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THE PROPERTIES OF CATHODE DEPOSITS
AT ELECTROCHEMICAL PROCESSING
OF ALLOY GS32-VI USING ACIDIC ELECTROLYTES

Abstract. The article presents the results of studying the composition, surface morphology and granulometric
analysis of cathodic precipitates obtained by electrochemical processing of the spent heat-resistant alloy GS32-VI
using acid electrolytes the anodic dissolution of which was carried out using the electrochemical technological
complex EHK-1012 (developed by Tetran, Russian Federation).

Studies of the properties of cathode sediments were carried out using the following methods of research,
analysis and instrumentation: elemental analysis was carried out using an ICP mass spectrometer for isotope and
elemental analysis of ELAN DRC-e (PerkinElmer, Canada); X-ray phase analysis - using a Shimadzu XDR 6000
diffractometer (Japan); particle size determination by the method of dynamic light scattering measurement - on the
submicron particle size analyzer and the zeta potential Delsa ™ Nano, PN A54412AA; the morphology of the
sediment surface was studied using the scanning electron microscopy (SEM) method using the JEOL JSM 6390 L
electron microscope.

It is shown that, depending on the nature of the clectrolyte, cathode deposits of different chemical, phase
composition can be obtained and differ in the size and morphology of the surface. In particular, it is possible to
obtain cathode deposits of different chemical composition: from sulphate electrolyte, a powder with a nickel content
of about 95%,; from hydrochloric acid electrolyte - powder of composition Ni: Co: Al = 4: 1: 1; from nitric acid
electrolyte - powder of composition Ni: Re: Co: Al = 3: 1: 1: 1. All the cathode deposits obtained had a dendritic
structure, the development of which also depended on the nature of the electrolyte, the deposits with the most
developed structure and the having smallest particle size obtained using a nitric acid electrolyte.

Keywords: clectrochemical processing, heat-resistant nickel alloy, acid electrolyte, cathode deposit, mor-
phology, dendritic, grain fineness.

Introduction. In recent years, the heat resisting alloys that are not losing the properties for a long
time in the conditions of high temperatures and a complicated state were widely used. Such alloys are
produced on aluminum, titanic, iron, copper, cobalt and nickel bases.

Heat resisting alloys on a nickel basis that part rare and scattered elements, such as rhenium,
tungsten, molybdenum and tantalum are of particular importance.

The amount of the fulfilled heat resisting alloys constantly grows. Problems of rational and integrated
use of secondary raw material resources acquire the increasing value, relevance and prospects in
theoverall balance of production of metals both in the world and in the Republic of Kazakhstan.In
particular, gas turbine engines, whose blades are made of nickel refractory alloys, are used not only in
aviation, but also in thermal power plants, which are the main electricity producers in the Republic of
Kazakhstan. A small amount of spent heat-resistant nickel alloys is formed due to the wear of individual
parts of the internal combustion engines of motor vehicles, and the waste of heat-resisting alloys
accumulates at the “Baikonur”spaceport.

The most economically significant is the waste of heat-resistingnickel alloys GS32, for which the
composition is typical,%: Ni~60, W and Co 5-10; Re and Ta 2-4; Nb1.5-2; Mo, Cr and Al up to 5. One of
the brightest representatives of this series - the alloy GS32-VI - is serially manufactured in VIAM [1, 2].
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Existing technologies for processing waste heat-resistingnickel alloys can be divided into 4 groups:

- direct pyrometallurgical processing of waste of heat-resistant alloys on a nickel basis [3, 4];

- thermal oxidation technology to convert a number of components in water-soluble form [5, 6];

- hydrochemical technologies [7, 8];

- electrochemical techniques [9-12].

From the list of the indicated areas of processing of wastes of nickel-containing alloys doped with
rare and scattered elements, and in particular thenium, in recent years electrochemical and combined
technologics have been increasingly used [13, 14].

When processing such alloys with electrochemical methods, electrolytes, cathode deposits and anode
slimes are formed. Each of these products is either a valuable raw material for producing non-ferrous and
rare metals (anode slimes and electrolytes) or finished products in the form of an individual or
multicomponent metal powder (cathode deposit).

The purpose of the present studies is to determine the effect of the nature of the electrolyte on the
composition and structural characteristics of the cathode deposits obtained in the course of electro-
chemical processing of the heat-resistant alloy GS32-VI.

Experimental. The objects of the present study were samples of the heat-resisting nickel alloy GS32-
VI and cathode depositsobtained by electrochemical processing of this alloy.

Elemental analysis of the alloy GS32-VI and the resulting cathode precipitates was carried out using
an ICP mass spectrometer for isotope and elemental analysis of ELAN DRC-¢ (Perkin Elmer, Canada).

Pre-weighed the alloy completely (without a solid residue) was dissolved in a strong solution of nitric
acid. The alloy had the composition shown in table.

Elemental composition of the alloy GS32-VI

Composition, wt. %

Ni Co W Al Cr Re Ta Y Nb Mo C B Ce La

60,05 9.3 8,6 6,0 5,0 4,0 4,0 0,005 1,6 1,1 0,16 0,15 0,025 0,005

Electrochemical dissolution of the alloy GS32-VI was carried out using the electrochemical
technological complex EHK-1012 (developed by Tetran LLC, Russian Federation), using an uncom-
pensated method for measuring the potential [15]. The electrochemical cell consisted of a 300 ml volume
of PTFE, the anode was a fragment of the blade from the heat-resistant alloy GS32-VI, area S = 10 cm’,
cathode — titanium plate (VT1-0), area S = 12 cm”.

As electrolytes, solutions of mineral acids were used: sulfuric, hydrochloric and nitric with a
concentration of 100 g/l, the choice of which was made based on literary data [16, 17]. The volume of
electrolytes was 200 ml.

The process of electrochemical dissolution of the alloy GS32-VI was carried out at a controlled
current of 2.0 A for 1-12 hours at a temperature of 20-32 °C without thermostating, the stirring was carried
out with a magnetic stirrer of the MM-2A brand. At the end of the process, the electrolyte solution was
analyzed for the content of nickel and rhenium in it. The resulting cathode pellet was washed and dried.
Elemental and phase analysis of the resulting cathode deposits was then carried out and the morphology of
their surface and the particle size distribution were determined.

The phase analysis of cathode sediments was performed using a Shimadzu XDR 6000 diffractometer
(CuKo radiation, sample rotation, continuous (1 deg/min), stepwise (step 0.02 °, exposure 10 s) modes in
the angle range 2010-90.

Determination of cathode precipitate particle size was performed by dynamic light scattering
measurement using a submicron particle size analyzer and the zeta potential Delsa ™ Nano,
PN A54412AA.

Morphology and crystal-chemical characteristics of cathode deposits were studied using the scanning
electron microscopy (SEM) method using the JEOL JSM 6390 L electron microscope.

Results and discussion. During the electrochemical processing in the hydrochloric acid electrolyte,
the content of nickel and rhenium increases steadily. The concentration of nickel at the end of the process
was 15.06 g/, and thenium - 1.6 g/l.
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The resulting cathode deposit was washed, dried and analyzed by X-ray phase analysis, which
resulted in theidentification and revealed that the main phase is Al;CoNiintermetallide.

The chemical analysis allowed to determine the weight ratio of the components of the cathode depo-
sit — Ni:Co:Al = 4:1:1. In the composition of the cathode deposit, no other metals were detected.
Consequently, chromium and rhenium in the anodic dissolution of the heat-resistant nickel alloy GS32-VI
in the solution of hydrochloric acid are accumulated in the electrolyte.

It was of interest to study the effect of duration on electrolysis when using hydrochloric acid
electrolyte on the composition of the cathode deposit (figure 1).
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Figure 1 — Influence of duration of the electrolysis on composition of cathodedeposit received
when using hydrochloric acid electrolyte

It follows from figure 1 that the duration of electrolysis has practically no effect on the composition
of the cathode deposit, there is a slight decrease in the content of nickel in the precipitate while simul-
tancously increasing the content of cobalt in it. The average weight ratio of the components of the cathode
deposit also turned out to be equal to Ni: Co: Al =4: 1: 1, that is, it did not depend on the duration of the
process.

The resulting cathode deposit was fine, dark gray in color. Micrographs of the cathode deposit ob-
tained by electrochemical processing of the heat-resisting alloy GS32-VI are shown in figure 2.

Figure 2 — Micrographs of the cathode nickel-containing deposit obtained
by electrochemical processing of the alloy GS32-VI with the use of hydrochloric electrolyte
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The SEM-images of the received cathode deposit at different magnifications show that the structure
reminds dendrites, similar to corals, and separate particles of powder grow together among themselves.

At bigger magnification, it is possible to distinguish thelayered structure of a surface of dendrites that
says that it is desirable to anneal the received cathode deposits for stabilization in the neutral atmosphere.

Particle size distribution and particle size of the cathode deposit, resulting in electrochemical pro-
cessing GS32-VI alloy using hydrochloric electrolyte is shown in figure 3, from which it follows that the
average particle size of the cathode deposit is about 40 microns.
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Figure 3 — Distribution of cathode deposit particles obtained using hydrochloric electrolyte

Thus, the use of hydrochloric electrolyte in the electrochemical processing of the heat-resistant GS32
alloy made it possible to obtain on the cathode a finely dispersed nickel-cobalt concentrate of a dendritic
structure with a particle size of about 40 um and a ratio of Ni: Co: Al =4:1:1 components in it.

In the anodic dissolution of a heat-resistingGS32-VI alloy in a sulfate electrolyte under the conditions
similar to those described above, the data presented in Fig. 4 were obtained, from which it follows that as
the duration of electrolysis increases, the amount of nickel in the cathode deposit increases and the amount
of cobalt decreases. Rhenium was not found in the composition of the cathode deposit, aluminum was in
trace amounts. The main component of the cathode deposit was nickel, the content of which was 94-96%.
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Figure 4 — Influence of the duration of electrolysis on the composition of cathode deposits obtained
with the use of sulfate electrolyte
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Microphotographs of the obtained cathode deposit during electrolysis from sulfate electrolyte at
different magnifications are shown in figure 5.
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Figure 5 — Microphotographs of the cathode deposit of the heat resisting GS32-VI alloy received
at electrochemical processing in sulfate electrolyte

Apparently, from the figure 5, the received deposit has dendriticstructure which differs from the-
structure of the cathode deposit received at electrochemical processing of heat resisting GS32-VI alloy in
thehydrochloric electrolyte: the structure remains the same dendritic, but particles among themselves grow
together more.

Thus, at electrochemical processing of heat-resistingGS32-VI alloy with use of sulfate electrolyte as a
part of a cathode deposit of dendritic structure rhenium isn't found, aluminum — trace quantities, a deposit
represents amechanical mix of two metals — nickel and cobalt, with nickel in the sediment averaging 95 %.

Electrochemical dissolution of the heat-resistingGS32-VI alloy using a nitrate ¢lectrolyte with a
concentration of 100 g/l was carried out for 12 hours at a controlled current strength I = 2.0 A with the
clectrolyte agitated on a magnetic stirrer of the MM-2A brand. During the process, it was found that the
nickel concentration in the electrolyte was 22.9 g/l, the rhenium concentration was 15.29 g/1.

Influence of duration on structure of the received cathodedeposit by analogy with the above-
described experiments is given in the figure 6 from which follows that as a part of a deposit there are all
4 elements — nickel, cobalt, rhenium and aluminum, and the content of cobalt, rhenium and aluminum are
very close among themselves.
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Figure 6 — Influence of duration of the electrolysis on composition of cathodedeposit obtained
by using nitrate electrolyte
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The chemical analysis of a cathode deposit in case of electrolysis from nitrate electrolyte has allowed
to define a ratio of components: Ni:Re:Co:Al =3:1:1:1. The X-ray phase analysis of a cathode deposit has
allowed to establish that the main phases are intermetallics of Al;4Co;Ni; and AlRe.

Micrographs of the cathode deposit received at electrochemical processing of heat resisting alloy in
nitrate electrolyte by concentration of 100 g/l are provided on figure 7 from where follows that the
dendritic structure of a cathode deposit was more expressed, dendrites are branched strongly out, the
fusion of the particles occurs along the lines of the syngony of the crystals formed and the dendritic
"branch".
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Figure 7 — Micrographs of a cathode deposit of the heat resisting GS32-VI alloy received
at electrochemical processing in nitrate electrolyte

The particle size distribution of the cathode deposit obtained using the nitrate electrolyte is shown in
figure 8, from which it is seen that 99% of grains cathode deposit are in the range from 0.040 to 0.2 um
[18].
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Figure 8 — The particle size distribution of the cathode deposit obtained using the nitrate electrolyte

Thus, in the electrochemical dissolution of the GS32-VI alloy in a nitrate electrolyte, a catho-
dedeposit of a dendritic structure with a particle size of 0.04 to 0.2 um is formed, which is a mixture of the
following Al 4CosNi; and AlRe compounds with a component ratio of Ni:Re:Co:Al =3:1:1:1.
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Conclusions:

1. It is established that depending on the choice of the nature of electrolyte at electrochemical
processing of heat resisting GS32-VI alloy it is possible to receive cathodedeposits of various chemical
composition: from hydrochloric electrolyte — a deposit of structure of Ni:Co:Al = 4:1:1; from sulfate
clectrolyte — a deposit with the content of nickel about 95%; from nitrate electrolyte — a deposit of
structure of Ni:Re:Co:Al =3:1:1:1.

2. The nature of the electrolyte affects the morphology of the dendritic cathodedeposit obtained - the
development of the structure increases with the use of acid electrolytes with a concentration of 100 g/l in a
row: H,SO,<HCI<HNO;.

3. The particle size distribution of cathodedeposit also depends on the chosen electrolyte — the finest
deposit (0,04-0,2 microns) turns out at electrochemical processing of GS32-VI alloy with use of nitrate
electrolyte.

4. In general, the process of electrochemical dissolution of the heat-resistant alloy GS32-VI in the
galvanostatic regime is most effective when using solutions of nitric acid as electrolyte.
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CBOMCTBA KATOTHBIX OCATIKOB ITPH SJEKTPOXUMHYECKOM IIEPEPABOTKE CIIIABA K C32-BH
C UCTIOJIb30BAHUEM KHUCJIOTHbBIX SJIEKTPOJIMTOB

AnHoTanusl. B crarhe IIpe/cTaBlIeHBl Pe3yJIbTaThl M3yUEHHSI cOCTaBa, MOP(OIOTHH IIOBEPXHOCTH U I'PaHyJIOMETpUYEC-
KO0 aHaIW3a KaTOJHBIX OCaJIKOB, ITOJNYUYEHHBIX IIPU 3JIEKTPOXUMUYECKOH IepepaboTKe 0TpaGOTaHHOTO »KapoIIPOUYHOIO CIUIaBa
JKC32-BU ¢ ucronp30BaHUEM KHCIIOTHBIX 3JIEKTPOINTOB, AaHOJHOE PAacTBOPEHHE KOTOPOTO IIPOBOJVIIM € HCIIONIB30BAHUEM
3IEKTPOXUMHUUECKOr 0 TexHonoruueckoro komiiekca IXK-1012 (pazpadorar OOO UII1 "Terpan", Poccutickas Oeneparms ).

HceneoBaHust CBOMCTB KaTOHBIX OCAJIKOB IIPOBOJINCH C HCIIONB30BAHUEM CIEAYIOIMX METOJIOB HCCIe/[OBaHU, aHa-
TM3a U IpUOOPHOTO o0ecIieYeH s SIIEMEHTHBIN aHa I3 IIPOBO/IWIM ¢ UCTIoNb3oBaHueM ICP Macc-cniekTpomerpa JUIsl H30TOIHOTO
u snemenTtHoro aHamm3a ELAN DRC-e (PerkinElmer, Kanana), pentrenodasoBblit aHa3 — ¢ HCIOIB30BaHUEM JUdpaKkToMeTpa
Shimadzu XDR 6000 (Smonwst), ompe/ieieHre pa3MepoB YacTUIT METOI0M U3MEPEHIST TUHAMITIECKOTO CBETOPACCESHIS — Ha aHa-
Tm3aTope pazMepa cyOMHUKPOHHBIX HacTull U ja3eTa-TioTeHipiana Delsa™ Nano, PN A54412AA; Mopholormo MOBEpXHOCTH
0CaJIKOB M3YYalH C HCIIONB30BAHHUEM METOJIa PACTPOBOM M CKaHUPYIOMIEH sieKTpoHHOW Mukpockormu (ROM u SOM) Ha
31eKTpoHHOM MUKpockorie JEOL JSM 6390 L.

IlokazaHo, 4TO B 3aBUCHMOCTHU OT IIPUPOJIBI SIEKTPOINTA MOIYT OBITh IIOTYUEHBI KaTOHBIE OCAJKU PA3IUYHOTO XHUMH-
YyecKoro, (a3oBOro cocTaBa M OTIHYAOIIIECS MEKTy coO0H 0 KPYITHOCTH M MOP(OIOrUH HOBEPXHOCTH. B YacTHOCTH, MOKHO
TIONTYYUTDH KaTO/THBIE OCAJIKU PA3IMUHOI0 XUMUYECKOTO COCTaBa: M3 CEPHOKHUCIIOTO BIIEKTPOIIHTA - IIOPOIIIOK C COJIepkaHueM HU-
KeJs OKoTo 95 %, M3 CONSHOKHUCIOTO 3JIeKTponnTa - mopommok coctaBa Ni:Co:Al = 4:1:1; U3 a30THOKWCIOTO DIEKTPOIUTA -
mopotiok cocTaBa Ni:Re:Co:Al = 3:1:1:1. Bce momyueHHbIe KaTOMHbIE OCaJKA MMETH JCHIPUTHYIO CTPYKTYPY, Pa3sBUTOCTH
KOTOPO# Takke 3aBHceNa OT IIPUPOJIBI HIEKTPOINTA, IIPUUEM Hanbolee pa3sBUTON CTPYKTYPOH U HAMMEHBITIMM Pa3MePOM YacTHI]
00Ma1aIu 0ca K, IOy YeHHbIE [IPH UCIIONIB30BaHUHI a30 THOKHUCIIOTO BIIEKTPOINUTA.

KitoueBble c10Ba. sIeKTpoXUMUYecKas repepaboTKa, KapoIPOYHbI HUKEIEBBIH CIUIaB, KHUCIOTHBIM 3IEKTPOINUT, KaTo -
HBIH 0CaJI0K, MOPOIIOTHSL, ACHAPUTHOCTD, IPaHyIOMETPHIECKUM COCTAB.

E. I. Baiixonypos', O. B. Uepnbimosa?, I'. A. Ycoabnepa', P. C. Aknantaes'
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KbIIIKBLI 9JIEKTPOJIUTTEPAI KOJJIAHYMEH 2KC32-BH KOPBITITACBIH
IJEKTPOXUMHUAJDBIK OHJAEY KE3IHAE KATOJA TYHBAJIAPBIHBIH KACUETTEPI

Annorarmus. Makanaga anoarel epitymidXK-1012 ("Terpan", Peceif) 3mexk TpOXUMUSITEIK, KOMITTEKC KOMET1MEH, KBITIKBUT
amexTpomuTTepAl KompanyMen JKC32-BU kaitranama KpI3yra Gepik KOPBITHACHH AIIEKTPOXUMILIIHIK OHJEY Ke3iHje albIHFaH
KaTo;] TYHGATaphIHbIH KYpaMbIH, GETTIK MOPQOIOTHSICHH JKIHE TPaHyTOMETPUSUIHIK TAIay HATHKEIepl KOPCETUTeH.

Karoy TyHGamapeHBIH KacHeTTepl Kelecl Talaay dJICTepiHiH KeMeTriMeH Ky3ere achIphUIIbL AIEMEHTTIK TalJay bl 130-
TOIITHI JKoHE HIIeMeHTTI aHamre apHamral [CP macc-cniekrpometpmer ELAN DRC-e (PerkinElmer, Kanana), peHTren(asaibk
aranms — Shimadzu XDR 6000 (Kamonms) mudpakroMeTpMeH; GomeKTepAiH MOTIIepl — ¢y OMUKPOHILI GOITIEKTeP IIH MeITIe-
PIH aHe J3eTa-TIoTeHIMAN b Tanaayra apHaiaran Delsa™ Nano, PN A54412AA; tyaGanap GeTiHiH MOP(OIOTHSICHH pacTpibIK
JKSHE CKaHepeyI 3MeKTPoH bl MUK pockormst (ROM u SOM) JEOL JSM 6390 L 31eKTpoHIbIK, MUKPOCKOTIKOMET IMEH.

DIeKTPONUT TaGUFaThIHA TAYEN Il 9p TYPIl XUMUSITHIK, (Qa3alblk KypaMpl KaHe o3apa ipiairi MeH GeTTiK MOPQOIOTHSICH
JKaFbIHAH alphIKITa KaToIThl TYHOaIapap! anyra 6omaapl. COHBIH IMIH/IE, Tyl XUMUSUTHIK KYPaM/Ibl KaTOITHl TYHOATap/Ipl aryra
Gomabl: KYKIPTKBIIIKBULIH 3IEKTPOIUTTEPAEH — HUKETh GOMBIHITIA KypaMmbl 95 % YHTAK, TY3KBIIIKBULIBI JIEKTPOIUTTEPASH —
Ni:Co:Al = 4:1:1 KypaMbI YHTAK;, a30TKBITIKEULIE 3neTporuTTepaeH — Ni:Re:Co: Al = 3:1:1:1xypams! YHTaK. bapibIK amplHraH
KaToJTHI TYHOATAp JEHAPUTTI KYPHUTHIMIIBI GONJIBI, OHBIH JKeTUITEH/IIT] JIe 3IeTPONUT TaburaThIHa Tayem i, OyFaH Koca eH JKeTiT-
TeH KYPBUTBIMIBI KkaHe GoITek MeIIepi eH Kili TyHGamap a30 TKBIIIKBUIIB YTEKTPOTUTTEP Il KOMAaHy Ke3iH/Ie albIH/IbL.

Tyiiin ce3mep: SIEKTPOXUMISITHIKOHIEY, HUKEILKYPaMIbl KpI3yFa Gepik KOPHITHACH, KBIOTIKBUIIBI SIIEKTPOIUT, KaTOIThI
TYHGa, MOP(OTIOTHSL, ASHAPUTTIK, TPAHY TOMETPUSITHIKKYPaMBL.
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