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1. Introduction

Over many years, hydrometallurgical processes of copper extraction have been routed through chemical (sulfuric acid)
leaching—solvent extraction (SX)—electrowinning (EW) techniques while the bio-hydrometallurgical applications are usually
routed through bioleaching (BL)-SX-EW [1]. Leach liquors arise through hydrometallurgical processing of raw materials such
as lean grade ores, spent catalysts, scrap, complex sulfides, and so on [2, 3].

Presently more than 20% of total world production of copper is achieved through the solvent extraction route.

In the process of developing extractants for copper recovery, various reagents with little variation in their structure and
composition have been introduced into the industry under trade names LIX 64N, LIX 84, SME 529, P17, P50, P5300, Kelex
100, LIX 984N, Mextral973H, Mextral 984NC, Mextral 984H etc. [4]. Among the various copper extraction reagents, LIX
984N was used on commercial scale in a number of copper industries [5].

Hydrometallurgical processes for copper recovery by Lix984N from overburden of abandoned mine Cerovo in Eastern
Serbia were studied [6].

One of the new chelating extractants is Mextral series (oxime derivative) developed by HALLOCHEM
PHARMACO.LTD.

The extraction of copper using Mextral 973H extractants from a copper solution was studied. The extraction rate of copper
from the solution reaches 99.22%, the concentration of copper in raffinate is about 0.2g/L by three stages counter-current
extraction using Mextral 973H extractant [7]. By the comparing the copper extraction performance of Lix984NC and
Mextral984NC, the saturated capacity of Lix984NC is slightly higher than that of Mextral984NC when the concentration of
both extractants is 30%, however, the phase separation performance of Mextral984NC is better than that of Lix984NC [8].

The extraction performance and influencing factors of Mextral 84H extractant for extraction copper have been studied,

results show that Mextral 84H has the characteristics of high extraction efficiency - fast phase separating and long service life
etc. [9].

A pyridine dicarboxylic acid diester Mextral CLX-50was synthesized for extraction copper from acidic etching solution
of printed circuit board [10]. Influence of nitrate on degradation of copper extract ants such as Mextral 984H was studied [11].

Recently, a mixture of Versatic 10 acid and Mextral 984H, diluted with Mextral DT100, was studied for recovery of copper
(1), nickel (I1), cobalt (1), zinc (11), and cadmium (I1), but there is limited information on the use of only Mextral 984H as
extractant in copper hydrometallurgy. It is necessary to clear up the character of Mextral 984H in extraction and stripping of
copper from the sulfate solution.

The present paper reports studies carried out on the extraction and recovery of copper from aqueous solutions containing
copper sulfate using Mextral 984H as the extractant. The parameters studies for establishing equilibrium conditions include pH,
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extract ant concentration, and temperature. The conditions optimized were applied for the separation and recovery of copper
from a leach liquor obtained by sulfuric acidic leaching of roasted ore.

2. Experimental
2.1. Reagents

A stock solution of copper sulfate was prepared from AnalaR grade CuSO4-5H,0 in distilled water. This solution was
standardized by the thiosulfate method using starch as indicator. All other chemicals used were AnalaR grade.

The oxime extractant, Mextral 984H (a 1:1 v/v blend of 2-hydroxy-5-nonylacetophenone oxime and 5-
nonylsalicylaldoxime) supplied by HALLOCHEM PHARMACO.LTD CHINA, was used without purification.
Diluents used in this investigation were distilled kerosene (b.p. 165-190°C).

2.2 Apparatus

Perkin-Elmer Model AAnalyst-200 Atomic Absorption Spectrophotometer (AAS) was used for the analysis of metal ions
in solutions after required dilutions with 1 M HCI. A thermostat fitted with a mechanical shaker (IEC 46 A-D model) was used
to study the temperature effect. A digital pH meter (PHS-3B model) was used for pH measurements.

2.3. Procedure

Suitable aliquots of the aqueous phase containing the desired concentrations of copper sulfate were equilibrated with an
organic phase containing the extract ant Mextral 984H. The pH of the aqueous solution was adjusted to the desired value by
adding dilute H.SO4 or NaOH solution before equilibration. Extraction was carried out in separating funnels at unit phase ratio
for 5 min.

Initial experiments indicated that a contact time of 5 min is sufficient to reach equilibrium. After phase disengagement,
the aqueous phase was separated and its equilibrium pH was measured. Metal concentration in the aqueous phase was estimated
by atomic absorption spectrophotometry.

The concentration of metal in the organic phase was calculated from the difference between the metal ion concentration
in the aqueous phase before and after extraction. All the extraction experiments were conducted at room temperature (25+1°C)
except those involving temperature effect.

Loading capacity of 25 %( V/V) Mextral 984H in distilled kerosene was found to be 13.1g/L of copper.

3. Results and discussion
3.1. Extraction studies

The extraction mechanism of copper ions by hydroxyl oxime extractant from acidic sulfate solution generally follows
reaction (1),

CU2+aq + 2HRorg — CuRZOrg + 2H+aq (l)

Where HR denotes the extractant, CuR represents the complex in the organic phase and the subscripts aq and org refer to
aqueous and organic phases, respectively.
Considering equilibrium constant, K, distribution coefficient, D and taking logarithms, Eq. (1) takes the form,

log D =log K + 2 log [HR]org + 2pH (2)

By obtaining the experimental values of distribution coefficient as a function of equilibrium pH and extractant
concentration (keeping the other parameters constant) the number of extractant molecules associated with the extracted metal
species is obtained.

3.1.1. Effect of equilibrium pH

Extraction of copper was studied from an aqueous sulfate solution containing 0.8g/L(0.0126M) copper using 10%(v/v)
Mextral 984H within the initial pH range of 0.5-3.5, the corresponding equilibrium pH values being in the range of 0.49-1.6.
Percentage extraction of copper increased with increase in the equilibrium pH and reached > 98% above the equilibrium pH
1.5(initial pH>2.5) (Table 1, Fig. 1.)

Table 1. Effect of equilibrium pH on copper extraction

Initial Cu concentrate, g-L* | 8 8 8 8 8 8 8
Initial pH 05 | 10| 15 2.0 2.5 3 3.5
Cu extraction, % 35.2 | 753 | 941 | 97.8 | 98.2 | 98.6 | 98.8
Equilibrium pH 0.48 | 095 | 1.28 | 1.48 | 156 | 1.59 | 1.61
Distribution coefficient (D) | 0.54 | 3.05 | 15.95 | 44.46 | 54.56 | 70.43 | 82.33
IgD -0.27 1048 12 | 165 | 1.74 | 1.85 | 1.92

The plot of Ig D vs. equilibrium pH (Fig. 2) is linear with a slope of 1.96 indicating that 2 mole of H* ions are exchanged
for 1 mole of the metal ion during the extraction process.
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Fig. 1. Effect of equilibrium pH on copper extraction. Ag: 0.8 g/L Cu ; Org: 10%(v/v) Mextral984H in kerosene.
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Fig. 2. Plot of Ig D vs. equilibrium pH.

3.1.2. Effect of extractant concentration

The effect of initial extractant concentration on the extraction of copper Cu 6g/L(0.094M) was studied in the range of
5~30%(v/v).

It was observed that percentage extraction increases from 24.3 to 94.2, with increase in extractant concentration. (Table
2, Fig. 3.)

Table 2. Effect of initial extractant concentration on copper extraction.

Initial Cu concentrate, g - L* 6 6 6 6 6 6
Extractant concentration, %(v/v) 5 10 15 20 25 30
Extractant concentration, M 0.16 0.33 0.49 0.66 0.82 0.99
Cu extraction, % 24.3 70.1 83.2 86.5 90.1 94.2
D 0.32 2.34 4.95 6.41 9.10 16.24
lgD -0.49 0.37 0.69 0.81 0.96 1.21
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Fig. 3. Effect of equilibrium pH on copper extraction.
Ag: 6 g/L Cu, Initial pH 2.5

The log D vs. Ig extractant plot (Fig. 4.) is linear with a slope of 2.06 indicating the association of 2 mole of the extractant
in the extracted metal species.
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Fig. 4. Plot of log D vs. Ig [Extractant].
Aq: Cu 6g/L, Initial pH 2.5
3.1.3. Effect of temperature

Effect of temperature in the range of10~40°C on the extraction of copper from aqueous solution containing6g/L copper

ions using 25%(v/v) Mextral984H was studied by contacting the phases for 5 min in a thermostat fitted with a mechanical
shaker.

Percentage extraction increases with rise in temperature (Table 3, Fig. 5.)

Table 3. Effect of temperature on copper extraction.

Initial Cu concentrate, g - L? 6 6 6 6 6 6 6
temperature, °C 10 15 20 25 30 35 40
1000/T, /K 3.53 3.47 3.41 3.36 3.30 3.25 3.19
Cu extraction, % 88.9 89.3 89.7 90.3 90.7 91.2 91.6
D 8.01 8.35 8.71 9.31 9.75 10.36 10.90
log D 0.90 0.92 0.94 0.97 0.99 1.02 1.04
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Fig. 5. Effect of temperature on copper extraction.

Aq: 6 g/L Cu, pH=2.5; Org: 25%(v/v) Mextral 984H in kerosene.
The plot of log D vs. 1000/T is linear. (Fig. 6)
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Fig. 6. Plot of Ig D vs. 1000/T.

AQ: 6 g/L Cu, pH=2.5; Org: 25%(v/v) Mextral 984H in kerosene Taking integration, Isobaric process Eq.(2) takes the
form Eq.(3), (4).

dlnD _ AH
dT ~ RT?
2
D = _2H° +C
=TT
(3)
leD = AH? +C'
&Y = T2 303RT
(4)

The plot of Ig D vs. 1000/T is linear with a slope of -0.4.
Therefore,

AH°=0.4x2.303R=7.66kJ -mol™.
Namely, it indicates that the extraction process is endothermic and percentage extraction increases with rise in temperature.
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3.2. Stripping
3.2.1. Effect of acid concentration on stripping of copper from loaded organic
Stripping studies were carried out to re-extract copper from the loaded organic phase (12.1g/L copper) at varying

concentrations of H,SO4 ranging from 100 to 220 g/L in copper sulfate solution, by keeping the phase ratio at 1:1. As can be
seen from Fig. 7, the percentage stripping of copper increases with increase in acid concentration and reaches maximum at more

than 200g/L acid.
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Fig. 7. Effect of acid concentration on stripping of copper.
Aq: 35 g/L Cu; Org: 25%(v/v) Mextral 984H in kerosene, 12.1 g/L Cu Vo:Va=1:1

3.2.1. Effect of temperature on stripping of copper from loaded organic
Effect of temperature in the range of10~40°C on the stripping of copper from 12.1g/L copper bearing loaded organic

phase using 25%(v/v) Mextral984H was studied.
Decrease in stripping efficiency was observed with rise in temperature (Fig. 8)
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Fig. 8. Effect of temperature on stripping of copper.

Aq: 35 g/L Cu, 200g/L H,SOq; Org: 25%(v/v) Mextral 984H in kerosene, 12.1 g/L Cu, Vo:Va=1:1 The plot of log D vs.
1,000/T is linear with a slope of 0.21. (Fig. 9) Therefore,

AH?=-0.21x2.303R=-4.02kJ- mol .
Namely, it indicates that the stripping process is exothermic and stripping efficiency decreases with rise in temperature.
But, at low temperature, the viscosity of organic phase increases and it results the reaction rate of stripping process decreases.
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Fig. 9. Plot of Ig D vs. 1000/T.

3.3 Extraction and stripping isotherm
Having studied the extraction and stripping behavior of the extractant for copper under various conditions, experiments

were conducted for process optimization with respect to number of stages both for extraction and stripping.

3.3.1. Extraction isotherm
To determine the number of stages required at a chosen volume phase ratio, the extraction isotherm was obtained by

contacting an aqueous solution containing 8g/L copper (pH 2.5) with 25% (v/v) Mextral 984H at varying aqueous/organic phase

ratios ranging from 1.5 to5:1.
As can be observed from Fig. 10, more than 99% copper extraction was possible in three counter-current stages at the

A:O ratio of 1:1 for 25% (v/v) Mextral 984H in kerosene.
Copper concentration in raffinate of each stage is 1.2g/L, 0.25g/L, and 0.07g/L respectively.
14

Eguilibrinm isothern
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Fig. 10. Equilibrium isotherm for copper extraction. Aq phase: Cu 8g/L.
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3.3.2. Stripping isotherm
The stripping isotherm was obtained by contacting organic phase containing Cu 12g/L and aqueous phase containing

180g/L H,S04, 35g/L Cu at different volume ratios ranging from 5:1 to 1:5 (Fig. 11).
The results demonstrate that maximum copper-stripping (78.9%) was achieved from the loaded organic in two counter-

current stages at the A:O ratio of unity

Aq: 180g/L H2SOa, 35¢/L copper, Org: 25% (v/v) Mextal984H containing 12g/L copper.

4. Processing of leach liquor for copper recovery
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Fig. 11. Equilibrium isotherm for copper stripping.
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The leach liquor was obtained by the leaching of roasted copper concentrate, the chemical composition of copper

concentrate and two stage fluidized-bed roasted concentrate are shown in Table 4.

Table 4. Chemical composition of copper concentrate and calcine, %.

Cu S As Pb Zn Fe CaO MgO Al;O3 SiO,
Concentrate 5.71 19.4 4, 0.17 0.31 22.4 1.06 0.88 5.4 25.31
Calcine 6.34 0.23 0.07 0.22 0.42 26.21 1.18 0.98 5.91 28.15

The leach liquor was containing 7.95g L Cu, the pH of the leach liquor was adjusted to 2.5.

The flow rate of leach liquor is 15L/s and the electrolytic copper productivity of mine is 3000t/a.

A three-stage counter current copper extraction was carried out using 25% (v/v) Mextral 984H at A: O ratio of 1:1. The
copper-loaded organic was stripped at 1:1 phase ratio with lean electrolyte 180 g L™ H, SO, and 35.2 g L* Cu in two-stage
counter current. Flow diagram of this process is shown in Fig. 12.
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Fig. 12. Flow diagram of copper solvent extraction and stripping.

Generally, the process has two input flows, the pregnant leach solution and the lean electrolyte, and one recycling flow,

the organic solution. In the extraction stage, the copper is extracted from the pregnant leach solution to the barren organic
solution. In the stripping stage, copper is stripped from the loaded organic to the lean electrolyte solution. The result of stripping,
i.e., the rich electrolyte, is blended and fed to the electro winning process, where 99.95% pure copper cathodes are produced.

Results of this process are shown in Table 5.
As can be seen from table 5. More than 98.5% copper extraction is possible in three counter-current stages and can be

obtained the reach electrolyte containing 43 g L™ Cu in two counter-current stage stripping.

Table 5. Results of copper solvent extraction and stripping

Cu,glL? H,SO4, g L pH
Pregnant leaching solution 7.95 2.5
Raffinate (Ext 1) 1.28 0.68
Raffinate (Ext 2) 0.37 0.62
Raffinate (Ext 3) 0.098 0.6
Barren organic solution 2.93
Loaded organic solution 10.78
Washing solution - 10
Scrubbing solution 0.12 10
Lean electrolyte 35.2 180
Reach electrolyte 43.01 179.7

5. Conclusions

The new hydroxyoxime extractant under the trade name Mextral984H diluted in kerosene was used as extractant for the

separation and recovery of copper from solutions containing 7.95g/L of copper. Increment in equilibrium pH and extractant
concentration increases the percentage extraction of metal ion. Loading capacity of 25% (v/v) Mextral984H was determined to
be 13.1 g L% Influence of temperature showed positive effect during extraction stage and negative effect during stripping of
copper ions from loaded organic. Extraction and stripping isotherms were obtained with 25% (v/v) Mextral984H. More than
99% of copper extraction and 78.9% stripping efficiencies of metal ions have been achieved. Results of the present investigation
indicate that Mextral984H could be used as a commercial extractant for copper extraction and recovery from acidic leach liquors,
obtained from the hydrometallurgical processing. In future author will continue to research the solvent extraction of copper.
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