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A predictive model, which consists of a set of non-linear mass action and mass balance equations solved by using
a tailor-made equation-solving program, is used as a basis to predict experimentally measured distribution coeffi-
cients for the CuSO,-H,S0,~MOC 80TD-Iberfluid liquid-liquid extraction system at 20°C and aqueous copper con-
centrations in the range 0.1-1.0 g I-'. The model is also used to obtain the copper loading isotherm at various initial
aqueous pH values.
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Copper solvent extraction is actually performed using oxime- [CuZ+]Or

based extractants: ketoximes, aldoximes and ketoximes/ =% )
. . . . Cu 2+

aldoximes mixtures. The main properties of these reagents are [Cu ]aq

obtained elsewhere, in addition the three types show an excel- )
lent copper (I)—iron (Ill) selectivity. The equilibrium reac-  Where [Cd*], and [C§'],, represent the total concentration
tion for the extraction of copper (Il) ions using these Of copperin the respective phases. )
extractants has attracted interest and several models have beerf he assumed reaction in building the model is represented
proposed1°In the present work, the extraction equilibrium by €dn (1), whereas the mass-action equilibrium expression
of copper from sulfate—sulfuric aqueous solutions by Mocfor the reaction is:
80TD in Iberfluid was studied, and a model was build-up and o 5
solved to predict the distribution coefficients and the copper _ [Cu ]aq [HR] org Yeuos
loading isotherms. The experimental data were compared with [CURZ]org = Kex [H*]2 Ve ®)
the predicted values. aq Youz+ V'h

The extractant used in the present work was MOC 80TD, The model also includes the following mass-balance
which is a mixture of MOC 45 (5-nonyl-2-hydroxyacetophe- equations:
none oxime) and MOC 35TD (tridecanol modified 5-nonyl-

salicylaldoxime) in a high flash point hydrocarbon dilu€nt. [Culrora = [Cu2+]aq+ Vo [CuF%z]org 4)
This extractant was obtained from Allco Chem. Corp. (actu-
ally Cognis Corp., through its Chilean branch) and used as [HRlomar = [HR]gg + 2 [CUR) )

received without further purification. Iberfluid supplied by CS

(Spain), containing 2% aromatics, boiling range 210—284°C,Where [Culora and_[HR]TOTAL are the total copper and
flash point 96°C was used as the diluent also without furthefXiractant concentrations in the system, res_pectwelys/@ﬂd
purification. The practical organic phase was prepared by digS (€ 0rganic to aqueous volume phase ratio. If only the pH of
solution of MOC 80TD in the diluent. The concentration of ("€ @queous feed is known, the hydrogen balance equation:
MOC 80TD in the organic solutions was determined by the q =

ultimate loading? The aqueous copper solutions were pre- ({2 = Hima + 2 Vo [CUR I ©)
pared by dissolving copper (1) sulfate of AR grade (Fluka) inmyst be added to the model. Thus, all equilibrium concentra-
distilled water. Extraction experiments were carried out intions can be calculated from the total extractant (HRD),
separatory funnels thermostz_atted (water jacke_t) at 20°C angbtal copper ([CuUlyray), initial pH ([H*] i) @nd the O/A
mechanically shaken (700 mi)) data were obtained in a 1:1 phase ratio ({,,). The equations describing the model are a
ratio aqueous/organic phase. Contact time was in all cases kgt of non-linear equations that cannot be analytically simul-
min, as previous experiments showed that this time was adqaneously solved, thus a BASIC.2 programm (Tables 1a and
quate to achieve equilibrium. In each experiment, the metal jy of the full text version of the paper or available on request
mass balance was calculated by analysing the copper concefy the authors) has been developed to do the calculations. The
tration in both aqueous and organic phases, before and aftaguilibrium constant of the overall copper extraction [eqgn (1)]
the reaction. Copper was analysed by AAS (Perkin ElmeRyas calculated numerically using the program LETAGROP-
11008 spectrophotometer); an average of 98% accuracy Was|STR 13 The program searches for a given reaction, the best

regularly obtained. The pH of the aqueous phase was meagt of equilibrium constants that minimizes the expression:
sured by a Crison 506 pH-meter. IR measurements were

obtained using a Nicolett-Magna 550 spectrophotometer and Uu=2. (log D, — log Dexp)z @)
Csl windows.

The extraction reaction in the present extraction system cawhereD,is the distribution coefficient of Cu (Il) determined
be expressed as: experimentally and_,, is the value calculated by the pro-

gram. The program fits the existence of the Capecies in

+ 2H, (1) the organic phase and the value of kg, was calculated to
_ be 1.01+0.25q(log K,,)= 0.08] withU = 1.4 = 0.31).
where HR represents the active substance of the extractant andrpq equilibrium data obtained in the present work, using
org and aq the organic and aqueous phases, respectively. Thgyanic solutions of 2.5% and 10% viv MOC 80TD in
distribution coefficient of copper is defined as: Iberfluid, and calculated using the predictive model and equi-
librium values (egns (3), (4) and (5)) are given in Table 1. The
* To receive any correspondence. E-mail: flalgua@cenim.csic.es  experimental and calculated values of the copper distribution

Ct2!+ 2HR,,, = CuR,

org




Table 1 Experimental and calculated equilibrium data for the
extraction of copper in the CuSO,-H,SO,-MOC 80TD-lberfluid
system
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Lr

_— -
HRlyma/  [CUliymial/ pH, log D¢, log D¢, E‘,- ! .__:"'
% V/v 1 (exp.) (cal.) no 4= s .
10 0.1 0.54 0.60 0.57 = / P
0.46 0.44 0.40 . - -
0.40 0.34 0.36 - 3. o T
0.21 0 0.10 T . 3 -
0.13 -0.14 -0.20 e I P «
0.05 ~0.26 -0.30 5 S
1.0 0.52 0.54 0.50 e e
0.24 0.07 0.12 | y
0.04 -0.32 -0.30 I /
25 0.1 1.12 0.60 0.55 ]
0.84 0 0.10 S
0.53 -0.60 -0.50 —
1.0 1.06 0.51 0.47 A
0.95 0.25 0.30 ;
0.89 0.096 0
0.77 -0.08 -0.10
0.70 -0.23 -0.30 T
0.60 -0.47 ~0.50 i < 3 d 2
| Zuliy L™ May wogsc?
Ep-
- Fig.2 Predicted equilibrium loading isotherms for copper (Il)
extraction by MOC 80TD in Iberfluid.
iy ' '_l Table 2 Values of the coefficients A and B for eqn (8)
5o pH A B
._"I:I
o uC 3.0 5.58 0.75
= 2.0 5.56 0.82
m : r 1.0 5.54 1.71
R
e — r cntt due to the stretching vibration of the phenolic-OH group
E of the oxime, this is attributable to the formation of the copper-
- extracted compled® The results of the present study indicate
that the predictive model used can adequately describe the
extraction equilibrium in the Cu§eH,SO-MOC 80TD-
i Iberfluid system, and that MOC 80TD is a moderate copper
- & ' extractant based on the fact that the organic phase becomes sat-
Es 2 = 5 urated at relatively low copper concentration, as shown in Fig.2,
o3 [ {esperimenla and on the relatively low value &£, found for the system.
We thank to the CAM (Spain) for Project 07/M/0053/1998.
Fig.1 Comparison between calculated and experimental dis-

tribution coefficient for copper (ll) extraction by MOC 80TD.
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coefficients are plotted in Fig.1. Good agreement between botR .
sets of values is indicated by tevalue of 0.97 between these €
two data sets of values and the standard deviation, 0.06, oft
residuals from the line. As the extraction of copper is normally 3
carried out in the pH range of 118in the present work, equi- 4
librium isotherms were obtained using the model [eqns (3), (4),
(5) and (6)] at initial pH values of 1.0, 2.0, 3.0. Figure 2 shows
the extraction isotherms for copper extraction with MOC 80TD
10% v/v in Iberfluid. The equilibrium isotherm curves can be <

mathematically represented by the following equation: 8
9
A [Cu]alq 10
[Culyy= ——— ®
B+ [Cu 11
[Cul,q 5

where [Cu;llrg and [Cu]élq represent the metal concentrations in .
the respective phases, at equilibrium. The values of the coeffi;
cientsA andB are given in Table 2. The IR spectrum of a cop- 15
per-loaded MOC 80TD organic phase lacks the pee&k2400
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