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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/dm®: 14.26 Ni; 2.48 Co) after the extraction of Re by NaOH (500 g/dm?)
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 Na;SO4; 37.4 Niz (NO3), (OH), « 2H,O and Co (OH),.
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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BICTBIKKA TO3IMJAI HHUKEJIb/JI KOPBITIIAJIAPBIHBIH, KAJIABIKTAPBIHAH AJIBIHFAH HUWKEJIb-
KOBAJIBTTBI KOHIHEHTPATTAPBIH ®U3UKAJIBIK-XUMUAJIBIK 3EPTTEY

Tyiiinaeme. Kypambiaaa peruiii 6ap pICThIKKA To3iMai HuKenbai Kopbitnagap (bITHK) kypameraga 50-75 % Ni, 3-15 % Co.
BITHK kanabIKTapblH 3JI€KTPOXUMHSIIBIK Kaita eHaey OapoicbiHga 80-90 % meitin Re, Ni xone Co epitinaire eteni, aa
onapJblH a3 Oeliri aHOATHIK Huiamzaa Kananael. [llnmampan merannapiplH KajdfaH OeJIriH XUMHSUIBIK €pITYMEH epTiHaire
oTKizeni. Kanaplkrapapl SJEKTPOXMMUSIIBIK KaiiTa OHACYJACH KEWiHTi kKoHE IIIamIapibl XUMHSJIBIK €pITYyIeH KeWiHTi
epTiHxinepai OipikTipin, SKCTpakuus diciMeH onapaaH Re-nmi mibiFapanbl. Re-zmi akcTpaknusuiayiaH KeidiH paduHaTTaH
(/mv®. 14,26 Ni; 2,48 Co) NaOH (500 r/mv®) epitingicimen (pH-TeiH Momzepi 8-9 mieifin opHanFamma, 40 °C
Temneparypaaa, | carat Ooiibl apamacymeH) Ni-Co KOHIGHTPATTBIH TYHABIPYBl OTKI3ULAi. PeHTreH(yopecueHTTIK,
pentrengasanbik, TepmorpaBuMerpiik xkoHe MKC omicrepi KOHIEHTPATTBIH (DHU3HKAIBIK-XUMUSIIBIK 3€PTTCYBl OHBIH
KypaMbIHIa Kesteci dasamap, mac. %: 62,6 NaSOu; 37,4 Niz(NO3)2(OH),-2H,0 u Co(OH), 6ap exenin kepcerti. C:K = 10:1
KAThIHACBIH/Ia KOHIICHTPATTHI HATPUI/ICH CYMEH IIat0J1a OHBIH MACCAChIH a3asibl (~ 2,4 ece), HATpHid Kypambl ToMeHen i, Ni
(15,68-men 37,55 % neiiin) men Co (1,89-aen 4,48 Yneiiin) kypamsl xorapinaiiasl. Temmeparypa 300 — 400 °C unTepBasbHAa
KOHILIGHTPATThl Kbi3AbIpyna Ni jxoHe Co THAPOOKCHATEPIHIH JAeruapaTanudsiiay yphici Oomajabl jKOHE OJapiAblH OKCHATIK
(hopmanapbiHa Keliie/i. AJIbIHFAH KOHIIGHTPAT OZ[aH d9pi KalTa eHeyre ®ioepiybl MyMKIH oflapaH TYCTI METauiap HeMece
KelOip GeppOoKOpHITIANIAPBIH ally MAKCATHIH/IA.

Tyiiinai cesnep: bITHK kammpikrapsl, pagunar, Ni-Co KOHIIEHTPATHI, TYHIBIPY, A0, KbI3IBIPY
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PU3UKO-XUMHNYECKHUE HUCCIEIOBAHUA HHUKEJb-KOBAJIBTOBBIX KOHIIEHTPATOB,
HOJYYEHHBIX U3 OTXOJ0B XKAPOITPOYHBIX HUKEJIEBBIX CIIJIABOB

AunHoTtanus. OTX0/pl peHuiicoaepKaiux jxapornpounsix Hukenebix ciutaoB (JKHC) comepxar 50-75 % Ni, 3-15 % Co.
Ipu snexrpoxummdeckoi mepepadotke orxomos JKHC B pactBops! nepexomut 1o 80-90 % Re, Ni u Co, a He3HaunTeNbHAS
WX YacTh OCTAaeTCs B aHOJHOM IIIamMe. V3 mimaMa OCTaBINYIOCS YacTh METAaJUIOB XMMHYECKAM pPAcTBOPEHHEM IIEPEBOT B

This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)

16



mailto:rm.303.imo@mail.ru
https://creativecommons.org/licenses/by-nc-nd/3.0/

% Crossref
ISSN 2616-6445 (Online), ISSN 2224-5243 (Print)
Kompleksnoe Ispol’zovanie Mineral'nogo Syr’a. Ne3.2019 (16 - 26)

pacTBOp. PacTBOpHI mMOCITE 3MEKTPOXUMHIECKOH MepepabOTKH OTXOI0B M XUMUYECKOI0 PaCTBOPEHHS ITAMOB OOBEIMHSAIOT U
METOJIOM SKCTPAKIMU M3BJEKaloT u3 HuX Re. W3 padumara (r/mv*: 14,26 Ni; 2,48 Co) mocne skctpakimu Re pactBopom
NaOH (500 r/mv®) mposemu ocaxnerue Ni-Co koruenTpara (o ycranosnenus 3nauenus pH 8-9, npu temmeparype 40 °C,
WHTCHCHBHOM  IIepeMeIIMBaHMM B TedeHme 1 4).  @DH3HMKO-XUMHYECKHE  HCCICIOBAHWA  KOHIIEHTpara
PEHTTeHO(IIYOPECIIEHTHBIM, PEHTTeHO(A30BbIM, TepMorpaBuMerpudeckuM u HMKC Meromamu mokasasy, 9To B HEM
comepskarcst ciaenyromue ¢asel, Mac. %: 62,6 Na,SO4; 37,4 Nix(NO3)2(OH)z-2H,0 u Co(OH),. TIpoMbiBKa KOHIIEHTpATa OT
Hatpus Bonoi npu JK:T = 10:1 no3Bonuina yMeHbIUTh ero mMaccy (~ B 2,4 pa3a), CHU3UTh COJEpKAHUE HATPHsl, TOBBICUTh
coneprkanue Ni (ot 15,68 no 37,55 %) u Co (ot 1,89 no 4,48 %). IIpu omxure KoHIEeHTpaTa B HHTepBaje Temmeparyp 300 —
400 °C mpomcxomaT mporecchl aeruaparanun ruapokcnnoB Ni m Co M mepexoma MX B OKCHAHBIC (opMbl. IlomydeHHbIH
KOHIIEHTpAaT MOXET OBITh HAIpaBJIeH Ha JaNbHEHIIyI0 IepepaboTKy ¢ LebI0 M3BJICYEHHS M3 HEro IBETHBIX METAIJIOB MITH

HCIIOJIB30BAH JUIA NTOJyYEHHsT HEKOTOPBIX (heppOCIIIaBOB.

Kuarouessie cioBa: orxonsl JKHC, padunar, Ni-CO KOHIIEHTpAT, OCaXIEHHE, IIPOMbIBKa, OTKHUT

Introduction. Nowadays, the general metal
production faces an obstacle in the efficient and
integrated use of secondary raw materials that is
becoming increasingly important both world wide
and in the Republic of Kazakhstan.

Heat-resistant alloys have been widely used
as a special type of structural materials in recent
years, connected with the development of various
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
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depending on the composition of the raw material
and the conditions of its processing, on average, g /
dmsd: 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

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/dm3: Ni — 14.260; Co -
2,481; Re - 0.102; Mo - 0.121; W — 0.012; Al =
1.810; Cr - 2.212 (95.06 g/dm3 of acidity). A
predetermined raffinate volume (1 dm?3) was poured
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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 / dm?) 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 cm™, deformation SHOH-1647 cm™
and librational v | HO — 674 cm™ of molecular
water fluctuations are recorded in the raffinate
spectrum (concentrate solution for precipitation)
[19]. The group [HSO4 - 1196, 1053, 890, 598
cm™ [20]. The group [SO4)* - 1117, 627 cmi™* [18,
20]. The group [NO3] - 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, 8 HOH, v . H.0, v; of
nitrate-ions, vs(F2) of sulfate ion, va(F2) of sulfate
ion, vo(SO3) of hydrosulfate ion; v4(SOs) of
hydrosulfate ion; v 1(S — OH) of hydrosulfate ion;
vs, vs (OSO) of hydrosulfate ion.

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,SO4; 37.4 wt. %
of Niz(NOs)z(OH)z-ZHzO and <25 wt. % of
Co(OH)s.

The X-ray analysis has shown the following
in the Ni-Co concentrate: Thenardite Na,SO, - 1131,
638, 617 cm™ [20, 22-25]. The group of [SO4] % -
1131, 996, 977, 638, 617 cm™ [19-21]. The group
[NOs] ~ - 1384, 1040, 833 cm™ [19, 21]. The band
at 996 cm™ can be attributed to the vi (Ai)
fluctuation of iron, cobalt, and nickel sulfates [20,
23]. ALUMINITE Al (SO4) (OH)4.7H,0 - 977cm™
[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™ wvalence 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 / dm3: 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]* is 1108,
624 cm™ [19, 21]. The group [NOs] ~ is 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 vs(F2) sulfate
jon at a wavenumber of 1108 cm™, the optical
density was 0.515. At the maximum of the
absorption band characterizing the vibration of

va(F2) sulfate ion, at a wavenumber of 629 cm -1

P Crossref
ISSN 2616-6445 (Online), ISSN 2224-5243 (Print)

Kompleksnoe Ispol’zovanie Mineral'nogo Syr’a. Ne3.2019 (16 - 26)

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
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: 125.2, 1444, 155.8, 340.8.
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Figure 3 - Comparison of the infrared spectra of the filtrate with the raffinate
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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), ReOs (144.4 °C), ReOsz 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
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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.
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 / dm3: Ni -

0.00025; Co - 0.00005; Re 0.0059; Mo - 0.00032; W
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= 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.

Table 1 - Washing of nickel-cobalt concentrate with water

Test L:S | Service water Concentrate after washing Filtration Drying
No pH | Volume, Wet Humidity, % | Dry time, min concentrates,
ml weight, g weigh, hour
g
19 10:1 | 7 975 52,52 81,17 9,89 49 5

Table 2 - Effect of the washing process on the elements content in the dry concentrates before and after

washing with water

Element Content, wt. % Element Content, 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,SOg; the rest
is Niz(NOs)z(OH)z-ZHzO; Ni(OH)z and CO(OH)z;
NiSO4(H20)7; NiSO4-6H20; CoSO3-3H,0.

A decrease in the intensity of the
Thenardite Na;SO.— 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.
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Figure 5 - Diffractogram of Ni-Co concentrate after washing

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)2, 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,
4152 °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.
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Figure 6 - Thermogravitogram of Ni-Co concentrate after washing with water
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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.

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.

Conclusion. 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 with a solution of NaOH (500
g/ dm?) until the pH value is 8-9 at a temperature of
40 °C, with intensive stirring of the pulp for 1 hour.

Physical and chemical studies of the obtained
concentrate showed that it contains the following
phases, wt. %:. 62,6 NaSOy; 37,4
Niz(NOg)z(OH)z-ZHzO 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 of
dehydration of nickel and cobalt hydroxides and
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
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from it. Also, nickel-cobalt concentrate can be used
to produce some ferroalloys.
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	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...
	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...
	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 ...
	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...
	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...
	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.

