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EPARATION PROCESSES HAVE long been an

integral part of chemical engineering educa-
tion. For a few years now, a pilot scale study has
been proposed to the graduating students of the
Ecole Nationale Supérieure de Chimie (E.N.S.C.
T.). The aim of this project was to give the
students some knowledge of the experimental
techniques used in industrial chemistry. More-
over, it appeared that this was an opportunity for
students to apply and study more completely the
chemical engineering course work which they had
been taught during their studies.

We present here one theme that is explored
during thirty periods of eight hours spread over
ten weeks by a group of two students. This theme
deals with the study of the separation of copper
from cobalt in chloride-containing aqueous solu-
tion by liquid extraction with triisooctylamine
solvent (TIOA).

These metals are to be found at low concentra-
tions in nickel ore leach liquors from the HCI
leaching process. The present work may be con-
sidered as the study of the recovery and the sepa-
ration of these metals from such chloride leach
liquors. Because of its cost nickel chloride was re-
placed, in our experiments, by sodium chloride.
This substitution does not affect the copper and
cobalt extraction because mneither nickel nor
sodium are extracted by the solvent.

This education project includes two main
parts: literature research into separation process
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of these metals and experiments carried out in
the pilot plant.

LITERATURE RESEARCH INTO
SEPARATION PROCESS

With regard to literature, a few solvents have
been reported to be available to extract cobalt or
copper [1-5], but it seems that triisooctylamine is
the only extractant that can selectively separate
copper and cobalt from nickel. Therefore, this sol-
vent has been chosen for the pilot experiments.
Because of its viscosity, the extractant is diluted
in a mixture of aromatic hydrocarbons called
SOLVESSO 100 [1].

Copper and cobalt are extracted by TIOA
hydrochloride in the form of MCI,*tetrahedral
complexes according to the following mechanism

+ + +
organic 2= i — 2= 4+ 2(rH,C1”
Shise R HN (MCI) ) NHR, + 2C1 Mcly (RyNH, )

Interface
2 4 — 2 5
aqueous M(HZOJG*, 2017 + 2(c17,na") TS MCLyT , 2Na + 6 H
phase

M = Cu, Co.

As the mechanism is the same for copper and
cobalt, their relative ease of extraction is deter-
mined only by the differences in the stability of the
metals’ tetrahedral complexes and the speed of the
transformation of the initial octahedral com-
plexes into tetrahedral complexes. Copper, cobalt
and nickel belong to the first transition series, and
the partial filling of their d orbitals grants them
special properties as to octehedral and tetrahedral
complex formation. Cobalt has the smallest crystal
field splitting energy before it can change from
octahedral to tetrahedral symmetry [6]; copper
and nickel follow in increasing order. Nickel has
a high ligand field stabilization energy, so that
this element is difficult to extract, as the tetra-
hedral complex cannot be easily formed.

Though the theoretical ligand field stabiliza-
tion energy of copper between its octahedral and
tetrahedral symmetries is higher than that of co-
balt, the important distortion due to the Jahn-
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Teller effect in the octahedral symmetry causes
the copper to adopt a distorted tetrahedral sym-
metry [6]. For a given concentration of chloride in
a solution, the copper tetrahedral complex is
formed more easily than that of cobalt, so copper
is extracted more efficiently. Hence, the three
metals lie in the following order as to their ca-
pacity to form a tetrahedral complex

NiZ+ << CO2+ & Cu2+

EXPERIMENTAL STUDY ON
THE PILOT PLANT

The main part of the extraction unit was a
MORRIS pilot extractor [7] (Fig. 1) in which the
counter-current flow of the two phases takes place
vrithout separation into two layers at each stage.
This apparatus works on the spray-column princi-
ple with only one coalescence interface; each vessel
in which the counter-current flow takes place is
included between two agitated vessels fitted with
flat-bladed impellers. The cellular structure of
this extractor makes it possible to increase or de-
crease the number of stages. Furthermore, the
feed position can be easily changed, therefore
modifying the proportion between the extracting
and the stripping stages. The feed (dispersed
phase) was an aqueous solution containing 1 gpl
each of copper and cobalt. The solvent (continuous

This type of apparatus is

well adapted for the study of the

influence of various parameters such as

solvent ratio, feed location, total flows, agitation
speed and others on the extration process.
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FIGURE 1

phase) was 0.3 N TIOA hydrochloride in Solvesso
100. The chloride level is adjusted in aqueous solu-
tion by addition of sodium chloride. The stripping-
feed was an aqueous solution of sodium chloride.
An experimental approach has shown that eleven
stages are necessary in the extracting section and
only four stages in the stripping section.
According to previous laboratory experiments,
two chloride concentrations seemed of interest for
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the separation of the metals: at a 2M concentra-
tion in chloride, the cobalt is very little extracted
while the extraction of copper is important; on the
other hand, at a 3.5 M concentration in chloride
the extraction of copper is almost complete and
the cobalt is purer than in the preceding case.
Table 1 shows examples of runs carried out on
the MORRIS pilot extractor. The results obtained
regarding the yields and purities of copper and
cobalt become more satisfactory with different
chloride levels in the extracting and stripping
sections. Table 2 points out the effect of agitation
speed on the efficiency of the apparatus.

Method of chemical analysis: The concentra-
tions of cobalt and copper in the extract are de-
termined by spectrophotometry in the visible
spectrum. The concentrations in the raffinate
phase are determined by the same analytical
method after a complete preextraction of metals
by TIOA.

CONCLUSIONS

The selective extraction of copper and cobalt
by triisooctylamine using an extraction unit com-

TABLE 1
Results of experiments with different chloride
concentrations in extracting and stripping sections.

EXPERIMENT 1 2 3

Feed flow rate,

F + SF (I/h) 2.30 2.18 2.79
Stripping feed

flow rate, SF' (1/h) 1.06 1.11 1.11
Extractant flow

rate, E(1/h) 2.18 2.60 3.10
E/(F + SF) 0.96 1.19 1.11
E/SF 2.05 2.33 2.78
Cl- in extracting

section (mol/1) 3.5 3.5 3.5
Cl- in stripping

section (mol/l) 3.5(38.5)* 2.5(4)* 2.0(5)*
Raffinate:

Cu (g/1) 0.002 0.0005 0.0005

Co (g/1) 0.50 0.49 0.58

Co/Cu 250 980 1160

Yield in Co (%) 91 99 99.5
Extract:

Cu (g/1) 0.72 0.42 0.52

Co (g/) 0.047 0.0036 0.0035

Cu/Co 15 115 150

Yield in Cu (%) 100 100 100

F—Feed; SF—Stripping feed; (

in the feed
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)* chloride concentration

TABLE 2
Influence of agitation speed on separation of copper
from cobalt by solvent exiraction. The experimental
conditions are those of experiment 3 in Table 1.

EXPERIMENT 1 2 3 4

Agitation speed
in extracting
section (rev/min) 500 600 750 750

Agitation speed
in stripping
section (rev/min) 500 600 750 950

Raffinate
Cu (g/1) 0.0005 0.0004 0.0002 0.0002
Co (g/l) 0.58 0.58 0.58 0.58
Co/Cu 1160 1450 3000 3000
Yield in Co (%) 99.5 99.5 100 100
Extract
Cu (g/D) 0.52 0.52 0.52 0.52
Co (g/D) 0.0035 0.0030 0.0015 0.0010
Cu/Co 150 175 300 500

Yield in Cu (%) 100 100 100 100

posed of Morris extractors presents a problem of
great educational interest. This type of apparatus
is well adapted for the study of the influence of
various parameters such as solvent ratio, feed
location, total flows, agitation speed and others on
the extraction process. The results obtained from
the experiments carried out on the Morris device
can be used for the design of a large-scale equip-
ment. The color gradients (from green to yellow)
observed along the pilot unit give a particularly
significant representation of the concentration
profile in metals. Moreover, this type of liquid
system was an opportunity for students to study
the behavior of metal complexes.

Caution: The amine and aromatic contents in
the atmosphere must not exceed about 20 mg/m?.
The vapors are continuously removed by means of
fans located near the apparatus. As a matter of
fact, amine because of its liposolubility may pene-
trate into the organism through the skin. If the
aromatic diluent contains benzene as an impurity,
the vapors are toxic since they can induce medul-
lary aplasia (chronic poisoning).
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