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Abstract: The extraction and separation of zinc, manganese, cobalt and nickel from nickel laterite bacteria leach liquor were carried
out using sodium salts of TOPS-99 and Cyanex 272 in kerosene. The unwanted metal ions were removed by precipitation method
and solvent extraction was used to extract/separate Zn, Mn, Co and Ni. The nickel laterite leach liquor which was obtained from
bioleaching of chromite overburden samples contained 3.72 g/L Fe, 2.08 g/L Al, 0.44 g/L Ni, 0.02 g/L Co, 0.13 g/L Mn, 0.14 g/L Zn
and 0.22 g/L Cr. From this leach liquor, 100% Fe, 96.98% Al and 70.42% Cr were removed by precipitation with CaCO; at pH 4.4
followed by precipitation of remaining Al and Cr with 50% ammonia at pH 5.4. After precipitation, the extraction of Zn from the Fe,
Al and Cr free leach liquor was carried out with 0.1 mol/L TOPS-99 followed by Mn extraction with 0.04 mol/L NaTOPS-99. The
yields of Zn and Mn were 97.77% and 95.63%, respectively. After Mn extraction, cobalt was removed from the leach liquor using
0.0125 mol/L NaCyanex 272 and finally nickel extraction was carried out using 0.12 mol/L NaTOPS-99 with 99.84% yield. The

stripping of loaded organic (LO) phases were achieved with dilute H,SOj,.
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1 Introduction

The requirement of cobalt and nickel in the present
day world is too much for which a lot of work is being
under taken around the world to recover these valuable
metals even from very low grade ores. In India, there is
no primary source for nickel, but the chromite
overburden of Sukinda, Odisha, India, contains
0.3%—0.9% Ni. To extract the metals from this chromite
overburden, bacterial leaching was carried out [1] and
the leach liquor contained Fe, Al, Cr, Zn, Mn, Co and Ni.
So, it is required to separate/remove other metal ions to
get pure nickel solution. The separation of metal ions
such as Fe, Cu, Co, Ni, Zn and Mn can be achieved by
various methods like selective precipitation, ion
exchange resin, adsorption and solvent extraction, etc.
Among all these methods, solvent extraction is the most
suitable technique for separation of metal ions and has
been used since a long period for separation of metal
values. Separation of manganese, zinc and nickel from
leaching solution of nickel—metal hydride spent batteries

has been carried out by solvent extraction [2]. The spent
Ni—MH battery was leached and the nickel leach liquor
was separated from manganese and zinc by liquid—liquid
extraction using D2EHPA. Both D2EHPA and Cyanex
272 were investigated for separation of Zn and Mn and
from some preliminary tests, it was found that D2ZEHPA
was more efficient to separate Mn and Zn. D2EHPA,
Cyanex 272 and TBP were used for separation of zinc
and manganese from sulfate solution [3]. By mixing the
two extractants, the extraction efficiency increased.
Increasing the D2EHPA to Cyanex 272 ratio in the
organic phase caused a right shifting of extraction
isotherms of manganese and zinc, and the manganese
shifting curve was more than that of zinc. The
manganese curve had considerable right shifting with 5%
D2EHPA and 15% Cyanex 272. TBP did not affect the
zinc and manganese extraction.

The separation of Zn, Mn, Co from a solution
containing Zn, Mn, Co, Cd and Ni was investigated
using D2EHPA, Cyanex 272 and Cyanex 302 [4].
Addition of Cyanex 302 indicated a left-shifting-effect
on the extraction curve of zinc, a right-shifting-effect on
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the extraction curve of manganese and no effect on the
extraction of cobalt. Addition of Cyanex 272 shifted all
three curves to the right. The most suitable extractant
for separation of zinc from manganese was 0.3:0.3
mixture of D2EHPA and Cyanex 302. The separation of
manganese and cobalt was achieved by pure D2EHPA. A
solvent extraction process was developed for the
recovery of zinc and manganese from spent zinc—carbon
battery leach solution [5]. Between the two systems
considered, D2EHPA and lonquest 801, the latter is a
better choice in terms of metal separation and stripping.
The separation of Zn and Mn [6], and Co and Ni [7] from
sulphate solutions have been carried out including the
synergism study [8] of Cyanex 302 and Cyanex 272 with
D2EHPA in the separation of Co and Ni. The extraction
of zinc from the sulfuric acid leaching of cold
purification filter cake of Angouran concentrate was
studied by BALESINI et al [9] using D2EHPA. Zinc
separation from Cd and Ni was 98.8% with 40% (volume
fraction) D2EHPA at pH 2.5-3. LEE and NAM [10]
have also studied the extraction of Zn from strong
hydrochloric acid solution up to 10 mol/L in which
Alamine 336 was used as extractant. Similar study for
the extraction of Mn from strong hydrochloric acid
medium was carried out by LEE and FILIZ [11].
BISWAS and RAHMAN [12] investigated that Mn can
be extracted by Cyanex 272 from sulphate—acetate
medium. Also, the separation of Mn(Il) from its binary
mixtures with Sc(IIT), Ti(IV), V(IV), V(V), Fe(I1I), Ni(II),
Co(II), Cr(III), Zn(IT) and Gd(III) was carried out.

The separation of Zn(Il) and Mn(II) from a bioleach
liquor of spent alkaline and Zn—C batteries using Cyanex
272 and DEHPA was studied by FALCO et al [13], and
they observed that the performance of Cyanex 272 was
better than D2EHPA. The extraction of Co(Il) from a
synthetic sulphate solution (having same composition as
Ni laterite ore) bearing Co, Ni and high content of Mg
was carried out by LEE et al [14] using D2EHPA,
PC88A, Cyanex 272, Alamine 336 and their
combinations. The extraction of Ni was negligible with
the cationic extractants, but the highest separation factor
was observed between Co(II) and Mg(II) with saponified
Cyanex 272 whereas Alamine 336 extracted only Co(II)
in the presence of MgCl,. In another study, REDDY
et al [15] investigated the separation of Cd(Il), Co(II)
and Ni(II) from chloride leach liquor of spent Ni—Cd
batteries. After extraction of Cd, the separation of Co
from Ni using Cyanex 272 was achieved with a
separation factor larger than 4700.

Above literature studies showed that D2EHPA and
Cyanex 272 can be used for separation of Zn, Mn, Co
and Ni. As these solvents are commercially available,
they can be used for solvent extraction process
development. The bacterial leach liquor (pH 1.3) of

chromite overburden of Sukinda, Odisha, India, contains
3.72 g/L Fe, 2.08 g/L Al, 0.44 g/L Ni, 0.02 g/L Co,
0.13 g/L Mn, 0.14 g/L Zn and 0.22 g/L Cr. To obtain pure
Mn and Ni solutions from the above leach liquor using
solvent extraction technique, a process has been
developed and has been reported in this work.

2 Experimental

2.1 Chemicals and reagents

The commercial extractant TOPS-99 (Di(2-
ethylhexyl) phosphoric acid) and bis(2, 4, 4-trimethyl
pentyl) phosphinic acid (Cyanex 272) were supplied by
Heavy Water Plant, Talcher, Odisha, India and Cytec Inc.,
USA, respectively and were used as such without any
purification. Distilled kerosene (b.p. 180—240 °C) was
used as the diluent. Sodium hydroxide solution (12.88 N)
was used for neutralization of the leach liquor, and
saponification of TOPS-99 and Cyanex 272. CaCO; and
ammonia solution were used for precipitation of metals.
All chemicals used in the experiments were of AR grade
and supplied by BDH, India. The overburden samples
were obtained from the major deposits of chromite
overburden of Sukinda Mines, Odisha, India.

2.2 Apparatus

Systronics pH meter Model 361 was used for
measurement of aqueous phase pH, and Perkin Elmer
atomic absorption spectrophotometer (AAS) Model AA
200 was used for the analysis of metal ions in solution.

2.3 Method

All the experiments were carried out at room
temperature, i.e., (30£1) °C. Before starting the solvent
extraction studies, the leach liquor was made free of Fe,
Al and Cr by precipitation with CaCO; and 50%
ammonia. Desired volumes of the leach liquor and the
extractants diluted in kerosene were equilibrated
manually in separatory funnel for 5 min and after phase
disengagement, the aqueous phase was separated
followed by the measurement of equilibrium pH and
determination of metal concentrations in the raffinate by
atomic absorption spectrophotometer (AAS). The
concentration of metal ions in the organic phase was
calculated from the difference between the metal
concentrations in the aqueous phase before and after
extraction. Also when required, the organic phase was
analyzed for metal ion concentration after filtering
through 1PS phase separating paper and stripping with 1
mol/L HCI. For the construction of McCabe—Thiele plots
for extraction and stripping studies, the organic:aqueous
(O:A) ratio was varied keeping the total volume of the
phase constant.
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The extraction mechanism of divalent metal ions
with phosphoric and phosphinic acid (designated as HA)
can be written as

M* +H,A, < MA, +2H" (1)
3 Results and discussion

The chromite overburden of Sukinda Mines,
Odisha, India, was leached using bacteria and the metals
were recovered from the bacterial leach liquor (pH 1.3)
having composition of 3.72 g/L Fe, 2.08 g/L Al, 0.44 g/L
Ni, 0.02 g/L Co, 0.13 g/LL Mn, 0.14 g/L Zn and 0.22 g/L
Cr. The leach liquor was treated with CaCO; at pH 4.4 to
precipitate 100% Fe, 96.98% Al and 70.42% Cr. The
remaining Al and Cr from the solution were precipitated
by maintaining the pH of solution at 5.4 with 50%
ammonia. After bulk precipitation from the leach liquor,
there was reduction in volume. So, the concentration of
metal ions in solution was changed to 0.64 g/L Ni,
0.03 g/L Co, 0.16 g/LL Mn and 0.09 g/L Zn. This Fe, Al,
Cr-free solution was treated with sodium salts of
TOPS-99 and Cyanex 272 to separate the metals.

3.1 Extraction of zinc

Solvent extraction of Zn from the Fe, Al, Cr-free
solution bearing 0.64 g/L Ni, 0.03 g/L Co, 0.16 g/L Mn
and 0.09 g/L Zn was carried out with 0.1 mol/L TOPS-99
at 1:1 phase ratio. The initial pH of the solution was
within 1.0 to 6.7 (equilibrium pH 0.9-2.5). The
extraction of Zn increases from 5.43% to 81.52% with
increasing equilibrium pH. The extraction of other metal
ions within the pH range was zero. The experimental
data for equilibrium pH versus zinc extraction rate are
illustrated in Fig. 1.

To study the effect of TOPS-99 concentration on
zinc extraction, the concentration of TOPS-99 was varied
from 0.01 to 0.15 mol/L. The pH of the aqueous phase
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Fig. 1 Effect of equilibrium pH on extraction of Zn with
0.1 mol/L TOPS-99 (Experimental condition: 0.09 g/L Zn,
0.1 mol/L TOPS-99, O:A=1:1)

was maintained at 6.7. The extraction rate of zinc was
plotted against TOPS-99 concentration in Fig. 2. The
extraction of zinc increased from 31.1% to 81% with
increasing extractant concentration from 0.01 to
0.1 mol/L and increased slowly thereafter up to 81.7%
with further increase of extractant concentration up to
0.15 mol/L.
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Fig. 2 Effect of [TOPS-99] on extraction of Zn (Experimental

condition: 0.09 g/L Zn, pH: 6.7, O:A=1:1)

The McCabe—Thiele plot was constructed (Fig. 3)
for extraction of Zn with 0.1 mol/L TOPS-99 within O:A
ratio of 1:5 to 5:1. The diagram indicated 0.012 g/L Zn in
raffinate after 3-stage of extraction at O:A ratio of 1:3.
To confirm the theoretical prediction, a 3-stage
counter-current simulation (CCS) study was carried out
at O:A ratio of 1:3 to generate the loaded organic (LO)
(0.264 g/L Zn) and to show 90.8%, 96.4% and 97.77%
extraction in first, second and third stages of extraction,
respectively.

Stripping of Zn from the LO was carried out with
0.5-20 g/L H,SO,4 by equilibrating the phases at O:A
ratio of 1:1. The plot (Fig. 4) of zinc stripping
rate vs [H,SO4] increased from 2.62% to 98.84% with
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Fig. 3 Extraction isotherm of zinc with 0.1 mol/L TOPS-99
(Experimental condition: 0.09 g/L Zn, 0.1 mol/L TOPS-99,
pH 6.7)
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Fig. 4 Effect of [H,SO4] on stripping of Zn, Mn and Ni-LO
(Experimental condition: [Zn]; o 0.264 g/L, [Mn];o 0.153 g/L,
[Ni]p 0 0.96 g/L, O:A=1:1)

increasing acid concentration. The zinc loaded organic
was stripped with 15 g/L H,SO,4 and after stripping, the
spent organic contained 0.003 g/L Zn.

3.2 Extraction of manganese

The separation of manganese from the Fe, Cr, Al
and Zn-free nickel laterite leach liquor bearing 0.64 g/L
Ni, 0.03 g/L Co and 0.16 g/L Mn solution was carried
out. To study the effect of pH on extraction of
manganese from the leach liquor, the initial pH of the
solution was varied within the range of 1.5-3.5 while
keeping the concentration of NaTOPS-99 constant at
0.025 mol/L. The corresponding equilibrium pH was in
the range of 1.7—6.1. The equilibrium pH values were
plotted against the extraction rate of Mn in Fig. 5 which
indicated an increase in extraction of manganese from
8% to 71.82% with increase in the equilibrium pH from
1.7 to 6.1. The co-extraction of cobalt and nickel with
manganese increased from 0 to 44.84% and from 0.16%
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Fig. 5 Effect of equilibrium pH on extraction of metal ions
with 0.025 mol/L NaTOPS-99 (Experimental condition:
[Ni] 0.64 g/L, [Co] 0.03 g/L, [Mn] 0.16 g/L, 0.025 mol/L
NaTOPS-99, O:A=1:1)

to 2.43%, respectively with the increase of equilibrium
pH from 1.7 to 6.1.

The manganese extraction was carried out with
different concentrations (0.005-0.05 mol/L) of neutral
TOPS-99 at 1:1 phase ratio. The initial pH of the solution
was 2.5. The extraction rates for manganese, cobalt and
nickel versus different concentrations of NaTOPS-99
were plotted in Fig. 6. Figure 6 showed an increase in
manganese extraction from 6.11% to 93.06% with
increase in extractant concentration from 0.005 to
0.05 mol/L NaTOPS-99. Also, there was co-extraction of
cobalt and nickel. The co-extraction of cobalt increased
from 7.48% to 67.59% and that of nickel increased from

0.16% to 7.14% with increasing NaTOPS-99
concentration.
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Fig. 6 Effect of [NaTOPS-99] on extraction of metal ions
(Experimental condition: [Ni] 0.64 g/L, [Co] 0.03 g/L, [Mn]
0.16 g/LinL.L., pH 2.5, 0:A=1:1)

At solution pH of 2.5, the extraction of manganese
was 87.29% and the co-extraction rates of nickel and
cobalt were 3.45% and 24.52%, respectively with
0.04 mol/L NaTOPS-99. So, the extraction isotherm for
manganese was constructed with above condition to
know the number of stages of extraction required at a
chosen phase ratio. The McCabe—Thiele plot (Fig. 7)
showed quantitative extraction of manganese in two
stages at 1:1 phase ratio. To confirm the predictions of
the extraction isotherm, a two-stage countercurrent
simulation study was carried out with 0.04 mol/L
NaTOPS-99 at 1:1 phase ratio. The raffinates and loaded
organic samples were collected and analyzed for
concentration of metal ions, but after five cycles onwards
the concentration of metal ions in the loaded organic and
raffinate samples were separately identical. The raffinate
samples were analyzed to contain 0.007 g/l Mn
indicating 95.63% extraction. The loaded organic was
analyzed to contain 0.153 g/L. manganese. There was no
co-extraction of cobalt and nickel with manganese. A
sufficient quantity of Mn loaded organic was generated
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Fig. 7 Extraction isotherm for Mn with 0.04 mol/L NaTOPS-99
(Experimental condition: [Mn] 0.16 g/L, pH 2.5, 0.04 mol/L
NaTOPS-99)

to carry out the stripping studies.

The Mn loaded TOPS-99 was stripped with
different concentrations of H,SO,4 within the range of
0.2-2.5 g/L at equal phase ratio. The experimental data
for manganese stripping rate versus different
concentrations of HSO, as shown in Fig. 4 illustrated an
increase in stripping from 7.8% to 99.43% with increase
in H,SO,4 concentration from 0.2 to 1.5 g/L. With further
increase in acid concentration to 2.5 g/L, the stripping
rate increased to 99.68%. Thus, 1.5 g/L H,SO, was
chosen for stripping of the Mn loaded organic phase.

The loaded organic phase contained 0.153 g/L
manganese. To know the number of stages required for
stripping of manganese, the manganese loaded organic
was contacted with 1.5 g/L H,SO, at O:A ratio of 1:10 to
10:1. The isotherm (Fig. 8) indicated 2-stage at O:A ratio
of 9:1 for quantitative stripping. To confirm this, a 2-
stage counter-current simulation study was carried out
with 1.5 g/L H,SO, at O:A ratio of 9:1. The strip solution
and the spent organic contained 1.341 and 0.004 g/L. Mn
leading to 97.38% stripping.
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Fig. 8 Stripping isotherm for Mn-LO with 1.5 g/L H,SO,
(Experimental condition: [Mn].o 0.153 g/L, [H,SO,4] 1.5 g/L)

3.3 Removal of cobalt

The separation of Co from the Fe, Cr, Al, Zn and
Mn-free nickel laterite leach liquor bearing 0.64 g/L Ni
and 0.03 g/L Co was carried out. To study the effect of
pH on extraction of cobalt from the leach liquor, the
initial pH of the solution was varied within the range of
1.0-5.6. The concentration of NaCyanex 272 was kept
constant at 0.005 mol/L. The equilibrium pH of raffinate
samples was measured to be within the range of 1.1-7.2.
The plot of equilibrium pH versus cobalt extraction rate
is shown in Fig. 9. The plot showed that there was no
extraction of Co and Ni up to equilibrium pH of 1.9.
The extraction starts from equilibrium pH 2.8. The cobalt
extraction increased from 6.3% to 74.15% with
increasing equilibrium pH from 2.8 to 7.2. The
co-extraction of nickel also increased from 0.46% to
14.3% with increasing equilibrium pH.
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Fig. 9 Effect of equilibrium pH on extraction of cobalt and
nickel with 0.005 mol/L NaCyanex 272 (Experimental
condition: [Ni] 0.64 g/L, [Co] 0.03 g/L, 0.005 mol/L NaCyanex
272, 0:A=1:1)

The Mn-free nickel laterite leach liquor was used to
extract cobalt with different concentrations (0.005—
0.0125 mol/L) of neutral Cyanex 272 at 1:1 phase ratio.
The initial pH of the leach liquor was 3.4. The
experimental data for cobalt and nickel extraction rate
versus different concentrations of NaCyanex 272 plotted
in Fig. 10 showed an increase in cobalt extraction from
1523% to 90.75% with increase in extractant
concentration from 0.001 to 0.0125 mol/L. The
co-extraction of nickel increased from 0.12% to 6.44%
with increase of NaCyanex 272 concentration.

The extraction isotherm for cobalt was constructed
to know the number of stages of extraction at a chosen
phase ratio for which the Mn-free nickel laterite leach
liquor (pH 3.4) and the neutral 0.0125 mol/L NaCyanex
272 in kerosene were contacted at different O:A ratios
within 1:5 to 5:1 for 5 min followed by phase separation
and analysis of the phases. The McCabe—Thiele plot
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(Fig. 11) showed quantitative extraction of cobalt in
2-stage at 1:1 phase ratio. To confirm the predictions of
the extraction isotherm, a 2-stage countercurrent
simulation study was carried out with 0.0125 mol/L
NaCyanex 272 at 1:1 phase ratio. The raffinates and
loaded organic samples were collected and analyzed for
metal ion concentration. The raffinate samples contained
0.002 g/L cobalt indicating 93.3% extraction rate. The
loaded organic was analyzed to contain 0.028 and
0.02 g/L. cobalt and nickel, respectively. The loaded
organic was stripped with 1 g/L H,SO, to free NaCyanex
272 for reuse.
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Fig. 10 Effect of [NaCyanex 272] on extraction of cobalt and
nickel (Experimental condition: [Ni] 0.64 g/L, [Co] 0.03 g/L,
pH 3.4, O:A=1:1)
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Fig. 11 Extraction isotherm for cobalt with 0.0125 mol/L
NaCyanex 272 (Experimental condition: [Co] 0.03 g/L, pH 3.4,
0.0125 mol/L NaCyanex 272)

3.4 Extraction of nickel

The extraction of nickel was carried out from the Fe,
Cr, Al, Zn, Mn and Co-free nickel laterite leach liquor
bearing 0.62 g/L Ni. To study the effect of pH on
extraction of nickel from the leach liquor, the initial pH
of the solution was varied within the range of 2.0-5.0.
The concentration of NaTOPS-99 was kept constant at

0.06 mol/L. The equilibrium pH of raffinate samples was
measured to be 5.6—7.2. The equilibrium pH values
plotted against the extraction rate (Fig. 12) indicated an
increase in extraction of nickel from 24.59% to 80.37%
with increase in equilibrium pH.
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Fig. 12 Effect of equilibrium pH on extraction of Ni with

0.06 mol/L NaTOPS-99 (Experimental condition: [Ni] 0.62 g/L,

0.06 mol/L NaTOPS-99, O:A= 1:1)

The leach liquor (pH 2.5) was used to extract nickel
with different concentrations (0.02—0.12 mol/L) of
neutral TOPS-99 at 1:1 phase ratio. The experimental
data for nickel extraction rate versus different
concentrations of NaTOPS-99 plotted in Fig. 13 showed
an increase in nickel extraction from 1.25% to 99.12%
with increase in extractant concentration.
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Fig. 13 Effect of [NaTOPS-99] on extraction of Ni
(Experimental condition: [Ni] 0.62 g/L, pH 2.5, O:A=1:1)

The extraction isotherm for nickel was constructed
to know the required number of stages of extraction at a
chosen phase ratio for which the Fe, Cr, Al, Zn, Mn and
Co-free nickel laterite leach liquor (pH 2.5) and
0.12 mol/L neutral TOPS-99 in kerosene were contacted
for 5 min at different O:A ratios within 1:5 to 5:1
followed by phase separation and analysis of the phases.
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The McCabe—Thiele plot (Fig. 14) showed quantitative
extraction of nickel in two stages at phase ratio of
0:A=2:3. To confirm the theoretical predictions for the
extraction isotherm, a 2-stage counter-current simulation
study with 0.12 mol/L NaTOPS-99 at 2:3 phase ratio
(O:A) was carried out. The raffinates and loaded organic
samples were collected and analyzed for metal ion
concentration. The raffinate samples were analyzed to
contain 0.001 g/L nickel indicating 99.84% extraction
rate. The loaded organic was analyzed to contain
0.96 g/L of nickel. A sufficient quantity of nickel
loaded organic was generated to carry out the stripping
studies.
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Fig. 14 Extraction isotherm for Ni with 0.12 mol/L NaTOPS-99
(Experimental condition: [Ni] 0.62 g/L, pH 2.5, 0.12 mol/L
NaTOPS-99)

The nickel loaded TOPS-99 was stripped with
different concentrations of H,SO4 (0.5 to 20 g/L) at equal
phase ratio. The samples were equilibrated for 5 min and
the strip solution was diluted and analyzed for metal
values. The experimental data for nickel stripping rate
versus different concentrations of H,SO4 as shown in
Fig. 4 illustrated an increase in stripping from 8.82% to
75.58% with the increase in H,SO, concentration from
0.5 to 2.0 g/L. With further increase in acid
concentrations, the quantum of stripping increased and at
20 g/L H,SOy, the stripping rate attained was 99.34%.

The loaded organic phase contained 0.96 g/L nickel
and it was required to strip out metal values from the
loaded organic phase. To know the number of stages
required for stripping of nickel, the Ni-LO was contacted
with 20 g/L H,SO, at O:A ratios within 1:10 to 10:1. The
isotherm (Fig. 15) indicated 2-stage at O:A ratio of 8:1
for quantitative stripping. To confirm this, a 2-stage
counter-current simulation study was carried out with the
LO and 20 g/L H,SO, solution at O:A ratio of 8:1. The
strip solution and the spent organic contained 7.59 and
0.011 g/L nickel, respectively, leading to 98.85%
stripping efficiency.
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Fig. 15 Stripping isotherm for Ni-LO with 20 g/L H,SO,
(Experimental condition: [Ni] o 0.96 g/L, H,SO, 20 g/L)

Based on the above results, a flow sheet was
developed as shown in Fig. 16 for extraction of Mn and
Ni from the nickel laterite bacterial leach liquor. The
flow sheet described precipitation of Fe, Al and Cr from
the leach liquor and separation of Zn, Mn, Co and Ni to
get respective metal strip solutions.

4 Conclusions

The Ni-laterite bacterial leach liquor bearing
3.72 g/L Fe, 2.08 g/L Al, 0.44 g/L Ni, 0.02 g/L Co,
0.13 g/L Mn, 0.14 g/L Zn and 0.22 g/L Cr was processed
for metal separation. Treatment with CaCO; at pH 4.4
precipitated 100% Fe, 96.98% Al, and 70.42% Cr. The
remaining Al and Cr from the solution were precipitated
with 50% ammonia solution by maintaining the pH of
solution at 5.4 leading to quantitative precipitation of Al
and Cr. Extraction of Zn from the leach liquor was
carried out with 0.1 mol/L TOPS-99 in 3-stage at O:A
ratio of 1:3 followed by extraction of Mn with
0.04 mol/L NaTOPS-99 in 2-stage at 1:1 phase ratio. The
extraction yields for Zn and Mn were 97.77% and
95.63%, respectively. Removal of cobalt from the
Mn-free solution was then carried out with 0.0125 mol/L
Cyanex 272 in 2-stage at 1:1 phase ratio with 93.3%
yield. Finally, the extraction of Ni from the Co-free
solution was carried out using 0.12 mol/L NaTOPS-99 in
2-stage at O:A ratio of 2:3 with resultant yield of 99.84%
to generate the LO containing 0.96 g/L Ni. The Ni-LO
was stripped with 20 g/L H,SO, in 2-stage at O:A ratio of
8:1 to produce a strip solution bearing 7.59 g/L Ni
leading to 98.85% stripping.
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