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Catalysis in Octane Reforming and Cyclohexane
Dehydrogenation Reactions using Plasma-Spray Pulsed
Reactors and their Thermographic Reaction Analysis
for Hydrogen Production, Storage and Supply
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Catalytic processes-for hydrogen production, storage & supply, and utilization are
being considered as most important issues for application of clean energy resources,
therefore the environmental and energy resource related catalysis is of current interest.
In present study two important aspects namely, hydrogen production and; storage and
supply are addressed. Hydrogen production was carried out via autothermal reforming of
iso-octane. Catalytic dehydrogenation of cyclohexane was studied for hydrogen storage
and supply application through catalytic reaction of dehydrogenation of cycloalkanes.
Novel reactors using spray pulsed mode injection of liquid reactant and application of
plasma for enhancement of catalytic activity was used in this study.
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Figure 1: Experimental setup for Plasma-Spray Pulsed Reactor, the legends are as following 1)
Atomizer, 2) Reactor, 3) Fuel Spray 4) Connecting Flanges (insulators), 5) Mesh Type Catalyst, 6)
Oscilioscope, 7) Temperature Controller, 8) FID GC, 9) TCD GC, 10) High Pressure Suppler, 11) Gas



Flow Meter, 12) Micro feeder pump, AC-HV: High Volage, MFC: Mass Flow Controller, HSS: Heated
Sample Selector, SS: Sample Selector, TC: Thermocouple

In the first chapter a brief introduction to hydrogen as clean fuel is given. Utilization of
hydrogen in various types of fuel cells, hydrogen production routes and various methods
of hydrogen storage are discussed.

iso-octane is used in this study to simulate the reforming of gasoline under
autothermal conditions and the results are reported in chapter 2. A steam/carbon ratio
equal to 1 and an equivalence ratio equal to 0.32 was used for reforming at
temperatures of 600 and 700 °C on Ni-Mn, Ni-W and Rh-Ce catalysts supported on
alumina mesh. A novel spray-pulsed reactor for providing atomized iso-octane in pulses
was used to create alternate wet and dry conditions for improving the catalyst reactant
contact which resulted in.enhanced hydrogen production rates. The maximum hydrogen
yield obtained is 4 moles of hydrogen per mole of iso-octane. Based on the product
analysis optimized condition for higher hydrogen production and high H,/CO ratio has
been deduced. Further, the effect of non-thermal plasma in combination with catalyst on
reaction was tested under spray-pulse injection of iso-octane. Plasma catalytic hybrid
system results into higher activity at particular conditions. '

Chapter 3 deals with efficient storage and supply of hydrogen both on weight and
volume basis without any contamination of other gases such as CO. Dehydrogenation of
cyclohexane over Pt/alumite and Pt/activated carbon cloth catalysts was carried out for
hydrogen storage and supply to fuel cell applications. Unsteady state was created using
spray pulsed injection of cyclohexane to facilitate the endothermic reaction to occur
efficiently. Higher temperature of the catalysts surface is more favorable for this reaction,
thus the heat transfer phenomena and temperature profile under altemate wet and dry
conditions created using spray pulsed injection becomes important. IR thermography
was used for monitoring of temperature profile of the catalyst surface simultaneously
with product analysis. The heat flux from the plate type heater to the catalyst was
estimated (10-15 kW/m?) using a rapid temperature recording and thermocouple
arrangement. The analysis of temperature profiles, reaction products over two different
supports namely activated carbon cloth and alumite reveals that the more conductive
support such as alumite is more suitable for dehydrogenation of cyclohexane.

With the specific interest to use Pt-less catalysts or to minimize the use of Pt in
catalysts, dehydrogenation of cyclohexane to benzene was carried out over Ni
supported on activated carbon cloth (Ni/ACC). The results are reported in chapter 4. A
synergistic effect was observed in the case of the promoted catalysts (20 wt% Ni+0.5
wt% Pt) wherein, the hydrogen production was enhanced by ca 1.5 times as compared
to the Ni only catalyst and ca 60 times as compared to 0.5 wt% monometallic Pt catalyst.
Selectivity towards dehydrogenation observed to be enhanced by addition of Pt into
NI/ACC catalysts. Catalysts were characterized using XRD, TEM and H, chemisorptions.
Stable Ni metallic catalyst was observed with average particle size of ca 10 nm.

In conclusion | have demonstrated the use of spray-pulsed reactor for enhanced
hydrogen production in both the cases, namely, autothermal reforming of iso-octane and
dehydrogenation of cyclohexane. Use of plasma-catalytic hybrid system is demonstrated
for enhancement in hydrogen production. Further use of IR thermography for monitoring
multiphase phenomena during strongly endothermic reaction of dehydrogenation of
cyclohexane is reported for the first time and was used for optimization of operating
conditions. Also the Pt-less catalysts are reported in this study for dehydrogenation of
cyclohexane with synergistic effect in the case of promoted catalysts using a small
amount of Pt. The results reported in this study would be beneficial for advancement in
hydrogen production and; storage and supply for fuel cell applications.
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