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Model Catalyst vs Real Catalyst
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Model Catalyst vs Real Catalyst

Precision

Model catalyst Commercial catalyst
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Model Catalyst vs Real Catalyst
Interpretation - CO-oxidation on CuO,

Thin film, (G.6. sernigan,G. A. Somorjai, J. Catal. 147 (1994) 567-577)

We find that the reaction rate of CO oxidation is fastest
on metallic copper, and at 300°C the rate decreases with
increasing copper oxidation state: Cu (0) > Cu (+1) >
Cu (+2). The apparent activation energies for the reaction

Cu(111) single crystal, (s.tren, c. Heine, H. Bluhm, G.A. @ pported nanopa rticles\

Somorijai, M. Salmeron, J. Am. Chem. Soc. 137 (2015) 11186-11190) ) :
ey . (B. White, M. Yin, A. Hall, D. Le, S. Stolboy, T.
Under oxygen-lean conditions, the surface is not Rahman, N. Turro, S. O’Brien, Nano Lett. 6

fully oxidized to Cu!O. However, the surface is more (2006) 2095-2098 )

reactive once a partial surface Cu,0 layer forms. Cu,0 most active for CO-
oxidation

100
% | Cu,0 NPs on silica gel

Powder, (T.J. Huang, D.H. Tsai, CO oxidation behavior of copper and
f
copper oxides, Catal. Letters. 87 (2003) 173-178)

Among the three copper species (Cu, Cu,0, CuO)

Conversion %

tested, Cu!O was the only one that was active at
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UV-vis fiber spectrometer Quartz tube reactor Mass spectrometer
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Model Catalyst Testing - Activity on Powders

Quartz tube reactor Mass spectrometer
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Q: Powder catalysts — Quartz tube reactor
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. . Main gas in
~100 ml/min
Gas sample flow
Reactor tube N .
1 ml/min
Mai t NN
N aln gas OL.J Capillary inlet
100 ml/min .\/, \/ / to MS
\ i
Thermo couple \)L/\/\/\/

Heater coil Sample tube

+ Small catalyst mass (~10 mg)
+ Small gas volume
- Small surface area
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NH,; decomposition — Bench mark measurements

Bench mark catalysts Literature reference
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q: Water-gas shift — Activity measurements
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q: Model Catalyst Testing — In-situ UV-vis

UV-vis fiber spectrometer Quartz tube reactor
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*

Small catalyst mass (ug - mg)
Small gas volume

Low gas flow

- Small surface area

+ + +

Reactor tube
Main gas out

Flat model catalysts — reactor design
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(R)WGS with in-situ UV-vis and XPS

(R)WGS is a slow reaction — mass spec. not sensitive enough

UV-vis lamp
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RWGS conditions - XPS

Three catalysts:
*  Cu, CeO, and Cu/CeO,

At 250 °C, under RWGS conditions

* Cu can switch between Cu® and Cul*
* CeO, cannot

* CeO, promotes Cu red-ox
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Cu and Cu/CeOx red-ox — UV-vis
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Model Catalyst Testing

UV-vis fiber spectrometer Quartz tube reactor Mass spectrometer
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Model Catalyst vs Real Catalyst

Interpretation - CO-oxidation on CuO,

Thin film, (G.6. sernigan,G. A. Somorjai, J. Catal. 147 (1994) 567-577)

We find that the reaction rate of CO oxidation is fastest

on metallic copper, and at 300°C the rate decreases with
increasing copper oxidation state: Cu (0) > Cu (+1) >
Cu (+2). The apparent activation energies for the reaction

Somorijai, M. Salmeron, J. Am. Chem. Soc. 137 (2015) 11186-11190) (B. White, M. Yin, A. Hall, D. Le, S. Stolbov, T.
Under oxvgen-lean conditions, the surface is not Rahman, N. Turro, S. O’Brien, Nano Lett. 6

f o (3
Thm _fllm, (Cu Model Catalyst Dynamics and CO Oxidation Kinetics, Y. Bu, J. W. (Hans) Niemantsverdriet,
re H. 0. A. Fredriksson, ACS Catal. 2016, 6, 2867-2876)

CU(111) Single CryStaI, (B. Eren, C. Heine, H. Bluhm, G.A. ] Supported nanoparticles\
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s Conclusions

* In situ characterization of flat model catalysts — powerful combination
* Oxidation state of catalyst depends on gas composition
e Catalyst activity depends on oxidation state
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