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Fig.1 Schematic diagram of working electrodes of enargite
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Fig. 2 Cyclic voltammogram of enargite in electrolyte
solution at pH=9.2: 1—0.17 V; 2—0.3 V; 3—0.5 V; 4—0.8 V
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Fig. 3 XPS survey spectrum of natural enargite
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Fig. 4 High resolution XPS spectra of natural enargite: (a) Cu 2p; (b) As 3d; (¢) S 2p; (d) O 1s
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Table 1 Binding energy and mole fraction of elements

identified on natural enargite surface

Natural enargite  Binding energy/eV ~ Mole fraction/%

Cu 2ps3p 932.2 20.1
Cu2pyp 952.4 20.1
S 2psn 161.9 27.5
S 2pip 163.1 27.5
As 3ds), 423 7.9
As 3ds, 42.7 7.9
As 3ds), 433 7.9
As 3ds, 44.0 7.9
Ols 529.7 7.9
Ols 532.6 7.9

530.2~530.6 eV Ju[EHN, HIFRHIM. XRHT YR
M Cu( I )AL CuyS 5L Cu,0 MIFEARAFLE. CusAsS,
i Cu 45 & REMEAE 932.2~932.3 eV, S U4 &RElE
fE 162 eV, X5MAER Cu. S EEEREMERETL. KL,

Cu 2p 3 WEUE 932.3 eV Z5& REAE N B T B i =
M T Cus_AsS, FH) Cu ATTTRR.

DL S5 RER T, BRAERE7E 0.17 V E M, FER
A Cu H5r B TFH YR T HE NV T AR B AL )
(Cus AsS)IMVIE AN FE, REALLE Cu(1DINHA
M, S EATER RIS, As REREAAL.
232 0.3V AL SBT3 17 AR A

6 FTs NERBERE 0.3 V A4k 5 R Cu 2p.
S 2p. As 3d 10O 1s Wi 7 HFiE I, 3 3 Frol At B
4 E et . STBEIE 72 0.17 V 5405 15 7 7
BEXT L, BRARENEE 0.3 V A E R Cu 2ps As 3d
PR R A AR, S 2p 1O 1s 284 B I . Cu 2ps,
W S5 A REME N 932.3 eV, TR EAL T R R
BAEM Cu(IDIEMNAE, (A2 Cu FIBE/RSHGE—
HBRRAG, H0.17V Y 12.42%F%%) 7 0.3 V 1] 7.09%,
XRATEM AL N AL, BRAERS REKER Cu
TEREN TV As 3ds, IZE G REME 72 AN 42.9 eV
M 43.4eV, 5017V EILJG As 3ds, 145 G REME(42.4
eV M 432 eV)HHLL, Zrhl$em 17 0.5ev fl02ev, {H
I As PIHHIN AL .
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Fig. 5 High resolution XPS spectra of natural enargite surface after 0.17 V oxidation at pH=9.2: (a) Cu 2p; (b) As 3d; (c) S 2p;
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Table 2 Binding energy and mole fraction of elements

identified on enargite surface after 0.17 V oxidation at pH=9.2

Element Binding energy/eV ~ Mole fraction/%
Cu 2p;p 9323 12.42
Cu2pp 952.1 12.42
S 2psp 161.8 27.43
S 2pip 162.8 27.43
S 2ps 163.2 27.43
S 2pip 164.4 27.43
As 3dsp 424 5.8
As 3d;, 42.8 5.8
As 3ds; 432 5.8
As 3d;, 439 5.8
Ols 528.9 11.3
Ols 531.7 11.3

S 2p R T AL T 162.0 eV A 163.5 eV [ S 2pss
Wesh, BT 167.9 eV S G REEAL L T — AN s
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I S, (HETREH T CuSO, HIF BHUK, XPS 70
R 3) T H CuSO, KR Cu 2psn A1 O 1s
456 R fE HI(Cu 2psn 934.9 eV, O 1s 532.2~532.4
eV)o S 2ps, RIS A REILE] 163.5 eV, I 0.17 V &
TGS 2ps, W45 5 REAE(163.2 eV), $215 17 0.3 eV,
ELEE A BB T 82 IEs A RElii . A HRIER,
SU (I LE B REMEAL T 163.5~164.4 eV, (HH T AW 7Tk
RN R, RS AT REMER/ N . WE 0.3 V L
fr6E T S BLSE B RAEAE T K 1 -

B LA B, BAREES AL 0.3 VAL, K
) Cu B RN, RIEVIRDAAE
Cu(IDMAAAE, FTREAFIED R CuSO,, (HAL TR
RBR, RIEAEAE—E RS2, RIFEAE As BB
233 0.5V A5 BRI A2 T A AL B

7 FR NERERERE 0.5 V 4L 1800 s J5H)
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Fig. 7 High resolution XPS spectra of natural enargite surface after 0.5 V oxidation at pH=9.2: (a) Cu 2p; (b) As 3d; (c) S 2p;
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Table 4 Binding energy and mole fraction of elements identified on enargite surface after 0.5 V oxidation at pH=9.2

Element Binding energy/eV ~ Mole fraction/% Element Binding energy/eV ~ Mole fraction/%
Cu 2psp, 932.5 8.11 S 2pin 164.8 17.61
Cu 2p;p 934.7 8.11 S2p-S0O3~ 168.1 17.61
Cu 2ps3/ahake up 942.1 8.11 As 3dsp, 43.6
Cu 2p31 shake up 944.1 8.11 As 3ds, 43.4
Cu2pip 952.3 8.11 As 3dsp, 443
Cu2pip 953.8 8.11 As 3d;, 44.8 4.85
Cu 2p 12 shake up 955.1 8.11 As 3dsp, 45.2 4.85
Cu 2p 12 shake up 962.6 8.11 As 3d;, 45.8 4.85
S 2psp 162.1 17.61 Ols 530.6 26.83
S 2pi) 162.9 17.61 Ols 531.4 26.83
S 2psp 163.6 17.61 O s 5324 26.83

FHH ) Cu 2p 30 IS G REAEAE 934.9 eV, 5IAbdE JEEN, B, 455 6EE 45.2 eV B As,O5 1) As 5T

(1) Cu 2p 3 I 934.7 eV Z5G RefE L WA 225 . Bko HIEIRIE, As,05 7 O 1s 45 G REMEAE 531.5eV,

I, AT A N EAGRETE R T — & & CuSOy4 AH. WO S5 R Ols 1§ 531.4 eV 45 & REME N
As3d i, BRI T 43.6 eV F1443 eV [ As3ds,  As,O5 10 O TTilike FTLL, IESERIEAIEAE As,05

WEAh, TERZEGREA 452 eV LT —ASH As  f71E As,O5

3dsp . As,Os ' As3ds, IS5 & REMATE 45.9~46.5 eV B LL B, BAERERSE AL 0.5V AdL, K



474 o EA 4R AR 2020 42 A
A Cu FI As WIRMNWITRUSAE, 23 TEN VIR TE R MEEARES T 5 . SEMETE 0.5 V& ik
Cu(11)ZEALAH(Cu(OH),, CuSO)F As,0; EfLA, 1t S B R L, BRARER TR 0.8 V AL E R

b, RIIEAEAE—5E 11 S2 Hs ff1 Cu2p~ S 2p. As 3d 1 O 1s W& BS54 K AL B 1
2.3.4 0.8V A5 B iR B 2 T AR A R A1k,
B 8 s NERAARE 7E 0.8 V 44k 1800 s J5HY Cu 2p HEFRAREE Cu( 1)) Cu 2p 5n G A REMEN

Cu2p. S2p. As3d F1 O Is m/r#Eit i, WEEM  932.5eV, fF Cu(I1)HM Cu2p s, 45EHEE N 934.9

90 16 =
@ . (b) &
2 2 S o P2
80r g3 . && 14f R
@ = g Q s = 8 &) -
> [=% Qa g9 5 2 =1
= a T NS g = O =
= 70+ = & =& g @ > ‘ //\
g g §35 i: M| & ; |
E 6of 2.0 = 10
50F 8 b
40t | 1 | 1 6 ! ! 1 | ! 1
970 960 950 940 930 172 170 168 166 164 162 160
Binding energy/eV Binding energy/eV
5 80
(d)
70+
4
S S 60
= 2
‘3 ‘@ 50
g3 s
R= g
" " 40
& &
2F 30
20
1 1 1 1 1 1 1 1 1
50 48 46 44 42 40 536 534 532 530 528

Binding energy/eV Binding energy/eV

8 RARGEAPERETE pH=9.2 ¥ 0.8 V %L /5 K H XPS =/ Hr &g
Fig. 8 High resolution XPS spectra of natural enargite surface after 0.8 V oxidation at pH=9.2: (a) Cu 2p; (b) As 3d; (c) S 2p;
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Table 5 Binding energy and mole fraction of elements identified on enargite surface after 0.8 V oxidation at pH=9.2

Element Binding energy/eV  Mole fraction/% Element Binding energy/eV ~ Mole fraction/%
Cu 2psp 932.5 9.23 S2pin 164.6 7.16
Cu 2psp 934.9 9.23 S2p-S03” 168.6 7.16
Cu 2p3/2shake up 941.5 9.23 As 3ds) 434 432
Cu 2p3/3 shake up 943.9 9.23 As 3d;, 43.8 432
Cu 2pyp 952.4 9.23 As 3ds) 442 432
Cu 2pyp 953.8 9.23 As 3d;, 44.8
Cu 2p1/2 shake up 954.6 9.23 As 3ds 45.4
Cu 2p1/2 shake up 962.2 9.23 As 3d;) 46.0
S 2p3p 161.9 7.16 Ols 531 31.08
S 2pip 162.5 7.16 0 1s O-C 531.4 31.08
S 2p3p 163.5 7.16 Ols 532.4 31.08
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Fig. 9 Mole fraction and mole ratio of
natural enargite after polarization at various
applied potentials in electrolyte solution:

(a) Mole fraction; (b) CuAs,S,; (c) Cu,AsS,
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Electrochemical oxidation process and chemical composition of
surface phase on enargite in weak alkaline solution

YU Juan"2, MENG Bi-chen', HUANG Wen-long', LI Lin-bo'?

(1. School of Metallurgical Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China;
2. Shaanxi Province Metallurgical Engineering and Technology Research Centre, Xi’an 710055, China)

Abstract: The electrochemical oxidation process of enargite in solution at pH=9.2, and influence of potential on the
chemical composition of surface phase were studied by cyclic voltammetry (CV) and X-ray photoelectron spectroscopy
(XPS). The results show that the primary oxidation process relates to the formation of copper-deficient(Cu; 1AsS,) sulfide
induced by the dissolution of partial Cu into solution mainly occurs on enargite at the oxidation potential of 0.17 V (in the
potential range of oxidation peak Al), and these is no Cu(Il) oxidation products existed in the surface film of enargite. A
small amount of Si’ forms through the S oxidation, and the As oxidation do not occur. When the oxidation potential
increases to 0.3V(in the potential range of oxidation peak A2), plenty of Cu left the surface of sample and dissolves into
solution. There are still no existence of the oxidation products of Cu(Il). A small amount of CuSO, might exist, but its
content is below low limit of detection. The S” phase is present in the surface film, but there are no existence of the
oxidation products of As. The oxidation and deposition processes of Cu and As occur at the oxidation potential of 0.5 V
(in the potential range of oxidation peak A2), and it results in the formation of the Cu(Il) oxidation products(Cu(OH),
and CuSO,) and As,0;. Additionally, some S" phase is still present in the surface film. A certain amount of Cu(1Il)
oxidation product of Cu(OH), and CuSO,, are formed on sample when the oxidation potential increases to 0.8V(in the
potential range of oxidation peak A3). The As element is still present in the form of As,0; and parts of S element exists
in the form of S2” besides some S element is oxidized to CuSO,.

Key words: electrochemical oxidation; enargite; hydrophilic phase; hydrophobic phase; XPS
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