
Graphene2022                                                    Aachen (Germany) 

Gas-phase synthesis of graphene nanoflakes in a microwave plasma 

reactor on the pilot plant scale 
 

Tim Hülser1 
Ivan Radev2, Edward Nürenberg2, Fabian Puslat2, Frederik Kunze1, Sophie Marie Schnurre1 
1Institut für Energie- und Umwelttechnik e.V.(IUTA), Bliersheimer Str. 58-60, 47229 Duisburg, Germany 
2The Hydrogen and Fuel Cell Center ZBT GmbH, Carl-Benz-Str. 201, 47057 Duisburg, Germany 

kunze@iuta.de 

 

Since the discovery of graphene in 2004 [1], research activity has increased enormously 

due to the extraordinary electrical, mechanical and optical properties of this 2D material. 

These properties of graphene offer high potential to improve components in a wide range 

of applications. So far, the success has fallen short of expectations. This is partly due to the 

fact that the outstanding properties of high quality graphene are often found in relatively 

small areas and, actually, cannot be homogeneously extended to the wide areas of the 

material required for industrial applications. Furthermore, the synthesis route poses a major 

challenge. A successful combination of high production rates of graphene with high quality 

(high purity, reduced number of monolayers, low concentration of defects and functional 

groups interrupting π electronic conjunction within honeycomb structure of graphene) of 

such a sophisticated material has not yet been achieved. To address this challenge, we 

performed gas-phase synthesis of graphene on a pilot plant scale.  

A pilot-scale microwave plasma reactor with a frequency of 915 MHz and a maximum 

power of 50 kW is used to convert ethanol into few-layer graphene. First, ethanol is 

evaporated and subsequently passed through an argon-hydrogen plasma generated by 

microwave radiation. The graphene powder is collected on filter membranes and ex-situ 

analyzed by scanning and transmission electron microscopy as well as Raman 

spectroscopy. In addition, the electrical conductivity and the apparent density of the 

graphene powders as a function of compression force were investigated in a specially 

designed powder conductivity test cell by a quasi-four electrode test principle. 

The highest specific conductivity  is obtained for graphene produced with a EtOH feeding 

rate of 200 g/h ( = 3,19 S/cm;  = 0.23 g/cm-3 at 100 N cm-2), which is 8.6 times higher than 

the commercial graphene CP-0080-HP-0010 (IoLiTec Ionic Liquids Technologies GmbH, 

thickness 1-10ML; size 0.5-3 µm; 250 €/g), that exhibits a specific conductivity of  = 0.37 

S/cm and the corresponding specific resistance  = 0.12 g/cm-3 at 100 N cm-2. To 

investigate the influence of the ethanol mass flow on product characteristics, the feeding 

rate of EtOH is stepwise increased from 200 g/h to 800 g/h. The analysis proves that low 

defect graphene is currently produced at rates up to 2.5 g/h. The fraction of soot-like 

structures increases with increasing the EtOH feeding rate, leading to reduced electrical 

conductivity. Moreover, a decrease of the microwave power results in a higher graphene 

content and therefore paves the way for energy-efficient synthesis. 

Within this work it is proven that the graphene synthesis process, based on ethanol 

precursor, has the potential to continuously produce graphene on a larger scale for 

application as functional material for example in fuel cells [2].  
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