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Processes involved in the electrodeposition of perrhenate ions were studied from two
different potassium nitrate and sodium sulfate background electrolytes in the presence of citric
acid on graphite electrode by cyclic voltammetry method. Anodic and cathodic potentials of
deposited film were determined. After electrolysis process, morphology and content of obtained
deposited layers were investigated by SEM and X-Ray methods. The coated film from sodium
sulfate background electrolyte was not uniform and Re content was 60.83-65.5%, in case of
potassium nitrate electrolyte, the deposited film was more densely located, and Re content was
80.94-82.52%. In the presence of nickel sulfate and citric acid, an alloy was formed with content
of Re 80.94-82.52%, 14.10-11.83% of Ni, 4.96-5.66% of impurities, which were confirmed by X-Ray
method. The current density decreased with addition of citric acid into sodium sulfate background
electrolyte and in cathodic area, the reduction potential of perrhenate ions remained the same,
but oxidation potentials changed from 0.25 to 0.35V and from 0.5 to 0.6 V. The influence of
citric acid on potentials of the processes of reduction and oxidation of perrhenate ions from
potassium nitrate gave following results: reduction peaks shifted from -0.35 to -0.55 V, and multi
peaks of oxidation appeared which were not noticeable without citric acid. It was shown that
citric acid has inhibitory effect on reduction and oxidation of perrhenate ions. It is shown that
the electrochemical reduction of perrhenate ions leads to the formation of rhenium dioxide in
different forms.
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Luknai BonbTamnepomMmeTpuaAabIK 34iC apKbl/ibl rpaduT 3NeKTPoAbIHAAFbI TMMOH Kbl LUK bI/bI
KaTbICblHAA 9PTYPAi €Ki Kanui HUTpaTbl, HAaTpui cynbdatbl GOHAbI INEKTPOAUTTEpiHAEri
neppaHaT WMOHAAPbIHbIH TOTbIFY-TOTbIKCbI3AAHY npoueci 3epTTeniHAi. TyHFaH KabaTTbiH,
QHOATBIK KAHe KaTOATbIK NOTeHUManaapbl aHbIKTanabl. INEKTPOAN3 NPoLLeCiHEH KeliH TyHFaH
KabaTTblH, mopdonorusacel meH Kypambl CIM kaHe PDA apKbinbl 3epTTendi. Hatpuit cynbdatsl
NEKTPOAUTIHEH TyHfFaH TyH6a 6ipKenki TyHFaH KOK, TyHbBaHblH KypambiHga Re Kypambl
60,83-65,5% 60n4bl, KaAU HUTPATbl 3NEKTPOAUTIHAE TYHFaH TYHOA Tbifbi3blpaK 6014bl, KaHe
KypambiHaa Re 80,94-82,52% 6onabl, HUKeNb cynbdaTbl MEH NMMOH KbllWKblAbl KaTbiCbiHAA
KyiMma Ty3ingi, Kypambl 80,94-82,52% Re, 14,10-11,83% Ni, 4,96-5,66% KocnagaH TypaTbiHbl
peHTreH aaicimeH paanengeHgi. Hatpuii cynbdaTbl 3/1€KTPOAUTIHAE JIMMOH KbIWKbI/bIHbIH,
Me/ilepi apTybIMeH TOKTbIH, TbIfbI3Ablfbl TOMEHAEAI, an KaTog aliMafbiHAA NepeHaT UOHbIHbIH
TOTbIKCbI3AAHY NOTEHUMaNbl e3repicci3 Kangbl, 6ipak ToTbliFy noTeHuunansl 0,25 B-taH 0,35 B-ka
*aHe 0,5B-TaH 0,6 B-Ka bIfbICTbl. JIMMOH KbIWKbIAbIHbIH Ka/AWUA HUTPATbl 3NEKTPOAUTIHEH
neppeHaT WOHAApPbIHbIH, TOTbIKCbI34AHY XaHe TOTblFy MOTeHUMangapbiHa acepi Keneci
HaTUXKenep bepai: TOTbIKCbI3AaHy WbiHAApbl -0,35 B-TeH -5,5 B-Ka AeWiH aybiCTbl XdHE NMMOH
KbILIKbI/Ibl KAaTbICbIHCbI3 BalikanmaraH BipHelle MynbTu TOTbIFY WbIHAAPbI Naaa 6onabl. JIMMOH
KbILKbINbIHbIH, NeppeHaT MOHAAPbIHbIH, TOTbIKCbI3A4aHybl MeH TOTbIFyblHA MHIMBUTOP/bIK acepi
6ap ekeHairi kepceTingi. MeppaHaT MOHAAPbIHbIH, 3NEKTPOXMMMUANBIK TOTbIKCbI3AAHYbI PEHUNLIH,
apTypAi bopmagaFbl oKcMATEp TY3iNyiHe anbin Keneai.

TyiiHce3aep: neppaHaTMOHAAPbI; 3NEKTPTYHAbIPY; PEHMIA; UMKNAIKBONbTAMNEPOMETPUS;
3N1EKTPONU3.

Mpouecc anekTpoocaxKaeHUa
neppeHaT MOHOB U3 POHOBbBIX
anektponutos KNO, u Na, SO
B NPUCYTCTBUU IMMOHHOM
KUCNOTbI

H.XK. dymauwesa’, /1.K. Kyapeesa,
A.P. Kanbiesa, IJ1. BagaBamoBa

Ka3axcKuit HauMoHaAbHbIN YHUBEPCUTET
MmeHu anb-dapabu, Anmatsl, KazaxctaH
"E-mail: nazeka_0905@mail.ru

© 2020 Al-Farabi Kazakh National University

Mpoueccsl, CBA3aHHbIE C 3EKTPOOCAKAEHNEM MEPPEHAT MOHOB, BbINN U3yYeHbl B ABYX
pasHbiX GOHOBbIX 3NEKTPOAUTAX: HUTPAT Kanua, cynbdaT HATPUA B MPUCYTCTBUM JMMOHHOMN
KUCNOTbl Ha rpaduUTOBOM 3NEKTPOAe METOAOM LMKAUYECKON BOAbTamnepomeTpuu. bbinun
onpefeneHbl aHOAHbIe W KATOAHble MOTEHUManbl OCaXAeHHOW nnaeHKW. Mocne npouecca
3N1eKTponnsa mopdosiorMa M cocTaB MOJYYEHHOrO OCaXKAEeHHOro cnoa 6bln uccnenoBaHbl
meTogamu COM u POA. MonyyeHHan naeHKa n3 GoHOBOro anekTponuTa cynbdarta HaTpus 6bina
HEeOAHOPOAHOW, U coaepKaHne peHua coctasuno 60,83-65,50%, B ciiyyae afeKTpoanUTa HATpaTa
Ka/ns o0caXkAeHHan naeHka bbina 6onee NOTHOM, M coaepkaHue Re coctasnsano 80,94-82,52%, B
NPUCYTCTBUM CyNbdaTa HUKENA U TIMMOHHOM KUCNOTbl 06pa3oBaBWIMACA CNAAB UMEN CAeayowmnin
cocTas: Re — 80,94-82,52%, Ni—14,10-11,83% 1 4,96-5,66% npumeceit, 4To 66110 NOATBEPKAEHO
meTtoaom POA. C nobaBneHnem IMMOHHOW KUCIOTbl B GOHOBBIN 3EKTPONUT cynbdaTa HaTpus
NJIOTHOCTb TOKAa YyMeHbluasiacb, U B KaTogHOW 06/1acTv noTeHuMan BOCCTAHOBIAEHUA WMOHOB
neppeHarTa oCcTaBa/iCA TEM e, HO NOTeHLManbl OKMCAeHMA Bbian cmeweHbl ¢ 0,25 B ao 0,35 B
mc 0,5B go 0,6B. Hafivune AMMOHHOIN KUCNOTbI B 3/71EKTPOAUTE (HUTPAT Kanus) NOBAMANO
Ha MoTeHUManbl NPOLECCOB BOCCTAHOBNEHMA W OKUCNEHUA MNeppeHaTHbIX MOHOB: MUKKU
BOCCTaHOBAeHMA cmecTunmnch c-0,35B n0-0,55 B, 1 NOABMANCH MybTU MUKN OKUCAEHUA, KOTOPble
He 6blnn 3ameTHbl 6€3 IMMOHHOM KUCNOTbI. BblI0 MOKa3aHo, YTO IMMOHHAA KMCN0Ta OKasbiBaeT
MHITUMBUpYylowee AeicTBME Ha BOCCTAHOBNEHWE U OKUC/eHUe neppeHaT MOHOB. MoKasaHo, YTo
31EeKTPOXMMMYECKOE BOCCTAHOB/NEHME MEpPpPeHaT MOHOB MPMBOAMT K 06pasoBaHUI0 OKcuAa
peHuA B pasiMyHbIX Gopmax.

KnioueBble cnosa: neppeHar
BO/IbTAMMEPOMETPUSA; INEKTPOUS.

WNOHbI; 3N1EeKTPOOCANKAEHWNE; PEHW; LUKAUYecKas
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1. Introduction

Rhenium is one of the rare metals in our Earth crust. This
metal is in high demand because of its unique properties. World
rhenium reserves are contained mostly in molybdenum copper
deposits [1]. This rare metal is found as the alluvial deposits of
copper in our country. The Zhezkazganredmet is the state
owned producers of rhenium in our homeland [2]. Kazakhstan is
an exporter of ammonium perrhenate to other countries. Price
of pure rhenium is much higher in comparison with its
compounds [3]. Hence, our country needs to develop the
methods of producing pure metallic rhenium, which would be
more advantageous to the economy of our country.

Application areas of rhenium and its compounds are
developing in recent decades. They are used in different fields
as contact points, metallic coatings, heating elements, x-ray
tubes, and catalysts etc., [4]. Rhenium alloys are mostly used in
rocket industry for parts of missiles as such alloys have high
melting point, resistant to corrosion and light [5]. Rhenium
catalyst replaced many other previously used catalysts in
refinery plants. In order to obtain gasoline which free from lead
a catalyst made from rhenium compounds are used [3]. During
last decades researchers have high interest in investigating of
biosensors made from different electrodes. The choice of
electrode material and its modification is becoming popular
topic because it can be used as sensors. Modification of
electrode surface with different polymers to get precise signal
from analyte is under the investigation. Therefore, rhenium also
is a good candidate to be used as transducers in making sensors
as it has catalytic properties [6].

Rhenium based films can be deposited using chemical or
physical gas phase condensation method known as CVD
(chemical vapor deposition) and PVD (physical vapor deposition)
or by other methods like electron beam physical vapor

deposition (EB-PVD), powder metallurgy (PM). The drawbacks
of using the above-mentioned methods are the difficulties of
obtaining uniform coatings and not usual possible to deposit
Additionally, they are
technically complicated and consume a lot energy to maintain

multilayer films and composites.

high condensing temperature [7]. Not to mention that these
methods need to maintain vacuum and high temperature inside
device. Hence, it is not effective economically to use expensive
devices to obtain metallic coatings.

It is very important to choose the optimal condition for
electrolysis including the electrolyte composition. Nowadays
the different type of background electrolyte exist. One of them
is the using of citrate electrolyte at deposition of metals and
metal alloys. Citrate based electrolytes have been used at
electrodeposition of copper [8], nickel [9], gold [10], zinc [11]
and Fe-W [12], Fe-Mo [13], Ni-W [14] other alloys. The citrate
electrolyte has properties as buffering, brightening, complexing
agent and as facilitator of codeposition. The reduction process
of alloy takes place at more negative potentials as a result of the
formation of metal complexes with citrate [14]. It was revealed
that the addition of citric acid into the bath led to the deposited
nickel grain size decrease [15]. Codeposited Re-Ni alloy from the
KReO, in a citrate electrolyte bath had a monocrystalline
structure [16]. Investigation of plating gold from citrate and
phosphate electrolytes showed that the microhardness of gold
film coated from citrate electrolyte was higher than from
phosphate electrolyte [10]. Aqueous citrate based electrolyte
as it is nontoxic, provides stable pH (4-6) and forms strong
complexes with Zn ions which are widely used at deposition of
this metal and its alloys [11]. Co-Mo-Re ternary alloy was
codeposited from citrate electrolyte with good quality at
pH=6.3 and 3.5 with current efficiency 20.3-84.5% and 47%
with alloy content Co,,..Mo, , Re, ,+Co, Mo, Re, and Co,
Mo., . Re  _[17].

29.5 29.5
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6 Electrodeposition process of perrhenate ions from...

The electrochemical deposition of rhenium and alloys
from an aqueous solution is convenient and promising
alternative method. Electrochemical method of metal
deposition has comparatively more advantages than CVD and
PVD. Nevertheless, here in this method there are its own
drawbacks that need to be studied in order to eliminate them.
Hindering factor in electrodeposition process off perrhenate
ions is hydrogen over potential in case of aqueous solvent.
Electroreduction potential of rhenium near to the
electroreduction potential of hydrogen atoms [18]. Reduction
of rhenium from aqueous electrolytes has its drawbacks. It goes
with presence of hydrogen overvoltage process [19].
Consequently, it decreases efficiency of deposition by
interfering into uniformity of deposited film on electrode
surface. Therefore, it is important to optimize the
electrodeposition process of perrhenate ions.

The purpose of [20] has been to study the influence of
electrolyte pH and it has been reported that the
electrodeposition of rhenium occurs better in an acidic
environment than an alkali solution. Electrodeposition process
of rhenium reduction from acidic and alkali environment has
also been extensively investigated by Mendez.E [19] research
group. Rhenium oxides activates hydrogen evolution reaction.
Alejandro Vargas Uscategui research group investigated
reduction of rhenium oxide from alkaline aqueous electrolyte
into indium tin doped oxide by pulsed current deposition and
rhenium oxide catalytic effect towards hydrogen evolution
reaction [21]. It was reported that high acidic environment and
low concentration of perrhenate ions leads to the formation of
metallic Re with probable reduction process: ReO,->ReO,
->Re®* >Re’. Reversely, if concentration of ReO, is high it is
inclined into the formation of ReO,, with following process:
ReO, >ReO, - ReO,,Re0, which enhance HER reaction [22]. Q.
Huang research group tested the water in salt electrolyte at
depositing of rhenium. Here a high concentration of lithium
chloride was used that significantly improved the morphology
of Re deposit and the HER was suppressed [23].

In summary the various sediment are formed at
elctrodeposition of perrhenate ions in diverse solutions but
optimum condition and theory of analysis of reduction and
oxidation process have not reached an agreement yet. A survey
of literature indicates that electrodeposition of rhenium from
perrhenate ions in citrate bath have not been done. The
electrodeposition of rhenium alloys from citrate bath is not
enough studied. Thus, the aim of this research work is to
investigate the electrodeposition process of perrhenate ions
from the KNO, and Na,SO, background electrolytes in the
presence of citric acid.

2. Methods of investigation

The investigation was done using cyclic voltammetry
method, electrolysis, X-ray method, scanning electron
microscopy method. CV measurement was done on 797 VA
Computrace voltammetry techniques. Electrochemical cell of

voltammetry consists of three electrodes: working electrode,
reference electrode, and auxiliary electrode. The graphite
electrode was used as working electrode; the saturated silver
chloride was used as reference electrode; platinum electrode
material was as auxiliary electrode. Before each experiment,
glassy carbon electrode surface was polished with figure eight
motion on a polishing pad [24]. After mechanical cleaning on
polishing pad the surface of electrode was treated with 0.1M
HNO, solution, afterwards with 0.1M NaOH solution and then
was rinsed with distilled water in order to avoid any surface
contamination. CV measurement parameters were kept
constant in all experiments. Conditions of cycles: start potential
was -0.050 (V), end potential was 2.000 (V); Hydrodynamic
(measurement): cleaning potential was 0.800 (V), cleaning time
was 60 (s), deposition potential was -0.600 (V), deposition time
was 60 (s), equilibration time was 5.000 (s). Sweep: start
potential was -0.050 (V), first vertex potential was -0.900 (V),
second vertex potential was 0.900 (V), voltage step 0.009 (V),
sweep rate 0.1 V/s.

Thex-ray spectrumidentification of elemental composition
on surface of electrode and SEM analysis were done on The
Energy-dispersed INCA Energy spectrometer from Oxford
Instruments (England), located in the electro-probe micro
analyzer with the brand “Superprobe 733”. (U=25 KV, 1=25 mA).
During the electrolysis process, the electrolyte solution was
stirred with magnetic stirrer whose basic brand is IKA RET to
ensure liquid samples are homogeneous in consistency and
temperature. Electrolysis process was carried out during
30 min. The potential of electrolysis was 30 mV.

In electrolysis, the graphite was used as cathode material,
while platinum was used as anode. Before every electrolysis
process the electrode surface was degreased, cleaned, and
rinsed with distilled water, then after dried electrodes was
weighed on analytical balances. Electrolysis cell, voltammetry,
ammeter, rheostats are main parts of the electrolytic device.
The voltage maintained during electrolysis was 0.26 V.

The reagents used at investigating: Na,SO,, KNO, were
used withthe constant concentration of 0.1M. The concentration
of depolarizer NH,ReO, under study was constant 0.001 M. The
concentration of nickel sulfate NiSO, was 0.001 M. The citric
acid CH,0, used with concentrations between 0.1-0.001 M. All
reagents were of analytical grade. All solutions were prepared
in accordance to the standard and was stored according to the
standard.

2.1 Electrolysis of ammonium perrhenate

Electrolysis process was conducted with graphite
electrode as cathode and platinum electrode as anode. The
electrolysis time was 30 min. After CV results electrolysis of
above described 3 experiments were investigated.

Experiment 1: Background electrolyte Na,SO, (0.1 M)
20 ml, NH,ReO, (0.001 M) 10 ml, citric acid (0.01 M) 10 ml.

Experiment 2: Background electrolyte KNO, (0.1 M) 20 m|,
NH,ReO, (0.001 M) 10 ml, citric acid (0.01 M) 10 ml.

Experiment 3: Background electrolyte Na,SO, (0.1 M) 20 ml,
NH,ReO, (0.01 M) 10 ml, nickel and citric ions (0.01 M) 10ml.
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Reduction process of perrhenate ions were conducted in
presence of complexing agent citric acid at 3 different
background electrolytes. The electrolysis time was about 30
minute. After electrolysis the different types of films were
obtained depending on background electrolyte. Before
electrolysis each electrode mass were weighed and values were
written. After electrolysis they were weighed again in order to
find mass difference.

3. Results and Discussion

3.1 Reduction and oxidation of perrhenate ions in the
presence of citric acid in background sodium sulfate electrolyte

Sodium sulfate electrolyte was taken as background
electrolyte, whereas citric acid was added as complexing agent
in the redox process of perrhenate ions from aqueous solution.
In order to investigate the influence of citric acid at first
experiment, the volume of citric acid was varied and
concentration of perrhenate ions and background sulfate
electrolyte were kept constant.

As it can be seen from the voltammograms (Figures 1,2),
the reduction potential of perrhenate ions corresponds to -0.5
V, notably this peak appeared when volume of citric acid was 8
ml and perrhenate ions volume was 10 ml. In presence of citric
acid perrhenate ions oxidized between 0.35-0.6 V potentials. In
oxidation curve of perrhenate ions multi peaks in potentials
about 0.25-0.3V and 0.55-0.6V were observed. They give the
indication according literature reviews the different oxidation
state of rhenium, or correspond to the different oxides of
rhenium. Relying on information from literature review the
rhenium oxidizes in the form of different oxides in following
potentials [20]:

ReO, +2H*+e-=Re0,+H,0; E=+0.778 (1.1)
ReO,+2H*+2e'=Re0,+H,0; E=+0.4B (1.2)
ReO,+4H*+4e'=Re+2H,0; E=+0.26B (1.3)

According to works of Noar and Eliaz it was found that
citric acid and perrhenate form complex [ReO4H2Cit]* [25].
Perrhenate ion is an anion, so it has a negative charge, and
cathode also has a negative charge. In order to reduce
perrhenate ions into rhenium some energy requires to
overcome repulsion force between cathode and perrhenate
ions. It is an additional hindering factor to reduce rhenium. It
can be predicted that in anodic potential formed complex ions
due to strong electrostatic forces can be adsorbed on surface of
electrode and oxidize easily. 0.35 V potential matches with
oxidation potential of ReO,/Re®. By analyzing the graphs, it can
be observed that with increasing of citric acid concentration the
anodic peaks decreased, accordingly the value of current is
decreased.

In the second experiment, potassium nitrate was chosen
as second background electrolyte. Concentration of potassium
nitrate and perrhenate ions concentration were constant as in
previous first experiment.
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Figure 1 —The reduction polarization curve of 0,001 M
ammonium perrhenate (NH,ReO, ) in the presence of 0.001 M
citric acid on the graphite electrode in background solution of

0.1M Na SO,

—— Na2804
— 10ml Re
—— 2ml cit.a
—— 4ml cit.a
8ml cit.a
8mlcit.a
10ml cit.a|

0,0000030

0,0000025 4

®

0,0000020 ////

< - =

0,0000015 -
—
0,0000010 / 7
=
000000054 ~

0,0 0,1 02 03 04 05 06 0,7
E.mV

Figure 2 — The oxidation polarization curve of 0,001M
ammonium perrhenate (NH,ReO, ) in the presence of 0.001 M
citric acid on the graphite electrode in background solution of

0.1 M Na,S0,

The reduction potential of perrhenate ions was moved
towards cathodic area when increasing concentration of citric
acid in electrolyte from -0,35 V to -0,55 V (Figure 3). One weak
peak in potential around 0.35 V was observed in anodic area in
KNO, electrolyte without presence of citric acid. As it is seen
from Figure 4 the multi anodic peaks at 0.35V, 0.6 V, 0.7 V
appeared at adding of citrate ions into electrolyte. The first
peak might be the peak of phase sedimentation on surface of
graphite electrode. The next peaks might be the peaks of
adsorptions and oxidations. The initial peak of oxidation was
shifted from 0.3 Vto 0.35 V of anodic area. In the next oxidation,
the peaks were not noticeable in oxidation potential. It was
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Figure 3 — Polarization reduction curves of 10 ml 0.001 M of
perrhenate ions in the presence of 0.001 M citric acid in 0.1 M
KNO, background solution
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Figure 4 — Polarization oxidation curves of 10 ml of 0.001M
perrhenate ions in the presence of 0.001 M citric acid in 0.1M
KNO, background solution

predicted that they might indicate the oxidation potentials of
following compounds ReO,/Re° +36 V, ReO,/Re0,+0.594 V,
ReO,/Re0+0.77 V.

The following solutions were taken for further
investigation: Na,SO, (0.1 M) 10 ml, H,SO, (0.1 M) 10 ml,
NH,ReO, (0.001 M) 10 ml, nickel and citrate ions’ volume ratio
at1:9, 2:8, 3.7, 4:6, 5:5, 6:4, 7:3, 8:2, 1:9. As it is observed (Figure
5), the reduction process was around at -0.45V potential.

The alloy of nickel and rhenium is reduced on the surface
of electrode. From Figure 6 two anodic dissolution processes
were noticed, first one corresponds to 0.45 V potential, second
—100.65 V potential. They confirm that the first peak is the peak
of nickel oxidation; the second one corresponds to the rhenium
oxidation process.
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Figure 5 — Polarization reduction curves of 0.001 perrhanate
ions in the presence of 0,001M nickel sulfate and citric acid in
different ratio of NiSO,:C H,O,
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Figure 6 — Polarization oxidation curves of 0.001 M perrhenate
ions in the presence of 0.001 M nickel sulfate and citric acid in
the different ratio of NiSO,:C.H,0,

The reaction of these processes explained in following
way as given below. According to investigation of Noar [25]
during adsorption process of nickel on surface of electrode
occur intermediate space, which create proper condition to
reduction process of perrhenate ions until metallic form.

[Ni(Cit)2]* = Ni?* + 2Cit* (1.4)
Ni** + 2e =Ni° (1.5)
2Hcit” + 2e = H, + 2Cit*> (1.6)
H,Cit + 2e = H, + Cit> (1.7)
7Ni° + 2(ReO H,Cit)* + 16H+ =7 Ni** + 2Re®+ 8H,0 +
+2H,Cit (1.8)
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3.2 Results obtained from X-ray analysis

X-ray analysis spectra of deposited film was carried out.
Rhenium deposition from Na,SO, and KNO, in the presence of
citric acid were about 60.83-65.5 and 92.92-93.65 % respectively
(Table 1). According to X-ray analysis, codeposited nickel and
rhenium alloy content found to be about 80.94-82.52 % rhenium
and about 14.10-11.83 % of nickel with impurities of 4.96-5.66 %.

Appearance of obtained films after electrolysis was
different. In the first experiment, the color of coated film was
between grey and black. In the second experiment, the film
color was black, in the third — it was shiny yellow. The film
obtained in the third experiment proved the reduction of the

Table 1 — X-ray data and deposited film mass after electrolysis

alloy, as the color of the film became shiny. The further
investigation of the obtained film by SEM and EDS methods has
been shown in Table 2. It should be noticed, in the first
experiment in sodium sulfate background electrolyte deposited
film was not uniform. In case of the second experiment, the
deposited film in potassium electrolyte was more densely
located comparing with the first experiment. Nevertheless,
there are still empty places between deposited particles.
According to the third experiment, it can be concluded that the
alloy has very high density, therefore, in Table 3 it cannot be
seen as porous film.

Content Re, % Ni, % Other impurities, % Deposited RexOyand ReNi
Experiment after electrolysis, (Am), g
NaZSOAV CH,0, 60.83-65.5 37.51-25.54 0.0008
KNO, CH,0, 92.92-93.65 7.08-6.35 0.0009
Na,S0,, NisO,, C.H,0, 80.94-82.52 14.10-11.83 4.96-5.66 0.0018

Table 2 — The appearance of graphite electrodes after electrolysis in the presence of depolarizer NH,ReO, in following supporting

electrolytes

Na,SO, and citrate bath

KNO, and citrate bath

Na,SO, citrate and NiSO,
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Table 3 — SEM and EDS pictures of obtained films after electrolysis in the presence of depolarizer NH,ReO, in following supporting

electrolytes:

20um, EDS
Na,SO, and citrate bath

30000x, SEM
KNO, and citrate bath

5000x, SEM
NaZSOAVCitrate and NiSO,

4. Conclusion

The deposition of rhenium in the presence of citric acid
using KNO,, Na,SO, background electrolytes on graphite
electrode was studied. The recovery and oxidation potentials of
rhenium in these electrolytes were determined using cyclic
voltammetry. The content and morphology of deposited film on
electrode was identified by using X-ray method and SEM
method. Deposited film in the background electrolyte of sodium
sulfate was non-uniform. It was observed that the reduction
potential of perrhenate ions from Na,SO, in the presence of
citric acid was not experienced potential shift, but current
density decrease was observed. In oxidation area with addition
of citric acid into the cell shift of the initial fist peak from 0.25V
to 0.35V potential and from 0.5V to 0.6V potential was detected
by indicating inhibitor effect of citric acid. In case of KNO,
background electrolyte the addition of citric acid into the
system shifted reduction potential of perrhenate ions from

-0.35V to -0.55V showing also inhibitory effect of citric acid into
reduction potential. In the oxidation potentials multi peaks
appeared by addition of citric acid which was not detected from
KNO, without citric acid. The film was deposited more dense
with more rhenium content from the potassium nitrate than
from sodium sulfate electrolyte in the range 92.92-93.65 and
60.83-65.5 respectively. In presence of nickel sulfate and citric
acid the yield of deposited alloy contained 80.94-82.52 %
rhenium and about 14.10-11.83 % of nickel with impurities
4.96-5.66% which was confirmed by X-Ray analysis. Reduction
potential corresponded to -0.5V. Two oxidation peaks was
detected at 0.45V and 0.65V.
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