
  

   

CHARACTERIZATION OF MICROSTRUCTURED 

REACTORS FOR DEHYDROGENATION OF LIQUID 

ORGANIC HYDROGEN CARRIERS 

Martin Cholewa* and Peter Pfeifer 
Karlsruhe Institute of Technology - Karlsruhe 

Karlsruhe, Germany 

Abstract 

The dehydrogenation of Liquid Organic Hydrogen Carriers in microstructured reactors is studied this 

work. These organic liquids are hydrogen-rich molecules which serve as a storage for hydrogen by 

dehydrogenation. As this is highly endothermic reaction and a large volume of hydrogen is created from 

these liquids, a good thermal management and a good phase contacting with the catalyst in the reactor is 

crucial. We investigated the dehydrogenation reaction of different LOHCs in microstructured reactors 

with dedicated microchannel designs. The microstructured reactors usually having benefits concerning 

heat- and mass transfer and such concept is supposed to lead to higher thermal efficiency and process 

intensification for the LOHC systems. In our presentation we mainly focus on the reaction of 

hydrogenated dibenzyltoluene as a high boiling temperature substance which stays liquid under reaction 

conditions. 
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For future energy supply with renewables, large capacities 

to store and transport energy are necessary. Addressing 

mobility the use of a fuel cell car is limited by the capacity 

of the hydrogen storage. Besides liquefaction or high 

pressure storage of hydrogen, one approach is the use of 

Liquid Organic Hydrogen Carriers where a chemical 

reaction is used to generate hydrogen from a liquid 

molecule which has been hydrogenated before and is 

recycled after dehydrogenation. The molecules could also 

be used in a stationary supply application. 

Liquid Organic Hydrogen Carriers (LOHC) mostly 

consist of an aromatic structure and are saturated in the 

loaded state. The easiest possible system is 

benzene/cyclohexane. For safety issues, however, other 

materials where proposed having a higher boiling point 

and being nontoxic etc. One of these options, used in this 

study, is the hydrogenation of dibenzyltoluene [Brückner] 

which has three aromatic rings and the reverse process, 

respectively. 

As these kinds of dehydrogenation reactions are highly 

endothermic, enormous heat fluxes per volume are 

necessary. Additionally, a large increase in volumetric flow 

by the reaction of liquid hydrogenated dibenzyltoluene by 

forming gaseous hydrogen under the reaction conditions 

leads to severe issues with regard to phase contacting of 

liquid and catalyst.  

Microstructured reactors have great advantages 

because of their high volumetric wall surface area and 

provide intensified heat transport, resulting in high system 

compactness and isothermal reaction conditions.  

Therefore, we investigated the dehydrogenation 

reaction in different arrangements of microstructured 



  
 

reactors. A reactor concept with circular microchannels, 

including a widening of the channels accounting for the 

increase of the volumetric flow, was tested. Further, a 

membrane reactor to separate the hydrogen directly from 

the reaction zone was tested in the framework of gaseous 

LOHCs under reaction conditions.  

Experimental 

The structured reactor with cylindrical microchannels 

was built to improve the wetting of the catalyst with the 

high boiling substances at multiphase flow conditions. The 

inlet is in the center of the reactor. The flow is redirected 

after each 90° microchannel bow into a next wider 

channel, combining and separating always two outlet 

streams at the redirection point (Figure 1). These channels 

are filled with the catalyst particle to create a fixed bed. On 

top of the structure, either a metal plate or a quartz glass 

for optical inspection can be placed to close the structure 

against environment.  

 

Figure 1.   CAD sketch of the cylindrical 
channels 

Further, a planar microstructured membrane module is 

investigated for shifting the equilibrium of the reaction in 

gas-phase by in-situ high-purity hydrogen removal. Thin 

palladium membranes (4 - 12 µm) were fixed on top of a 

micro packed bed between 50 µm thick metal sheets with 

holes of ~100 µm diameter. The permeate side consists of 

micro channels for the hydrogen flow.   

As reactants hydrogenated dibenzyltoluene and 

decaline were used in liquid state, methylcyclohexane was 

applied as example for gas phase reaction. A home-made 

1 wt% Pt/alumina and a commercial 0.5 wt% Pt/alumina 

catalyst were used for the experiments. 

Results and Discussion 

In preliminary tests with decaline only low conversion 

was observed at reaction conditions near the decaline 

boiling point. This was assumed to be affected by 

experimental limitations. In further investigations with 

hydrogenated dibenzyltoluene and a redesign of the 

channel layout, the conversion of the LOHC was found to 

be higher. Both catalysts exhibited a relatively good 

activity as shown in figure 2.  

The results obtained in the membrane module can be 

found in more detail in our recent publication [Kreuder]. It 

is reported that a high conversion and a good separation of 

hydrogen has been demonstrated. In our presentation, we 

will further report on a newly constructed module where 

the catalyst to membrane area ratio has been improved in 

terms of high separation factors. 
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Figure 2. Conversion of hydrogenated 

dibenzyltoluene with the different catalysts as function of 

temperature, 1 bar and tmod 250 kg s m-3 

Conclusions 

In the microstructured membrane reactor the gas-phase 

dehydrogenation of methyl-cyclohexane was studied 

extensively. Hydrogen was separated effectively from the 

reaction zone and the shift of the equilibrium led to 

conversions greater than 95%.  

It was also shown that hydrogenated dibenzyltoluene 

can be converted to a considerable extent in the reactor 

with cylindrical microchannels. Further reactor 

optimization is envisaged for the future. Nevertheless, we 

believe that microchannel reactors can be used to improve 

the LOHC concept for hydrogen storage. 
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