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Hydrogen Applications
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Catalysts

Active oxides have high oxygen
mobility

These active oxides have High oxygen
Mobility

Able to shuttle O-band intermediate
on the surface defect sites

Provide sites for the dissociation of
the ROH molecules such as H,0

— Reduced defect sites —

Nobel Metal (Pt, Pd, Au)
+
Partially reducible Oxides (ZrO,, TiO,, CeO,)

metal nanoparticles provide synergy
with reduced defects
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| Our Study

* The effect of Cs as Alkali on Pt/m-ZrO, in both LT-WGS and ESR reactions
* The optimal alkalis loading for activity and/or stability.

* Ability to facilitate formate dehydrogenation in WGS reaction and acetate dehydrogenation in ESR reaction
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Material and ‘ l
Methods



Material

Monoclinic phase zirconia No. 43815, Alfa Aesar, Haverhill, MA, USA
Pt(NH;),(NO;), No. 88960, Alfa Aesar, Haverhill, MA, USA
Aqueous CsNO, No. 12884, Alfa Aesar, Haverhill, MA, USA

The University of Texas
at San Antonio™



Catalyst Preparation
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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

UTSA

The University of Texas
at San Antonio™




Catalyst Characterization |




BET surface area

Expected Ag Assuming Measured Difference between
Sample ID No Pore Blocking Ag (BET) Expected & Measured
[m2/ gl Imzlg] [m?2/ gl
ZrO, 95.4

2%Pt/ZrO; 93.2 89.6 3.6
0.72%Cs-2%Pt/ ZrO; 92.5 88.5 4.0
1.45%Cs-2%Pt/ZrO, 91.7 84.6 7.1
2.17%Cs-2%Pt/ ZrO, 91.0 85.3 5.7
2.89%Cs-2%Pt/ ZrO, 90.3 86.6 3.7
3.87%Cs-2%Pt/ ZrO, 89.3 86.8 25
4.80%Cs-2%Pt/ ZrO, 88.3 78.7 9.6
5.78%Cs-2%Pt/ ZrO, 87.3 74.1 13.2
7.22%Cs-2%Pt/ ZrO; 85.9 69.1 16.8
10.41%Cs-2%Pt/ ZrO, 82.7 62.1 20.6
14.45%Cs-2%Pt/ ZrO, 78.6 54.9 23.7
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BJH Pore Volume

Sample ID Vp (BJH Des)

[cm3/g]
ZI‘OZ 0.289
2%Pt/ZrO> 0.272
0.72%Cs-2% Pt/ ZrO> 0.259
1 .450/0CS—2()/’0Pt / ZI‘OZ 0.249
217 % Cs-2%Pt/ ZrO-> 0.246
2.89%Cs-2%Pt/ ZrO-> 0.251
3.87%Cs-2%Pt/ ZrO> 0.256
4.80 O/OCS—Z(%)Pt / ZI‘O‘2 0.238
5.78%Cs-2%Pt/ ZrO- 0.229
7.22%Cs-2% Pt/ ZrO> 0.211
10.41%Cs-2%Pt/ZrO-> 0.197
14.45%Cs-2%Pt/ ZrO-> 0.177
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XRD profile
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H, Temperature-Programmed Reduction (TPR)
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EXAFS (Extended X-ray Absorption Fine Structure) data at the L3-edge of Pt

N R e 0* Est. Est. Diam.  Est. %
Sample Description Pt-Pt Pt-Pt (A) \0/ i) r-Factor ~ Number of R l**. Di ' ;’/
Metal Metal (V) (A°) Atoms * (nm) isp. (%)
12 2.766 8.99 0.00537
. . 0 ¢ - - -
o Average Pt particle size was _ Pt’ foil (fixed) (0.0061) (0.657) (0.00045) 0.0094
calculated by using the first atomic
shell Pt-Pt coordination number . ) )
2%6Pt/m-Z10; (05 2124) (02 660%10) ((;l 67102) (0%8123) 0.0062 13 8% 2
o Average PtO particle diameter ' ' ' ' :
increases with increase Cs loading 53 2709 6.15 0.00905 0.87
2.89%Cs-2%Pt/ m-ZrO ' ' ' ' 0.0041 13 ' 92
o The dispersion, which is defined CTRMZO 03 o) 047 (00010) 079
as % Pt atoms exposed to the
P 6.3 2.725 6.55 0.00797 1.0
surface, decreases with increase 80%Cs-2% -
s loading, UICTIRMZO 03 o) 037 o) 0% 2 093 &
0 0 ) 6.9 2.742 7.11 0.00660 1.1
SBUCSIRP/MZI0 o5y o) o507 (oo 00 3 10 b
o 0 8.2 2.755 8.32 0.00474 15
0ATRCSZRP/mZ02 050y (o0me) (200 (ooooany 000089 B 5 uy— 7
o 0 8.0 2.754 7.38 0.00594 14
MACSZRP/mZI0r— gen (oome) 0560 (oortg) 00067 6 13 m
m<: 1- Jentys, A. Est1rnat1on of mean size and shape of small metal particles by EXAFS. Phys. Chem. Chem. Phys. 1999, 1, 4059—4063.

The University of Texas 2- Marinkovic', N.S.; Sasaki, K.; Adzic, R.R. Nanoparticle size evaluation of catalysts by EXAFS: Advantages and limitations. Zastita
at San Antonio™ 78 Mater. 2016, 57, 101-109.



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
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Study of Low Temperature Water ‘ l
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
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The decomposition of formate through the

monitoring of the v(CH)
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DRIFTS results showed an improvement in the forward formate decomposition rate with Cs loading
UTSA until a maximum rate in the range of 4.80%-5.78%Cs.
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Study of the Ethanol Steam ‘ l
Reforming Reaction (ESR)



Proposed Mechanisms for Ethanol Steam Reforming Reaction
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Temperature-

Programmed
Reaction (TPR)
of Ethanol and
Water
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Reactor test

‘Selectivity (%

Catalyst CzH(;(())nI-‘IL (%) CH, = ZtH:Y( ) C,H, C3H, CH,CHO
WPYZ0, 8691 HB20+22% 00004 039:00  034:00  349+0%4
”Izt//frsoi/ ma5 8414240 0404002 135 4014
1I§t//§fo22/ 178.42 1802424 031 + 02 068 +0.07
Bl D% I8 DE2+00¢
5'3:/;%;/" G5 SBIAELTT 068 + 0.07

C,HsOH + 3H,0 — 2CO, + 6H, (AHp05° = 173 kJ /mol)
UTSA
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C2H5OH + H,O — 2CO + 4H>» (AHzggo =55 k]/mol).






* 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.
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