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RESEARCH OF REGULARITIES OF ELECTROREDUCTION
OF NICKEL POWDERS AT POLARIZATION BY THE CATHODIC
IMPULSE CURRENT IN THE ULTRASONIC FIELD

Abstract. The process of formation of nickel powders by the electrochemical method has beeninvestigated. The
regularity of electroreduction of nickel at polarization by cathodicimpulse current in an ultrasonic field (frequency
35 kHz) is studied. Under these conditions, the effect of the titanium current density on the reduction of nickel ions
has been investigated. It is shown that, depending on the current density values, nickel coatings or powders of gray or
black color may be produced. At low current densities of the titanium electrode, the nickel powders of gray color and
a metal coating are formed. At high current densities of the titanium electrode, black powders are formed. It is
established that the total current output of nickel powders and coatings is 83.5%. The effect of the nickel current
density on the current output of the formation of its powder has been investigated. It is shown that the maximum
current output (64.4%) is observed at a current density of 1000 A/m” on nickel. Photomicrographs of the obtained
powders and coatings of nickel have beenmade. It is shown that the formed powders consist of dendritic and globular
particles. The effect of the concentration of the solution (NiSO4-6H,0+NaCl) on the current output ofnickel recovery
has been investigated. It was found that with increasing of NiSO4-6H,0 concentration from 1 to 20 g/, the current
output of nickel powder formation increases from 7.47 to 46.6%. With increasing of concentration of sodium
chloride, the current output of nickel powder formation also increases.

Keywords: electrochemistry, nickel, powder, reduction, cathode, impulse, ultrasound, polarization, micro-
photograph, frequency.

The growing interest in metallic nickel and its powders is due to the continuous increase in the con-
sumption of this metal in new fields of technology [1-5]. Nickel, as a cheaper metal than palladium and
platinum, is widely used as a catalyst in hydrogenation processes [6-8]. For these purposes, it is reaso-
nably to use nickel in the form of a powder. Powdered nickel is also consumed in the production of nickel
alloys and as a binder in the manufacture of solid and supersolid materials [9]. Nickel electrodes made of
the finest powders are also used in fuel cells.

There are a lot of methods for obtaining metallic powders. Such methods are atomization, restitution
in the combustion regime, and others [10, 11]. However, all of them are multi-stage, labor-intensive and
sometimes expensive. Therefore, the development of new alternative, more economical and simple
methods for producing metallic powders is of great interest.

The production of nickel powders by the electrochemical method has a number of advantages such as
minimal energy (the process is carried out at room temperature), and other costs (the use of readily
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available reagents), the simplicity of the equipment used, and the relatively high environmental
friendliness of the process.

In the proposedpaper we investigated the process of formation of nickel powders by an electro-
chemical method. In our previous papers in the study of the formation of platinum powders under the
influence of alternating current, the efficiency of using the electrochemical method for this purpose is
shown [12-19].

The goal of this paper was to study the regularities of electroreduction of nickel powders at pola-
rization by cathodic impulse current in an ultrasonic field.

Experimental technique. Titanium and nickel electrodes were used for the experiments. The
impulse current is connected to the electrochemical circuit using diodes of ED 214A brand. A mixed
solution of the following compounds was used as the electrolyte: NiSO4-6H,0O, (NH4),SOsand NaCl.
A ultrasonic bath with a frequency of 35 kHz, Proskit SS-803 F brand, was used to create an ultrasonic
field. The current output (CO) of nickel powder formation under cathodic polarization is calculated for the
cathodic half-cycle of alternating current. Photomicrographs of the produced nickel powders were taken
with a JEOL JSM-6610LV scanning electron microscope.

Experimental procedure. The influence of the titanium electrode current density on the reduction of
nickel ions with the subsequent formation of its powders at polarization by the cathode impulse current in
an ultrasonic field has been investigated.

Table 1 provides the results obtained from the investigation of the influence of the titanium electrode
density on the reduction of nickel ions polarized by a cathodic impulse current in an ultrasonic field at a
frequency of 35 kHz

With a constant current density on the nickel electrode of 4000 A/m?, when the current density on the
titanium electrode varies from 4,000 to 30,000 A/m’ the bright coatings form on the surface of the
electrode, the CO of which decreases with increasing the current density. With increasing the current
density up to 40000 A/m’, the formation of coatings on the electrode is not observed.

In the range of current densities of the titanium electrode, equal to 4000-40000 A/m?, along with the
coatings, the gray powders are formed, the CO of which, with increasing the current density, passes
through a maximum. The highest CO is observed at ir; = 20,000 A/m*and is equal to 34.0%. The results of
elemental analysis showed that the purity of the obtained gray nickel powder is 84.85%.

Beginning with ir; = 20000 A/m?black nickel powders are formed, CO of which increases linearly
with increasing the current density on titanium. Based on the purity elemental analysis of the produced
nickel powders, it is found that it is 93.36%.

Thus, the total CO of formation of coatings and nickel powder is 83.5%.

Table 1 — Effect of the titanium current density on the CO reduction of nickel polarized
by the cathode impulse current in an ultrasonic field at a frequency of 35 kHz:
t=25°C; iy; = 4000 A/m?; C (20 g/l NiSO4 6H,0 + 20 g/l (NH,),SO,+ 10 g/L NaCl)

ii, Cathodic CO, % Total cathodic CO,

A/m? Coating of CO Gray powder CO Black powder CO %

4000 74,5 9,0 - 83,5
7500 41,48 14,9 - 56,4
10000 26,8 27,0 - 53,8
20000 8,0 34,0 17,0 59,0
30000 3,0 28,0 18,2 49,2
40000 - 26,6 20,0 46,6

JEOL JSM-6610 LV scanning electron microscope tookthe microphotographs of produced nickel
coatings and powders. Figure 1 shows the enlarged 3000-fold microphotographs of nickel coatings pro-
duced by polarization with a cathodic impulse current. As was mentioned above, in this case, the bright
nickel coatingsare formed ontitanium surface.
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SEl  20kV WD10mm SS45 x3,000 S5um
Sample 4233 20 May 2016

t =25 °C; ix= 4000 A/m?; ir= 20000 A/m?; C (20 g/l NiSO,4-6H,0 + 20 g/l (NH,),SO, + 10 g/l NaCl)

Figure 1 — A microphotographof nickel coatings producedat polarization with aimpulse cathodic current
in an ultrasonic field at a frequency of 35 kHz

Figures 2 and 3 show the microphotographsof nickel powders, also producedat polarization with a
cathodic impulse current in an ultrasonic field with a frequency of 35 kHz. It should be noted again that
the nickel powders formed in the electrolyzer space are black (Figure 3), while the powders formed on the
surface of the electrode are gray (Figure 2). In this case, the nickel products formed after electrolysis
(coating, powders of gray and black color) are easily separated from each other.

In order to establish the optimal parameters for the reduction of nickel with the formation of a
powder, the influence of the current density of a nickel electrode on the CO of metal powder formation at
polarization by a cathodicimpulse current in a ultrasonic field with a frequency of 35 kHz was investigated
(Table 2). With a titanium constant current density of 40,000 A/m” and varying the nickel current density
from 500 A/m’to 6000 A/m’ the CO curve of the formation of metal powders passes through a maximum.

SElI  10kV WD7mm S$S20 x3,000 Spum
Sample 3960 29 Apr 2016

t=25 °C; iny= 4000 A/m’; ir= 20000 A/m’; C (20 g/l NiSO4-6H,0 + 20 g/l (NH,),SO4+ 10 g/l NaCl)

Figure 2 — A microphotographof a gray nickel powder producedat polarization with impulse cathodic current
in an ultrasonic field at a frequency of 35 kHz
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2 AR A

10kV WD7mm §820 x3,000 5pm

SEI
Sample 3954 29 Apr 2016

t=25°C; in= 4000 A/m’; iy= 20000 A/m’; C (20 g/l NiSO, 6H,0 + 20 g/I(NH,),SO,+ 10 g/l NaCl)

Figure 3 — A microphotographof black nickel powder producedat polarization
with impulse cathodic current in an ultrasonic field at a frequency of 35 kHz

Table 2 — Effect of the nickel current density on the CO of its reduction at polarized
by a cathodic impulse current in an ultrasonic field at a frequency of 35 kHz C
(20 g/l NiSO,- 6H,0, 20 g/l (NH4),SO,, 10 g/l NaCl); t = 25 °C , i= 40000 A/m’

ini, A/m? 500 1000 2000 4000 6000
BT, % 31,1 64,4 48,6 48,7 48,7

The maximum CO is observed at iy= 1000 A/m?and is equal to 64.4%. It should be noted that at
densities of the current on the nickel electrode of 500-1000 A/m’, a bright black nickel powder is formed,
distinguishing in metallic luster. With increasing the current density ixi> 1000A/m’, the powder brightness
gradually disappears. Apparently, at low current densities, plate powdersare formed, while at high
densities, flake powders are formed. With increasing current density on the nickel, the main part of the
current is consumed for gas evolution, which leads to a decrease in the CO.

Figure 4 shows a microphotographof a black bright nickel powder producedat polarizationof nickel
electrode with a cathode impulse current (ix; = 1000 A/m”and ir; = 40000 A/m?) in an ultrasonic field at a
frequency of 35 kHz. Analysis of the microphotographof the produced powders showed that they consist
of dendritic and globular particles. The results of elemental analysis showed that the metal powders
obtained at ix; = 1000 A/m’and ir; = 40000 A/m’ correspond to 94.43% of nickel.

Figure 5 shows a microphotographof a black but not bright nickel powder producedat polarization of
the nickel electrode with a cathode impulse current (in= 6000 A/m’and ir= 40000 A/mz) in an ultrasonic
field at a frequency of 35 kHz. In this case, the formation of a powder consisting of dendritic and globular
particles is also observed. It should be noted that in this case an increase in the number of globular
particles is observed. According to elemental analysis, the metal powders produced at iy; = 6000 A/m* u
i1; = 40000 A/mzcorrespond to 94.43% of nickel.

The effect of the concentration of the solution (NiSO4 6H,O+NaCl) on the COof recovery of a nickel
electrode polarized by the cathode impulse current using an ultrasonic field at a frequency of 35 kHz was
studied. As can be seen from Figure 6, with increasing NiSO,-6H,Oconcentration from 1 g/l to 20 g/l, an
increase in the CO of nickel powder formation from 7.47% to 46.6%is observed. Further increase in
concentration leads to a decrease in CO, because at high concentrations of the NiSO4-6H,Osolution, nickel
Ni(OH),is also formed along with the metal powders, which confirms the coloration of the solution in
green color.
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SEl 15kV WD10mm  S$S20 x3,000 5um
Sample 4560 13 Jun 2016

t =25 °C; ix= 1000 A/m%ig= 40000 A/m?; C (20 g/l NiSO,- 6H,0, 20g/l (NH,), SO, 10 g/l NaCl)

Figure 4 — A microphotographof a black bright nickel powder producedat polarizationof nickel electrode
with a cathodic impulse current in an ultrasonic field at a frequency of 35 kHz

SEl  15kV WD7mm $S20 x3,000 S5pum
Sample 4598 13 Jun 2016

t =25 °C; in= 6000 A/m?;ir;= 40000 A/m*; C (20 g/l NiSO,- 6H,0, 20g/1 (NH,), SO4, 10 g/l NaCl)

Figure 5 — A microphotographof a black, not bright nickel powder producedat polarization ofnickel electrode
with a cathodic impulse current in an ultrasonic field at a frequency of 35 kHz

TIII, %

501

401 t = 25 °C; ini= 4000 A/m?, ir; = 40000 A/m’;

30 C, g/l (x NiSO4 6H,0 + 20(NH,),SO,4 +10 NaCl)
Figure 6 — Effect of NiSO,- 6H,O concentration

204 on the CO of nickel recovery at polarization
by cathodic impulse current in an ultrasonic field

104 at a frequency of 35 kHz

C NiSQ4- 6H20
T T T T T T
0 5 10 15 20 25 30
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Figure 7 shows the results of effect of the sodium chloride solution concentration on the CO ofnickel
powder formation atpolarization ofelectrodes by cathodicimpulse current in an ultrasonic field at a
frequency of 35 kHz. With an increase in the concentration of sodium chloride, CO ofnickel powder
formation also increases. The maximum CO of nickel powder formation is 51.1% and is observed at a
NaCl concentration of 30 g/l. Such picture of the dependence of the current outputof the nickel powders
formation on the concentration is observed in paper [20], where the positive effect of sodium chloride on
the formation of metal powders is noted, which is expressed in an increase in the current outputof the
nickel powders formation.

TIIT, %
504
t =25 °C; in= 4000 A/m’, ir; = 40000 A/m’; 40+
C, g/1 (20 NiSO,* 6H,O + 20 (NH,),SO, + x NaCl)
30
Figure 7 — Effect of NaCl concentration
on the CO of nickel recovery at polarization 20
by cathodic impulse current in an ultrasonic field <~
at a frequency of 35 kHz
10+
C}CaCI

0 5 10 15 20 25 30

It should be noted that at current densities below 7500 A/m” the nickel coating is formed. At
irs> 30000 A/m’, nickel hydroxide is formed along with the black nickel powder. As the results of X-ray
phase analysis (Figure 8) showed, the reflexes 4.7; 2.70 and 2.34 A of the product produced correspond to
Ni(OH),, reflections 2.03A correspond to Ni.

o+
o
1 o
N N 4 I~
o 7 . :
o 4 N N
e . 7 s
T #“'
/ \ M J

iy, ..-..-v__.,_.-'r'—"_"'

Figure 8 — X-ray photogram Ni(OH),

Thus, the results of the obtained data have shown the possibility of applying the transient current for
producing nickel powder. It is shown that nickel powders of predominantly dendritic form are formed
during electrolysis. It has been established that when using an ultrasonic field in the electrolysis process,
the dentritic forms of the nickel powder are destroyed, which promotes the production of more dispersed
forms of the said powder.
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9. b. baemos, M. K. Kypunos, Y. A. AdayBanueBa,
A. A. AnaiioexoBa, T. J. I'aunos, b. 3. Mbip3adexoB

J1. B. CoxonbCKMii aTBIHAAFBI )KaHapMail, KaTalln3 )KOHE 3JIeKTPOXUMHES HHCTUTYTHL, Anmatsl, Kasaxctan

YJIBTPAABIBBICTBI OPICTE KATOATHI UMITYJIbCTI
TOKIEH MOJISIPU3ALUAJIAY APKbLJIBI HUKEJIb YHTAKTAPBIHBIH
SJIEKTPOTOTBIKCbBI3JAHY 3AHABIJIBIKTAPBIH 3EPTTEY

AHHOTAUMS. DIEKTPOXUMUSUIBIK 9JIIC apKBUIBl HUKEIh YHTAKTapBIHBIH TY3LIy IpoIecci 3epTTenmi. YIbTpa-
IBIOBICTH opicTe (5 K['I) KaTOATH MMITYJIECTI TOKIICH MOJSPHU3ALMsIIAay Ke3iHIe HHUKEIBIIH 3JICKTPTOTHIFY 3aH-
JBUTBIKTAPBI 3epPTTEN/i. ATajnfaH MIAPTTap[a HUKENb WOHIAPBIHBIH TOTHIKCHI3JaHYbIHA TUTAHIAFBl TOK THIFbI3-
IIBIFBIHBIH dcepi 3epTTenai. TOK THIFBI3ABIFBIHEIH Op TYPIIi KOPCETKIMITEepiHIe HUKEIBIIH KanTaMatapsl HeMece Kapa
JKOHE CYp TYCTiI YHTaKTaphlH alyFa OONATHIHIBIFBI KepceTinai. TUTaH AIIeKTPOABIHBIH TOMEHT1 TOK THIFBI3IBIKTA-
PBIHIA HUKENBIIH CYp TYCTI YHTAaKTaphl )KOHE HUKEIh KalTaMachl TY3UIeTIiHAIrT KepceTinai. TUTaH 31eKTPOIBIHBIH
JKOFapFbl TOK THIFBI3IBIKTAPBIHIA HHUKETBIIH Kapa TYCTI YHTaKTapel TY3UIETiHIITT kepcerinmi. Hukenpmiy Kamra-
MaJapbl JKOHEe YHTaKTaphl TY3UTYiHIH TOK OOWBIHINA MIBIFEIMIAPBIHBIH KOCHIHIIBI MoHI 83,5 %-Fa TeH 0ONaThIHABIFBI
aHBIKTaJIbl. HUKEJb YTaKTapbIHBIH TY31TyiHE HUKEIbIET] TOK ThIFBI3BIFBIHBIH 9CEPl 3ePTTEIIM, OHBIH MAKCHMAJI/IbI
TOK GOMBIHIIA BFBEIMEL 1000 A/M>-n1e 64,4-ra KeTeTIHIITI KOpceTimi. ANBIHFaH KaNTaMa XXOHe YHTaKTapIbIH MUK-
podoTocyperrepi Tycipinai. Ty3inreH yHTaKTap IEHAPHUTTI KOHE TII0OYNNa TYPIHIETI OONIMIEKTepACH TYPATHIHIBIFHI
aHBIKTANIBL. HUKEhIIH TOTHIKCHI3IaHYBIHBIH TOK OOHBIHIIA mBFbIMBIHA epiTiHAl (NiSO4 6H,0+NaCl) koHIeHTpa-
IUSCHIHBIH ocepi 3epTrenai. NiSO4 6H,O epitiHAiciHIH KOHIEHTpauusAchHBIH 1 1/1-meH 20 r/n-re neiin ecyi HH-
KeJIbIiH YHTaKTapbIHBIH TY3UTyiHIH TOK OOWBIHINA IIBIFBIMBIHEIH 7,47 %-nan 46,6 %-fa neiiiH ecyiHe aybIll Kewi.
Hatpwuit xmopuai KOHIEHTPAUUACHIHBIH 6CYIMEH HUKENBIIH YHTaKTapBIHBIH TY3UTYyiHIH TOK OOMBIHINIA IIBIFBIMBI A
©CEeTIH/Ir KOpCeTiIIi.

Tyiiin ce3aep: 3/EKTPOXUMHUS, HUKEIb, YHTAK, TOTHIKCHI3[AaHY, KATOJ, UMIIYJIbC, YIbTPA3BYK, MOJISPH3ALUS,
MUKpohoTorpadus, KULITIK.
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UCCJIEJOBAHUE 3AKOHOMEPHOCTEM SJIEKTPOBOCCTAHOBJIEHUSA
HUKEJIEBBIX TIOPOLIKOB ITPU MMOJIAPU3AIIMN KATOJHBIM UMITYJIbCHBIM TOKOM
B YJIBTPA3BYKOBOM I10JIE

Annotanusi. VccnenoBan mnpomecc 0o0pa3oBaHWS HHUKEIEBBIX ITOPOLIKOB 3JIEKTPOXUMHYECKHM METOJIOM.
H3yyeHa 3aKOHOMEPHOCTbH 3JIEKTPOBOCCTAHOBJICHHS HHKEJSI MPU IOJISIPU3ALMK KaTOIHBIM HMITYJILCHBIM TOKOM B
YIIBTpa3BYKOBOM 1oJie (qactoTa 35 kI'1r). B yKa3aHHBIX yCIIOBHSAX HCCIIEIOBAHO BIMSHHE INIOTHOCTH TOKA HA TUTAHE
Ha BOCCTAHOBJIEHHE MOHOB HUKeNs. Iloka3zaHo, 4TO B 3aBUCHMOCTH OT 3HAYCHUI IUIOTHOCTH TOKA MOXKHO IIOJTydaTh
HHKEJIEBbIE OKPBITHS HIIH MOPOIIKH CEPOro JINO0 YepHOTo 1BeTa. [Ipr HU3KHUX IIOTHOCTSX TOKA TUTAHOBOTO BJIEKT-
pozma o0pa3yloTCsi HHUKENEBBIC IIOPOIIKH CEPOTO IIBETa M IMOKPHITHE MeTawia. [Ipu BBICOKMX IUIOTHOCTSIX TOKa
TUTAHOBOTO 3JIEKTPoJa (HPOPMHUPYIOTCS MOPOIIKH YEPHOTO IL[BETA. YCTAHOBJIEHO, YTO CYMMAapHBIN BBIXOJ MO TOKY
00pa3oBaHUs MOPOIIKOB W TMOKPHITHHA HHKeNs coctaBisier 83,5 %. MccinenoBaHo BIHMSIHWE IJIOTHOCTH TOKa Ha
HHKeJIe Ha BBIXOJ 110 TOKY (popMHpoBaHHMs €ro mnopouika. [loka3zaHo, 4TO MakCUMabHBIN BBIXOJ MO TOKY (64,4 %)
HAG/TIO[AeTCA [PH IUIOTHOCTH ToKa Ha Hukene 1000 A/m”. CHsthl MEKPOGOTOrpadUH TOTYYEHHBIX MOPOIIKOB 1
NOKpBITHH HUKens. [lokazaHo, yTo 00pa3oBaHHBIE MOPOLIKH COCTOSIT M3 JEHIPUTHBIX W TTIOOYJIOBHIHBIX YAaCTHILI.
HccnenoBano BiausiHue koHueHTpanuu pactsopa (NiSO4 6H,O+NaCl) Ha BBIXOJ 110 TOKY BOCCTAHOBJICHHSI HUKEIIS.
YcranosneHo, urto ¢ yBenmueHueM KoHueHTparuu NiSO,6H,O ot 1 nmo 20 r/m BbIXOX 1O TOKY 0Opa3oBaHMS
MIOPOIIKA HUKEINs yBennuuBaercs ¢ 7,47 no 46,6 %. C yBennmueHneM KOHLECHTPALMH XJIOpUa HATPHUS BBIXOJ 11O TOKY
00pa3z0BaHus MOPOIIKA HUKEJIS TAKXKE YBEINUINBACTCSL.

Ki1roueBble c10Ba: 3JIEKTPOXUMUS, HUKEIb, IIOPOMIOK, BOCCTAHOBIICHHE, KaTOM, UMITYJIbC, YIBTPa3BYK, MOJIS-
puzanus, MUKpodoTorpadus, yactora.
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