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INVESTIGATION OF CEO,-DOP 1 NG -BINO;8SUPPORTED PT CATALYSTS FOR PARTIAL
OXIDATION ON ETHANOL TO SYNGAS
P. Al mer ot h, D. M2 n ahetilQwskil . Jahn, W. Res
Fraunhofer Institute for Ceramic Technologies and Systems, Dresden, Germany;
Dresden University of Technology, Dresden, Germany

For partial oxidation (POX) of ethanol, the effect of Gel@ping on catalytic performance particularly
regardingoy-product formation was investigated. Basis of all catalyst systems was a [1-Al ,Oz-supported Rtatalyst.

2-Al,Oz was chosen as a high surface support despite of its acid properties, which lead to dehydration of ethanol
to ethylene. The occurrence of @ne as a byproduct is undesirable in the application of POX as a reforming step in
solid oxide fuel cell systems. Coking downstream the catalyst is related to its role as a coke precursor. To neutralize
sur f ace aA,DO;dmetalyoxided with bas properties like Ce®added in various amount, aimed to study its
impact on catalytic performance in connection with properties of the catalytic systems.

The catalysts were prepared by smapregnation in form of powder. In catalytic tests particle foactof
250é315 Om was wused and diluted with quartz granul ate of
heated quartz reactor with connected NDHRd GGanalysis. Input of chemical energy by ethanol was fixed for all
catalytic tests agpem= 120 W.

To figure out optimal reaction parameters, thermodynamic equilibrium calculations of POX of ethanol were
done. They showed highest syngéalds and suppression of coke formation for oxygeoarbonratios O/C near 1,1
(A=0,2) a&ancd Fox POX of ethanol, referring to POX of meth
the first zone exothermic total oxidation of ethanol takes place. Endothermic dry and steam reforming proceed in the
second zone, using previously formed £ahd HO. Considering that, process parameters were optimized prior to
catalytic tests particularly regarding heat management. The axial disbalance of heat input by POX necessitates heating
especially at the end of the reactor to balance temperature @atorréength and to guarantee an axial temperature
di fference &~ < 100 K. The heat i nput of the installed |
hdeco! RMistsydzed & MiAs defs ghowtdp expiznPents ofzone chosen catalyst, its mass influences
the axial temperature profile due to occurrence of exothermic reactions at the beginning of the reactor. Dilution ratios of
the catalyst were investigated regarding their impact on axial temapenatofile { " d B ¢ O! RMlssyded & MmMmr dz€
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dzO 2 H).jTam mass parts catalysts and one mass part dilution was identified as well suited for stable temperatures over
reactor length.

900
Axial temperature
800 e e @@ profile for
$ e w@ POX of ethanol
: L St d ® depending on
700 : o catalyst mass
R . 3 respectively dilution
600 . ; ratio (Mcataiyst: Maitution)
: .,--' ® cat: Pt/7,2Ce0,/Al,O,
Q 500 . reactor inlet: 0 mm
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300 e
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blank reactor

20 -10 0 10 20 30 40 @ blank
position in mm
Figure. Axial temperature profile for POX of ethanol depending on catalyst mas
which is related to dilution ratio, of one chosen catalyst; heat input by heating i
shown by blank experiments with inert gas flow

Al | catalysts were tested for POX of ethanol at wvaric
and gas hourlyspac vel ocity in range “oThe catdliie were cRafaCtddifed I3 BET) XRF,h
XRD and FESEMEDX to investigate their properties. Aim of studies was to correlate properties influenced py CeO
doping, process parameters in connection withl éamaperature profiles and product distribution of POX of ethanol.
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1. Horn R., Wiliams K., Degenstein N. Methane catalytic partial oxidation on autothermal Rh and Pt foam catalysts:
Oxidation and reforming zones, transport effects, and approach to thermodynamic equilibrium.// Journal of Catalysis.
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INFLUENCE OF CO2- FEED ON HYDROCRACKING OF VEGETABLE OIL USING
BIFUNCTIONAL MICROT MESOPOROUS COMPOSITE MATERIALS
M. Anders, O. Busse and W. Reschetilowski
Institut of Industrial Chemistry, TU Dresden, 01062 Dresden, Germany

The bifunctional catalyst systems can be used for the selective catalytic conversion of vegetable oils by
hydrocracking. Thereby the nature and the loading of the metal components as wehadith of the support material
influence the catalytic activity in hydrogenation/dehydrogenation and cracking reactions. For example bifunctional
catalyst systems based on-MICM-41/ZSM5 using by hydrocracking of rapeseed oil showed that the converstn
the yield of gaseous products stronger increased by | oad]
acid rich support material. Furthermore;feeds can also affect activity and selectivity of hydrocracking reactions. This
results in a enhancement of catalytic properties and a reduction of greenhouse gas CO

The present work studies the influence of,@0feed to activity, selectivity and stability of NiMo/(AICM-
41/ZSM5) in hydrocracking of a model substance ethyl laurate. Inctimigext, special attention is directed to product
distribution and deactivation of the catalyst sample.

The conversion of ethyl laurate and £@n NiMo/(Al-MCM-41/ZSM5) results in high yields of gaseous
hydrocarbons at temper &tandpeessuresfof 5hdr.Ofess, gasedtspoducts consist Bainly
of light olefins (G-Cs).

It could be shown, that the cracking activity and the thermal stability of the catalyst strongly depends on the
feed/cofeed ratio. Furthermore, the product spectrcould be varied by the usage of £&s cefeed in the
hydrocracking of ethyl laurate on the bifunctional calatyst system NiIM&M®BM-41/ZSM5). Depending on the ratio
between feed and deed, the selectivity of unsatured compounds could so be indieabereby the selectivity of
satured compounds is decreased. It seems that the hydrogenation activity can be influenced by, @singpfeéd in
hydrocracking processes. The yield of BFE®mpounds and Methane could also be influenced by using caitbaded
as cofeed in the described hydrocracking process. These results are giving an evidence of strong interactions between
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carbon dioxide and surface metallic nickplecies, as it was shown in recent studies. So it can be concluded, that the
usage of ie greenhouse gas ¢@s cefeed is an interesting way to produce base chemicals, i.e. light olefins and
aromatics from renewable feedstocks.
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EXPERIMENTAL INVESTIGATIONS AND CFD 1T MODELING OF THE SAPONIFICATION
REACTION IN A MICROREACTOR AND IN A TUBULAR REACTOR
V. Khaydarov, E. Borovinskaya, W. Reschetilowski
Institute of Industrial Chemistry, Dresden University of Technology, 01069, Dresden, Germany

Special flow regimes in microreactors were simultaneously examined by many aut@brB¢pending on the
geometry of the micromixer, operating conditions and properties of the reactants, different flow regimes could be
observed. Nevertheledhere are nly several investigations, which combine studies on micromixing with chemical
reaction. Moreover it is difficult to realize the inlia@alytics in microreactors since it is only being developed. On the
other side computer simulations play nowadays amengis$é role in the chemical process investigations. Due to
mathematical models experimental uncertainties can be completed building a realistic picture of the investigated reacting
system.

A well-studied saponification of ethyl acetate was chosen as al mezdtion for experimental and modeling
investigations. Experimental results in a microreactor XXQ1 (Little Things Factory) and in a tubular reactor with a
channel growth of 2 mm were compared with the modeling. For modeling of-pingée and twphase reactions with
different geometry of the microreactor and the tubular reactor-thineensional reactor models were developed. ANSYS
Fluent was applied as a software product for providing the simulations.

In Figure 1 the modeling results for differégpes of flows in microreactor are presented. The flow lines by the
stratified flow go parallel in spite of the special form of the microchannel at Reynolds nunyye-8@ (Figure 1a). By
engulfment flow the flow lines are changed through turbulenc®®a~200-600 (Figure 1b). The calculated Reynolds
numbers for both flows agree with literature.

In Figure 2 the CFBnodeling results in the microreactor are compared with experimental data at different
temperatures. At residence times lower than 50rekx¢engulfment flow, Re>200) almost ideal mixing takes place and
the reaction is only limited by the kinetics. At residence times higher than 50 seconds vortex flow and then stratified flow
take place at lower Reynolds numbers. In this case the reantianiging are limited through diffusion and convection.

Fig. 1 Modeling results for different flows in a microreactor: a) stratified flow, b) engulfment flow
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Fig. 2 Experimental and modeling results at different temperatures in the microreactor
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