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That fresh mountain air
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Colorado’s dirty little secret

Denver metro ozone

Ozone pollution parts per billion (pph)

I Denver Ozone Value 2008 EPAMax I 2015 EPA Max
NEWS ENVIRONMENT - News SOURCE: REGIONAL AIR QUALITY COUNCIL
Denver among top 10 worst U.S. cities for hazardous air pollution, 2 new CHATT: TANATS CHUANG [ ATR DESIGIL EIC LUBBERS
studies say

EPA tallies show Denver residents inhaled elevated pollution on more than 260 days a year for the past two years
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Need for hydrogenation catalysts
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Catalyst degradation pathways
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1. Increase HYD activity » Tailored catalyst
2. Improve lifetime durability solution
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ALD can be used to protect catalysts
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ALD can be used to protect catalysts

Thermal Reactivity
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e om - ALD for catalysis in CCT&S Center
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* In-depth characterization
* Reaction testing

* Synthesis scale-up NREL |
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TiO, ALD on Pd/AL0,
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ALD catalyst performance in

naphthalene HYD: batch

H
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ALD catalyst performance in

naphthalene HYD: flow
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v’ Similar trends to batch activity

v 10cTiO, has ~1.7X Pd-norm activity of base material

v Alumina-based catalysts stable over 8 h run

Why does TiO, ALD layer boost activity?
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Probing the source of catalytic

enhancement

(@) Bare Pd(111) v Naphthalene and tetralin destabilized
Qg m v" H and H, stabilized (Pd surface charge)

1 == = = _ Pusds,
= L |' L 107 pasaxes
| 1 —— Pd/Al,0;
| ! 0.8 Pd/TiO,
[ ) — 10cTiO,
| E
| g 08
| -
| -
I @ Bare Pd(111) : g 047
[ B OH-TO/Pd | | £
: B (OHTIO/Pd| | = 5
-35 T T T 11 J i 4 )
H H, co v i
GDD_ 0‘0"I""I""I'"I""I"'
0 | [ 350 345 340 335 330
0,05 Binding Energy (eV)
010 v" No change in Pd electronic structure
e TiO,
A§-0-15— donates
g g20- charge to Pd IPHZ binding +
0.25 J strongly-bound product
Closer to actual surface -0.30 = Increased HYD rate

T T
Bare Pd(111) OH-rTiO,/Pd tOH-rTiO,/Pd

*note: simulated overlayers are rutile TiO,,
while actual ALD layers are amorphous NREL | 11



ALD catalyst stability

Sulfided = DMDS added at S:Pd = 0.2
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ALD catalyst stability
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ALD synthesis can be scaled
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Conclusions and future work
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Biomass conversion presents

additional challenges
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* Robust and inexpensive catalytic processes
e Separations

*  Waste-stream valorization

* New biochemical processes

e Streamlined biological engineering
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+  Renewable H, generation 1. Increase HYD activity Tailored catalyst
2. Improve lifetime durability (incl. S tolerance) solution
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