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The extraction of Cu(ll) by LIX 54-100 (B-diketone) in Iberfluid (kerosene type diluent) from ammoniacal/ammonium
sulphate solutions has been investigated. The analysis of metal distribution data suggested the formation of CuR,
species in the organic phase with formation constant log K_ = —6.15. The results obtained on Cu(ll) distribution have
been implemented in a solid supported liquid membrane system, using H,SO, solutions (e.g. 0.9 mol/l) to strip the

metal from the organic solution.

Introduction from the mass balance. From these data, the distribution coefficient
Extraction of copper from aqueous solutions into an organié3 cuWas calculated as the ratio

phase has been widely used for both the separation and concen- _ [Clyy (1)

tration of the metal. Although -diketones cannot compete with Dau =

oximes for the extraction of copper from acidic media, they do [Culq

have advantages for the extraction from ammoniacal solutiongere [Cu},,, and [Cul,, are the total copper concentration in the
because, unlike oximes, they do not transfer ammionia. organic and aqueous phases, respectively. Permeation experiments

One of these R-diketones, LIX 54, produced by Henkelwere carried out with a two compartment permeation cell which con-
Corp. is used in several installations to recover copper fronsisted of a source phase (200 ml) separated from a receiving phase
ammoniacal solutions obtained from printed circuit boardchamber (200 mi) by a liquid membrane having an effective mem-

3 . ~brane area of 11.33 éniThe support for the liquid membrane was a
manufacturé:® LIX 54 was used to recover copper in a num polyvinylidenedifluoride film (Millipore Durapore GVHP) with a

ber of industrial processé8.n addition, it has also been used thickness of 125im, porosity 75% and average pore sizé Qa2

in the extraction of zinc and nickel. The liquid membrane was prepared by impregnating the laminar
These extraction systems can also be implemented in solishicroporous film with the corresponding LIX 54-100 solution for

supported liquid membranes (SLMs) where the performanc@4 hours, then leaving it to drip for a few seconds before being

of the separation operation is enhanced by combination of thglaced in the permeation cell. In each experiment, stirring rate in

- S . P oth the source and receiving solution was kept constant at
extraction and stripping process in one $t&he application 1500/min. Membrane permeabilities were determined by monitoring

of this technology in the treatment of copper-bearing solutiong,(jj) concentrations by AAS, using the same apparatus as

had been described in the literat®r& However, to the best described above, in the source phase as a function of time.

of our knowledge, there is no information available on thePermeability coefficientP. , was calculated as

applications of LIX 54-100 to Cu(ll) extraction and of LIX

54-100-Cu(ll) extraction system to membrane transport of the =d [Cu(I] \ 1 (2

metal from ammoniacal solutions. Peu= T
The present investigation was undertaken to characterise dt A (Cudin]

quantitatively the extraction reactions between aqueous Cu(lihere [Cu(ll)] is the metal concentration in the source phase at time

and the new LIX 54-100 extractant in Iberfluid. Furthermore,t, A is the effective membrane area avids the volume of source

a liquid membrane system has been designed using the extrasplution. Integration of equation (2) gives

tion process mentioned above, and parameters affecting the

liquid membrane have been studied. n [Cull], A .- (3)

[cuqn], v

Experimental
The characteristics and composition of the commercially available RThus, permeability values were obtained from the slope of In
diketone LIX 54-100 (Henkel Corp.) have been described elsewhere. [Cu(ll)] /[Cu(ll)] , versus time plots.

Concentrations were measured by the copper ultimate lo&dTige

desired extractant concentration was prepared by diluting the aResults and discussion

received extractant with the as-received corresponding diluent: ] o ) ) ]

Iberfluid (mainly aliphatic), Varsol 30 (22% aromatics) or Solvesso Extraction: Preliminary experiments were carried out in order to
100 (mainly aromatic). Iberfluid is a product of CS, Spain, Varsol 30 determine the time needed to achieve equilibrium. From the
and Solvesso 100 are from ExxonMobil Chem. Iberia, Spain. Stockegylts plotted in Fig. 1, at 2 g/l Cu(ll), ammonium sulphate
solutions of copper were prepared by dissolving Cx&Q0 (AR 0.15 moll, ph!.q 8.5+0.02 and LIX 54—100 10% V/V in the

grade) in distilled water. All other chemicals were also of AR grade. raanic solution. equilibrium is observed to be reached after 1
Extraction experiments were carried out in thermostatically controlled®d » €9

separatory funnels by shaking (700/min) together equal volumes of thElinute of mixing. Nevertheless, the contact time was fixed at 5
corresponding aqueous and organic phases at 20°C and for the tiniain. The extraction of copper (0.25 g/l) atB.5+0.02 by 1%
required. The concentration of copper in the aqueous solution wag/v LIX 54-100 in Iberfluid was studied over the range
measured by AAS using a Perkin Elmer 1100B spectrophotometen g_50°C. Under these conditions, increasing temperature gave
The concentration of the metal in the organic solution was calculated,, increase in copper extraction, and a plot oblggversus 1T

: . - o T
* To receive any correspondence. E-mail: fialgua@cenim.csic.es was linear (|0§DCU_ 2.65-360T with r*= 0.980), thus, indicat

t This is a Short Paper, there is therefore no corresponding material 19 that only a single species is involved in metal extraéfion.
J Chem. Research (M). From this plot, the value &H° was calculated as 6.9 kJ/mol.
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LIX 54-100 bound in the complexes can be neglected compared
10® to total initial extractant concentration. As expected from equa-
tion (6), a straight line of slope near 2 is obtained wheib|qg
is plotted against log [LIX 54-10Q]; (log D = 4.98 + + 2.0
log [LIX 54100}, r>= 0.998). Therefore, the experimental

S 107 o—o—a a data could be explained assuming the extraction of the species
CuR,. To determine the compositions of the extracted species
and their extraction equilibrium constants, extraction data were
also numerically treated by using the LETAGROP-DISTR pro-
104 : - 1 graml’ which is based on the miniminisation of the error-
Time /min square sum
Fig. 1 Copper distribution coefficient as a function of equi- u==x (|09Dca| —log Dexp)z @)
libration time in the extraction of copper from ammoniacal/
ammonium sulphate solutions by LIX 54-100 in Iberfluid. WhereDeX is the experimental value of the distribution coef-
ficient andD_,, is the value calculated by the program solving
the mass balance equation for copper(ll) and the extractant,
20 e, assuming a particular set of species and constants. The pro-
L6 / \ gram fits the existence of the CuRpecies in the organic
oI, phase and the value of log, Kwas calculated to be —-6.15
4 \ [o(log K_,)= 0.05)] withU= 0.62 6= 0.185).
3 o8 / / . For the present extraction system the valuésGsfandAS®
o g4 /D ¢ were calculated as 34.3 kJ/mol and —-93 kJ/mol/K, respec-
- p / tively. The positive value oAG® reflects the relatively high
R B pH value necessary to allow copper extraction to proceed,
04 [ p ek U whereas the negative entropy change indicates that copper is
o being transferred from a highly disordered state to one of a
34 5 6 7 89 greater ordef.

Membrane transportThe extraction system of copper(ll)-

Fig. 2 Extraction of copper by LIX 54-100 in Iberfluid from LIX 54-100 has been implemented in a supported liquid

0.15 mol/l aqueous ammonium sulphate medium at different membrane, where the transport of copper species across the

pH values. Aqueous solutions: 0.5 g/l Cu (LIX 54-100 1% v/v), liquid membrane depends not only on the equilibrium distrib-

1 g/l Cu (LIX 54-100 10% v/v). ution ratios but also on the kinetics of the extraction and strip-

ping processes. However, previous tests had shown that in the

The variation of pH from 3 to 8.5 for the aqueous mediumPrésent system copper is easily strippable from loaded organic

containing 0.5—1 g/l copper showed a gradual increase in th@olu_tlons using Q.9 mol sulphuric acid, thus, this variable was

extraction of the metal for both 1% and 10% v/v LIX 54-100 NOt investigated in the present study.

in Iberfluid, but the extraction tended to decrease at higher pH_The transport of Cu(ll) through the liquid membrane has been

values (Fig.2), this behaviour being shown in a number of solStudied by varying the chemical conditions of the two phases,
vent extraction systenfs, 16 namely the aqueous source solution and the membrane phase.

The metal distribution ratioD.,, at ammonium sulphate The influence of the membrane composition was first studied,
concentration of 0.15 mol/l and pH8.5£0.02, was deter- Figure 3 shows permeability values for the transport of copper
mined for various LIX 54—100 concentrations (1-10% v/v) in through a SLM impregnated with solution 1-20% v/v LIX
Iberfluid at different Cu(ll) concentrations (0.01-0.1 g/l). The 54-100 in Iberfluid. As expected, the permeability value
results show thab . does not depend on the copper concen-increases with LIX 54-100 concentration, this may be due to an
tration, this behaviour indicates that no polynuclear com-increase in extractability into the liquid membrane. However, P
plexes are formed in the organic phase. The extractionS independent of carrier concentration for extractant concentra-
reaction can be expressed as: tion above 1.7 107! M, this is attributable to an aqueous dif-

fusion film controlled permeation process such that:
Cuy* 2HR, g == CUR, +2H, (4)
where HR represents the active form of the extractant and org ) o o
and aq the organic and aqueous phases, respectively. For equ¢hereD, is the aqueous diffusion coefficient of the metal and

P=D,/d, ®)

tion (4), the equilibrium constant can be expressed by: d, is the thickness of the aqueous diffusion film. Assuming a
typical value of 1x 105 cn?s forD, andP equal to 7.2 103
[CuR],, [HT?, Yeur, Yo+ cm/s, the value ofl, is 1.4x 103 cm. This value is the mini-
ext™ 5 o (5)  mum thickness of the stagnant aqueous diffusion layer in the
[HRI?,g [CUP5q Vg Your resent experimental conditions.
p p

The effect of carrier diluent on the permeability of copper(ll)
gs also studied. The membrane diluent chosen as a water-resis-
ant barrier in any liquid membrane process exerts a major influ-
ence on membrane performance. It was concluded that the
polarity of the diluent is the most decisive factor in determining
log D¢, = 10g K, + 2 pH + 2 log [HR],, (6) effectiveness as a membrane medium; on the other hand, the
membrane stability versus rapid transport is the major choice to
Thus, a plot of lo@,, against log [HR],,should give a straight be made in choosing a membrane dildénthe diluent
line with an intercept equal to (chgxt+92pH) and a slope of 2. employed as a membrane should retain the carrier to the maxi-
Since copper concentration is very low, the concentration oimum extent and yet at the same time retain a relatively high

If the activity coefficients of both the aqueous and organic
phases are considered as constant and equal to the unity
taking into account the definition dD., the following
expression is obtained:



P-103/cm st

1 2 3 4
[HR]/mol Lt

Fig. 3 Copper permeability vs. carrier concentration. Source
phase: 0.025 g/l Cu(ll) in 0.15 mol/l ammonium sulphate (pH
8.5+0.01). Receiving phase: 0.9 mol/l sulphuric acid.
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Fig. 4 Effect of various diluents on permeability of copper.
Source phase: 0.05 g/I Cu(ll) in 0.15 mol/l ammonium sulphate
at pH 8.5+£0.01. Receiving phase: 0.9 mol/l sulphuric acid.
Extractant concentration: 10% v/v LIX 54-100.
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Fig. 5 Influence of metal concentration on copper transport.
Source phase: 0.15 mol/l ammonium sulphate at pH 8.5+0.01.
Receiving phase: 0.9 mol/l sulphuric acid.
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The influence of the initial Cu(ll) concentration in the source
side on transport across the SLM containing 10% v/v LIX
54-100 in Iberfluid is shown in Fig. 5. It can be seen that copper
transport through the SLM is increased as the initial copper con-
centration decreases.

The single ion transport through the SLM of 0.05 g/l Cu(ll)
from an agueous source phase adjusted to varying pH (8.5 to
10.5) was studied using 0.9 mol/l sulphuric acid as receiving
phase. Table 1 shows that as the pH value of the source phase
increases, the permeability of copper decreases.

Conclusions

The results of the present study indicate that the extraction of
copper from ammoniacal/ammonium sulphate medium by
LIX 54-100, dissolved in Iberfluid, expressed in terms of the
copper distribution coefficient, increases with the increase in
extractant concentration. Slope analysis of the effect of LIX
54-100 concentration ondpgave a slope of near two, indi-
cating that the extracted species contains two molecules of the
extractant. Numerical treatment of the experimental data
agrees with the stoichiometric formula CUR represents the
extractant) for the extracted species, the value dk|odeing

of —6.15. In carrier-facilitated membrane transport of Cu(ll)
across a supported liquid membrane using LIX 54-100 as car-
rier, the permeability of copper(ll) increases with the increase
of LIX 54-100 concentration and the decrease of the initial
copper concentration in the source phase. Copper transport
also depends upon the pH value of the source phase and the
change of the diluent of the organic solution.
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