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The phase composition of Zn-Ni alloy films electrodeposited from a slightly alkaline polyligand electro-
lyte was analyzed by anodic voltammetry method. The mechanism of films anodic dissolution in alkaline
ammonia-glycinate solution not containing metal ions is proposed. The main peaks correspond to the zinc
dissolution from 7-phase and from yphase of the initial film and the nickel-enriched phase formed during
the film dissolution. The nickel content in the nickel-enriched phase is determined, as well as nickel and y-
phase content in the original film, depending on the ratio of metal ion concentrations in the electrolyte at
various ratios of glycine and ammonia concentration. It is shown that films in a wide range of these ratios
([Ni2+]:[Zn2*] = (2-5):1 and [Gly]:[NH3(NH4*)] = (2-9):5) contain mainly yphase with nickel content in the

range of 15.8-18.2%.

Keywords: Alloy, Zn-Ni, Phase composition, Anodic lineal stripping voltammetry.

DOT: 10.21272/nep.9(5).05010

1. INTRODUCTION

The Zn-Ni alloys may provide either sacrificial pro-
tection or barrier film protection for steel [1]. The zinc-
nickel alloys containing of 10-15 wt. % nickel possess
higher corrosion resistance and better mechanical
properties against zinc [2]. Such coatings provide a
sacrificial protection to steel and are recommended to
replace environmentally hazardous cadmium coatings
[3-4]. Other authors prefer the range of 15-18 wt. % Ni
[5-6]. The commonly employed Zn—Ni alloy in the aero-
nautical industry has 15-22 wt. % [7].

Multilayer coatings consisting of thin layers of met-
als, alloys and oxides have the best anticorrosive, me-
chanical and catalytic properties [8-10] compared to
classical single-layer coatings. Anticorrosive and me-
chanical properties of coatings depend on their phase
composition. There are 5 known phases for zinc-nickel
alloys (a solid solution of Ni in Zn with hexagonal
structure, containing up tol wt% Ni), Jphase
(NisZnz2), y~-phase (an intermetallic compound NisZn2:
with a bce structure), S-phase (NiZn) and a-phase (a
solid solution of Zn in Ni) [11].

In electrodeposited coatings, the XRD method finds
mainly 7-phase of the nickel solid solution in zinc, the
intermetallic y-phase and the a-phase of the zinc solid
solution in nickel [12]. However, during the formation
of thin films, other phases may appear, for example, y1-
phase (ZnsNi) [17]. Moreover, during the anodic disso-
lution of the films the additional phases can also ap-
pear.

In the case of thin films, the stripping voltammetry
method [18] is a convenient method for analyzing their
phase composition. However, the correctness of its use
depends both on the solution used and on the accuracy of
electrolysis parameter selection. The films are dissolved
both in electrolytes for alloy deposition [13-14, 18-21] and
in solutions that do not contain metal ions [15, 16], both in
acidic [19] and in alkaline solutions.
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From 2 to 5 peaks can be observed on anodic linear
stripping voltammetric (ALSV) depending on the composi-
tion of the alloy and the conditions for its dissolution.
Most authors argue that the first anodic peaks correspond
to the dissolution of zinc from its 7-phase, &phase, »
phase and a-phase. The last peak at more noble potential
corresponds to the dissolution of nickel from its phases.
However, other authors believe that in the potential range
of last peak, not only Ni dissolves, but the dissolution of
Zn-Ni alloy also takes place. Depending on the composi-
tion of the alloy, the last peak associated with yphase or
a-phase dissolution.

The deposits from the alkaline bath are character-
ized by a homogeneous phase composition. In the case
of two phases the corrosion cell tends to form in corro-
sive environments. The coatings by single phase alloys
obtained from the alkaline bath may exhibit generally
higher corrosion protection. Alkaline electrodeposition
gives a more uniform deposit, which offers better corro-
sion protection to the underlying metal. However, in
alkaline baths, the zinc and nickel species must be sta-
bilized with a complexing agent to prevent precipita-
tion as metal hydroxides.

In this paper, the effect of nickel and zinc ions con-
tent in weakly alkaline polyligand ammonia-glycinate
electrolyte on the chemical and phase composition of
electrodeposited films were examined using anodic lin-
ear stripping voltammetry.

2. EXPERIMENTAL

Zinc-nickel alloy films were deposited in a weakly al-
kaline ammonia-glycinate polyligand electrolyte. Both
nickel and zinc ions in this electrolyte forms complex
compounds with both ammonia and glycine in this electro-
Iyte. The influence of films phase composition was investi-
gated in series of electrolytes (Table 1) with constant total
nickel and zinc ion concentration and constant total lig-
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and (ammonia and glycine) concentration; pH was 9.0.

Table 1 — Solution composition

Solution | Components concentration in electro-
number lyte, mol/l
Niz+ Zn2* Gly NH4*(NH3)
1 0,01 0,05 0,12 0,30
2 0,04 0,02 0,12 0,30
3 0,05 0,01 0,12 0,30
4 0,01 0,05 0,18 0,24
5 0,04 0,02 0,01 0,12
6 0,05 0,01 0,12 0,30
7 0,01 0,05 0,27 0,15
8 0,04 0,02 0,27 0,15
9 0,05 0,01 0,27 0,15

The ratio of metal ion concentrations M = [Ni2*]:[Zn2*]
was varied from 5:1 to 1:5 at the ratio of ligand concentra-
tions L =[Gly]:[NH3(NH4")] = 2:5 (solutions 1-3 in Ta-
ble 1), 3:4 (solutions Ne4 - Ne6) and 9:5 (solutions No7-Ne9).

Zinc-nickel alloy films of 50-230 nm thickness were
deposited for 3.5 minutes on a platinum electrode in a
galvanostatic mode. For comparison, we used the same
current density of 3 mA/cm2, which is lower than the val-
ue of the limiting current density for all solutions.

Electrochemical studies were carried out using poten-
tiostate PI-50.1. The results were transferred from ana-
logue form to digital by means of the two-channel voltme-
ter and Telemax program for PC (5-100 signals per se-
cond). The silver chloride reference electrode was used.

3. RESULTS AND DISCUSSION

The Zn-Ni alloy films were anodically dissolved in
ammonia electrolyte containing Cl- ions to avoid pas-
sivation of Ni and not containing more noble metal to
avoid the reaction of replacement of Zn by Ni2*. Fur-
thermore, in order to increase the separation of the
peaks of dissolution of zinc and nickel, the pH of the so-
lution was higher than that of the electrolyte for alloy
deposition. Dissolution of zinc begins at electrode poten-
tial of —1.32 V. Nickel dissolves at potential values of
above 0.4 V in this solution.

The calculation of chemical and phase composition of
zinc-nickel films was carried out taking into account the
following preliminary results:

1) X-ray phase analysis of coatings of 10-20 pm
thickness obtained under the test conditions showed
that coating containing only y-phase deposits when the
nickel to zincs ion concentration ratio in electrolyte is 2:1
and 5:1. The coating containing 7- and y-phases deposits
when the mentioned ratio is 1:5;

2) chemical analysis of the coating composition ob-
tained at a current density of 3 mA/cm?2, showed the
nickel content to within 20 %;

3) chemical analysis of the solution after dissolution
of about 20 alloy films in the potentiostatic regime at
potential values below — 0.8V showed the presence of
nickel traces, and analysis of the deposit accumulated on
the platinum electrode revealed the presence of nickel
and zinc in approximately equal amounts.

Figures 1, 3 and 5 present ALSV of the films
obtained in the studied electrolytes with deconvoluted
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peaks. The curves have 2-3 well-defined main peaks
and 2 more peaks that overlap main peaks.
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Fig. 1 - ALSV on Pt in solutions, containing 0.12 mol/l Gly-,
0.30 mol/l NH3(NH4*) and 0.06 mol of metal ions. The
[Ni2+]:[Zn2*] concentration ratio: a — 1:5; b — 2:1; ¢ — 5:1. Poten-
tial scan rate is 5 mV/s

Taking into account preliminary experiments, we
consider that the first four peaks are related to the zinc
dissolution from different phases (Fig. 1a). In the P
peak, zinc dissolves from the 7-phase of the initial alloy
film. The nickel content in the coating surface increases
and it is possible that surface is passivated with inter-
mediate products of zinc dissolution. It is likely that in
the Pir peak (which is the shoulder of Pr peak) zinc also
dissolves from the 7-phase, but under conditions of the
changed surface. It is also possible that a transient &
phase forms in this case.
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In the peak of Pmi, zinc dissolves from the y-phase of

the initial alloy. In the P peak (shoulder of Pm peak),
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Fig. 2 — Distribution of fraction of amount of electricity under
the ALSV peaks from Fig. 1: 1 — from Fig. la; 2 — from
Fig. 1b; 3 — from Fig. 1c

zinc also dissolves from the yphase, but under condi-
tions of the surface been changed as a result of nickel
accumulation and, possibly, the presence of surface in-
termediate zinc compounds, for example y1 —phase.

In the Py peak, the phase that was no present in the
original alloy dissolves. This phase forms as a result of
the enrichment of the surface with nickel. This is not a
pure nickel, as the potential of this peak is more than
1V less than the potential of nickel dissolution begin-
ning in this solution. In this peak, a- phase or S-phase
of the zinc-nickel alloy enriched with nickel due to
dezincification of the surface dissolves, depending on
the initial alloy composition and, possibly, the potential
sweep rate. After this peak, the current drops to 0. It
further increases at the much higher potential values
(in the region of oxygen evolution).

When the ratio of the metal ion concentrations M
increases, the number of peaks decreases (for each val-
ue of the ratio of the ligand concentrations L) and the
alloy becomes homogeneous. Moreover, the area under
ALSV curves decreases, which indicates a decrease in
the current efficiency during alloy deposition (compare
a, b, c of Fig. 1, 3, 5).

In contrast to the alloy deposited in electrolyte hav-
ing M= 1:5 (Fig. 1a), the ALSV dissolution of the alloy
obtained at M =2:1 (Fig. 1b) the Pi peak disappears,
the Pu peak decreases and the Pur peak increases. lLe.,
the alloy contains mainly y-phase at such electrolyte
composition. With further increase in M (Fig. 1c), the
Pu peak decreases even more. Moreover, the height of
Pr1 peak also decreases, but the height of the Pv peak
increases in comparison with the Pm peak. Le., the
alloy is enriched with the yphase, but electrolysis effi-
ciency decreases.

Fig. 2 shows the amount of electricity distribution
consumed for alloy dissolution in the peaks. The
amount of electricity was calculated according to the
area under peaks of the ALSV curves the area under
the entire ALSV. Only in the case of alloy deposition
from the solution with M = 1:5, the amount of electrici-
ty consumed to dissolve zinc decreases with the in-
crease in the peak number, i.e., with an increase in the
nickel content in the phase (curve 1). The distribution
of peaks contribution in the cases of M =2:1 (curve 2)
and M =5:1 (curve 3) has the same form. Though the
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contribution of the peak Pv increases due to the de-
crease in the Pi peak fraction and the
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Fig. 3 — ALSV on Pt in electrolytes, containing 0.18 mol/l Gly-,
0.24 mol/l NH3(NH4*) and 0.06 mol of metal ions. The
[Ni2+]:[Zn2*] concentration ratio: a — 1:5; b — 2:1; ¢ — 5:1. Po-
tential scan rate is 5 mV/s

increase in the P peak fraction.

As L increases (glycine fraction increasing), the
height of the Pr peak decreases, and its shoulder turns
into a P peak (Fig. 3a), which may indicate increase in
the degree of surface passivation by intermediate com-
pounds of zinc dissolution from 7-phase with decreas-
ing of its content in the alloy. With increase of M
(Fig. 3b) the Piv peak also increases, which is apparent-
ly associated with an increase in the degree of surface
passivation by intermediate products of zinc dissolution
as the p-phase content in the alloy decreases (the
height of Pu peak decreases). At M =5:1 (Fig. 3c), the
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Pv peak height decreases, compared to the Pv peak.

The distribution of the amount of electricity under
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Fig. 4 — Distribution of the amount of electricity under peaks of
ALSV curve Fig. 3: 1 —from Fig. 3a; —from Fig. 3b; 3 — from Fig. 3¢
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Fig. 5 — ALSV on Pt in solutions, containing 0.27 mol/l Gly-,
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0.15 mol/l NH3(NHs*) and 0.06 mol of metal ions. The
[Ni2*]:[Zn2*] concentration ratio: a — 1:5; b — 2:1; ¢ — 5:1.
Potential scan rate is 5 mV/s

peaks of ALSV curve obtained in the case of L =3:4, is
virtually unchanged when M is changed from 2:1
(Fig. 4, curve 2) to 5:1 (Fig. 4, curve 3). With the in-
crease in the zinc ions content in electrolyte (curve 1),
the distribution of the amount of electricity has the
same form, but with a shift toward peaks correspond-
ing to phases with a lower nickel content.

Under conditions of glycine prevalence above am-
monia (Fig. 5), the height Pwv peaks continues to in-
crease, compared to Fig. 3. For M= 1:5 (Fig. 5a), the
Pur peak height is significantly reduced. lLe., it con-
firms the nature of the influence of glycine on the alloy
composition, which is reflected by mechanism of disso-
lution of the resulting films.

The curves of the distribution of the amount of elec-
tricity (Fig. 6), due to increase in the peak Piv fraction,
become less relief, and in the cases of nickel ions excess
in the solution (curves 2 and 3) cease to be S-shaped.

According to the proposed scheme of coating disso-
lution, we will write the balance equations for the
amount of electricity for the anode dependences with 5
peaks.

The balance equation for the first two peaks, corre-
sponding to the dissolution of zinc from the n-phase,
resulting in the dezincification of additional amount of
gamma phase:

qi+ qu=q(Zn,) — q(Zn,,), (1)

where g1 and g2 are the fractions of the amount of elec-
tricity @ under the peaks Pi and Pu, respectively;
q(Zny) is the fraction of the amount of electricity corre-
sponding to the amount of electricity needed for zinc
dissolution from the n-phase; q(Zn,,) is the fraction of
the amount of electricity corresponding to the amount
of electricity needed for zinc dissolution from y-phase
formed during dissolution.

At potentials of the peak P, zinc dissolves from the
y-phase of the initial coating, and from the yphase
formed during zinc dissolution from the #-phase. In the
peak P, zinc dissolves from the y-phase under condi-
tions of further increase of nickel content in the surface.

Balance equation for the P and Prv peaks:

qu + qwv = q(Zn,) + q(Zn,) — q(Zn,,), (2

where qm and qiv are the fractions of the amount of
electricity @ under the P and Piv peaks, respectively;
q(Zn,) is the fraction of the amount of electricity corre-
sponding to the amount of electricity needed for zinc
dissolution from the yphase of the original coating;
q(Zn,,) is the fraction of the amount of electricity corre-
sponding to the amount of electricity needed for zinc
dissolution from the a-phase formed during dissolution.

At the potentials of the Pv peak, deposit containing
all the zinc spent on binding this nickel to the transient
a-phase (or S-phase) is dissolved.

The balance equation for the Pv peak:

qv =q(Ni) + g(Zn,,), 3
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where gv is the fraction of the amount of electricity @
under the Pv peak; q(Ni) is the fraction of the amount
of electricity needed for dissolve of all nickel.

g(N1) = w(Ni,) — gv, 4)
where w(Ni,) is the mass fraction of nickel in the «
phase.

From (3) and (4):
q(Zn,y) = (1 —wNiy) = gv. 5)

Taking into account the ratio of the mole fractions
in the yphase intermetallide:

q(Zn,) = 4.2 q(Ni,) (6)
and
q(Znny) =4.2 q(Nln) (7)
from (2), (6) and (7):
qui + qiv = 4.2 q(Ni) — g(Zn,,). (8)
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Fig. 6 — Distribution of the amount of electricity under peaks
of ALSV curve of Fig. 5: 1 — from Fig. 5a; 2 — from Fig. 5b; 3 —
from Fig. 5¢

From (8), (4) and (5):
w(Ni,) = 0.192 (1 — (qu1 — qv)/qv). 9

The dependence of the nickel content in the phase
enriched with nickel on the ratio of the metal ion con-
centration in the electrolyte is presented in Fig. 7a.

From (4) we find the nickel fraction in coating q(Ni)
and zinc fraction g(Zn). The dependences of nickel con-
tent in the coating on the ratio of metal ion concentra-
tions in the electrolyte are shown in Fig. 7b.

Then, according to equation (5), the fraction in the
nickel-enriched zinc phase is g(Zn,,).

To determine the proportion of nickel contained in
the y-phase of the coating, we equate the expressions
(10) and (11):

q(Zn,) = q(Zn) — q(Zn,) = q(Zn) - 4.2 q(Niy), (10)
and
q(Zn,) = q(Ni,) — (1 - w(Ni,)/w(Ni,) =
= (g(N1) — g(Nip)) — (1 —w(Ni,))wNi),  (11)

where w(N1i,) is the nickel fraction in the 7-phase.
From the obtained equation we find q(Ni,):

q(N1,) = (¢(Zn) — (1 — w(Niy))/w(Ni,) — g(ND)/
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/(4.2 — (1 — w(Ni,)wNi,)), 12)

From (6) we define g(Zn,).
The y-phase fraction in the coating is determined by
the equation:

q, = 5.2-q(Ni,), (13)

Dependences of the y-phase content in the coating
on the ratio of metal ion concentrations in the electro-
lyte are shown in Fig. 7c.

The calculated nickel content in the phase, which
dissolves at potentials of Pv peak (Fig. 7a), is close to
the composition of the f-phase (NiZn). In solutions con-
taining an excess of ammonia with respect to glycine,
the w(Niv) dependences of on M have same form. The
values of w(Niv) increase sharply with an increase in M
from 1:5 to 2:1. At L=9:5, this dependence has a dif-
ferent character: the values of w(Niv) decrease with an
increase in the nickel ions content in the solution.

The nickel content in the alloy (Fig. 7b) increases
with the increase of its ions concentration in the solu-
tion. This growth slows down after M increase up to
2:1. The nickel content in alloy corresponds to the
phase at M =2:1 and 5:1 and the coexistence of 77 and y
phases for M = 1:5.

w (Ni), %

40
1 2 3 4 5 6 0O 1 2 3 4 5 6
[Ni2+] / [Z 2+] [Ni2+] / [Z 2+]
a b
p S
.Y
20 L
6 0O 1 2 3 4 5 6
[Ni2+] / [Zn2+]
c d

Fig. 7 — Dependances of nickel content w(Niv) in the phase of
Py (a), nickel content w(Ni) film (b), -phases @,/Q in films (c)
and cathodic current efficiency CE (d) on [Ni2*]:[Zn2*] concen-
tration ratio in electrolytes. The [Gly-]:[ NH3(NH4*)] concen-
tration ratio: 1 —2:5; 2 -3:4; 3 —9:5

The calculated fraction of the y-phase in the coating
(Fig. 7c) increases by 2-3 times with M change from 1:5
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to 2:1, with further increase in M varies insignificantly,
approaching 100%.

With an increase in the of nickel ions content in so-
lution, the current efficiency decreases (Fig. 7d) in all
electrolytes. Moreover, the decrease in the current effi-
ciency is enhanced in a solution with an increased
nickel content (M =5:1) already at an almost equal
content of glycine and ammonia in the solution
(L = 3:4), and with an increase of zinc ions content at
L=9:5.

4. CONCLUSIONS

A mechanism of Zn-Ni alloy films dissolution in alka-
line ammonia-glycinate solution under ALSV conditions
is proposed. Anode voltammograms have generally 5
peaks: 3 main peaks (P, Pmr and Pv) and 2 additional
peaks (Pn and Piv). At the main peaks zinc dissolves
from the n-phase (peak P1) and y-phase (peak Pm) of the
initial coating, and the nickel-enriched phase (Pv peak),
which was formed on the surface of the electrode in the
process of alloy dezincification. At additional peaks, zinc
dissolves from the 7-phase (peak Pu) and y-phase (peak

J. NANO- ELECTRON. PHYS. 9, 05010 (2017)

Prv) under the conditions of the changed surface layer.

According to this scheme of film dissolution, the cal-
culation of nickel content in the alloy and the residue
remaining on the electrode after dezincification of the
films, as well as the y-phase content in the alloy using
deconvoluted of ALSV data, is given. It is shown that
with an increase in the nickel ion content in solution, the
alloy current efficiency decreases, the nickel content in
the alloy and deposit after dezincification increases. The
content of the y-phase in the alloy, which is preferred for
the protection of zinc-nickel alloy steel parts against
corrosion, also increases. An increase in the ligands ratio
in solution (glycine content increase) leads to a decrease
in the cathodic current efficiency and a decrease in the
content of the y-phase coating.
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Boapramiiepomerpuueckuii aHaiu3 pa3oBOro cocraBa TOHKUX mwieHok Zn-Ni, anmexkrpooca-
JKIE€HHBIX U3 CJ1a00IIeI0YHOr0 MOJUIUTAHAHOTO dJIEKTPOJINTA

A. Matizenuc, B. Baitpaunsrit

Hauyuoranvrotii mexnuueckuli yrusepcumem «Xapvko8CKuil nonumexnuveckuil uncmumym», ya. Kupnuuesa, 2,
61002 Xapvros, Yrpauna

®a30BBIN cOCTAB IUIEHOK ciuiaBa Zn-Ni, 9JIEKTPOOCAKIEHHBIX M3 CJIA0O0IIEIOYHOrO IIOJIFIUTAHIHOTO
3JIEKTPOJINTA, IIPOAHAIN3UPOBAH METOZOM aHOIHOM BoJbTaMIepoMerpun. [IpessiosxeH MeXaHU3M aHOIHOIO
PACTBOpPEHUsI IUIEHOK B IMEJIOYHOM aMMHUAYHO-TJIMIIMHATHOM PACTBOPE, HE COZEPKAINEM MOHOB METAJLIOB.
OCHOBHBIE IIUKYU COOTBETCTBYIOT II0CJIEI0BATEILHOMY PACTBOPEHUIO IIUHKA U3 7}-(Da3bl U U3 y-Pa3bl, UCXOHO
COEPIKAIINXCS B IJIEHKe, U (pasbl, oboralieHHOM HUKeseM, 00pa3oBaBIIeNCs B IIPOIlECCe PACTBOPEHUS
mwrenku. OmpesesieHo coeprxane HUKeJIsI B 000ranieHHOM HukesieM dase, a TaKKe COJepiKaHie HUKEeJs U
y-hbassl B MCXOMHOM IJIEHKE B 3aBHCHUMOCTH OT OTHOIIEHUs KOHIIEHTPALIMN MOHOB METAJIIOB B 3JIEKTPOJIUATE
[IpY PA3JIMYHBIX COOTHOIIEHUSAX KOHIIEHTPAIUN IJIMIMHA M aMMHuara. [[0kasaHo, 4To IUIEHKU B IIHPOKOM
nuamasoHe aTux cootHomrenwmit, [Ni2t]:[Zn2*] = (2-5):1 u [Gly]:[ NHs(NH4*)] = (2-9):5, comepsxaT mpeumyiie-
CTBEHHO y-(pa3y Ipu ComepsKaHuU HUKeJIsI B nuanasone 15.8-18.2 %.

Knouessie ciosa: Cl'IJ'IaB, HI/IHK-HI/IKGJIB, Da30BbIHi cocras, AHO,E[HaH JnHeWHAad BOJIBTaMIIEPOMETPHA.

BoasramnmepomerpudHuii aHaIi3 (pa3oBOro ckiaay TOHKHX IUTiBOK Zn-Ni, eJiekTpoocamkeHux 3i
CJIA0KOJLYKHOIO IOJILIIraHJHOTO €JIEKTPOJIITY

A. Maiisemnic, b. Batipaunmnii

Hauionanvruti mexniunuii yrnisepcumem «XapKiecoKuli nosimexHivHuil incmumymy, aysi. Kupnuuosa, 2, 61002
Xapxie, Yipaina

®a30Buil CKJIAJ IUIBOK CILIABY Zn-Ni, eJIEKTPOOCaIKeHUX 31 CJIa0K0 JIYMKHOTO ITOJIIITaHHOTO eJIEKTPO-
JTY, IPOaHAaJI30BAHO METOI0M AHOIHOI BOJIHTAMIIEPOMETPil. 3aIIpOIoOHOBAHO MEXaHi3M aHOJHOIO PO3YH-
HEeHHA ILUTBOK B JIy’KHOMY aMiavHO-IJIIIMHATHOMY PO3YMHI, 110 He MICTUTH 10HIB MeTasiB. OCHOBHI KU Bi-
JTIOBIIAIOTH IIOCTJOBHOMY PO3YMHEHHIO ITUHKY 37-das3u 1 y-asu, 110 MOYaTKOBO MICTATHCS B IUIIBIL, 1 dasu,
3baraueHol HiKeJeM, 1[0 YTBOPHJIACS B IPOIlECl PO3YMHEHHS ILUTIBKY. Bru3HaueHO BMICT HiKeJ 0 y 30aradeHiin
HikeseM asi, a TAKOK BMICT HiKeJsi0 1 y-das3u y BUXITHIH IUTIBIMl B 3aJI€KHOCTI BiJl BIIHOIIIEHHS KOHIIEHT-
pairiif 10HIB MeTaJIIB B €JIeKTPOJIITI IIPY PI3HHX CIIBBIIHOIIEHHSIX KOHIIEHTPAIX riiuHy 1 amiaky. [lokasa-
HO, IO ILUIBKX B IMHPOKOMY Hialla3oHl IuX cIiBBigHOmeHb, [Ni2t]:[Zn2t] = (2-5):1 i [Gly]:[NHs(NH4")] = (2-
9):5, MiCTSTH HepeBakHO ) a3y Ipu BMICTI Hikeso B nianmasoni 15.8-18.2 %.

Knwouosi cinosa: Conas, [uak-mikens, @asosuit criaan, AHogHA JHIAHA BOJIBTAMIIEPOMETPIsA.
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