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Bioenergy - CFP vapors upgraded through HDO reactions
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Model compound studies

Previous experimental + theoretical model-compound HDO studies have focused on aromatics to
understand how the interface and interfacial vacancies influence the deoxygenation mechanism.
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|\/|Ode| Compound StUdieS Reaction Pathways

However, carboxylic acids are another predominant class of

compounds present in the CFP bio-oil. :C 0
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Grey — Pt, Blue —Ti,
Red - O, Green — H

Computational methods

«  VASPL2
*  PBE3-D3*
* Pt(111): 3x3x4, bottom 2 layers fixed

e Anatase-supported Pt-nanowire to
capture interface>®

* +U corrections for TiO, support’
U, = 2.5 eV for Ti cations®

* CI-NEB calculations for elementary-step
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Acetic acid HDO reaction pathway —> C:Cbond breaking
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Adsorption of surface intermediates

Relative to Pt(111), interface stabilizes
adsorption on average by:
Pt,,,/OH-TiO,: —0.56 eV
Pt,,,/OH,-TiO,: —1.56 eV
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Reaction energies for elementary steps

<AE> (eV)
Surface C-C c-0 -H +H
Pt(111) -0.34 | +0.43 | +0.16 | +0.50
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—> Hydrogenation
—> Dehydrogenation

Reaction pathway: Pt(111) o CChenabrens
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—> (-0 bond breaking
_ —> Hydrogenation
et s i : —> Dehydrogenation

Reaction pathway: Pt,,,/OH-aTiO,(101) . o i
= -

Pt\/OH-aTiO,(101) interface
1 follows desired deoxygenation
pathway, consistent with

experimental selectivity trends.!
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Reaction pathway: Pt,,,/OH,-aTiO,(101) Yev 965 Lol

Reaction energy in parentheses

 Vacancy may play a key role in facilitating first C-O bond- T Adsorton/desorpton
dissociation step. —> CCbondbreaiing

. ) —3» (-0 bond breaking
* Vacancy concentration could dictate ethane vs. acetaldehyde .
—3> Hydrogenation

product selectivity, though vacancy formation may be rate-limiting. —> Dehydrogenation
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Conclusions

Pt(111) and anatase-supported Pt-nanowire
models were used to explore the role of
metal and interface sites in acetic acid HDO.
e Relative to Pt(111), interface sites stabilize
energetics for C-O bond-breaking steps
relative to C-C bond-breaking steps.
* Pt-metal sites favor undesired
decarboxylation products.
e Pt-TiO,-interface sites shift selectivity toward
ethane and acetaldehyde. ““2 forh X o X i ' .L E""""
* Interfacial vacancy may play a key role in ) ) —> oudograion
lowering barrier for C-O bond-breaking step.
* These fundamental insights will facilitate the A==
rational design of improved catalysts for
upgrading CFP bio-oil.
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Activation barriers for elementary steps

pesred B §
<AE> (eV)
Surface C-C c-0 -H +H
Pt(111) +1.44 | +1.39 | +0.85 | +1.15
Pty /OH-TiO,(101) +1.81 | +1.22 | +0.81 | +0.70
Pty /OH,-TiO,(101) +1.64 | +0.85 | +0.73 | +0.71
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Pt(111): Reaction Energy Diagram
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Pt\w/OH-TiO,: Reaction Energy Diagram
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Pt\/OH,-TiO,: Reaction Energy Diagram
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Black — C, Red — O,
Green—-H

Model results agree with experimental Pt/TiO, data
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