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Oxidized nickel ores account for the majority of industrial ores suitable for nickel production.
The processing of such ores using traditional pyrometallurgical technology is not economically
viable due to the low nickel content. One of the most cost-effective methods of processing oxidized
nickel ores is sulfuric acid leaching technology followed by sorption extraction. The aim of this
work is to establish the kinetic and thermodynamic parameters of the sorption extraction of nickel
and cobalt using iminodiacetate chelating ion-exchange sorbents from various manufacturers, to
select a desorbing solution and to determine the degree of desorption. The sorption of nickel and
cobalt was carried out in a weakly acidic medium from a model solution containing impurities of
other metals in static and dynamic modes. The limiting sorption capacity for the studied sorbents
is 18-26 mg/g for nickel and 1-2 mg/g for cobalt in the static mode. The sorption capacity in
the dynamic mode for nickel is equal to 25.5 g/L for Purolite S 930, 29.2 g/L for Lewatit TP 207,
1.4 g/L, and 1.8 g/L for cobalt, respectively. The best desorption parameters are achieved when
using a 2 M sulfuric acid solution. The degree of desorption for sorbents Purolite S 930 and Lewatit
TP 207 exceeds 90%. The use of the Lewatit TP 207 sorbent for the extraction of nickel from the
leaching solution of nickel ore of the Gornostaevskoye deposit in 5 cycles made it possible to
obtain a commercial desorbate with a nickel content of 18 g/L. The use of a part of the commercial
desorbate obtained in the previous cycle, further strengthened to the initial concentration of
sulfuric acid, for re-extracting nickel from the saturated sorbent during a cyclic process leads
to a deterioration in desorption characteristics. It is recommended to remove the commercial
desorbate from the process after several cycles of desorption and supply new solution of sulfuric
acid for desorption to restore the sorption parameters.

Keywords: nickel; sorption; desorption; iminodiacetate sorbents; kinetics; sorption
capacity; output curves; commodity desorbate.
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TOTbIKKaH HUKeNb KeHAEePi HUKeNb eHAiIpyre )apamabl ©HEPKACINTIK KeHaepAiH Ken 6eniriH
Kypangbl. MyHZaal KeHaepai AaCTyp/i NMPOMETannypruanbiK TexHosnorua 6oMbiHWa eHaey
HUKenbAaiHTeMeH 601ybiHa 6aliNaHbICTbIIKOHOMUKANBIKTYPFbIAAHTUIMAiemec. TOTbIKKAH HUKENb
KeHAEepiH eHAeyAiH eH TUiMAi aaicTepiHiH, Bipi KYKIPTKbIWKbINAbI WaiManay TEXHONOTMUACHI,
COAaH KeWiH copbumanblK 3KCTPaKUMA. Byn KYMbICTbIH MaKkcaTbl apTypAi eHAipywinepaid
MMWHOAMALETATTbl XeNaTUPAENTIH MOH aIMaCTbIPFbill COPBEHTTEPIHIH KOMerimeH HUKeNb MeH
KO6aNnbTTbl COPOUMANBIK anyAblH, KMHETUKANbIK KaHe TepMOAMHAMUKanblK napameTpiepiH
6enriney 6onbin Tabblnagbl. Hukenb MeH Ko6anbTTbiH, copbumsacbl Hacka MeTangapabiH
Kocnanapbl 6ap MoAenbAik epiTiHAIAEH C3An KbIWKbIA opTaga XKyprisingi. 3epTrenreH
copbeHTTep YLWiH WeKTi COPpbLUANDIK CbIbIMABINLIK HUKeNb 6olbliHWa 18-26 Mr/T }KaHe KobanbT
6oibiHWa 1-2 Mr/r Kypaiabl. JecopbumnnaHblH, eH, 3KaKcbl napameTpaepiHe 2 M KYKipT KbIWKblbl
epiTiHAICIH KoNAaHy apKblbl KO KeTKisineai. Purolite S 930 xaHe Lewatit TP 207 copbeHTTEpiHE
apHanfaH gecopbuma gapexeci 90% — faH acaabl. TOPHOCTaeB KEH OPHbIHbIH, HUKEb KeHaepiH
5 umknge cinTicisgeHaipy epitiHAiciHeH HUKenbAi any ywiH nanganaHy KypamoiHaa 18 r/n
HUKenb 6ap Tayap/iblk AecopbaT anyfa MyMKiHAIK 6epi, anablHFbl LMKNAE aNblHFAH KYKIipT
KbILKbIbIHbIH, 6acTankbl KOHLEHTPaLMACbIHA AeliH HblIFaWTbINFaH TayapAblK gecopbaTtTbiH 6ip
6eniriH naiganaHy, LMKALIK NPOLECC Ke3iHAe KaHblkKaH COpbeHTTeH HUKeNbAai KaiTa any ywiH
Aecopbumnanbik cMnaTTamanapabliH, HalwapaaybiHa akeneai. JecopbuuaHbiH, GipHelwe LMKAbIH
OTKi3reHHeH KeliH Tayap/blk AecopbaTTbl MPOLECTEH LWbIFapy KaHe pecopbuuara KyKipT
KbILUKbINbIHbIH KaHa epiTiHAiciH 6epy ycbiHblNaabl, 6yn copbumAnbIkK KepceTKilwTepai KaanbiHa
KeNTipyre MyMKiHAiKk 6epeai.

TyiiiH ce3gep: HUKeNb; copbuma; aecopbunsa; MMMHOAMALETATTbl COPOEHTTEP; KMHETUKA;
COpBUMANBIK CbIMbIMAbINbIK,; LWbIFY KACbIKTAPbI; Tayap/blk gecopbar.
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OKUCNEHHblE HUKENEBble PyAbl COCTABAAT GONbLIYIO YaCTb MNPOMbBIWAEHHbIX Pya,
NPUTroAHbIX ANA NPOM3BOACTBA HUKena. [lepepaboTka TakuMX pysa NO  TPaAULMUOHHOW
NUPOMETANNYPrUYECKON TEXHONOTUN SKOHOMUYECKU HE BbIrOHA BBUAY HU3KOTO COAEPNKAHUA
HUKena. OfHMM U3 Haubonee peHTabenbHbiXx CNocoboB nNepepaboTKM  OKUCIEHHBIX
HUKeneBbIX Pyf, ABNAETCA CEPHOKUCNOTHAA TEXHONOrMA BblENauYMBaHUA C MNoCNeayoLWmm
copbLUMOHHBIM U3BNeYeHnem. Lienbto AaHHON paboTbl ABNAETCA YCTAHOBAEHUE KUHETUYECKUX U
TEPMOAMHAMUYECKUX NaPaMETPOB COPOLMOHHOTO U3BNEYEHUA HUKENA U KOBanbTa C MOMOLLbIO
MMUHOAMALLETATHBIX XeNaTUPYIOLWMX MOHOOOMEHHbIX COPHEHTOB Pa3INYHbIX NPOU3BOAUTENEN.
Copbuuto HUKena u KobanbTa NposoaMAn B cnabokUCNON cpese U3 MOAENbHOTO PacTBOpa,
coAeprKaLLero NpMMecH Apyrux meTannos. MpeaenbHas copbLUMOHHANA EMKOCTb ANA U3YYEHHbIX
copbeHTOB cocTaaseT 18-26 mr/r no HUKeno u 1-2 mr/r no KobanbTy. Haunydwmne napameTpsl
Aecopbuun JocTuraloTca npu ucnonb3oBaHun 2 M pacTBopa CepHoOW KucnoTbl. CTeneHb
Aecopbuun gns copberTtos Purolite S 930 u Lewatit TP 207 npesbiwaeTt 90%. Mcnonb3osaHue
copbeHTa Lewatit TP 207 gna n3BNeYeHUs HUKeNA U3 PacTBOPa BblleNaYNBAHUA HUKENEeBOW
pyAbl FOPHOCTaeBCKOro MECTOPONKAEHUA B 5 LIMKAAX NO3BOIMAO NONYUYUTL TOBAPHbIN AecopbaT
C copepskaHuem Hukens 18 r/n. Ucnonb3oBaHWe YacTM MOAYYEHHOTO B MPeAblayLem LuK/ie
TOoBapHoro AecopbaTa, AOYKPENNEHHOro [0 UCXOAHOM KOHLEHTPaLMn CEPHOW KUCNOTbI, ANA
NOBTOPHOTO W3BAEYEHWUA HUKENA W3 HaCbIWEHHOro copbeHTa Npu LUKAUYECKOM BeAeHUu
npouecca NPUBOAUT K YXYALEHUIO AECOPOLUOHHBIX XapaKTepucTUK. PekomeHayeTcs nocne
npoBeAEeHNA HECKONbKUX LUKA0B Aecopbuun BbIBOAUTL TOBapHbIN gecopbat m3 npouecca
M nopaasaTtb Ha Aecopbuumio HOBLIM PAcTBOP CEPHOM KMCNOTbI, YTO NO3BONAET BOCCTAHOBUTH
COpPBUMOHHbIE MOKa3aTenu.

KnioueBble cnoBa: HuKenb; copbuusa; aecopbums; MMUHOAMALETATHble COpP6EHTHI;
KMHETHKa; cOpbLMOHHAn EMKOCTb; BbIXOAHbIE KPUBbIE; TOBapHbIN gecopbar.
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1. Introduction

Nickel is a strategic metal due to the use of a large number
of different alloys. The main consumers of nickel in the world
market are China, the USA and Japan. Nickel is produced for
large-scale commercial use in 23 countries around the world,
including Russia, Canada, Indonesia and South Africa.

There are over 30 nickel and cobalt deposits on the
territory of the Republic of Kazakhstan. “Kaznickel” LLP, a
subsidiary of Fincraft Resources, is currently investing in the
launch of mines at Gornostaevskoye, one of the largest cobalt
and nickel deposits in Kazakhstan. The field is located in the East
Kazakhstan region, 110 km west of Semipalatinsk. The reserves
of the field are estimated at more than 1 million tons of nickel
and more than 65 thousand tons of cobalt. In 2018, it was
decided to choose a new strategy for the development of the
field by applying the method of underground borehole sulfuric
acid leaching.

Productive solutions obtained in the process of sulfuric
acid leaching of oxidized nickel ores are characterized by a
rather low content of the base metal (1.0-2.0 g/dm3) and an
increased content of impurities (depending on the composition
of the original ore: iron, aluminum, magnesium, etc.) [1-3],
which significantly complicates their further processing. The
most economical method for extracting nickel from such
solutions can be sorption concentration using selective ion-
exchange materials.

For the sorption of nickel, cation-exchange sorbents with
carboxyl, iminodiacetate, phosphonic groups, as well as
polyampholytes with complexing properties are used. A
number of works [4-8] describe the results of studying the
sorption of nickel from solutions of various compositions on
weakly acidic macroporous cation exchangers with chelate
groups of iminodiacetic acid. The authors of [9] synthesized a

number of new polymeric organic sorbents with functional
groups of iminodipropionic acid and showed the possibility of
their use for group extraction of copper, nickel, zinc, and cobalt
ions.

In [10], for the concentration of copper and nickel, nitrogen
and sulfur-containing polyampholyte based on granular
polyvinyl chloride was used. The established regularities of
sorption suggest the possibility of selective extraction of non-
ferrous metal ions from technological solutions of metallurgical
enterprises.

The work [11] shows the advantages (selectivity, extraction
efficiency, simplicity of the sorption and desorption process) of
the use of polymer complexing sorbents containing in their
structure  hydroxyazofunctional-analytical  groups  and
n-substituents of various electronic nature for the concentration
of trace amounts of nickel ions from various objects of complex
chemical composition.

The technological scheme of processing real technological
solutions developed by the authors [12] after leaching ores from
a number of Ural deposits provides for sorption concentration
of nickel on aminocarbon ion exchangers with subsequent
desorption and precipitation of nickel hydroxide concentrate.
This scheme ensures the recovery of nickel from solution into
concentrate at the level of 96-98%.

Due to the wide range of sorption materials used and the
complex salt composition of real technological solutions, the
problem of developing effective hydrometallurgical
technologies for extracting nickel and cobalt at low costs is an
urgent ecological and economic problem.The aim of the work is
to determine the parameters of sorption of nickel(ll) and
cobalt (Il) ions on iminodiacetate chelating ion-exchange
sorbents from a model solution and a solution of sulfuric acid
leaching of ore from the Gornostaevsky cobalt-nickel ore
deposit (East Kazakhstan).
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2. Experiment

2.1 Preparation of a model solution

Solutions of nickel (ll) chloride (“Ukrainalitika” LLC,
Ukraine, pure for analysis), calcium (ll) chloride (JSC “Bashkir
Soda Company”, Russia, pure for analysis), cobalt (ll),
magnesium (I), iron (ll), aluminum (Ill) sulfates (CJSC
“Khimreaktivsnab”, Russia, pure for analysis) with the desired
concentration were prepared by dissolving the appropriate salt
samples in distilled water. The pH value was determined by
adding the required amount of 1 M of sulfuric acid solution.

2.2 Sorbent preparation for research

The sorbent was placed in a glass filled with distilled water.
Water was added in such an amount that its level was 10 cm
above the level of the sorbent. The sorbent was left to swell for
8 h, stirred, and then the water was decanted off. This operation
was repeated until a clear and colorless wash water was
obtained. To convert the sorbent into the Na*-form, treatment
was performed with a sodium hydroxide solution (1-2 mol/L) for
1-2 h with periodic stirring. The solution was decanted, the
sorbent was washed with distilled water until the wash water
was neutral.

2.3 Method for studying the kinetics of sorption

The study of the kinetics of sorption was carried out in a
static mode. 1 g of a saturated sorbent and 100 mL of a model
solution were placed in a glass. The solution with the sorbent
was stirred using a mechanical stirrer at room temperature for
different time intervals for each beaker (45-300 min). At the end
of the sorption, the sorbent was separated from the solution by
filtration through a paper filter “red ribbon” (“Chemical
technologies” LLC, Russia). The filtrate was analyzed for nickel
and cobalt content. Based on the data obtained, kinetic curves
were plotted for the dependence of the element content in the
solution on the stirring time.

The sorption capacity of ion exchanger A (mg/g) was
calculated by the formula:

A=(C,~C,.) V/m,

equil

where, Cot — initial concentration of metal in solution,
mg/L;

Cequ”— equilibrium concentration of metal in solution,
mg/L;

V —volume of test solution, L;

m — mass of sorbent, g.

2.4 Selection of an eluent for desorption of the sum of
elements

Desorption of nickel and cobalt was carried out by washing
the saturated sorbent with different specific volumes (1-4
volumes of solution/volume of sorbent) aqueous solutions of
mineral acids of various concentrations (0.25-4.0 M). The
sorbent was analyzed for the content ofmetal.

2.5 Method for studying the kinetics of desorption

The study of the kinetics of desorption was carried outin a
static mode. The glass was filled with 1 g of saturated sorbent
and 100 mL of desorbing solution. The solution with the sorbent
was stirred with a mechanical stirrer at room temperature for
different time intervals for each beaker (1-10 h). At the end of
desorption, the sorbent was separated from the solution by
filtration through a paper filter. The sorbent was analyzedfor
the content of metal.

2.6 Method for studying sorption in a dynamic mode

The adsorption of elements in a dynamic mode was carried
out in a sorption column equipped with a container for feeding
the leach solution. A model solution was passed through a
column loaded with a sorbent from bottom to top at a specific
load of 5 h. The volume of the loaded sorbent is 30 mL.
Sorption was carried out in a clamped layer. At the outlet of the
column, at certain time intervals, samples of the solution were
taken, which were analyzed for the content of sorbed elements.
Sorption was continued until the concentration of the element
in the solution at the exit from the column approaches or
becomes equal to its concentration in the initial solution. At the
end of the sorption, the sorbent was removed from the columns,
washed with distilled water, and analyzed for the content of
sorbed elements. The obtained experimental data were used to
plot the output sorption curves.

2.7 Method for studying desorption in dynamic mode

The saturated sorbent was sent for desorption when it
reached an equilibrium state with the initial solution. Desorption
in a dynamic mode was carried out in a laboratory column. A
desorbing solution is passed through a column loaded with a
sorbent from bottom to top at a specific load of 1 h. At the
outlet of the column, at regular intervals, samples of the
solution were taken, which were analyzed for the content of
extracted components. After the end of desorption, the column
was unloaded, and the sorbent was washed with distilled water.
Then the content of the recoverable components in the sorbent
was determined. The output desorption curves were plotted
from the experimental data.

2.8 Method for ore leaching

Ore samples were pre-crushed to — 150 meshes on the ID
175M disc eraser (“Vibrotechnik” LLC, Russia) and sifted using a
set of soil sieves according to State standard 12536-2014
(“Vibrotechnik” LLC, Russia). Leaching was carried out in a
laboratory reactor IKA LR-2.ST (Germany) with heating and
constant stirring. Leaching conditions: temperature — 60-75°C;
duration — 6 h; the ratio L/S= 5/1; the initial concentration of
sulfuric acid is 150 g/L. At the end of leaching, the pulp was
filtered and the solution was analyzed for the content of the
main components.

2.9 Method for analytical measurement
The metal content in the solution and sorbents was
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determined using an inductively coupled plasma emission
spectrometer ICAP 7400 Duo manufactured by Thermo Fisher
Scientific (USA). The relative standard deviation of the output
signal is 1.0%. The accuracy of determining the elements at the
level of 0.01-0.05% rel., complete analysis of the sample in 20 sec.

For the analysis of the sorbents, decomposition was
performed. The suspension of the sorbent 0.5 g is taken in a
polypropylene container, determining the weight of the
suspension on the analytical balance MS-4002S (Mettler
Toledo) by the difference in the mass of the container. The
container is filled with ~2.5 mL of concentrated nitric acid
(“Technochemistry” LLP, Russia, chemical pure), the lid is
screwed on and placed in a heat block heated to 80°C. They are
kept in a thermoblock until the sample is homogenized. After
that, take an aliquot of 0.25 mL of concentrated hydrofluoric
acid (Sigma-Aldrich, Canada, pure for analysis), pour it into the
solution, place it in a thermoblock heated to 80°C. Stand with
the lid open for no more than 5 min. After that, the sample is
cooled and brought to the mark with deionized water.

Working standard solutions were prepared from the
multi-element standard High Purity Standards (USA) 48 element
standards ICP-MS-68A-100 Solution A in 2% HNO,. The metal
content was determined according to ST RK ISO 8288-2005 (I1SO
8288-1986) “Water quality. Determination of cobalt, nickel,
copper, zinc, cadmium and lead. Flame atomic absorption
spectrometric methods”.

3. Results and Discussion

For testing the sorption extraction of nickel and cobalt
solutions, the following commercially available

iminodiacetate chelating ion-exchange sorbents were selected:

1. Amberlite IRC 748 (Dow Chemical Company, USA)

2. Lewatit TP 207 (Lanxess, Germany)

3. Lewatit TP 208 (Lanxess, Germany)

4. Purolite S 930 (Purolite, UK)

5. Dowex Al (Dow Chemical Company, USA)

Iminodiacetate chelating sorbents of this class show
positive results in the extraction of nickel [4-8]. The 5 brands of

from

Table 1 — Characteristics of sorbents

sorbents selected by us are produced on an industrial scale. The
parameters of the sorbents are given in Tablel. No
characteristics were found for Dowex Al sorbent.

It is known that nickel ore leaching solutions are
characterized by high acidity (pH=0.3-0.5). In the strongly
acidic region, sorbents containing weakly acidic groups are in an
undissociated state and have a low capacity with respect to
metal cations. At these pH values, the solution also contains a
significant amount of ferric and aluminum ions, which have a
competing effect on the sorption of nickel and cobalt, reduce
the selectivity of extraction and contaminate sorbents, since
they are difficult to desorb. In this regard, the sorption
extraction of target components should be carried out after
removing the main amount of interfering impurities by bringing
the pH of the solution to 3.8-4.6 and precipitation. To oxidize
iron, a small amount of hydrogen peroxide is preliminarily
introduced into the solution. The most accessible substances
for neutralization are lime, limestone, caustic, soda ash,
ammonium hydroxide. By this operation, up to 95% of iron,
copper, aluminum (if present in the solution) can be removed
from solutions.

Typical components of leach solutions such as magnesium,
manganese and calcium are not removed during the
precipitation process and are recovered to a small extent by this
type of sorbent.

For the initial experiments on the sorption of nickel and
cobalt from salt solutions, a model solution with a pH of 4.5 was
prepared (Table 2). These metals are always present in leaching
solutions and can have a competing effect on the sorption
process of the target components.

The kinetic curves of the sorption of nickel and cobalt from
a given solution by the studied sorbents in the Na*-form is
shown in Figure 1 and Figure 2.

The time to reach equilibrium during sorption in a static
mode for the studied sorbents is about 5 h. During this time, all
sorbents come into equilibrium with the solution and no further
increase in capacity is observed. In Table 3, values of the
equilibrium capacity for nickel and cobalt, achieved at a sorption
time of 5 h in a static mode.

Parameter Amberlite IRC 748 Lewatit TP 207 Lewatit TP 208 Purolite S 930
Capacity, eq/L 1.35 2.0 2.9 1.8
Water content, % 60-65 55-60 55-60 55-65
Particle density, g/mL 1.7 1.1 1.17 1.13
Shipping weight, g/L 750 720 740 710-745
Table 2 — Composition of the model solution

Element Ni Co Fe Al Mg Ca

Concentration, g/L 0.378 0.030 0.025 0.044 3.500 0.580

ISSN 1563-0331
elSSN 2312-7554
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400 - —&— Amberlite IRC 748
—a— Lewatit TP 208
350 —¥—Dowex A 1

—m—Lewatit TP 207
—e— Purolite S 930

250 |

Table 3 — Equilibrium capacity of the studied sorbents for nickel
and cobalt

200

150

100

A, mg/g
Sorbent model
Nickel Cobalt

Amberlite IRC 748 24.5 1.2
Lewatit TP 207 26.5 1.9
Lewatit TP 208 20.0 2.0
Purolite S930 21.8 11
Dowex Al 18.3 14

Nickel concentration in solution, mg/1

50

0 60 120 180 240 300 360
Time, min

Figure 1 —Kinetic curves of nickel sorption by sorbents in

Na*-form
35 4 —&— Amberlite IRC 748 —HB— Lewatit TP 207
—— Lewatit TP 208 —e— Purolite S 930
—=—Dowex A1l

Cobalt concentration in solution , mg/l
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Figure 2 — Kinetic curves of cobalt sorption by sorbents in
Na*-form

According to the values of the equilibrium capacity for
nickel from a solution of the investigated composition, the
sorbents can be arranged in the following row:

Lewatit TP 207>Amberlite IRC 748>Purolite S 930>Lewatit
TP 208>Dowex Al.

For the sorption of cobalt, the following dependence on
the values of the equilibrium capacity is observed:

Lewatit TP 208>Lewatit TP 207>Dowex Al>Amberlite IRC
748>Purolite S 930.

At the same time, it can be noted that under the studied
conditions all sorbent samples show similar characteristics. The
highest sorption capacity for nickel is observed for AmberlitelRC

BecTHuMK KasHY. Cepua xummyeckasa. —2021. — Ne3

Table 4 — Results of desorption of nickel and cobalt from the
saturated sorbent AmberliteIRC 748 with acid solutions

Acid  Concentration, Specific Degree of desorption, %
M volume Nickel Cobalt
HNO, 0.5 1 61 56
2 74 68
4 90 84
1 1 94 88
2 95 95
4 95 99
2 1 100 100
4 1 100 100
HCI 0.5 1 54 61
2 68 83
4 77 89
1 1 65 87
2 72 91
4 89 95
2 1 93 97
2 95 100
4 98 100
4 1 98 100
2 100 100
H,S0, 0.25 1 64 67
2 69 74
4 81 80
0.5 1 79 75
2 82 84
4 85 87
1 1 91 95
2 93 98
4 93 100
2 1 95 100
2 100 100
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Figure 3 — Kinetic curves of nickel desorption by solution 1 M
sulfuric acid

748 and LewatitTP 207 ion exchangers, for cobalt — for LewatitTP
208 and LewatitTP 207 ion exchangers. Analysis of resin samples
after sorption does not reveal significant amounts of aluminum
and iron.

The dependence of the degree of desorption of nickel and
cobalt on the nature of the eluent for the Amberlite IRC 748
sorbent was studied (Table 4).

As shown by the results, the quantitative desorption of
nickel and cobalt occurs when they are eluted from the sorbent
1sp.vol.2 M HNO,, 4 sp.vol. 2 M HCl, 2 sp.vol. 2M H,SO,. The
degree of desorption in these cases is 98-100%.

Next, we studied the kinetics of nickel desorption from
samples of saturated sorbents AmberlitelRC 748, LewatitTP
207, PuroliteS 930, which showed the best performance at the
sorption stage. In Figure 3 shows the kinetic curves of nickel
desorption with a 1 M sulfuric acid solution.

The residual concentration of nickel in the sorbent is about
2 mg/g. According to this indicator, the studied sorbents are
arranged in a row:

LewatitTP 207 >PuroliteS 930 >Amberlite|IRC748.

A more substantiated answer about the parameters of the
sorption extraction of nickel from solutions can be obtained
from the results of an experiment carried out under dynamic
conditions. Dynamic studies were carried out for two sorbents
PuroliteS 930 and LewatitTP 207 and included the process of
sorption until the equilibrium concentration for nickel was
reached and the process of desorption with a sulfuric acid
solution.

The experimental data were used to plot the output
sorption curves (Figure 4).

The capacity of the studied sorbents when studying the
sorption of nickel in a dynamic mode from a solution of this
composition was 25.5 g/l for Purolite S 930 and 29.2 g/| for
Lewatit TP 207. At the end of saturation, the sorbent was also
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Figure 4 — Output curves of nickel sorption in
dynamic mode

analyzed for the cobalt content. The following data were
obtained: for Purolite S$930—1.4 g/L, for Lewatit TP 207 — 1.8 g/L.
Next, we studied the desorption of nickel in a dynamic
mode with a sulfuric acid solution with a concentration of
120 g/L. The output desorption curves are shown in Figure 5

—&—Purolite S 930

—&— Lewatit TP 207

Nickel concentration in desorbate, g/l

Time, h

Figure 5 — Output curves of nickel desorption in
dynamic mode

Tabe 5 lists some parameters of the dynamic desorption
process.

Thus, in the dynamic mode, the best sorption indices were
obtained for the Lewatit TP 207 sorbent, and for the desorption,
for the Purolite S 930 sorbent.

The sorbent Lewatit TP 207 was subsequently used for the
sorption extraction of nickel from a real solution of leaching ore
from the Gornostaevskoyedeposit after a solution of hydrolytic
cleaning (Table 6) in a closed cyclic mode.

The hydrometallurgical processing scheme included 5
cycles of sorption and desorption in a closed dynamic mode.

Chemical Bulletin of Kazakh National University 2021, Issue 3
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Table 5 — Nickel desorption parameters in dynamic mode

Sorbent Maximum concentration of nickel Residual concentration of nickel Degree of desorption,
in the desorbate, g/L in the sorbent, g/L %
Purolite S 930 5.7 1.5 94
Lewatit TP 207 4.8 2.9 90

Table 6 — The composition of the solution for leaching nickel ore after hydrolytic cleaning

Element Ni Co

Fe Al Cr

Content, g/L 1.38

0.055

0.014 <0.005 <0.005

Two series of experiments were performed. In the first series,
the desorption of nickel in each cycle was carried out with a
new solution of sulfuric acid; in the second series, a part of the
commercial desorbate obtained in the previous cycle was used
for desorption, backed up to an initial sulfuric acid
concentration of 120 g/L. Table 7 and 8 show the main
parameters of the investigated processes.

In the second series of experiments, after five cycles, a

commercial desorbate with a sufficiently high nickel content
was obtained. However, in this case, after desorption, a more
significant accumulation of nickel, cobalt and iron is observed in
the sorbent than in the first series of experiments. As one of the
factors that can limit the process of nickel desorption, an
increase in the concentration of nickel in the desorbate
can be considered when the process is
in a closed mode.

carried out

Table 7 — Parameters of sorption-desorption processes for the extraction of nickel and cobalt in the first series of experiments

(desorption with sulfuric acid solution)

Content in sorbent,

Content in commercial

No g/L desorbate, g/L
cycles Ni Co Fe

Sorption Desorption Sorption Desorption Sorption Desorption Ni co
1 39.4 3.7 2.58 0.33 0.28 0.031 8.92 0.56
2 39.4 3.9 2.57 0.35 0.30 0.039 8.89 0.56
3 39.1 3.9 2.57 0.37 0.33 0.045 8.80 0.55
4 39.0 4.2 2.55 0.39 0.33 0.042 8.70 0.54
5 38.7 4.4 2.51 0.39 0.34 0.048 8.58 0.53

Table 8 — Parameters of sorption-desorption processes for the extraction of nickel and cobalt in the second series of experiments

(desorption with an additional fortified commercial desorbate)

Content in sorbent,

Content in commercial

g/L desorbate, g/L
Ne cycles Ni Co Fe
Ni Co
Sorption Desorption Sorption Desorption Sorption Desorption

1 39.4 3.7 2.58 0.33 0.28 0.031 8.92 0.56
2 39.7 3.9 2.66 0.38 0.32 0.039 10.80 0.77
3 39.8 4.6 2.70 0.41 0.34 0.052 12.65 0.89
4 39.8 5.1 2.74 0.43 0.39 0.061 15.14 1.05
5 40.2 6.4 2.70 0.49 0.45 0.069 18.21 1.24
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To study the effect of the accumulation of nickel in the
solution on the desorption indices, experiments were carried
out on model solutions with a nickel content from 3 to 12 g/L
(sulfuric acid concentration of 120 g/LI). Nickel was desorbed
from a saturated sorbent containing 39.5 g/L of nickel at a
solution/sorbent ratio of 100/1 and stirring for 2 h. The
experimental results are shown in Table 9.

The accumulation of nickel in the desorption solution up
to 12 g/L leads to a decrease in the degree of its desorption
from 90 to 58%.

Table 9 — Influence of the nickel content in the desorbate on the
indicators of its desorption from the saturated sorbent

Nickel content in Residual nickel Degree of
desorption solution, content in sorbent, desorption,
g/L g/l %

0 3.7 90.6

3 6.4 83.8

4 8.7 78.0

6 10.5 73.4

8 13.7 65.3

10 15.0 62.0

12 16.4 58.0

4. Conclusion

All the sorbent brands studied in this work belong to the
same class of materials —iminodiacetate chelating ion-exchange
sorbents, which are used for selective concentration and
separation of components by adjusting pH and sorption
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