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It was found by scanning electron microscopy method that the ZrMngsNi; ,Crg18A01 aloy has a dendritic
structure, and the shooting of a typical section of the surface of the metalographic sample in characteristic
radiation determined its chemical heterogeneity.

The X-ray diffraction method has found that the C;5 and C,4 are the main phases of the aloy. In addition, the
aloy contains NijpZr; and Niy;Zrg Secondary phases.

The method of potentiometric cycling has established that the air exposition of ZrMngsNi; ,Crg18Aq; aloy
powder results in an increase in the electrochemical gtability of the electrodes pressed from this powder and
causes a dgnificant increase of their cycle life. It is important that the cycle life of the AB, alloy doped
simultaneoudly with chromium and aluminum increased. Such doping is usualy carried out in order to increase
the cycle life due to the creation of hydrogen penetrating stable oxide films.

Alloys with the same content of the NioZr; phase have the same activation rate of the initial e ectrodes. The
increase in the secondary phase of NijpZr; leads to an improvement in the kinetics of hydrogenation of the initial
electrode. Exposition in air of a powder of an alloy with an increased content of the NioZr; phase does not
accelerate the kinetics of hydrogenation, but it leads to a significant improvement in its cyclic stability. By
reducing the amount of NiZr; phase, the improvement of kinetics of hydrogenation occurs as a result of the
exposition of the powder of the dloy in theair.

The mechanism of origination and distribution of corrosion of the alloy without and with exposition in air for
7 and 15 days with subsequent aging in 30% solution KOH is the same. According to investigations, corrosion of
the materia originates on the interphase surface and begins to spread dong it, indicating its pitting nature, and the

surface of the pitting itself has the form of flake.
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I ntr oduction

Problems with the environment make finding
aternative sources of energy relevant. Solving this
problem is possible due to the use of hydrogen as a fuel
and energy carrier. The storage and transport of hydrogen
in pure form is a complicated and dangerous process, so
the scientists discovery of the ability of intermetallic
compounds to sorption - desorption of hydrogen has led
to the creation of a"metal-hydrogen” system asareliable
and safe storage facility [1-3]. Since the discovery of
IMC, many devices, including storage batteries, have
been developed and proposed for practical use on their
basis. In recent decades, nickel-metal hydride (NMH)
batteries are becoming increasingly popular. Promising
materials for nickel-metal hydride accumulators are
alloys of type ABs, AB,, AB3 4 [4-5].

In this paper, an aloy of AB, type (Laves phase) is
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chosen for the study. Among the main disadvantages,
which complicate their wider application is the need for
activation and indgnificant cycle life when working in
alkaline eectrolyte, which reduction is possible due to
mechanical destruction as a consequence of the
significant volume effect of the reaction of
hydrogenati on-dehydrogenation and corrosion.

As a result of numerous studies, it has been found
that increase of the cycle life of zirconium alloys is
possible during their processing in fluoride-containing
solutions when doping in order to reduce the volume
effect of the hydrogenation and doping in order to create
hydrogen penetrating stable oxide films [6-8].

Our research has found that increase of the cycle life
of zirconium alloy ZrMnCrNiV is also possible when it
exposed to air in the form of powder or ingot [9-10].
Exposition of the aloy in the air leads to its metered
oxidation, mainly from the surface, and contributes to the
fact that the electrode, pressed from the already partially
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oxidized powder, during hydrogenation-dehydrogenation
is more resistant to further oxidation in the electrolyte,
resulting in increase of cyclic stability. In this paper we
present the results of corrosion-eectrochemical studies
of air-exposed powder of ZrMnCrNiAl aloy.

|. Experimental details

The ZrMnCrNiAl aloy with weight 7, 15, and 25 g
(aloy No. 1, 2 and 3, respectively) was obtained by the
argon-arc melting method. The composition of the alloy
isgivenin Table 1.

The aloy samples were validated by X-ray
diffraction analyss using DRON-3M with Bragg-
Brentano focusing. The voltage and current on the X-ray
tube were 30 kV and 25 mA, respectively. The recording
was carried out in Cu Ka - monochromatic radiation in
the range of angles 20 from 30 to 80° with a scanning
step of 0.05°, the integral action time was 10 seconds. A
single crystal of graphite was used as a monochromator
on asecondary beam.

Powder morphol ogy, structure, chemical
inhomogeneity and the mechanism of corrosion of the
alloy were examined by scanning electron microscopy
and X-ray microanalyss using the microanalyzer
"Superprobe-733" (JEOL, Japan). The morphology was
recorded in secondary electrons (SEI), structures were
recorded in reflected electrons (BEI). The investigations
were carried out with an accelerating voltage of 25 kV
and a beam current of 1x10™° A for eectron microscopic
studies and 2x107A for X-ray spectral studies. Working
vacuum was 1x10° atm.

Tablel
Composition of Zr-containing alloy
Formula composition
Mn - : Al

Zr -1 05 Ni—1.2 | Cr—0.180 01
Weight % of componentsin the alloy

Zr — Mn— Ni — Al -

4534 | 1366 | 3501 | O T4 | 1y

of

the surface
metal ographic sample of ZrMngsNi;.Crg1sAlg 1 aloy
(x 300, BEI).

Fig. 1. The typical view of
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The voltage-current characteristics were studied by
the method of cyclic voltamperometry (CVA). Recording
of potentiodynamic polarization curves from the
stationary potential of the eectrode to a potential of -
1.6V (forward stroke) and from -1.6V to -0.6 V (reverse
stroke) relative to the oxide-mercury reference electrode
in a three-electrode cell with separated electrode spaces
in a 30 % KOH solution using the PI-50-1.1 potentiostat
at a potential sweep speed of 2 mV/s. Measurements
were carried out at atemperature of 20+2° C.

The cycle life of the samples was studied by cycling
in the galvanostatic mode in a two-€lectrode cell on a 4-
channel automatic module equipped with nonvolatile
memory, which provides the restoration of experimental
data during repeated program launches. The
measurements were carried out at a temperature of
20+2°C in a 30% solution of KOH. The dectrode of the
Ni/Ni (OH), system served as the counter electrode. The
charge of the eectrodes was conducted with a current of
50 mA for 1.5 hours, a discharge with a current of 5 mA
until a potentia difference of 0.8 V was reached.

Exposition of the alloy in the air means aging of
powders in laboratory conditions in the open air and
natural moisture, in which changes of powders as a result

of processes of hydrolysis, oxigenolysis and
hydrogenolysis are possible.
Il. Resultsand discussion

To determine  the  sructure  of the

ZrMngsNiy oCrigAlg aloy, the shooting of the surface of
its metal ographic sample was performed. It is established
that the material has a dendritic structure and consists of
several phases, which differ in contrast (Fig. 1). The light
phase corresponds to a higher average atomic weight,
and dark phase correspondsto lesser one.

Shooting of the typical section of the metal ographic
sample surface in the characteristic radiation of all the
elements included in the materia (Fig. 2) has been taken
to determine its chemical heterogeneity. According to the
results of the survey, it was concluded that the lighter
phaseis enriched with Ni and Zr, which, according to the
X-ray diffraction analysis, the equilibrium diagram and
the calculation of the average atomic weights,
corresponds to the phases Zr;Niyp and ZrgNiy and,
possibly, ZrNi, ZrsAl (average atomic weighing 72-75).
The darker phases correspond to ZrMn,, ZrCr,, ZrNis,
(average atomic weight 65-67), and possibly ZrzAls,
Zr,Al (average atomic weight - 59 and 70, respectively).
Due to the closeness of the atomic weights Ni, Mn and
Cr (6871 , 54.94 and 52.01, respectivdy), it is
impossible to visually distinguish the phases in details.
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Scanning eectron microscopy study of the aloy
morphology was made after the grinding of the alloy into
particles of <100 pum. It was found that all particles,
irrespective of their sze, were of irregular shape (Fig. 3).

X-ray diffractometric method has been applied to
investigate three ZrMngsNi1,Cro1sAlos aloys (Ne 1, 2
and 3 weighing 7, 15 and 25 g, respectively). The

d
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received X-ray diffraction patterns are shown in Fig. 4.

The processing of diffractograms was carried out by
the method of full-profile analysis using the PowderCell
2.4 program, which uses the Rietveld method. The
obtained calculation results (R-factor was 6-9%) are
shown in tables 2 and 3.

Fig. 2. Thedistribution of chemical eementsin thetypical section of the meta ographic sample of the
ZrMngsNiy »Cro18Alg 1 alloy with magnification x3000: a - BEI; b- X-Ray Zr-L,; ¢ - X-Ray Ni- K;;
d- X-Ray Mn-K,; e- X-Ray Cr-K; f - X-Ray V-K,

Fig. 3.Powder of ZrMngsNi1oCrg18Alo1 aloy with particles sze <100 um (a —x300 SEl, b-x1000 SEl).
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Fig. 4. X-ray diffraction patterns of ZrMngsNi;2Crg18Al 1 aloys Ne 1-3.
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Table?2
The quantitative phase composition of the ZrMngsNi; ,Cro18Alo1 aloy Ne 1-3 according to calculation results
Main phases Alloy Nel Alloy Ne2 Alloy Ne3

Cis5 (vol %) 25.7 46.6 54.4

C14 (VO %) 60.4 29.7 35.7

NijoZr7 (vol %) 9.1 9.7 5.0

Ni11Zrg (vol %) 47 14.0 4.8
Table3

Results of calculation of |attice parameters of the main phases of aloys
Alloy Ne AB,, Ci5, Fd3m AB,, C14, P63/mmc Niq1Zrg, 14/m NiqoZr7, Cmca
a, nm a, nm c, nm a, nm c, nm a, nm b, nm c, nm
1 0.70475 0.50006 | 0.81516 | 0.96604 | 0.65656 | 1.23446 | 0.91785 | 0.92352
2 0.70562 0.50030 | 0.81654 | 0.96068 | 0.66586 | 1.23488 | 0.92056 | 0.92293
3 0.70552 0.50037 | 0.81637 | 0.97014 | 0.65466 | 1.23602 | 0.92043 | 0.92247
Table4
Chemical composition of the ZrMngsNi; >Crg18Alg; aloy Ne 1 and 3
Zr Mn Ni Cr Al
Alloy Nel 450 13.6 34.8 4.9 1.3
Alloy Ne3 45.3 13.6 34.6 4.8 1.3
Table5
Electrodes made from powder of ZrMngsNi; ,Crg1sAlg; aloy Ne 1-3 of different genesis
Alloy Ne 1 2 3
Electrode Ne 1 2 3 6 7 8 9
Time of exposition in 0 3 15 3 10 0 7 15
air. days

The main phase of the alloy Ne 1 is the Cyy
hexagonal phase (MgZn, type), aso this alloy contains a
significant amount of C;5 cubic phase (MgCu, type) and
secondary phases NijpZr; and NijiZrg. On the received
X-ray diffraction patterns for aloys Ne 2 and Ne 3 the
main phase is Cys cubic phase, the content of the
hexagonal phase C,, is about 30%, and aso the
secondary phases of NijpZr; and Nij1Zrg are present. The
results of calculation of the lattice parameters of the
samplesthat were validated are presented in Table 2.

The different content of the secondary phase of
NijpZr; in the aloys Ne 1 and 3 is associated with a
different rate of its cooling during the melting, since,
according to the chemical analysis, the composition of
the components of the alloy Ne 1 and 3 are the same
(Table 4).
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In the study of electrochemical properties, electrodes
made from the powder of ZrMngsNi;»CrgieAlgs aloy
Nel 1, 2 and 3 (without and with air exposition) were
pressed, as shown in Table 5. Electrodes were prepared
by cold pressing in a nickel mesh (diameter of atablet 8
mm) with additives of polytetrafluoroethylene as a
binder. The weight of the aloy in the compacted
electrodes was 0.1 g, the compacting pressure was 15
MPa.

To obtain information on the kinetics of
hydrogenation, the evaluation of surface activity, and the
determination of electrochemical stability of electrodes,
the method of cyclic voltamperometry (CVA) was used.
From the powder of the ZrMnysNiy2Crg18Alg1 alloy Ne 1
the electrodes were pressed without and with air
exposition for 3, 7, 15 days. Electrochemica behavior of
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Fig. 5. Cathode curves of the output electrode (1) and after exposition to air of the powder of the
ZrMngsNiy oCro18Alg1 alloy Ne 1, days: 2 - 3, 3 -15; a-1 cycle, b- 2 cycle, ¢ - 4 cycle.

420



The Influence of Air Exposition of the Zr-Mn-Cr-Ni-Al Alloy on Cycle Life

the electrodes, pressed from the powder exposed for 7
and 15 days, practically coincides, therefore, in the work
the results of research of eectrodes from freshly made
powder of alloy Nel (initid eectrode) and after its
exposition in air for 3 and 15 days (electrodes Ne 2 and 3,
respectively) are presented. The activity of the eectrodes
in the cathode region depending on the time of exposition
of thealloy intheair isshown in Fig. 5 (a- ¢) in theform
of a set of curves corresponding to 1, 2 and 4 cycles of
potentiometric cycling, as shown in Table 6.

According to Fig. 5, for all electrodes, a wide
passivity region from stationary potential to E = -1.2-
1.25 V is characteristic in 4 cycles of potentiometric
cycling. The highest activity during all studied cyclesis
shown by theinitial eectrode Ne 1 (O days of exposition).
The cathode currents of this eectrode in the second
cycle, as compared with the first cycle, increase, and
those of the electrodes number 2 and 3, on the contrary,
decrease. Thus, at a potential of E =-1,6 V, the dectrode
Ne 1in 1 and 2 cycles shows currents of 43.0 and 50.0
mA, an dectrode Ne 2 - of 37.8 and 35.8 mA, an
electrode Ne 3 - of 34.0 and 29.8 mA, respectively.

Different electrochemical stability of the electrodes

Table6
Changein the value of the cathode current of the
fourth cycle relative to the third cycle of forward
stroke of cycling of the electrodes Ne 1 and 2
pressed from the powder of the
ZrM n0,5Ni1,2Cr0,18A|0,1 al oy Ne 1l

Changein the value of the cathode
current, mA
EV Electrode number
1 2

-1.25 -0.08 +0.02
-1.30 -0.8 -0.03
-1.35 -1.0 +0.1
-1.40 -1.3 +0.1
-1.45 -2.6 +0.3
-1.50 -1.6 +0.3
-1.55 -1.15 0
-1.60 -2.0 -0.1
250
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Fig. 6. Dependences of the specific capacity of the
electrodes Ne 1-3, 9 on the number of cycles. The
number of the curve corresponds to the number of
the electrode according to Table 5.
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was revedled during the potentiometric cycling.
Therefore an analysis of the behavior of the electrodes of
direct / reverse stroke of cycling and from cycle to cycle
was performed. Thus, the output electrode Ne 1 (0 days
of exposition) in the first cycle of cycling, according to
changes in the value of the cathode current of reverse
stroke with respect to the forward stroke, shows the
greatest electrochemical stability, which it gradually
loses with further cycling. For this eectrode in the
potential region E = -1.4-1.55V, the currents of the
forward and reverse stroke in the first cycle completdy
coincide. The electrochemical stability of electrodes Ne 2
and 3 of the forward / reverse stroke of cycling is
observed already in the second cycle. As a result a
change in the value of the cathode current of these
electrodes in reverse stroke in relation to the forward
stroke is 3-4 times less compared with the initia
electrode Ne 1.

An analysis of the results of the electrochemical
behavior of electrodes during cycleto-cycle
potentiometric cycling shows that for electrodes pressed
from air exposed aloy powder (for 3 and 15 days),
starting from the third cycle, the values of cathode
current change are insignificant in contrast to the initial
electrode. According to Table 6, the change in the
magnitude of the cathode current of the initial electrode
Ne 1 (0 days of exposition) in the fourth cycle relative to
the third cycle of forward stroke of cycling is 9-10 times
greater than the corresponding currents of the electrode
Ne 2 (3 days). These data, as well as the abovementioned
data, completely correlate with the results of the change
in the electrochemical characterigtics of electrodes during
the galvanostatic cycling (Fig. 8) and in the activation
process (Fig. 9). The analysis of the behavior of the
electrodes from both the cycle to the cycle and the
forward/reverse stroke of the potentiometric cycling
shows that the air exposition of the alloy powder results
in an increase in the dectrochemical stability of the
electrodes and causes a significant improvement in ther
cyclic stahility.

On the basis of Fig. 6, the maximum electrochemical
capacity shows the initial electrode Ne 1 (0 days of
exposition), which, according to the results of the CVA,
has maximal cathode currents in 4 cycles of cycling.
Maximum cycle life is demonstrated by electrode Ne 2 (3
days of exposition). After 500 cycles of hydrogenation-
dehydrogenation, the loss of capacity of the given
electrode is 26%, and the loss of capacity of the electrode
Ne 1 (0 days of exposition) is 56%. Thus, the electrode Ne
2, which, according to the CVA, shows better
electrochemical stability compared to the electrode Ne 1
(from cycle to cycle and on the forward / reverse stroke),
has increased cyclic stability. The maximum capacity
losses of this eectrode occur during the first 70 cycles
(15%), further they dow down and have a "stepped”
character. The behavior of the electrode Ne 3 (15 days of
exposition) during the 150 cycles practicaly coincides
with the behavior of the electrode Ne 2, except for the
maxi mum capacity.
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Fig. 7. Dependences of the specific capacity of the eectrodes Ne 1-3 (a), 4-6 (b) and 7-9 (c) on the number of cycles
in the activation process. The number of the curve corresponds to the number of the dectrode according to Table 5.

The curves of the eectrodes Ne 1-3 of the alloy Nel
in the activation process presented in Fig. 7a, show that
the air exposition of the powder does not improve the
kinetics of hydrogenation. For electrode Ne 2 (3 days of
exposition), it amost coincides with the initial eectrode
Ne 1 and deteriorates for the electrode Ne 3 (15 days of
exposition). The maximum capacity of the electrodes Ne
1 and 2 isachieved during 15 cycles, and the el ectrode Ne
3 during 19 cycles. The long air exposition of the alloy
Ne 1 powder leads to a decrease in the maximum
capacity. For electrodes Ne 1 and 2, it is 235 and 225
mAh/g, and for electrode Ne 3 - 195 mAh/g.

The activation of the electrodes pressed from the
powder of the aloy Ne 2 (Fig. 7b) is similar to the
activation of the corresponding e ectrodes of the alloy Ne
1. Thus, the activation rate and the maximal achieved
capacity of the initial electrode Ne 4 and pressed from
powder exposed in air for 3 days (electrode Ne 5)
practicaly coincide, and long exposition of powder (for
10 days) deteriorates these characteristics. The initial
electrode Ne 4 has a maximum capacity of 230 mAh/g,
which is achieved in 16-17 cycles as compared to 200
mAh/g achieved during 23 cycles by electrode Ne 6,
pressed from powder exposed in air for 10 days.

The activation of the electrodes pressed from the
powder of the alloy Ne 3 differs from the activation of the
corresponding dectrodes of the aloy Ne 1 and 2 (Fig.
7¢). Theinitia electrode Ne 7 of this alloy has a reduced
activation rate and a maximum capacity of 203 mAh/g
which was achieved during 21 cycles. However,
exposition of the powder of the aloy Ne. 3intheair for 7
days (electrode Ne 8) improves the Kkinetics of
hydrogenation. As aresult the activation of this electrode
and the initial electrodes Ne 1 and 4 (aloy Ne 1 and 2,
respectively) coincide (Fig. 8). With the long exposition
of the powder of the alloy Ne 3 in air (15 days), the
kinetics of hydrogenation deteriorates and the maximum
reached capacity (electrode Ne 9) decreases, however,
this electrode shows maximum cycle life (Fig. 6).

It should be noted that dloys Ne. 1, 2 have the same
activation rate of the initial electrodes and the same
content of the secondary phase NipZr; (9.1 and 9.7
vol.%, respectively). According to [11], the NipZr;
phase creates favorable conditions for the hydrogenation
reaction on the surface of the main components of the
alloy phases of the Ci5 and Cy4 type, the total content of
which in the investigated alloy Ne 1 and 2 is
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A329 301

Fig. 9. The surface of the freshly prepared
metalographic sample of the ZrMngsNi;,Cro1sAlp1
alloy after itsaging in 30% KOH solution for 7 days
(x300, SEI).

approximately the same. Increased content of the
secondary phase of NipZr; in alloy Ne 1 and 2 as
compared to alloy Ne 3 improves the kinetics of
hydrogenation of the initial electrode and does not affect
the activation of the eectrodes pressed from the air-
exposed powder of thealloy.

To determine the mechanism of corrosion of the
alloy ZrMngsNi,Crgis Algs in the KOH solution a
scanning e ectron microscopy method was used. Fig. 9
shows the results of the study of the surface of the freshly
prepared metal ographic sample of ZrMngsNi 2Cro1sAlos
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a

Fig. 10. Distribution of corrosion on the surface of a metalographic sample of ZrMnggNi1>Crg18A0; aloy without
exposition (a) and with expositiom to air for 7 days (b) with subsequent aging in KOH solution
for 7 days (a, b) - x1000, BEI.

a

Fig. 11. The viewof the dissection (a- 300, BEI) and surface of pitting (b- 1000, BEI) of ZrMngysNi; 2Crg1sAq1 aloy.

alloy after itsaging in 30% KOH solution for 7 days. The
andysis of the surface of the metal ographic sample after
interaction with the solution shows that it has separate
dissolution centers, indicating the local nature of the
corrosion of the aloy.

The shooting of the area of corrosion damage on the
surface of the metalographic sample in the reflected
electrons indicates that the corrosion of the material
originates on the interphase surface and begins to spread
along it in accordance with equations 1-7 (Fig. 10a).

HoZrOg+ H,O+ 4e—Zr+40H- E=236V (1)
Al(OH); + 3e — Al + 30H- E°=231V (2
Mn(OH), + 2e —Mn+ 20H- E°=155B (3)
Cr(OH);+ 26 —Cr+ 20H- E°=-14V (4

423

Cr(OH)s+ 3¢ —Cr+ 30H- E°=-13V (5
CrO, + 2H,0+ 36 —Cr+ 40H' E°=-12V (6)
Ni(OH)+ 26— Ni + 20H E°=-0.72V (7)

In the case of prior air-exposition of the aloy for 7
and 15 days with a subsequent aging in 30% KOH
solution, the mechanism of origin and digribution of
corrosion remainsthe same (Fig. 10b).

The dissolution rate of the light phases is less than
that of the dark. As aresult on the surface of the pitting
dissection there is segregation of unsolved light phases
(Fig. 11a). The surface of the pitting itself has the form
of flakes, which are surrounded by a light phase (Fig.
11b).
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Conclusions an improvement in the kinetics of hydrogenation of the
initial electrode. Exposition to air of a powder of an aloy

It was found by scanning eectron microscopy

with an increased content of the NiyoZr; phase does not

method that the ZrMngsNis,CrosAos aloy has a  accelerate the kinetics of hydrogenation, but it leads to a

dendritic structure, and the shooting of a typical section
of the surface of the metalographic sample in

significant improvement in its cyclic stability. By
reducing the amount of NijeZr; phase, the improvement

characterigtic  radiation determined its chemical of kinetics of hydrogenation occurs as a result of the

heterogeneity exposition of the powder of the dloy in the air.

The X-ray diffraction method has found that the C;s The mechanism of origination and distribution of
and C,, are the main phases of the aloy. In addition, the
alloy contains NijpZr7 and Niy;Zrg Secondary phases.

The air exposition of ZrMngsNi;,CroigAg; aloy
powder results in an increase in the eectrochemical ! oo WS TS G
stahility of the electrodes pressed from this powder and ~ Peginsto spread along it, indicating its pitting nature, and
causes a significant improvement in their cycle life. The the surface of the pitting itself has the form of flake.
electrode, which according to the CVA shows the
maximum electrochemical stability (from cycle to cycle
and in the forward / reverse stroke), has increased cyclic

corrosion of the alloy without and with exposition in air
for 7 and 15 days with subsequent aging in 30% solution
KOH is the same. According to investigations, corrosion
of the material originates on the interphase surface and

stability. It is important that the cycle life of the AB, Solonin Yu.M. - professor, academician, doctor of
alloy doped simultaneously with chromium and physical and mathematical sciences, director of IPM

aluminum increased owing to air exposition. Such NAS of Ukraine;
doping is usually carried out in order to increase the Galij O.Z. - junior research fellow;

cycle life due to the creation of hydrogen penetrating Graivoronska K.O. - senior researcher, phd in physics

stable oxide films. and mathematics;
Alloys with the same content of the NiyZr; phase Sameljuk A.V. - researcher;

have the same activation rate of the initial electrodes. Petrovska C.C. - senior researcher, candidate of physical

The increase in the secondary phase of NiZr; leads to and mathematical sciences.
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BruiuB BUTPHMKH Ha noBiTpi cniiaBy Zr-M n-Cr-Ni-Al
HAa UMKJIIYHY CTiKiCTD

Inemumym npobnem mamepianosnascmea im. .M. @panyesuna HAH Yrpainu3, syn.
Kporcuorcaniscorxozo, Kuis, 03680, Vrpaina, 0.galiy87@gmail.com

MerogoM  pacTpoBOi  €ISKTPOHHOI  MIKPOCKOMIT  BCTAHOBJICHO, 10  CILUIaB
ZrMngsNi2Cro1gAgMa€e IEHAPUTHY CTPYKTYpPYy, a 3HOMKA THIIOBOI JIISHKHM ITOBEPXHi
nurida B XapakTepUCTHYHUX BUIMPOMIHIOBAHHSAX BU3HAYMIIA HOTO XiMIYHY HEO/IHOPIIHICTb.

PentreniBcbkuM AU(PaKTOMETPUIHUM METOJIOM BCTAHOBIICHO, II0 OCHOBHUMH (hazaMu
cnaBy € dasu Cis1 Cyg. KpiM TOTO B crutaBi mictsaTbest BropunHi ¢asu NiZr; ta NipZre.

MerooM MOTEHIIOMETPHYHOTO IMKIIYBAHHS BCTAHOBJICHO, 110 BUTPHUMKA Ha TOBITPI
moporiky cmiaBy ZrMngsNiioCroigAos TPH3BOAWTE A0 TABHINEHHS €IEKTPOXiMIYHOT
CTaOUTBPHOCT1 ENEeKTPOJiB, CIPECOBAHMX 3 IHOTO TOPOIIKY 1 € TNPUYMHOK 3HAYHOTO
MOKPAIIEHHs X MMKJIIYHOI CTIMKOCTI. BaXXnuBo, 110 MOKpAIIyeThCS LUKIIYHA CTIHKICTh
craBy ABj, JIETOBaHOrO XpOMOM 1 aJIOMIHIEM OJHOYACHO, IO, 3a3BUYaid, MPOBOAATH 3
METOI0 MiJIBUIICHHS IUKIOCTIKOCTI 32 pPaXyHOK CTBOPEHHS MPOHHUKIWUBUX JUIS BOJHIO
CTIMKMX OKCHUJIHHUX ILIIBOK.

CrraBu 3 ommakoBuM BmicToM (asu NipZr; MaroTh OHAKOBY MIBHAKICTH aKTHBAIlii
BUXITHUX eleKTpoiB. 30inbiieHHs BTOPUHHOI (a3u NijpZr; MPU3BOIUTE 0 IMOKPAIICHHIO
KiIHeTHKH TiIpyBaHHS BHXIJHOTO €NeKTpoay. BuTpuMka Ha MOBITpI MOPOUIKY CIJIaBy 3
nigBuineHuM BMicToM ¢as3u NiypZr7 He MPUCKOPIOE KIHETHUKY TipyBaHHsI, OHAK MPH3BOIUThH
JI0 CYTTEBOrO TOKpAIIEHHS HOro MMKIIYHOI cTidkocTi. [Ipu 3MeHIIeHHI KiIbKOCTi (a3u
NijpZr; mokpaieHHs KiHeTHKH TiIpYBaHHS BiOYBAEThCS B PE3y/IbTaTi BUTPUMKH TTOPOIIKY
CILIaBY Ha MOBITPI.

MexaHi3M 3apOKeHHS 1 TOIUPEHHS KOpo3ii crjiaBy 06e3 BUTPUMKH 1 3 BUTPUMKOIO Ha
noBitpi mpotaroM 7 i 15 1i6 3 HacrynHoto BuTpuMKO0 B 30 % poszunni KOH oxnakoBwid.
3rifHO 3 OCHILKEHHSMH, KOpO3isl MaTepialy 3apoJyKyeThcsl Ha MiK(]as3HiH TOBEpXHi i
MOYMHAE TIOIIUPIOBATHCS Y3JIOBXK HEl , 10 CBIMYHUTH TPO 11 MITIHTOBHIA XapakTep, a MOBEPXHs
CaMoro MITTIHTa Ma€ BUTJIST YEIIYEK.

Karouosi ciioBa: Zr-crnas, ripyBaHHs, BATPHMKa Ha MOBITPI.
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