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Abstract: This paper contains results of studies on production of electrolytic Ni-Re-containing alloys. These alloys have more pronounced
valuable technical characteristics than analogous casting alloys and can be used in powder metallurgy. The effect of some main electrolysis
parameters (electrolyte composition, cathodic current density, temperature) on the chemical, phase composition, structure and yield by
current efficiency (YCE) of Ni-Re-containing alloys deposited on a titanium cathode was determined. The alloys were analyzed using X-ray
fluorescence, X-ray phase, chemical, electron-microscopic, and petrographic methods. Deposition of powder alloys from ammonium-sulfate
electrolytes (average composition, g/dm?® 12-30 NiSO,, 1.0-7.2 NH,ReO,, 20-80 (NH,),SO,, 6.6-15.0 H,SO,) showed that with increase
of NiSO, concentration YCE increases from 56 up to 90 %. The average content in the alloys, wt. %: nickel — 47.5-54.9 and rhenium —
37.6-47.5. Increase in the concentration of NH,ReO, was associated with an increase in YCE from 45 up to 84%. The alloys contain in
average, wt. %: 49.0-71.9 of nickel and 22.7-46.5 of rhenium. Increase in the current density (150-300 A/m?) leads to an increase in the
YCE from 60 up to 95 %. The concentration of nickel in the alloys increases from 48 up to 63 (wt.%), whereas the concentration of rhenium
decreases from 49 to 36 (wt.%). When the temperature of the electrolyte increased (30-60 °C), the YCE increased from 74 up to 95 %;
the concentration of nickel in the alloys increased from 56 up to 61 (wt.%), and the concentration of rhenium varied in the range of 35-38
wt.%. When the composition of the electrolyte was modified (g/dm?®: 2 NH,ReO,, 80 (NH,),SO,) the concentration of nickel in the resulted
alloys increases from 76 up to 93 (wt.%), the concentration of rhenium decreases from 19 to 1.7 (wt.%), and the yield by current efficiency
of the alloys was from 51.7 to 85.4 % with increase in the temperature. When the temperature increased the alloy powders become more
friable and are easily disintegrated. According to X-ray fluorescence analysis data, the alloy base is represented by solid Re solutions in
Ni and Ni solutions in Re with particles of 8.2-16.6 nm in size irrespective of the electrolysis parameters.

Key words: powders, electrolytic alloys, nickel, rhenium, electrodeposition, electrolyte composition, current density, temperature, current

efficiency.

Introduction. Recently, all over the world there
is an increased interest to nickel-based superalloys
which are used in aerospace engineering [1-4]. The
countries with developed industries work actively for
development of new construction materials on the
basis of heat-proof nickel alloys containing additives
of high-melting-point metals (rhenium, wolframium,
etc.) using powder metallurgy methods. Many details
made of powder alloys are characterized by better
quality and a lower cost as compared to those made
of traditional. Therefore, although the powder alloy
production volume is low and makes up just 0.1% of
the total metal production volume, they are of great
importance in the national economy, and the scope
of application thereof is extensive. Along with the
use of powder alloys as raw materials for production
of various components by powder metallurgical
methods, powder alloys are used as a target material
for application of high-melting-point metal coating
by, for example, the ion-plasma method.

All known methods used for producing nickel-
based superalloys are, generally, thermal methods
and are used at high temperatures. However, there are
works on electrical deposition of nickel-based alloys
from aqueous solutions of electrolytes.

It is known that electrolytic alloys have more
distinct valuable technical characteristics as compared
to analogous casting alloys [5-6]. The works on
electrolytic deposition of nickel alloys with rhenium
and other high-melting-point metals from aqueous
solutions are conducted in Russia, Kazakhstan, Japan,
China, USA, Israel, and Poland [5-16].

The electrochemical technique allows obtaining
homogenous alloys at low temperatures, which is not
always possible to achieve using high-temperature
methods. Powder metallurgy provides for specific
requirements to the powder form and sizes. A
targeted adjustment of electrolysis parameters allows
producing powder nickel-rhenium-containing alloys
of the required form and size.
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Development of the machine engineering and
electronic industries in the Republic of Kazakhstan
will require creation of corrosion-resistant and
strong details for various devices and mechanisms,
contacts in microelectronic circuits, etc. Therefore,
development of a new technology for manufacture
of powder nickel-rhenium-containing alloys from
aqueous solutions by electrolytic method is of
considerable scientific and practical interest.

This work is intended to determine the influence of
main electrolysis parameters on the chemical, phase
composition, structure and current efficiency of the
deposited powder Ni-Re-containing alloys.

Experimental Part. Powder electrolytic Ni-
Re-containing alloys were deposited on a titanium
cathode in a thermostated electrochemical cell with
a platinum anode which is schematically presented in
Figurel.

K
TepMo-
crary

1 — water-jacket; 2 — membrane; 3 — anode;
4 — cathode, UM — power supply

Figure 1 — Scheme of a membrane
thermostated electrochemical cell

The anode in the thermostated electrochemical
cell was made of platinum in the form of cylinder
with a cathode made of a titanium rod placed in the
centre. In order to exclude mixing the cathode and
anode reactions, the interelectrode spaces in the cell
were separated by a MK-40 cationite membrane.
The surface of the titanium cathode was processed
mechanically and cleaned by fine sandpaper. Upon
completion of the electrolysis the cathode with
the deposit was washed in water and dried in air,
weighted and the deposit was analyzed by X-ray
fluorescence, X-ray phase, chemical, -electron-
microscopic, and petrographic methods. Nickel
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and rhenium in the deposit were determined by
atomic emission spectroscopy on Optima 2000 DV
(USA, Perkin Elmer). X-ray fluorescence analysis
was performed on a Venus 200 PANalytical B.V.
spectrometer with wavelength dispersion. X-ray
phase analysis of powder nickel-rhenium-containing
alloys was performed on a D8 Advance (BRUKER)
diffractometer with Cu Ka radiation. The deposits
were also analyzed using JEOL JXA-8230 electron
probe micro-analyzer.

In the analyses solutions of sulphuric acid and
nickel sulphate, ammonium sulphate, and ammonium
perrhenate were used. The grade of sulphuric
acid, nickel sulphate, and ammonium sulphate
corresponded to the high grade and analytical reagent
grade. Ammonium perrhenate was of AR-0 grade.

Results and Discussion. The deposit collected
on the cathode as a result of electrocrystallization
may be loose or thick layer consisting of numerous
microcrystallites. The structure of the deposit
depended on many factors such as the nature of the
substance and solvent, concentration of impurities,
adhesive properties of the deposits, temperature of
the environment, diffusion conditions, etc. The alloy
composition also depends on the cathode current
density, electrolyte composition, temperature and
mixing. Therefore, specific conditions must be
created to electrolytic deposition of powder alloys of
the specified composition.

Maintenance of electrolysis process in a membrane
system will allow excluding use of platinum, that’s
why this was a basis for performing studies connected
in development of a technology for producing powder
electrolytic nickel-rhenium-containing alloys by
membrane electrolysis.

Studies were performed in order to explore the
influence of the electrolyte composition on the
chemical and phase composition, structure and current
efficiency of powders nickel-rhenium-containing
alloys.

Sulphurous ammonium sulphate electrolyte
(average composition, g/dm’: 12-30 NiSO,7H,0,
1.0-7.2 NH ReO,, 20-80 (NH,),SO,, 6.6-15.0 H,SO,)
was used as an electrolyte for deposition of powder
Ni-Re-containing alloys by membrane electrolysis.

Experiments were performed for producing
powder alloys from electrolytes (composition, g/
dm’: 7.2 NH,ReO,, 40 (NH,),SO,, 6.6 H,SO,) with
different concentration of nickel sulphate (12; 15;
20; 30 g/dm®) with the cathode current density 200
A/m?, temperature 50°C, and four-hour-long process.
Dark-grey and light-grey metalescent deposits were
produced. When the concentration of nickel sulphate
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is increased the current efficiency increases and
is 56.6, 72.6, 82.7, and 89.8% in experiments 8§, 5,
2, and 32, respectively. According to the results of
X-ray fluorescence and chemical analyses of powder
nickel-based alloys, no clear patterns of the relation
between the content of nickel and rhenium in the
cathode deposits and increase in the concentration
of nickel sulphate in the electrolyte have been found.
The average contents of nickel and rhenium in the
deposits were 47.5-54.9 (wt.%) and 37.6-47.5 (wt.%),
respectively.

The structure of powder alloys determined by
petrographic analysis is shown in Figure 2. The higher
is the concentration of nickel sulphate in the electrolyte,
the lesser is the size of deposited powder particles, along
with a change in the magnetic characteristics of the
powders. Powder No 8 is strongly magnetic, No5 and
No 2 are weakly magnetic, and No32 is not magnetic.

No 2

Figure 2 — Structure of powder nickel-rhenium-containing alloys
depending on the concentration of nickel in the electrolyte
according to the petrographic analysis data
(200-fold magnification)

The data of the X-ray phase analysis (Table 1)
show that the alloy deposits contain, primarily, solid
solution of Re in Ni and solid solution of Ni in Re.
The use of the method to determine an average size
of particles based on the broadening of diffraction
reflections on the X-ray pattern of alloys (the Sherrer
equation) allows for crystallization of the produced
Ni-Re alloys with isolation of finely-divided phases
with the particle size 8.2 to 11.2 nm.

Table 1 — Results of X-ray phase analysis of powder alloys

Content of

Exp.| NiSO, in
No |electrolyte,

g/dm®

Compound Name

Nickel, syn Ni - 100.0%, Crystallite Size
(Scherrer) 8.4 nm; Nickel (Cubic) Ni, Cell
param.: Initial a=0.352 nm (Final a=0.352 nm);
Nickel (Hexagonal) Ni, Crystallite Size 8.2 nm,
Cell param.: Initial a=0.266 nm (Final a=0.262
nm); Rhenium (Hexagonal) Re, Crystallite Size
8.3 nm, Cell param.: Initial a=0.265 nm, c=0.445
nm (Final a=0.276 nm, c=0.446 nm); Rhenium
(Cubic) Re, Crystallite Size 9.4 nm, Cell param.:
Initial @=0.400 nm (Final a=0.395 nm). The
deposited alloys contain phase of metallic Ni,
solid solutions of Re in Ni and of Ni in Re.
Nickel (Cubic) Ni, Crystallite Size 8.3 nm, Cell
param.: Initial a=0.356 nm (Final a=0.352 nm);
Nickel (Hexagonal) Ni, Crystallite Size 8.2 nm,
Cell param.: Initial a=0.263 nm, ¢=0.421 nm
(Final a=0.262 nm, ¢=0.432 nm); Rhenium
(Hexagonal) Re, Crystallite Size 8.4 nm, Cell
param.: Initial a=0.274 nm, ¢=0.441 nm (Final
a=0.276 nm, ¢=0.446 nm). The alloy deposits
contain phase of metallic Ni, solid solutions of
Re in Ni and solid solutions of Ni in Re.

Nickel (Cubic) Ni, Crystallite Size 8.3 nm, Cell
param.: Initial a=0.355 nm (Final a=0.352 nm);
Rhenium (Hexagonal) Re, Crystallite Size 8.4
nm, Cell param.: Initial 2=0.268 nm, ¢=0.436 nm
(Final @ =0.276 nm, c=0.446 nm). The deposited
alloys contain solid solution of Re in Ni and solid
solution of Ni in Re.

Nickel (Hexagonal) Ni, Crystallite Size 8.3 nm,
Cell param.: Initial a=0.264 nm, ¢=0.425 nm
(Final a=0.262 nm, ¢=0.432 nm); Rhenium
(Hexagonal) Re, Crystallite Size 11.2 nm, Cell
param.: Initial a=0,274 nm, ¢=0.443 nm (Final
a=0,276 nm, c=0.446 nm). The deposited alloy
contain solid solution of Ni in Re.

32 30

Experiments were conducted for producing
powder alloys from electrolytes (composition, g/dm?:
12NiSO,"7H,0, 40 (NH,),SO,, 6.6 H,SO,) with various
concentrations of ammonium perrhenate (1-7.2 g/dm?)
at the cathode current density of 200 A/m?, temperature
50°C, and process duration for 4 hours. Dark-grey
deposits were produced some of which were removed
from the cathode in the form of film, but became more
friable with increase of the concentration of ammonium
perrhenate. No clear patterns of dependencies of
current efficiency and nickel and rhenium content in
the alloy powders were identified with an increase
in the concentration of ammonium perrhenate in the
electrolyte. When the concentration of ammonium
perrhenate was increased (1; 3; 5; and 7.2 g/dm?)
the current efficiency was 44.9; 83.6; 56.0; 82.7 %,
respectively (experiments 40, 35, 13, and 2). Based on
the results of X-ray fluorescence and chemical analysis
of powder alloys, the average content of Ni and Re in
the deposits is 49.0-71.9 wt. %: and 22.7-46.5 wt. %,
respectively.
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Figure 3 shows the structure of the powder alloys
based on the petrographic analysis data. No specific
pattern of influence of the concentration of ammonium
perrhenate on the powder particle size was identified,
still magnetic characteristics of powders change:
strongly magnetic (samples 40 and 13), weakly
magnetic (2), and non-magnetic (35).

No 2

Figure 3 — Structure of powder nickel-rhenium-containing
alloys depending on concentration of ammonium perrhenate in
the electrolyte based on petrographic analysis data (200-fold

magnification)

According to X-ray phase analysis data the
deposited alloys contain solid solution of Re in Ni
(samples 40 and 35) and solid solutions Re in Ni and
Ni in Re (samples 13 and 2). The resulted alloys are
crystallized with separation of finely-divided phases
with particles size of 15.4-8.4 nm. Figure 4 shows
X-ray pattern of the deposit of Sample 2.
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Figure 4 — X-ray pattern of powder nickel-rhenium-containing alloy
of Sample 2
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The study demonstrated influence of the cathode
current density on the chemical and phase composition,
structure and current efficiency of nickel-rhenium-con-
taining alloys. Powder alloys were deposited from sul-
phuric ammonium-sulphate electrolytes (composition,
g/dm’: 20 NiSO,-7H,0; 7.2 NH,ReO,; 40 (NH,), SO ;
6.6 H,SO,) at 50 °C during 4-hours-long process. The
cathode current efficiency was measured within the
range of 150, 200, 250, 300 A/m>.

Light-grey metalescent deposits were obtained at
current density of 150 A/m? and dark-grey deposits were
obtained at higher current densities. The relationships
between the current efficiency and content of nickel and
rhenium in the resulted deposits and the cathode current
density are shown in Figure 5. When the current densi-
ty increases, the current efficiency increases and is 60.6;
82.7; 98.3; 94.9 %, respectively (experiments 22, 2, 25,
27). According to the results of X-ray fluorescence anal-
ysis of powder alloys with increase in the cathode cur-
rent density the content of nickel in deposits increases
from 48 to 63 % and decreases to 60 % at the current
density of 300 A/m?; whereas the content of rhenium
decreases from 49 to 33 % and then increases to 36 %.
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Figure 5 — Influence of cathode current density on alloy current
efficiency (a) and content of the metals (Ni, Re) in the alloy (b)
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According to X-ray phase analysis data all alloy
deposits, irrespective of the cathode current density,
contain solid solutions of Re in Ni and solid solutions
of Re in Ni. The resulted alloys are crystallized with
separation of finely-divided phases with particles size
of 8.2-8.4 nm.

In the petrographic analysis no specific differences
in the structure of powder nickel-rhenium-containing
alloys depending on the current density were
identified, however the powders deposited at the
current density of 150 A/m?are weakly magnetic and
become strongly magnetic when the current density
increases.

The influence of temperature on the chemical and
phase composition, structure and current efficiency
of powder nickel-rhenium-containing alloys was
studied. Sulphurous ammonium sulphate electrolyte
(composition, g/dm?: 20 NiSO . 7H,0; 7.2 NH,ReO,,
40 (NH,),SO,, 6.6 H,SO,) was used as an electrolyte
for deposition of powder Ni-Re-containing alloys by
membrane electrolysis. Powders were deposited at the
cathode current density 200 A/m? over 4 hours; the
electrolyte temperature was varied within the range of
30, 40, 50, and 60°C.

When the electrolyte temperature increases the
current efficiency increases from 74 to 95 %. The
colour of deposits changes from light-grey to dark-
grey. Cathode deposit which was obtained at 60 °C in
form of film is easily disintegrated.

The petrographic analysis showed that the powders
became more finely-divided and their magnetic
properties increase with increase in the temperature.

The X-ray fluorescence and chemical analysis of
powder alloys deposited from electrolytes, depending
on their temperature, showed that the content of nickel
increased from 56 to 61 % and the content of rhenium
ranged from 35 to 38 % when the temperature increased.

Based on the X-ray phase analysis data, all deposits
of alloys, irrespective of the temperature, contain solid
solutions of Re in Ni and Ni in Re. The produced
alloys are crystallized with separation of finely-
divided phases with a particles size of 8.2-16.6 nm.

Experiments were conducted for depositing
powder Ni-Re-containing alloys by membrane
electrolysis within the temperature range from 30 to
60 °C in somewhat modified conditions: the alloys
were deposited from an electrolyte with a modified
composition (g/dm’: 20 NiSO,-7H,0; 2 NH,ReO,,
80 (NH,),SO,, 6.6 H,SO,) and the process time
reduced to 3 hours. Dark-grey cathode deposits with
different densities were obtained. According to the
X-ray phase analysis data the powder alloys are solid
solutions of rhenium in nickel (a cubical lattice with
a= 0.35-0.36 nm) and nickel in rhenium (hexagonal
lattice with ¢=0.27 nm, ¢=0.44 nm). The powder

alloys deposited within the temperature interval
40-60 °C were more friable. Depending on the process
temperature (30; 40; 50; 60 °C) the current efficiency
of the powder alloys was 51.7; 56.4; 85.4; 52.0 %,
respectively.

The microstructure of the powder alloys (Figure 6)
and their chemical composition (Table 2) was analyzed
on JEOL JXA-8230 electron probe micro-analyzer.

g

Temperature, °C: a, e- 30; b, f—40; ¢, g—50; d, h—60; a, b,
¢, d — solution facing deposit surface; e, f, g, h — cathode facing
deposit surface

Figure 6 — Microstructure of cathode deposits of Ni-Re alloys
obtained at different temperature (100-fold magnification)
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Table 2 — Chemical composition of cathode deposits of
Ni-Re alloys deposited from electrolytes at different temperature
(JEOL JXA-8230 micro-analyzer)

Sample ele;?g;l;ifstil:ifsn o Content, wt. %

number powders, °C Ni Re |C+O | Ti
L 30 7911 | 835 | 354 | -
12 40 76,96 | 19,43 | 3,21 -
’ 50 9391 | 169 | 440 | -
13 60 90,83 | 484 | 444 | -

The obtained results showed that, in general, when
the temperature increase, the content of nickel in Ni-
Re powders increases from 76 to 93 wt. %, and the
content of rhenium decreases from 19 to 1.7 wt. %.
When the temperature increases, the powder alloys
become more friable and easily disintegrated.

Conclusions. The influence of some main
electrolysis parameters (electrolyte composition,
cathodic current density, temperature) on chemical and
phase composition, structure and current efficiency of
powder Ni-Re-containing alloys deposited on the titan
cathode was determined. Deposition of powder alloys
from sulphurous ammonium sulphate electrolytes
(average composition, g/dm*: 12-30 NiSO,"7H,O,
1.0-7.2 NH,ReO,, 20-80 (NH,),SO,, 6.6-15.0 H,SO,)
showed that increase in the nickel sulphate
concentration (from 12 to 30 g/dm?) is associated with
increase in the current efficiency from 56 to 90%; the
average content of nickel and rhenium in the alloys is
47.5-54.9 (wt.%) and 37.6-47.5, respectively. Based
on the X-ray fluorescence data the alloys are based
on solid solutions of Re in Ni and Ni in Re with the
particles size 8.2-11.2 nm. When the concentration
of ammonium perrhenate increased (from 1 to
7.2 g/dm?), the current efficiency was from 45 to
84 %,; the average content of nickel and rhenium in
the deposits was 49.0-71.9 wt.% and 22.7-46.5 wt. %,
respectively. The alloys were based on solid solutions
of Re in Ni and Ni in Re with the particles size
15.4-8.4 nm.

Increase in the current density (from 150 to
300 A/m?) was associated with an increase in the
current efficiency from 60 to 95 %. The analysis
of the powder alloys showed that increase in the
cathode current density associated with the increase
in the content of nickel from 48 to 63 (wt.%) and
decrease in the content of rhenium from 49 to 36
(wt.%). According to X-ray fluorescence data the
alloy deposits contain solid solutions of Re in Ni
and solid solutions of Re in Ni with particles size
8.2 to 8.4 nm irrespective of the cathode current
density.
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When the temperature of electrolyte increases from
30 to 60°C, the current efficiency increases from 74 to
95%. Petrographic analysis showed that with increase
in the temperature the powders became more finely-
divided, and their magnetic properties increased. The
analysis showed that when temperature increased,
the content of nickel in the powders increased from
56 to 61 (wt.%), and the content of rhenium varied
within the range of 35 to 38 (wt.%). When powder
Ni-Re-containing alloys were deposited from an
electrolyte with the modified composition (g/dm?:
20 NiSO,7H,0; 2 NH,ReO,, 80 (NH,),SO,,
6.6 H,SO,), the content of nickel in the obtained Ni-
Re powders increased from 76 to 93 (wt.%), and the
content of rhenium decreased from 19 to 1.7 (wt.%)
with increase in the temperature. Depending on the
process temperature the current efficiency of powder
alloys was 51.7 to 85.4%. With increase in the
temperature the powder alloys are more friable and
easily disintegrated. The X-ray fluorescence analysis
showed that the alloy deposits contain solid solutions
of Re in Ni and Ni in Re with the particles size 8.2 to
16.6 nm, irrespective of the temperature.
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TYAIHOEME

KypambiHAa HVKenb-peHnii 6ap KopbiTnanapablH 3MeKTPOoNUTTIK YHTaKTapblH any GoibliHLLa 3epTTeynepriep HoTUXenepi KEeNTipinreH.

Byn KopbiTnanap ykcac Kyimarnbl KopblTnanapfa kaparaHga avikblH KyHAbl TeXHUKanblk cunatramanapfa e, XeHe [e YHTaKTbl
MeTannyprusiaa KongaHbinybl MyMKiH. OnekTponu3aais Kenbip Herisri kepceTKiLUTEPIHIH, (3MEKTPONUT KypaMmbl, KaTOATbIK TOK ThIFbI3ObIFbI,
Temnepartypa) XvMUsnblK XeHe dasanblk KypamblHa, KypblfibIMblHA, TUTaH KaTOAblHA OTbIPFbI3bINATHIH HUKEMb-PEHUI KypamAbl
KopblTnanapaplH ToK GoubiHWwa weiFbiMbiHa (TLLU) acepi aHbikTanFaH. KopbiTnanap peHTreHodnyopecueHTTK, peHTreHodasanbik,
XUMUSITbIK,  3NEKTPOHObI-MUKPOCKONUANBIK, NeTporpadusnblk  adictepMeH 3epTTenreH. AMMOHWIA-CYNbaTTbl  3MeKTpoNUTTepaeH
KopbITnanap yHTafbiH OTbIPFbI3y (OpTawa Kypambl, r/am®: 12-30 NiSO,, 1,0-7,2 NH,ReO,, 20-80 (NH,),SO,, 6,6-15,0 H,SO,) Hukenb
cynb@aTbIHbIH, KOHLETPaLUMACHIHbIH KebetiMeH ToK WbifbiMbl 56 — gaH 90 % - fa AewiH KofapnanTbiHbiH kepceTTi. KopbiTnanapabiy
opTawa kKypamsbl, mac.%: 47,5-54,9 Ni, 37,6-47,5 Re. AMMOHUIA neppeHaTbl KOHLEHTPaLUSCHIHbIH 6CYiMEH TOK LbIFbiMbl 45 — TeH 84 %
-Obl Kypanabl. KopbiTnanapablH optawa Kypambl, Mac.%: 49,0-71,9 Ni, 22,7-46,5 Re. Tok Tbifbi3ablfblHbIH ecyiMeH (150-300 A/M?) Tok
wbiFbiMbl 60 - fgaH Ao 95 % - Fa xorapbinangbl. Kopbitnanapaa Ni kypambl 48 -aaH 63 mac.% -fa xorapbinangbl; Re - 49 -gaH 36 mac.%
- fa TemeHpenai. ANeKTPonNuT TemnepaTypbICbIHbIK XofapbinaybiMeH (30-60 °C) TLU 74 - TeH 95 % - fa keTepinepni; kopbiTnaaarbl Ni
Kypambl 56 - aaH 61 mac.% - ra eceqi, Re - 35-38 mac.% wamacbiHaa 6onaabl. ANekTPonMT KypamblH e3repTy kesiHae (r/am® 2 NH ReO,,
80 (NH,),SO,) Temnepartypa xofapbinaybiMeH anblHFaH GankbiManapaa Ni 76 -gad 93 mac.% - fa eceqli, Re — 19 - gaH 1,7 mac.% - fa

89



Complex Use of Mineral Resources Ne 4.2016

TemMeHgenai; KopbiTnanapabiH ToK WhiFbiMbl 51,7 - aaH 85,4 % - bl Kypanabl. TemnepaTypaHblH XofapbinaybIMEH KopbiTnanap yHTafbl
bopnbingak xeHe Te3 yrinriw kenedi. POT HaTuxeci GovbIHLLA 3NeKTponu3 napameTpriepiHe kapamacTaH KopbiTnanap HerisiH TynipLlik
enwemi 8,2-16,6 Hm 6onatbiH Re - giH Ni - ri xxaHe Ni - giH Re — ri kaTTbl epiTiHAi 60nbin Tabbnaabl.

TyniH ce3pep: yHTakTap, aneTpornuTTIK KopbiTnanap, HUKeNb, PEHWI, aNeKTPMiK OTbIPFbI3Y, ANEKTPONUT Kypambl, TOK Thifbl3abIfbl,
Temneparypa, ToK 60MbIHLIA LbIFbIMbI.

PE3IOME

MpvBeaeHbl pe3ynsTaTthl UCCeA0BaHWI NO NOyYeHUo NOPOLLKOB anekTponuTuyeckmnx Ni-Re-cogepxalumx cnnaeos. OTv cnnasbl MO
CPaBHEHWIO C aHaNOrMYHbIMW IUTEHLIMU CnnaBaMun obnafatoT 6onee SpKo BbIPaXKEHHBIMW LIEHHBIMW TEXHUYECKUMMW XapakTepucTukamu u
MOTyT 6bITb MCMOMb30BaHbI B MOPOLLKOBOW MeTannypriv. OnpeaeneHo BIMsSHUE HEKOTOPbIX OCHOBHbIX NapaMeTpoB 3rekTpon1aa (coctaB
3MEKTPONMTa, KaToAHasA NIOTHOCTL TOKa, TemnepaTtypa) Ha XMMUYeckuil, asoBbli COCTaB, CTPYKTYPY M BbIXOA, Mo Toky (BT) ocaxxaaembix
Ha TutaHoBoM katoge Ni-Re-cogepxawmx cnnaBoB. CnnaBbl aHanusupoBanu PeHTreHOMITyOPECLEHTHbIM, PeHTreHodas3oBbIM,
XUMUYECKMM, 3NEeKTPOHHO-MUKPOCKOMNMYECKNM, neTporpaduyeckum metogamun. OcaxaeHve MOpOoLUKOB CNaBoB U3 aMMOHWUIAHO-
CynbaTHbIX dNEeKTPonMToB (CpeaHuin coctas, riam® 12-30 NiSO,, 1,0-7,2 NH,ReO,, 20-80 (NH,),SO,, 6,6-15,0 H,SO,) nokasasno, 4to
C MoBbILLEHNEM KOHUEHTpauun cynbdata Hukena BT BospactaeT ot 56 go 90 %. Cnnasbl B cpeaHem cogepxart, mac. %: 47,5-54,9 Ni,
37,6-47,5 Re. C pocToM KOHUEHTpauun neppeHata ammonus BT coctaensiet ot 45 0o 84 %. Cnnasbl B cpegHem cogepkar, Mac. %: 49,0-
71,9 Ni, 22,7-46,5 Re. C poctom nnotHoctu Toka (150-300 A/m?) BT BospactaeT ot 60 o 95 %. B cnnaBax conepxaxue Ni BospacTtaet
ot 48 o 63 mac.%; Re - cHukaeTcs ot 49 fo 36 mac.%. C nosbilieHneM Temnepatypbl anektponuta (30-60 °C) BT Bo3pacTtaet ot 74 no
95 %; copgepxaHune Ni B cnnaeax nosblwaercs ot 56 go 61 mac.%, Re - konebnetcs B npegenax 35-38 mac.%. MNpu nameHeHun coctaBa
anekTponuta (r/am® 2 NH,ReO,, 80 (NH,),SO,) B nony4eHHbIX cniaBax ¢ pOCTOM TeMmnepaTypbl BospactaeTt coaepxarue Ni ot 76 go
93 mac.%, Re — cHuxaetcs ot 19 go 1,7 mac.%; BT cnnasos coctasun ot 51,7 o 85,4 %. C pocTtoM TemnepaTypbl MOPOLLKX CMaBoB
nony4yatorcst 6onee pbixnbiM1 U Nerko namensyarotcs. Mo gaHHeiM PPA He3aBUMCMMO OT napamMeTpoB 3MEKTPOonM3a OCHOBY CMiiaBoB
npencTaensioT TBepable pactBopbl Re B Ni n Ni B Re ¢ pa3amvepom 3epeH 8,2-16,6 Hm.

KniouyeBble crnoBa: MOPOLLKM, 3NEKTPONUTUYECKNE CMNIaBbl, HUKENb, PEHUI, dreKTPooCcaXaeHne, COCTaB ANeKkTponuTa, nioTHOCTb
TOKa, TemMnepartypa, BbIXo4 Mo TOKY.
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