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The correlation between the morphology, composition and catalytic properties of silver-
cobalt alloys has been shown. The galvanic Ag—Co alloy is established as synergetic ones,
and the values obtained for the exchange current density of the model hydrogen evolution
reaction are similar to platinum. The catalytic activity testing results of binary (Ag-Co0)
and ternary (Ag-Co-Zr, Ag-Co-Bi) alloys in the carbon monoxide oxidation to carbon

dioxide were analyzed.

ITokazana B3aMMOCBA3b MEK/IY KATAJIUTHUYECKUMU CBolicTBaMu, MopQoJiorueil 1 COCTABOM
ciaBa cepeGpo-KobaibT. Y CTAHOBIEHO, YTO rajbBanuueckuii cuiaas Ag—Co aBisieTcs cuHEp-
TeTUYECKUM, a IOJyYEeHHBbIEe 3HAUEHUS ILNIOTHOCTU TOKA 00OMEHA MOEJIbHON pearkIuy BblIeJe-
HUA BOmopoga OAM3KM K ILaTuHe. IIpoaHaIM3MpPOBaHBl PE3yJIbTATHl TECTUPOBAHUA KATAJIU-
TudecKkoil akruBHocTH OmHApHBIX (Ag—CO) m Ttpoitubix (Ag—Co-Zr, Ag—Co-Bi) cmnasor B
PEeaKIUAX OKMCIEHUA MOHOOKCHUAA YIJIepoJa M0 YIJIEKUCJOTO rasa.

1. Introduction

The modern technologies development in
the electronic devices production, power and
mechanical engineering is impossible with-
out the miniaturization and high purity op-
erations, which, in turn, requires the use of
materials with a wide range of functional
properties. One of their creation ways is to
build thin functional coatings on the sur-
face of traditional industrial materials.
Such coatings must have a corrosion resis-
tance, magnetic properties, catalytic activ-
ity, for example — silver alloys with ignoble
(silver — cobalt, silver — bismuth) metals [1].

The noble metals are essential, and in
some cases the singular catalysts for major
industrial processes including the produc-
tion of high-octane gasoline, etc. Platinum
and palladium are the main components of
catalysts for exhaust gases neutralization of
internal combustion engines, flue gases of
oil refining and petrochemical industries,
several chemical plants [2].
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Nowadays, multi-component catalysts
based on transition metals and their oxides
are the most widely used in different media
due to the high cost of noble metals [3-5].
They represent a significant interest as in-
expensive catalytically active materials for
electrochemical and heterogeneous redox re-
actions [6].

Electrochemical methods of the coatings
synthesis based on transition metals [7, 8]
provide a flexible control of the composi-
tion, surface morphology and, consequently,
the functional property (catalytic activity)
of the materials, by the varying the electro-
lyte composition and electrolysis modes. The
purpose of this work is to establish the re-
lationship between the surface coating mor-
phology, composition and catalytic proper-
ties of binary and ternary alloys in CO oxi-
dation reaction.

2. Experimental

Electrochemical experiments in the work
were performed in a three-electrode glass
cell at room temperature without electrolyte
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Fig. 1. Current density effect on the surface morphology (x5000) of silver-cobalt alloy deposited
under pulse mode at ti/tp =5/50 ms and j, A/dm2: 0.5 (a), 5 (b).

stirring. The binary (Ag—Co0) and ternary
(Ag—Co—Zr) and Ag—Co-Bi) coatings were de-
posited from citrate-pyrophosphate electro-
lyte (sodium citrate 0.5 M; potassium pyro-
phosphate 0.5 M) onto substrates of copper at
pH 9-10 [9]. The necessary pH value was set
by sodium hydroxide addition. The coatings of
1.5 um thickness were deposited using pulse
mode: unipolar current of j = 0.5...5 A/dm?
(Ag-Co), j=0.5...1 A/dm?2 (Ag-Co-Zr), j =
8...12 A/dm? (Ag-Co-Bi) densities. The
pulse and pause duration was ¢, = 2...5 ms
and b= 20...50 ms, frequency (f) — 19...45.5 Hz
[10]. The alloys chemical composition was
determined by X-ray fluorescence method
using a portable spectrometer "SPRUT",
and the coatings surface morphology was
examined using a scanning electron micro-
scope ZEISS EVO 40XVP. The -catalytic
properties of electrodeposited alloys coat-
ings with different compositions were pre-
liminary estimated using the exchange cur-
rent value j0H2 of the model hydrogen evo-
lution reaction from sodium hydroxide
solution. The cell was deoxygenated by
purging with high purity argon for 15 min.
Then, the polarization was realized using a
PI-50-1.1 potentiostat and PR-8 program-
mer. The potential was measured by silver
chloride reference electrode and recalculated
to the hydrogen scale. Catalytic properties
testing in carbon monoxide oxidation reac-
tion was carried out in a tubular flow reac-
tor from quartz glass with coaxially wound
heating coil. Initial mixture of CO and air
was supply to the reactorinlet at a rate of
0.025 1/min and at a concentration of 1 %
vol. Reactor temperature was increased
from 20 to 420°C. CO content in the final
mixture was analyzed using an indicator-
analyzer "Dozor".
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3. Results and discussion

Taking into account the previously estab-
lished mechanism and kinetics regularities
of silver — iron group metal co-deposition
into alloy [11, 12], we focused our attention
on the effect of electrolysis modes on the
composition, morphology and functional
properties. The metals codeposition occurs
at the potentials of —2.4...-2.8 V, so com-
pletely logical that silver content in Ag—Co
alloy decreases from 20 to 8 wt. % with
increasing amplitude of the pulse current in
the range of 0.5...5 A/dm2. At the same
time, the current efficiency declines to
70 % due to the intensification of hydrogen
evolution reaction. The change of the on/off
time ratio, pulse frequency and pulse/pause
duration allowed to vary the noble compo-
nent content in Ag—Co alloy in the range of
10 wt. %. Variation of components ratio
in the solution leads to the change in com-
position of the electrolytic alloy. So, silver
content in the alloy is up to 38 wt. % at
¢(Co?*)/c(Ag*) = 1:1 and at current density
2 A/dm? (ti/tp = 2/20 ms), and at the
c(Co?*)/c(Ag*) = 10:1 — 7 wt. % with cur-
rent efficiency 99 %. Thus, it is possible to
synthesize Ag—Co alloys with silver content
of 7 to 38 wt. %, varying the parameters of
the electrolysis pulsed mode (current den-
sity, frequency and on/off time ratio,
pulse/pause duration) and composition of
citrate-pyrophosphate electrolyte.

Fine-grained, bright, uniform in thick-
ness and homogeneous surface coatings with
o(Ag) = 21 wt. % are formed at the low
current densities in the pulse mode
(Fig. 1a). Growth o(Co) to 93 wt. % (Fig. 1b)
is achieved by increasing the current den-
sity and effect on the deposits surface
structure: dark and mat coating with devel-
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Fig. 2. Overpotential of hydrogen evolution
on the Ag—Co alloy compared to Pt (1) with
o (Ag) in the coatings, wt. %: 2 — 38; 3 —
23,4 —12; 6 — 9,6 — 7.

oped surface is deposited. In addition to the
alloys element, carbon and oxygen incorpo-
rate into the coating, content of which de-
pends on the current density. So, carbon
content was 11 wt. %, and oxygen — 7 wt.
% at the current density j = 0.5 A/dm?2 and
decreased to 5.5 wt. % and 4 wt. % at the
j =5 A/dm2, respectively.

Electrocatalytic properties of the Ag—-Co
alloys coating with different contents of the
noble metal were assessed based on results
of the polarization dependences, constructed
in the Tafel coordinates (Fig. 2).

The tilt angle of the linear plots varied
depending on the platinum and Ag-Co alloy
coatings polarization, which indicated a
change of the hydrogen evolution mecha-
nism. The values of the universal kinetic
characteristic of the process — the ex-

Ag Co Ag-Co Ag-Co Ag-Co

12% 23% 38%

Fig. 3. Exchange current density in the
model hydrogen evolution reaction on the
metals Ag, Co and Ag-Co alloys of different
composition.

change current density jﬂ (Fig. 8), and Tafel

coefficients (a, b) (Table), reflect the influ-
ence of electrode nature on the reactions
kinetics, but also allow to compare the cata-
lytic properties of the electrodes, even in
quasi-equilibrium conditions.

The obtained data allow to suggest that
the galvanic Ag—Co alloy has a synergistic
effect on the catalytic properties. The re-
sults showed that the optimum, from the
standpoint of electrocatalytic activity, com-
pared to platinum is Ag—Co alloy with silver
content of 12 wt. %, as it has an extensive
and uniform across the surface structure,
which may exceed the geometric dimensions
to ten times.

Catalytic activity of the electrolytic bi-
nary and ternary alloys coatings in the oxi-
dation reaction of carbon monoxide were as-

Table. Dependence of Ag—Co alloy coatings electrocatalyst characteristics on its composition

Electrode material, Tafel constant Hydrogen exchange
metal content w, —a, V b, V current density —lgjﬂ,

wt. % [A/cm2]

Pt [13] 0.31 0.10 3.1

Ptexp. 0.30 0.10 3.0

Ag [13] 0.73 0.12 6.1

Co [13] 0.60 0.14 4.3
Ag-Co; w(Ag) = 38 0.34 0.14 2.43
Ag-Co; w(Ag) = 23 0.31 0.13 2.38
Ag-Co; w(Ag) =12 0.30 0.14 2.14
Ag-Co; w(Ag) =9 0.35 0.17 2.06
Ag-Co; w(Ag) =7 0.30 0.16 1.87
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sessed by the ignition temperature T; and
the conversion degree of carbon monoxide
to the dioxide [14]:

_ ¢(CO); - ¢(CO); . 1)
= +(CO), -100%,

where, ¢(CO); and c(CO)f the initial and
final CO concentrations at the reactor out-
let, %.

As can be seen from the temperature de-
pendence (Fig. 4) the reaction of CO oxida-
tion starts at the temperature of 200°C on
platinum catalyst (o(Pt) = 100 wt. %). For
the binary silver-cobalt alloy with w(Ag) =
7 wt. % . the ignition temperature is 250°C.

The increase of the noble component to
21 wt. % in the alloy allows reducing the
start work of the catalyst at 10°C. So, the
highest values of catalytic activity in a
model oxidation reaction of CO to CO,
characteristic for the alloy, which has a
more homogeneous structure and developed
surface.

In addition to the binary silver-cobalt
alloy, catalyst activity of ternary alloys was
investigated (Fig. 4). Thus, the ignition
temperature for Ag—Co-Bi alloy coating was
220°C at ofBi) =12 wt.% and m(Ag) =21
wt. %.

For the first time, it was investigated
ternary Ag—Co-Zr alloy, in which a codepo-
sition of rare-earth element made possible
due the use of the electrolysis pulsed mode.
Ag—Co-Zr alloy with the content of zirco-
nium to 1 wt. %. showed a high catalytic
activity in comparison with platinum. The
rare earth metal incorporation to 1 wt. %.
in silver-cobalt-zirconium alloy showed high
values on the catalytic activity, which were
comparable with platinum (Fig. 4). It should
be noted that the conversion degree for the
ternary Ag-Co-Zr alloy and Pt was 100 %
at the temperature of 250°C. Note that the
conversion degree of carbon monoxide to
carbon dioxide for a ternary Ag—-Co-Zr alloy
and Pt is 100 % at 250°C.

Thus, the properties of the binary and
ternary alloys coatings based on silver are
in full accordance to earlier assumptions
about the synergistic character of alloys and
about the correlation composition — proper-
ties [1] for the indicated elements and con-
firm the perspective of using materials as
catalysts for neutralization of carbon mon-
oxide.
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Fig. 4. Thermogram of the carbon monoxide
conversion degree for Pt (1), ternary: Ag—Co—
Zr (2), Ag—Co-Bi (3) and binary Ag—Co alloys
with a silver content, wt. %: 21 (4 ), 7 (5).

4. Conclusions

Our studies have established the correla-
tion between silver-cobalt alloy composition,
catalytic properties and surface coatings
morphology. Thus, the highest catalytic ac-
tivity had Ag—Co alloy with a fine-grained
structure and content of the noble compo-
nent of 12 wt. %. It was established that
the high catalytic properties are possessed
ternary alloys; in particular, Ag—Co-Bi alloy
with the content of bismuth to 12 wt. %.
and Ag-Co—Zr alloy with the content of zir-
conium to 1 wt. %. reduce the ignition tem-
perature on 20°C to the values comparable
with platinum. The conversion degree of
such coatings is 100 %.

Thus, the ternary and binary synergistic
alloys based on silver can be substitute for
platinum catalysts, and used as an alterna-
tive catalytically-active material in gas
emissions converter of automobile transport
and industrial plants.
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KaraxiTuuni BiracTuBocTi OiHapHMX
Ta MOTPIHHUX CIJIaBiB Ha OCHOBi cpiGaa

M .B.Bedv, M.O.I'nywroea, M./[.Caxnenko

ITokasano B3aeMO3B’A30K Mi KaTAJITUUYHMMU BJIACTUBOCTAMU, Mopdosoriero i ckiaamom
cnaBy cpibmo-kobanbT. Beramosnieno, mio ragpBamiunmit criaB Ag—CO e cimeprernunum, a
OTpUMAaHi 3HAUEHHS TYCTHUHU CTPYMY OOMiHY MOAesLHOI peaKIilii BUAINEHHS BOJHIO GJU3LKI
mo miatuuu. IIpoaHasizsoBaHO PE3yJLTATH TECTYBAHHS KATAMITUUYHOI aKTUBHOCTI OiHapHUX
(Ag—C0) ra morpitinux (Ag—Co—Zr, Ag—C0-Bi) cnnaBiB B peakiigx OKUCIEHHSA MOHOOKCULY
BYTJIEIIO 0 BYTJEeKMNCJIOTo rasy.
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