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Our Study



Material and 
Methods 



Material

BrandName

No. 43815, Alfa Aesar, Haverhill, MA, USA Monoclinic phase zirconia 

No. 88960, Alfa Aesar, Haverhill, MA, USA Pt(NH3)4(NO3)2

No. 12884, Alfa Aesar, Haverhill, MA, USA Aqueous CsNO3



Catalyst Preparation 



Methods

o In situ diffuse reflectance infrared Fourier transform spectroscopy 
(DRIFTS)

o X-ray absorption near edge spectroscopy (XANES)

o Temperature-programmed desorption (TPD) 

o Fixed bed catalytic reaction testing 



Catalyst Characterization



BET surface area



BJH Pore Volume 



XRD profile 



STEM-EDX images 



H2 Temperature-Programmed Reduction (TPR) 



EXAFS (Extended X-ray Absorption Fine Structure) data at the L3-edge of Pt

o Average Pt particle size was 
calculated by using the first atomic 
shell Pt-Pt coordination number .

o Average Pt0 particle diameter 
increases with increase Cs loading 

o The dispersion, which is defined 
as % Pt atoms exposed to the 
surface, decreases with increase 
Cs loading.
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XANES (X-ray absorption near edge structure) 
Spectra at the Pt L-3 edge, and L-2 edge

• Overlays of L3–L2 
difference spectra, 
showing an 
increase in 
intensity with Cs 
loading. 

• No evidence for e− 
transfer to Pt from 
Cs was found, 
which should 
result in an 
opposite trend



Study of Low Temperature Water 
Gas Shift Rection (LT-WGS) 



Proposed Mechanisms for  LT-WGS 
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In situ diffuse 
reflectance 
infrared Fourier 
transform 
spectroscopy 
(DRIFTS) LT-WGS



The decomposition of formate through the 
monitoring of the ν(CH) 

DRIFTS results showed an improvement in the forward formate decomposition rate with Cs loading 

until a maximum rate in the range of 4.80%–5.78%Cs. 





Reactor Testing

Stability test on 0.72%Cs-promoted and unpromoted Pt/ZrO2 at similar CO conversion 



Study of the Ethanol Steam 
Reforming Reaction (ESR) 



Proposed Mechanisms for Ethanol Steam Reforming Reaction 
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Temperature-
Programmed 
Reaction (TPR) 
of Ethanol and 
Water 



Reactor test 



Conclution



• Cs promotes the decarboxylation/demethanation pathway over decarbonylation by increasing the 
basicity of the catalyst and weakening the C–C bond of the acetate intermediate.

• The addition of just 2.9% Cs promoted decarboxylation and virtually nullified the unselective 
decarbonylation route with a decrease in ethanol conversion of just 16% 

• Cs promoter loadings of 3.87% to 7.22% resulted in significant acceleration of the forward formate
decomposition in steam at 130 ◦C. 



Thank You For Your 
Attention  


