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ABSTRACT 
 

Increasing the performance of fuel cell electrocatalysts 

can help make fuel cell technology economically 

viable. One way to improve the catalytic activity of 

fuel cell electrocatalysts is through plasma treatment 

of the surfaces of such catalyst to create defects which 

can serve as possible catalytic reaction sites. The focus 

of this plasma modification process is on fuel cell 

electrocatalysts. The purpose of the plasma treatment 

process is to increase the catalytic performance of the 

fuel cell electrocatalysts possibly making fuel cells a 

commercially viable product.  
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1 INTRODUCTION 
 

In this paper we emphasize the application of the 

plasma treatment method to improve PEM fuel cell 

catalysts, however in a closely related paper at this 

meeting we stress broader use for a variety of 

commercial processes involving catalysts [1]. 

Heterogeneous catalysts which produce good reaction 

rates are sometimes composed of noble metals (e.g. 

platinum, palladium, etc.) which are scarce and 

expensive [2]. Such noble metals are used as 

electrocatalysts in PEM fuel cell technology. There are 

a variety ways to try to circumvent the use of these 

scarce and costly catalysts [3] [4], but none have been 

fully successful to date. The process under study here 

uses a low temperature plasma to enhance catalytic 

performance of fuel cell electrocatalysts.  

 

2 BACKGROUND 
 

In surface “structure-sensitive” catalysts, certain sites 

on the surface of the catalysts enhance the rate of the 

chemical reactions [4] [5] [6] [7]. The reaction rate of 

these structure-sensitive catalyst greatly increases with 

the number of surface defects (e.g. steps, kinks, etc.) 

[6] [7] [8]. This observation is based on experiments 

comparing reaction rates of catalyst with single-crystal 

surfaces and catalyst containing many surface defects 

[7]. Other factors that enhance catalytic activity 

include increasing the surface area of the 

heterogeneous catalyst [9]. Furthermore catalytic 

activity of materials with equal surface areas may also 

differ depending on their actual form [9]. For example, 

materials that are normally inert in macroscopic solid 

form (e.g. gold), demonstrate high catalytic activity in 

submicron solid form [10].  

 

In the semiconductor manufacturing industry low 

temperature plasmas are used to manipulate the 

surfaces of solid materials. Plasma ions can damage 

the surfaces of materials through ion bombardment 

which can eject surface atoms; this process is called 

sputtering. Plasmas can also induce the formation of 

submicron structures on the surfaces of solid 

materials. The effects caused by plasma-surface 

interaction (notably surface damage and defects, as 

well as the formation of submicron structures) are 

utilized to possibly alter PEM fuel cell electrocatalysts 

surface so the catalytic activity can be enhanced. The 

plasma-catalysts treatment process has been studied 

for some time [11].  

 

Polymer electrolyte membrane (PEM) fuel cells have 

been proposed as one of the technologies that can 

displace the use of fossil fuels in the transportation 

sector. The issues that hold back PEM fuel cells from 

being commonplace are: (1) the membrane, (2) the 

catalyst, (3) the bipolar plate, and (4) water 

management [12] [13] [14] [15] [16] [17] [18] [19] 

[20] [21]. The membrane is a thin layer of electrolyte 

which has high ionic conductivity, but prevents the 

transport of electrons. The membrane accounts for 

~6% of the PEM fuel cell cost; additionally the 

membrane suffers from degradation due to mechanical 

stress and chemical attack. Thus the membrane suffers 

from low lifetimes [13] [18]. The electrocatalysts are 

where the electrochemical reactions in the fuel cell 

take place. In PEM fuel cells the electrocatalyst is 

~77% of the fuel cell cost, making it the key factor 

causing the high cost for fuel cell. The catalysts also 

plays a key role in the durability of a fuel cell; catalyst 

49Materials for Energy, Efficiency and Sustainability: TechConnect Briefs 2015



degradation is common and causes gradual loss of fuel 

cell performance [13] [18]. The bipolar plate separates 

fuel and oxidants in a fuel cell. The bipolar plates also 

conducts electrons and diffuses heat [13] [18]. There 

are two types of bipolar plate materials, they are metal 

or carbon. Carbon (bipolar) plates are thicker, more 

massive, and are structurally weaker than metal plates, 

however metal plates especially less expensive metal 

plates suffer from corrosion in the fuel cell 

environment [13] [16]. Water management involves 

damage to PEM fuel cell due to freezing and thawing 

of water. The freezing and thawing of water in fuel 

cells significantly lower fuel cell component lifetimes 

[13].  

 

3 EXPERIMENT 
 

The focus of the present work is on the 

electrocatalysts, because the electrocatalyst represents 

the majority of the cost in PEM fuel cells. 

Electrocatalysts are a subcategory of catalysts and 

incorporate similar characteristics as regular 

heterogeneous catalysts. Characteristics that affect 

electrocatalysts performance include crystal 

orientation and structural defects at the surface [22] 

analogous to regular heterogeneous catalyst. PEM fuel 

cell electrocatalysts are shown to be structure-

sensitive; this is because experiments have shown that 

the catalytic activity of platinum and platinum-nickel 

alloys change with crystal structure and surface form 

[13]. This indicates that certain sites on the surface of 

PEM fuel cell electrocatalysts allow for more reactions 

to take place. The goal is to demonstrate that plasma-

surface treatment of electrocatalysts in PEM fuel cells 

can enhance catalytic performance. Figure 1 shows a 

schematic of a DC plasma discharge system with the 

cathode (exposed to the plasma) made out of an 

electrocatalysts. Electrocatalysts as the name suggest 

are electrically conducting. 

 

 
Figure 1: Schematic of DC plasma source modifying 

the surface of a conducting heterogeneous catalysts. 

 

 

A simple plasma-surface modification method is being 

studied to treat PEM fuel cell catalytic material (e.g. 

platinum, etc.). The plasma-surface treatment 

modifies the surface of the catalytic material creating 

very pack submicron structures and defects [23] [24] 

[25] [26] [27] [28]. These submicron formations and 

defects on the catalytic material can serve as reactant 

adsorption and reaction sites [4] [5] [6] [7] [29] [30] 

[31]. The plasma modification can potentially increase 

the number reaction sites this can greatly improve the 

performance of the fuel cell catalytic material which 

would therefore improve the economic viability of fuel 

cells technology. Furthermore plasma irradiating some 

of the more expensive catalysts can also increase their 

catalytic activity, thereby increasing reaction rates and 

ultimately improving the economics without changing 

the catalysts employed in the process.  

 

 
Figure 2: Plasma treatment of aluminum foil showing 

the effects of plasma on material surfaces. 

 

Figure 2 shows a plasma treatment system currently 

set up to study and optimize the PEM fuel cell 

electrocatalysts treatment process. As shown, before 

and after measurements using SEM of the surfaces of 

conducting materials. The case shown is for an 

aluminum foil, but this work will eventually cover 

catalysts for interest for fuel cells. In addition to SEM 

scans, changes in the catalysts activity will be 

measured. To do that for fuel cell electrocatalysts an 

electrochemical test setup is being constructed.  

 

4 CONCLUSION 
 

A successful outcome can lead to economic fuel cell 

applications in automobile transportation or 

distributed stationary power generation. This plasma 

treatment technique can also be applied to other 

electrochemical systems that use electrocatalysts. 

Catalysts are ubiquitous in chemistry and enhancing 

the activity of fuel cell electrocatalyst through simple 

plasma treatment can ripple through the automotive 

and distributed stationary power sector. This should 
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accelerate the use of less polluting fuel cell vehicles in 

the transportation industry.  
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