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Project Overview — Target-Driven Goals and Outcomes

Project Goal: Provide fundamental insight leading to actionable recommendationsfor critical
catalysis challenges by leveraging world-class synthesis and characterization capabilities across
multiple DOE National Laboratories

Impact

Critical Catalysis Challenge

Upgrading of C1 Building Blocks i:fnenee;ﬂ?: |:> <500 °C Efficient regeneration leading
C1 >é)00 °C to prolonged catalyst lifetime
Catalytic U%grgaddtlztgsof Pyrolysis rloe?nz‘i;?ifn :> ST h Reduce deactivation rate via
CEP & 25h : informed catalyst synthesis
Catalytic Upgrading of Deactivation rate due . .
Biochemical Intermediates to alkali impurities 1% Reducg |mpa.c.t of alkali
CUBI 10% |:> impurities
Upgrading of C2 Building Blocks fR(frcrg;/'(ceig/no:agé |:> >60% Mitigate deactivation and
Cc2 45% > inform regeneration

Project Outcome: Accelerated catalyst and process development cycleenabling demonstrated
performance enhancements in half the time

ChemCatBio



Project Overview — Based on Successful Collaboration

Cross-cutting enabling capabilities supported by BETO in FY16
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Schaidle et al., ACS Catal., 2015, 5, 1794. https://doi.org/10.1021/cs501876w

Highly successful collaboration identified need for advanced characterization across all projects
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https://doi.org/10.1021/cs501876w

Project Overview — Enabling Capability Within ChemCatBio

ChemCatBio Catalysis Projects ChemCatBio Enabllng Capabilities

Catalyst Engineering of - ChemCatBio

Development Catalg/s(tsgclale- Industrial Advisory
ACSC Board

<::> Data Hub
Critical
catalysis

challenges

Integrated and
collaborative portfolio of
@ enabling capabilities to

. help tackle critical catalysis
Collaborative outcomes P Y

y challenges
Targeted Cost I[N Cost-guided
: Performance for ;
Reduction : Synthesis
Key Metrics

ChemCatBio Bioenergy Technologies Office | 5



Project Overview — Providing Complementary Efforts

World-class synthesis and characterization capabilities provide insight intoworking catalysts

Dedicated synthetic
effort for next-generation
catalysts through
innovative syntheses

LiNREL

|dentify lower cost
precursors and
synthesis routes

CatCost™

ChemCatBio

Advanced spatially
resolved imaging
and characterization

OAK
“RIDGE

“Ratiomn Tlabermtery

ra

Advanced spectroscopic
techniques for bulk and
surface structural and
chemical characterization

Argonne &

MATIGNAL LABGEATOEY
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Project Overview — Capabilities Portfolio

Advanced Spectroscopic
Characterization

Overall coordination environments and
oxidation states of metal atoms with in-
situ/operando X-ray absorption
spectroscopy at the Advanced Photon
Source

Advanced Spatially Resolved
Imaging and Characterization

Advanced Catalyst Synthesis

Surface composition and chemical state
by X-ray photoelectron spectroscopy

Active sites and surface species
including coke by in-situ/operando
Infrared, Raman, and UV-visible
spectroscopies

Crystalline structure by in-
situ/operando X-ray diffraction

Argonne &

01“[{ |||l1|ﬂﬂ'll.|.1:l?ﬂnl10"
RiDGE  {INREL

Nuiiomal Lebarw NATIONAL RENEWABLE ENERGY LABORATORY

Spatially-resolved structures and
chemical composition by in-
situ/operando sub-Angstrom-resolution
STEM imaging and spectroscopy at the
Center for Nanophase Materials Sciences
and Materials Characterization Center

Metal-modified oxides/zeolites with
controlled atomic sites,
nanostructures, and mesostructures

Topography and composition by
scanning electron microscopy and
spectroscopy

Quantitative chemical composition by X-
ray photoelectron spectroscopic
mapping

3D elemental distribution by atom probe
tomography

Pore structure by 3D X-ray tomography

OAK
‘RIDGE

Nuiiomal Lk

Metal carbides, nitrides, phosphides
via thermolysis of molecular precursors

Scalable solution synthesis of
nanostructured materials with
controlled morphology, composition,
and crystalline phase

Manipulation of catalyst surface
chemistry to control active site
properties

Collaboration with the Engineering of
Scale-up project (SDI) for early-stage
development of technical catalysts

LiNREL

NNNNNNNNN ENEWABLE ENERGY LABORATORY

A primary mission is adaptation and demonstration of new capabilities to meet the needs of

Chem Bio

ChemCatBio catalysis projects



1. Management — Evolving to Meet ChemCatBio Needs

ACSC Project Structure Active Management

Task 1: Advanced
Spectroscopic
Characterization

Pl: Theodore Krause (ANL)

Annual Evaluation of New/Existing
Capabilities

Operando DR-UV-vis spectroscopy

Task 2: Advanced Spatially
Resolved Imaging and <:>
Characterization

PI: Kinga Unocic (ORNL)

Task 3: Advanced Catalyst
Synthesis

Lead PI: Susan Habas (NREL) FY21

Go/No-Go
@ Decision

Sample handling: Designated
liaisons for mature collaborations
Data management and
visualizations: ChemCatBio DataHub

Rapid metal and carbon speciation at
extended time on stream

X-ray microprobe analysis

Spatially resolved compositional and
structural analysis for catalyst
composites (i.e., extrudates, MEAS)

Based on the current and emerging needs of ChemCatBio catalysis projects
ChemCatBio



Chem

2. Approach — Catalyst and Process Development Cycle

Advanced

Characterization
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* |dentify active site structures in working catalysts under

realistic conditions

Challenge: Assessing AcceleratedDevelopment
Cycle (C2, FY21)

* Leverage capabilities, expertise, and models for

* Inform computational modeling to predict active site metal-modified zeolites

structures with enhanced performance *  Next-generation Cu-Zn/Y-BEA with increased C;—Cq
* Develop next-generation catalysts with predicted structures olefin selectivity for ethanol to distillates process
* Verify performance improvements with ChemCatBio * Target: 1.5 years

catalysis projects

Provide fundamental insight leading to actionable recommendations and

Bio

acceleration of development cycle

Baseline: Comp/eteDevelopment Cycle (C1, FY19)
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2. Approach — Supporting ChemCatBio

Direct engagement with a//of the Ongoing focus on foundational research
ChemCatBio catalysis projects  Tackling overarching catalysis challenges to
 Adapting and demonstrating new capabilities enable rapid response to new critical catalysis
to meet specific needs of the catalysis projects challenges
*  Providing insight into working catalyst * Needs of catalysis projects, Steering Committee,
structure through focus on operando/in situ Industrial Advisory Board
techniques

* Handling complex chemistries by synthesizing
model catalyst systems based on the working
catalyst

Catalyst stability challenges

-
iy

Mo oxide formation.L
f

* Developing joint milestones with the catalysis
projects to foster frequent and consistent
interaction

2nm

Carbon
deposition

Inorganic

contaminants Impact of water

Balance overarching catalysis challenges with specific needs of catalysis projects
Chem Bio



2. Approach — Multiple Modes of Interaction

How to work with the ACSC

* Qverarching challenges are
collectively tackled with other
enabling capabilities yearly

* Project-specific milestones with at
least one collaboration maintained
throughout project cycle

* /mmediate needs are rapidly o
responded to via demonstrated Identified active Ga ~ Determined optimal Assessed surface

iliti ' species Pd nanoparticle size carbon species
capabilities and expertise CFP CURI o

K. lisa, et al., Green Chem., 2020, 22, 2403. https://doi.org/10.1039/C9GC03408K
G. R. Hafenstine, et al., Green Chem., 2020, 22, 4463. https://doi.org/10.1039/D0GC00939C
V. L. Dagle, et al., ACS Catal., 2020, 10, 10602. https://doi.org/10.1021/acscatal.0c02235

Enables significant and rapid impact to ChemCatBio Catalysis projects
ChemCatBio


https://doi.org/10.1039/C9GC03408K
https://doi.org/10.1039/D0GC00939C
https://doi.org/10.1021/acscatal.0c02235

2. Approach — Responding to New Project Needs

Electrochemical CO, Utilization Tunable electrocatalyst systems

* Leverage capabilities and expertise
— Existing ChemCatBio projects
— National lab capabilities
— Other EMN Consortia

M (P.C) M',M?(P,C) IVP,,(PC)
Mixed-metal phosphides and carbides (CFP)

Structure of working electrocatalyst

4 3D organization of working electrodes
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Electrochemical STEM (ORNL)
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X-ray nanotomography (FCTO ElectroCat)

Adapting and developing capabilities to meet needs of new projects
ChemCatBio



3. Impact — Reaching the Bioenergy Industry

Challenge: Identify the origin of JM Johnson Matthey

» snhancing e

Direct interactions with industry

o _ enhanced hydrogenation activity O ORGE NANG
*  Nearly 5OAof/nqust/yco//abqrat/onsthrough for TiO,-coated Pd catalyst ! o :
current and previous DFO projects leverage
ACSC capabilities and expertise Demonstrated co-location of Determined Pd electronic
TiO, and Pd nanoparticles structure was not altered by TiO,

— OopuUS 12 - ool

15

— PO,
— T g0, |

¥ Vertimass

J M Johnson Matthey 1o}
Inspiring sclence, enhancing life o

20
': FORGE N/ANO "E’ g'EVO'

J i
oo " r"llr:lllrt

Feedback from Industrial Advisory Board 2

*  ChemCatBio needs to be wor/d-classin W. W. McNeary, D. R. Vardon, et al., ACS Catal. Submitted.
synthesis and characterization

* Itisimportant to develop tools and expertise
for broad overarching challenges

Providing capabilities and expertise that are responsive to industry need’s
ChemCatBio



3. Impact — Enabling BETO Goals

os L sn-sn b’ “A better understanding of catalytic active sites and reaction
0s L s mechanisms, across both low- and high temperature processes,
04 | L ol | can be obtained through advanced characterization techniques.”
03 i i : B EIP e a3
02 : 1 Ly . Ci—
0.1
0 ’ g “
“Developing these processes should be coupled ¥ “l_
with efforts to obtain a better understanding of the i i o R
causes of catalyst poisoning and deactivation” B monaam

The ACSC “identifies catalysts and process conditions
that increase overall yield” by “direct improvements to
catalyst performance that minimize the loss of carbon”

o

“Emerging technologies and processes may require
the design and synthesis of novel catalysts.”

Derisking bioenergy processes through catalyst development and characterization
ChemCatBio



3. Impact — Providing Capabilities and Expertise

Within ChemCatBio and BETO Externally to the catalysis
community

Developing capabilities and expertise that span multiple projects

* 13 peer reviewed publications
FY20-21

* 5 external presentations FY20-21

* Industry engagement with 5
Directed Funding Opportunities

Precise understanding of Extended to Cu-Zn-  Rapid insight into Cu/metal * Webinar on Accelerating the
active sites in Cu/BEA (C1) Y/BEA (C2) oxides (Co-Optima) Catalyst Development Cycle

* Input to ChemCatBio DataHub

* New capabilities and expertise
available at DOE User Facilities

Informed targeted Extended to regeneration
regeneration of Cu/BEA (C1) of Cu-Zn-Y/BEA (C2)

Positioning ChemCatBio as a Central Hub of Knowledge for the Bioenergy Community
ChemCatBio 15



3. Impact — Quantified Benefit to the Catalysis Projects

Project Goal: Provide fundamental insight leading to actionable recommendationsfor critical
catalysis challenges by leveraging world-class synthesis and characterization capabilities across
multiple DOE National Laboratories

Upgrading of C1 Building Blocks
C1

Catalytic Upgrading of Pyrolysis
Products
CFP

Catalytic Upgrading of
Biochemical Intermediates
cusl

Upgrading of C2 Building Blocks
C2

Regeneration
temperature
>600 °C

TOS before
regeneration
2.5h

Deactivation rate due
to alkali impurities
10%
Recovery of C,

formation rate
45%

§44dd

Critical Catalysis Challenge

Impact

<500°C

>7h

1%

>60%

Efficient regeneration leading
to prolonged catalyst lifetime

Reduce deactivation rate via
informed catalyst synthesis

Reduce impact of alkali
impurities

Mitigate deactivation and
inform regeneration

Project Outcome: Accelerated catalyst and process development cycleenabling demonstrated
performance enhancements in half the time

ChemCatBio



4. Progress and Outcomes — Demonstrated Catalyst Development Cycle (C1)

Challenge: Identify active site for alkane
dehydrogenation over Cu/BEA and enable

tunable control over P:O ratio from DME

Verified cost-normalized
performance improvements,
C1, CatCost™

Catalyst Active site

CuO/Sio, CuO particles

Cu(0) particles

Ccu/sio,

lL

(AT T [ g

Bronsted acid

H-BEA

ox-IE-Cu/BEA lonic Cu(ll)-zeolite

a

red-IE-Cu/BEA

Synthesized catalysts l

lonic Cu(l)-zeolite

i) RO o W80
-4

with active sites in
working catalyst ot s

0 A Rl iy SR

i Frcsien
&
™

;
i

Determined
speciation in working
catalysts

e e e |
bo o3 10 18 o 2
Time 0 Sivgam [h]

T T T T T T 1
- - - 45 = s s

. . 26{degrees)
/c;ent/f Ii!dffua{l) as ac?ve = S Synthetic control of
site for dehydrogenation Predictive model for — specigtion in bimetallic

dehydrogenation, CCPC catalysts

Success in the critical research challenge of improving fuel properties through catalyst design (FY19)
ChemCatBio Bioenergy Technologies Office | 17



4. Progress and Outcomes — Accelerating the Cycle (C2)

H,

/ Aldal
Challenge: Identify active sites for A on LN T ANy ) AN A gy Y NF
0 . H
conversion of ethanol to butene-rich A wamml/ ’
_ ; Correlated speciation rogenat ""l
C,—C olefins over Cu-Zn-Y/BEA _ peciatl _— o
with reactivity using AN B A~y it O
‘OH
. model catalysts P
Determined that Cu, Zn, and Y are
atomically dispersed No metallic Cu clusters or particles ooy " Ethiiene = Diethyl ether '*:?“"":’;’:ﬁ. 70
. . . adiene Enes auplin
present even in a reducing environment sol Pnam
4 g 9
— Cu-Zn-¥-Beta =eo} —
354 . = Cu-Zn.¥-Beta 550 °C O, z ]
| Iy Cu-Zn-¥-Beta 400 °C He = I
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0 - cufol K 2
1 Pl —-cuo i
2.5 Pl - cuo 20
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; 3 1 ] - )
o ] 1 i ] - []
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=151 i Beta  Bata
4 [] i
4 . 1

J. Zhang, Z. Li, et al., In Preparation.

3
R (A)
Quantify acceleration of catalyst and process development cycle (FY21 Go/No-go decision)
ChemCatBio



4. Progress and Outcomes — Regeneration of Metal Zeolite Catalysts (C1)

Challenge: Determine speciation of

carbon deposited on Cu/BEA during
DME to hydrocarbons reaction

Suite of in situ spectroscopic
characterization techniques (DR-UV-Vis,
Raman, TGA-FTIR spectroscopy)

Dearyld : Palyeyclc
cyclopentyl Irimnyl aromalic angrmatic

Smaller more defective
carbon species on Cu/BEA
relative to BEA

Q. Wu, A.T. To, et al., Appl. Catal. B, 2021, 119925.
https://doi.org/10.1016/j.apcatbh.2021.119925

Mormalized absorbance (a.u.)

I I I I I I
300 400 S00 600 700 8OO
Wavelength (nm)
Cu oxide activates O, leading to
carbon removal at significantly
lower temperature

Complementary spectroscopic characterization techniques to provide complete insight

ChemCatBio


https://doi.org/10.1016/j.apcatb.2021.119925

4. Progress and Outcomes — Leveraging Capabilities (C2)

Challenge: Identify deactivation CuNp — SiZEvIBEA

. o — 350 °C, H,
mechanisms of Cu-Zn-Y/BEA during Cu clustering leads to changes  ao0as jﬁiz S
ethanol to olefins conversion in selectivity and carbon i P PN

deposition reduces activity g 1\/

Zn and Y sites maintain atomic F i

dispersion, but Cu begins to cluster at OConversion O Cy-Cy Olefins A Acetaldehys z I é

. OEthylena < Butadione i .

longer time on stream 100 | 100 E g

|7

30_%%%%%?%% ) \/A

£ ! 180 = :
%Euwwﬁq@?ﬂf&}w ‘E‘ m?wmmw4“::l; mm::ﬂummmurw

2 40 ! : : 20 E Applying new operando spectroscopic

3 ! i ' @ capabilities to provide rapid insight into Cu

-1 —
20444 M %@% 10 and C speciation during reaction/regeneration
1

J. Zhang, Z. Li, et al., 2021, In Preparation.

Collaborative effort to provide comprehensive insight (C2, ACSC, CDM, CCPC, Q3 Milestone)
Chem Bio



4. Progress and Outcomes — Leveraging Capabilities (Co-Optima)

a0

. . . ) 0 —L['--Zr-'.-'l.;t{!-l 1 Cu —— Reducedat 300°C
Challenge: Identify the active sites for Cut T o, o | \cu0 e Oabiad et 45040
direct production of OMEs via z 5p T ommonal  Ses{|l /7 HEN
dehydrogenative coupling of methanol s CSIAID, (450°C) . 1) \
= wf ] ET1N] p!
l:': "ﬂ o~ E I '\
2 \ F04 1] A CuO
0t / g 1 E | i
1 02 4 b
L] | n - -
y 2 r
il i i LR T o+ Hll i 2 e 1
" ! : 3 + 5 200 400 600 800 1000 1200

RiA) Wavelength [nm)

Distribution of acid site strengths on
ZrAlO reduces DME selectivity in favor of
coupling chemistry

A.T.To, etal., ACS Sus. Chem. Eng., 2020, 8, 12151.
https://doi.org/10.1021/acssuschemeng.0c03606

Combined insight across all ACSC partners provided actionable insight

Metallic Cu nanoparticles formed under
pre-treatment conditions promote
dehydrogenation

.

ChemCatBio


https://doi.org/10.1021/acssuschemeng.0c03606

4. Progress and Outcomes — Catalyst Deactivation (CFP)

Challenge: Identify causes of catalyst Spatially resolved distribution of
deactivation during ex situ CFP over K concentration correlated with
SOT 0.5 wt% Pt/Ti02 catalyst single Pt atom concentration

* Changesin Pt particle size
* Alkali metal deposition

Spent catalyst from multiple bed
locations following 4 cycles and

L . To
*  Carbon deposition 32 hours time on stream Top s
et | Middle
= B K
=] S Bottom
Q p :
3z 5*_—I
= Fresh
= E Fe Foat
E T - T - T - - = )
o) R 1 2 3 4 5
= i B Ca Pt Particle size (nm)
o L
o 00 1000 1500
M. Griffin, et al. ACS Catal., 2016, 6, 2715. ]

https://doi.org/10.1021/acscatal.5b02868 F.Lin, H. Wang, et al,, 2021, In Preparation.

Relationships between real and model systems enable predictive trends (CFE ACSC CDM, CCPC, Q4 Milestone)
ChemCatBio


https://doi.org/10.1021/acscatal.5b02868

4. Progress and Outcomes — Catalyst deactivation (CFP)

. : Vacuum 400 °C
Challgngg. Ident|'fy causgs of catalyst New operando i o
deactivation during ex situ CFP over reactant/product
0.5 wt% Pt/TiO, catalyst detection capability
_400°C __ 500°C
. [l . L ] ”
Regen?rat/on by thermal L 1 H, 11%0, I H, : 1% 0, |
oxidation to remove coke 4x107° - " I
and reduction to regenerate | !
oxygen vacancies T axi0] ! :
e ] | |
“5’ i |
;‘:) 2x10 ] N2
z
& 1x107°
i N,
0 ]
Time (s)

K. A. Unocic, et al., Microsc.
Microanal., 2020, 1-3.
https://doi.org/10.1017/51 H, promotes sintering of Pt particles while

431927620019005 O, assists with redistribution

Propose mitigation strategies to reduce deactivation rate by 15% (CFR, ACSC, CDM, CCPC Q4 Milestone)

ChemCatBio Bioenergy Technologies Office | 23



https://doi.org/10.1017/S1431927620019005

4. Progress and Outcomes — Stability in Water (CUBI)

(o}

; - 0 o o o] o | —~ o +
Challenge: Determ|.n(.e the impact of P SPe Y | % WO
water vapor on activity of MgO catalyst soasimnas  Dgurimme
for aldol condensation reactions Dimer Product Trimer Product

JUCRVMEETENT X Huo, D. R. Vardon, Collaboration with DOE user facility 15 4 — fesh — 1hD;0 [/
etal, 2021, submitted.  jdentified surface hydroxyl groups predicted == 005hD,0  —— 24hD,0 N
by the CCPC to reduce reaction barrier 10 - Mg-Mg0-0 Smwmﬂ "H'"w" SOURCE
20
- 2 f Mg-O
£ 0.06 & = OAK
) 2 z 5lpo RIDGE
-215 . . . 'E_..‘ o il Ladbarbinsty
E +— G
— 4 ooa 2 04
B
M = g i
£ 1 {o02 = -5
g ]
H £
0 0.00 «

Fresh 005hD,0 1hD0 24hDO

Identified textural and structural
changes with exposure to water vapor
using new operando capability

_____,.-’

Capability development and demonstration towards project-specific and overarching challenges
ChemCatBio



4. Progress and Outcomes — Catalyst Design for Emerging Pathways (C1)

Continuous flow synthesis capable of
producing 8.6 g of nanoparticles or >450g of
4 wt% catalyst per 24 h operation

Challenge: Leverage non-noble metal

multifunctional catalysts from CFP
for thermochemical CO, reduction

Low-temperature solution synthesis route to high
surface area metal carbide nanoparticles

1.5 20 25 a0 35 A0

Developing scalable low-cost methodologies for

r(A) technical formulations of metal carbide catalysts
https://doi.org/10.1021/jacs.9b11238 25 USC University of
WiV Southern Calitorni F. G. Baddour, et al., 2020, U.S. Provisional Patent Application No. 62/993,487.

Tunable multifunctional materials for complex transformations (C1, CFP, End of cycle Milestone)
ChemCatBio Bioenergy Technologies Office |


https://doi.org/10.1021/jacs.9b11238

4. Progress and Outcomes — Regeneration of Metal Carbides (CFP, C1)

Tamperaturs [C)
g 0100 1% 200 350 6 35040 Synthetic methodologies for metal modification to

increase hydrogenation of deactivating carbon species

Challenge: Determine speciation of

i
: : Mo oxide formation
carbon deposited on metal carbides q.‘

during CFP and CO, reduction

25

-

20 o, P

Currently, regeneration of metal carbide catalysts
relies on costly high-temperature recarburization

|
s P sy

10

s JaE el b
i Ak A \ N

Mo,C NifMo,C | PdiMoL  PyMoyt
$25/lb | $29/Ib $170/lb

HYD Selectivity (%)

368 °C

e

Cleaned
surface

217 °C

%

Surface C

CO evolution

F. G. Baddour, et al., ACS Sustainable Chem. Eng., 2017, 5,
11433. https://doi.org/10.1021/acssuschemeng.7b02544

760 Torr H,

760 Torr H,

Demonstrated operando characterization
during regeneration to evaluate surface

e r————

carbon removal as CO/CO, W ke W o w e
K. A. Unocic, et al., Microsc. Microanal., 2018, 24, 322. Evaluating mild oxidants using
https://doi.org/10.1017/51431927618002106 in situ characterization

Enables application of tunable multifunctional metal carbide catalysts (C1, CFR End of cycle Milestone)
ChemCatBio
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https://doi.org/10.1017/S1431927618002106

4. Progress and Outcomes — Catalyst Design for Emerging Pathways (CO,U)

Challenge: Leverage Limited HER activity for Cu containing Cu—P bond formation

multifunctional catalysts from CFP phosphide suggested CusP may be during synthesis promotes

for electrocatalytic CO, reduction active for CO, hydrogenation electrocatalytic stability
e

——a50°C Wy

——RT g

Developed tunable bimetallic phosphide nanoparticle
catalysts with composition-dependent hydrogen
evolution reaction (HER) activity

Intensity (a.u.)

RhI 1 2 o 40 50
} ). Cu,P
g co b/ rate
o h A e L1 |
g o | {r.._xn 2 3 4 SO 6 70 80 i
g.ﬁ- | ‘ (degrees) RiA)
240 '-._‘. -
E = I'x g C. A. Downes, et al., ACS Appl. Energy Mater., 2020,
s {CU ) 3, 10435. https://doi.org/10.1021/acsaem.0c01360
=

-D.III 4030 -l'.'lIIIZI IZI:II I}:II! I:n.:i'.'l
H adsarplion free enery (6Y)

C. A. Downes, K. M. Van Allsburg, J. A. Schaidle,
S. E. Habas, et al., In Preparation.

Demonstrated synthetic control over electrocatalyst stability and activity

ChemCatBio


https://doi.org/10.1021/acsaem.0c01360

Quad Chart Overview

Timeline Project Goal
« 10/01/2020 Provide fundamental insight leading to
« 9/30/2022 actionable recommendations for critical

catalysis challenges by leveraging world-class

] ] synthesis and characterization capabilities
End of Project Milestone
DOE
(e TG Demonstrate a scalable noble metal-free

Funding  ISET] (ANL) $1.59M (ANL) catalyst for CFP with a corresponding
$452.5K (ORNL)  $1.37M (ORNL) regeneration strategy based on fundamental
insight from advanced characterization by the
ACSC project and computational modeling by
the CCPC.

Project Partners
* National Renewable Energy Laboratory (NREL) . .
« Argonne National Laboratory (ANL) Funding Mechanism

- Oak Ridge National Laboratory (ORNL) * Annual operating plan
» Chemical Catalysis for Bioenergy

Barriers addressed (ChemCatBio) Consortium

» Decreasing the Time and Cost to Develop
Novel Industrially Relevant Catalysts

* Improving Catalyst Lifetime



Summary

Project Goal: Provide fundamental insight leading to actionable recommendations for critical
catalysis challenges by leveraging world-class synthesis and characterization capabilities across
multiple DOE National Laboratories

: . Advanced
* Integrated and collaborative portfolio of Cha,a:;?:miun
enabling capabilities to help address critical \ ,;_::;iu'_f:;;”,;-:m: {[\q
catalysis challenges _ L W F /
» Tackling overarching catalysis challenges to Targm'd" 93 e Next -
enable rapid response to new critical Synthesis o ¢ Generation i
. Catalysts
catalysis challenges
* Demonstrated complete catalyst and process ;f"’ ¢

development cycle for DME to hydrocarbons e
pathway A7

' Predictive
Models

Project Outcome: Accelerated catalyst and process development cycleenabling demonstrated
performance enhancements in half the time

Chem Bio
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Responses to Feedback from 2019 Peer Review

Chem

Reviewer Comment: Overall, a well integrated activity that strengthens the entire CCB project portfolio. The
expertise of the group compliments the needs of the CCB projects. The value has been demonstrated in past
and existing projects. The future projects ask clear questions which the current characterization efforts assist
in answering. The attempt to remain responsive to the needs of the CCB portfolio by introducing new
techniques is very important but should continue to be evaluated so the right tools are used in the
appropriate settings.

Reviewer Comment: The ACSC is another solid, good technical story coming out of the CCB with money well-
invested and the scientific discovery return on investment very important. The ACSC is a well managed
project knowing where their targets, challenges and milestones lie. They should be applauded by CCB for
their ability to work together across labs as a unified organization that will most likely change the trajectory of
the biofuels industry. Their work is impressive, and they understand that they must create actionable
recommendations that also allow for practical implementation.

Response: We thank the reviewers for the positive feedback regarding the value of the ACSC project to the
ChemCatBio catalysis projects and fully agree that it is important to remain responsive to the needs of these
projects and to continue to create actionable recommendations to support the catalysis portfolio. We have
specifically included an Annual Evaluation of New/Existing Capabilities in our management plan to ensure
that ACSC capabilities are continually evolving to meet the existing and emerging needs of the ChemCatBio
catalysis projects.
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Chem

Reviewer Comment: The advanced catalyst characterization and synthesis project can impact most of the
process development work supported by BETO. The characterization portion of the project has clearly
impacted a number of BETO projects and has helped several bio economy start-ups. The synthesis portion is
less evolved and has not yet had a major impact. However, it is difficult to show the clear benefits of
fundamental research in this area in the short term. It is a high-risk high reward project. Most new catalysts
are not successful. The work done by the ACSC team is similar to that conducted as part of R&D at leading
commercial and government catalyst and development labs throughout the world. There is wide agreement
that this work is worthwhile. What makes the ACSC team unique is the focus of the BETO mission and
integration into the BETO project teams. One area in which project is lacking is in the ability to prepare
industrial style formed catalysts. The BETO team relies on outside industry groups to provide this expertise
and to prepare the volumes of these types of materials required for testing.

Response: We agree that the characterization component of the ACSC has been impactful and was well
highlighted during the review, and we will make similar efforts to highlight the synthesis capabilities similarly
in the future. The synthesis platform has been critical to advancing the state of technology for a number of
catalysis projects. For example, within the C1 project, the synthesis of model catalysts with defined active
sites was essential to enabling the identification of the active site for dehydrogenation by operando
characterization. Realization of the next generation catalysts, identified by the CCPC, relied on targeted
synthesis methods to controllably incorporate dehydrogenation and hydrogenation active sites. We are
addressing the absence of technical catalyst synthesis capabilities by engaging with the Engineering of
Catalyst Scale Up project that started in FY19.
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Chem

Reviewer Comment: This is a nice foundational effort that really goes toward enabling all other
upgrading research within the various DOE-supported consortia. Susan Habas gave an excellent
presentation. It is really difficult to make sense of catalyst performance without accompanying effort
in controlled synthesis and characterization. | like the nice effort toward characterizing materials
under reaction conditions and/or complex media (to the extent that the capabilities will allow). Our
conventional approach has been to study the reactor performance of a material under steady state
conditions, where the structure of the material is almost certainly different from the as synthesized
material. This effort goes toward addressing that discrepancy.

Reviewer Comment: The Synthesis and Characterization project is vital to the entirety of CCB, and
meshes especially nicely with CatCost and CCPC. One area which might be added to the portfolio is
controlled deposition of metal precursors onto catalyst supports (as opposed to solution synthesis of
NPs followed by deposition). This suite of methods did not appear in the presentation.

Response: Within the review we sought to highlight the unique capabilities of the ACSC including
advanced synthesis methodologies. However, the controlled deposition of metal precursors and
impregnation-based methods are core components of our catalyst synthesis capabilities and have
been instrumental in the development of model catalysts and next-generation materials for the C1 and
CFP projects.



Responses to Feedback from 2019 Peer Review

Chem

Reviewer Comment: The goal of providing fundamental insight leading to actionable recommendations
for critical research challenges by leveraging world-class synthesis and characterization capabilities
across multiple DOE National Laboratories is certainly a core need for all the projects within the
consortium. Integration with the DataHub seems to be working really well and the researchers are
encouraged to continue this effort. The attempt to remain responsive to the needs of the CCB
portfolio by introducing new techniques is very important but should continue to be evaluated so the
right tools are used in the appropriate settings. For instance, neutron effort should be evaluated to
make sure it is suitable for the work being emphasized in this project, as well as have a good
justification for inclusion of MOF synthesis work. Also, the synthesis portion of the project was
downplayed relative to characterization efforts and should be better highlighted in the future.

Response: We are encouraged by the reviewer's thoughts on introducing new capabilities into the ACSC
project and we will continue to evaluate the suitability of the techniques for the catalysis projects. The
neutron scattering characterization and MOF synthesis efforts will be subject to a Go/No-go decision
point to assess their ability to meet the needs of the Consortium as will all future efforts. As a result of
the Go-No-go decision point in FY19, we descoped these efforts to focus on other more critical needs of
the ChemCatBio projects.
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