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-
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 1.  Pt/C  Pt-M (M = Ni, Co, Cu)/C
[Table 1. Some structure characteristics of commercial Pt/C and Pt-M (M = Ni, Co, Cu)/C materials]

[Sample] [Composition by 
XRF]

w(M), %
[Metals loading

(M), %]

 (Pt), %
[Platinum loading 

(Pt), %]

, 
D ,

[Average 
nanoparticle size,

Davav,, nm]

, , Å
[Lattice param-

eter, , Å]

Pt/C – 20.0 20.0 1.7 ± 0.2 3.947– 20.0 20.0 1.7 ± 0.2
PtCo/C Pt0.940.94Co 27.2 20.6 2.5± 0.2 3.85427.2 20.6 2.5± 0.2
PtNi/C Pt0.960.96Ni 25.3 19.2 2.5± 0.2 3.88425.3 19.2 2.5± 0.2
PtCu/C Pt1.091.09Cu 35.0 27.0 1.9± 0.2 3.82935.0 27.0 1.9± 0.2

. 1.  Pt/C  E-TEK 20. -
1 – Pt/C, 2 – PtCo/C, 3 – PtNi/C, 4 – PtCu/C  2  31  54

[Fig 1. XRD pattern of the commercial Pt/C catalyst E-TEK 20. Insert: XRD patterns of the Pt/C and Pt-M/C catalysts: 
1 – Pt/C, 2 – PtCo/C, 3 – PtNi/C,4 – PtCu/C]

PtM (M = Ni, Co, Cu)/ : , , ...



90 ,  19,  1, 2017

-
 2  ( -

. 1),
 ( . 1). 

d-dd -
. -

,
-

. -
 ( )

 ( .  « -
») , -

 1.7  2.5
( . 1). -

 Ni, Co,
Cu, 

.
-

,  PtCu/C , 

-

 ( . 2 )
 ( . 2b, c) , -

, 
, ,

,  2–3 -
. 
 PtCu/C  ( . 2d),dd

, 
 4.5 -

.  PtCu/C

 ( . 1), -
 [22, 23]

,  – -

 [22].

. 2.  PtCu/C
 ( , b, c)  (d)dd

[Fig. 2. Transmission electron microscopy photographs of PtCu/C catalyst (a, b, c) and particle size distribution (d)]dd
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; E CO –
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[Table 2. Catalytic activity of commercial Pt/C and Pt-M (M = Ni, Co, Cu)/C materials, when: ESA – electrochemical
surface area by hydrogen adsorption/desorption (Hupd) or CO-stripping, m2/g (Pt); Jspec – speci  c activity (mass activity
per mass Pt – A/g(Pt) and surface activity per electrochemical surface area – mA/cm2 (Pt)) at 0.85 V; IfI  and f IbII  – forward 

and backward current of methanol oxidation; EsCO – potential value of starting CO-stripping, V

[Sample]

,
2/ (Pt)

[ESA,
m2/g(Pt)]

JJ
(0.85 B)

[Jspec
(0.85 V)]

I
[IfI ]ff

I
[IbII ] I /I//

[IfI /ff I// bII ]

E CO,
B

[EsCO,
V]HupdH CO A/

(Pt)
m / 2

(Pt)
/

(Pt)
m / 2

(Pt)
/

(Pt)
m / 2

(Pt)
Pt/C 102 100 34.4 0.034 307.8 0.30 248.1 0.25 1.24 0.64102 100 34.4 0.034 307.8 0.30 248.1 0.25 1.24

PtCo/C 43 45 10.1 0.023 183.0 0.42 115.1 0.26 1.59 0.6243 45 10.1 0.023 183.0 0.42 115.1 0.26 1.59
PtNi/C 45 45 17.5 0.039 250.3 0.56 172.0 0.38 1.46 0.6245 45 17.5 0.039 250.3 0.56 172.0 0.38 1.46
PtCu/C 36 41 49.6 0.123 198.9 0.52 135.6 0.35 1.47 0.6136 41 49.6 0.123 198.9 0.52 135.6 0.35 1.47
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. 3.  PtM/C  Pt/C
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HClO4 ( )  Ar , (b)  CO
 0.5 

[Fig. 3. CV curves for different PtM/C catalysts and commercial Pt/C material E-TEK 20 in 0.1 M HClO4 at scan rate – 
20 mV s 1 (a) saturated by Ar at room temperature, (b) CO-stripping]
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[Fig. 4. LSV curves for different PtM/C catalysts and commercial Pt/C material E-TEK 20 in 0.1 M HClO4 saturated by 
O2 at room temperature Insert: Tafel plots. A scan rate – 20 mV·s 1, rotating speed – 1600 rpm]
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. 5. ( )  (b)  0.8 B  PtM/C
 Pt/C  E-TEK 20. .

 20 / .  0.1  HClO4  0.5 M CH3OH  Ar 

[Fig. 5. CV curves (a) and cronoamperommetry (b) at 0.8 V for different PtM/C catalysts and commercial Pt/C material 
E-TEK 20 in 0.1 M HClO4+0.5 M CH3OH at scan rate – 20 mV s 1 saturated by Ar at room temperature]

. . , . . , . . , . .
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Abstract. The purpose of this work is study to correlation between structure, electrochemically active
surface area and activity in the oxygen reduction reaction and methanol electrooxydation of obtained 
by wet-synthesis PtM/C (M = Ni, Co, Cu) materials with atomic ratio Pt-M 1:1 and a commercial
Pt/C material E-TEK 20.  
Bimetallic PtM/C electrocatalysts were obtained by chemical reduction of metals from their com-
pounds a carbon (Vulcan XC-72, Cabot) suspension based on two-component water-organic solvent 
at pH = 10 (excess of NH3). The characterization of PtM/C materials was performed by powder X-ray
diffraction (XRD), transmission electron microscopy (TEM) and cycle voltammetry (CV).
The average crystallite size according XRD for the received materials have from 1.7 to 2.5 nm and 
a platinum content of materials is 20–27 % by weight. It was found that PtM/C catalysts have a
smaller value of surface area – 40 m2/g (Pt) as compared with Pt/C catalyst – 100 m2/g(Pt). But despite
this fact mass-activity (activity per mass of platinum, A/g(Pt)) in the oxygen reduction reaction (ORR) 
PtCu/C catalyst have not inferior to commercial Pt/C material. All of PtM/C materials demonstrated 
a high speci  c activity (activity per real surface area, mA/cm2) in the reaction of methanol oxidation 
(MOR) and a high tolerance for intermediate of methanol oxidation. 
It was found that the alloying of various d-metals can have a positive effect on the activity in the 
reaction of oxygen electroreduction, methanol electrooxydation and a high tolerance for intermediate
of methanol oxidation. However, for increase of the mass-activity it necessary to obtain of PtM/C
catalysts with higher surface area.

Keywords: bimetallic nanoparticles, oxygen reduction reaction, methanol electrooxidation, fuel 
cells.
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