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Solvent extraction of cobalt from
leach liquor after leaching of the
active mass of spent lithium
accumulators

Takacova, Z.; MarciSova, S.; Havlik, T. (1)

The work focuses on cobalt solvent extraction from synthetic solution and leach
liquor after the leaching of the Li-ion accumulators active mass in H,SO,. The aim
was to study the effect of a pH on the extraction and stripping separately. Also the
effect of the phase ratio A:0 and 0:A was verified. The synthetic sulfate solution
containing 3.8 mg/ml Co was used for the experiments. The following conditions
were investigated: pH = 4-8, A:0 = 0.5, 1, 2, 0:A = 0.5, 1, 2. The optimal pH for the
Co recovery (100 %) from the synthetic solution was pH = 8 in the extraction and
pH = 6 in the stripping. During the Co extraction from the leach liquor containing
5 mg/ml Co the effect of pH = 4-8 for recovery Co, Li, Mn and Ni was determined.
The highest Co extraction was achieved at pH = 8, but other present metals (Ni,
Mn, Li) were co-extracted, too. The pH = 7 value was chosen as optimal, because
nickel remains in the solution. Mn and Li are co-extracted and co-stripped at this
pH. This can be avoided by their removal from the solution before the extraction or

by providing selective stripping.

obalt raw materials are among
14 critical raw materials listed
by the European Commission
on the basis of their high rela-
tive economic importance and high rela-
tive supply risk [1]. Cobalt can be consid-
ered a strategic metal of the future because
of its increasing demand, which is closely
linked with the development of informa-
tion technology. The current price of cobalt
is about 30 USD/kg [2].
Cobalt is widely used in many applica-
tions; the data from 2011 indicate that
30 % of the cobalt world production is
used in the manufacture of electrochemi-
cal cells [3]. Its consumption is currently
growing in this area, particularly in the
production of lithium accumulators
(LiA) for the charging of mobile phones,
laptops and other electronic devices. For
example, 4-10 % of the annual growth
rate of the LiA market for mobile phones
and laptops is assumed by 2015 [4]. Their
importance for the application in the
hybrid and electric vehicles is increasing
as well. Whereas the cobalt content in the
primary raw materials is 0.06-0.7 %, the
spent LiA accumulators contain 5 - 20 %
of Co [5-7].

From the above it results that cobalt recov-
ery from waste is important. Spent LiA
accumulators are an interesting secondary
raw material for cobalt recovery. The LiA
component with the Co content is a cath-
ode active material, which forms active
or “black” mass together with the anode
active material. Chemically, it is mainly
the LiCoO, compound. In addition to
LiA, cobalt can be obtained from the Ni-
Cd accumulators, where cobalt content is
1-5 % [8].

The possibilities of the cobalt recovery
from LiA can be divided into pyromet-
allurgical and hydrometallurgical. The
pyrometallurgical or combined treatment
is currently more used in the plants. Cur-
rent research in laboratory scale focuses
mainly on the sophisticated hydrometal-
lurgical processing. It involves the leaching
of the spent LiA active mass and the sub-
sequent extraction of cobalt from the leach
liquor. The leaching is mostly carried out
in an acidic medium such as HCI, H,SO,,
HNO,, usually with the addition of H,O,
as a reducing agent. In addition to cobalt,
other present metals are co-leached as well,
for example Mn, Ni, Cu, etc. The leach lig-
uor containing cobalt can be processed by

precipitation with NaHS, H,S, Ca(OH)..
NaOH, Na,CO, or MgO, by means of ion
exchange, or solvent extraction. In the pro-
duction of CoSO,, evaporation and crys-
tallization procedures are used [9].

The solvent extraction (SX) is one of the
most common and the most effective pro-
cedures for the cobalt recovery from the
solutions. SX is a selective separation pro-
cedure for isolating and concentrating the
valuables metals from the aqueous solu-
tions with the aid of an organic solution.
SX provides the selective cobalt recovery
from the solution as well as the oppor-
tunity for an effective separation of Co
from Ni, which is difficult to separate due
to the similar properties. The advantages
are: the application of the simple devices,
high selectivity and process flexibility. SX
is environmentally friendly because of the
possibility to regenerate and recycle the
organic agents. It is considered to be a low-
waste technology. The disadvantages are
the high price, the high consumption and
the hazardous properties of the organic
agents [10-12].

The current state in the area of
cobalt solvent extraction

The solvent extraction consists of the fol-
lowing steps: extraction, scrubbing and
stripping [10]. The efficiency and selectiv-
ity of the extraction depend on a type and
concentration of organic and stripping
agents, pH, temperature, extraction time
and presence of other metals [11, 12]. The
SX process can be described by the follow-
ing parameters [13, 14]: distribution ratio,
extraction efficiency and a separation
factor.

The current research in this field focuses
on the cobalt recovery from the leach lig-
uor after the leaching of wastes contain-
ing cobalt, especially the LiA or Ni-Cd
accumulators. These leach liquors contain
cobalt and other minor metals, e.g. Li, Mn,
Ni, Cu, etc. The SX process is the method
for obtaining the purest and the most con-
centrated cobalt solution. Subsequently,
the concentrated and refined solution with
the high cobalt content can be processed by
electrowinning.

An overview of the available results of
laboratory research in the field of the
Co solvent extraction from the synthetic
solutions or the leach liquors is shown in
Table 1.

The overview showed that the entrance
solutions for the research of the cobalt sol-
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Entrance solution Investigated conditions Optimal conditions Co extraction | Source
[%]
Extraction Stripping
Sulfate leach liquor 0.03 - 0.54 M Cyanex 272, pH, | 2MH,SO,, 0,4 M Cyanex 272, pH= 95- 98 (5]
from leaching of LiA | 25-75 % saponification O:A=11.7/1 5.5-6, 50 % saponification
Sulfate leach liquor 2-stage extraction: 1,5 M Cya- | 0.1-0.75 M H,SO,, | 0.5 M Cyanex 272 >99 (15]
from leaching of nex 272, pH=5, 0,5 M Cyanex | O:A=1
LiCoO, 272, pH=5,35
Synthetic sulfate solu- | ¢ Na-Cyanex 272, pH, tempe- | H,SO,, HCl, HNO, [ 0.03 M Na-Cyanex 272, >99 [16]
tion of Co** and Li* rature, ¢ Co*, Li* pH =5
Synthetic sulfate Cyanex 272, D2EHPA, Cyanex | H,SO, 200 g/1 D2EHPA< D2EHPA - non-specified [17]
solution 302, t=25-60 °C, pH Cyanex 272 < D2EHPA
- Cyanex 302
Sulfate leach liquor 0,1- 0,6 M Cyanex 272, pH pH=1 3- stage extraction >99 [18]
from leaching of Ni- 0.03 M Cyanex 272, pH
Cd accumulators =5.8
Chloride leach liquor | ¢ TOPS 99, PC 88A, Cyanex |1 M HCIl, pH 1-2, | Cyanex 272, pH=5.78, 99.9 Co [19]
from leaching of Ni-Cd | 272, phase ratio, pH =1.57-6.03 | O:A=1:1, 2:1 A:0=1
accumulators
Sulfate leach liquor | c Cyanex 272, pH 0.5 M H,SO,, 0.5 M Cyanex 272 99:5Co [20]
from leaching of Ni-Cd A:0=04, in
accumulators 3-stages

Tab. 1: The overview of the current research results of the Co solvent extraction

vent extraction are usually the sulfate or
chloride leach liquors from the leaching of
the spent LiA active mass and Ni-Cd accu-
mulators. In some cases, the authors exam-
ine the possibility of the cobalt recovery by
SX from the synthetic solutions containing
Co,Li, Niand other metals and thus imitate
a composition of the real leach liquor. The
authors usually examine the effect of the
pH, concentration and type of the extrac-
tion and stripping agents, the temperature,
or the phase ratio, while in many cases the
cobalt extraction achieves almost 100 %.
However, the publications, in which the
efficiency of the extraction from the pure
synthetic solution and the leach liquor
is compared, are missing in the current
research. Also there is only little informa-
tion about the effect of pH on the cobalt
extraction efficiency and the cobalt strip-
ping efficiency separately. Then it would
be possible to determine the appropriate
pH for both steps individually. In this way,
a high selectivity could be achieved, and a
high cobalt extraction without any inten-
sification such as using a higher tempera-
ture and concentration of the extraction
agent etc. Relatively few publications focus
on the study of co-extraction of other
present metals, which are present in the
active mass in addition to Ni - Li and Mn.
Also it is necessary to determine the effect
of the phase ratio A: O and O: A, which is
important mainly due to the economy of
the process.

According to the above mentioned infor-
mation, the following aims of this work
were determined:

B Toinvestigate the effect of the pH on the
cobalt extraction efficiency from the
synthetic solution using Cyanex 272 in
the extraction step and in the stripping
step separately,

B To investigate the effect of the ratio of
the inorganic (aqueous) phase to the
organic phase during extraction (A:O)
and the ratio of the aqueous to the
organic phase during stripping (O:A).

W To investigate the effect of the pH on
the extraction and stripping efficiency
of cobalt and the accompanying metals
from the leach liquor obtained by the
leaching of the spent LiA active mass
and to compare the extraction efficien-
cies of the synthetic solution and the
leach liquor.

Experimental
Material and methods

In order to avoid the influence of the
accompanying metals on the cobalt extrac-
tion, the cobalt sulfate synthetic solution
and the leach liquor from the leaching of
the spent LiA active mass were used for the
experiments. Under these conditions it was
possible to compare the cobalt behavior
during the extraction and stripping from
the pure cobalt solution and the solution

containing other metals. In both cases the
medium was H,SO,.

The synthetic solution was obtained by
leaching of a mixture of Co,0, and Co,0,
in 2 M H,SO,, where the effort was to obtain
a solution with a similar concentration as
the available leach liquor (3.5 - 5 mg/ml).
The cobalt content in the synthetic solu-
tion was 3.7 mg/ml and pH = 0.55. The
leach liquor was originated by leaching
of the fine fraction (-0.71 + 0 mm), called
the active mass, from spent LiA in H,SO,.
The metal content was: 5 mg/ml of Co,
0.9 mg/ml of Li, 0.6 mg/ml of Ni and
0.5 mg/ml of Mn.

Cyanex 272 (purity > 85 %) that was kindly
supplied by Cytec Canada Inc. company
was used as the organic agent. The solvent
extraction of Co with Cyanex 272 can be
expressed as follows [21]:

Co?

™ (HA)

< CoA

2(org)

2(org) & 2H+(aq) (1)

2 M H,SO, and 250 g/l NaOH solution
were used for the pH adjustment. The con-
stant conditions for all experiments with
the synthetic solution were as follows: the
organic solvent 0.1 M Cyanex 272 in ker-
osene, the extraction time = 15 min, the
stripping reagent 2 M H,SO, with pH =
0.14, the stripping time = 10 min, the tem-
perature 20 °C. The following aspects were
investigated: the effect of pH = 4-8 on the
cobalt extraction and stripping efficiency,
the effect of the phase ratio A: 0 =0.5,1,2
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Fig. 1: The effect of pH on the efficiency of a) Co extraction b) Co stripping

in the extraction step and O: A = 0.5, 1, 2
in the stripping step.

For all experiments with the leach liquor
the same constant conditions were used
as in case of the synthetic solution; and,
moreover, the phase ratio A: O =0.5and
O: A = 2 was constant, too. These phase
ratios have been established as the opti-
mal results from the experiments with the
synthetic solution, where cobalt extrac-
tion was almost 100 %. The effect of the
pH = 4-8 on the extraction and stripping
efficiency was investigated.

The experiments were carried out in
a separating funnel. Shaking was per-
formed by a laboratory shaker. The pH
of the entrance solution was adjusted at
the beginning of the experiment after the
short shaking of both phases together to
an equilibrium value by the NaOH solu-
tion. Then the separating funnel was
placed to the shaker for 15 minutes. This

step was followed by the phase separa-
tion, and taking a sample for the analy-
sis. The stripping was carried out using
a similar procedure, but without any pH
adjustment.

The cobalt content was analyzed only
from the aqueous samples by AAS (atomic
absorption spectrometry), after the extrac-
tion —a poor aqueous phase, after the strip-
ping - aloaded aqueous phase. In the leach
liquor experiments Li, Mn and Ni were
analyzed as well.

The extraction efficiency (E) toward a spe-
cific metal was calculated as [22]:

E= [Me]org/ [Me],,,, * 100 [%] 2
Where:
[Me],,,,, is the total concentration of metal

determined in the aqueous solution before
the extraction,

[Me]arg is the extracted metal determined
as the difference between [Me], ,, and
concentration on the aqueous phase after
extraction.

Results
The synthetic solution

Theeffectofthe pH onthe cobaltextraction
and stripping efficiency from the synthetic
cobalt solution is shown in Fig. 1 a-b.

The effect of the phase ratio on the cobalt
extraction and stripping efficiency from
the synthetic cobalt solution is shown in
Fig. 2 a-b.

The leach liquor
The effect of the pH on the metals extrac-

tion and stripping efficiency from the leach
liquor is shown in Fig. 3 a-b.

100 oL \ 100 - i
2L L8O 80 1
X - ® pH4 T
2 v pHS 3;
L H pH6 o
2 pH7 ;
o= A
g i £ @] ® pH4
=
B " £ ¥ pHS
= 1 % B pH6
& 20 1 pH7
2 M H,S0,, 20 °C, 10 min. A pHs
0 : : : - 0 : -
0.0 0.5 1.0 1.5 20 2.5 0.0 0.5 10 15 2.0 2.5
A:O ratio O:A ratio

Fig. 2: The effect of phase ratio on the efficiency of a) Co extraction b) Co stripping
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Fig. 3: The effect of pH on the efficiency of a) extraction b) stripping of Co, Li, Mn, Ni

The comparison between the results
from the leach liquor and the synthetic
solution

The comparison between the Co extraction
and stripping efficiency from the synthetic
solution and the leach liquor is shown in
Fig. 4 a-b.

Discussion

The work was divided into two parts - the
study of the Co solvent extraction from
the synthetic solution and the study of the
Co solvent extraction from the real leach
liquor after the leaching of the spent LiA
active mass.

From the results of experiments with the
synthetic solution it can be seen that the
highest efficiency of the Co extraction
(almost 100 %) were achieved at pH = 8.
It was confirmed that the phase ratio
affects the Co extraction efficiency. The

phase ratio of A:O = 0.5 was determined
to be optimal despite the increased con-
sumption of the organic agent which can
be regenerated and reused. The optimal
phase ratio for stripping was O: A = 2 with
nearly 100 % efficiency of the Co extrac-
tion, where the obtaining of an aqueous
solution with the identical or lower volume
than the volume of the entrance synthetic
solution was taken into account. The high-
est Co stripping efficiency (nearly 100 %)
was achieved at pH = 6.

In the experiments with the real leach liq-
uor the constant phase ratios of A: O =0.5
and O: A = 2 were used, which have been
chosen as optimal in the previous experi-
ments. In case of the synthetic solution
as well as in case of the leach liquor, the
Co extraction achieved nearly 100 % at
pH = 8. One of the main disadvantages is
the co-extraction of accompanying met-
als, almost 100 % of Mn, 60 % of Ni and
less than 10 % of Li. At the pH = 7, the

extraction efficiency is 90 % of Co, 100 %
Mnand 5 % Li, but under these conditions
Ni remains in the entrance aqueous solu-
tion. Therefore, pH = 7 can be considered
the optimum pH for the Co extraction
from the leach liquor, when it is possible
to achieve the effective separation of Co
from Ni.

The highest Co stripping efficiency (80 %)

was achieved from the entrance Co-loaded

solutions with pH = 6-7. A disadvantage in

this case is co-stripping of Mn (almost 80

%) and Li (100 %). For the removal of these

metals from solution it is possible to use a

number of options, namely:

1. A preferred removal of the accompany-
ing metals from the leach liquor before
the liquid extraction, for example by a
selective precipitation,

2. Aselective extraction of a required met-
al using a suitable extraction agent,

3. A selective stripping of the present met-
als using a suitable stripping agent.

@ The synthetic solution
V¥ Theleach liquor

2 M H,SO,; 10 min, O:A= 2

100 100
L 80 80 4
= o,
8 60 8 60
: 3
£ =
‘g 40 E. i |
=
= @ The synthetic solution ‘€
gy ¥ The leach liquor » 2l
0.1 M Cyanex 272; 15 min, A:O= 0.5
9 ¥ 4 0
4 5 6 74 8 4
pH

s 6 7 s
pH

Fig. 4: The comparison between a) Co extraction b) Co stripping efficiency from the synthetic solution and the leach liquor
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The comparison of the extraction from
the synthetic solution and the leach lig-
uor under the same conditions (at pH = 8)
showed the same Co extraction efficiency
(nearly 100 %). At pH = 6-7 about 10 %
lower Co extraction in the leach liquor was
achieved. The reason can be the presence
of above mentioned other metals which are
co-extracted together with cobalt. This can
be caused by a relatively low selectivity of
Cyanex 272, which under these conditions
can extract more metals with the exception
of Ni, particularly Mn.

Bigger differences canbe observed when we
compare the Co stripping efficiency from
the synthetic solution and the leach liquor.
The Co stripping efficiency is reduced by
20 % from the leach liquor, which can be
due to the consumption of an acid for the
stripping of the accompanying metals, an
unacceptable pH change, etc. It follows that
the stripping step offers several possibili-
ties to influence the results of the solvent
extraction, in particular a type, concentra-
tion and pH of the stripping agent. In this
case, a selective stripping seems as ideal
for stripping of one or two specific met-
als. Based on these findings, our further
research will focus on the selective strip-
ping of cobalt and the accompanying met-
als, which are found in the leach liquor
from the leaching of the spent LiA active
mass.

Conclusions

From this work the following conclusions

and recommendations can be made:

B The optimal phase ratios, with the
respect to the consumption of the agents
and the process economy, are A:O = 0.5,
O:A=2,

B The Co extraction and stripping effi-
ciency are not the same at the same pH
from the synthetic solution or the leach
liquor. Therefore it is recommended
to carry out at first the extraction step
whit the suitable pH = 7-8 and then
the stripping after the pH adjustment,
which provides more effective stripping
(pH = 6-7).

B Another option is using of a more con-
centrated stripping agent than 2 M
H,SO,, with pH < 0.14 respectively,
without the requirement to adjust the
pH before the stripping. However, the
disadvantage is the dilution of the
solutions.

B Mn, Ni and Li from the leach liquor
are co-extracted with Co according to

the pH. Nickel remains in the aqueous
solution until the pH < 8. Therefore, the
optimum pH value can be pH = 7, when
the extraction efficiency of Co is 90 %
and of Ni is 0 %.

B The selective extraction of Co from the
leach liquor after leaching of the spent
LiA active mass with Cyanex 272 is
limited by the presence of manganese,
which is co-extracted at the chosen
pH together with Co and its extraction
is even higher than the extraction of
cobalt. Lithium extraction efficiency
reaches 0-10 %, so when the conditions
are chosen appropriately, it is possible to
achieve a selective extraction of Co and
Li (pH = 4-6).

B The Co stripping efficiency in the leach
liquor is about 20 % lower than in the
synthetic solution. This is probably
due to the consumption of the acid for
the stripping of co-extracted metals.
Therefore, it is recommended to recover
the accompanying metals (Mn and Li)
from the leach liquor before the solvent
extraction, for example by the selective
precipitation, or to carry out the selec-
tive stripping of metals.

M It is not necessary to remove nickel
from the leach liquor before the solvent
extraction and the Ni selective strip-
ping is not necessary either, because its
extraction is almost zero up to pH = 8.
Atthe pH <8, the separation of Co from
Ni is successful.

Acknowledgements

This work was supported by Ministry of
Education of the Slovak Republic under
grant VEGA MS SR 1 /0293/14. This con-
tribution is also the result of the project
implementation Research excellence centre
on earth sources, extraction and treatment
supported by the Research & Development
Operational Programme funded by the
ERDEF, ITMS number: 26220120017.

References

[1] Critical raw materials for the EU, Report of
the Ad-hoc Working Group on defining criti-
cal raw materials (2013).

[2] http://ec.europa.eu/enterprise/policies/raw-
materials/documents/ index_en.htm.

[3] Latest LME Cobalt prices(2013). http://www.
Ime.com/minormetals/Cobalt_Prices.asp.

[4] Cobalt supply and demand (2011). http://
www.thecdi.com.

[5] The Portable Rechargeable Battery (PRB)
market in Europe (2008-2015) (2013). http://
www.rechargebatteries.org.

[6] J. Kang, G. Senanayake, J. Sohn, S. M. Shin,
Hydrometallurgy 100 (2010) 168-171.

[7] S. M. Shin, N.H. Kim, J. S. Sohn, D. H. Yanz.
Y. H. Kim, Hydrometallurgy 79 (2005
172- 181.

[8] A. Miskufova, T. Havlik, M Petranikova. I
Orac, International conference - Recycling
of spent portable batteries ans accumulators.
April 21th - 24th 2009, Sklené Teplice, Sla-
vakia, 120-132, ISBN 978-80-89284-27-6, i=
slovak.

[9] Cobalt researce (2013). http://www.bhpl.biz
projects/cobalt-deposits/cobalt-research.

[10] Nickel and cobalt (2013). http://www.ion-

teching.com/?page %20id=60&lang=en.

[11] Solvent Extraction is a Unit Operation usec
in Hydrometallurgy for the Separation.
Purification, and Recovery of Metals from
Solutions  (2013). http://www.sxkinetics.
com.

[12] Metallurgyand Materials Technology (20131
http://www.hydrometallurgy.metal.ntua.gr
Solvent%20Extraction.htm.

[13] Optimize liquid-liquid extraction (20131
http://www.cheresources.com/content/arti-
cles/ separationtechnology/optimize-liquid-
liquid-extraction.

[14] Separations processes in analytical chem-
istry  (2013). http://www.cdc.gov/niosh!
pdfs/74-177-i.pdf.

[15] Solvent extraction, Chapter 2 (2013). http://
prr.hec.gov.pk/Chapters/736S-2.pdf .

[16] B. Swain, J. Jeong, J.-Ch. Lee,G.-H. Lee, ].-S.
Sohn, Journal of Power Sources 167 (2007)
536-544.

[17] B. Swain, J. Jeong, J.-Ch. Lee,G.-H. Lee,
Hydrometallurgy 84 (2006) 130-138.

[18] D. Darvishi, D.F. Haghshenas, E. Keshavarz
Alamdari, S.K. Sadrnezhaad, M. Halali,
Hydrometallurgy 77 (2005) 227-238

[19] B.RamachandraReddy, D. Neela Priya, Jour-
nal of Power Sources 161 (2006) 1428-1434.

[20] B. Ramachandra Reddy, D. Neela Priya, S.
Venkateswara Rao, P. Radhika, Hydromet-
allurgy 77 (2005) 253-261.

[21] P.K. Parhi, S. Panigrahi, K. Sarangi, K.C.
Nathsarma, Separation and Purification
Technology 59 (2008) 310-317.

[22] G. Granata, F. Pagnanelli, E. Moscardini,
Z. Takacova, T. Havlik, L. Toro, Journal of
Power Sources 212 (2012) 205-211.

(1) Zita Takdcovd, Stanislava Marcisovd,
Tomas Havlik , Technical University of
Kosice, Faculty of Metallurgy, Depart-
ment of Non-Ferrous Metals and Waste
Treatment, Letnd 9, 042 00 KofSice,
Slovakia

M ETALL

Kontakt zur Redaktion:

kammer@ metall-news.com
metall.redaktion@gdmb.de

4854

10/2013 | 67. Jahrgang | MIETALL




