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The role of tungsten carbide as support for Pt in electrochemical reactions
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Abstract: Pt supported on tungsten carbide has shown increased activity for typical electrochemical reactions like HER, ORR and methanol oxidation.. The density of states of Pt and WC shows characteristic features that can account for the observed enhanced activity.
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1. Introduction 

Platinum loaded on carbon support has been the conventional system exploited for a variety of electrochemical reactions.    However, the desire for higher dispersion as well as reduce the amount of noble metal required for a variety of electrochemical reactions has led to the development of alternate support to carbon.   In this connection, tungsten carbide has been examined in recent times as support for Pt for a variety of reactions like hydrogen evolution reaction1-2, oxygen reduction electrode3 and methanol oxidation electrode4-5 in DMFC. Tungsten carbide based materials have received considerable attention in recent years because of its resemblance to platinum in various catalytic reactions. In electrochemical reactions like methanol oxidation, ORR and hydrogen evolution reaction, it has been shown that tungsten carbide supported systems showed nearly 3-6 times higher activity as compared to the Pt/C electrodes.   This has also led to the development of high surface area (microspheres) tungsten carbide by a variety of methods. It has also been envisaged that alternate metallic systems supported on tungsten carbide may be exploited in future for these electrochemical reactions. In view of this situation, it is necessary that the electronic structure of tungsten carbide is examined and its resemblance or otherwise to that of Pt has to be established. In addition that the advantage seemed to come from the novel support of tungsten carbide which itself has the catalytic activity to enhance the catalytic activity of the metal electro-catalysts. The observations have to be rationalized in terms of alternate electrochemical routes for these reactions involving tungsten carbide surfaces. Another important observation that has been recorded in literature is that tungsten carbide supported Pt is highly tolerant to CO poisoning in DMFC applications and it has been associated with the enhanced reactivity towards CO oxidation.

2. Theoretical method 
All calculations were performed by plane-wave DFT method within the GGA approximation with ultrasoft psedupotentials.
3. Results and discussion
All these observations coupled with the realized reduction of the over voltages for these electrochemical reactions and increased electrochemical active surface (EAS) have to be rationalized in terms of the electronic structure of the tungsten carbide vis a vis that of Pt.

 Essentially the aspects requiring rationalization are:

1. The increased activity for typical electrochemical reactions to the extent of 3-5 times on Pt/WC system as compared to Pt/C.

2. The alteration of the onset potential on Pt/WC systems indicating the alteration of the value of over voltages 

3. The increased resistance to CO poison with respect to Methanol oxidation.

4. In what sense the WC support is different from the conventional carbon support? 

The comparative Density of States (DOS) obtained for Pt and WC are shown in Fig.1. The postulates arising from this study are: (i) the compatibility of the electronic structure of these systems facilitates the electron transfer reactions. (ii) the overlapping of the bands gives rise to thermodynamic facility for the reaction which accounts for the reduction of the over voltage. (iii) the favoured orientation of the Pt particles and the consequent site creation may be responsible for the CO tolerance or facile oxidation on the surfaces. (iv) the equi-potential situation can also favour facile transport of the species between Pt and the support and this can be the reason for the enhanced activity (v) it is also possible that additional active sites could be generated on the support and hence WC does not alone disperse the metal but also functions as active phase.

Figure 1. Caption of the figure (11-point). 
4. Conclusion
Tungsten carbide support interacts with Pt by participating in electron transfer reactions, thereby enhancing the activity for electrochemical reactions. 
References 
1. H Mei Wu, Pei Kang Shen, Zidong Wei, Shuqin Song and Ming Nie, J. Power Sources, 166 (2007) 310.
2. Chunan Ma, Jiangfeng Sheng, Nigel Brandon, Cheng Zhang and Guohua Li, Int. J. Hydrogen Energy, 32 (2007) 2824.

3. Ming Nie, Pei Kang Shen,and Zidong Wei, J.Power Sources,167, (2007) 69.

4. R.Ganesan, D. J.Ham and J.S.Lee, Electrochem. Commun,, 9 (2007) 2576.

5. M.K.Jeon, H.Daimon, K.R.Lee,A.Nakahara and S.I.Woo, Electrochem. Commun., 9 (2007) 2692. 






