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Abstract Tanzania has abundant copper deposits, but copper-metal extraction remains low there, owing to the lack
of suitable copper recovery processes and insufficient funds for developing mining technologies. Accordingly, leaching
and solvent extraction methods for the extraction of copper from copper ore were studied with a particular emphasis
on developing a simple processing method for small-scale copper mining. Chrysocolla ore was used as the
copper-bearing mineral and sulfuric acid was used as the leaching reagent. A maximum copper recovery of 95.1%
was obtained when the particles in the sample were smaller than 53um, the concentration of 98%(w/w) sulfuric acid
in the leaching solution was 5.0 g/L and the stirring rate was between 60 and 80 rpm. The highest selectivity of Cu’+
in the solvent extraction was obtained using 15% LIX-70 in kerosene. In the pH range from 0.5 to 3.0, the efficiency
of Cu’+ extraction increased with increasing pH. However, at pH values higher than 3.0, other metal ions were
extracted into the organic phase more readily than Cu™+. The highest solvent extraction rate obtained was 96.5% at
pH values of 2.0 and 3.0 using 15% LIX-70.
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1. Introduction

Copper has been important to human civilization
for over 5,000 years. Over the past few decades,
significant improvements have been made in the
continuous processing of copper-bearing concentrates
into blister copper. Copper is currently used in
electrical and electronic products, building construction,
industrial machinery and equipment, transportation, as
well as consumer and general products[1].

Currently, two main processes, pyrometallurgical
and hydrometallurgical, are used in the industrial
processing of copper ore for metal production. The
pyrometallurgical process is economically viable for
copper-rich feeds and large-scale operations[2,3].
However, this process has several drawbacks, including
high energy consumption and the production of
hazardous gases[2].

The increasing worldwide demand for copper has
spurred the development of more environmentally
friendly processes for copper extraction from low-grade
ores. Correspondingly, significant research and
development has been conducted on hydrometallurgical
methods[4-8]. The hydrometallurgical process consists
of crushing,
electrowinning (EW). Leaching/SX/EW has been used
commercially for processing oxide ores and mixed

oxide sulfide ores since 1968 and the mid-1970s,

leaching, solvent extraction(SX) and

respectively. This process is one of the most important
methods used to obtain copper
Leaching followed by SX

convenient method for the extraction and separation of

from low-grade

oxidized ores. is a

copper. This combination can be efficiently applied to
the recovery of copper from leach liquors and waste
solutions, using variety of reagents[9-12].

Tanzania has abundant copper deposits, but
copper-metal extraction remains low there, owing to
the lack of suitable copper recovery processes, and the
insufficient funds for developing mining technologies.
Therefore, the of a

development simple copper

recovery processing method is essential for small-scale

439

miners in Tanzania. Correspondingly, the goal of this
study was to develop technology for the extraction of
copper in a small-scale pilot plant in Tanzania.

The influences of pH and the type of extracting
agents used were examined, in addition to major
factors affecting the copper leaching from copper ore.
This study is
hydrometallurgical process that uses a combination of
and SX, which

inexpensive, and highly efficient.

aimed primarily at developing a

leaching is easily performed,

2. Experimentals

2.1 Copper—bearing ore analysis
A chrysocolla(Cu,H,Si,0s(OH)4.,H>0) ore, obtained
from opencast copper mining in the Shingida region of

Tanzania, was used as a model ore sample(Fig. 1).

Fig. 1.

Copper-bearing ore(chrysocolla) used in this
study.

The copper content of the head sample was 30.6%,
as determined by X-Ray fluorescence spectrometer(XRF).

2.2 Reagents

LIX-70 (supplied by Cognis Inc.) and Kelex-100
(supplied by Yurui(Shanghai) Chemical Co.) were used
without further purification. Kerosene (supplied by
Total) was used as organic solvent. 98 % H,SO4 36%
HCI and 72% HNO; were of reagent grade quality.
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2.3 Sample preparation

The copper-bearing ore sample, with a mass of
around 2 kg, was crushed by a primary jaw crusher, a
secondary jaw crusher and passed through a roller
crusher. The crushed sample was collected, then
ground for about an hour in a laboratory dry ball mill.
To avoid bias, the sample was thoroughly mixed, then
split into representative samples using the rotary rifle
splitter(Fig. 2).

Fig. 2. Photograph of a rotary rifle splitter.

A representative sample was taken for sieve analysis
to determine the particle size distribution in the ground
sample. A further sample was taken for laboratory
analysis to determine its mineralogical and chemical

properties using XRF.

2.4 Leaching experiments

2.41 Leaching procedure

Three separate 100 g samples of finely ground
chrysocolla ore were weighed and placed into 2L
bottles. Each sample was sieved for 1 h through 53um,
75um, 106pm, 150um and 212pm sieve, and the 80%
pass rate determined for each sieve size. A 500 mL
solution was prepared in each 2 L bottle by mixing 8
mL of 98%(w/w) H,SOs4, 15mL of 98 %(w/w) HaSOs,
23mL of 98%(w/w) H,SO4 adding each 492 mL, 485
mL, 477 mL of distilled water respectively.

These bottles were then agitated for 2 h, by bottle
rolling to dissolve the ore samples. The resulting

solutions were filtered into a 250 mL volumetric flask,

using a funnel and filter paper to obtain a clear
solution and a residue. All experiments were carried

out at room temperature.

2.4.2 Residue digestion

The sample residues were dried in an oven and
labeled. For each sample, 0.5 g of the dried residues
was placed into a labeled 10 mL test tube. Then 3 mL
HCl and 1 mL HNOs; were added each tube, and
mixed. After the reaction has ceased, the tubes were
placed in a water bath and heated to near boiling for
1 h. The test tubes were allowed to cool, water was
added to the 10 mL mark, and mixed well. Sample
mixtures were centrifuged, then analyzed with flame

atomic absorption spectrophotometry(AAS).

2.5 Extraction experiments

Leaching solutions (1.5 M, 3.0 M, and 4.5 M) were
prepared by diluting 98%(w/w) H,SO, in distilled
water. The pregnant leach solution(PLS), containing
copper sulfate, was prepared by dissolving 100g of
finely ground chrysocolla ore in 500 mL of leaching
solution in three 1000 mL glass bottles. The resulting
mixtures were agitated by bottle rolling for 1 h at a
constant speed of 40 rpm. The resulting slurry was
filtered, yielding PLSs and residues. Extractions were
performed by equilibrating 100 mL organic reagent
(15% LIX-70 or 10% Kelex-100 in kerosene) and 100
mL of PLS in a 500 mL separating funnel. All
experiments were carried out at room temperature. The
% recovery of copper from the extract solution was

determined by AAS analysis.

3. Results and Discussion

3.1 Chemical analysis of copper—bearing
ore(chrysocolla)
The chemical composition (Table 1) of ground

copper ore, 2.5 mm particle size was determined by
XRF analysis.



A Study on Leaching and Solvent Extraction for the Recovery of Copper Ore for Small—Scale Mining in Tanzania

Table 1. Chemical composition of chrysocolla ore

Mineral Al Si Ca Ti

Mn

Fe Cu Zn Rb Sr Ru Cr

Amount, % 6.9 245 1.73 1.99 0.47

4.8 0.04 0.2 0.04

As expected, the ore consisted mainly of copper,
with large fractions of iron, silicon, aluminum, and

zinc, also present.

3.2 Leaching

3.2.1 Determination of the optimum

concentration of H2SO4

The crushed ore had an 80% pass rate through 53
um sieve. As Fig. 3 shows, the ore was leached using
five different concentrations,(3.0 g/L, 4.0 g/L, 5.0 g/L,
7.0 g/l and 9.0 g/L) of H,SOs.

The % recovery of copper increases from 58.6% to
88.7% when the concentration of H,SO, was increased
from 3.0 g/L to 5.0 g/L and decreased to 54.1% at a
H>SOs4 concentration of 9.0 g/L. Therefore, the ore
exhibited the highest recovery at a concentration of 5.0
g/L and an agitation rate of 20 rpm.

Recovery against H,50, Concentration

Recovery (%)

1 2 3 4 5 6 7 8 9 10

H,50, Concentration (g/L)

Fig. 3. Dependence of recovery on H,SOs concentration.

It has been shown that adding and maintaining the
appropriate amount of reagents throughout the leaching
process is critical to a successful operation[7]. The use
of acids is prevalent in industrial copper leaching
process. Sulfates are commonly used to extract metals

from the solid phase.
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In this experiment, the % recovery of copper
increased with increases in sulfuric acid concentration.

This can be explained as greater amounts of copper
are dissolved at higher sulfuric acid concentrations.
However, it is not clear why the % recovery of copper
decreased as the increase in sulfuric acid concentration
from 5.0 g/L to 9.0 g/L.

We that

concentration of sulfuric acid, caused other metals to

hypothesized this increase in the
be dissolved, reducing the recovery % of copper.
Leaching recovery ratios were calculated as follow
with respect to the tailings and feed grades at each
H,SO4 concentration. The grade of the copper ore
(feed) was 30.6%. Table 2 shows tailing (residue) and

recovery % for copper at each H,SO4 concentration.

__ feed grade — tailing grade

= x 1
feed grade 00

recovery (%)

In case of the recovery of copper with 3.0 g/ H,SOs,

the leaching recovery(%) was calculated as
0.306 —0.1266
— X

0.306 100

Table 2. Tailing residue and recovery of copper at each
H>SO4 concentration tested

con}c?:t?;ion Tailing residue Recovery
(@L) (% copper) (% copper)
3.0 12.66 58.6
40 8.24 73.1
5.0 3.46 387
70 10.74 64.9
90 14.04 541

Therefore, leaching recovery with 3.0g/L of H,SO4
was 58.6%. The recovery % of copper at other H,SO,4

was calculated using the same equation.
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3.2.2 Determination of the optimum particle
size
As Fig. 4 shows, the % recovery of copper from its
ore decrease with increasing particle size. The highest
(88.7%) and lowest (53.4%) recovery rates (obtained
with 5.0 g/L H>SOs4) occurred with particles smaller
than 53um, and larger than 212pm, respectively. This
is because the contact areas between the leaching
solution and copper-bearing particles was greater with

smaller particles.

Recovery(%) against particle size

Recovery(s)

100 150

Partidle size(ym)

Fig. 4. Dependence of recovery on particle size.

The

respect

recovery rate increased significantly with

to smaller particle size. Therefore, we
attempted to extend the treatment to 38 um particles,
even after grinding for more than 2 h in a dry ball
mill. Considering the high cost of electricity in
Tanzania, we determined that 80% pass rate of 53um
particles is the optimum size for use in small-scale

copper mining.

3.2.3 Determination of the optimum agitation
rate at various H>SO4 concentration

Fig. 5 shows recovery rate for the 80% pass at
53um samples at different agitation rates. With a
H>SOs4 concentration of 5.0 g/L, the % recovery of
copper increased to 94.9% with increasing agitation
rate up to 60 rpm. Beyond 60 rpm, the recovery
stabilized at 95.1%.
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Recovery(%) against agitation rate

Agitation rate(rpm)

H280s concentration: —4=50g/1 —@—20g/L 7.0g/L

Fig. 5. Dependence of the % recovery on the agitation
rate at various H,SO4 concentrations.

Significantly lower levels of recovery occurred with
4.0 g/L H,SOs, than with 5.0 g/L H>SOs. In this case,
the % recovery increased to 78.9% with increasing
agitation rates up to 60 rpm and remained approximately
constant thereafter. Similarly, at a H,SO4 concentration
of 7.0 g/L, the % recovery increased linearly to 60 rpm
and remained approximately constant thereafter.

Results indicate that agitation facilitates the contact
between sulfuric acid and particles of copper-bearing
ore, and has a noticeable effect on copper recovery.
However, increasing the stirring speed beyond 60 rpm,

had little effect on the recovery rate.

3.3 Solvent extraction

Solvent extraction was performed to recover copper
from the PLS[13-15]. LIX-70 and Kelex-100 (Fig. 6),
are commercially available chelates used for copper
extraction. They were selected as extraction agents
because they are relatively easy to obtain in Tanzania.

Chelating extraction reactions of this type have the

following stoichiometry :

Cu2+(aq) + 2RH(org) T2 CuR(org) + 2}ﬁ(aq)

(@))
H
| H
AP d
Cl Al
5o O

Fig. 6. Structures of LIX-70(left) and Kelex-100 (right).
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The equilibrium of the extraction reaction is
the

Consequently, the acidity of the reacting hydroxyl

controlled by hydrogen ion concentration.

group is a very important parameter [16].

LIX-70 has

structure. Hence, in LIX-70 the electrons associated
with the hydroxyl group are delocalized with the

a chlorinated aryl hydroxyoxime

aromatic ring structure, Further delocalization occurs if
the aromatic ring is chlorinated. Kelex-100 has a
7-alkyl 8-hydroxy quinoline structure, with around 10
double bond.

8-hydroxyquinoline(oxine) itself is a mono- protic

carbon atoms and at least one

bidentate chelating agent.
Experimentally measuring pHg, plots is a standard

technique for determining pH dependency. The pHs
values of LIX-70 and Kelex-100 were 2.6 and 1.8
respectively, in an extractant-xylene solution loaded

with 100 ppm copper[17].

This experiment was performed by varying the pH
of the aqueous solution of each copper extractant, as
shown in Fig. 7.

Fig. 7 shows that 15% LIX-70 in kerosine was
effective in preferentially extracting Cu®" as evidenced
by the extraction efficiency (%E) of 96.5 % at pH
values of 2.0 and 3.0, other metal ions were not
extracted at these pH values. The efficiency of cu®
extraction increased with increasing pH from pH 0.5 to
3.0.

Extraction efficiency(%) against pH change

1 15 2 25 3 35

pH change

%E Efficiency

S L o o LT v A
LA A T R A e T

B15%LI-70 M 10% Kelx-100

Fig. 7. Extraction efficiency against pH value for 15%

LIX-70 and 10% Kelex-100 solutions.
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However, at pH values higher than 3.0, other metal
ions were readily extracted into the organic phase.

That indicated that the organic extractant formed
complex copper ions at pH values less than 2 and
others metal ion complexes at pH values higher than
3.0. In order to avoid complexation of other metals in
the PLS, the optimum pH values were determined to be
pH 2 and 3 using 15% LIX-70.

Additionally, the extraction of copper using 10%
Kelex-100 in kerosine was more effective at pH 2 than
at pH 3, as shown in Fig. 7, because other metal ions
were also extracted in the organic phase at pH 3. This
indicates that higher pH values decrease copper
extraction by producing stable species of Cu®" ions in
the aqueous phaseas in case of Kelex-100, and the ion
pair complex containing the hydroxyl anion is more

stable in the aqueous phase.

4. Conclusions

Leaching and solvent extraction methods were
studied for the extraction of copper from copper ores.
A chrysocolla ore was used as a model copper-bearing
mineral and sulfuric acid was used as the leaching
reagent. A maximum copper recovery of 95.1% was
obtained when the particles in the sample were smaller
than 53um, the concentration of the 98% (W/w)
sulfuric acid in the leaching reagent was 5.0 g/L and
stirring rate varied from 60 rpm to 80 rpm.

The highest selectivity for Cu® in the solvent
extraction in the PLS was obtained using 15% LIX-70
in kerosine. From pH 0.5 to pH 3.0, the efficiency of
Cu®" extraction increased with increasing pH. However,
at pH values higher than 3.0, other metal ions were
extracted into the organic phase more readily than
Cu*". To avoid the complexation of other metals in the
PLS, pH values of 2 and 3 were used with 15%
LIX-70. Under these conditions, the highest extraction

rate of 96.5% was achieved.
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