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Extraction of Au from high arsenic refractory gold concentrate by
bacterial oxidation-cyanidation
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Abstract: Through blending low arsenic carbonate gold concentrate with different ratios into high arsenic-containing
gold concentrate and changing the content of major ores, such as sulfur, arsenic and iron, the effect of iron-arsenic molar
ratio on the bacteria oxidating-cyaniding extraction from high arsenic-containing refractory gold concentrate was
investigated. The result shows that the iron-arsenic mole ratio of arsenic-containing gold concentrate has direct effect on
the bacteria oxidation, bacteria activity and iron-arsenic molar ratio in solution. High iron-arsenic mole ratio in feeding
results in high iron-arsenic ratio in solution. With iron-arsenic molar ratio increasing, the iron-arsenic ratio increases, and
the frequency of change accelerates. The iron-arsenic ratio ranging from 4.6 to 5.2 is helpful to bacteria
oxidizing-cyaniding extraction, the oxidation ratios of iron and arsenic increase to 89.90% and 93.60% from 6.14% and
7.38%, respectively. The extraction rate of gold and silver increase to 97.78% and 88.83% from 64.18% and 35.93%,
respectively. Choosing appropriate iron-arsenic molar ratio can effectively improve the bacterial oxidation, stabilizes and
optimize the process of bacterial pre-oxidation.
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Table 1  Chemical composition in high arsenic gold
[9] concentrate (mass fraction, %)
Au” Agh Cu Pb
Fe*" 26.8 98.8 Trace 1.28
As®* Fe S As
[10-11]
SH-2T 34.64 30.78 21.89
HQ20211 11.78% 1 gt
[12]
MLY 1.2
(Acidthiobacillus ferrooxidans At.f) TCJ
[13] 12 g/L
- 20% 6%
[14] 15
) g/L
[15] pH
(6] 1.3
2 5 L
(7 sl A1000 DRZ-5
ZW—0.6/7 2M

LZB-10
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38 312h 290 mV 368
pm  86% 10% 40 mV pH
0.4 m’/h 900 r/min 2
pH 20 pH 2 558 mg/L
2 158 mg/L 6.14%
50g 2g 188.41 mg/L 1 627 mg/L 7.38%,
lg lg
pHB—4
pH 64.18%
35.93% 10 kg/t
Fez+
7
350
XTD-5L 16
40% 300 1s
0.7% pH 115 48 h T 250} \
& 200 z
% 13
2 E > W
S N
100 2
21 50 11
1 1 | 1 1 1 0
2.1 0750 100 150 200 250 300 350
Time/h
38 pm 86% 1 pH
2 Fig.1 Variation curves of potential and pH value with time of
2 39 um ore with high arsenic content
48 h 58.96% 2400
35.63% 2100
T, 1800 °
2 2 1500 £
Table 2 Results of ore with high arsenic content by direct E 1200 o
N L2
cyanide leaching ‘E 900 rg
. ]
Leaching Consumption of Consumption of Leaching rate/% E 600 ©
. - -1 o
time/h  NaCN/(kgt')  CaO/(kgt™) Au Ag 300
48.00 9.18 11.00 5896  35.63 . : ' 1 ' ' 0
0" 50 100 150 200 250 300 350
Time/h
2.2 - 2
Fig.2  Variation curves of iron-arsenic concentration and
oxidation ratio in ore liquid with high arsenic content
pH 2.2
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32.74%  74.90%
2.2.1
1)
2)
96.34%  80.20%
4
i 4 3 96.34%
3 320 kgt
Table 3  Chemical composition of core blending (mass
fraction, %)
Au” Ag" Cu Pb
55.6 25.8 0.03 0.15 12 13 15 1:8
Fe S s As
11.28 5.93 5.49 0.92 222
1) g/t. 122 1:3 1:5
1:8
4 5
Table 4 Results of direct cyanide leaching and leaching after
bacterial oxidation for blending ore 46
Cyaniding  Leaching Leaching rate/% Consumption of
condition time/h Au Ag  NaCN/(kgt') 5
Direct cyanide 48 3074 74.90 14.80 Table 5 Main elements contents in mix ore with different
Cyanide after blending ratios (mass fraction, %)
bacterial 48 96.34  80.20 8.63 Blending Aw) Ag) Cu  Pb Fe S As
oxidation mass ratio
1:2 4530 48.1 0.02 0.55 19.58 1531 11.50
200 1:3 48.20 42.8 0.02 045 175 1224 7.80
1:5 51.30 39.7 0.01 052 16.8 11.72 4.63
600
= 1:8 53.20 31.6 0.01 0.32 14 8.93 3.17
= 500
~ 1) g/t.
& 400
[ 7]
£ 300 .
5 4~6
200
100 1:5
0" 50 100 150 200 250 300 35 ( )
Time/h
3 :8 1:3  1:2
Fig.3 Variation curves of potential and iron-arsenic oxidation
ratio with time for blending ore 6
3 4 3 6 1:5

6%
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Fig.4 Variation curves of potential for mix ore with different

blending mass ratios
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Fig.5 Variation curves of iron oxidation rate in mix ore with

different blending mass ratio
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Fig.6 Variation curves of arsenic oxidation ratio for mix ore

with different mass ratios
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Table 6 Oxidating time of iron and arsenic in various ore
samples
. Oxidation time of Fe/h Oxidation time of As/h
Blending
ratio Lag Log Lag Log
phase phase phase phase
1:2 216 184 264 136
1:3 192 168 232 72
1:5 144 206 148 127
1:8 175 145 192 108
Ore with high =, 0 320 0
arsenic content
Blending ore 140 72 168 24
144 h
206 h 148 h
127h TCJ
223
7
1:5
7

Table 7 Cyanide leaching of oxidizing tailings in mix ore

with different blending mass ratios

Blending Leaching rate Leaching rate Consumption of
mass rare of Au/% of Ag/% NaCN/(kgt™h)
1:2 97.37 85.12 22.8
1:3 97.49 87.49 19.5
1:5 97.78 88.83 14.6
1:8 97.56 84.39 9.8

[19-22]
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2FeS, +7.50, + H,0 —2™ ;e (SO,); +H,SO, 6%
‘ (1)
4FeAsS+130, +6H,0—22™ 5 4H . AsO, +4FeSO, As>
2
FeS, +Fe, (SO, ); —>3FeSO, +2S (3)
2FeAsS+70, +H,50, +2H,0——
2H;As0, +Fe,(SO,); (4)
4FeAsS+4Fe,(S0,); +50, + 6H,0——>
4H,As0, +12FeSO, +4S (5) 65.63%
2Fe*t + As®" — > 2Fe’" + As™* (6)
1)
As*
Fe3+ AS3+ ASS+
pH 2) Fe* Fe?t Fe?t
Fe**
Fe**
3) As**
As* A AsS
As™ As” 4)
Fe** As**
As™ As*" 5)As*
ASS+
[9-11]
As™ 15
Fe** Fe**
Fe’* 7
4.6~5.2
pH Fe*'
Fe2+
S Fe** Fe*
pH
AS3+
As*
ASS+ Fe3+
Fe2+ Fe3+
AS3+
Fe3+ AS3+
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Fig.7 Variation curves of oxidation rate of As, Fe, S and

leaching rate of Au, and consumption of NaCN with mole ratio

of Fe to As in feeding
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