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ABSTRACT 
 

Enhancing the performance of heterogeneous catalysts 

through plasma treatment has many applications in 

industry. One way to improve catalytic activity is 

through plasma treatment of surface “structure-

sensitive” catalysts to create defects which can serve 

as possible catalytic reaction sites. The purpose of the 

plasma treatment process is to increase catalytic 

performance of various catalytic material. 
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1 INTRODUCTION 
 

In this paper we emphasize the application of the 

plasma treatment method to improve a variety of 

commercial processes that employ catalysts. However 

in a closely related paper at this meeting we discuss 

using the plasma treatment method to improve PEM 

fuel cell catalysts [1]. Heterogeneous catalysts are in a 

different phase than the reactants. Homogeneous 

catalysts are in the same phase as the reactants. 

Homogeneous catalysts have high activity and 

selectivity [2] compared to heterogeneous catalyst. As 

with most real world situations there are tradeoffs; for 

example heterogeneous catalyst which produce good 

reaction rates are sometimes composed of noble 

metals (e.g. platinum, palladium, etc.) which are 

scarce and expensive [3]. There are a variety ways to 

try to circumvent these tradeoffs [2] [4], but none have 

been fully successful to date. The process under study 

here uses a low temperature plasma to enhance 

catalytic performance of heterogeneous catalysts.  

 

2 BACKGROUND 
 

Heterogeneous catalyst can be classified by surface 

“structure-sensitive” and surface “structure-

insensitive.” These classifications partially explain the 

catalytic reaction mechanism of the heterogeneous 

catalyst. The catalytic activity of structure-sensitive 

catalyst as the name suggest depends on the structure 

of the surface. That is certain sites on the surface of the 

catalysts enhance the rate of the chemical reactions [4] 

[5] [6] [7]. Finding, predicting, and understanding the 

mechanism by which these certain reaction sites 

promote chemical reactions is still not well understood 

[6] [7]. This is because measuring or observing 

chemical reactions on the catalytic reaction site while 

it is taking place has never been performed. What is 

known are some qualitative observations such as, for 

structure-sensitive catalyst the reaction rate 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]. 

 

In addition to surface defects other factors that 

enhance catalytic activity include the surface area, 

increasing the surface area of the heterogeneous 

catalyst also increase the catalytic reaction rate [9]. 

Furthermore catalytic reactions 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].  

 

Low temperature plasma discharges are used in a 

variety of processes; for example the manufacture of 

semiconductor products. In the manufacturing process 

the plasma is used to manipulate the surface of solid 

materials. The effects of plasmas on surfaces are 

numerous, plasmas can damage the surfaces of 

materials through ion bombardment which can eject 

surface atoms a process called sputtering. Along with 

surface defects and damage from exposure to plasma, 

submicron structures have been shown to form on 

material surfaces under exposure to certain types of 

plasmas.  

 

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 the heterogeneous catalysts surface so 

the catalytic activity can be enhanced. The plasma-
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catalysts treatment process has been studied for some 

time [11].  

 

 

3 EXPERIMENT 
 

Figure 1 shows a schematic of a DC plasma discharge 

system with the cathode (exposed to the plasma) made 

out of a conducting heterogeneous catalysts. Exposing 

the catalysts to the plasma allows the plasma to modify 

the catalysts surface. 

 

 
Figure 1: Schematic of DC plasma source modifying 

the surface of a conducting heterogeneous catalysts. 

 

Figure 1 is a schematic of one possible system and is 

not the only configuration possible. A DC system is 

presented here because DC plasma systems are 

relatively simple compared to other plasma systems. 

However many heterogeneous catalysts are not 

electrically conducting. In such a case an AC 

discharge may be more appropriate to treat the 

surfaces of such catalysts. AC plasma discharges 

include DBD, RF, and microwave. RF, microwave are 

classified as AC, the distinction that separates them are 

the frequencies. As mentioned before using an AC 

discharge allows for the treatment of a greater variety 

of heterogeneous catalysts, however AC systems are 

more complicated usually requiring impedance 

matching which increases costs. 

 

Heterogeneous catalytic material is being plasma-

treated to modify the surface. The plasma-surface 

irradiation coarsens the surface of the catalytic 

material creating very pack submicron structures and 

defects [12] [13] [14] [15] [16] [17]. These submicron 

formations and defects on the catalytic material can 

serve as reactant adsorption and reaction sites [4] [5] 

[6] [7] [18] [19] [20]. The plasma modification can 

potentially increase the number reaction sites this can 

greatly improve the performance of the catalytic 

material. The plasma-surface treatment is relatively 

simple and can possibly enhance the catalytic activity 

of many less expensive heterogeneous catalysts. This 

then holds promise for lowering costs and/or raising 

the performance of catalysts for a variety of 

industrially and commercially useful chemical 

reactions. This could allow plasma treated catalysts to 

supplant the more expensive catalysts currently used. 

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. The plasma 

treatment is a simple method to increase 

heterogeneous catalyst performance; these catalysts 

are ubiquitous in many industries. 

 

 
Figure 2: Plasma processing of aluminum foil 

demonstrating the effects of plasma on material 

surfaces. 

 

Figure 2 illustrates a DC plasma treatment system 

currently set up to study and optimize this catalysts 

treatment process. As shown, initial measurements 

using SEM photos of surfaces before and after 

treatment are uses to identify the nature of the surface 

changes. The case shown is for an aluminum foil. In 

addition to SEM scans, changes in the catalysts 

reactivity will be measured.  

 

 
Figure 3: Experimental set up at UIUC to plasma 

treat various conducting materials. 

 

Figure 3 shows a setup at the University of Illinois at 

Urbana-Champaign used to treat various conducting 

materials. The setup is a DC discharge similar to the 

one shown in figure 1. Various diagnostics are 
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connected to the chamber such as thermocouples and 

a RGA. The pressure in the system can be very low by 

using the turbo-molecular pump; this low pressure 

helps reduce contamination and allows better process 

control. 

 

4 CONCLUSION 
 

This plasma treatment technique can also be applied to 

other electrically insulating catalysts through the use 

of other types of plasma discharges (e.g. AC 

discharges). The ability to increase the performance of 

catalysts can also have a profound impact on 

numerous industries such as energy and 

pharmaceuticals just to name a few. Catalysts are 

ubiquitous in chemistry and enhancing the activity of 

catalyst through simple plasma treatment can ripple 

through the commercial sector ultimately lowering 

cost of products and services for the public. This 

approach can also allow the introduction of previous 

cost prohibitive technologies (e.g. fuel cell vehicles) to 

the market. According to FRPT Research the global 

market value for catalyst will be worth over $20-

billion by 2021 [21]. Even small improvements can 

result in large financial savings. 
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