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Photo-Thermal Catalytic (PC) Reactor
e Flow reactor for gas phase reaction
- r'WGS: CO, + H, <> CO + H,0
AHZ?® = 41 Kk]/mol
e Heterogeneous photo-thermal catalysis

— RuO,-SrTiO; catalyst [1]
immobilized on porous support

— Chemical conversion facilitated by
heat / light

e Concentrated light irradiation in DLR’s

e Pre-mixed feed: H,/CO, = 1/1
max. 5.6 L/min”

e Max. irradiaton power: 1.4 kW
e Atmospheric pressure operation
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e (Catalyst directly irradiated
— locally high catalyst temperature
— high activity
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e Scope / domain of interest

— Porous foam, incl. catalyst (square
prismatic shape)

— Steady-state

e Mass / species transport

— Convection-diffusion in porous
medium: Dusty-Gas-Model [3]

— Chemical reaction in catalyst layer
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— Convection/conduction through
porous medium: effective
thermal conductivity [4]
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— Radiative transport boundary
conditions

Gyrss

e Discretization / numerical method
— Finite Volume Method

— VoronoiFVM.jI [5] package for
the julia programming language

e Energy flows over reactor bounds

e Determine importance of loss
mechanisms — design optimisation
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Fig. 4 lllustration of heat and enthalpy flows
across the system boundary considered in the
energy balance.
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Exemplary Thermal Results

e Total irradiation power: ~1 kW
(avg. measured flux of 70 kW/m? in
center of catalyst plane)

e Feed vol. flow rate:
3 L/min” (H,/CO, = 1/1)
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Fig. 2 Temperature distribution in reactor,
with average temperatures of 636 °C (upper
surface, center) and 477 °C (lower surface).
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Exemplary Chemical Results
® Pressure ~ 1 atm
e (atalyst mass: 500 mg

e Chemical kinetics of Ni-Al,O5 for
r'WGS [6] (no kinetic model of
Ru-SrTiO5 available yet)
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Fig. 3 Distribution of CO mole fraction in
reactor, corresponding to a total production of
0.7 mol.o/h with an average reaction rate of
1.4 mol,/(h g.,.) and yield of 18% (CO, basis).
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Fig. 5 Exemplary relative contributions of heat
flows across the system boundary (Fig. 4)
normalized to total irradiation power of 980 W
on the aperture.
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