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Abstract

This research was conducted with the aim of investigating the influencing Received: 16 September 2024
factors on column and agitation leaching of copper from a mixture of Accepted: 8 March 2025
low-grade oxide and sulphide ores of Sungun copper complex. After Page Number: 22-35

sample preparation and identification, agitation leaching experiments
were conducted to investigate the effect of time parameters, sulfuric acid
concentration and ore particle size on copper recovery and acid
consumption by ore in pyrex glass reactor. Copper recovery reached
71.5% in 2 hours, acid concentration 30 g/l, ore particle size -75 microns.
The consumption of acid in the mentioned conditions was 84 kg/t ore.
Column leaching experiments were carried out in columns with a height
of 130 cm and an internal diameter of 11 cm to investigate the effect of
parameters of acid concentration, irrigation rate, and ore particle size.
The amount of copper recovery in the columns varied from 44.01 to
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62.11% and iron recovery from 17.73 to 47.09%. The amount of acid Keywords:

consumption by ore in columns with different leaching conditions was Agitation Leaching,
obtained from 31 to 55 kg/t ore. Due to the predominance of copper oxide Column Leaching,
compounds in the sample, in less than 20 days, almost more than 90% of Sulphuric Acid,

copper oxide is dissolved and the increase in leaching time increases Mixture of Low Grade
the recovery of iron in the process and can cause problems in Copper,

the subsequent copper extraction processes, i.e. solvent extraction and Sungun Copper Complex

electrowinning.
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Table 1. Sample analysis results with atomic absorption device.

Element

Amount (%)

Total Copper 0.4
Copper Oxide 0.25
Copper Sulfide 0.15
Iron 453
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Figure 1. XRD analysis results of the prototype.
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Figure 2. Microscopic images of (a) thin and (b) polished sections.
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Table 2. Conditions of column leaching tests.

(a/

Acid Concentration

Spray Flow
Column (L/h/m?)
1 15 -6.35
2 15 -12.7
3 20 -15.8
4 10 -15.8
5 10 -15.8
6 15 -15.8
7 15 -15.8
8 15 -15.8

30
30
30
30
30
50
15
30

Oxidizer
17 17 -
17 17 -
13 17 -
17 17 -
18 17 -
31 17 -
33 17 =
50 17 Iron(l11) sulfate
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Table 3. Leaching reactions of copper minerals in acidic conditions.

1 CuO + H2S04 —Cu?" + SO%4 + H20 Tenorite

2 2CuCO03.Cu(OH)2 + 3H2S04 — 3Cu?* + 3S0%4 + 2C0O2 + 4H20 Azurite

3 CuCO3.Cu(OH)2 + 2H2S04 —2Cu?* + 2S0%4 + CO2 + 3H20 Malachite
4 Cuz0 + H2S04 — 2Cu?* + SO%4 + H20 Cuprite

5 Cu0.SiOz + H2S04 — Cu?* + SO%4 + Si02.nH20 +(3 — n) H20 Chrysocolla
6 4CuFeS: + 1702 + 4H20 — 4Cu?* + 4S0%4 +2Fez03+4H2S04 Chalcopyrite
7 2CUFeS; + 4Fe2(S04)3 — 2Cu?* + 2S0%4 + 10FeSO4 + 4S Chalcopyrite
8 CuS + 0.502 + H2SO4 —Cu?* + SO%4 + S + H20 Covellite

9 CuS + Fe2(S04)3 — Cu?* + SO%4 + 2FeS04 + S Covellite
10 CuzS + Oz + 2H2S04 —2Cu?* + 2S0%4 + S + 2H20 Chalcocite
11 CuzS + 2Fe2(S0a4)3 — 2Cu?* +2S0%4 + 4FeS0O4 + S Chalcocite
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Table 4. Column acid consumption.

Acid Concentration
Column @/L)
1 -0.65 30
2 -1.27 30
3 -1.58 30
4 -1.58 30
5 -1.58 30
6 -1.58 50
7 -1.58 15
8 -1.58 30

Spray Flow Acid Consumption per Ton of Ore
(L/h/im?) ()
15 5452
15 5082
20 3145
10 4397
10 4149
15 5175
15 3226
15 4725
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Figure 3. Effect of time on copper recovery.
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Figure 6. Results of XRD analysis of leaching residue.
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Figure 7. Cumulative recovery of copper in the columns.
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Figure 9. Cumulative recovery of iron in the columns.
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Table 5. General results from column tests.

Copper Recovery Iron Recovery

volume of Spray Solution

Acid Consumption per Ton of Ore

Column %) %)
1 6045 2931
2 5401 29.01
3 441 223
4 558 17.73
5 5243 18.86
6 62.12 37.26
7 5082 22.89
8 6022 47.09

(L) (kg)
37.2 54.52
35.6 50.82
33.8 31.45
20.2 43.97
234 41.49
65.6 51.75
68.9 32.26
112.4 47.25
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