
Fachzeitschrift fii r Metallu rg ie

Technik Wissenschaft  Wir tschaft

"ton*,'n* eindrneta\\e

-G-g

\}

+
C

J o ,
- r  -

€
- , o

9 !

9 ; .( . .
: 1 .

C ;

c

!

j :  t
i. I
I F

IVETALLE
PRO KLIMA
wwwmeta l leprokL ima.de

Entso rg u n g ssic h e rheit,
Service,

Schon u nq der Ressou rcen

]\4itglied im Interes5enverband

Itnit iativeZint zri ' ]

Special: Edelstahl, Kobalt

Tailor-made stainless steel

Thermoprozessanlagen fiir Kupfer

Edelmetalle aus Anodenschlamm

Kolben: Stahl oder Aluminium?

Solvent extraction of cobalt

GDMB Verlag GmbH
Paul-ErnsfStra8e 10
D-38678 Clausthal-Zellerfeld
PVST . Dt. Post AG . Entgelt bezahlt

67. Jahrgang 0ktober 2013

GDMB Verlag GmbH

tssN 0026-0746Qcom



IIII ETA L t. F O R S G II U II G

Solvent exlraction of cobalt from
leach liquor after leaching of the
active mass of spent lithium
accumulators
Takdiovd, Z.; MarciSovd, 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 HrS0o. 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 Go 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 ?t pH = 8, but other present metals (Ni,
Mn, [i) 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 oftheir high rela-

tive economic importance and high rela-

tive supply risk [1]. Cobalt can be consid-

ered a strategic metal ofthe future because

of its increasing demand, which is closely
linked with the development of informa-

tion technology. The current price ofcobalt

is about 30 USD/kg [2].
Cobalt is widely used in many applica-

tionst the data from 2011 indicate that

30 o/o 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 o/o 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 o/o

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
l -s  % [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 Ieaching

of the spent LiA active mass and the sub-

sequent extraction ofcobalt from the leach

liquor. The leaching is mostly carried out
in an acidic medium such as HCl, H,SO.,
HNOr, usually with the addition of HrO,

as a reducing agent. In addition to cobalt,

other present metals are co-leached as well,
for example Mn, Ni, Cu, etc. The leach liq-

uor containing cobalt can be processed by

precipitation with NaHS, HrS, Ca(OH).,

NaOH, NarCO, or MgO, by means of ion

exchange, or solvent extraction. In the pro-

duction of CoSOn, 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-

Iowing steps: extraction, scrubbing and
stripping [10]. The efficiency and selectiv-

ity ofthe extraction depend on a type and

concentration of organic and stripping

agents, pH, temperature, extraction time
and presence of other metals [1], l2]. 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 liq-

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
Iaboratory research in the field of the

Co solvent extraction from the synthetic

solutions or the leach liquors is shown in
Table l.

The overview showed that the entrance

solutions for the research ofthe cobalt sol-
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-.'ent extraction are usually the sulfate or

-hloride leach liquors from the leaching of

:he spent LiA active mass and Ni-Cd accu-

nulators. In some cases, the authors exam-

ine the possibility ofthe cobalt recovery by

SX from the synthetic solutions containing

Co, Li, Ni and other metals andthus 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:

I To investigate the effect ofthe pH on the

cobalt extraction efficiency from the

synthetic solution using Cyanex 272 in

the extraction step and in the stripping

step separately,

I 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).

I 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

mediumwas H2SO4.

The synthetic solution was obtained by

Ieaching of a mixture of CorO, and Co,On

in 2 M HrSOn, 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 mglml and pH = 0.55. The

leach liquor was originated by leaching

of the fine fraction C0.71 + 0 mm), called

the active mass, from spent LiA in HrSOn.

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.

Cyanex272 (purity > 85 %o) that was kindly

supplied by Cytec Canada Inc. company

was used as the organic agent. The solvent

extraction of Co with Cyanex 272 canbe

expressed as follows [21]:

Cdt bq) + (HA) ra,rt o CoA rro,rt + 2Ht,,u, Q)

2 M HrSO4 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 inker-

osene, the extraction time = 15 min, the

stripping reagent 2 M HrSO4 with pH =

0.14, the stripping time = 10 min, the tem-

perature 20 'C. The following aspects were

investigated: the effect ofpH = 4-8 on the

cobalt extraction and stripping efficiency,

the effect ofthe phase ratio A: O = 0.5, 1, 2

Entrance solution Investigated conditions Optimal conditions Co extraction

l%"l
Source

Extraction Stripping

Sulfate leach liquor
irom leachins of LiA

0.03 - 0.54 M Cyanex 272, pH,
25 -7 5 o/o saponification

2 M H2SO4,

O:A=11.7/1
0,4 M Cyanex 272,pH=
5.5-6, 50 o/o saPonification

95- 98 lsl

Sulfate leach liquor
tromleaching of
LiCoO"

2-stage extraction: 1,5 M Cya-
nex272, pH=5,0,5 M Cyanex
272,pH--5,35

0.1  -0 .75MH,SO4,

O:A=l
0.5MCyanex272 >99 Its]

31'nthetic sulfate solu-
tion of Co2n and Li*

c Na-Cyanex 272,pH, tempe-
rature, c Co2*, Li*

HrSO4, HCl, HNO3 0.03 M Na-Cyanex272,
pH =5

> 9 9 ll6l

Synthetic sulfate
solution

Cyanex 27 2, D2EHP A, Cyanex
302, t= 25-60 "C, pH

HrSOr 200 g/l D2EHPA< D2EHPA -

Cyanex 272 <D2EHPA
- Cyanex 302

non-specified IrTl

Sulfate leach liquor
from leaching of Ni-
Cd accumulators

0,1- 0,6 MCyanex272,pH pH=1 3- stage extraction
0.03 M Cyanex 272,pH
= 5.8

> 9 9 [18]

Chloride leach liquor
trom leaching ofNi-Cd
accumulators

c TOPS 99, PC 88A, Cyanex
272,phase ratio, pH =I.57-6.03

1 M HCI, pH r-2,
0:A=l :1,2: l

Cyanex272, pH=5.78,
A:O=1

99.9 Co l lel

Sulfate leach liquor
trom leaching ofNi-Cd
accumulators

cCyanex272,pH 0.5 M HrSO4,
A:O=0.4, in
3-stages

0.5 MCyanex2T2 99.5 Co l20l

Tab, 1: The overuiew of the current research results of the Co solvent extraction
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Fig. 1: The etfect of pH on the efficiency of a) Co extraction b) Go stripping

in the extraction step and O: A = 0.5, l ,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 = 0.5 and

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 7o. 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 ofboth phases together to

an equilibrium value by the NaOH solu-

tion. Then the separating funnel was

olaced 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 - a loaded 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 l22l:

E = [Me]^-./ [Me]. .-," 100 IW Q). totat

Where:

[Mr],o,o, is the total concentration of metal

determined in the aqueous solution before

the extraction.

[Me]",ris the extracted metal determined

as the difference between [Me],",", and

concentration on the aqueous phase after

extraction.

Results

The synthetic solution

The effect ofthepH on the cobaltextraction
and stripping efficiency from the synthetic
cobalt solution is shown in Fig. I 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.
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Fig.2: The effect of phase ratio on the efficiency of a) Go extraction b) Co stilpping
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2 M H2SO4,20 oC, 10 min, O:A= 2

0.1 M Cyanex 272,20oC
15 min. A;O= 0.5

E 8 0
0

(9

E 6 0
I

A 4 0

E 2 0
a

- 8 0

€)
E o o
q)

c 4 o

; 2 0

=-b-r

5

pH

Fig.3: The etfect 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 comparisonbetween the Co extraction
and stripping efficiencyfrom the synthetic
solution and the leach liauor 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 ofthe
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 o/o 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 ofA: 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 7o at

pH = 8. One of the main disadvantages is

the co-extraction of accompanying met-

als, almost 100 %o of Mn, 60 % of Ni and

less than l0 o/o of Li. At the pH = 7, the

extraction efficiency is 90 o/o of Co,100 o/o

Mn and 5 7o Li, but under these conditions
Ni remains in the entrance aqueous solu-
tion. Therefore, pH = 7 canbe 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 7o)
was achieved from the entrance Co-loaded
solutions with pH = 6-7. A disadvantage in
this case is co-stripping of Mn (almost 80
%o) and Li (100 o/o). 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. A selective 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.

t0

N

O 6 0

E 4 0

x
ri

20

O The synthetic solution
V The leach liquor

0.1 M Cyanex 272; 15 min, A:O= 0.5

6

pH

Fig.4: The comparison between a) Co extraction b) Co stripping efficiency from the synthetic solution and the leach liquor

Q 6 0

e0
'= 40

a
20

O The synthetic solution
V The leach liquor

2 M H2Sq; l0 min, O:A= 2

6

pH
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The comparison of the extraction from

the synthetic solution and the leach liq-

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 Ieach liquor was

achieved. The reason can be the presence

of above mentioned other metals which are

co-extracted togetherwith cobalt. This can

be caused by a relatively low selectivity of

Cyanex272, which under these conditions

can extract more metals with the exception

of Ni, particularly Mn.

Bigger differences can be observed when we

compare the Co stripping efficiency from

the synthetic solution and the leach liquor.

The Co stripping efficiency is reduced by

20 o/o 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 ofthe 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

::I.rn. 

leaching of the spent LiA active

Gonclusions

From this work the following conclusions

and recommendations can be made:

I The optimal phase ratios, with the

respect to the consumption ofthe agents

and the process economy, are A:O = 0.5,

O : A = 2 .

I 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).

I Another option is using of a more con-

centrated stripping agent than 2 M

H2SO4, with pH < 0.14 respectively,

without the requirement to adjust the
pH before the stripping. However, the

disadvantage is the dilution of the

solutions.

I 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 7o
and of Ni is 0 %.

I 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 ofCo and

Li (pH = a-6).

I The Co stripping efficiency in the leach

Iiquor is about 20 7o 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.

I 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.

At the pH <8, the separation ofCo from

Ni is successful.
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