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Abstract: The possibility of cobalt sorption of by anion exchangers from hydrochloric acid solutions in the presence of
nickel was evaluated in the paper. The highest value of sorption capacity was observed in the gel anion exchange resin
with pyridinium functional groups (Axionit VPA G.2.4) and the macroporous anion exchange resin with functional groups
of secondary and tertiary amine (Indion 850). Processing of cobalt sorption isotherms with Indion 850 and Lewatit MP 800
anion exchangers was carried out using the Langmuir equation with constant values of (7~1072 +0.03) and
(0.2+0.02) L-mgfl, the values of the maximum sorption capacity were (109 £5) and (74 + 3) mg~g71, respectively.
The value of the Freundlich constant during the treatment of the sorption isotherm of cobalt with anionite Axionit VPA
G.2.4 was (9.6 £0.3) mg-gfl. The kinetics of cobalt sorption by Axionit VPA G.2.4 and Indion 850 anionites was studied;
the kinetic data of cobalt sorption with the highest value of the coefficient of determination R* are described using the
pseudo-second order equation. Using mathematical processing of the kinetic data of cobalt sorption according to the
Weber-Morris equation, the intradiffusion nature of sorption was determined. The analysis of the results of the influence of
elements accompanying the complex processing of waste rhenium-containing superalloys — iron, aluminum and chromium —
suggests that iron and chromium have a competitive effect on the sorption of cobalt due to the possibility of the formation
of their anionic forms in hydrochloric acid solutions for processing secondary rhenium-containing raw materials.
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AnHoranusi: B pabote olieHeHa BO3MOXHOCTh COPOLIMOHHOTO M3BICUCHHS KOOAIbTa AaHUOHUTAMH U3 COJSTHOKHCIIBIX
pacTBOpOB B MPHUCYTCTBUU HHKesss. Hanbosbliiee 3Ha4eHHE COPOLIMOHHON €MKOCTH HAOJIIOAeTCsl y TeIEBOr0 aHUOHUTA
C IMPHUINHNEBBIME (DYHKIHOHATBHBIMU Tpymmamu (Axionit VPA G.2.4) 1 MakponopucToro aHMOHUTA ¢ (PYHKIIMOHATEHBIMH
rpymmnamMy BTOpHYHOTro U TpetrdHoro amuna (Indion 850). O6pabotka u3oTepMm copbiun kodasibra annonutamu Indion 850
u Lewatit MP 800 ocymecTBieHa ¢ MCHOIB30BAaHHEM ypaBHEHHUS JIeHrMropa co 3HA4YEHUSIMH KOHCTAHT (7-1072 + 0,03)
nu (0,2+0,02) n/mr, 3HaAYEHUS MAaKCHUMAaJIbHOH COpOIMOHHON emkocTH coctaBmwin (109+3) u (74+£2) wr/t,
COOTBETCTBEHHO. 3HAUYCHUE KOHCTaHTHI DpelHmminxa npu 0o0padoTKe W30TepMbl COPOIUK KoOallbTa aHHOHUTOM AXionit
VPA G.2.4 cocraBuno (9,6 +0,3) mr/r. M3ydyeHa kuHeTHKa copOumm kobanbra aHuMoHMTaMu Axionit VPA G.2.4
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u Indion 850, KkuHeTHYECKHE MaHHBIC COPOLMU KOOAIbTa ¢ HAMOOJBIIMM 3HAYCHHEM KO3((HUIIMCHTa HeTepMUHAIMH R
OIMCHIBAIOTCS C NPUMEHEHHWEM YypaBHEHHs IICEBJO-BTOpOro mopsaka. C IMOMOIIbI0 MaTeMaTHYecKOW 00paboTku
KMHETUYECKUX JaHHBIX copOuMM KobOajbra 1o ypaBHeHHIO BebOepa—Moppuca omnpexaeneH BHYTpH Iuddy3HOHHBINH
XapakTep copOIMu. AHaAIN3 Pe3yIbTaTOB BIUSHUS HJIEMEHTOB, COITyTCTBYIOIIMX MPH KOMIUIEKCHOW IIepepadoTKe OTX0/I0B
PCHHUHCOIEPKAIMX CYNEpPCIUIaBOB — JKejie3a, ANOMUHMS M XpOMa, IO3BOJISET YTBEPXKAATb, YTO JKEJIE30 M XPOM
OKa3bIBAIOT KOHKYPHUPYIOIIEe BIMSHHE Ha COPOIHMIO KOOabTa M3-32 BOSMOXXKHOCTH 00pa30BaHUS WX aHHOHHBIX (QopM
B COJISIHOKHCIIBIX pacTBOpax MnepepadoTKu BTOPUYHOTO PEHUIICONEPIKALIETO ChIPBSL.

KiroueBble cjioBa: xKo0aibT; HOHHBIN OOMEH; HHMKENb;, PEHHICOAEpKAIlNe CYNEepCIUIaBbl, KOMIUIEKCHAs mepepaboTka;
AHUOHUTHL; KHHETUKA; U30TepMa.

Jst untupoBanus: Targanov IE, Buintseva EA, Troshkina ID. Sorption of cobalt by anion exchangers from solutions for
complex processing of rhenium-containing superalloys waste. Journal of Advanced Materials and Technologies.
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1. Introduction

The ongoing global trend towards the transition
from the fossil-based systems of energy production to
renewable energy sources causes the need to store the
energy produced, since renewable sources are
characterized by their intermittent generation.
Currently, lithium-ion batteries (LIBs) are most
commonly used for energy storage. Cobalt is one of
the key components for the production of
rechargeable LIBs, and therefore the demand for it
for the production of batteries has grown 26 times in
the first two decades of the 21st century [1-4].

The world production of cobalt in 2022
amounted to ~200 thousand tons. About 73 % of the
cobalt production falls on the Democratic Republic of
the Congo, where it is a by-product of copper mining
from stratiform deposits [5]. According to the USGS,
for 2021, ~7.5 thousand tons of this metal was
produced in the Russian Federation.

In 2020, about 57 % of global cobalt
consumption was for the manufacture of lithium-ion
batteries, while about 13 % of it was for the
production of nickel-based alloys, including rhenium-
containing ones. Other important applications of
cobalt were catalysts [6], pigments [7], magnets [8],
and special steels [9].

Increasing the limits of operating temperatures
and heat resistance for structural materials of aircraft
gas turbine parts made from heat-resistant rhenium-
containing nickel alloys makes it possible to increase
the fuel efficiency of engines and has a positive effect
on the environmental friendliness of their use due to
more complete combustion of fuel.

Waste from the treatment and operation of such
alloys is a promising type of secondary rare-metal
raw materials, since they include tungsten, tantalum,
and rhenium — one of the most expensive elements,
the content of the latter can reach 10 wt. %.
Treatment of waste rhenium-containing superalloys
consists in the recovery of rhenium using pyro- and

hydrometallurgical methods. Complex treatment of
lumpy waste of rhenium-containing superalloys often
includes anodic dissolution with the transfer of
rhenium and most of the non-ferrous metals into
solution, extraction of rhenium and precipitation of
nickel-cobalt concentrate in the form of hydroxides
[10, 11], or cathodic reduction of nickel to obtain
nickel concentrate after anodic dissolution of lumpy
waste [12]. The closeness of the physicochemical
properties of nickel and cobalt makes it difficult to
recover these elements. Complex processing of
rhenium-containing raw materials makes it possible
to recover not only individual rhenium compounds,
but also cobalt, which, in turn, can be returned to the
production of alloys or used as a component of
lithium-ion batteries.

Various hydrometallurgical methods are used to
recover and separate cobalt and nickel. In [13], the
possibility of extraction of nickel and cobalt from
sulfuric acid solutions using (2,4,4-trimethylpentyl)
phosphinic acid (Cyanex-272) and dialkylphosphinic
acid INET-3 [14] was presented. The extraction of
nickel and cobalt is also carried out from chloride
media [15]. Sorption of cobalt from acidic media in
the presence of nickel can be carried out using
Lewatit TP-272 impregnate [16]. The tendency of
cobalt to form anionic complexes in chloride media is
used to extract it and separate it from nickel using
membrane technologies [17].

This study aims to develop a method for
absorbing cobalt with anion exchangers with
enhanced capacitance characteristics from model
solutions for the complex processing of rhenium-
containing superalloys waste.

2. Materials and Methods

2.1. Materials and substances

The following anion exchangers were tested in
the study: Axionit VPA G.2.4 (Axion — Rare and
Precious Metals JSC, Russian Federation); Indion
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850, 830, GS 400 (Indion, India); LewatitMonoPlus
MP 800, K 6367, M 800 (Lanxess AG, Germany);
Purolite A500U, A600 (Purolite Inc., Germany);
Ambersep 920U (DuPont, USA); Tokem 845, 400
(TOKEM LLC); AMP; AM-2B.

Some characteristics of the wused anion
exchangers are presented in Table. 1.
To prepare a model solution, we used:

NiCl,-6H,O (pure), CoCly-6H,0O (analytically pure,
reagent grade), FeCl;-6H,O (pure), CrCl3-6H,0O
(pure), AICI3-6H,O  (CASno.7784-13-6), HCI
(chemically pure). For analytical research, we used:
CH3COONa-3H,0 (analytically pure, reagent grade),
HNOj (chemically pure), nitroso-R-salt (pure).

2.2. Methodology for conducting experiments

Cobalt sorption experiments were carried out
under static conditions. Sorbent weighed portions
were placed in sealed flat-bottom flasks with a model

solution with a known cobalt content at a phase ratio
(sorbent weight : solution volume) in the range of
1 g:5-50 mL, placed on a shaker heated to 70 °C,
and stirred for 2 h, after whereupon the solution was
separated from the anion exchanger and analyzed for
cobalt content. The concentration of cobalt in the
initial and equilibrium solutions was determined by
the photometric method using the nitroso-R-salt.
The concentration of elements in the eluate prepared
during the sorption of cobalt from a real nickel-cobalt
concentrate processing solution was determined by
inductively coupled plasma mass spectrometry using
an [CPMS-2030 mass spectrometer (Shimadzu,
Japan).

Cobalt sorption isotherms of from a model
hydrochloric acid solution (Cycy — 4M) with a cobalt
concentration of 5 gL', were prepared at
a temperature of —70 °C and the phase ratio of the
sorbent (g) : solution (mL): 1: 5, 10, 15, 25, 30, 35,
50. Time contact was 2 hours.

Table 1. Properties of anion exchangers

Chloride-ion

. . . total
Anion Dispersion exchange
Anion exchanger ~ Matrix type exchanger of the effective capacit Functional groups
type size fraction, mm P },/i
mg-eq-g ,
not less than
Lewatit MP 800  Macroporous 0.6—0.7 1.0 Quaternary ammonium
Purolite AS00U 0.3-1.2 1.2 Quaternary ammonium
Indion 830 0.315-1.25 0.8 Quaternary ammonium
Indion GS 400 0.3-1.2 - Benzyldimethylamine
Ambersep 920U 0.6—0.8 1.25 Tertiaryamine
Lewatit M 800 Gel Strong-base 0.65—-0.75 1.2 Quaternary ammonium
Purolite A600 0.3-1.2 1.4 Quaternary ammonium
Axionit VPA _ Pyridinium
G4 0.8-2.0 4.0
AMP 0.8-2.0 3.1 Benzylpyridinium
Lewatit K 6367 0.8—-1.2 1.4 Quaternary ammonium
Tokem 845 0.55-0.65 1.2 Quaternary ammonium
AM-2B Macroporous Medium- 08-25 33 Benzyldlimethylamme apd
base dibenzyldimethylammonium
Tokem 400 Gel 0.315-1.250 1.6 Tertiaryamine
Macroporous ~ Weak-base i i

Indion 850 porot 032-1.25 15 Tertiary amine and

Gel quaternary ammonium
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Experiments to study the kinetic characteristics
were carried out under static conditions using the
method of a limited volume of solutions at a
temperature of 70 °C and a phase ratio of sorbent (g) :
solution (mL) — 1 : 250. This phase ratio was chosen
so that the change in the solution volume during
sampling did not exceed 5 %.

3. Results and Discussion

To determine the sorption capacity of anion
exchangers for cobalt, we used a model hydrochloric
acid solution C¢, — 5 g~L_1, Cuci1 — 4 M. The phase
ratio was 1 g : 15 mL of the solution, the temperature
was 70 °C.

Based on the data presented in Fig. 1, the
sorption capacity of anion exchangers for cobalt
increased in the series: Tokem 400 < Purolite A600 <
< Lewatit Mono Plus M 800 < Ambersep 920U <
<Tokem 845 <Indion GS 400 <Indion 830 <
<Lewatit K 6367 <AMP <AM-2B < Purolite
A500U < Lewatit Mono Plus MP 800 < Indion 850 <
< Axionit VPA G.2.4.

The highest sorption capacity for cobalt was
observed when using gel anion exchangers Axionit
VPA G.2.4, Lewatit Mono Plus MP 800, and
macroporous anion exchanger Indion 850. These
anion exchangers were used for further study of
sorption characteristics.

Cobalt was able to form anionic coordination
compounds with the chloride ion by the reactions:

CE, mgg’'

Indion 850
Purolite AS00T
AM-2E

AMII

=+
«
]
>
A
=
=
k=
g
%)
<

Lewatit MonoPlus MP 800

Lewatit K 6367

_1T _
[Co(H,0)6]* +4C1” & [CoCly]* + 6H,0;

_1T _
[Co(H,0)6]”" +3Cl & [CoCl3] + 6H,0.

The factor that directly affects the formation of
complexes of this type is the concentration of the
chloride ion in the solution.

The sorption capacity of the selected anion
exchangers for cobalt was studied at a concentration
of hydrochloric acid in the initial model solution in
the range of 2-5 M.

The study of the influence of the concentration
of hydrochloric acid (Fig. 2) showed that the highest
sorption capacity of anion exchangers was observed
at a concentration of hydrochloric acid equal to 4M.

A further increase in the concentration of
hydrochloric acid did not lead to an increase in the
sorption capacity, which, apparently, can be
associated with the predominance of the formation of
the [C0C14]27, which interacts with two functional
groups of the sorbent.

Cobalt sorption isotherms with Axionit VPA
G.2.4, Lewatit Mono Plus MP 800, and Indion 850
anion exchangers are shown in Fig. 3.

The mathematical description of cobalt sorption
isotherms with anion exchangers was carried out
using the Freundlich (Fig. 4a) and Langmuir (Fig. 4b)
models.

Indion 830
Tokem 400

Indion GS 400
Tolkem 845
Ambersep 920U
Purolite AGOO

Lewatit MonoPlus M 800

Fig. 1. Sorption capacity of anion exchangers for cobalt from a model hydrochloric acid solution (4 M HCI)
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Fig. 2. Influence of hydrochloric acid concentration on the sorption capacity of anion exchangers for cobalt:
O — Indion 850; A — Lewatit MP 800; o0 — Axionit VPA G2.4
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Fig. 3. Cobalt sorption isotherms on anion exchangers from hydrochloric acid solutions (4 M):
O — Indion 850; A — Lewatit MP 800; o0 — Axionit VPA G2.4

1g(CE) C/CE, mg-L™"
177 0.18
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14+ 0.12 ¢ -
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Fig. 4. Anamorphoses of cobalt sorption isotherms with anion exchangers: a — Freindlich model; » — Langmuir model;
O — Indion 850; A — Lewatit MP 800; o0 — Axionit VPA G2.4
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Table 2. Equilibrium characteristics of cobalt sorption according
to the Freindlich and Langmuir models

Freundlich

Langmuir

Anion exchanger constant, n R’ constant, CE"Ojl R?
mg-g ' L-mg' mg-g
Axionit VPA G.2.4 9.6+0.3 0.51 0.9511 -
Lewatit MP 800 0.077 £0.03 109+ 5 0.6264
Indion 850 - 0206+002  74+3 0.9065
The processing of cobalt sorption isotherms with CEc,, mg-g '

Axionit VPA G.2.4, Lewatit MP 800, and Indion 850
anion exchangers according to the Langmuir and
Freundlich equations made it possible to determine
the equilibrium constants with an estimate of the
determination coefficients and the maximum sorption
capacity of anion exchangers using the Langmuir
model (Table 2).

The cobalt sorption isotherms prepared with
Axionit VPA G.2.4 and Indion 850 anion exchangers
with a high determination coefficient were described
by the Freundlich and Langmuir models, respectively
(Table 2). In this case, only the cobalt sorption
isotherm on the Axionit VPA G.2.4 anion exchanger
had a concave character and was suitable for
linearization in Freundlich coordinates, the value of
the parameter n was 0.51, the value of the Freundlich
constant was (9.6 + 0.3) mg-gﬁl.

As can be seen from Table 2, the Langmuir
constant was ~ 2.7 times higher during the sorption of
cobalt by the anion exchanger Indion 850 than the
Langmuir constant during the sorption of cobalt by
the anion exchanger Lewatit MP 800.

The cobalt sorption kinetics was studied using
anion exchangers that showed the best capacitive
properties — Axionit VPA G.2.4 and Indion 850.
The sorption kinetic data allow make it possible to
measure the process rate and how quickly the
equilibrium state is reached, but they can be useful
for evaluating the mechanism sorption [18].

The integral kinetic curves of cobalt sorption are
shown in Fig. 5

The kinetic data of cobalt sorption were
processed using mathematical models:

Pseudo-first order chemical kinetics model [19]

kit
1og(Qe _Qr) = 10g Qe - » (1)
2.303

where Q., O is equilibrium sorption capacity and
. . . —1 .

sorption capacity at time t, mg-g ; ky, is the pseudo

first order rate constant, min .

180

150

90

60

30

0 G0 120 130 240 300 T, min

Fig. 5. Integral kinetic curves of cobalt sorption by anion
exchangers from hydrochloric acid solutions (4 M):
¢ — Indion 850; o — Axionit VPA G2.4

Pseudo-second order chemical kinetics model [19]

T 1 1
—= ; +—7, 2)
Q‘t kZQe Qe

where k&, is the pseudo second order rate constant,

g-(mg'min)fl.
Elovich chemical kinetics model [20]

Q,E:lll’l(l-‘raXBXT), 3)
B

where [ is the Elovich constant; « is the initial rate of
the sorption process.
Internal diffusion model (Weber—Morris) [21]

O, =k,xt"+B, (4)

where k&, is the internal diffusion rate constant,
mg~g71Xmin1/2; B is constant related to the boundary
layer thickness, mg-gfl.

The results of processing kinetic data using
mathematical models are presented in Table 3.

222 Targanov LE., Buintseva E.A., Troshkina 1.D.



Journal of Advanced Materials and Technologies. 2023. Vol. 8, No. 3

Table 3. Rate constants and coefficients of determination
of linearized direct cobalt sorption by mathematical models

Pseudo-first order model

Pseudo-second order model

Internal diffusion model Elovich model

k1-1073, min | R k10°, mg- g ' min”" R kig, mg- g -min 3 B.gmg ' R
Indion 850
2.8 0.9093 119.8 0.9963 42.0 0.8479  0.041 0.9294
Axionit VPA G.2.4
33 0.9637 185.3 0.9985 78.6 0.9125 0.057 0.9879
The highest values of the determination solutions (4 M) of the composition, g-Lﬁl:

coefficients in the linearization of experimental data
were observed when using the pseudo-second order
model (Table 3). This fact may indicate that a
second-order chemical reaction makes a certain
contribution to the mechanism of cobalt sorption.

The intradiffusion model equation, in contrast to
the pseudo-second order model or pseudo-first order
model, makes it possible to identify the sorption
mechanism. If the straight line linearized according to
the Weber-Morris model does not pass through the
origin of coordinates, which is observed when
studying the kinetics of cobalt sorption with Indion
850 and Axionit VPA G.2.4 anion exchangers, then
the sorption process is limited by internal diffusion.

Chromium, aluminum, iron, etc. are present in
the waste of rhenium-containing superalloys. Some of
these elements in chloride solutions for the
processing of waste alloys may be present in the form
of anions. To study the effect of these elements on the
sorption of cobalt, we wused hydrochloric acid

CEco, mg-g”'

60

Ni:Co (g-L™") —40:9

Ni:Co:Al - 40:9:4

Ni:Co:Fe=40:9:4,
Ni:Co:Cr=40:9:7,
=40:9:4:4:7.

The results of cobalt sorption by Indion 850 and
Axionit VPA G.2.4 anion exchangers from solutions
of complex composition at a temperature of 70 °C
and a phase ratio of 1 : 25 (g : mL) are shown in Fig. 6.

The analysis of the data from Fig. 6 suggests that
the greatest influence on the sorption capacity of
Axionit VPA G.2.4 anion exchanger is exerted by
iron and chromium impurities, while chromium
impurities affect the sorption capacity of Indion 850
anion exchangers. This may be due to the formation

of iron (FeCl423 and chromium (CrO427 (chromate-)

and/or Cr20727 dichromate) anions and their
competing effect on cobalt sorption.

To determine the possibility of iron sorption, the
iron sorption capacity of the selected anion
exchangers was also determined (Fig. 7).

Ni:Co:Al=40:9:4,
Ni:Co:Fe:Al:Cr=

Ni:Co:Fe:Al:Cr —
40:9:4:4:7

Fig. 6. Dependence of the sorption capacity of anion exchangers Axionit VPA G.2.4 (W)
and Indion 850 (m) for cobalt on the concentration of impurities
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- CEpe, mg-g’'

60
50
40
30
20

10

Ni:Co:Fe (gL ") —40:9:4

Ni:Co:Fe:Al:Cr —40:9:4:4:7

Fig. 7. Sorption capacity for iron anion exchangers: Axionit VPA G.2.4 (H) and Indion 850 (m)

The data in Fig. 7 shows that the Indion 850
anion exchanger has a lower sorption capacity for
iron than the Axionit VPA G.2.4 anion exchanger, the
value of the sorption capacity of which for iron
is 2 times higher than for cobalt when sorption from a
solution containing, in addition to nickel and cobalt,
Fe, Al and Cr. This may be due to the greater affinity
of the functional groups of the tertiary amine and
quaternary ammonium of the Indion 850 anion
exchanger for cobalt ions than for iron ions.

The method of cobalt sorption by anion
exchangers was tested from a real chloride solution
(Cuci — 4M) of nickel-cobalt concentrate leaching,
which was formed during the complex processing of
wastes of rhenium-containing superalloys, using the
Indion 850 weakly basic anion exchanger. In the
concentrate leaching solution, the Ni:Co ratio (g'Lfl)
is 40 : 5.5; in addition to the main elements, Al, Fe,
and Cr were also present in the solution. The cobalt
sorption from the indicated solution was done at
a phase ratio at the stage of sorption sorbent :
solution =1 (g) : 20 (mL), subsequent washing of the
sorbent and desorption of cobalt with water made it
possible to prepare 10 mL of eluate with a
concentration ratio of Ni: Co=1.1 (g-L_l) :5.6 (g-L_l).
The Fe and Cr content in the eluate was 2.0 and
0.25 g-Lfl, respectively, the Al concentration was
below the detection limit.

The separation coefficient Co/Ni, calculated as
the ratio of the distribution coefficients of cobalt and
nickel, was 35 for one sorption cycle. Since the Fe
content, an impurity that limits the quality of cobalt
commercial products, was quite high in the eluate, its
additional purification was necessary, for example,
sorption using a cation exchanger after adjusting its
acidity with an HCI solution.

4. Conclusion

Under static conditions, the cobalt sorption by
anion exchangers of various types from hydrochloric
acid solutions at elevated temperatures was studied.
It has been established that the highest value of the
capacity of anion exchangers for cobalt is observed
from hydrochloric acid solutions with a concentration
of 4M HCI and a temperature of 70 °C, increasing in
the series: Tokem 400 < Purolite A600<
< LewatitMonoPlus M 800 < Ambersep 920U <
<Tokem 850 <Indion GS 400 <Indion 830 <
<Lewatit K 6367 <AMP <AM-2B < Purolite
A500U < Lewatit Mono Plus MP 800 < Indion 850 <
< Axionit VPA G.2.4.

The value of the Langmuir constant during the
cobalt sorption by the Indion 850 anion exchanger
was (0.2 £0.02) L-mgfl, the value of the maximum
sorption capacity was (74 + 3) mg-gﬁl. The processing
of the cobalt sorption isotherm according to the
Freundlich model with the Axionit VPA G.2.4
anion exchanger made it possible to determine
the value of the Freundlich constant, which was —
(9.6 +£0.3) mg-gﬁl, as well as the value of the
parameter n — 0.51.

The analysis of the kinetic data processing of
cobalt sorption by anion exchangers has shown that
the highest value of the determination coefficient is
observed when the kinetic data of cobalt sorption are
linearized using the internal diffusion equation and
a pseudo-second order, which may indicate that the
process of cobalt sorption by Indion 850 and Axionit
VPA G.2.4 anion exchangers is limited in
intradiffusion region with some contribution from the
chemical reaction.

Tested on real leaching solutions of nickel-
cobalt concentrate formed during the complex
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processing of rhenium-containing superalloy wastes,
the method of cobalt sorption using the Indion 850
anion exchanger has a high potential for use in the
separation of nickel and cobalt from hydrochloric
acid solutions after the recovery of rhenium.
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