i iNREL

Transforming ENERGY

Assessing the role of the support in acetic acid
hydrodeoxygenation selectivity on Pt/TiO,

- - T

Sean A. Tacey, Matthew M. Yung, Michael B. Griffin, Carrie A. Farberow
ACS Fall 2021 Meeting
August 25t, 2021

e



Bioenergy - CFP vapors upgraded through HDO reactions
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* Bifunctional metal-acid catalysts are key for
hydrodeoxygenation (HDO) reactions.*

* Promising materials include:* {
* Noble-metals (Pt, Pd, Ru) supported on ; _
reducible metal oxides (TiO,, ZrO,) i
. S 2000 f B 2 » §
* Molybdenum carbide (Mo,C) : L al
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Model compound studies

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

However, carboxylic acids are another predominant class of

HsC. .0
compounds present in the CFP bio-oil. e

N E Ketos Acetic acid HDO: 300 °C, 4 MPa. ]
e = | Goals of this project: /
:» 1. Develop fundamental insights into the role o,

“7 of Pt-metal and interface sites in acetic gy

acid HDO. ﬁ

. 2. Assess the role of interfacial vacancies in
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he HDO r n hway. U L
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* Pt/TiO, shows selectivity toward
! 3«5 deoxygenation products.
From reference [2] * However, limited fundamental studies

_ on HDO of carboxylic acids.
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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

) . L
activation barriers®10 ) B
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Acetic acid HDO reaction pathway
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Adsorption of surface intermediates p o e

8

Calculated adsorption energetics for
relevant surface intermediates in acetic
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1eV=96.5kl/mol

Reaction energies for elementary steps

Next, calculated reaction energies for 1- ‘ - 1
studied acetic acid HDO elementary - .
%z -
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Pt,,/OH-TiO,(101) +0.22 | —0.68 | —0.04 C-Cbond C-Obond (de)hydroge-
) cleavage cleavage nation
Pt,,,/OH(vac)-TiO,(101) | -0.21 | -1.72 | —0.13

Grey — Pt, Blue — Ti, Red — O, Green — H NREL | 8



Reaction pathway: Pt(111) e
Reaction energy in

E. (AE
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All energies in eV
1eV=96.5kl/mol

Reaction pathway: Pt,,,/OH-aTiO,(101)

E. (AE)

a

0.24 (—-0.86) 0.78 (-0.50)

1.99
While following a different pathway, N\, (+1.13)

decarbonylation/decarboxylation
products are still energetically

preferred at the Pt,,,/OH- q + ‘

aTiO,(101) interface.
) W | I

Need to assess the role of OH
vacancies on the reaction pathway.
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Reaction pathway: Pt,,,/OH(vac)-aTiO,(101) DOl

Reaction energy in

E, (AE)
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Connections with experiments

DRIFTS: Pt/TiO,

. . 818 g2
These results agree with previous . /\ LilF .
experimental measurements: =2 o A \ 300K
-y <—o—""’“’£¢h&h"" .

e Pt(111) preferentially forms i — —w—0n < o) __,/\‘M\«Q@K
u'nde5|'re.d C-C bond- / £ /\/\A
dissociation products. hee 2 [© _~— N 473 K

e With an interfacial-OH /fﬁ,ﬁ \ @__ L~ \@, K
vacancy, the formation of IR ' © | 673K

desired deoxygenation
products is preferred, primarily | =i
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J. Catal., 207 (2002) 317.

ethane/ethylene.
* Acetate and acyl species have = "= T e T Tt T e T g_>
. o [ — o -H
been observed in AA-HDO 1
using in situ DRIFTS vH
measurements.

Black — C, Red — O, Green — H J. Energy Chem., 22 (2013) 883. NREL | 12



All energies in eV

FUture StepS 1eV=96.5kl/mol
* However, acetaldehyde is a primary product in Pt/TiO,- Reaction energy in
parentheses

catalyzed AA-HDO.

* Inthe Pt/TiO, surface models, CH,-CO is the main s -
branch point. Desorb (+2.99) Desorb (+1.39)
. We have only studied two elementary steps involving CH,-CO:
1. CH,-CO+H - CH,-CO
2. CH,-CO - CH,+CO

. Plan to study additional elementary steps involving CH,-CO and
species formed from CH,-CO on all three surface models:

1. CH,-CO +H - CH,-CHO

2. CH,-CHO + H - CH;-CHO (could further hydrogenate to
ethanol) “ _—HP

3. CH,-CHO - CH,-CH + O (further hydrogenate to
ethane/ethylene) J,-H

* Interfacial water can notably lower the barrier for C-OH
bond dissociation.? o

* Plan to study role of interfacial water on AA activation:

x,

1.34
(—1 02} (-1.33)] ~

CH;-COOH + H,0,,> CH;-CO + OH, , + H,0 (1 D oo g "
/F:\ H, H => /—\ H -
Support / Ti | Support | T | | Support / \TI ‘
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