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The total reorganization energy of the system and its components, the solvent reorganization energy and the
transformation energy of reactants (water clusters [(H20),OH]"), during electrocatalytic hydrogen evolution on
binary alloys of molybdenum with iron subgroup metals (Fe, Co, Ni) in an alkaline medium (30 wt. % NaOH
solution) have been calculated.

The calculated values of the solvent reorganization energy and the reorganization energy of water clusters are in
agreement with the Marcus — Dogonadze — Kuznetsov theory. The dependence of the total reorganization energy of the
system, the solvent reorganization energy, and the reorganization energy of discharging species (water clusters) on the
electrolyte temperature has been calculated. It was shown that the total reorganization energy of the system and the
activation energy of the electron-transfer reaction of electrocatalytic hydrogen evolution (HER) on binary alloys of
molybdenum with iron subgroup metals in an alcaline vedium (30 wt. % NaOH solution) decrease linearly with
increasing electrolyte temperature in the following order: Fe-54 at. % Mo > Ni-54 at. % Mo > Co-52 at. % Mo.

The temperature dependences of the water cluster discharge reorganization energy and the activation energy on
binary molybdenum alloys are linear and intersect in the boiling point region of 30 wt. % NaOH solution 384.7 K. At
this temperature, the electrode process is limited by the diffusion of regenerating water clusters to the electrode
surface. The calculated diffusion activation energy Aq is 9.9 kJ-mol™'. The value of the system reorganization energy
Aeis 39.8 kJ-mol™, which is consistent with the theory of Markus — Dogonadze — Kuznetsov. Electrocatalytic activity
of binary alloys of molybdenum with iron subgroup metals at 30 wt. % NaOH solution at this temperature is
maximum and does not depend on the nature of the alloy.

Keywords: binary alloys Co-Mo, Ni-Mo, Fe-Mo, hydrogen evolution reaction, water clusters, system
reorganization energy, electrocatalysis

INTRODUCTION the reorganization energy of discharging species
(water clusters), and the parameters of
electrocatalysis during hydrogen evolution on
electrolytic alloys of refractory metals (Mo, W, Re)
with iron subgroup metals.

As a model system, promising for practical
application in electrocatalysis, in particular, as a
cathode material in the electrolysis of water [1-3],
we chose the process of electrocatalytic reduction
of water clusters on binary superalloys of
molybdenum with iron subgroup metals (Fe, Co,

The reorganization energy of the system and
the activation energy of the stages of the
electrochemical process are the fundamental
energy characteristics of the electrochemical
reaction. The study of the energy characteristics of
the electrochemical process, their relationship with
the kinetic parameters is of scientific interest, since
it expands the understanding of the elementary act
of electron transfer and the mechanism of the

electrode process. g . .
The consideration of the electrocatalytic Ni) in an alkaline medium.
reduction of water clusters on alloys in an alkaline THEORETICAL PART

medium is an important aspect in the development
of the theory of electrocatalysis and requires
detailed study. Thus, of considerable scientific
interest is the study of the relationship between the
total reorganization energy of the system and its
components, the solvent reorganization energy and

Electrochemical ~ processes  refer  to
heterogeneous chemical reactions that occur at
the electrode-electrolyte interface and are
accompanied by charge transfer through this
interface.
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Modern ideas are based on the fact that the
electrochemical reaction proceeds only through
the transition state, which corresponds to the
smallest amount of energy expended. The value
of the energy of the transition state — the
activation energy - depends in the general case
on several energy characteristics, namely: a
change firstly in solvation energy during the
transition from reactants to the transition state
(outer-sphere reorganization energy of the
solvent As); secondly, in the energy required to
change the nuclear coordinates of the
coordination ion during the transition to the
transition state (inner-sphere reorganization
energy of the coordination ion, the energy of
formation of the electrochemically active
complex /); thirdly, in the difference in the
equilibrium energies of the reactants and reaction
products (change in the Gibbs free energy AGis,
thermal effect of the electrochemical reaction).

In modern theories of electron transfer, the
main role in the formation of the Franck-Condon
barrier is played by the total reorganization
energy of the system (A, which consists of the
solvent reorganization energy (4s) and the inner-
sphere reorganization energy of the reacting
complex ion (4):

A =M, +A,. (1)

During the heterogeneous reduction of ions,
the solvent is repolarized and the parameters of
the inner sphere of the discharging ion are
retuned.

It is known that, in the general case, the
value of the total reorganization energy of the
system (4 ) is determined by the nature of the
solvent, the radius of reactant, the change in its
charge, the stability constant of the complex ion,
and the temperature of the solution. In the
general form, the total reorganization energy of
the system (4) is related to the activation energy
of the electron-transfer reaction of the
electrochemical process (4o) by the Marcus
equation [4, 5]:

[(A, +1,)+(MFAE+W,_, - W )]’

A, =W, +
4

2)

where Ao is the activation energy of the
elementary act of slow discharge (electron-
transfer reaction); AE — reaction overpotential;
Wox and Wieq are the work (energy) of approach
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of reactants to the electrode surface and removal
of the cathodic reaction product from the
electrode surface, respectively.

Under the conditions of high ionic strength
of the solution (30 wt. % NaOH), the work of
approach Wox = qFy’, where ' is the potential of
the diffusion portion of the electrical double
layer; q is the charge of reactants, which is much
less than the total energy of system
reorganization (W, << k), since the potential of
the diffusion portion of the double electrical
layer, ', under these conditions is close to zero
(~ 0.001 mV). Wo, << 4 kI'mol™ [5, 6], and this
value can be neglected in comparison with the
values of the activation energy of the elementary
act of slow discharge (electron-transfer reaction),
Ao, and the total energy of system reorganization,
j,t.

Considering that the difference between the
works of approach of the reactant to the
electrode surface (W,x) and removal of the
cathodic reaction product (Wiq) is equal to the
thermal effect of the electrochemical reaction,
AGis (free energy):

AGif = Wred - Wox 4 (3)

and the sum of the solvent reorganization energy
(4s ) and the inner-sphere reorganization energy
of the reacting complex ion (4. ), according to
equation (1), is equal to the total system
reorganization energy (4;), we obtain:

_ (A, +nFAE+AG,)’

40 )

AO

t

At the equilibrium state of the system and
the reaction overpotential equal to zero (AE = 0),
equation (4) takes the classical form:

(4G,
4,

t

A, )

To calculate the total reorganization energy
of the system, as follows from Eq. (5), the values
of the activation energy of the electron-transfer
reaction and the thermal effect of the reaction are
required.

The magnitude of the thermal effect of an
electrochemical reaction can be determined
based on the laws of thermodynamics and the
Thomson principle [5, 7].

Based on the laws of thermodynamics, the
change in the free energy of the process, AGyr,
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according to the Gibbs—Helmholtz equation
[5, 7] is:

OAG
AG,, =—AG, + T( ”’TJ ; (6)
B 2 aT
p.T

where
oT

OAG
L J is the  thermochemical

p.T
coefficient at constant pressure and temperature.

As applied to electrochemical processes,
using the Thomson principle [5, 7]:

~AG, 1 = nFE, (7

where E: is the equilibrium (stationary) potential
of the electrode in the system under study, it can
be shown that the thermal effect of the reaction,
AGjs , according to equations (6) and (7), is
[5, 7]

AG, =nFE, —nFT( 8E‘j . (8)
T ).+

The values of the activation energy of the
electron-transfer reaction are determined, as a
rule, in “Arrhenius” coordinates from the
“linear” dependence of the logarithms of
exchange currents on the reciprocal temperature
according to the following equation:

A, :—2.303R(a(ng°)J : 9
o/ T) ) ey

We considered a method for calculating the
total reorganization energy of the system, as well
as obtaining information about the solvent
reorganization energy and the reorganization
energy of discharging species using the example
of electrocatalytic hydrogen evolution on binary
alloys of molybdenum with iron subgroup metals
in an alkaline solution of NaOH, based on the
mechanism of their discharge [5].

The most effective and controllable way to
obtain high-quality coatings of binary and
ternary alloys of molybdenum and tungsten with
iron subgroup metals is the deposition of
complex compounds of these metals from
aqueous electrolytes, in particular, from
monoligand and polyligand (pyrophosphate,
citrate,  pyrophosphate-citrate)  electrolytes
[8-17].
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In this work, we studied the energy
characteristics of the electrochemical evolution
of hydrogen on binary alloys of molybdenum
with metals of the iron subgroup (Fe, Co, Ni)
obtained from a polyligand highly concentrated
ammonium acetate electrolyte developed and
presented in [18], as effective electrolyte in
terms of obtaining alloys with a high
molybdenum content that are promising for
electrocalysis.

The aim of the work was to study the total
energy of reorganization of the system and its
components — the energy of solvent
reorganization and the reorganization energy of
the inner coordination sphere — of reactants
during electrocatalytic hydrogen evolution
(HER) on binary Co-Mo, Ni-Mo, Fe-Mo alloys
of constant composition (atomic ratio
[Mo]:[M] = 1:1) in an alkaline medium.

In [18], in the study of electrocatalytic
hydrogen evolution on Fe-54 at. % Mo, Ni-
54 at. % Mo, and Co-52 at.% Mo alloys
obtained from a polyligand ammonium-acetate
electrolyte, the values of the activation energy of
the electron-transfer reaction, A¢, were calculated
in a 30 wt. % NaOH solution. It has been found
that the activation energy of the electron-transfer
reaction in the reaction under study decreases in
the following order: Fe-Mo > Ni-Mo > Co-Mo.

The experimental data necessary for
calculating the total energy of system
reorganization during the electrocatalytic
reduction of water clusters on Dbinary

molybdenum alloys were taken from [18].

The equilibrium potential of the electrode E:
in the system under study was calculated from
the equation:

E __(2.303RTJPH

- (10)
F

T

The slope of the rectilinear plot of £.=f(T) is
~2.98-107 V-deg™.

It should be emphasized that the value of the
equilibrium potential of the hydrogen electrode
can be calculated using the Nernst equation and
does not depend on the electrode material.
However, the electrode material affects not only
the rate of achievement of equilibrium between
various forms of hydrogen on the electrode
surface, but also the magnitude of exchange
current.
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RESULTS AND DISCUSSION

Since the plots of lgjo = f{1/T), as can be
seen from Fig. 1, are not, strictly speaking,
“linear”, then, consequently, the values of the

activation energy of the electron-transfer
reaction are not average values in the
temperature  range  under  study. The

d(lgjo)/0(1/T) slope values for the Fe-Mo,
Ni-Mo, and Co-Mo molybdenum alloys, as
follows from Fig. 1, and, consequently, the
values of A4, change, that is, they gradually
decrease with increase in the electrolyte
temperature from 298 to 338 K.
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Fig. 1. Arrhenius plots for the electrocatalytic

reduction of water clusters in the binary alloys
Fe-Mo (A— I); Ni-Mo (& — 2) and Co-Mo (m
— 3) at 30 wt. % NaOH solution

The values of the activation energy of the
electron-transfer reaction of electrocatalytic
hydrogen evolution on binary molybdenum
alloys were determined from equation (9), taking
into account the plots of 1gj, = f(1/T) shown in
Fig. 1, as follows. The values of the
d(lgjo)/0(1/T) slopes were calculated by the
method of continuous (stepwise) differentiation
of curves (Fig. 1, curves 1-3) and then were
chosen at the points corresponding to the values
of experimental temperatures. The values of the
activation energy of the electron-transfer
reaction of the electroreduction of water clusters
on the molybdenum alloys Fe-Mo, Ni-Mo, and
Co-Mo in a 30 wt. % NaOH solution, calculated
by this method, are presented in Fig. 2.

The values of the activation energy of the
electron-transfer reaction, as can be seen from
Fig. 2, decrease almost linearly with increasing
electrolyte temperature and change in the series
of binary alloys of molybdenum with iron
subgroup metals in the following order:
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Fe-54 at. % Mo > Ni-54 at. % Mo > Co-52 at. % Mo.
The magnitude of A, is related to the activity of
the electrode surface. The lowest activation
energy value for the Co-Mo alloy indicates a
greater activity of the surface of this alloy in the
series of alloys of molybdenum with iron
subgroup metals in the reaction of
electrocatalytic reduction of water clusters.
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Fig. 2. Dependence of the activation energy of the
electron-transfer reaction of the electrocatalytic
reduction of water clusters on the binary alloys
Co-Mo (m — 1), Ni-Mo (¢ —2), Fe-Mo (A - 3)

in a 30 wt. % NaOH solution on temperature

The coordinates of the point of intersection
of the linear plots of 4, = A(T), as can be seen
from Fig. 2, are: “T” (384.7£0.5) K; “A,”
(9.940.7) kJ-mol™".

The wvalue of activation energy of
9.9 kJ-mol™" is equal to the value of diffusion
activation energy Aq. Therefore, at the boiling
point of the 30 wt. % NaOH solution 384.7 K,
the electrode process is controlled by the
diffusion of the reducing water clusters to the
electrode surface. The results obtained (Fig. 2)
allow us to conclude that at this temperature, the
electrocatalytic activity of binary alloys of
molybdenum with iron subgroup metals in an
alkaline solution of NaOH is a maximum and
does not depend on the nature of the alloy.

The values of the thermal effect of the
reaction of electrocatalytic hydrogen evolution
on binary alloys of molybdenum with metals of
the iron subgroup in a 30 wt. % NaOH solution,
calculated from equation (8) depending on the
temperature, are given in Table 2.

Based on the obtained values of the
activation energy of the electron-transfer
reaction and the thermal effect of the reaction,
the values of the total reorganization energy of
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the electrocatalytic reduction of water clusters on
binary molybdenum alloys at different
temperatures were calculated from equation (5).
The calculated values of 4; are given in Table
and in Fig. 3.

The values of 4, as follows from Fig. 3,
decrease linearly with increasing electrolyte
temperature and change in the series of binary
molybdenum alloys in the following order:
Fe-54 at. % Mo > Ni-54 at. % Mo > Co-52 at. % Mo.

The electrocatalytic activity of the Co-Mo
alloy, as follows from the results obtained, is
higher compared to the binary alloys Ni-Mo and
Fe-Mo, i.e., the values of the activation energy of
the electron-transfer reaction and the total
reorganization energy of the system are smaller
for the Co-Mo alloy in the entire range of
temperatures under study.
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Fig. 3. Dependence of the total reorganization energy

of the electrocatalytic reduction of water

clusters on Co-Mo (m — /), Ni-Mo (& — 2) and
Fe-Mo (A — 3) alloys in a 30 wt. % NaOH
solution on temperature

Table. Energy parameters of the electrocatalytic reduction of water clusters on binary alloys of molybdenum with
iron subgroup metals in a 30 wt. % NaOH solution

/T x At, kJ-mol™! As, kJ-mol!

T,K 103, —E..V AGif, ﬂc [}

K- ’ kJ'mol" Co-Mo Ni-Mo Fe-Mo kJ:mol! Co-Mo Ni-Mo Fe-Mo
308 3.2452 0.9084 0.57 22475 290.16  355.62 87,8 136.95 20236 267.82
313 3.1934  0.9232 0.57 211.48 272.66  333.35 89.2 122.28 183.46  244.15
318 3.1432 0.9379 0,58 198.14  255.07 310.98 90.6 107.54 16447 220.38
323 3.0945 0.9527 0.59 185.64  238.60  290.03 92.0 93.64 146.60  198.03
328 3.0474 09674 0.60 173.10  222.07 269.02 93.5 79.60 128.57 175.53
333 3.0017 0.9821 0.61 161.29  206.50 249.21 94.9 66.39 111.60 154.31
338 29573  0.9969 0.62 149.55 191.02 229.54 96.3 53.25 94.73 133.24

It should be noted that all plots of the
reorganization energy of the water discharge
system, as well as the activation energy on
binary molybdenum alloys, are linear and
intersect at one point. The coordinates of the
intersection point of the linear plots of the
reorganization energy of the system under study
(Fig. 3) are: “7”, (384.8%0.5)K and “A”,
(39.8+0.9) kJ-mol .

The boiling point of the 30 wt. % NaOH
solution, according to literature data [19], is
387.2 K, i.e., it practically corresponds to the “7”
coordinate of the point of intersection of the
plots of activation energy on molybdenum alloys
versus temperature (Fig.2). The activation
energy value of 9.9 kJ-mol™" indicates that the
process at this temperature is controlled by the
diffusion of reducing ions to the electrode
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surface and, therefore, the electrocatalytic effect
is no longer observed.

This statement is true, as follows from
Fig. 3, also in relation to the value of the total
reorganization energy of the system, which at the
boiling point of the solution does not depend on
the nature of the binary molybdenum alloy and is
(39.8+0.9) kJ-mol™'. This minimum value of 4 is
consistent with the theory of Markus -
Dogonadze — Kuznetsov [5, 20]. Consequently,
the electrocatalytic activity of binary alloys of
molybdenum with metals of the iron subgroup in
an alkaline medium, as follows from the data
presented in Fig. 3, is a maximum and does not
depend on the nature of the alloy, since A has a
minimum and constant value of 39.8 kJ-mol~".

The electrochemically active form of
particles (EAC), which are directly involved in
the electron-transfer reaction during the
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electrocatalytic evolution of hydrogen on binary
alloys of molybdenum with metals of the iron
subgroup in a 30 wt. % NaOH solution, are
water clusters [(H,0),OH]" (n=1 or 2
depending on the concentration in the NaOH
solution). The mechanism of the electrocatalytic
reduction of water clusters [(H20),OH]™ under
these conditions [5] can be represented by the
equations (11)—(20).

The discharge of water clusters in an alkaline
medium passes through the stage of adsorption
(solvent reorganization):

[HO_H . OH]_ (__) [HO—H . 'OH]_ads ) (1 1)

and reorganization of the discharging species of

the system (electrochemically active ion,
transition state):
[HO-H:--OH] ass € [H20Jugst [OH]™. (12)

This is followed by the mechanism of
stepwise discharge of water clusters on
molybdenum and metals of the iron subgroup
(Fe, Co, Ni), which is described by the following
equations:

On molybdenum

Mo—H,Ou4 + & 2 MoHugs + OH™ (13)

emission (diffusion into the bulk solution) of
elemental hydrogen:

MoHz.4s € Mo + Ho. (15)
On metals (M = Fe, Co, Ni)

M-H3044s+ & — MHags + OH™ (16)

MHo.gs+ H20 + @ 2 MHaas + OH™ (17)

MH2.0s @ M + Ha. (18)

The surface diffusion of hydrogen atoms
also occurs on the electrode surface (spillover

effect):
MH,4s + MoHags — MHja4s + Mo. (19)

The overall reaction of the electrocatalytic
reduction of water clusters on molybdenum
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alloys in an alkaline medium (30 wt. % NaOH
solution) can be expressed by the following
equation:

2[H,0---OH] ags +28 2 H, +40H™. (20)

Based on the mechanism of the electrode
process, it can be considered that the energy of
reorganization of water clusters [(H20),OH]~
during the electrocatalytic evolution of hydrogen
on binary molybdenum alloys in a 30 wt. %
NaOH solution is approximately equal to the free
energy (change in  isobaric  potential,
AGpr=-2.303RT Ig(Kw/[OH]") [20] of the
dissociation reaction of water molecules and
does not depend on the nature of the binary
alloy. The calculated values of A. at different
temperatures of the electrolyte under study are
given in Table.

The values of the solvent reorganization
energy in the system under study at different
electrolyte temperatures were calculated from
Eq. (1) based on the values of the total system
reorganization energy and the reorganization
energy of water clusters (Table). The calculated
values of the solvent reorganization energy for
binary molybdenum alloys are shown in Fig. 4.

s

A, kT mol™

DUk 3
100 -

[ 2
50 r

1
0 1 1 1 1 1 1 1
305 310 315 320 325 330 335 340 345

T,K

Fig. 4. Dependence of solvent reorganization energy
during the electrocatalytic reduction of water
clusters on the binary alloys Co-Mo (m — 1),
Ni-Mo (@ - 2) and Fe-Mo (A — 3) in a
30 wt. % NaOH solution on temperature

According to the Dogonadze-Kuznetsov
theory [5,21], the total energy of the system
reorganization is equal to or greater than the
thermal effect of the reaction, that is, | A: > AGir |.
The activation energy of the electron-transfer
reaction is determined mainly by the interaction
of reactants with the solvent and rearrangement
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of the reacting complex ion (in this case, a water
cluster).

The energy of solvent reorganization lies
within 50+150 kJ-mol™', and the reorganization
energy of the inner coordination sphere
(transformation of reactants) of a discharging
complex ion is within 10+200 kJ-mol ™ [5, 21].

As follows from the results obtained, the
calculated values of the solvent reorganization
energy (Fig. 4) and the reorganization energy of
water clusters (Table) are in agreement with the

A dependence of the total reorganization
energy of the system, the solvent reorganization
energy, and the reorganization energy of
discharging species (water clusters) on the
electrolyte temperature has been found. It has
been shown that the total reorganization energy
of the system and the activation energy of the
electron-transfer reaction of electrocatalytic
hydrogen evolution on binary alloys of
molybdenum with iron subgroup metals in an
alkaline medium (30 wt. % NaOH solution)

decrease with increasing electrolyte temperature
in the following order: Fe-54at. % Mo >
Ni-54 at. % Mo > Co-52 at. % Mo.
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EnexTpoxatajiTH4He BiTHOBJICHHS KJIacTepiB BOAU HA OIHAPHHUX CIJIABaX MOJi0aeHy 3
MeTaJIaMM MIATPYNH 3a1i3a B JIy2KHOMY cepeloBHIIli

B.M. Hixkirenko, €.A. Badenkos, O.JI. Bepciposa, B.C. Ky0.1anoBcbknii
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Memoro pobomu 6yn0 00CHiONCEHHA (DYHOAMEHMATLHUX EHEPSEMUYHUX XAPAKMepUCmuK (euepeii peopearizayii
cucmemu, eHepeii akmugayii ma IXHIX CKIa008UX) eNeKMPOXIMIYHO2O Npoyecy, IXHbo2O 383KV 3 KIHeMUYHUMU
napamempamu Ha npukiadi peakyii enekmpoxamanimuyHo2o euoinents 6ooH (PBB) Ha 6inapHux cnaagax moniooeHy 3
memanamu nioepynu saniza (Fe, Co, Ni) 6 nyscHomy cepedosuwyi. JaHi OOCHIONCEHHs AGIAIOMb HAYKOBULL IHMeEpeC,
OCKIIbKU  POWUPIOIOMb  HAW VAGIEHHS NpO  eleMeHMAapHUll aKm NepeHoCy eneKmpoHd, MeXaHizm ma npupooy
ellekmpokamanimuyHux npoyecie. B pobomi 6 pamxax meopii Mapxyca pospaxosaHo nosHy enepeito peopeanizayii
cucmemu, ii cK1a008i — eHepeiro peopeanizayii pOIUUHHUKA MA eHepeiio nepedyOosU peazyoyux Kiacmepie 800u npu
elleKmpoKamanimudHomy euoinenti 6oouto (PBB) na binapuux cniasax moniooeny 3 memanamu nioepynu 3anisa (Fe, Co,
Ni) 6 30e6az. % posuuni NaOH. Ob6uucneni 3HauenHs enepeii peopeanizayii po3uuHHUKA mMa eHepeii peopeanizayii
Kaacmepia 600u y32003cyiomoeca 3 meopicio Mapkyca —JJozonaose — Kysneyosa. Po3paxosano 3anedxcHicmb NoeHoI
eHepeli peopeanizayii cucmemu, eHepeii peopeanizayii po3YUHHUKA ™A eHepeii peopeanizayii Kiacmepié 600u, o
pospsiodicaiomuvcsl, 6i0 memnepamypu enekmponimy. Ilokazano, wo nosua emepeiss peopeanizayii cucmemu ma enepeis
akmueayii pearkyii nepexooy eneKmpoKamaumuyHo2o euodilenis 600wio (PBB) na 6inaprux cnnasax moniboeny 6
306ae. % posuuni NaOH ninitino  smeHuylomvcs i3 NIOGUWEHHAM — MEMNEpamypu  elekmponimy 6 psoy:
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Fe-54 am. % Mo > Ni-54 am. % Mo > Co-52 am. % Mo. Iokazano, wo 3anedxcHocmi euepeli peopeanizayii po3psoy
Kaacmepig 600U ma eHepeii akmueayii 6i0 memnepamypu Ha OIHAPHUX CHAABAX MOMIOOeHY NIHIUHI 1l NEPeMUHAIOMbCs 8
obnacmi memnepamypu xuninua 30 eae. % posuuny NaOH 384.7 K. Ilpu Oawiti memnepamypi enekmpooHuti npoyec
JIMIMYyembcst OUPY3icto Kacmepie 600U, wjo GiOHOGIOIONbCs, 00 nosepxHi enekmpood. Obuuciene 3HAUeHHs: eHepeil
axmusayii oughysii A, dopisrioc 9.9 xlloic:mons™. nauenns enepaii peopeanizayii cucmemu A, cknadac 39.8 xlfoc-mons™,
wo y3e00xcyemucsi 3 meopicto Mapxyca —/loconaose — Kysueyosa. Enexmpoxamanimuyna axmueHicms OIHAPHUX
cnaagie mMoniooeny 3 memanamu niozpynu 3aniza 8 30 eae. % pozuuni NaOH npu daniii memnepamypi MaKCUMAibHa i He
3anexcums 8i0 npupooU CHiasy.

Knrouosi crosa: 6inapni cnaasu Co-Mo, Ni-Mo, Fe-Mo, peaxyis euodinenus 6oouro (PBB), knacmepu 6oou,
enepeais peopeanizayii cucmemu, e1eKmpoKamaniz
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