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Abstract: In order to reutilize these industrial wastes of pyrite @®cu Osi oFe S @0
tailings, the effects of the six single factors of sulfuric acid
concentration, leaching time, ore particle size, ore dosage,
leaching temperature and agitation speed on leaching copper in
the pyrite tailings and the subsequent Lis(3”) orthogonal
optimization experiments had comprehensively been
investigated. Furthermore, the mechanism inhibiting further acid
leaching reaction had been revealed by the scanning electron

microscopy (SEM) and energy dispersive spectroscopy (EDS).
The research result showed that the optimal condition of leaching Pyrite tailings Leached residues
copper was sulfuric acid mass fraction of 30%, leaching time of 6 h, ore particle size of 150 um, ore dosage of 5 g,
leaching temperature of 108 °C, and agitation speed of 440 r/min. Under the condition, the Cu leaching rate can reach
50.68%. The priority of influencing factors of sulfuric acid mass fraction>leaching temperature>ore dosage>leaching
time>ore particle size>agitation speed was obtained via the range analysis of the orthogonal test, and moreover the six
factors were extremely significant via the variance test. Finally, the SEM and EDS had revealed that the surfaces of the
leached residues had tightly been encapsulated by micron-sized particulate SiO,, so that it passivated the further
leaching reaction progress and limited the constant increase of the leaching rate at the late stage of acid leaching.
Therefore, it was very necessary to loosen the SiO» coating layer and release its passivation at the later stage of leaching
reaction for the sake of further improving the leaching copper in the silicon-rich pyrite tailings.
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Fig.1 XRD pattern of pyrite tailings
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Table 1 Multielement chemical analysis results

Element Fe S Si Ca

Cu Mg Al K Na Others

Content/wt%  9.0145  7.8041

19.4751  6.6102  0.1720 1.3422 1.1334 0.8080 0.3610

53.2795
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Table 2 Single factor test design table for acid leaching

Name of single factor Leaching Sulfuric acid mass Leaching Leaching Ore particle Ore dosage Agitation speed
experiment solution/mL fraction/% time/h temperature/ 'C size/um /g /(r/min)
Sulfuric acid mass 100 10, 30, 50, 70, 90 6 28 75 5 200
fraction
Leaching time 100 30 2,4,6,8,10 28 75 5 200
Leaching temperature 100 30 4 28, 60, 80, 100, 75 5 200
108
Ore particle size 100 30 4 100 1700, 550, 5 200
300, 150, 75
Ore dosage 100 30 4 100 150 2,4,5,6,8 200
Agitation speed 100 30 4 100 150 5 120, 200, 360,
440, 520
®k3 EXTWHMERRERKE
Table 3 Influencing factors and their levels in orthogonal test
Level Factor

umber Sulfuric acid mass Leaching time Ore particle Ore Leaching Agitation speed/ Empty column,

fraction/%, A /h, B size/um, C dosage/g, D temperature/ C, E (r/min), F G

1 10 2 300 4 80 360 1

2 30 4 150 5 100 440 2

3 50 6 75 6 108 520 3
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F Origin 2019b £: 4], Statistical Product and Service
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Fig.3 Single factor experimental results of acid leaching Cu of pyrite tailings
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Table 4 Test results of orthogonal test Lig(37)

Factor
Leaching rate
No. Sulfuric acid mass Leaching Ore particle Ore Leaching Agitation Empty of Cu/%
fraction/%, A time/h, B size/um, C dosage/g, D temperature/ C, E speed/(r/min), F column, G
1 10 2 300 4 80 360 1 1.37
2 10 4 150 5 100 440 2 14.90
3 10 6 75 6 108 520 3 13.90
4 30 2 300 5 100 520 3 36.10
5 30 4 150 6 108 360 1 41.71
6 30 6 75 4 80 440 2 30.22
7 50 2 150 4 108 440 3 26.62
8 50 4 75 5 80 520 1 13.44
9 50 6 300 6 100 360 2 17.17
10 10 2 75 6 100 440 1 3.79
11 10 4 300 4 108 520 2 15.42
12 10 6 150 5 80 360 3 9.53
13 30 2 150 6 80 520 2 23.26
14 30 4 75 4 100 360 3 31.40
15 30 6 300 5 108 440 1 49.73
16 50 2 75 5 108 360 2 27.10
17 50 4 300 6 80 440 3 11.98
18 50 6 150 4 100 520 1 19.55
®S5 IEREW LisGHREDHT
Table 5 Range analysis of orthogonal test Lis(37)
Leaching rate of Cu/%
Factor Range, R/% Optimal level
Average value of level |~ Average value of level 2 Average value of level 3

Sulfuric acid mass fraction, A 9.82 35.40 19.31 25.58 2

Leaching time, B 19.71 21.47 23.35 3.64 3

Ore particle size, C 21.96 22.59 19.97 2.62 2

Ore dosage, D 20.76 25.13 18.63 6.50 2

Leaching temperature, E 14.97 20.48 29.08 14.12 3

Agitation speed, F 21.38 22.87 20.28 2.59 2

Empty column, G 21.60 21.34 21.59 0.25 -

HIZ 6 IEAZSEIRSE RITT Z 0l ., 224k Sig
T p EEI/NT 0.01, SRR A~F)X T Cu iz &1
SO, AEERRE.

IEAT S I BGAE S5 BUR H Cu B Hr b i
I E AB3CoDoEsF,, #HTERIR 26 . HE =X,
Cu IR0 48.48%, 51.98%, 51.59%, “F¥K
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Table 6 Variance analysis of orthogonal test L1s(37)
o Significance,
Source Type III sum of squares Degree of freedom Mean square F-statistic »
Corrected model 0.283% 12 0.024 377.435 0.000
Intercept 0.833 1 0.833 13335.572 0.000
Sulfuric acid mass fraction 0.201 2 0.100 1607.055 0.000
Leaching time 0.004 2 0.002 31.890 0.001
Ore particle size 0.002 2 0.001 17.953 0.005
Ore dosage 0.013 2 0.007 105.445 0.000
Leaching temperature 0.061 2 0.030 485.973 0.000
Agitation speed 0.002 2 0.001 16.296 0.006
Error 0.000 5 0.000 - -
Total 1.116 18 - - -
Corrected total 0.283 17 — - -

Note: a: R squared=0.999 (Adjusted R squared=0.996)

(a) Before acid leaching

&l 4
Fig.4 SEM images of pyrite tailings surface of before and after acid leaching
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(b) After acid leaching
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Fig.5 Energy spectrum of tailings surface after acid leaching
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