35 40.22
RS MELEYTHEREZERBIMNA Fe,(S0,), B Cu**-NH,-S,03 2 &R HHI Fe 2p,, FIERESHIKYREE

Table 5 Peak parameters and iron species contents of Fe 2p,, spectra of arsenopyrite electrode in gold leaching solution

and in Cu**~NH,=S,0?% gold leaching solution with added Fe,(SO,), %
i Cu>~NH,-8,0%" 1.0 gFe,(S0,) + Cu?*~NH,-8,02" 2.0 gFe,(S0,)+ Cu*~NH,~S,0%
Fe( I )-AsS 22.66 7.94 5.24
Fe(lll )-AsS 77.34 92.06 42.29
Fe(1l)-0 52.47

F6 WMERYBIREZERBFMA Fe,(S0,),H Cu*-NH,-S,05 B E R HH As 3d,, FIEMN S SH YRS E

Table 6 Peak parameters and arsenic species contents of As 3d;, spectra of arsenopyrite electrode in gold leaching solution

and in Cu®-NH,-S,05 gold leaching solution with added Fe,(SO,), %
Yy Cu>*-NH,-S,03 1.0 gFe,(S0,) 4+ Cu2~NH,-S,0" 2.0 gFe,(S0,),+ Cu>~NH,~S,02"
As(=1)-8 42.98 26.82 34.20
As(0) 9.22 16.85 5.72
As( 1)-0 6.94 13.12
As(lH-0 28.89 33.58 39.79
As(V)-0 11.97 9.63 20.29

H & 6-a.b.c Al 7E3R 4 W A Fe, (S0,),
J& , SP R JFR Y (AsS)* SO, SO, Ak M (AsS)™ .
S.S0,, SU Ay H I UE B I A Fe™ REAIE F A 5 2k A 41
6o HFRATTA AR i Fe, (SO,) s 1Y 2 41 %
T, IMA 1.0 g Fe,(SO,), 32 & H , LA 18 75 Sk
14.60 % ; A 2.0 g Fe,(SO,) AU 4+, B A e 1
TSN 16.39 %, U Fe™ E g G AL HE A i 4k E 1k
FREE TR

& 6-d e [ AT AT : TEIR S FINA 1.0 g Fe,(S0O,)
(IR A #RAEAE Fe (T )— AsS Al Fe (T )-AsS. il
A 2.0 gFe, (SO,), Mz W, & A Fe( Il )-AsS.
Fe(Il)-AsSHIFe(lll )-0, &5 AIH: AEIRE AN
A 1.0 g Fe,(SO,), IR AW Fe( T )-AsS 1% A7 T 22
B, 539K 22.66 % F17.94 %, A 1.0 g Fe,(S0,), )
BAW A, Fe( 1) -AsS AR ; A 2.0 g Fe, (SO,),
R4, & Fe( 11 )-AsS &AM, }5.24 %, HH B
Fe(M)-0, fRMES AU A Fe' REAE it fift

B A AL, I ELRE Fer 3 i 3G 41 i i v k™ A Ak
TR
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As(0) \As( T )-0.As(Il)-0.As(V)-0;JmA
2.0 g Fe,(SO,) R AW, %A As(= 1 )-S.As(0) .
As(Il)-0.As(V)-0, HE6H , BEWTH
As(IL) \As( V)4 40.86 %; N A 1.0 g Fe,(SO,), 77
SWHF A () JAs (V) K 4321% ; A
20gFe,(SO,) iR AW T & As(1II) (As( V)R
60.08 %, SETMAAL, As( 1 )-0TH% , P H 5
SEA T As(ID) (As(V ). @2 a3l

WA Fe™ BEAZ HE A 85 B S 1L , HL Fe™ 3 it 3 i 42
PR BT AR BN
3 4 i
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Effect of Fe’ on electrochemical oxidation behavior of arsenopyrite in

copper( Il )~ammonia—-thiosulfate gold leaching solution

Li Ran', Li Na’, Pan Jie'
(1. Faculty of Environmental and Chemical Engineering, Kunming Metallurgy College;
2. Yunnan Chengzhuo Technology Co., Lid.)

Abstract: Arsenopyrite is a common gold-bearing mineral in gold ores, where gold particles are often encapsulated
as"invisible gold"within arsenopyrite, making efficient recovery challenging. The effect of Fe™ addition on the oxidation
behavior of arsenopyrite in the copper ( Il )—ammonia—thiosulfate gold leaching system was studied using electrochemical
methods such as cyclic voltammetry curves, Tafel curves, and electrochemical impedance spectroscopy curves, combined
with X-ray photoelectron spectroscopy (XPS) characterization. Electrochemical results indicate that after the addition
of Fe™, the oxidation peak of arsenopyrite shifts leftward with increased intensity, and the oxidation reaction potential
decreases from 0.5-0.6 V to around 0.25 V. XPS characterization reveals that after adding the oxidizing agent Fe,(SO0,)
5» S” appears on the arsenopyrite electrode surface; the content of Fe ( Il )—AsS decreases, and the contents of As(Ill )
and As( V) increase, further validating the electrochemical findings. This study confirms that the addition of Fe* in
the copper (Il ) —ammonia—thiosulfate gold leaching system can effectively enhance the gold leaching rate from
gold-bearing arsenopyrite.

Keywords: thiosulfate gold leaching; Fe™; arsenopyrite; electrochemical oxidation; cyclic voltammetry; electro-

chemical impedance; XPS



