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[ Abstract] Nickel, cobalt and copper were separated by solvent extraction with P204. The experimental results show
that [ Co( NH3) 6] is an inert complex in extraction kinetics, therefore cobalt can be separated from nickel and copper by

norr equilibrium solvent extraction. Under the conditions of temperature 25 ‘C, contact time of two phases 10 min, phase
ratio 1 1, aqueous pH 10. 10 and concentration of P204 20% , [ Co( NH3)¢] s hardly extracted by P204, while the
percentage extractions of nickel and copper are 79.3% and 93. 9% respectively. Nickel and copper are separated by equr
librium solvent extraction with P204. Under the conditions of temperature 25 C, contact time of two phases 1 min, phase
ratio 11 1, equilibrium pH 4. 01 and concentration of P204 20% , the separation factor of copper and nickel is 216.
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1 INTRODUCTION

Solvent extraction is generally known as a kind
of equilibrium solvent extraction in thermodynamics.
Non-equilibrium solvent extraction is a new kind of
solvent extraction''}, which makes use of the differ-
ence of extraction speed in kinetics to separate materi-
als such as rare metals’>~*) and rare earth metals!*].

The separation factor for extraction of cobalt and
nickel with di(2-ethylhexyl) phosphate (P204) in sul-
phuric acid solution is generally below 20, therefore
P204 is considered to be unfit for the separation of
cobalt and nickel'”>8). Accordingly, P204 is also an
unfit extractant for the separation of nickel, cobalt
and copper that people has paid attention to in hy-
drometallurgy since 1960s.

However, it was reported that [Co(NH;)¢13" in
ammoniacal solution is an inert complex in kinetics

and its extraction speed with 8-hydroxyoxime Ng;,!®!

or Ns3p!1% is very slow. In this paper, it was found
that the extraction speed of [ Co (NH;)¢ 1" with
P204 is also very slow. So we can oxidize Co( Il ) to
Co(Il ) in ammoniacal solution and separate cobalt
from nickel and copper by non-equilibrium solvent ex-
traction, then separate nickel and copper by equilibri-
um solvent extraction with P204.

2 EXPERIMENTAL

Oxidizer (NH, ),S;03 was added into a mixed

solution of ammoniacal sulfate of nickel, cobalt and

copper (the mole ratio Ni: Co: Cu=12.2:2.4:1).
The solution was treated properly so that Co (I )
could be oxidized to Co(Ill ) completely and then ex-
tracted with saponified P204 to separate Co(Ill ) from
Ni(II ) and Cu( I ). Ni(Il ) and Cu( I ) stripped by
solution of sulphuric acid were separated by solvent
extraction with saponified P204 under proper condi-
tions. The metal contents in the raffinate were ana-
lyzed by titration, the metal contents in the organic
phase were dertermined by subtraction.

3 RESULTS AND DISCUSSION

3.1 Kinetics on extraction of Co( I ) with P204

Co( I ) in sulphuric acid solution is more easily
extracted with P204 than Ni ( II )''!. However,
when Co( I ) is oxidized to Co(Il ) in ammoniacal
solution, the extraction speed of Co(Ill ) is very slow.
The extraction of Co(Il) ([Co(NH;)61**) with
P204 has been investigated and the effect of contact
time of two phases on the percentage extraction of
Co(1Il ) is shown in Table 1.

From Table 1, it can be seen that the extraction
of Co(I) ([Co(NH;)s1**) with P204 does not
achieve extraction equilibrium even after 12 h extrac-
tion, which shows that [ Co (NH; )¢ 1** is an inert
complex in extraction kinetics. This may be due to
the difference between the stability constants of
[Co(NH;)6]** and [Co(NH;)sJ°" (181([(30(1\1}13)613+

=35.2, and 1gKrcunm,), " =5- 11" where K
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Table 1 Effect of contact time of
two phases on percentage extraction of Co([ll )

Con;a x:xtinﬁme Distribution ratio e:ii:?:‘:;t:/g?%
1 0.0395 3.78
2 0.0417 4.00
5 0.0437 4.18
10 0.0438 4.20
15 0.0448 4.29

60 0.0695 6.50
120 0.0893 8.20
240 0.110 9.91
480 0.118 10.6
720 0.121 10.8

Extraction temperature 25 C ; phase ratio 1:1; aqueous pH
10.13; concentration of P204 20 %

symbolizes the stability constant of complex). So we
can separate cobalt from nickel and copper by non-e-
quilibrium solvent extraction.

3.2 Separation of cobalt from nickel and copper

The effects of aqueous pH and contact time of
two phases on the percentage extraction of Ni( II ),
Co(Ill) and Cu( Il ) are shown in Table 2 and Table
3 respectively.

From Table 2, Co(Ill) is hardly extracted with
P204 when the aqueous pH is 10.10, while the per-
centage extractions of Ni{ Il ) and Cu( Il ) are 79.3%

Table 2 Effect of aqueous pH on percentage
extraction of Ni( I ), Co(Il) and Cu( 1)

Percentage extraction/ %

and 93.9% respectively. Thus, we can separate
cobalt from nickel and copper by non-equilibrium sol-
vent extraction when the aqueous pH is above 10.10.

Table 3 shows that the extraction equilibriums of
Cu(Il ) and Ni( I ) are achieved after extracting
1 min and 10 min respectively, while the percentage
extraction of Co( Il ) is approximately 0.504 % after
15 min extraction. So the contact time of two phases
is selected to be about 10 min to separate cobalt from
nickel and copper by non-equilibrium solvent extrac-

tion with P204.

3.3 Separation of nickel and copper

Nickel and copper are separated by equilibrium
solvent extraction with P204 in experiments. The ef-
fects of equilibrium pH, phase ratio, extraction tem-
perature and contact time of two phases on the sepa-

ration of Ni( I ) and Cu( Il ) are shown in Table 4~
7.

Table 4 Effect of equilibrium pH on
separation of Ni( Il ) and Cu( Il )

Percentage extraction/ %

pH - e Separation factor
5.90 99.0 68.1 46.6
5.34 98.3 49.3 59.8
4.62 97.8 24.6 136
3.96 93.2 7.40 172
3.41 85.9 4.30 136

Extraction temperature 25 C ; contact time of two phases 1
min; phase ratio 1:1; concentration of P204 20%

Table 5 Effect of phase ratio on
separation of Ni( II ) and Cu( 1l )

pH Co Ni Cu Phase ratio  Percentage extraction/ % .
(O/W) ; Separation factor
8.90 1.81 87.1 95.3 Cu Ni
9.61 1.10 83.2 94.2 1:2 97.4 23.0 125
10.10 ~0 79 3 93.9 1:1 97.8 24.6 136
Extraction temperature 25 'C ; contact time of two phases 2:1 98.1 32.0 109

10 min; phase ratio 1:1; concentration of P204 20%

Table 3 Effect of contact time of
two phases on percentage extraction of Ni( I ),

Co(Hl) and Cu(1I)

Extraction temperature 25 'C ; contact time of two phases 1
min; equilibrium pH 4.62; concentration of P204 20%

.Table 6 Effect of extraction temperature on
separation of Ni( ] ) and Cu(1I )

1 ~0 75.0  93.4 25 97.8  24.6 136
2 ~0 7.6  93.5 35 97.9  28.4 117
5 ~0 78.7 93.6 45 98.0 32.0 104
10 ~0 79.2  93.6 55 98.1 35.2 95.0
15 0.504  79.1 93.6 65 98.1 39.4 83.9

Extraction temperature 25 C ; phesé ratio 1:1; aqueous pH
10.01; concentration of P204 20%

Contact time of two phases 1 min; phase ratio 1:1; equilibri-
um pH 4.62; concentration of P204 20%
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Table 7 Effect of contact time of two phases on
separation of Ni( Il ) and Cu( 1l )

(if)nr:?}(;t Perceg:lage extrac;ilcim/ * Separation factor
20 93.2 6.79 188
30 94.2 7.20 195
60 94.8 7.78 216
120 94.8 7.80 215

Extraction temperature 25 C ; phase ratio 1:1; equilibrium
pH 4.01; concentration of P204 20%

From Table 4, it is shown that the percentage
extractions of Ni{ [l ) and Cu( Il ) decrease with de-
creasing equilibrium pH. When the equilibrium pH is
about 3.96, the separation factor of Cu(Il) and
Ni( I ) is the biggest.

From Table 5, it can be seen that the effect of
phase ratio on the percentage extraction of Cu( I ) is
smaller, while that of Ni( II ) is bigger. When the
phase ratio is about 1:1, the separation factor of
Cu( 1) and Ni( [ ) is the biggest.

From Table 6, it is concluded that the percent-
age extractions of Ni{ II ) and Cu( Il ) increase with
the increase of extraction temperature. But the sepa-
ration factor of Cu( I ) and Ni( Il ) is the biggest
when extraction temperature is about 25 C .

Table 7 shows that the extraction equilibriums of
Cu(Il) and Ni( I ) are achieved after 1 min extrac-
tion and the separation factor of Cu( I ) and Ni( I )
is 216 when equilibrium pH is 4.01.

4 CONCLUSIONS

1) P204 is a cheap and facile extractant. Separa-
tion of nickel, cobalt and copper using P204 as ex-
tractant has good prospect.

2) When Co( I ) is oxidized to Co(Il ) in am-
moniacal solution, its extraction speed is very slow,
which shows that [ Co(INH;)¢]** is an inert complex
in extraction kinetics. Therefore, cobalt can be sepa-
rated from nickel and copper by non-equilibrium sol-
vent extraction. Under the conditions of extraction
temperature, 25 C, contact time of two phases
10 min, phase ratio 1:1, aqueous pH 10.10 and con-
centration of P204 20%, Co(Il) is hardly extracted
with P204, while the percentage extractions of
Ni( 1) and Cu{ 1l ) are 79.3% and 93.9% respec-
tively.

3) Nickel and copper are separated by equilibri-

um solvent extraction with P204. Under the condi-
tions of temperature 25 C, contact time of two phas-
es 1 min, phase ratio 1:1, equilibrium pH 4.01 and
concentration of P204 20%, the separation factor of

Cu(Il) and Ni( Il ) is 216.
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