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Abstract. The wastes of rhenium-containing heat-resistant nickel alloys (HRNA) contain 50-75% of Ni,
3-15% of Co. While electrochemical processing of the wastes of the HRNA up to 80-90% of Re, Ni and Co
passes into the solutions, and a small part of them remains in the anode slurry. The remaining part of the
metals from the slurry is chemically dissolved into the solution. After electrochemical treatment of wastes and
chemical dissolution of slurry the solutions are combined and Re is extracted from them. The Ni — Co
concentrate was precipitated (until a pH of 8-9 was established, at a temperature of 40 °C, by intensive
stirring for 1 h) from the raffinate (g/dms3: 14.26 Ni; 2.48 Co) after the extraction of Re by NaOH (500 g/dm?3)
solution. Physical and chemical studies of the concentrate using X-ray fluorescent, X-ray phase,
thermogravimetric and X-ray methods showed that it contains the following phases, wt. %: 62.6 Na2SOs;
37.4 Ni2 (NOz3)2 (OH)2 » 2H20 and Co (OH)2. Washing the concentrate from sodium by water at L:S = 10: 1
ratio allowed reducing its mass (~ 2.4 times), reducing the content of sodium, increasing the content of Ni
(from 15.68 to 37.55 %) and Co (from 1.89 to 4.48%). When the concentrate is annealed in the temperature
range of 300-400 °C, the processes of dehydration of the hydroxides of Ni and Co and their transition to the
oxide forms occur. The resulting concentrate can be sent for further processing in order to extract non-
ferrous metals from it or used to produce some ferroalloys.
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Introduction increasingly important both world wide and in the
Republic of Kazakhstan.
Nowadays, the general metal production faces Heat-resistant alloys have been widely used

an obstacle in the efficient and integrated use of  as a special type of structural materials in recent
secondary raw materials that is becoming  years, connected with the development of various
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areas of technology. Heat-resistant nickel-based
alloys are of particular importance, which include
rare and trace elements: rhenium, tungsten,
molybdenum, tantalum, niobium, hafnium. Such
alloys are widely used in the aerospace industry,
nuclear and thermal power, mechanical engineering
and petrochemistry [1].

Now the world has accumulated a large
amount of the wastes of heat-resistant nickel alloys
(HRNA) in the form of scrap parts, with expired
service life. The high cost of heat-resistant nickel
alloys containing expensive metals (rhenium,
tantalum, cobalt, etc.), required to solve the problem
of efficient and complex processing of these
materials.

Current technologies for the processing of
wastes of HRNA can be divided into 4 groups:

» direct pyrometallurgical  wastes
processing [2];

» oxidative-thermal technologies [3, 4];

» hydrochemical technologies [5, 6];

» electrochemical technologies [7, 8].

Electrochemical methods are often suggested
to use for the lump scraps based on the anodic
dissolution of the material under the direct or
alternating currents transfering either rhenium or a
nickel alloy base into solution with the rhenium
concentration in the anode slurry [9-10].

Analysing scientific, technical and patent
literature has resulted in the present increasing
interest of researches in the field of integrated
processing of HRNA wastes due to the growing
amount of such wastes, which is a valuable
secondary raw material.

HRNA generally contain from 50 to 75 wt. %
of nickel, from 3 to 15 wt. % of metals such as
cobalt, chromium and, aluminum if required, as well
as from 1 to 10 wt. % of one or several elements of
tantalum, niobium, tungsten, molybdenum, rhenium,
platinum, and hafnium series [11].

Therefore, it is also of interest to extract other
valuable non-ferrous and rare metals in terms of
integrated processing of HRNA wastes along with
the expensive rhenium. This is especially true of the
metals are quite large contained in the alloy. Here
such metals are nickel and cobalt. An integrated
processing of HRNA will allow to obtain
compounds of these valuable non-ferrous metals.
Due to the nature of the HRNA, which determines
their resistance to the effects of various kinds, the
extraction of valuable metals from the wastes of
these alloys presents considerable difficulties.

There is no processing of such secondary raw
materials in Kazakhstan. However, a well-known
company for the rhenium and its compounds
production from sulfur wash-acid of the copper
production of RSE Zhezkazganredmet is currently

seeking additional raw material sources of rhenium.
In this regard, the company has shown interest in
wastes of rhenium-containing HRNA.

The Institute of Metallurgy and Ore
Benefication JSC of the Republic of Kazakhstan has
developed a method for the -electrochemical
processing of large-volume of rhenium-containing
HRNA wastes in the sulfuric acid solutions [12-16].
At this, up to 80-90% of rhenium, nickel and cobalt
go into solutions, and a small part of them remain in
the anode slurry. To extract the remaining rhenium,
nickel and cobalt in the slurry, the anode slurry is
sent for chemical dissolution [15]. The resulting
solutions after electrochemical processing of wastes
and chemical dissolution of anodic slurry are
combined and the rhenium is extracted from them
[12-13, 16]. Nickel and cobalt remain almost
completely in the raffinate sulphate solution after
extraction of rhenium, their content may be
depending on the composition of the raw material
and the conditions of its processing, on average, g /
dmiu 16,85-25,74 Ni; 2.48-3.74 Co.

A wide range of methods of nickel and cobalt
deposition from the solutions into a common nickel-
cobalt concentrate, for example, sulfides [17-18],
but most often they are precipitated from acidic
solutions by alkali [12, 16].

This paper presents the results of physical and
chemical studies of nickel-cobalt concentrates
obtained from the products of electrochemical
break-down of HRNA wastes.

Testing

From the sulphate raffinates are left after
extraction of rhenium and containing significant
amounts of nickel and cobalt, these metals were
precipitated into a concentrate using alkali.

The deposition processes were carried out in a
thermostated cell (Figure 1) with stirring using a
mechanical stirrer using an adjustable speed.

Figure 1 - Laboratory setup for
Ni-Co concentrate deposition
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The chemical and phase composition of
raffinates and processing products (filtrate, service
water, Ni-Co concentrate before and after washing)

was determined using X-ray fluorescence
(spectrometer with wave dispersion  Axios
PANalytica), X-ray phase diffractometer (D8

Advance diffractometer (BRUKER), radiation Cu.
K a); chemical (atomic emission spectroscope
Optima 2000 DV, USA, Perkin Elmer), infrared
spectroscopic (FTIR spectrometer Thermo Nicolet
Avatar 370 FTIR Spectrometer), thermal (STA 449
F3 Jupiter, the results were processed using the
NETZSCH Proteus software ) methods of analysis.
Testing procedure for the Ni-Co raffinate
concentrate deposition. A saturated blue raffinate
(Figure 2a) containing g/dmin Ni — 14.260; Co -
2,481; Re - 0.102; Mo - 0.121; W — 0.012; Al =
1.810; Cr - 2.212 (95.06 g/dmu of acidity). A
predetermined raffinate volume (1 dmp was poured
into a thermostated cell (Figure 1), the process
temperature was maintained at 40 °C, and with
continuous stirring at a speed of 700 rpm, a
precipitator — NaOH solution (500 g / dmp) was fed
until pH 8-9. Then stirring was proceeded for 1
hour. When a precipitant was added to the raffinate,
a dark green solution with the precipitate was
produced. As the NaOH solution was added, the
amount of increased precipitate was formed and the
color intensity of the solution increased. The
precipitate of Ni-Co concentrate was filtered using a
vacuum pump through the two layers of blue tape
filter. The mass of the obtained wet Ni-Co
concentrate (75.67% of humidity) was 534.23 g.
Then the precipitate was washed with water,
filtered and dried in a drying cabinet at a
temperature of 105 °C to a constant weight. Dry
sediments were ground in a porcelain mortar.

Results and discussion

According to the X-ray analysis data,
absorption bands of valence v (OH) - 3413 c¢cm™,
deformation SHOH-1647 cm™ and librational v .
H,0 — 674 cm™ of molecular water fluctuations are
recorded in the raffinate spectrum (concentrate
solution for precipitation) [19]. The group
[HSO4]K - 1196, 1053, 890, 598 cm™ [20]. The
group [SO4°K - 1117, 627 cm™ [18, 20]. The group
[NOs] K- 1386, 1348 cm™ [19, 22].

The optical density measurements were made
at the peak point of the absorption bands describing
the fluctuations of v OH, 6 HOH, v . HO, v; of
nitrate-ions, vs(F») of sulfate ion, v4(F») of sulfate
ion, v2(SO3;) of hydrosulfate ion; v4(SOs3) of
hydrosulfate ion; v (S — OH) of hydrosulfate ion;
v3, vs (OSO) of hydrosulfate ion.
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The ultimate composition of the produced
concentrate without washing was determined by
X-ray fluorescence analysis, wt. %: Ni - 14.786;
Co — 1.844; O - 43.912; Na— 21.917; Al = 0.936;
Si - 0.075; S - 12,350; Ti = 0.055; Cr - 1,688;
Fe - 0.339; As — 0.014; Mo - 0.096; Re - 0.031;
Pb - 0.007.

According to the x-ray phase analysis of a dry
concentrate without washing, the following phases
are in it: a base - 62.6 wt. % of Na,SOs4; 37.4 wt. %
of Niz(NO3)2(OH);:2H,O and <2.5 wt. % of
Co(OH).

The X-ray analysis has shown the following
in the Ni-Co concentrate: Thenardite Na,SO4 - 1131,
638, 617 cm™ [20, 22-25]. The group of
[SO4] ¥ -1131, 996, 977, 638, 617 cm™ [19-21].
The group [NOs] K- 1384, 1040, 833 cm™ [19, 21].
The band at 996 cm™ can be attributed to the v; (A1)
fluctuation of iron, cobalt, and nickel sulfates [20,
23]. ALUMINITE Al; (SO4) (OH)4.7H,0 - 977c¢m™!
[22] may be present. The band at a 406 cm ~' wave
number corresponds to the stretching fluctuations of
Co—0O, Ni—O [24]. CoO is probably present - 406
cm™' [20, 24]. The spectrum recorded absorption
bands of v (OH) - 3442 cm™ valence and
deformation SHOH-1635 cm™ oscillations of water
molecules [20]. The infrared spectrum of Ni-Co
concentrate is in Figure 2.

The filtrate (solution after Ni-Co concentrate
precipitating) is a volume of 680 ml. The filtrate is
colorless, bright. According to the chemical
analysis, the filtrate contains, g / dmn Ni - 0.460;
Co -0.100; Re - 0.078; Mo — 0.005; W — 0.0001;
Al -N/A; Cr- N/A.

Chemical analysis of the filtrates showed that
the metals present in the raffinate, when alkali added
are almost completely precipitate.

The infrared spectrum of the filtrate
recorded  absorption bands of  valence
v(OH) - 3422 cm™, deformation SHOH-1648 cm™,
and librational v . H,O - 678 cm™ vibrations of
molecular water [19]. The group [SO4]*Kis 1108,
624 cm™ [19, 21]. The group [NO;] Kis 1397,
1376 cm™ [19, 21]. In the filtrate, the content of
nitrate ion is lower than in the initial solution
(raffinate). At the maximum of the absorption
band characterizing the vibration of vs3(F,) sulfate
ion at a wavenumber of 1108 cm™, the optical
density was 0.515. At the maximum of the
absorption band characterizing the vibration of
va(F>) sulfate ion, at a wavenumber of 629 ¢cm ~!,
the optical density was 0.479. At the maximum of
the absorption band, which characterizes the
vibration of vi (A1) sulfate ion, at a wavenumber
of 974 cm™, the optical density was 0.023.

When comparing the spectra of solutions -

of the initial raffinate with the filtrate (Figure 3), a
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decrease in the intensity of the v OH band in the
filtrate is observed after deposition (2) compared
with the initial raffinate (1), which indicates a
decrease in the salt content in the filtrate.

The study of obtained Ni-Co concentrates
without  washing  using  thermogravimetry.
Thermogravimetric analysis allows establishing
the presence of chemical interaction of substances
or phasing transformations by the accompanying
thermal effects. The application of the method is
based on the tendency of solid materials to

chemical and physical transformations,
accompanied by thermal effects. All processes
occurring during the formation are recorded with a
thermogravitogram (Figure 4).

Intense endothermic effects on the DTA
Ni-Co concentrate curve are manifested with
maximum development at 179.7 °C, 281.2 °C, 366.6 °C.
They are developed against the background of
weight reduction. The additional endothermic
effects can be noted on the dDTA curve, with

extremes at, °C: 1252, 1444, 1558, 3408.
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Figure 4 Thermogravitogram of Ni-Co concentrate without washing

There are also exothermic effects with peaks
at 237 °C, 295.2 °C, 399.5 °C. In this sample, a
high content of sodium, therefore, apparently, the
effect of polymorphic transformation of sodium
sulfate (281.2 °C) is well manifested even in the
DTA curve. Also in this sample, elemental sulfur
(125.2 °C), ReO4 (144.4 °C), ReO; impurity
(155.8 °C) is present. At 366.6 °C, nickel
hydroxide is dehydrated and nickel oxide is
formed. This effect can also be a manifestation of
the de-concentration of co-oxyoids. Effects with
extremes at 179.7 °C (DTA) and 399.5 °C (dDTA)
can be associated with the manifestation of
chromium hydroxide.

The lows at the DTG curve in the
temperature range 300-400 °C reflect the
dehydration of Fe, Al, Ni, Cr, Co hydroxides. The
presence of amorphous and fine hydroxides is also
not excluded. Their dehydration probably reflects a
stretched low at 162.2 °C on the DTG curve, and
the products crystallization reflects exothermic
effects with peaks at 237 °C, 295.2 °C, 399.5 °C.

Table 1 Washing of nickel-cobalt concentrate with water

The total weight loss was 12.37%.

Based on the results, it should be concluded
that Ni-Co concentrate is necessary to wash with
water from sodium, after precipitating it from the
raffinate with a NaOH solution.

Washing of Ni-Co concentrate out of sodium.
We washed the Ni-Co concentrate with distilled
water at room temperature 25-27 °C, ratio
L:S = 10:1. The concentrate was wet, weight -
100g. The moisture content of the concentrate is
76.35%. Dry concentrate weight is 23.65 g.

The concentrate was pre-dispersed in the
water (50 ml), then the pulp was moved to a filter
and washed with water to pH7 (by test paper). The
results of testing of the Ni-Co concentrate washing
process are in Table 1.

The chemical composition of the rinse after
washing of the Ni-Co concentrate is, g/dmn Ni -
0.00025; Co - 0.00005; Re 0.0059; Mo - 0.00032;
W = 0.00023; Al = 0.00022; Cr - 0.00003. The
influence of the washing process on the content of
elements in the dry concentrates is provided in
Table 2.

Test L:S | Service water Concentrate after washing Filtration Drying
No time, min concentrates,
pH | Volume, Wet Humidity, % | Dry hour
ml weight, g weigh,
g
19 10:1 | 7 975 52,52 81,17 9,89 49 5
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Table 2 Effect of the washing process on the elements content in the dry concentrates before and after washing

with water
Element antent, wt. % . Element antent, wt. % '
before washing after washing before washing after washing

Ni 15,68 37,55 Hf 0,05 0,13
Co 1,89 4,48 Si 0,31 0,21
Cr 1,77 4,24 S 11,77 3,65
Al 0,88 2,41 0 43,89 43,33
Mo 0,10 0,22 Na 23,19 2,11
Re 0,04 - Fe 0,33 0,87
W 0,02 0,02 Ti 0,08 0,52

Note - the dry weight of the concentrate without washing - 23.65 g, after washing - 9.89 g.

As provided by Table 1 and 2 the mass of
Ni-Co concentrates decreases (~ 2.4 times), the
sodium content in the concentrate decreases, the
content of nickel and cobalt increases after
washing. According to X-ray phase analysis
(Figure 5), the dry Ni-Co concentrate have the
following phases after washing: 33 wt. %
Na;SO4; the rest is Niz(NO3)2(OH)2'2H20;
Ni(OH)z and CO(OH)z; NiSO4(H20)7;
NiSO4'6H20; COSO3’3H20.

A decrease in the intensity of the
Thenardite Na,SO4— 1129, 638, 617 cm™ band is
observed in the spectra from 4 to 0.85 when
comparing the IR spectra of Ni-Co concentrates
without washing and after washing with water,
which also indicates a decrease in the Na>SO4
content in the washed concentrate.

The thermogravitogram of a Ni-Co
concentrate after washing with water is provided in
Figure 6. The DTA curve demonstrates intense
endothermic effects with maximum development at
194 °C, 381.8 °C. They are developed against the
background of a sample weight reduction.
Additional endothermic effects can be marked
with extreme values at 117 °C, 136.9 °C, 148 °C,
180.9 °C, 268.8 °C, 287 °C along the dDTA
curve. Exothermic effects are present with peaks
at 244.5 ° C, 303.5 °C, 415.2 °C as well.

The exothermic effect combination with a peak
at 244.5 ° C on the dDTA curve and an endothermic
effect with an extreme value at 381.8 °C can be
interpreted as nickel hydroxide occurence.

The effect at 381.8 °C reflects the dehydration
process of this phase and the formation of nickel
oxide. The endothermic effect with an extreme value at
268.8 °C on the dDTA curve can be an occurrence of
the polymorphic transformation of sodium sulfate. The
combination of the endothermic effect with the

maximum development at 194 °C and the exothermic
effect with a peak at 415.2 °C can be interpreted as a
chromium hydroxide occurence. The exothermic effect
reflects the conversion of Cr" into Cr** with the
formation of the a-phase of a variable composition.
Since the sample under study may have hydroxides of
iron, aluminum, cobalt, so this peak may be an
occurence of the solid solutions formation of spinels.

A number of least values are emphasized on
the DTG curve, in the temperature range 300-400 °
C, which reflect the hydroxides dehydration Cr, Fe,
Al, Ni, Co. In addition, amorphous or finely
dispersed Fe, Al, Co. hydroxides may be present in
the sample.

As well known the cobalt hydroxides include
unstable blue and stable pink hydroxide Co(OH),,
CoOOH oxyhydroxide, hydrated oxides [26]. Blue
hydroxide is finely dispersed, it begins to lose
water already at 170°C. Pink is resistant to 300°C.

Dehydration of the aged rhombohedral
CoOOH is at ~ 335 °C. That is to say the effect
with an extreme value at 381.8 °C may also be an
occurrence of CoOOH dehydration. The stretched
least value at 192.5 °C on the DTG curve may be
an occurence of the dehydration of amorphous,
finely dispersed phases, and the exothermic effects
with peaks at 244.5 °C, 303.5 °C, 415.2 °C on the
dDTA curve reflecting the crystallization of
dehydration products.

The total weight loss was 14.96%. The
higher mass loss compared to the concentrate
without washing (12.37%) is probably due to a
higher nickel content in the form of hydroxide.

To confirm the presence of sodium sulfate,
the sample weighing 0.314 g was heated to ~ 860
° C. The endothermic effect with an extreme value
at 824.2 °C, which reflects the melting of sodium
sulfate was better manifested on this DTA curve.
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Figure 6 Thermogravitogram of Ni-Co concentrate after washing with water

Thermogravimetric  analysis of the
concentrates, both without rinsing and after
rinsing with water, resulted in that in the
temperature range of 300-400 °C occur
dehydration of nickel, cobalt, chromium,
aluminum, iron hydroxides and their transition
into oxide forms.

Annealing of nickel-cobalt concentrates
obtained out of the products after the
electrochemical break down of the HRNA wastes at
a temperature of up to 400 °C will allow to transfer
all non-ferrous metal hydroxides to oxides, to
reduce the mass of concentrates by 15-20%.
Annealed nickel-cobalt concentrates can be used in
the smelting of some ferroalloys.

22

Findings

The studies have shown that nickel and cobalt
can be isolated from the waste of rhenium-
containing heat-resistant nickel alloys in the form of
a concentrate. Start with, the large pieces of waste
alloys anode dissolved in sulfuric acid solutions to
obtain a rhenium-containing solution and anode
slurry. Rhenium, nickel and cobalt are extracted into
a solution out of the anodic slurry by chemical
dissolution. Solutions from the anodic break down
of the wastes and chemical dissolution of the
slurries are combined and sent for the extraction of
rhenium from them. After extraction of rhenium
from the raffinate, nickel and cobalt are precipitated
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with a solution of NaOH (500 g / dm®) until the pH
value is 89 at a temperature of 40 °C, with
intensive stirring of the pulp for 1 h. Physical and
chemical studies of the obtained concentrate showed
that it contains the following phases, wt. %: 62,6
Na2804; 37,4 Niz(NO3)2(OH)2'2H20 u CO(OH)z.
Washing the resulting concentrate from
sodium with water is proposed at a L:S ratio = 10:1.
After the Ni-Co concentrate washing, it mass
decreases (~ 2.4 times), the sodium content in the
concentrate decreases, the nickel content (from
15.68 to 37.55 wt.%) and cobalt (from 1.89 to 4,48
wt.%). During the annealing of the concentrate in
the temperature range of 300-400 °C, the processes

their transition into oxide forms occur. In this case,
the weight of the concentrate is reduced by 15-20%.
The resulting concentrate can be sent for further
processing in order to extract non-ferrous metals
from it. Also, nickel-cobalt concentrate can be used
to produce some ferroalloys.
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blcThIKKa TO3iMIi HUKeJIbAI KOPHITHAJAPBIHBIH KAJBIKTAPbIHAH AJILIHFAH HUKEJb-
KO0AJBbTTHI KOHHEHTPATTAPBIH QU3UKAIBIK-XUMHUSLIBIK 3epPTTEy

Kunubaena C. K., Aranosa JI. 5., KarkoBckast M. H., Aman:kosiosa JL. Y., Kym E. I1.

Tyiiinaeme. Kypambiana penuiii 6ap bicThikka Te3imMai Hukenbli kopeitnanap (BITHK) xypamemnma 50-75 % Ni,
3-15 % Co. BITHK kangsIKTapblH SJEKTPOXUMUSIIBIK Kaiita eHmey OapbichiHma 80-90 % neitin Re, Ni xone Co
epiTiHzire eTexi, aj oMapAbIH a3 0eiri aHoATHIK nutamaa Kanansl. lllnamman MetamiapapH Kainrad OeJliriH XUMHSIIBIK
epiTyMeH epTiHzire oTkizeni. KanmpIKTapapl >JIeKTPOXUMHSIIBIK KaiTa OHISYICH KEHIHT1 KoHEe MUTaMAapIbl XUMHSIIBIK
epiTyleH KehiHTi epTiHainepni OipikTipim, dKCTpakus oAiciMeH onapAaH Re-nmi msirapansl. Re-ai skcTpakmusiiaynaHn
kelin papumarran (r/mm>: 14,26 Ni; 2,48 Co) NaOH (500 r/mm®) epitinmiciven (pH-Tein moHmepi 8-9 mieitin
opuairanira, 40 °C rtemmneparypanma, 1 carar Ooiibl apanacymeH) Ni-Co KOHLEHTPATTBIH TYHIBIPYBI OTKI3UIII.
PentrenguyopecueHTTik, peHTreH(pasanblk, TepmorpaBumerpiik xoHe MKC omicTepi KOHLIEHTPATTHIH (DH3HKAIBIK-
XUMUSUTBIK 3epTTEYbl OHBIH KypaMbIHa Kejeci ¢aszanap, mac. %: 62,6 Na,SOs; 37,4 Niz(NO3)2(OH),-2H,0 u Co(OH),
6ap exenin kepcerti. C:K = 10:1 KaThIHACBIH/A KOHLIEHTPATTHI HATPUIICH CyMEH IIalo/la OHBIH MacCachlH a3asipl (~
2,4 ece), HaTpuil Kypambl Temennewni, Ni (15,68-nen 37,55 % neiiin) men Co (1,89-nen 4,48 %peiiin) Kypambl
xorapiaiinel. Temmepatypa 300 — 400 °C uHTEpBaNbIHIAA KOHIEHTPATTH KbI3AbIpyaa Ni skoHe Co THAPOOKCHUATEPIHIH
JeTUApaTanusuiay ypIici Ooyampl >KOHE OJapAbIH OKCHATIK (opManapbiHa Kelneni. AJBIHFaH KOHIIGHTPAT OJaH Jpi
KaliTa eHaeyre KiOepiTysl MYMKIH OJNapJaH TYCTi MeTajurgap Hemece Keilip (peppoKopBITHAaphIH ATy MaKCAaTBIHIA.
Tyiiinai ce3aep: bITHK xangpikrapser, padpunar, Ni-Co KOHIEHTPATHL, TYHABIPY, IIAI0, KBI3IBIPY.

Pu3NKO-XMMHYEeCKHE HCCJICJ0BAHUA HHUKEJIb-K00aJIbTOBBIX
KOHIECHTPATOB, MOJYIYCHHbBIX U3 OTXO0A0B KaPOIPOYHBIX HUKEJIECBLIX CIIJIABOB

Kunubaena C. K., Aranosa JI. 5., KarkoBckass M. H., Aman:kososa JL. Y., Kym E. I1.

Annotanmusi. OTX0/IpI PEHUHCOEPXKAIINX KaponpouHbIX HUKeneBbix cruiaBoB (JKHC) coneprkar 50-75 % Ni, 3-15 %
Co. Ilpu snexrpoxumnueckoil nepepaborke orxonoB JKHC B pactBopsl mepexoaut no 80-90 % Re, Ni u Co, a
HE3HAUWTENbHAasl MX 9acTh OCTaeTcs B AHOAHOM ImiaMe. V3 murama OCTaBIIYIOCS HYacTh METAIOB XUMHYECKHM
pacTBOpEeHHEM MEPEeBOIAT B pacTBOpP. PacTBOpHI mocie AMEKTPOXMMUYECKOH mepepaboTKH OTXOAO0B M XUMHYECKOTO
PacTBOPEHUS IIJTAMOB OOLEINHSIIOT K METOIOM SKCTPAKIMH U3BJIEKAIOT 3 Hux Re. U3 padunara (r/mm>: 14,26 Ni; 2,48
Co) mocne skcrpakuuu Re pactsopom NaOH (500 r/am®) mposenu ocaxkaenue Ni-Co KOHIEHTpara (10 YCTaHOBIEHHS
3HaueHust pH 8-9, mpu temmeparype 40 °C, HHTEHCUBHOM TiepeMelMBaHuHd B TeueHUe | 4). DU3NKO-XUMUYECKHE
HCCIICIOBAaHMS KOHIIGHTpaTa PEHTTeHO(IyOPECIEHTHBIM, pPEHTreHo(ha30BeIM, TepMorpasuMerpuyeckum u WKC
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METOJIaMH TI0Ka3alli, 4TO B HEM cojlepikatcs ciexyromue ¢asbl, Mac. %: 62,6 NaSOs; 37,4 Nin(NO3)2(OH),-2H,0 n
Co(OH),. ITpombiBKa KoHLIEHTpaTa OT HaTpust Bogoi npu XK:T = 10:1 no3Bonuna yMeHsIIUTH €ro Maccy (~ B 2,4 pasa),
CHHM3HTh COJIep)KaHHE HAaTpUs, OBBICUTH copeprkanue Ni (ot 15,68 1o 37,55 %) u Co (ot 1,89 no 4,48 %). [1pu oTxxure
KOHLIeHTpaTa B UHTepBasie Temrepatyp 300 — 400 °C npoucxonst npouecchl Aeruaparanuu ruapokcunos Ni u Co u
nepexojia UX B OKCUIHbIE POpMBIL. [loTydeHHBIH KOHIIEHTPAT MOXKET OBITh HANpaBJICH Ha JajbHEHIIYI0 epepaboTKy ¢
LEIBIO M3BJICYCHUS U3 HETO IBETHBIX METAJUIOB MIIM UCIIOJIb30BAH VIS TIOJIyYESHHUS] HEKOTOPBIX ()eppOCILIaBOB.
KiroueBbie ciioBa: otxonsl JKXHC, padunat, Ni-Co KOHIIEHTpAT, OCaKACHUE, TPOMBIBKA, OTKHT
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