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[Temperature of  the electrolyte in 
the electrodeposition of platinum]

w(Pt),% , 2 –1(Pt)
[ESA, m2 g–1(Pt)] , D, 

[DAv, nm (XRD)]

65 14 23 1514 23
50 13 45 1013 45
35 9 56 79 56

. . , . . , . . , . . 



115,  19,  1, 2017

-
. 

-
 ( . 2) -

, -
. 

, , -
, D

 ( ) -
 7  15  ( . 1).

 9  14% . -
35  60 °C ( . 1). 

, -
. ,

4  (  35 °C)  9.5  (  60 °C), -
. -

, ,
 Pt/C .

Pt/C ,
 ( . 3). -

 (

 0.3  0.7 )
 Pt , , 

-
, .

 Pt/C ,
,

23  56 2/  (Pt) -
 ( . 1).

,
Pt ( / (Pt)), ,

Pt  ( . 3). ,
 Pt 

, -
. 

, -

( - ) 
,  35 °  ( . 

3 ). ,
,

––  [18]:
 1/i = 1/i  + 1/i = 1/i  + 1/Z/ wZZ 0.5, (2)

 Z = 0.62 Z nFD2/3 –1/6c, (3)
i – , · –2; i  – -

, · –2; i  – ,
· –2; w – -
 ( · –1); n – , -

; F – F , · –1; 
D – , 2· –1;  – -

. 2.  Pt/C
[Fig. 2. XRD patterns of Pt/C samples]

 Pt/C



116 ,  19,  1, 2017

, 2· –1;  – -
, · –3.

Pt/C  n -
3.5–4.0, -

4- .

( . 4) -

-
. 

- -
, , 

, -
 10 . 

. 
(46–55 2 –1(Pt))

. 3.  – , 
Pt/C . 0.1  HClO4, . Ar.  – 20 · –1; b – 

. 0.1  HClO4, . O2. 
 – 1600 · –1.  – 20 · –1

[Fig. 3. a – Cyclic voltammograms recorded on a standardized surface of Pt/C catalysts. 0.1 M HClO4, Ar atmosphere. A 
potential sweep rate is 20 mV·s–1; b is voltammograms of oxygen electroreduction with the linear sweep rate of potential 

20 mV·s–1. 0.1 M HClO4, O2 atmosphere. RDE rotation speed is 1600 rpm] 

. . , . . , . . , . . 



117,  19,  1, 2017

-
, 

. , 
-

. ,
,  [10, 19] -

-
Vulcan XC-72

.

 Pt/C -

.  Pt/C 
 9  14 % . Pt -

. -
-
-

 4 - . 

, 

,  7–10 .
, 

(23  56 2/  (Pt)), -
.

-

/ , ,
, 

-
 Pt/C , 

. 

 (((
213.01.-07.2014/10 ).

.

. 4.  Pt/C,
 (a)  (b) 

[Fig. 4. SEM photographs of the Pt/C sample surface, obtained in the modes of secondary (a) 
and re  ected (b) electrons]

 Pt/C

a                                                                                       b



118 ,  19,  1, 2017

1. Zhang J., Wang X., Wu C., et al. // React. Kinet. Catal.
Lett, 2004. vol. 83.  2. pp. 229–236. 

2. Chen J., Jiang C., Yang X., et al. // Electrochem.
Comm., 2011, vol. 13, pp. 314–316. 

3. Prabhuram J., Zhao T. S., Wong C. W., et al. // J. of 
Power Sources. 2004, vol. 134, pp. 1–6. 

4. . ., . ., . ., 
. . // . , 2015, . 51,  12,

. 1355–1360.
5. Thompsett D. // Handbook of Fuel Cells. Fundamen-/

tals, Technology and Applications. 2003, vol. 3, (Chapter 6) 
p. 6-1–6-23.

6. . . // , 2015, . 84, . 159–
193.

7. . ., . ., . ., 
. ., . . // 

, 2014, . 30,  2, . 9.
8. Wei Z. D., Chan S. H., Li L. L., Cai H. F., Xia Z. T., 

Sun C. X. // Electrochim. Acta, 2005, vol. 50, pp. 2279–
2287.

9. Santiago D., Rodryguez-Calero G. G., Rivera H., 
Tryk D. A., Scibioh M. A., Cabrera C. R. // J. Electrochem.
Soc., 2010, vol. 157, pp. F189–F195.

10. Weldegebriel Yohannes, Belenov S. V., Guter-
man V. E., Skibina L. M., Volotchaev V. A., Lyanguzov N. V. // 
J. Appl. Electrochem., 2015, vol. 45, pp. 623–633.

11. . ., . . // 
, 2011, . 15,  1, . 310–314. 

12. . ., . ., -
. ., . ., . . // 

 ““
”, 2011,  5, . 58–62.

13. . ., . ., -
. . // , 2012, . 19,  1, 

. 60–64.
14. . ., . ., -
. . //  ““ -

”, 2012,  10, . 59–
63.

15. Leontyeva D. V., Smirnova N. V., Leontyev I. N.,
Avramenko M. V., Yuzyuk Y. I., Kukushkina Yu. A. // Elect-
rochimica Acta., 2013. vol. 114. pp. 356–362.

16. Guterman V. E., Pakharev A. Y., Tabachkova N. Y. // 
Appl. Catal. A: General., 2013, vol. 453, pp. 113–120.

17. . ., . ., . ., -
. ., . ., . ., . . // 

, 2013, . 82, 648–685.
18. Min Ku Jeon, Yuan Zhang, Paul J. McGinn // Elect-

rochimica Acta, 2010, vol. 55, pp. 5318–5325 
19. . ., . ., . .,

. ., . . // 
, 2015, . 17,  1, . 37–

49.

NEW ELECTROCHEMICAL METHOD FOR THE PREPARATION 
OF Pt/C NANOSTRUCTURED MATERIALS

© 2017 I. N. Novomlinskij, V. A. Volochaev, G. G. Tsvetkova, V. E. Guterman 
Southern Federal University, 7 Zorge str., 344090 Rostov-on-Don, Russia

e-mail: novomlinskij@rambler.ru

Received 17.08.2016

Abstract. The original method for the preparation of dispersed Pt/C materials by means of platinum 
electrodeposition on the carbon particles in suspension has been proposed. The electrolysis was carried 
in galvanostatic conditions with vigorous stirring carbon suspension in platinum electrolyte. In the
process of mixing microparticles of carbon occasionally have been in contact with the surface of the 
cathode. At the time of contact and getting into the cathode layer, providing a supply of electrons to the 
carbon particles due to the percolation effect, the microparticles of carbon “turned” into a part of the 
cathode, owing to what process of restitution of ions of platinum proceeded on their surface. The materials 
were studied by X-ray, thermogravimetry, cyclic voltammetry and scanning electron microscopy. The 
resulting Pt/C materials contain from 9 to 14 wt.% Pt. On the diffraction patterns of the synthesized 
samples clearly expressed characteristic re  ections for polycrystalline platinum, which con  rms the 
presence of the metallic phase of platinum. The calculation showed that the average size of the crystallites 
of platinum, depending on the conditions of the electrolysis is from 7 to 15 nm. The value of 
electrochemically active surface area of the synthesized Pt/C materials, designed for the hydrogen region 
of the cyclic voltamperometry, ranging from 23 to 56 m2/g (Pt), depending on the conditions of obtaining 
materials and load platinum in them. The resulting materials exhibit catalytic activity in the oxygen
electroreduction reaction which predominantly  ows through 4-electron mechanism. Given the
opportunities of the methods of electrocrystallization management processes of nucleation / growth of 
a new phase and, as a consequence, morphology of precipitate, our proposed method seems very
promising for obtaining a dispersed Pt/C materials and electrocatalysts for low temperature fuel cells.
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