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THE ELECTROLYTE COMPOSITION INFLUENCE ON THE STRUCTURE OF
DEPOSITED ALLOYS OF NICKEL WITH REFRACTORY RARE METALS

Abstract: The present work provides the results of electrolytic deposition of alloys on the basis of nickel with refractory rare metals (Re,
W, Mo) from sulfate fluoride and ammonium-sulfate electrolytes in the conditions of membrane electrolysis. The precipitations analyses
of alloys were carried out by X-ray phase and electronic-microscopic methods. Influence of composition of electrolyte on structure, the
phase and chemical composition of the deposited alloys is investigated. It is established that from sulfate fluoride solutions powders
ternary (Ni-Re-W, Ni-Re-Mo) and quaternary (Ni-Re-W-Mo) alloys of dark gray color with a green shade precipitated; from ammonium-
sulfate solutions three-component Ni-Re-Mo alloy in the form of a foil of gray color is deposited. Results of the raster electronic microscopy
(REM) have shown that precipitate deposited from fluoride sulfate solutions, consists of alloys of Ni with Re, W and Mo, and their particles
generally have mainly layered structure (heavy fraction) and also agglomerate structure (easy fraction). In case of the alloys obtained from
ammonium-sulfate electrolytes, the surface of the agglomerated particles becomes smoother. Element composition of the precipitates of
Ni-Re-W-Mo alloys deposited from sulfate fluoride solutions, according to electron microscopy is following, wt. %: 57.24 Ni; 2.01 Re; 0.36
W; 1.82 Mo; 5.34 Ti; 32.92 O. For the Ni-Re-Mo alloys deposited from ammonium-sulfate solutions the following element composition
is established, wt. %: 58.67 Ni; 22.71 Re; 9.88 Mo; 0.19 Ti; 8.69 O. In the alloy deposited from ammonium-sulfate electrolytes, tungsten
isn’'t found. The presence of titanium in alloys is explained by its transition from cathode material to precipitates of alloys in the course
of electrolysis. Heat treatment of alloys slightly reduces the content of oxygen in them and doesn’t lead to strong change of composition
of alloy. Results of the X-ray phase analysis have shown that after alloys annealing operation, change of phase structure isn’t recorded.
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Introduction. Researches in obtaining heat-re-
sistant nickel and rhenium-containing alloys are rel-
evant, since the development of the electronic, aero-
space, and energy industries is observed, where these
alloys are broadly used [1-4]. Generally, all known
methods for obtaining heat-resistant nickel-base al-
loys are carried out at high temperatures.

However, there are works on the electrolytic depo-
sition of nickel alloys with some refractory metals
from aqueous solutions of electrolytes. As an exam-
ple, studies on the deposition of double alloys with
rhenium and other refractory metals from aqueous
solutions of nickel are carried out in Russia, Kazakh-
stan, China, Israel, Japan [5-13].

Electrolytic alloys in comparison with similar
foundry alloys possess more pronounced valuable
technical characteristics [5, 6]. The content in the
electrolytic nickel alloys of refractory rare metals
(rhenium, tungsten) in most cases is up to 50 % and
higher.

Decrease in the content of refractory rare metals in
electrolytic nickel-base alloys within their content in
heat-resistant nickel superalloys (0.5-10 %), obtained

by thermal methods, will lead to a decrease in the
cost of production of electrolytic alloys. Deposition
nickel-based alloys with several refractory rare met-
als (rhenium, tungsten, molybdenum) from aqueous
solutions of will enable to obtain materials with high
physicochemical and structural properties.

The goal of the present work is the electrolytic
deposition of ternary and quaternary nickel-base
alloys with refractory rare metals (Re, W, Mo) from
sulfuric acid fluoride and ammonium sulfate electro-
lytes, as well as study of structure, phase and chemi-
cal composition of them.

Experimental part. Research methods. Ex-
periments on the production of ternary (Ni-Re-W,
Ni-Re-Mo) and quaternary (Ni-Re-W-Mo) electrolyt-
ic alloys were carried out in a temperature-controlled
electrochemical cell with a platinum anode and a ti-
tanium cathode under membrane electrolysis. To ex-
clude the mixing of products of the cathode and anode
reactions, the interelectrode spaces in the cell were
separated by the cation-exchange membrane MK-40.
The surface of the titanium cathode was chemically
treated in a solution of sulfuric acid with a concentra-
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tion of 10 g/dm?®. Stirring was carried out due to gases
released on the electrodes and by means of a magnetic
stirrer.

The obtained cathode pellets were putified with
distilled water, dried at 105 °C to constant weight,
and weighed. The precipitates of the alloys were heat
treated in a tube furnace in an argon flow at a tempera-
ture of 400 °C, and the holding time was 1 hour.

To determine the physicochemical properties of
the alloys obtained, x-ray phase and electron-micro-
scopic methods of analysis were used. An electronic
raster microscope with a JEOL analyzer and an X-ray
diffractometer D8 Advance (BRUKER) with Cu radi-
ation were used.

The studies used solutions of sulfuric acid, nickel
sulfate and ammonium, ammonium perrhenate, tung-
sten and molybdic acid, sodium fluoride. The qualifi-
cation of acids and salts corresponded to the brands
ChP and PFA. Ammonium perrhenate corresponded
to the brand AR-0.

Results and discussion. Deposition of nickel al-
loys with several refractory rare metals from aqueous
solutions is a complex process. Our earlier studies
[14] on the identification of the kinetic regularities
of cathodic reduction of nickel, rhenium, tungsten
and molybdenum ions separately and their combined
presence from electrolytes of various compositions
have shown the possibility of Ni deposition with Re,
W and Mo.

Deposition of alloys was carried out from sulfate
fluoride solutions of electrolytes of composition,

g/dm’: H SO, - 40; NaF-10; Ni - 20; Re, W, Mo - 2
(samples 1, 2, 3) and from ammonium sulfate solu-
tions of electrolytes of composition, g/dm*: H SO, -
6.6; (NH,),SO, - 40; Ni - 20; Re, W, Mo - 2 (samples
4,5, 6) on a titanium electrode with a cathode current
density of 600 A/m?, a temperature of 50 °C, a process
time of 4 hours.

The results of experiments on the cathodic depo-
sition of powders of nickel-based alloys have shown
that the alloys are precipitated from sulfuric acid flu-
oride solutions in the form of a loose powder of dark
gray color with a green tint, which is well removed
from the surface of the electrode. From ammonium
sulfate electrolytes, the precipitate of the alloy is de-
posited in the form of a thin metal foil, which has good
adhesion to the electrode, so it is difficult to remove it.

The power yield of nickel in alloys (samples 1,
2, 3), obtained from sulfate fluoride electrolytes, re-
spectively, was 21, 31 and 37 %; the power yield of
nickel in alloys (samples 4, 5, 6), precipitated from
ammonium-sulfate solutions was 42, 47 and 50 %,
respectively.

The results of X-ray phase analysis of alloys with-
out annealing showed that the alloys obtained from
sulfate fluoride solutions are amorphous and multi-
phase, in which phases of metallic nickel, rhenium
oxide, tungsten dioxide and trioxide and sodium mo-
lybdate are determined. Alloys deposited from ammo-
nium sulfate electrolytes are basically solid solutions
based on nickel.

Table 1 — Electrolyte composition influence on the elemental composition of precipitates of nickel-based alloys with Re, W, Mo

(before annealing).

Sample Electrolyte

Content, wt. %

composition,

No g/dms

Ni Re w

Mo C O Na Ti S F

Sulfuric acid fluoride electrolyte

40H,50,;
1 10 NaF; 20 Ni;
2Re;2W

3.05 54.83 25.31

16.67 - 0.25

40 H,SO,;
2 10 NaF; 20 Ni;
2 Re; 2 Mo

32.52 15.11 -

3.69 -

24.72 - 3.59 2.88 1.89

40 H,SO,;
3 10 NaF; 20 Ni;
2 Re; 2 W; 2 Mo

57.24 2.01 0.36

1.82 -

32.92 0.33 5.34 0.33 -

>

mmonium sulfate electrolyte

6,6 H,SO,;
4 40 (NH,),SO,;
20 Ni; 2Re; 2 W

58.86 28.66 -

- 2.58 5.96 - 0.05 - -

6,6 H,SO,;
5 40 (NH,),SO,;
20 Ni; 2 Re; 2 Mo

56.17 12.82 -

8.78

297 7.29 - - - -

6,6 H,SO,; 20 Nj;
6 40 (NH,),S0O,;
2 Re; 2 W; 2 Mo

58.67 22.71 -

9.88 -

8.69 - 0.19 - -
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The obtained precipitates of alloys were studied
by semiquantitative and quantitative wave-disper-
sion spectroscopic (WDS) analysis. The results of the
analysis are given in Table 1.

It has been established that the oxygen content
of alloys deposited from sulfuric acid fluoride solu-
tions is higher than in alloys deposited from ammo-
nium sulfate electrolytes. Also, the presence of tita-
nium in the resulting alloys is established, which is
explained by its transition from cathode material to
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deposited of alloys during electrolysis. The highest
content of titanium was found in alloys precipitated
from sulfuric acid fluoride solutions, which is asso-
ciated with greater corrosion of titanium in fluoride
solutions.

The microstructure of nickel-base alloys with
rhenium, tungsten and molybdenum deposit-
ed from sulfuric acid fluoride and ammonium-
sulphate solutions, without annealing is shown in
Figure 1.
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No 1, 2, 3 — alloys deposited from sulfate fluoride electrolytes.

Sample No 6 x250

No 4, 5, 6 — alloys deposited from ammonium sulfate electrolytes

Figure 1 - Microstructure of nickel-based alloys with refractory rare metals, depending on the composition of electrolytes before
annealing (in backscattered electrons)
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Results of the raster electronic microscopy
(REM) have shown that alloys depending on struc-
ture have particles of different character. The sam-
ple precipitated from fluoride sulfate solutions con-

cles generally have mainly layered structure (heavy
fraction) and also agglomerate structure (easy frac-
tion). The heavy fraction represents connection of
a type of Ni-Re-Mo-W with insignificant impurity
O and Ti.

sist of Ni alloys with Re, W and Mo, and their parti-

MARP 1

Acquisition Condition

Do Instrument 8230
2.0 ™ Walt 2500 kW
7 Current 3,00 nA
7 0 Process Time T3
Liwe time : 50,00 sec
—  BO Real Time . 59,75 sec
F DeadTime 17.00 %
i 504 Count Rate 6644 .00 CPS
¥
S T | Mo
G a0 Fff
Mol
2 0 ':i Fer Fog
bao° WO wow (™ e
1.0 1
i
0.0 Y - T T !
000 100 200 300 400 500 6500
ke
Elements ms% mol%: Sigma Met K ratia Lire
Lo ] 1.82 652 1.06 28015 00086973 K
i 9382 91.35 1.66 3649130 0.7952025 K
Mao* 2.74 1.63 1.63 124527 0.0123251 L
W 0.35 0.11 3.37 BO02 0.0012086 M
Re* 1.27 0.29 3.55 32250 0.0042159 M
Total 100.00 100,00
JEOL

Figure 2 - PDS mapping of sample No. 3 precipitated from fluoride sulphate electrolyte, an increase of x250.
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Table 2 - Weight of nickel alloys obtained with refractory rare metals before and after annealing

Alloy weight, g Alloy weight, g
Sample No before annealing after annealing Sample No before annealing after annealing
Sulfurous fluoride electrolyte Ammonium sulfate electrolyte
1 0.118 0.113 4 0.832 0.832
2 0.629 0.574 5 0.933 0.932
3 0.870 0,718 6 0.768 0.766

The alloy No. 1 deposited from sulfate fluoride
electrolyte has particles of the large and small extent
of irregular shape in which existence of W, Re and O
in a large number is established. Concentration of Ni,
Ti and S significantly differ from zero.

It is remarkable that in case of sulfate fluoride
electrolytes (test No. 1, No. 2 and No. 3), the agglom-
erated particles become covered by a layer of heavy
fraction. While in case of ammonium-sulfate electro-
lytes (test No. 4, No. 5 and No. 6) the surface of the
agglomerated particles becomes more smooth.

Methods of mapping of elements in the mode of
the power-dispersive spectrometry (PDS) have estab-
lished uneven distribution (figure 2) of the entered el-
ements (Ni with Re, W and Mo) in material.

The mass values of the obtained alloys before and
after the heat treatment are given in Table 2.

After annealing, the color of the precipitation of
alloys precipitated from sulfate fluoride electrolytes,
regardless of the composition of the solutions, has
changed rom dark gray with a green shade to gray
with a brown shade. Also the noticeable decrease of
mass of precipitation was observed. In case of alloys
precipitated from ammonium-sulphate electrolytes,
the heat treatment does not particularly influence nei-
ther the change in the mass of the alloys nor on the
appearance of precipitation.

The chemical composition of the cathode de-
posites obtained after annealing according to electron
microscopic analysis is demonstrated in Table 3.

As appears from the Table 3 the annealing opera-
tion reduces the oxygen content in the alloys a little.

Based on the results of X-ray phase analysis of
alloys after annealing, the phase composition changes
in them have not been recorded.

Conclusions. During the process of electrolytic
deposition, multiphase alloys based on nickel with
refractory rare metals were obtained from sulfate flu-
oride and ammonium sulfate electrolytes. It is estab-
lished that alloys in the form of loose powders are
precipitated from sulfuric acid fluoride solutions.
Alloys from ammonium-sulfate solutions were de-
posited in the form of a foil.

According to electron microscopy, ternary
(Ni-Re-W, Ni-Re-Mo) and quaternary (Ni-Re-W-Mo)
alloys are precipitated from sulfate fluoride electrolytes.
From ammonium sulfate electrolytes, a Ni-Re-Mo ter-
nary alloy is precipitated under these conditions.

The results of raster electron microscopy (REM)
have demonstrated that precipitates from fluoride
sulfuric solutions of deposition of alloys consist of
Ni with Re, W and Mo, and their particles mainly
have a predominantly layered structure (heavy frac-
tion), and also an agglomerate structure (light frac-
tion). In the case of alloys obtained from ammonium
sulfate electrolytes, the surface of the agglomerated
particles becomes more smooth.

The elemental composition of the precipitates of
Ni-Re-W-Mo alloys deposited from sulfuric acid flu-
oride solutions, according to electron microscopy, is

Table 3 - Effect of the electrolyte composition on the elemental composition of precipitates of nickel-base alloys with Re, W, Mo

(after annealing)

Sample No Content, wt. %
Ni Re W Mo C ) Na Ti S F
Sulfurous fluoride electrolyte
1.1 1.67 42.85 37.70 - - 15.00 - 0.32 0.14 -
21 34.62 18.40 - 12.69 - 27.72 - 3.99 - -
3.1 55.61 2.14 0.35 2.66 5.83 24.72 0.46 5.95 - -
Ammonium sulfate electrolyte
4.1 62.77 17.15 - - 4.23 5.76 - 0.02 - -
5.1 71.31 18.42 - 3.69 - 3.93 - 0.16 - -
6.1 56.12 15.19 - 6.01 - 6.53 - 8.67 - -
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the following, %: 57.24 Ni; 2.01 Re; 0.36 W; 1.82
Mo; 5.34 Ti; 32.92 O. For Ni-Re-Mo alloys deposit-
ed from ammonium-sulphate solutions, wt. %: 58.67
Ni; 22.71 Re; 9.88 Mo; 0.19 Ti; 8.69 O. In the alloy
obtained from ammonium sulfate electrolytes, tung-
sten isn’t found.

The process of heat treatment of alloys fraction-
ally reduces the oxygen content in the alloy and does
not lead to a strong change in the composition of the
alloy. The results of X-ray phase analysis have shown
that after the annealing operation of alloys, the change
in the phase composition isn’t recorded.

The present work has been carried out under the
grant No. 4997/GF4 for 2015 - 2017 with the finan-
cial support of the Science Committee of the Ministry
of Education and Science of Republic Kazakhstan.
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TYAIHQEME

XKymbicta dTopra KYKIpTKbILLKbINALI XaHe cyrnbdaT-aMMOHWANT 3NeKTPONUTTepAeH MeMOpaHarnbl 3NeKTponu3 xaraanbiHaa cupek
KubiH 6ankuTteiH (Re, W, Mo) meTangapmeH TyHAbIpbINaTbiH HUKENb/Ai KopbITnanapbiHblH HOTYXeNepi xasbinFaH. KopbiTna TyH6anapbiHa
3MEeKTPOHAbI-MUKPOCKOMUANbI XaHe peHTreHodasanbl oficTepMeH Tanpay Xypridingi. OnekTporuT KypamblHbIH, TYHAObIPbINAaTbIH
KopbITnanapablH KypbifbICbiHA, XMMUSAMbIK XaHe dhasanbik KypamblHa acepi 3epTTenreH. PTopua KYKipTKbILKbINAb! epiTiHAINepAeH YLUTIK
(Ni-Re-W, Ni-Re-Mo) xaHe TepTTik (Ni-Re-W-Mo) kopbiTna yHTakTapbl KaHbIK-Cyp TYCTi Xacbln peHiMeH anblHaabl; CynbdaT-aMMOHWAMI
epiTiHgiciHeH ywTik Ni-Re-Mo kopbITnack! cyp TyCTi donbra TypiHAe TYHAbIPbINATbIHbI aHblKTanabl. ONeKTPOHAbl pacT MUKPOCKOMUSACHIHbIH
(OPM) HaTmxeci doTopua KYKIpTKbILLKLINABI epiTiHAinepain TyH6ack! Ni Re, W xeHe Mo-MeH KopbiTnanapblHaH xaHe onapablH 6enwektepi
HeridiHeH KaTnapnbl KypbinbiIMHaH (ayblp dpakums), CoHbiMeH Bipre armomeparTbl KypbinbIMblHaH (KeHin dpakums) Typaabl. Cynbdar-
aMMOHWINI ANEeKTPONUTTEPAEH arnblHFaH KopbITNanap xarfavibivaa arnomeparTi benwekTepiHiH 6eTki kabatsl Terictey 6onaabl. PTopua
KYKIpPTKbILUKbINAB! epiTiHainepaeH TyHabipbinFaH Ni-Re-W-Mo kopbiTnanap TyH6achiHbIH 3NeMEHTTIK Kypambl 3MeKTPOHAbI MUKPOCKOMNWS
aepektepi GonbiHWwa Kenecigew GepinreH, mac. %: 57,24 Ni; 2,01 Re; 0,36 W; 1,82 Mo; 5,34 Ti; 32,92 O. Cynbdar-aMmMOHWIA-Ni
epiTiHainepaeH TyHabipbinFaH Ni-Re-Mo kopbiTnanapsl yiwiH , mac. %: 58,67 Ni; 22,71 Re; 9,88 Mo; 0,19 Ti; 8,69 O. CynbdaTr-aMmMoHWni
AMEeKTPONUTIHEH TYHABIPbINFaH KOpbITNaAa Bonbdpam aHbikTanmagsl. KopbiTnagarsl TUTaHHbIH 60nybl anekTponva ypaiciHAe OHbIH KaTof,
maTtepuanbiHaH TyHbara eTyiMeH TyciHaipineai. KopbitTnanapabl TepMuanblk kavita enaeyae onapaarbl OTTeri KypambiHblH TOMeHAeYiHe
X8He KopbITna KypaMmblHbIH ©3repyiHe ken e3repic kenTipinmengi. PeHTreHodasanbik Tangay kopbiTnanapabl Kynaipy onepaumsacbiHaH
KeniH dasanblk KypamblHbIH 63repMenTiHiH KepCeTTi.

TyiiH ce3aep: aneKkTPonu3, aNeKTPONUTTIK KOpbITNanap, HKenb, PeHUI, Borbgpam, MOMUBAEH, 3MEKTPOMUT, MUKPOKYPLISbIC
PE3IOME

B paboTe nanoxeHbl pesynsrartbl ANEKTPONUTUHECKOrO OCAXKAEHUS CMN1aBOB HA OCHOBE HUKENS C TYronnaBKUMN PeAKMMU MeTannamm
(Re, W, Mo) 13 cepHOKMUCTbIX (PTOPUAHBIX 1 @MMOHUIAHO-CYNbaTHbIX 3MEeKTPONUTOB B YCNOBUAX MeMOpaHHOro anekTponusa. AHanus
OCaflkoB CMNfaBOB MPOBOAWMU PEHTrEHO(A30BbIM U 3MEKTPOHHO-MUKPOCKOMUYECKUM MeTodamMu. MccrnenoBaHo BnusiHe cocTaBa
ANEeKTPONnUTa Ha CTPYKTYpY, Pa3oBbI N XUMUYECKUI COCTaB OCaXAaeMmblX CMfaBOB. YCTAHOBMEHO, YTO U3 CEPHOKUCIbIX (PTOPUAHBIX
pactBopoB nonyyatoTcsa nopowkn TporHbix (Ni-Re-W, Ni-Re-Mo) n yetBepHbix (Ni-Re-W-Mo) cnnaBoB TeMHO-Ceporo LBeTa C 3eneHbIM
OTTEHKOM; N3 aMMOHUINHO-CYnbaTHbIX pacTBOPOB ocaxpaeTcs TpoviHow cnnaB Ni-Re-Mo B Buge donbru ceporo uBeta. PedynbraThl
pacTpOBOW 3NEKTPOHHON Mukpockonuu (POM) nokasanu, 4Tto ocaaeHHble 13 (PTOPUAHBLIX CEPHOKUCIbIX PaCTBOPOB OCaAKM COCTOST
n3 cnnaeoB Ni ¢ Re, W 1 Mo, u nx 4yactubl B OCHOBHOM UMET NPENMYLLECTBEHHO CIOMCTYIO0 CTPYKTYpPY (Tshkenas dpakums), a Takke
arnomeparTHyto CTPYKTYpY (nerkas dpakuums). B cnyyae cnnaBoB, Nony4YeHHbIX M3 aMMOHUNHO-CYIbaTHbIX 3MEKTPONMTOB, MOBEPXHOCTb
arnomMepupoBaHHbIX 4YacTul, cTaHoBuTcst Gonee rrnagkoi. OnemeHTHbIN cocTaB ocagkoB crnaBoB Ni-Re-W-Mo, ocaxaeHHbix ©3
CEPHOKMUCIbIX PTOPUAHBIX PACTBOPOB, MO AaHHbLIM 3NIEKTPOHHOM MUKPOCKONUM, cneaytowmii, mac. %: 57,24 Ni; 2,01 Re; 0,36 W; 1,82 Mo;
5,34 Ti; 32,92 O. Ang cnnasos Ni-Re-Mo, ocaxaeHHbIX 13 aMMOHUINHO-CYNb(aTHbIX pacTBOPOB, YCTAHOBIEH CreAyoLLmMiA cocTas, Mac. %:
58,67 Ni; 22,71 Re; 9,88 Mo; 0,19 Ti; 8,69 O. B cnnaBe, ocaxgeHHOM M3 aMMOHUNHO-CYrbaTHbIX 3MNEKTPONUTOB, BOSbhpam He
obHapyxeH. Hannuve TutaHa B cnnaBax 06bSICHSAETCS ero NepexofoM M3 maTepuana katoga B 0CafKuy CNiaBoB B MPOLECCe AnekTponumaa.
TepMuyeckasi o6paboTka CnnaBoB HE3HAYMTENBHO CHWXKAET COAEpXKaHWe KUCINOopoAa B HUX U HE MPUBOAUT K CUMbHOMY U3MEHEHUIO
cocTaBa cnnaea. Pe3ynbratbhl peHTreHo(ha3oBOro aHanusa nokasanu, YTo Nnocre ornepauuu OTXKWra CrnaBoB, M3MEHeHVe (ha3oBOro
cocTaBa He 3aUKCUPOBaHO.

KnioueBble crioBa: 3nekTponua, 3NeKTPONUTUYECKME CMMaBbl, HUKENb, PEeHWI, Bomnbgpam, MONMOAEH, TWUTaH, 3NEeKTPOUT,
MUKPOCTPYKTYpa, 3NneKkTpoocaxaeHne
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