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A study of surface mechanism of arsenopyrite in alkaline solution

XU Tao"?, LIAO Mei-ting” and YIN Zhi-gang’
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Abstract: The surface mechanism of arsenopyrite, which was treated in different spans of time (0.5 h, 2 h, 4
h, 6 h and 8 h) in an alkaline environment (initial pH=12.3), was investigated by SEM, XPS and frontier
orbital theory calculation. The results showed that Fe atoms were most easily oxidized and shifted onto arsenopy-
rite surface due to its activity. The dissolution of As atoms almost synchronized with that of Fe atoms, but S
atoms were hardly suitable for this phenomenon. The oxidation degree of arsenopyrite surface increased with the
treatment time. It is inferred that the reaction mechanism was that Fe atom on the arsenopyrite surface was
firstly oxidized to ferric ion in alkaline solution, then As and S atoms were respectively converted into As( Il )
and sulfate under the presence of ferric ion and oxygen, and As([ll ) was finally absorbed onto the ferric hydrox-
ide with porous structure. Combined with calcium ion, sulfate completely entered gypsum. As a result, these
sediments could adhere to arsenopyrite surface.
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Table 1 Molar ratios of elements for arsenopyrite AK, XEWHEWRNER T ERZ, &5 540.

before and after treatment W TERA AT, Fe A1 As BT AEALEATL,

Rl S/Fe As/Fe 1M S B FAE NI R 2 h I B EUR R B 31X

RIS 107 09 IR As A Fe (18 3545 — 5k Xt

o o o AT 35 B 2R T S HLRE, BT

Apy-3 0.77 1.02 72 BRI BRSO S — I B R 2R P B T B, 6 R
Any-d 0.52 103 ORI AT AT T FG T AT

Apy-5 0.95 1.02
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Fig. 2 XPS spectra of elements on surfaces of arsenopyrite after treatment
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Table 2 XPS surface compositions for arsenopyrite treated in different spans of time

) Apy-1 Apy-2 Apy-3 Apy-4 Apy-5
TCHE S5
A At/ % VA At/ % A At/ % UEAE At/ % [E2(e At/ %
707.1 0.63 707.6 0.58 707.3 0.53 707.6 0.24 708.0 0.25 FeAsS
711.3 3.12 711.5 2.45 711.2 2.64 711.8 2.5 711.5 1.75
Fe 2p et A
720.0 0.63 720.3 0.58 720.0 0.53 720.5 0.24 721.0 0.25 A%tk
725.0 3.13 725.1 2.46 724.6 2.66 724.7 2.52 724.8 1.76
. 162.0 2.99 162.0 1.47 162.0 1.61 162.3 1.22 162.0 1.28 FeAsS
2P 168.8 1.16 168.6 0.84 167.8 0.84 168.6 0.74 167.1 0.86 T R A
A 3d 41.3 2.5 41.6 2.01 41.3 1.65 41.7 1.03 41.2 0.97 20
s 44.7 5.9 44.4 6.17 44.6 6.31 44.6 4.48 44.1 5.04 AsY
531.0 44.03 531.3 44.98 531.1 43.41 531.5 39.87 530.1 22.07 LM
O 1s '
19.58 532.0 T R AR
347.3 6.28 347.3 8.5 347.4 7.13 347.1 5.84 345.8 5.38 P
'l 51
3.19 347.5 ¢
Ca 2p 5 39 349 0 A
’ : AR RS

3.19 350.7
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Fig. 3 Composition change of Fe, As and S on surface
of treated arsenopyrite
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Fig. 4 Density of states of Fe; As and S atoms for arsenopyrite

AR AT £ BT AL, — A 20 1 s o B A
(HOMO) 5 53— 93 F M B AR i (LUMO)D fig &
ZFEMIHAERHECI AE| DN, I3 2 18] 0 AR T A F 3t
B . HOMO Hl LUMO #5384 43 1 B L I 15 25
M # fe J, Wk Yoo 7 20 710 3 Ak 2 MR
(MartinezMagadan et al., 2012). £ 3 N b )
HOMO. LUMO M & %, M & o ] &0, & b 1
HOMO#L i, T ZH Tk A Fe IR T (REH
0.348 3), HX N As JR 7 (R %00.220 7), HIK A S
JRFCRECH0. 104 1o EFRPE LUMO $hiEH, &
ZLOTHRAIAR M Fe I F(RECH0.401 7D, 10 S S F o1
BRI =1 T As Ji 7o MRS TR (Chen er al.» 2010
B A HOMO 0 — 6.822 eV, LUMO {54 —
4.536 V. LU EEID 5 A M HT 4 U (e ] R B,
RAEFEAEH 2 LUMO MEERP ) HOMO
BB (/N AEl =1.653 eV)o MWEAP I HOMO %1
EREKE , Fe As .S HZ 5HESMIEH Fe 2 5
MAVER RN . R FI A AL R, Fe JR T
5 55 E T, X ] DURR RS #5100 38 1T B2y A2 A 1
ILCE BEIE AN XPS 45 SRW16).

% 3 HEA HOMO 1 LUMO EXR ZH
Table 3 HOMO, LUMO and their coefficients of arsenopyrite

%P HOMO/eV  LUMO/eV  HOMO RE  LUMO %%

+0.3483 Fe— —0.4017 Fe—
0.2207 As+  0.0915 As—
0.1041S 0.1942 S

HY -6.189 -5.098

AR 38 73 0 R i A A LB A T
PEGAE T, BERD R Fe Ji 1 1 S5 8 8T HH D0 Bk
T AE R T AR U AE R, As B AL R
As(3+)CIERITRAR), S A N BRIRIR . T8k &
TAERRNE 2 F N 2 A R i 1 SR A Bk X i
MRARAT R L W MR . MR RAR 585 & 45

TR T o XKLL AL W) k1 B B e, S
AL RS o

BRE 26T T B0 280 AN [R] I () B AR 2, 3R 0
KA REE A A R TR T Be (SEML A
XPS) AT £ HUIE B8 70 B R OL, 350 R Fe 5t T
Wk deea, B by MR AT o As A1 Fe JCHIE
W FE, B As B Fe 2. {HIE STUE L Fe T
B . HEBGHE N FE 0, V)8 T 200 1 Sy Fes
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