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some circumstances, was able to extract vibrational and rotational 
temperature of molecules, electron density, and electron temperature. 
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helpful and responsive to your needs? What else could have been done to improve your experience or achieve additional results? 
My research experience through the Slatt Fellowship was a great learning experience for me and helped me grow as a researcher within the 
engineering field. I worked closely with Ibu Akintola, a graduate student, and Jinyu Yang, a postdoc researcher, and my research was overseen by 
Professor David Go. I have gained a deeper understanding of the importance of collaboration in research. I attended weekly individual meetings with 
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alongside other experts in the field to generate new ideas and achieve research results. The experience was overall positive because I came to enjoy 
the research process and will continue with this research moving forward. 
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(Please use the space below to describe your research project and objectives, any findings and results you can share, and 
graphs, charts, and other visuals to help us understand what you achieved as a result of this research experience.) 

 

Introduction: 

This research project is funded by the Department of National Energy (DOE) National Energy Technology Laboratory 

(NETL) (DE-FE0031862). The goal of the project is to use a plasma-catalytic system to create value-added liquid chemicals from 

light hydrocarbons. In the oil and gas industry, the process of flaring leads to a global, annual loss of more than 140 billion m3 of 

natural gas and emits more than 400 metric tons of CO2 to the environment.1 Plasma-catalytic systems present one potential 

way to harness the energy from natural gas and reduce greenhouse gas emissions. 

Non-thermal plasmas (NTPs) produce highly reactive chemical environments made up of electrons, ions, radicals, and 

vibrationally excited molecules.2 These reactive species, when combined with catalysts, can help drive thermodynamically 

unfavorable chemical reactions at low temperatures and atmospheric pressure. In order to effectively create these plasma 

catalytic systems, it is imperative that there is a fundamental understanding of the plasma-phase chemistry alone. While there 

have been many studies on plasmas, there is limited understanding on how changing operating conditions (e.g., feed ratio, 

plasma power, operating temperature) affect the plasma properties and ensuing plasma chemistry. In this work, we generate 

nitrogen (N2) and methane (CH4), argon (Ar) and methane, and helium (He) and methane plasmas to understand the effects of 

varying plasma parameters and gas compositions on product formation. Relevant electrical measurements such as the number 

of filaments and average current per filament are studied to better understand the processes behind methane conversion. Our 

findings show an inhibition of CH4 conversion with an increase in temperature, which seems independent of gas composition 

due to similar trends in the plasma properties in all three gas mixtures. 

Experimental Method: 

In this research, we were working with a dielectric barrier discharge (DBD). This DBD was generated by applying a high 

voltage on the order of kilovolts between two electrodes with one electrode being covered by a cylindrical quartz tube (a 

dielectric material). It utilizes an alternating current and the dielectric prevents a termination of charges. The alternating flow 

allows the discharge to consist of many filaments spread across the electrode area. The plasma current and voltage traces from 

a typical DBD are shown in Fig. 1 where the plasma current peaks correspond to the individual microdischarge filaments. These 

filaments are characterized by electron densities up to 1015 cm-3 and strong electric fields up to 105 V/cm which is why these 

filaments influence the plasma chemistry.3 The filamentary nature of plasma has been used by Ozkan et al. to better understand 

CO2 conversion.4 My interest this summer was concerned with observing the filamentary nature of plasma and using it to better 

understand CH4 conversion.  



 

 

 

 

 

 

 

 

 

Figure 1: Plasma current and applied voltage versus time. 

Results: 

Understanding CH4 conversion is critical to the overall goal of this research project. CH4 conversion is defined as:  

moles of CH4 converted

moles of CH4  in the feed
× 100 %. 

In CH4/N2 plasma, CH4 conversion increases with an increase in power but decreases with an increase in temperature as depicted 

in Fig. 2. CH4/Ar plasma also follows this same trend with an increase in temperature.  

 

 

 

 

 

 

 

 

Figure 2: (a) Methane conversion of 50 sccm (1-1 CH4 /N2) discharges at 500 oC as a function of power. (b) Methane conversion of 50 sccm 

(1-1 CH4 /N2, Ar) discharges at 10W as a function of temperature. 

 

The filamentary nature of discharges was then studied using different gas mixtures to observe how the electrical 

properties of the plasma changed as a function of power and temperature. For CH4/N2 and CH4/Ar plasmas, the number of 

filaments increased as power was increased but the average current per filament stayed relatively constant as shown in Fig. 3. 

The increase in voltage led to an increase in current through an increase in the number of filaments, not through an increase in 

the current per filament. 
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Figure 3: (a) Number of filaments of 50 sccm (1-1 CH4 /N2, Ar) discharges at 500 oC as a function of power. (b) Average current per filament 

of 50 sccm (1-1 CH4 /Ar) discharges at 500 oC as a function of power. 

 

However, when temperature increases, there is a reduction in both the number of filaments and the average current 

per filament for CH4/N2, CH4/Ar, and CH4/He gas mixtures shown in Fig. 4. At 600 and 700 oC, the number of filaments for CH4/Ar 

and CH4/He plasma dramatically reduces, possibly indicating a mode change towards a homogenous glow discharge. According 

to Fig. 2b, these plasma conditions are shown to be ineffective for CH4 conversion. 

 

 

 

 

 

 

 

 

Figure 4: (a) Number of filaments and (b) average current per filament of 50 sccm (1-1 CH4 /N2, Ar, He) discharges at 10W as a function of 

temperature. 

Conclusions: 

Power and temperature both play a key role in the behavior of plasma and the conversion of CH4. It appears that the 

gas mixture does not affect trends in filamentary behavior. From our work, a relationship can be drawn between CH4 

conversion and the filamentary nature of the discharge. When the filamentary behavior of the plasma is lost at 600 and 700 oC, 

the plasma is very ineffective at converting CH4. This relationship between the number of filaments and CH4 conversion is not 

proven to be causative so future work may look at filament lifetime and the charge carried per filament. This may lead to a 

better understanding of the temperature inhibition of methane conversion. 
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