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HyPerCat

Motivation

High-pressure membrane 

reactor for t-HP [4]

 Direct synthesis of H2O2 with 

alternating O2 and H2 dosage

 Operating pressure up to 100 bar

 Exchangeable meander shaped 

flow field

PET mechanism [5]

Langmuir mechanism [5]

LEGO reactor concept 

(up to 100 bar)
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Thermocatalytic

setup

Electrochemical 

setup

High-pressure membrane 

reactor for electrochemistry [6]

 First electrochemical cell working up 

to 100 bar for CO2 conversion

 Revised design and material of flow 

field plates for high mass transport 

performance

ObjectivesApproach

 Development of a modular “LEGO” high-pressure reactor

 Flow and design optimization

 Kinetic studies and reaction tests of H₂O₂ synthesis

 Operando spectroscopy for real-time catalyst and reaction insights

 Validation of the hypothesis of the catalyst in t-HP acting as a 

short-circuited electrochemical cell 

 Understanding of transport phenomena, kinetics and reaction 

dynamics in e-HP and t-HP

 Translation of findings into design guidelines

 Hydrogen peroxide is used in the paper, textile and chemical industries yet the 

conventional synthesis (Anthraquinone process) is environmentally harmful.

 Alternative production methods of H2O2 to the prevalent anthraquinone auto-

oxidation process include direct thermocatalytic (t-HP) and electrochemical 

synthesis (e-HP). 

 Due to the similar reaction conditions of t-HP and e-HP (catalyst, pH, solvent etc.), 

t-HP synthesis is suspected to behave as a “short-circuited” electrochemical cell.

 Nevertheless, comparing both syntheses is challenging: t-HP requires high 

pressures while e-HP operates at atmospheric pressure. This results in non directly 

comparable reactor designs.

 To gain a better understanding of the reaction mechanisms, a high-pressure 

“LEGO-like” reactor is proposed, which can be operated under comparable 

thermodynamic and fluid dynamic conditions for both t-HP and e-HP. 


