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Modelling copper (ll) liquid-liquid extraction: the system Acorga M5640-

Exxsol D100-CuS0O,-H,SO,
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A predictive model, which consists in a set of non-linear mass action and mass balance equations solved by using
a taylor-made equation-solving program, is used as a basis to predict experimentally measured distribution
coefficients for the Acorga M5640-Exxsol D100-CuS0O,~H,S0, liquid-liquid extraction system at 20°C and aqueous
copper concentrations in the range 0.0016-0.0032 mol I-. The model is also used to obtain the copper loading

isotherm at various equilibrium aqueous pH values.
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Stringent environmental considerations had led to industries
to reduce the amount and to increase environmental safety of
the liquid waste they produce. In most cases, a closed-cycle
process is the ultimate objective, where the only end-product
from the process is a saleable one and al waste streams are
recycled or self-treated by the industry. Liquid effluents have
traditionally been treated by one or a combination of physico-
chemical or biological processes.! However, they often fail to
reduce the concentration of heavy metals below permissible
limits, furthermore, they are not sufficiently selective to create
valuable product streams suitable for recycle or re-use.
Separation processes provide the means for approaching these
latter objectives. The most established separations technology
for liquid effluent recycling is liquid-iquid extraction.2

In the particular case of copper (I1), meta liquidiquid
extraction is performed using oxime-based extractants.3
Before scaling up the technology, either in the form of
mixer—settler or column extraction, a theoretical model of the
extraction system is needed in order to design an efficient
recovery process in terms of better stability, thus, the
equilibrium reaction of copper (1) ions using these extractants
has attracted interest and relatively recently severa models
have been proposed.*8

In the present investigation, the extraction equilibrium of
copper from sulfate-sulfuric agueous solutions by Acorga
M5640 in Exxsol D100 was studied, and a model was build-
up and solved to predict the distribution coefficients and the
copper loading isotherms. The predicted values were
compared with the experimental data.

The extractant used in the present work was Acorga M5640,
whose active substance is 2-hydroxy-5-nonylsalicylaldoxime.3
This extractant was obtained from Avecia and used as received
without further purification. Exxsol D100 obtained from
ExxonMohbil Chem. Iberia (Spain), containing 0.9 % aromatics,
boiling range 234-264°C, flash point 99°C was used as the
diluent aso without further purification. The practica organic
phase was prepared by dissolution of Acorga M5640 in the
diluent. The concentration of Acorga M5640 in the organic
solutions (Table 1) was determined by the ultimate loading.® The
aqueous copper solutionswere prepared by dissolving copper (11)
sulphate of AR grade (Fluka) in didtilled water. Extraction
experiments were carried out in separatory funnels thermostatted
(water jacket) at 20°C and mechanically shaken (750 min'1), data
were obtained in a 1.1 ratio agueous/organic phase. Contact time
wasin all cases 15 min, as previous experiments showed that this
time was adequeate to achieve equilibrium. Copper was analysed
by AAS (Perkin Elmer 1100B spectrophotometer); an average 98
% accuracy was regularly obtained. The pH of the agueous phase
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Table 1 Loading capacity of Acorga M5640 in Exxsol D100
Acorga M5640/mol I

[Culorg phase/mol I

0.176 0.088
0.045 0.021

Adqueous phase: 0.016 mol I'" copper. pHeg: 3.0.

was measured by a Crison 506 pH-meter. IR measurements were
obtained using a Nicolett-Magna 550 spectrophotometer and Csl
windows.

The extraction reaction in the present extraction system can
be expressed as:

Cug +2HR,, = CuR, +2H (1)

where HR represents the active substance of the extractant and
org and aq the organic and aqueous phases, respectively. The
distribution coefficient of copper is defined as:

=~ Jo9 2

where [Cu?*] o and [Cu?*], represent the equilibrium total
concentration of copper in the respective phases.

The assumed reaction in building the model is represented by
egn(l), whereas the mass-action equilibrium expression for
the reaction is:

[CU z ] aq [H R] irg yCuz* ylz—iR
[HJF]:q yCuR2y|2_|+
The model aso includes the following mass-balance equations:

[CUR 2] org =K ext (3)

[CU] INITIAL = [CU2+] ag + VO/A [CURZ]org (4)

[HR]INITIAL :[HR] + i CURJ org (5)
where [Cu]lNlTlAL and [HR]lNlTIAL are the initia copper and
extractant concentrationsin the system, respectively, and Vs
is the organic to agueous volume phase ratio. Thus,
al equilibrium concentrations can be calculated from these
parameters and knowing the [H*],, (pHe) Of the agueous
solution after equilibration with the corresponding organic
solution. The eguations describing the model are a set of non-
linear equations that can not be simultaneously solved
analyticaly, thus a BASIC.2 programm has been used to do
the calculations.® The equilibrium constant of the overall
copper extraction [egn(1)] was calculated numerically using
the program LETAGROP-DISTR.1® The program searches,
for a given reaction, the best set of equilibrium constants that
minimises the expression:

org



U= Z(IogDcd -log Dexp)2 (6)

where De, is the distribution coefficient of Cu(ll) determined
experimentally and D, is the value calculated by the program.
The program fits the existence of the CuR, species in the
organic phase and the value of 1og K, Was cal culated to be 0.66
(o(log Keg)= 0.04) with U= 0.033 (o = 0.08).

The equilibrium data obtained in the present work, using
organic solutions 0.018 to 0.09 M Acorga M5640 in Exxsol
D100, and calculated using the predictive model and equilibrium
vaues [egns (3), (4) and (5)] are given in Table 2. The
experimental and calculated values of the copper distribution
coefficients are plotted in Fig.1. Good agreement between both
sets of valuesisindicated by the r2 value of 0.97 between these
two data sets of values and the standard deviation, 0.06, of
residuals from the line. As the extraction of copper is normally
carried out in the pH range of 1-3, in the present work,
equilibrium isotherms were obtained using the model at
equilibrium pH values of 1.0, 2.0, 3.0. Figure 2 shows the
extraction isotherms for copper extraction with 0.045 M Acorga
M5640 in Exxsol D100. The equilibrium isotherm curves can be
mathematically represented by the following equation:

(o], = A0 @)
“ " B+[Cu,,

where [Cul] g and [Cul] 4 represent the metal concentrationsin the
respective phases, at equilibrium. The values of the coefficients A
and B are given in Table 3. The IR spectrum of a copper-loaded
AcorgaM5640 organic phase lacks the peak at ca 3400 cnrt due
to the stretching vibration of the phenolic-OH group of the
oxime, thisis attributable to the formation of the copper-extracted
complex.3 The results of the present study indicate that the
predictive model used can adequately describe the extraction
equilibrium in the Acorga M5640-Exxsol D100-CuSO,—H,SO,
system, and that Acorga M5640 is a moderate copper extractant
based on the fact that the organic phase becomes saturated at
relatively low copper concentrations, as shown in Fig.2, and on
therelatively low value of K, found for the system.

Table 2 Experimental and calculated equilibrium data for the

extraction of copper in the Acorga M5640-Exxsol
D100-CuS0,-H,SO, system
[HRIinmial/ [Culinmal/ PHeq log Dcy log Dy
% viv gl? (exp.) (cal.)
0.09 0.0016 0.50 —-0.50 -0.44
0.75 0.02 -0.08
0.93 0.39 0.41
1.02 0.60 0.60
0.0032 0.54 -0.35 -0.36
0.87 0.22 0.28
0.045 0.0016 0.95 -0.27 -0.15
1.03 0 0
1.20 0.27 0.33
0.0032 0.80 —-0.60 -0.46
1.04 0 -0.01
1.34 0.60 0.54
0.018 0.0016 1.25 -0.37 -0.37
1.38 -0.16 -0.12
1.60 0.33 0.27
1.64 0.37 0.34
0.0032 1.18 —-0.50 -0.54
1.45 0.02 -0.07
1.69 0.41 0.33
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Fig.1 Comparison between calculated and experimental
distribution coefficient for copper (Il) extraction by Acorga M5640.
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Fig.2 Predicted equilibrium loading isotherms for copper (Il)
extraction by Acorga M5640 in Exxsol D100.

Table 3 Values of the coefficients A and B for eqn(7)

PHeq A B
3.0 0.020 3.8x106
2.0 0.017 2.5x10
1.0 0.013 0.014

We thank to the CSIC (Spain) and USACH (Chile) for support.

Received 22 December 2003; accepted 16 January 2004
Paper 03/2256

References

1 C.H. Naas and R.J. Vamos, Hazardous and Industrial Waste
Treatment, Prentice Hall, Englewood Cliffs, NJ, 1995.

2 SE. Kentish and G.W. Stevens, Chem. Eng. J., 2001, 84, 149.

3 J. Szymanowski, Hydroxyoximes and Copper Hydrometallurgy,
CRC Press, Boca Raton, FL, 1993.

4 FJ. Alguacil, Rev. Metal. MADRID, 1998, 34, 381.

5 D. Doungdeethaveeratana and K.Y. Sohn, Miner. Eng., 1998,
11, 821.

6 FJ. Alguacil and M. Alonso, Rev. Metal. MADRID, 1999, 35, 190.

7 FJ. Alguacil, J. SSimpson and P. Navarro, J. Chem. Res. (S), 1999,
8, 518.

8 F.J. Alguacil, M. Alonso and A. Cobo, J. Chem. Res. (S), 2001,
2,48.

9 R.J. Whewell, M.A. Hughes and C. Hanson, Proce. ISEC’77,
1979, CIM Special Val. 21, p.185.

10 D.H. Liem, Acta Chem. Scand., 1971, 25, 1521.



