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. Motivation . Xxperimental Setup

= The reactor consists of a 25 cm long quartz tube. An alumina monolith,
coated with 3 wt-% Rh, 6 mm in diameter, 5 mm length, and 24
channels is placed inside.

= The Catalytic Partial Oxidation (CPO) of
methane on Rh coated monoliths in short

contact time reactors is a promising route
to convert natural gas to syngas and finally ,. ! H] = The reaction is ignited by heating up the monolith with a furnace and

higher hydrocarbons.[1] 15 .|r.1 ' can be run autothermally (~ 1200 K) or temperature controlled.
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= Such commercial applications of high- ;E_;*-""t'-_'#f .t(.;.k,ié:lllfﬁ = The gases are fed into the reactor at following conditions: u, = 1.0 m/s

temperature catalysis depend on control- C 50T Hugeplnts, (GHSV = 1.96:10°h"), T, = 300 K, T,,, = 690 K, pe/pe, = 1.7, 80% Ar
ling the operation of the reactor at transient }I]%_]ﬂ@j[m eT“gyeanSun- dilution, P, = 1.1 bar. This results in a residence time of some
conditions such as light-off, extinction of IR U = — milliseconds .

reactions, homogeneous ignition, and . .
aging of the catalysts. These problems call Crude Oil = The product composition is determined by a QMS and GC.

not only for transient experiments but also Natural Gas = In our studies we want to understand the competition
for transient numerical simulations. (Methane, Ethane, Propane) gﬁév\;ﬁg?rrf?s;té?loigg;ogilaosgcrl:taig{i\é:;e reaction pathways

catal. Partial Oxidation,

. | high selectivities/converdions Gas filter
= While previous work focused on steady- short.contachiimes -

state conditions,[2] we develop now , Q

detailled Mmodeles for transient behavior
of “short-contact-time” reactors.
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heat transport in solid walll Q |\/||X|ng chamber
< > diffusion Pum
The 2D and 3D Navier-Stokes equations are solved, which are transport of ¢ o P
coupled with detailed transport and chemistry models. é_ momentum, I gaS-pt_hase I 02 >
reactons —

Furthermore we need to consider to couple the reactive flow in v energy, adsorption, CH [
4

the single channels with the overall heat transport in the solid Shecies surface reactions,

thermal desorption = g >
structure e N i Ar

DET CHE Moo & ' emperature, Selectivities, Conversions

Comparison between simulation and experimental derived data
MONOLITH

temperature of the solid structure vonol . Time dependent change of temperature,

by a 2D / 3D - heat balance X — - syngas selectivity, and conversions in a
: T(adiabatic) Rh/ALO,-monolith

transient temperature heat source lime scale ~ 1s

steady-state ~ Profile atwall term contact time < 100 ms = The Simulation is based on a recently
eDeraTure[protie [J—— developed surface reaction mechanism on

CHANNEL Rhodium.[4]
simulation of the 2D flow field by a boundary layer approach = Symbols = experimental data
In a representative number of monolith channels Lines = simulation
¢
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diffusion term —— (r]l)

o Or gas-phase concentration, chemical source
i diffusion J; temperature term = The numerically predicted exit gas-phase

temperature, H, and CO selectivities, and
& ¢ S ‘L DETCHEM oxygen and methane conversion, agree well

_reaction rate detailed reaction mechanism including with the experimental data.
s;=> vk, [T ¢ surface coverage calculations
k=1 j=1

= At the ignition point only little CO and no H, are

produced. Then syngas selectivity increases
rapidly.

selectivity [%]

= Oxygen breakthrough is caused by relatively
large channel diameter of 0.74 mm compared to
the 5 mm catalyst length.

=~ No impact of gas-phase reactions were
observed at those conditions, however, they
become significant at elevated pressure.

catalyt.
monolit

Ar, CH,, O,

conversion [%]

= The incoming cold gas is heated up by the preheated ‘ = The experiment and, in particular, the
monolith. First reactions start at the back end of the ' computational tools will be used to study more

catalyst. , complex chemical systems and support reactor

= The total oxidation of CH,to CO, and H,O heats up the design and scale-up

monolith temperature. The reaction zone moves to
the front end of the catalyst. No CO and H, is formed

atthe beginning.

= With increasing temperature O, is rapidly consumed,
and CO is formed at the channel exit. At 10 s first H,

formation occurs by steam reforming. With higher
temperatures H, and CO formation increases while

CO,and H,O decrease. References:
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equilibrium for oxygen shifts slowly towards desorption
resulting in more and more vacancies on the surface. Ignition
OCCuUrs.
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