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Functional electrolytic alloy coatings of Co—Mo and Co—Mo-Zr were deposited on sub-
strates of 3 type steel from polyligand citrate-pyrophosphate bath using pulsed current. It
is shown the alloying components content, their distribution on the surface, morphology
and topography of the coatings are depended on the electrolysis energetic parameters. It is
confirmed that the functional properties of the binary and ternary electrolytic cobalt
alloys (corrosion resistance, catalytic activity both in hydrogen evolution and carbon II
oxide oxidation) are predetermined by material composition, morphology and surface
relief. Chemical stability of Co—-Mo, and Co-Mo—Zr systems in aggressive media is condi-
tional on increased susceptibility to passivity when the molybdenum and zirconium are
incorporated in the coating, and the stability is a prerequisite of their use for corrosion
protection. The high level of catalytic properties of Co—Mo, and Co—Mo—Zr coatings associ-
ated with different affinities for alloying metals to oxygen as well as verification of
hydrogen evolution mechanism allows to recommend them for platinum metals replacement
in the heterogeneous catalysis.

Keywords: cobalt alloys, alloying with molybdenum and zirconium, electrochemical
synthesis, functional properties, pulse electrolysis, polyligand electrolyte, corrosion resis-
tance, catalytic properties, synergetic effect.

DOYyHKIUOHANBHBIE 3JICKTpoanTHYecKne NoKpeiTua cnaasamu Co—Mo u Co—Mo—Zr moayue-
HBl U3 [OJUJIUTAHJHOIO LUTPATHO-UPO(POCHATHOrO JIEKTPOJUTA B UMIIYJIbCHOM DeKUMe Ha
nopsoxkKax us cranu 3. [Tokasano, 4To cojepsKanue JerupyoIInx KOMIOHEHTOB, X paclpe-
[eJeHre II0 IIOBEPXHOCTU, MOPAOJIOrus U Tomorpadus IOKPLITUN 3aBUCIAT OT dHEPreTHYecC-
KHX IIapaMeTpPoB 3jeKTpoJusa. IloaTBep:KaeHo, uTO (DYHKIMOHAJIbHBIE CBOMCTBA OMHAPHOTO
Y TEPHAPHOIO JIEKTPOJNTHUYECKHX CILJIABOB KoOaibTa (KOPPOSMOHHAA CTOMKOCTh, KATAJIUTU-
JecKas AKTUBHOCTb B DPEAKIMHX BBIAEJEHUS BOJLOPOLA W OKHCJIEHHUS OKcuia yriepoga II)
peJoIpPefieIAIOTCH COCTABOM Marepuasa, Mopdosorueil u peinbedoM IOBEPXHOCTU. XUMU-
yeckas cTOUKOCTh cucteM Co—Mo u Co—Mo—Zr B arpeccuBHBIX cpegax o0ycCJIOBIEHA MOBBIIIE-
HUEM CKJOHHOCTH K TACCUBAIIUM IPU BKJIKYEHUNM MOJAUOAEeHA W IUPKOHUS B COCTAB MOKPLI-
TUH W SBJASETCS TPEANOCHIIKON WX WCIOJIb30BAHUS JJIA BAIIUTHl OT KOPPO3WUU. BBICOKUIA
ypoBeHb KaramutudecKux cBoiictB Co-Mo m Co-Mo—Zr cBsizsam ¢ pasiuyHBIM CPOJCTBOM
CILTABOOOPA3YIONIUX METAJIOB K KUCJIOPOJYy M Bepuduranueil MexaHU3Ma BBIAEJIEHUS BOJO-
pofia M MO3BOJIAET PEKOMEHIOBATH WX JJIsl 3aMeHbl IJATHMHOBBIX METAJJO0B B TeTepPOTreHHOM
KaTajamnse.

DyHKUioHANBbHI BJACTHBOCTI €JEKTPOJITHYHMX CILIABIiB KO0AJBTY 3 MOJiOaeHOM i mup-
koniem. M.B.Bedv, M.A.Ko3ap, M.[[.Caxnenrxo, M.O.CraBkosa.

@DyrKOioHanpH] enexrpoaitTnuri noxpurra cmiaasamm Co—Mo i Co—Mo—Zr ogmep:xano 3
moJisirangHoro muTparHo-nipodgocdaTHOro eJeKTPOIITY B iMIIyJILCHOMY PeMUMI HaA IMigKJIaI-
Kax 3i craxai 3. Iloxkasano, 110 BMiCT Jleryoounx KOMIOHEHTIB, IX posmomin BiIOB IOBepxHI,
mopdosoria i Tomorpadis mOKPUTTIB 3aseKarTs Bil eHepreTMYHUX IIapaMerpiB eJeKTpPoJisy.
BceranoBaeno, 1o (gyHKIioHanabHI BaacTuBocTi OiHapHMX 1 TepHApHHX CILIaBiB K00AJBTY
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(koposifiHa cTifiKicTb, KaTaJiTHUHa aKTHUBHICTL Yy peakIliaX BUAIJMEHHS BOAHIO i OKUCHEHHS
okcuny kKapbonuy II) oGymoBieni ckjaamom marepiaiy, mMopdoJiorielo Ta peahed)oM TMOBEPXHi.
Ximiuna crifikicrs cucrem Co-Mo i Co-Mo-Zr B arpecuBHHX cepeoBUINAX, O0YyMOBJEHA
OiABUIEHHAM CXUJBHOCTI M0 TacuBallii mpu BKJIOUYEHHI MOJiOAeHy i MUPKOHIO A0 CKJIATY
ONOKPUTTIB, € NHepeJyMOBOI0 IX BUKOPMCTAHHA [AJsA 3aXMUCTy Big Koposii. Bucoxwnit piBens
Katangitmuanx iaacrusocreil Co—Mo i Co—Mo—Zr nos’asannii i3 pisHOMN cnopizHeHicTIO cILia-
BOTBipHHX MeraJiB OO0 oKcuUreHy i Bepudikraiielo MexaHisMy BUIiJIeHHA BOIHIO, TO3BOJISAE
PEeKOMEeHAYyBATH X IJA 3aMiHU ILIATHHOBUX METAJIIB y reTepOreHHOMY KaTaJisi.

1. Introduction

Development of the high technology in-
dustries (refining, chemical, pharmaceuti-
cal), creation of advanced chemical power
sources, as well as ensuring the environ-
mental safety of wvehicles and industrial
plants is impossible without effective cata-
lysts for a wide range of processes. There-
fore it becomes extremely relevant problem
of synthesis of thin layer catalytic materials
which are free of precious metals platinum
and palladium families. Taking into account
the accumulated experience, we can say
that as the most effective for heterogeneous
catalysis should be considered the mixed
oxide systems based on polyvalent transi-
tion metals [1, 2] or the mixtures of such
metals [3, 4]. In despite of the variety of
applications, in some cases — for electrode
(cathodic) materials in synthesis of hydro-
gen, hydrogenation processes, and others —
preference should be given for polymetallic
systems.

For thin-layered catalysts synthesis it is
appropriate to use electrochemical tech-
niques that allow obtaining multicomponent
coatings of various thicknesses with a good
adhesion to the substrate, as well as provide
a flexible management of materials struc-
ture and therefore their properties.

Selection of components for electrolytic
alloys is based on an analysis of physico-
chemical properties of the selected metals,
their thermodynamic stability, affinity for
hydrogen, oxygen and some other elements.
There is now sufficient demand for cobalt-
based material with dopants of refractory
metals (tungsten and molybdenum) [5, 6].
This choice is primarily due to the high
acceptor capacity of these metals and their
propensity for passivity and formation of
polyvalent oxides, which determines the
catalytic activity, mechanical strength and
corrosion resistance. Previously the authors
of [7] marked synergistic effect both of the
catalytic activity and the microhardness of
binary Co(Ni}-W alloys. At the same time,
in our opinion, level of functional proper-
ties of the binary coatings can be signifi-
cantly increased by doping them with d2-
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metals, in particular zirconium. It should be
noted that the metals of 4B subgroup are
unique due to combination of lightness and
corrosion resistance, especially in acid envi-
ronments. They are also characterized by
photocatalytic properties, have a high affin-
ity for oxygen, thus their incorporation into
the polymetallic systems looks attractive.

Unfortunately, it is known that titanium
and zirconium, the standard potentials of
which are -1.58 V and -1.21 V, respec-
tively, are not reduced to metallic state
from the aqueous solutions. Nevertheless,
as it has been shown in [8], the electrolytic
coating of Co—Mo containing up to 4 wt.%
zirconium was deposited from polyligand
electrolyte.

The goal of this study is to examine the
effect of composition and morphology of the
alloy coatings consisted of cobalt with mo-
lybdenum and zirconium on their catalytic
activity in heterogeneous red-ox processes
and corrosion resistance.

2. Experimental

The coatings were formed on substrates
of 8 type steel, surface pretreatment of
which was performed by the standard tech-
nique.

The coatings were deposited from the
bath composition, mol-dm 3: CoSO,-7TH,0 —
0.1-0.15; Na,MoO4 — 0.02-0.06; Zr(SO,),
K4Po0; — 0.1. Acidity of the electrolyte
was adjusted with NaOH or H,SO, and was
maintained in the range of pH 8-9. Work-
ing solutions were prepared from chemicals
of reagent grade dissolved in a small
amount of distilled water following by solu-
tion mixture in a certain sequence, based on
the ionic equilibrium study results [8].

The coatings were formed with unipolar
pulse current with amplitude of 4-
10 A-dm2 in the frequency f range of 19—
910 Hz, at pulse time ¢,, 2:1073-1-1072 sec
and pause duration ¢, 2:(1073-1072) sec;
duty cycle was 2—20. As anodes there were
served cobalt plates or steel 3 plates coated
with the cobalt-molybdenum alloy of thick-
ness being 10 pum, which obtained as in [5, 8].
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Mo —-0.3

Co—-87.1

Mo -12.9

Mo -9.5

Fig. 1. Morphology, structure and composition (at. %) of coatings Co (a) and Co—Mo deposited with
current density 3 (a, b) and 8 (¢) A/dm™2, ton/toff = 2/10 msec, T = 20—-25°C. Magnification x2000.

The pulsed electrolysis was performed at
the laboratory complex, which includes po-
tentiostat PI-50-1.1 with PR-8 program-
ming unit and computer equipped with a
card for automatic on-line data registration
with a specially designed program to digit-
ize the measurement results.

As reference electrode it was served
EVL-1M1 electrode connected to the work-
ing cell via electrolytic bridge filled with
Ceylon gelatin and saturated KNOj solution.
All potentials in the paper are given rela-
tive to the standard hydrogen electrode.

Chemical composition of the coatings was
examined with X-ray photoelectron spec-
troscopy using energy dispersive spectrome-
ter INCA Energy 350 and with X-ray fluo-
rescence method using a portable spectrome-
ter "SPRUT", the absolute error of
components did not exceed 1 wt.%.

Surface morphology was evaluated from
the images obtained using a scanning elec-
tron microscope (SEM) ZEISS EVO 40XVP
registering secondary electrons (BSE) dur-
ing scanning the patterns by electron beam.

Phase composition of the coatings was
studied with X-ray structural analysis per-
formed with DRON-2.0 diffraction meter in
the emission of iron anode. Diffractograms
were recorded in discrete mode by 0.1° with
exposure at each point — 20.

Corrosion tests were carried out in model
media of different pH: 3 % sodium chloride
solution (pH 7) and 1 M solution of sodium
sulfate at pH 3 and 11. The coatings rate
corrosion of was determined by polarization
resistance technique analyzing cathodic and
anodic polarization dependences in
semilogarithmic coordinates [9]. The corro-
sion resistance of the coatings was evalu-
ated with corrosion current density i.,,. and
corrosion deep index £, (mm-year—1) calcu-
lated as
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ky=8.7T6 -k, - iny/D,

where k, — electrochemical equivalent of
alloy, kg-C™1; ieor
sity, Am~2; p — alloy density, kg-m~3.
Electrochemical equivalent k, and den-
sity p of the alloys were determined consid-
ering their quantitative composition [10].
To investigate the catalytic properties of
the coatings it was chosen a model reaction
of hydrogen electrochemical evolution from
the media with composition similar for the
corrosion tests. The hydrogen exchange cur-
rent density i‘,}i is utilized as criteria of elec-

— corrosion current den-

trocatalytic activity and efficiency since
this parameter is independent of the elec-
trode potential. The Tafel coefficients a and
b allow to judge about mechanism of H,
evolution at the varying cathodic materials.
Experimentally i‘,}i was determined as the

point of intersection of the linear portions
of the polarization dependences in the Tafel
coordinates within displacement 200-
300NmV from steady-state potential, coeffi-
cient b — from the angle of linear cathodic
plot 1gi—AE, and a — as the segment on the
ordinate axis at zero polarization [10].

The testing of the covers’ catalytic prop-
erties in carbon (II) oxide oxidation reaction
was also carried out in a tubular flow reac-
tor fabricated from quartz glass with the
coaxially situated heating element. Initial
mixture of CO (1 vol. %) and air was sup-
plied to the reactor inlet at a rate of
0.025 dm3-min~!. The reactor temperature
was increased gradually from 20 to 420°C.
Content of CO in the mixture at the reactor
outlet was analyzed using the indicator-ana-
lyzer "Dozor” and the conversion index
X(CO) was calculated as reported in [11].

Functional materials, 23, 3, 2016
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a C
Co-754 Co-79.1 Co-86.3
Mo —-21.4 Mo —-18.5 Mo -10.3

Zr-32 Zr—24 Zr-34

Fig. 2. Morphology, structure and composition (at. %) of coatings Co-Mo—Zr deposited with current
density 3 (a) and 8 (b, ¢) A-dm™2, ton/torr = 2/10 msec, T°C = 20-25 (a, b) 50 (c) . Magnification x5000.

3. Results and discussion

Surface topography of the binary Co-Mo
coatings produced by the pulsed mode from
citrate-pyrophosphate electrolyte differs
from the crystalline lamellar-needled struc-
ture of the cobalt coatings (Fig. 1a) depos-
ited from the citrate electrolyte [6, 12].
Doping cobalt by molybdenum promotes for-
mation of globular amorphous surface (Fig.
1b), and it appears refractory metal to be
the amorphous-forming agent. The elevating
in current density leads to decrease in the
molybdenum content and cracking of depos-
its due to growth of internal stresses (Fig.
1c).

Results of the studies showed the possi-
bility of deposition of ternary Co-Mo—Zr
alloy using the pulsed electrolysis (Fig. 2),
which in the galvanostatic mode can not be
obtained [8]. The composition, morphology
and surface topography of the coatings de-
pend not only on the ratio of the alloying
components in the electrolyte but, more im-
portantly — from the energy parameters of
electrolysis (current density and tempera-
ture) that allowing you to flexibly manage
the quality and properties of the materials.

Composition analysis of the binary and
ternary coatings revealed that besides the
main components (Co, Mo and Zr) they con-
tain some oxygen and with raising tempera-
ture the content of nonmetallic inclusions
increases. Such phenomenon is explained by
the intensification of the Co(ll) and Zr(IV)
hydrolysis at elevated temperatures, which
leads to formation oxo- and hydroxyl com-
pounds of the alloying metals and their in-
tegration in the deposit [13]. In general, the
presence of oxygen and carbon in the coat-
ing is associated with partial oxidation of
the surface or with the adsorption of carbon
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Table 1. Corrosion parameters of electro-
lytic alloys in different media

Corrosion | Corrosion Electrolytic alloys
medium pH|parameters
Co-Mo Co-Mo—Zr
3 ipops A/cm?|  2.1074 31075
E.,.,B -0.42 -0.46
ks 2.3.1073 3.1.107%
mm/year
7B % iy A/em?| 25104 | 2.1.10°°
NaCl)
E.. B -0.2 -0.5
ky, 2.91073 | 2.2.104
mm/year
11 i A/cm?| 81070 3.1075
E.,.,B -0.43 -0.47
ky, 9.3.107¢ 3.1.107¢
mm/year

(IV) oxide from the air. Increasing the am-
plitude of the current density does not lead
to appreciable growth of the content of non-
metallic impurities in the surface layers.
The energy parameters affect the ratio of
the base (C0) and the alloying (Mo, Zr) com-
ponents in the coating. Increasing in the
current density and temperature promotes
the content of cobalt by decreasing atomic
fraction of molybdenum, while the concen-
tration of zirconium is practically un-
changed within experimental error. At the
same time, morphology and surface topogra-
phy is transformed from the amorphous
uniformly globular grains with an average
size of 100 nm obtained by the current am-
plitude of 3 A-dm~2 (Fig. 2a) up to the
large-globular for i =8 A-dm~2 (Fig. 2b).
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Fig. 3. X-ray pattern for Co—Mo coating.

Simultaneocusly the level of internal stresses
in the coating increases which leads to
cracks but the temperature raising reduces
the tension and number of defects and nee-
dled-lamellar crystalline structure of cobalt
is manifested (Fig. 2¢) due to significant in-
crease in its atomic fraction.

The synthesized electrolytic coatings
Co—Mo and Co—Mo-Zr represent substitu-
tional solid solutions based on cobalt as fol-
lows from the X-ray diffraction analysis
(Fig. 3). No other phases including inter-
metallic compounds were not found in the
coatings’ structure even after 3-hour an-
nealing the coated sample on air at tempera-
ture of 600°C.

Corrosion of the binary and ternary elec-
trolytic coatings proceeds predominantly
with hydrogen depolarization in the acidic
medium (Fig. 4), and in the neutral and al-
kaline ones under oxygen action. Corrosion
potential of the coatings alloyed with zirco-
nium shifts in the negative direction in all
environments (Fig. 4, 5, Table 1) that
agrees completely with the thermodynamic
characteristics of zirconium. At the same
time, the corrosion rate of the ternary alloy
in the acidic and neutral chloride-containing
environments declines by almost an order of
magnitude compared with the binary system
(Table 1). It can be explained by increased
tendency to passivity of the zirconium-con-
taining material as can be seen from corro-
sion diagrams (Fig. 4) and geometry of an-
odic polarization dependences (Fig. 5). Also
the ternary alloy increases resistance to pit-
ting corrosion initiated with chloride ions.
All mentioned above is experimental confir-
mation of the working hypothesis that un-
derlies the synthesis of the alloys.

The difference in corrosion rates of Co—Mo
and Co—Mo—Cr coatings in the alkaline envi-
ronment is not as great due to acidic nature
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Fig. 4. Corrosion diagrams for coatings Co—Mo
(1) and Co-Mo—-Zr (2) in 1 M Na,SO, with pH
3: cathodic plots (1, 2); anodic plots (17, 2').
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Fig. 5. Anodic polarization dependences for
coatings Co—Mo-Zr (1, 2) and Co—Mo (3, 4) in
solutions : 1 M Na,SO, with pH 11 (I, 3);

of passive oxides of molybdenum and zirco-
nium which reacting with hydroxide ions.

According to the calculated depth corro-
sion index kj, the synthesized binary alloys
with molybdenum content not less than
10 at.% and the ternary ones with zirco-
nium content of at least 2 at.% belong to
group 1 — "very proof”, and can be recom-
mended as protective or barrier coatings for
aggressive environments.

Results of testing of the catalytic activ-
ity of the Mo—-Co and Co—Mo-Zr alloy coat-
ings in the model reaction of hydrogen evo-
lution from different media (Table 2) indi-
cate the synergistic nature of the
electrolytic alloys. The exchange current
density of hydrogen on the surface of the
binary and ternary alloys is higher than
this parameter on the alloying components
which can be attributed obviously with
change in the process mechanism. From the
literature [14] it is known that the hydro-
gen evolution on cobalt occurs by the Vol-
mer-Heyrovsky mechanism (b =-0.1YV)

Functional materials, 23, 3, 2016
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Table 2. Hydrogen current exchange density lgif_)| and coefficient b lgif_)| for different materials in

acidic and alkali media

Material Medium
e o
composition, at % acidic alkaline
-1gif, [A-cm™2] b, V -1gif [A-em™2] -b, V
Pt-100 3.30 0.03 3.10 00.100
Co-100 4.35 0.14 4.30 0.14
Mo-100 8.25 0.08 4.80 0.14
Co-76, Mo-24 4.1 0.03 4.2 0.10
Co-75, Mo-22, Zr-3 4.0 0.1 3.9 0.03
with the limiting discharge stage (Volmer), 100
which is described for the acidic medium by
reaction 80+
HsO" + e = Hyg + Hy0, 2 ga |
and for the neutral and alkaline ones 8 " I
< 40t
Hzo +e= Had + OH_.
20
Reducing of hydrogen on the metals sub- |
groups of molybdenum and titanium is de- 0 . . .
scribed by the same sequence of steps. How- 180 240 300 360
ever, the limiting stage is electrochemical T "G

desorption (the Heyrovsky step) occurring
in the acid medium by reaction

H30+ + Had + e = H2 + Hzo
and in the neutral and alkaline
H,O + Hyy + e = Hy + OH™.

As seen from the coefficient b = 0.03
(Table 2) the hydrogen evolution both on
the electrolytic Co—Mo alloy in the acidic
medium and on the Co—Mo-Zr coating in the
alkali medium are limited by recombination
stage

Hag + Hag = H

i.e. flows through the Tafel mechanism. The
same mechanism is typical for platinum,
this is evidence of the high catalytic activ-
ity of the materials studied.

Thus, combination of metals with differ-
ent limiting stage of the hydrogen evolution
in the active layer allows obtaining the ma-
terial with catalytic activity close to plati-
num metals.

Because the binary and ternary alloys in-
clude elements exhibiting different activity
in the oxidation reaction and having differ-
ent affinity for oxygen [11], testing the
catalytic properties of the Co—Mo and Co-
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Fig. 6. Thermograms of CO oxidation on Pt
(1) and electrolytic alloys Co—Mo—Zr of com-
position, at.%: Co — 80.0, Mo — 17.6, Zr —
2.4 (2); Co — 81.0, Mo — 17.5, Zr — 1.5 (3);
Co — 82.5, Mo — 16.8, Zr — 0.7 (4).

Mo—Zr coatings in the model reaction of CO
oxidation to CO, is of great interest. As can
be seen from Fig. 6, the thermograms of
carbon oxide (II) oxidation on the surface of
catalyst coated with the ternary alloys with
various content of zirconium have two sec-
tions with different slopes.

In the first plot within the temperature
interval of 200-270°C the kinetics of CO
oxidation is not differ from the platinum
plate catalyst with co(Pt) =100 at % al-
though both the reaction initiation tempera-
ture T;, as well as temperature of 50 %
conversion are higher than for platinum by
40-50°C (Table 3). In the second plot at the
temperature above 270°C the oxidation rate
declines probably due to formation of the
alloying metals oxides on the surface. The
conversion degree rises by the average of
7-10 % with increase of the zirconium con-
tent in the coating by 1 at% but the influ-
ence of zirconium weakens at the tempera-
tures higher than 350°C. Evidence of the
high catalytic activity of materials is the
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Table 3. Parameters of CO oxidation model reaction on different catalytic materials

Catalyst composition, Ignition temperature T, Temperature Temperature
at % °C for 50 % conversion for 99 % conversion
Pti00 190 220 250
CogoMo, 7 5Zr5 4 230 260 370
CogMo,; 5214 5 240 270 375
Cog, sMo46 821 7 230 280 400

fact that 99 % conversion is achieved at the
temperatures of 375-380°C.

The catalytic properties of the synthe-
sized systems are caused by presence of co-
balt forming nonstoichiometric oxides with
different thermal resistance as well as by
the high affinity for oxygen of molybdenum
and especially zirconium.

Thus, based on the results obtained the
electrolytic coating of Co-Mo-Zr with Zr
content higher than 1.5 at. % can be recom-
mended as effective catalytic material for
oxidation reactions instead of expensive
platinum catalysts.

4. Conclusions

Binary and ternary alloys of cobalt with
molybdenum (zirconium) of different com-
position and morphology are obtained from
polyligand citrate-pyrophosphate electrolyte
using the pulsed mode by varying the cur-
rent density and temperature. It is shown
that at the current density of not more than
3 A-dm~2 the coatings with micro-globular
topography without stress and cracks are
formed. The electrolytic alloys are solid so-
lutions of zirconium and tungsten in cobalt
in the wide range of alloying metals concen-
trations.

Chemical resistance of the binary and
ternary coatings based on cobalt is caused
by the increased tendency to passivity and
high resistance to pitting corrosion in the
presence of molybdenum and zirconium, as
well as the acid nature of their oxides. The
binary coating with molybdenum content
not less than 10 at. % and the ternary ones
with zirconium content in terms of corro-
sion deep index are in the group of "very
proof”™ and can be recommended as protec-
tive for corrosive environments.

The electrolytic Co—-Mo and Co—-Mo-Zr al-
loys demonstrated synergism of catalytic ac-
tivity for the hydrogen reduction from vari-
ous media. It is shown that the combination
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of the metals with different limiting stage
of the hydrogen evolution allows the obtain-
ing a material with the catalytic activity
close to platinum metals.

4. The electrolytic alloy Co—-Mo-Zr with a
Zr content of not less than 1.5 at% exhibits
the catalytic activity in the oxidation of
carbon (II) oxide. This allows you to recom-
mend the synthesized materials to replace
platinum catalysts for improving the effi-
ciency of the combustion of hydrocarbons
and purification of gas emissions from toxic
substances.
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