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Abstract

When the pressure leaching process of chalcopyrite is operated in the low and medium temperature range of 90°C~150°C,
the sulfur component in chalcopyrite is converted to elemental sulfur, which suppresses the leaching of copper. In the present
study, the copper leaching rate was improved by adding chloride ions and surfactants during the medium-temperature pressure
leaching process at 150°C. Using the autoclave equipped with a 2L reactor made of titanium, a pressure leach tests were
conducted for 180 min using 100g of chalcopyrite concentrate with Dy, particle sizes of 10pum and 45um in 5g/L and 50g/L
sulfuric acid solutions. At 50g/L sulfuric acid solution without chloride ion and surfactant, when a sample with a Dy, particle
size of 45um was used, the copper leaching efficiency after 180 min was 48%. As a result of leaching by adding 12g/L of
chloride ions such as HCI, CuCl,, and NaCl, the leaching efficiencies increased to 96% and 97%, respectively, by adding HCI
and CuCl,. As a result of a pressure leaching tests by adding surfactants of SLS (Sodium lignosulfonate) and CLS (calcium
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lignosulfonate), the leaching efficiency was over 99%. Consequentially, copper leaching efficiency increased when chloride

ions and surfactants were added in 50g/L sulfuric acid solution.

Key words : copper, chalcopyrite, elemental sulfur, chlodride ion, surfactant
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Table 1. Elemental composition of the samples

Composition Cu Fe S

SiO, Al Zn Ca Pb

Content (wt. %) 25.68 27.33 30.53

7.28 0.98 0.48 0.34 0.12
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Table 2. Leaching conditions performed in this study

Temp.| Poy | O, | Solids
(°C) | (pm) | (kPa) | (%w/w) | (min)

Time HzSO4

(/L) Additive

NaCl (12¢/L Cl)
CuCl, (12¢/L Cl)
HCI (12¢/L CI)

150 | 45

NaCl (12¢/L Cl)
CuCl, (12g/L Cl)
HCI (12g/L Cl)

50

700 10 180

Q (Skg/t)
SLS (5kg/t)
CLS (5kg/t)

150 | 10

Q (Skg/t)
SLS (5kg/t)
CLS (5kg/t)

Q: Quebracho, SLS: Sodium lignosulfonate, CLS: Calcium
lignosulfonate
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Fig. 2. Copper extraction in 5g/L. and 50g/L. H,SOj4 solution
with 10% pulp density at 700kPa and 150°C using
chalcopyrite concentrate with Pgy of 10pm.
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Fig. 3. Copper extraction in 5g/L and 50g/L H,SO, solution
with 10% pulp density at 700kPa and 150°C using
chalcopyrite concentrate with Pgy of 45um.

Table 3. Size Distribution of leach residue particles

Fraction
Conditions
-32pum +32um
Pgo 10um, 5g/L acid 0.54 0.46
Py 10um, 50g/L acid 0.42 0.58
Py 45um, 5g/L acid 0.47 0.53
Py 45um, 50g/L acid 0.29 0.71
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Fig. 4. Agglomerated particles after the autoclave leaching
in 5g/L (left) and 50g/L (right) sulfuric acid solution
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Fig. 5. Copper extraction in 5g/L H,SOj, solution with 10%
pulp density at 700kPa and 150°C using chalcopyrite
concentrate with Pyg of 45um and 12g/L chloride.
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Fig. 6. pH of leach liquor in the copper extraction test in
5S¢/l H,SO, solution with 10% pulp density at
700kPa and 150°C using chalcopyrite concentrate
with Pgy of 45pum and 12g/L chloride.
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Fig. 7. Iron concentration pH of leach liquor in the copper
extraction test in 5g/L. H,SO, solution with 10%
pulp density at 700kPa and 150°C using chalcopyrite
concentrate with Py of 45um and 12g/L chloride.

Fig. 9. pH of leach liquor in the copper extraction test in
50g/L HoSO4 solution with 10% pulp density at
700kPa and 150°C using chalcopyrite concentrate
with Pgy of 45um and 12g/L chloride.
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Fig. 8. Copper extraction in 50g/L H>SO, solution with 10%
pulp density at 700kPa and 150°C using chalcopyrite
concentrate with Py of 45um and 12g/L chloride.
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Fig. 10. Iron concentration pH of leach liquor in the copper
extraction test in 50g/L H,SO, solution with 10%
pulp density at 700kPa and 150°C using chalcopyrite
concentrate with Pgg of 45um and 12g/L chloride.
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Table 4. QXRD analyses of leach residues obtained from leaching tests with chloride ions
Weight %
Chalcopyrite |  Antlerite Hematite Jarosite Goethite Sulphur Quartz
5¢g/L acid, 12g/L HCI ND 5.7 83.0 ND ND 7.9 34
Sg/L acid, 12g/L CuCl, ND 23.0 68.1 ND ND 6.6 2.3
Sg/L acid, 12g/L NaCl 2.2 33.6 64.2 ND ND ND ND
5g/L acid, no Cl 20.8 ND 68.2 55 ND ND 5.6
50g/L acid, 12g/LL HCI ND ND 27.2 12.3 51.5 7.0 2.1
50g/L acid, 12g/L. CuCl, ND ND 46.0 4.6 47.0 ND 2.4
50g/L acid, 12g/L NaCl ND 6.6 ND 91.9 ND ND 1.4
50g/L acid, no Cl ND ND ND 95.9 ND ND 4.1
ND: Not detected
100 100 |
} I
80 80 r
g g
e 60 s B0
2 2
o ¥ w0
2 —B—5g/L acid, Skg/t 5LS : —8—50g/1 arid, Ske/t 515
—4—5g/L acid, Ske/t CLS ——50g/L acid, Ske/t CLS
0 —h—5g/L acid, Skeft O 0 —— 50g/L acid, Skeft Q
=55/l acid = 50g/L acid
0 : : e 0 e e
30 B0 30 120 150 180 - 30 B0 30 120 150 180
Leach Time (min.) Leach Time (min.)

Fig. 11. Copper extraction in 5g/L H,SO4 solution with Fig. 12. Copper extraction in 50g/L H>SO, solution with
10% pulp density at 700kPa and 150°C using 10% pulp density at 700kPa and 150°C using
chalcopyrite concentrate with Py of 10um and chalcopyrite concentrate with Pgy of 45um and
Skg/t surfactants. 5kg/t surfactants.

Table 5. QXRD analyses of leach residues obtained from leaching tests with surfactants
Weight %
Hematite Jarosite Goethite Sulphur Quartz

Sg/L acid, Skg/t SLS 64.1 8.4 22.8 ND 4.7
5g/L acid, Skg/t CLS 62.5 7.6 26.2 ND 3.7
5g/L acid, Skg/t Q 56.9 8.4 31.2 ND 3.6
5g/L acid, no surfactant 71.7 4.7 17.5 ND 6.1
50g/L acid, Skg/t SLS 26.2 443 ND 29.5 ND
50g/L acid, Skg/t CLS 58.8 18.4 ND 19.5 33
50¢/L acid, 5kg/t Q ND 96.3 ND ND 3.7
50g/L acid, no surfactant ND 95.3 ND ND 4.7

ND: Not detected

Resources Recycling Vol. 32, No. 4, 2023
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