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Abstract 

We propose a new approach for the preparation of Pt/C catalysts by arc plasma deposition (APD), in which 

Pt nanoparticles are deposited on carbon in a vacuum; this method has been applied in a number of fields 

other than fuel cell catalysts. The solid cathode material is transformed into completely ionized plasma that 

leaves the cathode with a velocity of 1-2  10
4 
m/s. This velocity corresponds to an ion kinetic energy of 20 

eV (light ions such as carbon) to 300 eV (heavy ions such as platinum). Thus, the cathode material is eroded 

and forms an energetic plasma jet. 

Keywords: arc plasma deposition method1,nanoparticles 2, deposition parameters3. 

 

1. Introduction 
Polymer electrolyte membrane fuel cells typically use a Pt/C catalyst, consisting of a dense coating of Pt 

nanoparticles (NPs) on carbon black particles. Wet processes such as the impregnation and colloid methods 

are generally used to produce a support catalyst with a high Pt dispersion. However, several processes such 

as dispersion, absorption, and segregation, filtration, cleaning, drying and heating are required, which 

increases the production costs in the impregnation method. Meanwhile, Pt/C catalysts can be also produced 

by dry methods, which have an advantage in that there are no liquid waste disposal processes required.  

Nanoparticles are synthesizing on a support material by adjusting the amount of deposition during the APD 

process.
1,2 

Nanoparticles synthesized by APD have uniform diameters, and its applications
3,4

 have been 

reported elsewhere.
5
 

 

2. Experimental  
Figure 1 shows a schematic representation of the APD vapor deposition unit (ADVANCE-RIKO, Inc. 

APD-1P) and the container that holds the support material sample, both of which are within the APD 

chamber.
6
 Carbon black powder (Ketjen Black, EC600D) was used for the support material.20 mL of the 

carbon black powder was placed in the sample container. The Pt/C catalyst was synthesized by rotating the 

container to stir the carbon black powder while it was being irradiated by Pt plasma formed by the APD unit 

mounted on the upper side, so that Pt NPs were deposited on the carbon black powder to form the Pt/C 

catalyst. The parameters used for depositing Pt NPs onto the carbon black were a condenser capacity of 1080 

μF and a discharge voltage of 150 V. The chamber pressure during deposition was roughly 6.5 × 10
−3

 Pa.  
 

3. Results and discussion 

When carbon powder is irradiated with a platinum-based plasma, the Pt
+
 ions collide with the carbon and 

become atoms, which then migrate and interact with other Pt atoms to form nanoparticles (NPs) with 

dimensions of 2 to 3 nm on the carbon surface. Figure 2 shows a scanning electron microscopy (SEM) image 

of Pt NPs on Ketjen black. Although the surface of the Ketjen black is extremely rough, the NPs are seen to 

be uniformly distributed. We compared the electrochemical properties of Pt/C catalysts prepared by APD 

with those of the commercially available catalyst TEC10E50E. Although the electrochemical surface area 

(ECSA) was almost the same, the specific activity for Pt/C (APD) was about 2 times higher than that for 

TEC10E50E, which led to an approximately 2 times higher mass activity（This result is shown in table1）. 

However, one remaining problem with Pt/C (APD) is that NPs are not deposited in some regions. Figure 3 

shows an SEM image of Ketjen black containing regions where no Pt NPs are present. At first, the 

modification of the stirring vessel has been done in order to agitate carbon powders uniformly. The image of 

new stirring vessel is shown in Fig 4. To evaluate stirring condition quantitatively, the number of rotation of 

the stirring vessel and rotation rate of the brush, which is to crash the powders in the vessel should be 



 

 

adjusted. Additionally, it was changed a carbon power form from Ketjen Black to VULCAN. And deposition 

condition to prepare Pt/C catalyst was changed as below-mentioned, 

1) Discharge voltage: 100V, 2) Capacitor: 1080 μF. Figure 6 shows a TEM image of Pt supported VULCAN 

which Pt NPs with dimension of 1nm are deposited uniformly.   

 

4. Conclusions  
We made improvements to the stirring vessel, and optimized deposition parameters such as the plasma 

pulse interval and the powder surface conditions. We also improved the uniformity of the Pt NPs on the 

carbon powder.   
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Figure 1 Schematic layout of the APD device and 

deposition container within the APD chamber. 

 Figure 2 SEM image of Pt NPs uniformly deposited 

on Ketjen black. 

Figure3 SEM image of Pt NPs non-uniformly 

deposited on Ketjen black 
Table 1 Electrochemical properties of Pt/C (APD) and TEC10E50E 

 

Figure 4. New stirring vessel of APD 

 

Figure 5. TEM image of Pt supported VULCAN 
 


