9th World Congress on Oxidation Catalysis
Oxidation for a Sustainable Future and Clean Environment
Cardiff, Sept 4-8th, 2022
http://www.9wcoc.uk
Welcome:
Oxidation is a key technology that is central to the world’s move toward a sustainable chemicals and energy
economy. This conference will bring together leading researchers in the field of oxidation catalysis to share
their latest results, discuss current challenges and look to the future.
Over the 4 days of the meeting, we expect delegates to engage with new concepts, get involved in lively
discussion and develop fresh links with colleagues from around the globe.
The meeting will be held face-to-face in the beautiful surroundings of Cardiff civic centre and close to the
new facilities of the Cardiff Catalysis Institute. We hope you enjoy the city and the science at what promises
to be one of the foremost conferences of 2022.
Prof. Graham J. Hutchings FRS,
(Conference Chair)

Booklet Organisation:
This pdf document contains all the information for the meeting, you can navigate the booklet using the
bookmark feature of pdf readers, use the bookmark list to find information and talk abstracts:

Thanks to our Sponsors and Exhibitors
The World Congress on Oxidation Catalysis is only made possible by the support of our
sponsors including:
Gold Sponsors:

Silver Sponsors:

Bronze Sponsor:

The companies below will be exhibiting at the meeting, please take the opportunity to
discuss your work with them. The exhibition stands are available throughout the
conference in the Lower Hall where refreshments are served.

CARDIFF CITY CENTRE:
WCOC CONFERENCE VENUE
City Hall

CARDIFF CENTRAL TRAIN STATION

City Hall Rooms used by the World Congress on Oxidation Catalysis
The Lower Hall
Opposite the main entrance on the ground floor is the largest of the
conference rooms. The Lower Hall will house the exhibitors, poster
session and all tea, coffee and lunch breaks.
The Registration Desk will be in the entrance hall in front of the
Lower Hall.
The Assembly Room
Directly above the Lower Hall, on the first floor, the Assembly Room
will host all Plenary, Keynote and Virtual talks.

Assembly
Room

Lower Hall

Entrance to City Hall

Ferrier Hall

Also, on the First Floor of City Hall the parallel sessions will use
Ferrier Hall and Syndicate Room D.

Syndicate Rooms
WCOC in Syndicate Room D

WCOC International committee:
President: Prof. Malgorzata Witko (Jerzy Haber Institute
of Catalysis and Surface Chemistry, Poland)
Vice President: Prof. Graham Hutchings

(FUNCAT, Cardiff Catalysis Institute, UK)

Secretary: Prof. Vicente Cortes Corberan

(CSIC, Spain)

Committee Members
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(ETH Zurich, Switzerland)
(Idaho National Laboratory, USA)
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(Boreskov Institute of Catalysis, Russian)
(University of Lyon, France)
(Max Planck Institute for Chemical Energy Conversion,
Germany)
(Netherlands)
(Kanagawa University, Japan)

UK Local Organising committee:
Chair: Prof. Graham Hutchings FRS (FUNCAT and CCI, Cardiff)
Lead Organiser: Prof. David Willock (FUNCAT and CCI, Cardiff)
Committee Members
Dr Jonathan Bartley
Prof. Andrew Beale
Prof. Mike Bowker
Prof. Richard Catlow
Dr James Carter
Prof. Paul Collier
Dr Mark Douthwaite
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Prof. Justin Hargreaves
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(FUNCAT and CCI, Cardiff)
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(Johnson Matthey)
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(Glasgow)
(FUNCAT and CCI, Cardiff)
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(Cardiff)
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(CCI, Cardiff)
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Themed collection in RSC journals Catalysis Science & Technology and RSC Sustainability
The RSC has agreed to work with the WCOC organising committee to produce a linked
themed collection in Catalysis Science and Technology and the new RSC Open Access
Journal, RSC Sustainability on the topic of “Oxidation for a Sustainable Future and Clean
Environment”
Conference participants are invited to submit work for consideration by either journal for
this joint themed collection focussing on oxidation catalysis for sustainable applications.
Anyone interested should register interest in submitting to the collection and the
submission deadline is 31/12/2022. Any queries about the collection should be directed to
the WCOC organising committee or catalysis-rsc@rsc.org.
The launch of RSC Sustainability will coincide with the meeting and so the conference will
also provide the opportunity for delegates to discuss the remit of the new journal and RSC
publications more generally.

Upcoming meetings in the area of Catalysis.

UK
PROFESSOR DAVID JACKSON MEETING 4TH – 6TH SEPTEMBER 2023
A meeting to celebrate heterogeneous catalysis research at the University of
Glasgow and the career of Professor David Jackson 4th – 6th September 2023
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WCOC 2022: Oxidation for a sustainable future and clean environment.
Themes:
Theme 1, T1 : Understanding Oxidation Catalysis
Theme 2, T2: Tailoring Catalysis to New Applications
Theme 3, T3: Catalytic Oxidation in Green Chemistry

Types of Talk:
Talks are split into four types, times are the allotted slots and include question time:
Plennary (Plen) : Invited talks by established leaders

: 1 hr.

Keynotes (Key): Invited talks by distinguished researchers

: 30 minutes.

Contributed (Cont) talks from in person delegates on new results : 20 minutes.
Virtual (Virt) talks from virtual delegates on new results

: 15 minutes.

Shorthand in brackets are the codes used for bookmarking abstracts.

Sunday 4th Sept.
2022
15:00 – 18:00
18:00 – 20:00
Monday 5th Sept.
08:45
09:00

Registration
: Entrance lobby, City Hall
Welcome event : Lower Hall
, City Hall
Assembly Room
Opening remarks : Prof. Robert Schloegl
Plenary 1 : Unni Olsbye, (Oslo) Chair : Prof. Robert Schloegl
Assembly Room
Ferrier Hall
Syndicate Room D
(streamed)

Theme, Chair ->
10:00 - 10:30

T2, Ch: M Pera-Titus
Keynote 2 T2:
Petra de Jongh
(Utrecht)
Virt2_T2_Conte

10:30 – 11:00
Virt4_T2_Squarzoni
11:00 - 11:30

11:30 – 12:00

12:00 – 12:30

T1, Ch: J. Carter

T3 Ch: M. Douthwaite

Cont14_Bowker

Cont40_Wolska

Cont11_Cosanne

Cont41_Gamez

Cont12_Schumacher

Cont6_Masekela

Coffee - Lower Hall
T1 Ch: M. Bowker
Keynote 1 T1:
Stephen Jenkins
(Cambridge)
Keynote 22 T1:
Anne Gaffney
(South Carolina, USA)

12:30 - 13:30

T3 Ch: J. Carter

T2 Ch: M. Douthwaite

Cont7_Pietrzyk

Cont1_Lunkenbein

Cont9_Kusic

Cont2_Allen

Cont23_Ortatli

Cont3_Gopakumar

Lunch- Lower Hall
Assembly Room

Ferrier Hall

Syndicate Room D

T1 Ch: L. Bailey

T2 Ch: L. Smith

Cont13_Hess

Cont18_Wang

Cont35_Lopez-Nieto

Cont53_Stockenhuber

Cont15_Richter

Cont57_Ren

Cont42_Arriba

------

(streamed)

13:30 – 14:00

14:00 – 14:30

T3 Ch: A. Gaffney
Keynote 4 T3:
Nicolas Bion
(Poitiers)
Keynote 5 T3:
Karen Wilson
(RMIT)
Virt3_T3_Tabanelli

14:30 – 15:00
Cont16_T2_Surin
15:00 - 15:30

15:30 - 16:00
16:00 - 18:00

Coffee - Lower Hall
All Themes

All Themes

All Themes

Poster flash 1

Poster flash 2

Poster flash 3

Poster Session - Lower Hall

Tuesday 6th Sept.
09:00

Assembly Room (streamed)
Plenary 2 : Tao Zhang (DICP)
Chair: G. Hutchings
Assembly Room
Ferrier Hall
Syndicate Room D
(streamed)

Theme, Chair ->
10:00 - 10:30

10:30 - 11:00

T1 Ch P. Davies
Keynote 6 T1:
David Lennon
(Glasgow)

T2 Ch: M. Delarmelina

T3 Ch: M. Conway

Cont19_Bowker

Cont24_Morales

Keynote 15 T1:
Misbah Sarwar
(JM)

Cont20_Pampararo

Cont31_Drewery

Cont74_Hu

Cont32_Rodriguez

11:00 - 11:30

11:30 - 12:00

12:00 - 12:30

Coffee - Lower Hall
T3 Ch: N. Dummer
Keynote 8 T3:
Benjamin Solsona
(Valencia)
Keynote 9 T3:
Christian Walsdorff
(BASF)

12:30 - 13:30
13:30 - 14:30

T1 Ch: M. Delarmelina

T2 Ch: M. Conway

Cont43_Wolski

Cont28_Dochain

Cont26_Boecklein

Cont29_Hanon

Cont27_Lunkenbein

Cont68_Rosso

Lunch - Lower Hall
Assembly Room
Plenary 3 : Matt Rosseinsky (Liverpool) Chair: M. Bowker
Assembly Room
Ferrier Hall
Syndicate Room D
(streamed)

14:30 - 15:00

15:00 - 15:30

T2 Ch: G. Hutchings
Keynote 10 T2:
Parasuraman Selvam
(IIT Madras)
Keynote 11 T2:
Sebastien Royer
(Lille)

15:30 - 16:00

16:00 - 16:30

16:30 - 17:00

17:00 - 17:20

T3 Ch: S. Pattison

T1 Ch: S. Guan

Cont33_Enderlin

Cont34_Klag

Cont37
CortesCorberan

Cont36_Zhao

Cont39_Smak

Cont63_Ma

Coffee - Lower Hall
T1 Ch: D. Willock
Keynote 21 T1:
Michael Stockenhuber
(Newcastle, Australia)
Virt5_Feng

T3 Ch: S. Pattison

T2 Ch: S. Guan

Cont38_Bartley

Cont50_Ruther

Cont58_Guan

Cont51_VanderVerren

Virt6_Falbo

Cont59_Aggett

Cont52_Lomonosov

Cont25_Meza-Trujillo

Cont60_Balula

Cont61_Yao

Wednesday 7th Sept.
09:00 - 10:00

Assembly Room
Plenary 4 : Javier Perez-Ramirez (ETH Zurich) Ch. M. Pera Titus
Assembly Room
Ferrier Hall
(streamed)

Theme, Chair ->
10:00 - 10:30

10:30 - 11:00

T3 Ch: B. Solona
Keynote 12 T3:
Kun Wang
(Exxon Mobil)
Keynote 13 T3:
Keith Whiston
(KOCH Tech.)

11:00 - 11:30

T1 Ch: L. Smith
Cont47_Reece
Cont48_Amakawa
Cont49_Harvey
Coffee - Lower Hall

Assembly Room

Ferrier Hall

(streamed)

11:30 - 12:00

T3 Ch: M. Sankar
Keynote 20 T3:
Andrey Karpov
(Christian Walsdorff BASF)
Cont10_Zanina

T1 Ch: L. Bailey
Cont64_Chaudhari
Cont65_Guan

12:00 - 12:30

Cont75_T1_Carter

Cont67_Yan
12:30 - 13:30

Lunch- Lower Hall
Assembly Room
(streamed)

13:30 - 14:00
14:00 - 14:30
14:30 - 14:50
14:50 - 15:10
15:10 - 15:40

Theme 2, Chair: D. Lennon
Keynote 16 T2: Angeliki Lemonidou (Thessaloniki)
Keynote 17 T2: Annette Trunschke (FHI Berlin)
Cont17_Agbaba
Cont30_Manangon-Perugachi
Coffee - Lower Hall
Assembly Room
(streamed)

15:40 – 16:10
16:10 – 16:25
16:25 – 16:40
18:30
19:00

Theme 1, Chair: A. Logsdail
Keynote 18 T1: Rutkowska-Zbik Dorota ( J. Haber Institute )
Virt7_Chodyko
Virt8_CdeMedeiros
pre-dinner reception for those at the conference dinner – Marble Hall
Conference dinner – Assembly Room

Thursday 8th Sept.
09:00 - 10:00

Assembly Room
Plenary 5 : Shannon Stahl (Wisconsin) Chair: D. Wass
Assembly Room
(streamed)

10:00 - 10:30
10:30 - 11:00
11:00 - 11:30

T1 Ch: R. Wingad
Keynote 7 T1: Mark Muldoon (Queens Univ. Belfast)
Keynote 19 T1: Katarzyna Skorupska (FHI Berlin)
Coffee - Lower Hall
Assembly Room
(streamed)

11:30 - 12:00
12:00 - 12:20
12:20 - 12:40

T1 Ch: R. Catlow
Keynote 14 T1: Matthais Scheffler (FHI Berlin)
Cont44_Wang
Cont46_Chojecki
Assembly Room
(streamed)

12:40 - 12:50

Closing Remarks : Prof. G. Hutchings

12:50 - 14:00

Lunch- Lower Hall

14:00

End of 9th WCOC

Monday
5th Sept.
08:45 - 09:00

Detailed program – Assembly Room
All Assembly room talks will be streamed for our Virtual Delegates
Opening remarks : Prof. Robert Schloegl
Chair: Prof. Robert Schloegl

09:00 - 10:00

Plenary 1

Prof. U. Olsbye

Selective partial oxidation of methane – status
and outlook

Theme 2 : Tailoring Catalysis to New Applications
Chair: Prof. Marc Pera-Titus
10:00 - 10:30

Keynote 2

Prof. P. de Jongh

10:30 - 10:45

Virt2_Conte

Dr L. Conte

10:45 - 11:00

Virt4_Squarzoni

Dr C. Squarzoni

11:00 - 11:30

Gold Catalysts for Selective Oxidation –
Influence of the Support
The role of the thermal treatment in the
evolution of active phases in V/P/O catalysts
for n-butane selective oxidation to maleic
anhydride
Chemical transformations of alcohols using
nanostructured ceria for the synthesis of
specialty chemicals

Coffee - Lower Hall

Theme 1 : Understanding Oxidation Catalysis
Chair: Prof. Michael Bowker
11:30 - 12:00

Keynote 1

Prof. S. Jenkins

12:00 - 12:30

Keynote 22

Dr A. Gaffney

12:30 - 13:30

Dehydrogenation of Alkanes on Metals,
Oxides, and Graphene
New Perspectives and Insights into Silver
Catalyzed Direct Propylene Epoxidation

Lunch- Lower Hall

Theme 3 : Catalytic Oxidation in Green Chemistry
Chair: Dr Anne Gaffney
13:30 - 14:00

Keynote 4

Dr N. Bion

14:00 - 14:30

Keynote 5

Prof. K. Wilson

14:30 - 14:45

Virt3_Tabanelli

Dr T. Tabanelli

14:45 - 15:00

Cont16_Surin

Mr I. Surin

15:00 - 15:30

“Active” oxygen for total oxidation reactions
over transition metal oxides
Sustainable catalytic processes for cascade
oxidation reactions
Oxidative dehydrogenation of long chain
alkenols: an alternative route to key
fragrances’ ingredients
Ceria-supported metal catalysts for nitrous
oxide production via ammonia oxidation

Coffee - Lower Hall
Chair: Prof. David Willock

15:30 - 16:00
16:00 - 18:00

Poster flash session 1
Poster Session - Lower Hall

Tuesday
6th Sept.

Detailed program – Assembly Room
All Assembly room talks will be streamed for our Virtual Delegates
Chair: Prof. Graham Hutchings

09:00 - 10:00

Plenary 2

Exploring Potentials of Single-Atom Catalysts
for Selective Oxidation Reactions

Prof. T. Zhang

Theme 1 : Understanding Oxidation Catalysis
Chair: Prof. Philip Davies
10:00 - 10:30

Keynote 6

Prof. D. Lennon

10:30 - 11:00

Keynote 15

Dr M. Sarwar

11:00 - 11:30

Phosgene synthesis catalysis: towards a
reaction model
Developing and Integrated approach to
modelling and characterisation

Coffee - Lower Hall

Theme 3 : Catalytic Oxidation in Green Chemistry
Chair: Dr Nicholas Dummer
11:30 - 12:00

Keynote 8

Prof. B. Solsona

12:00 - 12:30

Keynote 9

Dr C. Walsdorff

12:30 - 13:30

Size-activity relationship of metal particles (or
not) for the total oxidation of volatile organic
compounds (VOCs)
Facing the Climate Challenge – Problems and
Opportunities for Selective Oxidation Catalysis

Lunch- Lower Hall
Chair: Prof. Michael Bowker

13:30 - 14:30

Plenary 3

Prof. M. Rosseinsky

Digitally-driven routes to new materials and
catalysts

Theme 2 : Tailoring Catalysis to New Applications
Chair: Prof. Graham Hutchings
14:30 - 15:00

Keynote 10

Dr P. Selvam

15:00 - 15:30

Keynote 11

Prof. S. Royer

15:30 - 16:00

Heterogeneous Photocatalytic Oxidation: A
Sustainable Green Remediation Practice For
Environmental Clean-Up
Perovskite-type oxides for low temperature
oxidation catalysis

Coffee - Lower Hall

Theme 1 : Understanding Oxidation Catalysis
Chair: Prof. David Willock
16:00 - 16:30

Keynote 21

Prof. M. Stockenhuber

16:30 - 16:45

Virt5_Feng

Dr Y. Feng

16:45 - 17:00

Virt6_Falbo

Dr L. Falbo

17:00 - 17:20

Cont25_
Meza-Trujillo

Mr I. Meza-Tujillo

Structure and reactivity relationships - a key to
develop catalytic oxidation processes.
C3-SiO2-NH2/Au nanoparticles for Pickering
interfacial catalysis
On the utilization of syngas produced by
NextCPO technology for iron ores reduction in
steel manufacture
Exploring the control of C12A7 oxygen species
as a catalytic tool

Wednesday
7th Sept.

Detailed program – Assembly Room
All Assembly room talks will be streamed for our Virtual Delegates

Chair: Prof. Marc Pera-Titus
Prof. J. Perez-Ramirez
Plenary 4
Chair: Prof. Benjamín Solsona
Theme 3 : Catalytic Oxidation in Green Chemistry

09:00 - 10:00

10:00 - 10:30

Keynote 12

Dr K. Wang

10:30 - 11:00

Keynote 13

Prof. K. Whiston

Halogen chemistry on catalytic surfaces

Selective oxidation for the conversion of
advantaged feeds to chemicals and liquid
transportation fuels
Catalyst Coordination studies in the p-Xylene
Oxidation Process

11:00 - 11:30
Coffee - Lower Hall
Theme 3 : Catalytic Oxidation in Green Chemistry
Chair: Dr M. Sankar
Development of Industrial Ethylene Oxide
Dr A. Karpov
Delivered by
Catalyst
11:30 - 12:00
Keynote 20
Dr C. Walsdorff
12:00 - 12:15

Cont10_Zanina

Ms A. Zanina

12:15 - 12:30

Cont67_Yan

Dr H. Yan

Role of oxygen species in the oxidative
coupling of methane over
M2WO4/SiO2 (M=Na, K, Rb, Cs) catalysts
Engineering Pt-MOx interface to boost
selective oxidation of polyols to hydroxyl
acids

12:30 - 13:30
Lunch- Lower Hall
Theme 2 : Tailoring Catalysis to New Applications
Chair: Prof. David Lennon
13:30 - 14:00

Keynote 16

Dr A. Lemonidou

14:00 - 14:30

Keynote 17

Dr A. Trunschke

14:30 - 14:50

Cont17_Agbaba

Dr O. Agbaba

14:50 – 15:10

Cont30_ManangonPerugachi

Dr L.E. ManangonPerugachi

Oxidation catalysis serving the energy
transition: CO2 valorization via
dehydrogenation of lower hydrocarbons
New concepts in oxidation catalysis through
rigorous experiments
Acetaldehyde from ethanol over copper on
nanostructured zirconia
Elucidating the effect of hydrophobicity of
methyl-functionalized mesoporous
titanosilicate in the epoxidation of olefins

15:10 - 15:40
Coffee - Lower Hall
Theme 1 : Understanding Oxidation Catalysis
Chair: Dr Andrew Logsdail
15:40 - 16:10

Keynote 18

Prof. R-Z Dorota

16:10 - 16:30

Virt7_Chodyko

Mrs Chodyko

16:30 - 16:50

Virt8_CdeMedeiros

Dr Carvalho de
Medeiros

18:30
19:00

Mechanism of oxidative dehydrogenation of
light alkanes over metallozeolite-based
catalysts: theory and experiment
High Selectivity of Catalytic Partial Oxidation
of Methane to Oxygenates; Novel Catalyst
Preparation Method
Oxidative degradation of atrazine with
chlorine dioxide and catalyzed by
fluorossubstituted iron porphyrin via GC-MS

pre-dinner reception for those joining the conference dinner – Marble Hall
Conference dinner – Assembly Room

Thursday
8th Sept.

Detailed program – Assembly Room
All Assembly room talks will be streamed for our Virtual Delegates
Chair: Prof. Duncan Wass

09:00 - 10:00

Plenary 5

Prof. S.S. Stahl

Maximizing the Potential of Dioxygen
in Aerobic Oxidation Catalysis

Chair: Dr Richard Wingad
Theme 1 : Understanding Oxidation Catalysis
10:00 - 10:30

Keynote 7

Dr M.J. Muldoon

10:30 - 11:00

Keynote 19

Dr K. Skorupska

11:00 - 11:30

Mechanistic insights into the oxidation of
alkenes using homogeneous catalysts and
sustainable oxidants
Thin Film Pd Based Catalyst - CatLab

Coffee - Lower Hall

Theme 1 : Understanding Oxidation Catalysis
Chair: Prof. Richard Catlow
11:30 - 12:00

Keynote 14

Prof. M. Scheffler

12:00 - 12:20

Cont44_Wang

Mr S. Wang

12:20 - 12:40

Cont46_Chojecki

Dr A. Chojecki

12:40 - 12:50

Closing Remarks : Prof. G. Hutchings

12:50 - 14:00

Learning Rules for Heterogeneous Catalysis
by Artificial Intelligence
Regulating the oxidation state of
molybdenum by hydrogen spillover for roomtemperature aerobic oxidation of methane to
methanol
Silver on magnesia-silica for direct oxidation
of propylene to propylene oxide

Lunch- Lower Hall

Monday
5th Sept.

Detailed program – Ferrier Room

Theme 1 : Understanding Oxidation Catalysis
Chair: Dr James Carter
11:30 - 11:50

Cont14_Bowker

Prof. M. Bowker

11:50 - 12:10

Cont11_Cosanne

Mr N. Cosanne

12:10 - 12:30

Cont12_Schumacher

Mr L. Schumacher

11:00 - 11:30

Selectivity tuning by site design in bicationic
oxide catalysts
The Role of Co2+ and Co3+ in the Selective
Catalytic 2-Propanol Oxidation over Cobalt
Containing Spinel Oxides
The mechanistic interplay between vanadia
and its support during propane ODH studied
by transient spectroscopy

Coffee - Lower Hall

Theme 3: Catalytic Oxidation in Green Chemistry
Chair: Dr James Carter
11:30 - 11:50

11:50 - 12:10
12:10 - 12:30

Cont7_Pietrzyk
Cont9_Kusic

Cont23_Ortatli

Dr P. Pietrzyk

Prof. H. Kusic
Dr S. Ortatatli

12:30 - 13:30

Interfacial electroprotic reactions of
amorphous IV- and V-group transition-metal
oxides with hydrogen peroxide – formation
of oxygen species and activity in advanced
oxidation processes
BiVO4-based catalysts for effective solardriven water purification and splitting
Noble metal catalyst on ceramic monolith
substrate for the catalytic total oxidation of
CO and C3H8

Lunch - Lower Hall

Theme 1: Understanding Oxidation Catalysis
Chair: Dr Liam Bailey
13:30 - 13:50

Cont13_Hess

Prof. C. Hess

13:50 - 14:10

Cont35_
Lopez-Nieto

Prof. J. LopezNieto

14:10 - 14:30

Cont15_Richter

Dr O. Richter

14:30 - 14:50

Cont42_Arriba

Mr A. de Arriba

15:00 - 15:30

Unravelling the dynamics of the CO
oxidation over Au catalysts using transient
and operando spectroscopies combined
with DFT
Optimization of the performance of Medoped NiO catalysts in the oxidative
dehydrogenation of ethane by tuning the
synthesis parameters
Damping of Commercial, High-Load
VOx/TiO2 Phthalic Anhydride Catalyst by oXylene Feed
Ethane ODH over M1-MoVTeNbO catalysts:
the role of Te and Nb

Coffee - Lower Hall

15:30 - 16:00
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Selective partial oxidation of methane – status and outlook
U. Olsbye
Department of Chemistry, Center for Materials Science and Nanotechnology, University of Oslo, Sem
Sælands vei 26, 0315 Oslo, Norway.
E-mail: unni.olsbye@kjemi.uio.no

Methane is the major component of natural gas (> 80%) and an abundant component of biogas
(>40 %). It constitutes a convenient starting point for the production of value-added chemicals.
Current routes for the utilization of methane for chemicals production rely on syngas (a mixture
of CO and H2) as an intermediate. Syngas is produced in various reforming processes. This
technology is mature and efficient, but investment costs into such a process are high and the
economic gains are dictated by the economy of scale.1
Intensive research efforts have been dedicated to selective catalytic partial oxidation routes to
methane valorisation, in which methane is co-fed with an oxidizing agent. However, those
efforts were impeded by the chemical inertness of methane compared to its partial oxidation
products.2-4
During the past two decades, focus has turned towards chemical looping processes, where
over-oxidation is limited by the gradual depletion of oxidized sites upon reaction with methane.
In this lecture, emphasis will be set on two chemical looping processes where our group had
an active contribution; the partial oxidation of methane to syngas,5-7 and the partial oxidation
of methane to methanol.8-10 The lecture will highlight our current, fundamental understanding
of those concepts, discuss similarities and differences with enzymatic systems,11 and address
remaining challenges related to their prospects for future industrial implementation.
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Exploring Potentials of Single-Atom Catalysts for Selective
Oxidation Reactions
Aiqin Wang, Botao Qiao, Wenhao Luo, Xiaoyan Liu, Tao Zhang*
Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China
* taozhang@dicp.ac.cn

Single-atom catalysts (SACs) are a type of special supported metal catalysts wherein metal
exists exclusively as single atoms or mononuclear species. In the past decade since we first
proposed this concept in 2011, 1 SACs have been explored for various applications related to
energy conversion and chemical synthesis. 2-3 The mononuclear feature of metal species in
SACs endows them with great potentials in a wide spectrum of selective oxidations, such as
alkane dehydrogenation to alkene, oxidation of methane to methanol, as well as selective
oxidation of alcohols to aldehydes. In this presentation, we present three types of SACs
including oxide-supported SACs, nitrogen-doped carbon supported transition metal SACs (MN-C, M refers Fe, Co, Ni, Cu etc.), and zeolite-confined SACs, and show their potentials for
selective oxidations and discuss the underlying mechanism. Specifically, the M-N-C SACs
have shown promising activity and selectivity in the direct dehydrogenation of alkanes to
alkenes with superior coke-resisting ability to the NPs counterparts.4 They also exhibited high
activity and selectivity for the selective oxidation of C-H bonds to form the corresponding
alcohols and ketones, and the activity is critically dependent on the local coordination structure
of M-Nx.5 On the other hand, a series of reducible oxide-supported metal SACs gave rise to
high selectivity for preferential oxidation of CO in H 2-rich atmosphere1 and the selective
oxidation of alcohols to aldehydes6 thanks to the participation of lattice oxygen in the reaction.
We also developed zeolite-confined Fe SACs for methane oxidation to methanol, which gave
rise to a turnover rate 4-fold higher than the Fe-dimer counterpart.7 The exciting progress in
this area highlights the great potentials of SACs in selective oxidation reactions. Finally, I will
discuss the opportunities and challenges faced by SACs, in particular in the identification of
real active sites at atomic scale and under operando conditions.
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Digitally-driven routes to new materials and catalysts
M.J. Rosseinsky
Department of Chemistry, University of Liverpool, Liverpool L69 7ZD, UK
m.j.rosseinsky@liverpool.ac.uk

Introduction
The need for new materials to tackle societal challenges in energy and sustainability is widely
acknowledged. Demands for performance are increasing, while resource constraints narrow
available options. The vastness of composition, structure and process parameter space then
make the apparently simple questions of where to look for and how to then find the materials
we need a grand challenge to contemporary physical science. This challenge can be met by
developing new paths to materials design and discovery.

Outline
Workflows that integrate digital (both physical model-based1 and machine learning2) and
experimental (both serial and high-throughput3) methods to realise new functional materials in
the laboratory will be illustrated. The examples span catalysis 4, energy storage5 and
harvesting.6,7
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Halogen chemistry on catalytic surfaces
J. Pérez-Ramírez,*a
a) Institute of Chemical and Bioengineering, ETH Zurich, Switzerland.
* jpr@chem.ethz.ch.

The development of (oxidative) catalytic transformations involving halogens has experienced
remarkable progress in the last decade due to the improved fundamental understanding of the
associated heterogeneously-catalyzed processes and, in doing so, translating into new
technological concepts for the activation of small alkanes and the manufacture of vinyl
chloride. In this presentation, I will discuss key activities in this area that have brought a new
generation of catalytic technologies for the direct conversion of hydrocarbons into key building
blocks for the manufacture of chemicals, polymers, and fuels.1,2,3,4,5,6,7,8
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Maximizing the Potential of Dioxygen
in Aerobic Oxidation Catalysis
Shannon S. Stahl*
Department of Chemistry, University of Wisconsin-Madison, 1101 University Ave., Madison, WI,
53706, USA
* stahl@chem.wisc.edu

Introduction
Molecular oxygen is the quintessential reagent for oxidation of organic chemicals. Liquid
phase aerobic oxidations in chemistry and biology feature a variety of different mechanisms
for O2 activation and use as an oxidant.1 Radical-chain mechanisms involve the formation
organic radicals that react directly with O2. Monooxygenase enzymes feature reductive
activation of O2 to generate a reactive two-electron oxidant, such as a metal-oxo species, that
promotes oxygen-atom transfer to an organic molecule. Many homogeneous catalytic aerobic
oxidation reactions follow mechanisms similar to oxidase enzymes that couple two redox halfreactions: (i) two- of four-electron oxygen reduction reaction (ORR) and (ii) oxidation of an
organic substrate. This oxidase-type mechanism resembles redox reactions in electrochemistry and fuel cells, drawing attention to the issue of ORR “overpotential”.2 In fuel cells,
the ORR overpotential (hORR) influences the accessible cell potential (Ecell, Figure A). In
aerobic oxidations, the thermodynamic efficiency of the ORR step (hORR) directly impacts the
thermodynamic driving force available for oxidation of the substrate (hsub, Figure B).
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Figure. Both fuel cells (A) and synthetic aerobic oxidation reactions (B) couple two redox half-reactions,
and their performance is impacted by the overpotential for the oxygen reduction reaction (hORR).

Outline
This talk will discuss the implications of the dioxygen activation mechanism and ORR
overpotential in liquid-phase aerobic oxidation reactions, emphasizing homogeneous catalysts
and extending to heterogeneous catalysts. Homogeneous catalysts often exhibit high hORR
that limits the scope of accessible reactivity. This insight has motivated our efforts to devise
tactics to lower the hORR by using strategic redox co-catalysts that expand synthetic reaction
scope. Complementary efforts have exploited the inverse correlation between hORR and hsub
in these reactions (Figure B), taking advantage of high-hORR/low hsub catalyst to achieve higher
chemoselectivity in the oxidation of organic molecules. These complementary concepts
highlight the importance of achieving tunable control over the hORR and hsub in aerobic
oxidation catalysis.
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Dehydrogenation of Alkanes on Metals, Oxides, and Graphene
Stephen J. Jenkins
Yusuf Hamied Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge, CB2
1EW.
* sjj24@cam.ac.uk

Introduction
Partial dehydrogenation of alkanes offers an attractive route toward the preparation of useful
feedstocks for conversion to high-value products in the chemical industry. Methane, for
example, may be partially combusted to yield synthesis gas, while direct conversion to
methanol remains a challenging but desirable target. Higher alkanes, meanwhile, can be
partially dehydrogenated to yield alkenes, with selectivity toward specific isomers being a key
mechanistic consideration. Potential catalysts include transition metals, oxides, and most
recently carbonaceous materials, for which graphene serves as a useful model. Activation of
the C-H bond upon initial adsorption is often the rate-determining step.

Outline
We shall review computational work undertaken by the speaker and his co-workers, starting
with early studies of methane and ethane dissociative adsorption on platinum. Low sticking
probability is a major obstacle to efficient catalysis in these and similar systems, and much
attention has been given to whether vibrational excitation can enhance the initial
dehydrogenation step. Our first-principles molecular dynamics simulations confirm that this is
indeed the case,1 and furthermore address whether rotational excitation may also play a role.2
Turning to oxides, we shall first discuss the partially dissociative adsorption of methane on the
PdO{101} surface,3 discussing also the formation of water as hydrogen reduces the oxide.
Analysis of electronic structure highlights a strong resemblance between the orbitals of
adsorbed methyl and those of an isolated methoxyl anion. A similar resemblance is noted in
our recent work concerning partially dissociative methane adsorption on CeO 2{111} surfaces.
In the ceria case, however, we also focus in detail upon changes in electronic structure brought
about by adsorption of Au or Ir adatoms at cerium or oxygen vacancy sites, speculating upon
the prospects for efficient single-atom catalysis.4
Finally, we shall consider the partial dehydrogenation of butane over graphene vacancy sites,
resulting in either but-1-ene or but-2-ene.5 Our calculations of the reaction pathway do not
reveal any strong preference for production of one isomer over the other, in contradiction to
experimental results, suggesting that the dynamics of initial adsorption may be critical in this
regard.
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Gold Catalysts for Selective Oxidation – Influence of the Support
P.E. de Jongh, B. Donoeva
Materials Chemistry and Catalysis,Debye Institute for Nanomaterials Science, Utrecht University,
Universiteitsweg 99, 3584 CG Utrecht, The Netherlands, P.E.deJongh@uu.nl

Supported gold catalysts hold great promise for both liquid and gas phase selective oxidation.
However, their activity, selectivity and stability critically depend on several factors such as
particle size, support, and pH. 1-4 This presentation focuses on the influence of the support and
the addition of a second metal studying the gold-catalysed oxidation of 5hydroxymethylfurfural (HMF) to 2,5-furandicarboxylic acid (FDCA), an important
transformation for the production of bio-based polymers.1
We explored 2-3 nm Au particles on SiO2, TiO2 and carbon for this reaction (Figure, left frame),
typically operating at 90 °C with a HMF to Au molar ratio of about 100. Due to the high pH
needed for the reaction, the catalysts supported on SiO2 were least stable. Catalyst stability
was clearly influenced by the morphology of the support. Also the choice of base was
important, for instance using HCO3− as a base lead to more pronounced particle growth than
using NaOH.2
Carbon-supported Au catalysts were much more stable, and allowed us to study in detail the
influence of the support surface properties. Gold nanoparticles on basic carbon materials with
a low density of functional groups demonstrated much higher activity in HMF oxidation (TOFAu
up to 1195 h-1), higher selectivity to FDCA, and better stability than gold nanoparticles
supported on carbon materials with acidic surface groups. Surface groups of basic carbon
supports that are positively charged under the reaction conditions result in a higher adsorption
and local concentration of hydroxyl ions, which act as cocatalysts and enhance gold-catalyzed
dehydrogenation (Figure, right frame).3
Finally, a strong synergetic effect was found for the combination of Au and Ag in the
nanoparticles. The presence of Ag inhibited the growth of the Au particles during catalysts.
Also remarkably high FDCA yields were obtained for the bimetallic catalysts, explained by the
specific role that the different active sites played in the two different steps of the conversion of
HMF to FDCA.

Figure: (left) typical example of a Au on C catalyst (1.1 wt%, 2-3 nm Au particle); (right) illustration of
how the surface groups of the support can affact OH - adsorption on the catalysts and hence its activity
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“Active” oxygen for total oxidation reactions over transition metal
oxides
N. Bion*, D. Duprez
Institut de Chimie des Milieux et Matériaux de Poitiers (IC2MP), CNRS, University of Poitiers, France.
* nicolas.bion@univ-poitiers.fr.

For total oxidation reactions on supported noble metal catalysts, the adsorbed O species can
diffuse rapidly on the catalyst surface to reach the site where the substrate to be oxidised is
adsorbed (CO, CH4, VOCs...). On oxide catalysts, oxygen mobility is generally much slower
and can become a determining step in the catalytic reaction. In some specific total oxidation
reactions such as hydrocarbon combustion, the Mars and Van Krevelen mechanism is
proposed to explain the reaction kinetics. In this mechanism, the hydrocarbon is oxidised by
the metal cation with concomitant insertion of the oxygen from the oxide lattice, leading to the
formation of CO2, H2O and an oxygen vacancy, the latter being filled by O 2 gas to close the
catalytic cycle. Depending on the nature of the oxide, the abstraction of oxygen and filling of
the oxygen vacancy is surface limited or involves bulk oxygen atoms. For this reason, the
mobility of O at the surface or inside the solid is studied, mainly by 16O/18O exchange
measurements. In these studies, two general types of reactions are investigated: (i)
homomolecular exchange in which a mixture of labelled molecules is scrambled on a surface,
and (ii) heterolytic exchange in which a labelled molecule is scrambled with the lattice atoms
of the catalyst.1
In this talk, some illustrations of the role of oxygen mobility for total oxidation reaction
(specifically CH4 combustion) will be given on simple and mixed oxides. The activity of simple
oxides is often linked to the presence of M n+/M(n+1)+ ion pairs associated with oxygen
vacancies.2 M1M2Ox mixed oxides generally have superior performance due to the presence
of highly active M1n+/M2(n+1)+ ion pairs. In some mixed oxides, the metal M1, non-reducible and
inactive in itself, is able to induce a partial reduction of M 2: the active site is the M2n+/M2(n+1)+
ion pair stabilised by the presence of M1. The perovskites LaMnO3 and LaCoO3 are
outstanding examples of this class of materials.3 The behaviour of yttria-stabilised zirconia
(YSZ) mixed oxide is specific by the absence of reducible elements and the intrinsic existence
of oxygen vacancies due to the partial substitution of Y3+ for Zr4+. The association of perovskite
and YSZ oxides may have a beneficial impact on methane conversion via catalytic partial
oxidation and combustion reactions.4 Relationships will be established with the behaviour of
Solid Oxide Cells composed of perovskite-based electrode and a YSZ electrolyte. For
electrolysis application the electrochemical reaction at the cathode can be assisted by a
catalytic oxidation reaction at the anode. The in situ monitoring of isotopic exchange under
electrical bias becomes a powerful tool for a better understanding of the dependence of
oxygen transport on polarisation.5
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Introduction
Sustainable technologies are urgently sought to fulfil 21st century food, energy and material
challenges, and to a large extent will be contingent on the design of next-generation catalysts
and associated industrial processes. The chemoselective oxidation of unsaturated alcohols is
an important reaction class that unlocks the synthesis of diverse chemical intermediates, and
will play a pivotal role in efficient biomass valorisation.1 However, existing heterogeneous
catalyst technologies are poorly suited to the chemical transformation of bulky reactants over
nanoporous catalysts, and often suffer from low chemoselectivity. New synthetic
methodologies are therefore required to engineer novel catalyst architectures and
multifunctional catalysts with superior activity, selectivity, and lifetime.

Outline
Here we illustrate synthetic routes to fabricate mesoporous and hierarchical macroporousmesoporous frameworks for the selective aerobic oxidation of allylic alcohols and aldehydes,
and the benefits of bifunctional metal-metal or metal-base catalysts. Figure 1 (left) illustrates
the how interplay between solid base and metal promotes the cascade oxidation of 5HMF→2,5-FDCA, an important precursor to the biobased polymer PEF. Figure 1 (right) shows
how molecular transport between segregated yet communicating catalytically active centres
affords a unique and ultraselective route to one-pot oxidations, exemplified for the one-pot
cascade oxidation of cinnamyl alcohol→cinnamaldehyde→cinnamic acid over a Pd
macroporous-Pt mesoporous/SBA-15 hierarchical silicate in which chemically distinct
functionalities are introduced in a spatially orthogonal (mutually exclusive) fashion. 2

Figure 1. (left) Synergy between hydrotalcite base and metallic gold sites promotes the cascade
oxidation of 5-HMF→2,5-FDCA. (right) Spatially orthogonal functionalization of a hierarchical Pd
macroporous–Pt mesoporous SBA-15 catalyst affords precise control over the cascade oxidation
of cinnamyl alcohol→cinnamaldehyde→cinnamic acid.
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Phosgene synthesis catalysis: towards a reaction model
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Introduction
Phosgene is an important intermediate used in the industrial manufacture of polyurethanes,
polycarbonates, pharmaceuticals, and agrochemicals. It is typically manufactured industrially
via the gas phase reaction between carbon monoxide and chlorine over an activated carbon
catalyst.

Despite wide industrial application, there are surprisingly few reports of phosgene synthesis
catalysis in the scientific literature. Against this background, the authors have recently
examined aspects of phosgene synthesis catalysis over a commercial grade activated carbon.
The presentation will describe a programme of work that seeks to define an understanding of
the surface chemistry that facilitates sustained phosgene production.

Outline
Investigations of the reaction were undertaken within the University of Glasgow’s Chemical
Process Fundamentals Laboratory1.
Kinetic studies coupled with mass balance
measurements provide insight as to how mass is partitioned in the process2. That perspective
is then supplemented with an examination of adsorption and desorption characteristics of
reagents and product, which culminates in a proposed reaction model for how CO and Cl2
combine over activated carbon to produce phosgene at high selectivity3.
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Mechanistic insights into the oxidation of alkenes using
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Introduction
We are interested in the catalytic oxidation of alkenes to ketones and epoxides; valuable
reactions which are challenging to carry out in a selective manner when employing sustainable
oxidants such as H2O2 and O2. In the case of ketone synthesis, this Wacker-type oxidation is
well-established, but still presents a significant challenge for most substrates, with low catalyst
TONs and selectivity issues. We have explored the use of ligated Pd(II) complexes that avoid
the need for electron transfer mediators. 1,2,3 We have studied the use of O2 and peroxides
(H2O2 and tBuOOH) for and in the case of peroxide mediated reactions, the mechanism was
less understood. We therefore explored the mechanism in an effort to design next generation
Pd(II) catalysts.4 We have also began studying Ru-porphyrin based catalysts for the oxidation
of alkenes to epoxides, using O2 as the terminal oxidant. The reports to-date are promising in
terms of selectivity but exhibit slow reaction rates and require high catalyst loadings. Limited
mechanistic studies encouraged us to study these systems in detail.5

Outline
This talk will discuss our detailed mechanistic work, which has used a range of techniques to
develop a better understanding of these reactions. In the case of the Pd studies (Fig 1 A), in
situ high-resolution mass spectrometry enabled the identification of key and previously unseen
intermediates. Whereas in situ Flow NMR and Raman were used for the epoxidation studies
(Fig 1 B) and resulted in new mechanistic insights and the finding that water has a crucial role.

Figure 1. Mechanistic studies of Pd/peroxide Wacker-type oxidation reactions (A) and the
Ru catalysed aerobic epoxidation (B).
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Introduction
Although there are many alternatives for the removal of volatile organic compounds (VOCs),
those technologies that transform VOCs into non-toxic compounds or CO2 are especially
interesting, since another step for the elimination is prevented. As the concentrations of the
VOCs emitted to the environment at the industry is usually low, in the order of ppm, the total
oxidation of hydrocarbons is one of the few processes in which, being the final objective the
formation of CO2, it has the approval of the environmental science. Moreover, the use of
catalysts decreases the reaction temperature required and decreases the formation of
undesired compounds. Thus, catalytic oxidation is especially favoured in case of low VOC
concentrations, when the influence of the reaction enthalpy on the catalyst temperature is low
and hotspots in the catalyst bed are avoided [1].

Outline
In the total oxidation of VOCs, the most efficient catalysts are frequently based on noble
metals, especially Pt or Pd [2]. Other noble metals such as Au, whenever the catalyst is
synthesized by an appropriate method, or Ir, have also demonstrated to be highly active for
this reaction. Among non noble metals, the oxides of cobalt (especially in its Co 3O4 structure)
and manganese have demonstrated in certain conditions to present a comparable
performance that those with platinum or palladium.
The relationship between the crystallite size of different metals and the catalytic reactivity has
been often proposed. Unfortunately, there is not a consensus about this point. In the present
work, a comparative study of different metals has been undertaken, showing that not only the
nature of the metal is important to ascertain if there is size-activity relationship but also the
nature (or just the simple existence) of the supports [3].
Interestingly, the addition of selected promoters with low reactivity to supported noble metal
catalysts can lead to a notorious improvement in the reactivity of the catalysts which is not the
result of the addition of active sites [4]. Parameters such as the reducibility, the promotion with
non-noble metals, the contact length between metal/support and the metal-support interaction
will be also discussed.
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Facing the Climate Challenge – Problems and Opportunities for
Selective Oxidation Catalysis
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Introduction
The need to cut CO2 emissions in near future is generally accepted. This common understanding and expectation from markets has led chemical companies to set and commit to ambitious targets for CO2 reductions. A chemical industry approaching zero emissions will require
progress in many areas including oxidation catalysis.

Context, Accounting, Concepts and Ideas
In this talk we will try to briefly describe relevance of chemical industry for CO 2 emissions
along with scope definitions to account for CO2 footprint.
With a focus on selective oxidation technologies, we will review and discuss some concepts
and ideas to reduce CO2 emissions.

.
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HETEROGENEOUS PHOTOCATALYTIC OXIDATION: A SUSTAINABLE GREEN
REMEDIATION PRACTICE FOR ENVIRONMENTAL CLEAN-UP
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Specific volatile organic compounds (VOCs) are known to be major contributors to air
pollution, and hence stringent legislation has imposed stringent limits for permitted emissions
owing to the adverse effects they have on the environment and health. In this regard, the
development of photocatalysts that can exhibit high activity under ambient conditions of solar
radiation could offer an economical and viable route. In this context, the heterogenization of
photoactive uranyl ion (UO22+) onto ordered mesoporous silica (OMS) offers advantages due
to its distinctive photo-absorption, photo-excitation, and photo-emission characteristics.
Further, the encapsulation of uranyl ions in the pore channels of such silica matrix help to
overcome concerns relating to natural radioactivity and toxicity associated with uranium. In
addition, the use of OMS such as MCM-41 and MCM-48 as host matrices for the
encapsulation/anchoring of UO22+ ions via direct-template exchange route wherein the
surfactant groups (CTA+) present within the pores of mesoporous host were exchanged for
UO22+ ions from an aqueous solution, offer many benefits over their homogenous analogues.
The photoactive uranyl ions thus degrades VOCs under ambient conditions, and that the
photocatalysts were highly efficient for the complete degradation without the formation of any
partial oxidation products.1-3 In a different context, the uranyl ions are also known to be hard
Lewis acids, and hence their complexation with hard bases such as oxygen-containing ligands
is expected to be strong. In this way, a large amount of uranyl ions get strongly entrapped
onto MCM-41 via hard base (≡SiO) and hard acid (UO22+) interaction. Likewise, oxygencontaining hard acids such as AlO and TiO also form strong complexes with UO22+
moieties thus reflecting a higher sorption capacity, i.e., a larger amount of uranyl ions
anchored within the mesopores of TiMCM-41 and AlMCM-41 resulting in much better
photocatalytic activity towards VOCs degradation (Figure 1).
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Similarly, pharmaceutical pollutants in water bodies and drinking water are emerging threats
and adversely affecting the health and behavior of living organisms. Bulk semiconductor
photocatalysts, e.g., commercial P-25 titania (TiO2), show potential for photocatalytic
degradation of such contaminants.
However, it suffers from a high electron-hole
recombination rate, low surface area, and limited natural sunlight absorption properties. On
the other hand, it is also one of the most scrutinized materials owing to its bio-nontoxic, stable,
hydrophilic, abundant, inexpensive nature and is a well-defined photocatalyst reference
system. Hence the next generation titania must outperform the activity so as to establish novel
materials for the future. In this context, we have recently developed4,5 a series of high-quality
2D-hexagonal ordered mesoporous titania (OMT; Figure 2) photocatalysts with unique
textural, electronic, and optical properties. The unique periodic mesoporous titania with unique
2D-hexagonal crystalline framework structure having high surface area, efficient electron-hole
recombination and excellent visible light absorption capacity surpasses the photocatalytic
activity of commercial titania over 30 times higher under simulated as well as natural solar
light. It is, therefore, established that OMT is highly efficient for the photocatalytic degradation
of pharmaceutical pollutants such as famotidine (FAM), and thus OMT may have immense
potential in solar-light driven DSSC, photovoltaics and environmental applications as a next
generation photocatalyst.

Figure 2. XRD patterns (a), and TEM images (b, c) of OMT such as TMP-123.
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Perovskite-type oxides for low temperature oxidation catalysis
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Introduction
Oxide version of perovskite, ABO3, represents probably one of the most studied mixed oxide
systems in heterogeneous catalysis.1 Story of perovskite started in the 1970s with remarkable
activities of manganites reported in hydrocarbon oxidations and NO reduction, suggesting the
possibility of replacing platinum-group metals in automotive depollution systems.2 Rapidly,
cobalt and manganese formulations (transition metal at the B position), with a lanthanide in Aposition, were identified as appropriate phases due to reducibility of Co(+III) and Mn(+IV),
affording redox oxidation reactions to occur. When reaction is performed at low temperature
(a typical example is CO oxidation), oxidation mechanism is expected to involve only redox
surface sites (temperature too low to activate cation reducibility from the bulk). When reaction
occurs at high temperature (like for CH4 oxidation), the whole bulk of the perovskite is expected
to provide activated O species, diffusion of bulk O being possible through the B-cation valence
shift and anionic vacancies stabilized in the materials. 1 Considering the limited surface
exposed by perovskites, and keeping in mind the different oxidation mechanisms previously
exposed, perovskite catalysts are expected to be more adapted to high temperature reactions.

Outline
Different approaches were explored in order to promote reactivity of perovskite at low
temperature, to propose formulations being able to perform oxidations below 100°C in gas
phase, or eventually to be active in advanced oxidation processes (AOPs). Then, synthesis
routes were developed to stabilize nanocrystalline perovskites, the latter being far more
reactive than bulky counterparts. Also, significant progresses were achieved applying rational
substitutions in either A- or B-positions to adjust redox and surface properties to targeted
reactions (Figure 1).3 The presentation will then cover the following aspects:
- A presentation of non-conventional
synthesis
approaches,
including
solvothermal
synthesis,
reactive
grinding and templating strategies
- The description of the important
characteristics of perovskite surface
and bulk for low temperature oxidation
- Presentation of A1-xBO3- (nonstoechiometric)
and
A1-xA’xBO3
(substituted) perovskites for low
temperature formaldehyde oxidation
- Application of Cu-based perovskite for
organic pollutant oxidation in water
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Selective oxidation for the conversion of advantaged feeds to
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Introduction
The oxidation of hydrocarbons by homogeneous, heterogeneous, and enzymatic systems is
of fundamental and technological interest. Oxidation technologies using O2 as the direct or
indirect oxidant are contributing to the production of hundreds of million tonnes per annum of
chemical products.1 Due to the broad application potential of selective oxidation, there have
been continuing efforts in developing new oxidation technologies for new products and / or
more efficient hydrocarbon transformations.2,3,4

Outline
In this presentation, the following oxidation technologies recently developed by ExxonMobil
will be discussed to highlight how selective oxidation can provide a platform to upgrade low
cost feeds to novel / value-added products.
•
•

Liquid phase oxidation of aromatics to produce phenol, cyclohexanone, as well as diacids for novel polymers.
Liquid phase oxidation of iso-paraffins enabling molecular weight growth of light
alkanes to liquid transportation fuels.
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Introduction
The manufacture of terephthalic acid from p-Xylene represents the biggest single liquid phase
hydrocarbon oxidation carried out globally1,2. Despite the commercial importance and
increasing scale of operation of this technology there remain unanswered questions about the
detail of the homogeneous catalytic reaction mechanism responsible for this anomalously high
yielding aerobic oxidation reaction..

Outline
After reviewing in outline the current commercial process and its development and
optimisation over time, this presentation will highlight recent studies attempting to gain further
insight into the process catalysis taking place using modern analytical and computational
methods. In particular the results of recent EPR studies and DFT calculations highlighting the
impact of reaction solvent composition on the Cobalt and Manganese coordination
environment under operating conditions will be discussed.
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Learning Rules for Heterogeneous Catalysis by Artificial
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Introduction and Outline
The performance in heterogeneous catalysis is governed by an intricate interplay of several
processes (e.g., the different surface chemical reactions, and the dynamic restructuring of the
catalyst material at reaction conditions). Therefore, the explicit atomistic modelling of the full
catalytic progression via first-principles statistical mechanics is impractical, if not impossible.
The talk describes recent glass-box (in contrast to black box) artificial intelligence (AI)
developments for learning design rules for oxidation catalysts by AI and for identifying
“materials genes”.1,2 With “materials genes” we mean the key descriptive parameters that are
correlated with the processes that trigger, facilitate, or hinder the catalyst’s performance. Thus,
these genes include materials parameters, comprising for instance properties measured by
ex situ and in situ characterization, as well as reaction parameters. They describe the
catalyst’s function similarly as genes in biology relate to issues of health.
I will explain two AI concepts: subgroup discovery and sure independence screening and
sparsifying operator (SISSO).3,4 The latter is a recent combination of symbolic regression
(considering up to trillions of mathematical functions as offered rules) and compressed sensing
for the selection of the relevant rule. The concepts will be demonstrated by applications to
experimental catalysis data for the selective oxidation of propane1 (see also the talk by Annette
Trunschke) and propylene2.
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Introduction
Modelling, combined with advanced characterisation techniques provides a powerful way of
designing new catalysts. Two short case studies where this combined approach has been
successfully applied will be presented. The first focusses on understanding the Oxygen
Reduction Reaction in PEM fuel cells, which provide a potential clean source of energy for
both stationary and automotive applications. However, a number of questions on how the ORR
proceeds on the Pt catalysts and issues with stability remain where a combined approach
provides additional insight under realistic conditions. The second case study focusses on
understanding the diffusion process in zeolites, which are used in the selective catalytic
reduction of nitrous oxides from diesel vehicle emissions. Understanding how molecules
diffuse within the framework and access the active sites is key to designing better catalysts.

Outline
Recent work on modelling metallic nanoparticles will be described starting with ideal
cuboctohedral nanoparticles to determine particle size effects on properties such as
adsorption energies. Experimental nanoparticles are likely to deviate from these “ideal”
shapes. Recent work on combining electron microscopy and DFT calculations [1][2] have been
used to assess the differences between experimental observations and
cuboctahedral/truncated-octahedral particles using a range of widely used descriptors, such
as electron-density, d-band centres, and generalized coordination numbers. We use this new
approach to determine the optimum particle size for which both detrimental surface roughness
and particle shape eﬀects are minimized. In the second case study the accessibility of the
active site within the zeolite pores is assessed using the diffusion of NH3 in the CHA framework
as a test case. Using both QENS and MD simulations, we investigate the effect of the Cu 2+
counter-ion on the diffusion of NH3 by comparing to the brønsted acid form of the zeolite.
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Oxidation catalysis serving the energy transition: CO2 valorization
via dehydrogenation of lower hydrocarbons
Angeliki A. Lemonidou
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Introduction
The importance of CO2 valorization is strongly highlighted by the EU Green Deal strategy, to
a sustainable economic model to transform Europe into climate neutral by 2050. One potential
sector in which CO2 can be effectively utilized, is in petrochemicals production. The
replacement of the high energy cost steam cracking by a more sustainable process utilizing
the C2-C3 alkanes of the shale gas in combination with the CO2 serving as mild oxidant, has
emerged in the last years as an alternative process. The characteristic of the main reaction,
C2H6 + CO2 → C2H4 + H2O + CO, is that it is a carbon atom economy reaction as both reactants
are valorized to C2H4 and CO, products which are valuable raw materials for the chemical
industry. However, a catalyst which should activate C-H and C-O bonds at relatively low
temperature to avoid cracking of the hydrocarbon and the deposition of coke is a necessity.
Reducible and not reducible catalysts have been explored till now with the most promising
ones being those based on Cr. High toxicity Cr is a serious drawback for its further exploitation.
Fe-based catalysts combined or not with Ni have attracted a lot of interest [1]. Our efforts have
been directed towards developing Fe-based catalysts supported on mixed oxides containing
MgO, ZrO2 and NiO with emphasis on tunning the Ni/Fe ratio and the synthesis protocol to
avoid the undesired partial oxidation of ethane to CO in the presence of CO2 [2,3].

Outline
The research focussed on the synthesis of Fe catalysts supported on MgO-ZrO2 and NiOMgO-ZrO2 support materials via the sol-gel auto-combustion method and the subsequent
deposition of Fe (5 and 10wt%) using wet impregnation. Synthesis parameters varied were
the ratio of Fe/Ni and the calcination temperature. Characterization of the catalysts apart from
XRD and BET measurements, included TPR, TPO and for promising catalysts formulations
acidity, TEM, XPS, XAS and XRS. The main characteristic of the catalysts was their ability to
activate both reactants at temperatures 550-650oC, drive the selective reaction of ethane
dehydrogenation selectively towards ethylene and suppress coke deposits. Ethylene
selectivity was found to largely depend on oxidation state of Fe. Metallic Fe was proved
disastrous for ethane dehydrogenation, fully turning the selectivity towards dry reforming. The
5Fe/10NiMgZr catalyst, calcined at 700oC for 5h, presented an outstanding performance
reaching 90% selectivity, at C2H6 conversion of ~23%, during CO2-EDH at 650oC. Under
reaction conditions, Fe incorporated into the support and the dynamic structural modification,
occurring during CO2-EDH, partially altered the coordination of Mg, from octahedral to
tetrahedral. The latter was accompanied by electronic modification which had a strong impact
on the catalyst acidity, resulting in more selective active sites for ethylene formation.
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New concepts in oxidation catalysis through rigorous experiments
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Introduction
The particular challenge in oxidation catalysis is to control the selective formation of a specific
product that is part of a complex reaction network and to avoid the total combustion of valuable
resources to CO2. The complicated interplay of (i) simultaneous activation of two chemically
very different reaction partners (here oxygen and hydrocarbon), (ii) coverage and solvation
effects, (iii) catalyst restructuring under the influence of a chemical potential that varies in the
course of the reaction, and contributions of (iv) transport phenomena and (v) homogeneous
gas phase reactions have so far prevented substantial progress in the development of new
oxidation catalysts based on physical knowledge. To advance research, a paradigm shift is
required: Away from rigid molecular configurations of active sites derived from the bulk
structure towards metastable entities whose design involves optimising the reaction conditions
for their formation. Controlling oxygen activation and adsorption opens up further new routes
to oxidation-sensitive products. This also requires the development of new working methods
in research and the integration of experiment with data science and computational chemistry.

Outline
The solid-state and interfacial chemistry of catalysts and their restructuring under catalytic
conditions is discussed using examples of the selective oxidation or oxidative
dehydrogenation of short-chain alkanes, especially propane to acrylic acid or propylene, over
mixed metal oxides such as MoV-based oxides and perovskites.1,2 The examples show that
the performance of the catalysts is generally determined by very complex relationships
involving several important and interdependent physical parameters describing the volume,
the interface and the adsorption. Artificial intelligence can be used to uncover these
correlations, but this places special demands on the composition and quality of the underlying
data. It is shown that suitable experimental results can be generated using standard operating
procedures.3 The data can be analysed using machine learning techniques such as SISSO, 4
even if large numbers of catalysts are not available. However, a comprehensive ex-situ
characterisation of all life phases of a catalyst, operando measurements and detailed kinetic
analyses in which the reaction parameters are varied over a very wide range are required for
this. Primary key features, i.e., the physical parameters that determine activity and selectivity,
thus result both from measurements on fresh catalyst precursors and, in particular, from in
situ/operando studies of working catalysts. Based on the physical knowledge acquired in this
way, strategies for the synthesis of improved catalyst materials can be developed.4 In addition,
material properties and process parameters must be adapted to each other. The
thermodynamically limited activation of di-oxygen only to superoxide and the fast adsorptiondesorption kinetics are success factors for the formation of products that are more fragile than
acrylic acid or propylene. It is shown that the fast reaction over non-specific interfaces, e.g.,
SiO2, enables the synthesis of products susceptible to overoxidation, such as propylene oxide,
by direct oxidation of propane with molecular oxygen.
1. A. Trunschke et al., ACS Catalysis, 7, 3061-3071, (2017).
2. G. Koch et al., ACS Catalysis, 10, 7007-7020, (2020).
3. A. Trunschke, Catalysis Science & Technology, 12, 3650 - 3669, (2022).
4. L. Foppa et al., MRS Bulletin, 46, 1016-1026, (2021).
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Mechanism of oxidative dehydrogenation of light alkanes over
metallozeolite-based catalysts: theory and experiment
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Introduction
Low carbon olefins such as ethylene, propylene and butene play an important role in the
plastics industry. They can be obtained by oxidative dehydrogenation (ODH) of light alkanes,
an alternative process to the dehydrogenation (DH) route. Among the various systems tested
in the ODH process, vanadium-based catalysts are of particular interest. It is believed that the
isolation of active sites and their local geometry are key factors influencing the performance
of the catalysts. In this work, we investigate how the activity of the active phase in ODH is
related to its dispersion in porous matrices.

Outline
Three types of catalysts were synthesized: one in which vanadium was deposited on a
standard microporous zeolite with the structure of faujasite (FAU), the second in which
hierarchical (desilicated) FAU was used as the carrier, and the third, in which vanadium was
embedded in the BEA dealuminated zeolite network. The catalysts were characterized by
various physico-chemical methods. The phase composition of the catalysts was checked by
the XRD method, the specific surface area and volumes of micro- and mesopores were
obtained by the low-temperature N2 sorption technique, the reducibility was measured by the
H2-TPR method. The nature of vanadium was examined by means of XPS, XAS with TEY and
PFY detection as well as IR and UV-VIS spectroscopy. The DR-UV-VIS and 2D COS
operando studies were performed.
The catalysts were tested in the oxidative dehydrogenation of ethane, propane and isobutane
in a fixed bed flow reactor connected online to a gas chromatograph for the determination of
reactants and reaction products. The process was tested in the temperature range from 300 500 °C, with different contact times. A reaction mechanism based on DFT calculations was
proposed.
Sample containing 6 wt% of vanadium deposited on desilicated FAU turned out to be the most
active in the propane ODH process. The activity was attributed to the presence of scattered
vanadium ions in the tetragonal coordination environment and the mesoporosity of the
support. In systems where vanadium was present as the polymeric phase, high activity of the
so-called bridging oxygen atoms V-O-V, while at higher temperatures the activity of vanadyl
oxygen atoms (SiO)3V=O is observed.
Acknowledgements: This work was supported by the National Science Centre, Poland grant
no. 2020/39/I/ST4/02559 and by the Czech Science Foundation project # 21-45567L, the
RVO: 61388955. The in situ and operando IR and UV-vis studies were supported by the
National Science Centre, Poland grant no. 2021/41/B/ST4/00048.
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Thin Film Pd Based Catalyst - CatLab
K. Skorupska,*a B. Rech,b R. Schlögl,a
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b) Helmholtz-Zentrum Berlin für Materialien und Energie.
* skorupska@fhi-berlin.mpg.de.

Introduction
Metal thin films deposited on different substrates have been studied for many applications,
from electrical contact to electrocatalysis 1,2. We present first results of CatLab, a joint project
between the Helmholtz-Zentrum Berlin für Materialien und Energie (HZB) and the two MaxPlanck-Institutes, Fritz-Haber-Institute (FHI) and the Institute for Chemical Energy Conversion
(CEC), which focuses on the development of novel catalysts exploiting thin-film technologies
for energy-efficient conversion of renewable hydrogen and CO2 to synthetic fuels and basic
chemicals 3. In the CatLab project the new route of catalyst design and synthesis is realized
by reducing conventional 3D catalyst materials to two dimensions. The thin films (< 10 nm)
are deposited on a homogeneous support material by different deposition techniques
performed by HZB partners. The aim is to tune the functional interphase using the strain
introduced by the support onto the metal catalyst. Due to the reduced surface area in 2D
configuration the catalyst film has to consist of a full landscape of active centers which will
guarantee the required catalytical activity. The core function of the support is to provide the
long-range energetic landscape of the frustrated active phase. The properties of the target
system have to be tuned in a such way that the frustrated phase transition that forms during
the contact of the catalyst with the reaction gas stays stable during the course of the reaction.

Outline
To characterize the system, we have chosen a simple, yet relevant reaction, the partial
hydrogenation of acetylene 4. In this context, Pd is a widely used catalyst for partial
hydrogenation of alkynes, and the selectivity is governed by the presence of C or H atoms in
the interstitial sites of the metal lattice 5. We have studied thin layers of Pd deposited on Si,
with or without a buffer layer (SiO2 and ZnO), by means of XPS and NEXAFS complemented
with a (S)TEM analysis of morphology, structure, and elemental composition. We have found
that Pd/Si films form palladium silicide. For 10 nm Pd on Si, heating at 100 °C in 0.1 mbar H2
for only a couple of minutes is sufficient to trigger the process, whereas for thinner Pd layers
it occurs at room temperature. The Pd/SiO2 samples were stable until the dewetting
temperature was reached and Pd 3d spectra showed spectral features from metallic Pd,
surface oxide, and bulk oxide. TEM and SEM observations show that the Pd deposition on Si
substrates with an amorphous SiO2 buffer layer leads to a polycrystalline thin film composed
of nanoparticles with inhomogeneous morphology. The Pd/Si films shows insignificant
catalytic activity, whereas the activity is boosted when there is a SiO2 or ZnO layer in-between
Pd and Si. We attribute this phenomenon to the silicide formation. The buffer layers play an
important role not only to protect the Pd thin film from diffusion into the Si wafer and prevent
silicide formation but also to manipulate the number of available catalytic active centers.
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Development of Industrial Ethylene Oxide Catalyst
A. Karpov*a, C. Walsdorffa, C. Bartoscha.
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* andrey.karpov@basf.com.

Introduction
Gas phase oxidation of ethylene to ethylene oxide (EO) is one of the largest commercial
oxidation processes.1 The reaction takes place at a temperature of 200  280 C and a
pressure of 10 – 25 bars and is catalyzed using promoted silver deposited on a highly porous
low surface area alpha alumina support.
Since the first invention2 made by Lefort in 1931 a tremendous amount of industrial and
academic research efforts has been spent resulting in huge improvements of catalyst
selectivity. Despite the long history, research and development intensity remains at a very
high level to further advance catalyst performance.

Outline
Development of a modern industrial EO catalyst requires design and control of ingredients
spanning several orders of magnitude (Fig. 1): i) starting from a Å – nm scale revealing
functionality of an active site; ii) passing a µm scale addressing dynamics of active sites over
support surface over different stages of catalyst operation and tuning support pore architecture
for less restricted EO transport; iii) moving all the way up to a mm – cm scale optimizing
catalyst shape in order to balance catalyst geometric surface area, mechanical stability,
catalyst bed density and pressure drop.
The talk will highlight a BASF prospective in progress made in industrial EO catalyst
development in the recent years.

Fig. 1. A principal multi-scale design of BASF EO catalyst.
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Structure and reactivity relationships - a key to develop catalytic
oxidation processes.
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Introduction
In recent years an increased focus on greenhouse emissions has seen a significant change
of the interest in processing technology towards oxidation processes. While the majority of
large scale chemical processing is still very much focused on acid catalysis and
hydrogenation, interest in oxidative processing is increasing. In particular selective oxidation
such as direct methane to oxygenates conversion epoxidation but also combustion of
greenhouse gases has gained momentum. In this paper we will discuss recent efforts made
in understanding catalyst function and reactivity in selective oxidation as well as combustion
including the efforts made towards scaleup of processes.

Outline
In this contribution we demonstrate how the understanding of the site structure and
chemistry can help the development of more selective and stable processes. We utilise
advanced in situ X-ray absorption spectroscopy (XAS), in situ infrared spectroscopy (IR),
temperature programmed desorption and reduction, advanced chemisorption and
physisorption techniques as well as microreactor studies. The first selective oxidation
process we focus on is the direct conversion of methane to oxygenated compound of high
value, such as methanol and formaldehyde. For oxidation with N2O, we found the activity
and selectivity of different iron containing zeolites subtly depends on the framework types
location of transition metal sites [1, 2] and the formation of surface oxygen species [3]. In situ
XAS and IR studies revealed the mechanism and structure of Ti active sites responsible for
the selective oxidation of unsaturated alcohols to epoxides or carbonyls [4]. Finally, we
demonstrate how the understanding of the chemical and structural properties of noble metal
loaded zeotypes affects the long term stability of oxidation catalysts utilised in the
combustion of ventilation air methane streams[5, 6] as well as methane emitted from the
exhaust of gas engines.
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New Perspectives and Insights into Silver Catalyzed
Direct Propylene Epoxidation
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Introduction
A series of Ag-based catalysts were studied for direct PO epoxidation with O2 as the oxidant.
Ag supported on CaCO3 and α-Al2O3 were prepared as base materials to study. Promoters
(K+, Cs+, Mo) and feed additives (EtCl, NO, CO2) were added to the catalyst and feed
stream, respectively, in order to evaluate their effects on PO selectivity and yield. Ball-milling
of the catalyst during preparation was a significant factor in ensuring proper blending of
promoter species in the Ag particle. Surface characterization (chemisorption, XPS, SEMEDX), bulk composition characterization (XRD, ICP-OES), and reaction kinetic evaluation
were conducted to understand the nature of PO selectivity.
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Introduction
Complex molybdenum and vanadium oxides are active and selective catalysts to functionalize
small hydrocarbons. However, their performances depend on many parameters and are
adjusted during synthesis, activation or catalysis. For instance, orthorhombic (Mo,V)Ox is more
active in the oxidative dehydrogenation of ethane (ODE) or oxidation of propane to acrylic acid
compared to isostructural (Mo,V,Te,Nb)Ox, while the latter oxide is more selective.1 For
propane oxidation it has been shown that a reversible V surface enrichment is mandatory and
that Te surface sites are necessary to break up vicinal vanadium sites and to maintain high
selectivity. This implies the in situ genesis of site isolation.1 It was assumed that the surface
termination in these oxides is an extension of the average bulk structure.2 In fact, little is known
on the relation of bulk and surface structure.

Outline
Here we demonstrate for orthorhombic (Mo,V)Ox and (Mo,V,Te,Nb)Ox by combining pair
distribution function (PDF) analysis with scanning transmission electron microscopy (STEM)
that the average local structure of the bulk correlates to the surface structure after synthesis.
In general, the bulk average local structure of (Mo,V,Te,Nb)Ox extends to radial distances of
35-75 Å and is significantly more disordered than the one of (Mo,V)Ox, which averages out
above 20-35 Å. In both oxides, distortions of the metal sites are responsible for the observed
structural discrepancies. Furthermore, it should be mentioned that the two oxides differ mainly
in the arrangement of the oxygen sub-lattice. The results suggest a higher structural flexibility
of orthorhombic (Mo,V,Te,Nb)Ox to compensate distortions and oxygen vacancies due to the
higher chemical complexity. The structural flexibility seems to be responsible for the different
appearance of the surface structures, which is smooth for (Mo,V,Te,Nb)Ox and defective for
(Mo,V)Ox. We also show that the atomic displacement parameter can be used as a proxy for
disorder and explain the otherness of the pentagonal building blocks at the surface in terms
of the chemical potential.
In summary, this study extends Grasselli´s view2 on the genesis of the surface in openstructured oxides by considering the local bulk structure. It demonstrates why high selectivity
requires high catalyst complexity. This may give new momentum on the synthesis of novel
highly efficient oxidation catalysts.

References
1. A. Trunschke et al. ACS Catalysis 7, 3061-3071, (2017).
2. R.K. Grasselli et al. Catalysis Today, 91-92, 251-258, (2004).

9th World Congress on Oxidation Catalysis: Oxidation for a Sustainable Future and Clean Environment
Cardiff, September 4-8th 2022.

Multi-technique approach to characterising complex structureactivity relationships in supported metal oxide nanoparticles
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Introduction
As we move towards cleaner fuels, we need to consider greener power solutions. Viable fuel
sources, such as CH4 mixtures, that can be integrated into the current power trains will also
play a role here in addition to electric power trains. In this light, CH4 emission control is
incredibly important to avoid the products of CH4 slip and incomplete combustion (i.e. CO
formation) entering the atmosphere. Supported PdO nanoparticles show the best catalytic
performance towards CH4 oxidation and are critical components in automotive after-treatment
technologies.1 The finer details of structure, such as size and shape, have been extensively
investigated for metal nanoparticles.2 However, for metal oxides, such as PdO, these
characteristics are far less understood, especially during operation. In this work, we have
investigated a series of supported PdO catalysts and have highlighted the need for such a
thorough approach to understand nanoparticles for oxidation catalysis.

Outline
1.6
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In this work, three 1 wt% PdO/γ-Al2O3 catalysts were
synthesised using novel preparation methods, designed to
achieve specific and different nanoparticle size ranges, from
e.g. PdO clusters to 5 nm particles. These catalysts have
been extensively characterised by combining multiple,
complementary techniques, such as STEM, XAS (Fig. 1a),
SAXS and CO/H2 TPR studies, alongside CO and CH4
oxidation experiments. From this, we have been able to
understand how Pd speciation and the unique morphology
between
incredibly
similar,
nanoparticulate
and
polydisperse PdO catalysts affects catalytic activity.
Moreover, we have studied the catalysts using XPDF under
operando conditions during CH4 oxidation and in situ
reduction using H2, where particle size and crystal structure
changes have been monitored in real time in response to
activity and reduction (Fig. 1b). Morphological and dispersity
differences between samples, as determined by the
synthesis, can affect other components, such as Pd
speciation, aiding us in explaining activity towards CH4
oxidation during operando measurements. By evaluating
this work, we have developed a robust methodology for
characterising PdO. In the future, we will apply this practice
to other metal oxide nanoparticle systems.
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one of the catalysts during
reduction, 5 % H2/Ar.
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Introduction
The Ostwald process, the preferred industrial route to produce HNO3 involves, NH3
combustion, homogeneous gas phase oxidation of NO to NO2, & NO2 absorption by water.
Reduction in CAPEX can be achieved by turning this homogeneous step catalytic, although
no commercial catalyst exist that fully oxidizes NO to NO21. Amount of NO2 increases due to
gas phase conversion as we move from the exit of the NH3 combustor towards the NO2
absorption tower1 & 2.

Outline
5wt% of Me (Mn or Pt) on CeO2
were prepared using IWI
method. Catalytic conversion
of NO to NO2 was measured at
two typical conditions, (i) at exit
of NH3 combustor: 10%NO,
6%O2, 15%H2O & 69%Ar, and
(ii) at 50% NO conversion:
5%NO,
5%NO2,
3.5%O2,
15%H2O & 71.5%Ar. Results
(Fig.1) depicts both CeO2supported catalysts to have
higher conversion in feed(i) Fig.1: NO to NO2 conversion of two different ceria supported
compared to that of feed(ii). catalysts under Feed(i) & Feed(ii).
Pt/CeO2 to be more active than Mn/CeO2 at low temperatures in feed(i) & in feed(ii) Pt-based
catalyst tends to have a lower conversion at higher temperature than Mn/CeO2 catalyst. This
can be due to excessive oxidation of Pt & hence deactivation at higher temperature &
presence of more oxygenated species in feed(ii) in comparison to feed(i)2.
Platinum is considered a critical raw material3 & portrays good activity in feed(i), although in
the light of sustainability and environment manganese on ceria reveals to be more promising
catalyst for NO to NO2 conversion. The results also reveal that the ceria-supported catalysts
should be located closer to the exit of the NH3 combustor with little or no NO2 present & a
favorable temperature range for good catalytic activity.
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Application of piezo-photocatalyst thin film (FTO/BaTiO 3/SnO2) for
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Abstract
We report novel biosynthesized SnO2 loaded on FTO/BaTiO3 thin film for piezophotocatalytic degradation of methyl orange (MO), methylene blue (MB), ciprofloxacin
(CIP). Piezo-photocatalyst thin films were characterised using XRD, FTIR, FE-SEM,
TEM, TGA, BET, XPS, PL and UV-DRS spectroscopy. The confirmation of the small
spherical SnO2 on the surface of BaTiO3 was confirmed by TEM, EDS and FTIR.
Chronoamperometry and electrochemical impedance (EIS) were employed to
determine piezo-electrochemical properties of the prepared piezo-photocatalyst thin
films. The results showed that BaTiO3 loaded with SnO2 on its surface exhibited higher
piezoelectrochemical current response than pure BaTiO3 (BTO). For example,
FTO/BaTiO3@0.2%SnO2 (best performing thin film) generated about 1.3 mA current
under ultrasonic vibration, which is 6 times more than pure FTO/BaTiO3. Furthermore,
FTO/BaTiO3@0.2%SnO2 showed better degradation efficiency of 96, 92 and 64 % for
MO, MB and CIP, respectively. Overall, this study showed that piezo-photocatalytic
activity of BaTiO3 could be improved through SnO2 loading. Moreover, we were able
to demonstrate BaTiO3/SnO2 composites may be employed as multifunctional catalyst
based on their ability to break down various organic contaminates (dyes and
pharmaceutical pollutants) from wastewater.
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Interfacial electroprotic reactions of amorphous IV- and V-group
transition-metal oxides with hydrogen peroxide – formation of
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Introduction
The activity of amorphous ZrO2, Nb2O5, HfO2, Ta2O5 oxides in the generation of reactive
oxygen species (ROS) is surprising, considering that in aqueous solution the oxides exhibit
no redox activity. Yet, in this contribution, we show a novel type of reactivity of these materials
based on electroprotic reactions occurring at the solid-solution interface. In combination with
a well-developed surface of the oxides and possible functionalization with nanocrystals of
redox oxides, such materials provide an interesting alternative for adsorptive and oxidative
degradation of water-soluble toxicants.

Outline
The oxidation catalysts used in the study (amorphous gels and their composites with redox
nanooxides) were characterized by XRD, FT-IR, XPS, TEM/EDS/EELS, N2 physisorption,
elemental analysis, and Zeta potential measurements. Their interaction with H2O2 was
monitored with EPR (powder and solution measurements, spin trap experiments), Raman,
UV-Vis, and dissolved oxygen probe in a broad range of pH and H2O2 concentration. The test
reactions for unraveling the catalytic activity in the oxidative degradation of selected organic
toxicants were followed by UV-vis and chromatographic methods.
Nonredox systems such as late transition metal amorphous oxides of the 4th and 5th periodic
table groups (ZrO2, Nb2O5, HfO2, Ta2O5) were found to be active in the ROS formation via
H2O2 decomposition. Various ROS such as superoxide O2–•·and hydroxyl •OH radicals as well
as peroxide O22– species and singlet oxygen 1O2 were identified. At pH below 5, superoxide
and hydroxyl radicals were generated simultaneously in large amounts with the peak
concentration reaching around the isoelectric point of the gel catalysts. In this pH region, the
amorphous gels exhibited peroxidase-type activity quantified by an o-phenylenediamine
assay. At pH > 5 the formation of O22– is accompanied by a substantial release of O2 due to
catalase-like activity. The role of electroprotic processes (interfacial proton transfer coupled
with intermolecular electron transfer) in the decomposition of H2O2 and ROS formation was
elucidated, and a new mechanism of this reaction, ≡M+–HO2–(surf) + H2O2(aq) = •OH(aq) + ≡M+–
O2–•(surf) + H2O (M = Zr(IV), Nb(V), Hf(IV), Ta(V)), was proposed. The surface of the
investigated amorphous oxides covered with hydroxyl groups plays the role of an ionic sponge,
which controls the electroprotic equilibrium by capturing the charged reaction intermediates.
It is worth mentioning that the activity of the gel catalysts, gauged by the Michaelis-Menten
constant, in ROS generation is comparable to that of the Fenton-type oxides, but in contrast
to the latter, ROS are generated in a more uniform way in time.
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BiVO4-based catalysts for effective solar-driven water purification
and splitting
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The focus of photocatalysis research in recent years has been on the effective harvesting of
solar irradiation for water purification and water splitting. Various strategies have been adopted
for development of novel composite materials to synergistically exploit the advantages offered
by the single components. For this purpose, different semiconductors (TiO2, BiVO4, g-C3N4,
SnS2, MnO2, Mn2O3, CuO, etc.) are combined and modified by incorporating metals (Fe, Cu,
Co, etc.) or nonmetals (N, S, C, P, etc.) into their crystal lattice. In addition to matching the
band gap to the energy of the visible spectrum, suppression of e-/h+ recombination and finetuning of surface properties are also highly required. The suppression of e-/h+ recombination
can be achieved by decorating semiconducting material surface with noble metals (Ag, Pd,
Pt, Au, etc.) or by making composites with (i) conductive polymers creating core-shell
structures, or (ii) carbon-based materials ((reduced) graphene-oxide, (r)GO), carbon nanotubes or quantum dots (CN and CQD)), also contributing to the increase of specific surface
area. One of alternatives for benchmark photocatalytic material, TiO 2, is a metal oxide
semiconductor BiVO4, possessing a rather narrow band gap of 2.4 eV suitable for visible light
activation. However, BiVO4 has certain shortcomings, such as short charge carrier diffusion
length, poor electron transfer kinetics, and relatively fast photo-generated charge
recombination.
In order to overcome BiVO4 aforementioned shortcomings, we have employed energy efficient
co-precipitation synthesis method followed by thermal treatment to tailor BiVO 4-homojunction,
aiming at improved charge separation within synthetized material. In order to further improve
BiVO4 material properties, it is either coupled into composite form with rGO or surfacedecorated by photodeposition of Ag and/or Fe, aiming at suppression of e-/h+ recombination.
The as-prepared materials were thoroughly analysed for structure, morphological and
semiconducting properties, and applied for solar-driven water treatment of pharmaceuticals
(diclofenac, ciprofloxacin) and single benzene-ring compounds, where in later case their role
as sacrificial agents for hydrogen evolution by water splitting was studied as well.
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Introduction
Co3O4, as a low-cost and easily synthesised catalyst, is a well-studied catalyst with the spinel
structure within which either Co2+ or Co3+ can be substituted with other metal cations to form
mixed metal oxide.1 The catalytic oxidation of 2-propanol is a promising probe reaction to
capture the influence of the composition and the related redox properties of such catalysts.2, 3
By carrying out gas-phase experiments and adding water vapor to the gas feed, some aspects
of liquid-phase conditions can be simulated while keeping the advantages of experimentation
in the gas phase.3, 4

Outline
Co3O4 (Co2+, 2 Co3+, 4 O2-) and the Mg2+ or Al3+ substituted catalysts were synthesised phasepure and with an anisotropic platelet morphology and dominating {111} termination.1 The
activity of these catalysts in the 2-propanol oxidation was investigated via steady-state gasphase experiments. Acetone was the main product for all samples while traces of propene
and CO2 were also observed. Activation energies for 2-propanol increased with Co2+
substitution while Co3+ substitution led to a decrease. When water vapor is also present in the
gas feed, substitution of both Co2+ and Co3+ lead to an increased 2-propanol activation energy.
To investigate the surface reactions, DRIFTS was employed. On the samples with no Co 2+ but
Mg2+, only weak adsorption of 2-propanol could be observed even after 40 min of exposure.
The adsorbed species were also totally desorbed from the surface after 40 min indicative of
weak adsorption. Substitution of Co3+ with Al3+ did not result in the same trend but rather a
slower saturation of the surface and less pronounced desorption. Furthermore, a blue-shift in
the CH3 stretching vibration was observed on the Mg 2+ substituted catalyst. This leads to the
conclusion, that Co2+ is detrimental to the adsorption process of 2-propanol.
MES-DRIFTS experiments further supported these observations, since the phase delay
increased significantly with Co 3+ to Al3+ substitution compared to the other samples.
Furthermore, Co2+ to Mg2+ substitution led to a slight decrease in phase delays. The previously
observed blue-shifted band could also be observed as a shoulder on the samples without Mg 2+
substitution.
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Introduction
Supported vanadia is highly active and selective for a number of selective oxidation reactions,
such as the oxidative dehydrogenation (ODH) of alcohols1 and short alkanes,2 especially the
ODH of propane, which has the potential to be commercialized. We employed a combination
of operando3 and transient4 spectroscopies to ceria and titania supported vanadia catalysts,
highlighting the enormous potential of this approach for a detailed mechanistic understanding.

Results and Discussion
We investigated the reaction mechanism of propane ODH over differently loaded supported
vanadia catalysts (VOx/CeO2, VOx/TiO2) using operando and transient spectroscopies.
Operando UV-Raman and relevant transient IR results of VOx/CeO2 are shown exemplary in
Figure 1. The Raman results clearly show intensity changes of Ce-O surface oxygen and
within the defect region, indicating the reduction of ceria. The reaction therefore seems to be
facilitated by ceria lattice oxygen, highlighting support participation.2 When applying transient
(modulation-excitation, ME) IR spectroscopy, completely new (nuclearity-dependent)
mechanistic information becomes available as only active species are observed.4 In particular,
a vanadyl fine structure due to different vanadia nuclearities is observed, evidencing that
different vanadia species actively participate in the reaction. Based on detailed analysis,
including isotope experiments, we conclude that the V=O bond facilitates hydrogen transfer
from propane to the ceria surface, which is to fast to be observed by static spectroscopy but
is identified here for the first time during alkane oxidation using the ME approach.
For VOx/TiO2 catalysts similar results are obtained, i.e. dynamics in the vanadia structure can
be observed by static operando spectroscopies, indicating V-O-V and V=O participation, while
the hydrogen transfer can again only be observed by transient IR via Ti-OH groups.

Figure 1: Operando UV-Raman (385 nm excitation, left) spectra during oxidizing (blue) and reactive
(red) conditions and transient IR results (right) of the vanadyl region for VOx/CeO2 at 275 °C .

In summary, as illustrated for propane ODH over supported vanadia catalysts, the use of
transient spectroscopy allows to significantly extent the mechanistic insight obtained from
static operando spectroscopies and to identify fast surface processes not detectable by static
methods, thus providing completely new insights into selective oxidation reactions.
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Introduction
The CO oxidation represents an important prototype reaction in heterogeneous catalysis
besides its relevance for applications such as the low-temperature (LT) oxidation in the context
of fuel cells. While the suitability of supported gold catalysts for LT CO oxidation is well known,
the detailed mechanism as well as the nature of the active sites is still hotly debated in the
literature.1 This includes the role of the support (e.g. ceria), which has been demonstrated to
actively participate in the reaction2 and show a facet-dependent catalytic performance3.
In this contribution, the dynamical behaviour of Au/CeO2 catalysts (with a loading of 0.5 wt%
Au) in the LT CO oxidation is discussed. To identify the active sites and unravel the gold and
ceria dynamics we employ transient IR4 and operando IR/Raman/UV-Vis5 analysis, each
combined with DFT calculations. This allows to develop a comprehensive temporally-resolved
picture of the CO oxidation mechanism, which includes the active participation of Au and ceria.

Results and Discussion
While our operando/DFT analysis have provided insight into the nature of the gold active sites
during CO oxidation, i.e. the formation of Olattice–Au+–CO species,1,5 for detailed analysis of the
dynamics we used modulation excitation DRIFTS combined with phase-sensitive detection
(PSD), which selectively extracts those species actively participating in the reaction and gives
insight into the temporal order of the surface processes.4 Combination of PSD spectra with
DFT results provides direct evidence for the activity of dynamically formed Au+ (pseudo-)single
sites, while there is no indication for the involvement of CO adsorbed onto larger clusters or
ceria. On the other hand, the presence of gold is shown to give rise to spill-over/displacement
of CO from gold onto the support. A facet-dependent1,3 analysis combined with DFT reveals
that despite their lower defect formation energy, the (100) and (110) facets in cubes and rods
show less catalytic activity than CeO2(111) due to stable carbonate formation as can be
rationalized by geometric reasons. Regarding the ceria subsurface, the catalytic activity is
shown to be correlated with the ceria reduction state by using quantitative operando
Raman/UV-Vis analysis2, thus highlighting the importance of the subsurface properties beside
the Au/CeO2 catalyst surface.

Conclusion
Our findings highlight the great potential of combined transient/operando and DFT analysis
towards a comprehensive mechanistic understanding of oxidation reactions. As demonstrated
for Au/CeO2 catalysts, CO oxidation proceeds on dynamically formed Au+ sites with direct
ceria participation and shows a dependence on ceria properties extending into the subsurface.
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Introduction
The selectivity of catalysts is crucial to good economic performance. Often selective
oxidation is carried out on oxide surface and in many cases on bi-cationic materials. For
instance, methanol oxidation to formaldehyde is carried out on iron molybdates1, and
propene oxidation and ammoxidation is carried out on bismuth molybdates, iron antimonates
and even more complex oxidic materials2. Such materials often have properties in between
those of the two individual oxides, and often are better than both. Here, we report a simple,
quantitative model to describe the behaviour of bi-cationic oxide catalysts, in terms of
selectivity variation as a function of increased loading of one cation into a sample of the
other.

Outline
We consider its application to a particular catalytic system, namely the selective oxidation of
methanol, which proceeds with three main C1 products, namely CO2, CO, and H2CO. The
product selectivity varies in this order as Mo is added in increasing amounts to an iron oxide
catalyst, and the product selectivity is determined by the distribution of dual sites and single
sites of such species. The model is applied to the iron molybdate system, where
experimentally the variation of products strongly depends on the surface loading of Mo (fig
1a). The model reproduces this behaviour reasonably well (fig 1b) and will be described in
detail in the presentation.

Figure 1. a) left panel; experimental data for the dependence of prodcut yield on amount of Mo in
the iron molybdate catalyst: b) right panel, model using two cationic sites A and B, in this case
representing Fe3+ and Mo6+ respectively, and showing the evolution of single, dual and multiple
ensembles of sites.
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Introduction
The oxidation of o-xylene (oX) to phthalic anhydride (PA) is one of the most important selective
oxidation processes. On industrial scale, VOx/TiO2 catalysts have been used for several
decades in salt-bath cooled multi-tubular reactors. Modern PA catalyst systems, like the
OxyMax® PA catalyst, are applied as series of 4-5 different catalyst layers filled sequentially
into the reactor tubes to cope with the high exothermicity of the reaction and to achieve the
highest possible PA yield up to 83 mol.%. To adjust the catalyst activity and/or to improve its
selectivity, several promoters like alkali ions, antimony, or phosphorus are added. Due to high
reaction rates, such PA catalysts are nowadays produced as so-called egg-shell catalysts,
where the catalytically active material is coated as a thin shell on an inert ceramic carrier ring.
After finishing the reactor start-up and with proceeding the ramp-up to design conditions, the
fresh VOx/TiO2 catalyst experiences the so-called break-in period. Especially, the catalyst
beds closer to the reactor inlet, are already affected by damping and beginning ageing
processes. There are several aging processes described for this catalyst system, sintering of
the TiO2 support, rutilization of the anatase phase, diffusion of active components into TiO2,
and loss of active components through volatile species1-5. As reported in literature, the catalyst
is also damped by o-xylene due to the formation of polyaromatic species (soft and heavy coke)
on the catalyst surface 1,6. The catalyst damping by oX due to this coke formation on the
catalyst surface is the dominating deactivating process during the first months of operation
and is crucial for designing the catalyst activity. These different processes leading to loss of
catalyst activity, especially under industrial conditions, however, are still not fully understood
despite many decades of research and development and the question arises which damping
process is especially responsible for the observed break-in period directly after ramp-up to full
plant operation conditions.

Outline
The contribution will demonstrate how modern, commercial PA catalysts are affected by this
damping process due to the o-Xylene feed. The catalyst damping process was investigated
under industrial conditions in a pilot reactor equipped with sampling ports along the catalyst
bed. A model could be derived for this deactivation process perfectly simulating the catalyst
damping during the so-called break-in period, i.e. the first weeks of operation. Used catalyst
samples were characterized in detail by X-ray diffraction (XRD), N2 adsorption, combustion
analysis, and X-ray photoelectron spectroscopy (XPS) to deepen the understanding of the
observed damping phenomena.
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Introduction
In the modern endeavour for sustainability and process intensification in the chemical industry,
selective oxidations of hydrocarbons constitute a key challenge. In this regard, nitrous oxide,
N2O, a mono-oxygen donor, offers an effective solution, unlocking the path towards more
efficient and direct manufacture of an array of bulk chemicals, such as cyclohexanone and
phenol.1 However, its high cost, stemming from the conventional production route via
ammonium nitrate decomposition, precludes industrial implementation. Accordingly, direct
ammonia, NH3, oxidation to N2O, a more facile and economical process, represents an
attractive alternative but requires the development of a suitable catalytic system.

Outline
Herein, we report ceria-supported metal catalysts to be highly active in NH3 oxidation to N2O.
Namely, Au nanoparticles (2-3 nm) and well-dispersed MnOx phase deposited on CeO2 far
surpass the state-of-the-art Mn-Bi-O/-Al2O3 in terms of activity and selectivity (Figure 1a).
The oxygen storage capacity of the support is identified as the key performance descriptor
(Figure 1b). Thus, the superior performance of these catalysts is attributed to the ability of
CeO2 to reversibly generate oxygen vacancies, acting as a mediator of oxygen supply for the
reaction.2 This also has a profound impact on stability, with Mn/CeO2 exhibiting no deactivation
over 60 hours on stream, an unprecedented result for a transition metal-based system, which
typically suffer from over-reduction of the active phase (Figure 1c). These findings establish
NH3 oxidation as a viable technology for N2O manufacture and facilitate its broader utilization.

Figure 1a Catalytic performance of selected NH3 oxidation catalysts. b Oxygen storage capacity (OSC)
as the performance descriptor in NH3 oxidation to N2O. c Stability test of selected catalysts.
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Introduction
Utilization of sustainable resources as building blocks for chemicals or as energy platforms will
be the basis of future economy and lifestyle. Acetaldehyde, can be produced from bio-ethanol,
as a green chemistry alternative to the petroleum-based Wacker process. There are two
routes, either by oxidative or non-oxidative dehydrogenation of ethanol [1]. Only few studies
have been reported on the non-oxidative dehydrogenation of ethanol to acetaldehyde so far,
and in those, Cu-based catalysts were successfully used. However, acetaldehyde selectivity
was typically limited due to the formation of side products, such as ethyl acetate, 1-butanol
and 2-butanone, as well as short life-time of the catalyst caused mostly by the agglomeration
of copper nanoparticles.

Outline
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20
60
copper particles. For this purpose selfsupported ordered mesoporous zirconia was
0
50
Cu/ZrO2-s Cu/ZrO2-k Cu/ZrO2-t Cu/ZrO2-m
synthesized via hard templating using SBA13 vol% H for reduction
65 vol% H for reduction
15-OH and KIT-6-OH. After removing the
templates, these materials were used as Figure 1. Conversion of ethanol and selectivity
support and Cu was impregnated on them. towards acetaldehyde. Reaction in a fixed-bed
Furthermore, for comparison, commercial tubular reactor at 250 °C and 1 atm, with 6 vol%
zirconia with two different structures was also EtOH in N2.
used as support materials.The performance of the catalysts was evaluated in a continuous
flow, fixed-bed tubular reactor at 250 °C. As shown in Figure 1, the catalysts supported on
zirconia templated from SBA-15-OH (Cu/ZrO2-s) and KIT-6-OH (Cu/ZrO2-k) revealed superior
catalytic activity compared to the catalysts supported on commercial zirconia (Cu/ZrO2-t and
Cu/ZrO2-m) materials. Furthermore, surface characteristic and the strong active metal support
interaction suppressed side reactions and thus highly increased the selectivity toward
acetaldehyde, while maintaining the activity for longer reaction times. High surface area, and
the surface acidity were found as properties affecting the resulting activity [3].
2

2
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Introduction
Gas-liquid-solid (G-L-S) multiphase reactions are ubiquitous in catalytic processes. Typical
G-L-S reactors suffer from low gas solubility in liquids and mass transfer resistances of the
gas to the catalyst surface.1 As a way out, we designed novel G-L-S microreactors based on
particle-stabilized non-aqueous foams and bubbles with enhanced triphasic contact for the
aerobic oxidation of aromatic and aliphatic alcohols.2 The catalytic performance was strongly
affected by the foaming properties, with 7-10 times activity increase compared to nonfoam
systems, and allowed operation at atmospheric pressure. As main drawback, a solvent could
not be cast-off due to the poor foamability of pure alcohols in air/O2.
Herein, we designed a dual particle system with high foamability in a broad range of pure
liquids, and engineered efficient G-L-S microreactors for the aerobic oxidation of alcohols.3

Outline
The dual particle system combines surfaceactive
oleophobic
(fluorinated)
silica
particles incorporating Pd nanoparticles,
used as stabilizer and catalyst, and novel
fluorinated anisotropic polyhedral oligomeric
silsesquioxanes (POSSs) with surfactantlike behaviour, used as frothers (Fig 1). Both
1. O2/alcohol foams stabilized by fluorinated silica parthe foamability and foam stability in aromatic Fig
ticles incorporating Pd nanoparticles combined with POSS
for aerobic alcohol oxidation of alcohols at 1 bar O2.
liquids was promoted in the presence of a
low concentration of POSS, favoring the
dispersion of catalytic organosilica particles driven by the interaction between the fluorinated
chains of organosilica and POSS particles. As a result, the catalytic activity was drastically
enhanced in the presence of POSS with 9-time increase of the benzaldehyde yield in the
oxidation of pure benzyl alcohol under only 1 bar O2 pressure compared to catalytic tests
without POSS. Intermediate foam stability, affording high gas exchange rate, was required to
achieve high catalytic activity. Particles were conveniently recycled with high foamability and
the catalytic efficiency was maintained for at least 7 consecutive runs. The dual particle
catalytic system was successfully applied to a scope of aromatic alcohols, demonstrating the
versatility of our approach.

References
1. P. Trambouze, J. P. Euzen, Chemical Reactors: From Design to Operation, Ed. Technip, Paris, (2004).
2. S. Zhang, D. Dedovets, A. Feng, K. Wang and M. Pera-Titus, J. Am. Chem. Soc., 144, 1729-1738, (2022).
3. S. Zhang, D. Dedovets and M. Pera-Titus, J. Mater. Chem. A, 10, 9997-10003, (2022).

Designing magnetocatalysts to externally manipulate selectivity
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Magnetism offers the opportunity to ‘switch’ catalysts from one selectivity path to
another. Here we describe design concepts and the development of magnetocatalytic materials focussed on realising this concept. Early attempts at magnetocatalysic effects generally concerned affecting activity, for which the effect was
usually small. However, we know that selectivity is often determined by more subtle
changes in activation energies than is overall activity.
Here we address the oxidation of methanol, and utilise core-shell synthesis to make
magnetic materials. The core in this case is cobalt ferrite (CoFe 2O4). However, this
material has a rather high Curie temperature of 500 °C, and so it is important to
manipulate this to be in the region of temperature at which catalytic conversion on
the catalytically active shell of MoOx is increasing (250-300 °C). This has been
achieved by appropriate dosing with Zn, as shown in fig. 1. Zn has the effect of
reducing the Curie temperature by over 200 °C, while retaining the original structure
by substitution for Co.
After this a shell of MoOx is dosed by incipient wetness impregnation and careful
calcination to yield a methanol oxidation catalyst which produces a variety of
products, including formaldehyde, CO and CO2, the selectivities depending strongly
on temperature. The structure of these materials and the effect of the application of a
magnetic field on their selectivity during catalysis is reported.

Figure 1. The dependence of magnetic susceptibility upon Zn doping level for
catalysts calcined at 500 °C.
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Introduction
Biomass is now considered as a sustainable carbon source to produce chemicals. Ethanol –
produced by fermentation of lignocellulosic biomass – is a primary platform chemical1. One of
the most important chemicals that can be obtained via the intermediate oxidation of bioethanol
is acetaldehyde, that allows producing several other important organics. Developing highly
active, selective, and stable heterogeneous catalysts for this controlled oxidation reaction is
the key to industrialization. Copper-based formulations such as Cu-ZnO-Al2O3, Cu-MgAl2O4,
Cu-SiO2, Cu-Al2O3 have been widely investigated in literature3-4. These studies showed a
strong impact of the preparation procedure on catalyst performances and stability. In
particular, it is crucial to precisely control the active site speciation and support texture. This
prompted us to study the potential of the aerosol-assisted sol-gel process (AASG)5 for the
preparation of more efficient ethanol dehydrogenation catalysts.

Outline
AASG was used for the first time to prepare Cu-SiO2 catalysts for (bio)ethanol
dehydrogenation. We show that the method – based on the atomization and fast processing
of a sol-gel precursors solution – allows the one-step and continuous production of
mesoporous Cu-SiO2 catalysts (SSA = 400-500 m²/g; VP = 0.6-0.7 cm³/g; DP = 6-9 nm) while
also controlling active site dispersion. The Cu loading was in the 2-9.1 wt.% range. Using
conventional impregnated Cu/SiO2 catalysts as benchmark, we demonstrate the superior
performance of AASG-made catalysts, reaching up to 76% acetaldehyde yield with selectivity
higher than 95% (already at 573 K). A deep characterization survey (physisorption, XRD, XPS,
IR, STEM-EDX, TGA-MS) unambiguously showed that the latter catalysts feature higher
dispersion of the active phase in the form of small Cu nanoparticles (10 nm) and much more
effective resistance to Cu coalescence. The moderate deactivation on stream, mainly due to
carbonaceous species deposition, could be easily overcome with a mild oxidative heat
treatment.
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Introduction
Bimetallic nanoparticle catalysts show a synergy in activity when compared to their
monoatomic counterparts and are used ubiquitously in heterogeneous catalysis, with
thousands of articles published in the last two decades. The interaction between the
two metals in a bimetallic nanoparticle often confers improved performances
(activity, selectivity and/or stability) in the bimetallic nanoparticles compared to their
monometallic counterparts.1 Bimetallic catalysts are utilized in applications in various
industrially relevant fields such as energy (i.e., MoW or CoNi for the
hydrodesulfurization of hydrocarbon fuels),2 transport (i.e., PtRh in catalytic
converters)3 or environment (i.e., for AuPd for water disinfection).4 Recently,
significant attention has been given to AuPd-supported catalysts for the direct
synthesis of hydrogen peroxide from molecular oxygen and hydrogen. 5 The nature of
the reducing agent influences the size of the nanoparticles: typically the stronger the
reductant, the smaller the nanoparticles. As most catalytic reactions are sizedependant, for a given catalytic application an appropriate reducing agent capable of
producing supported nanoparticles of the required size should be used. This follows
through the choice of surfactant, volume of acid added, support used, temperature of
reaction. However, many studies select preparation conditions arbitrarily, overlooking
the chemistry taking place during the preparation.
Outline
We show that parameters for the preparation of supported metal nanoparticles via a
sol-immobilisation method should be carefully considered before an experimental
regimen is followed. Specifically, the addition of acid should be tailored to the support-
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(Au, Pd) Immobilized Fraction (%)

stabilizer combination and the final application of the catalyst. We found that adding
acid to the sol modifies the electrostatic interactions between PAA-stabilized AuPd
nanoparticles and carbon-based supports, leading to an increased metal
immobilisation fraction. Moreover, the acid addition favours the formation of small Aurich nanoparticles on said supports, increasing the final metal dispersion. In
combination, these two effects lead to significantly increased catalytic activity. We
demonstrate this approach for PAA-stabilized bimetallic AuPd nanoparticles
supported on two different carbons and extend it to a series of stabilizers. The
influence of the preparation parameters on the performances of our catalysts has been
evaluated towards the direct synthesis of hydrogen peroxide from molecular hydrogen
and oxygen, and its subsequent degradation. We foresee this approach to be relevant
for the preparation of enhanced catalysts designed for many applications requiring
supported bimetallic nanoparticles.
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Introduction
Monolith honeycombs are very convenient catalyst supports for various industrial processes,
especially environmental applications, for which high gas throughput and low-pressure drop
is required1. High thermal stability, high mechanical strength, low-pressure drop, and better
mass transfer are some of the outstanding properties of monolith substrates compared to the
conventional heterogeneous catalysts such as pellets, tablets or powders1. Despite their
advantages, production of monolithic catalysts is rather challenging due to the low surface
area of honeycombs. Therefore, coating with high surface area materials is essential which is
commonly followed by impregnation with the active material.
In literature, usually powder catalysts synthesized via complex routes are employed for
environmental applications such as CO or C3H8 oxidation exhibiting high catalytic activities
when highly pure reactant gases are used2-4. However, industrial plants are operated under
severe reaction conditions including poisons in the flue gas such as high levels of water vapor,
hydrocarbons and SO2. Thus, an industrial catalyst possessing a certain geometric shape,
must withstand a wide range of harsh operating conditions. In this regard, noble metal
catalysts such as Pt, Pd, Ru, etc. supported on high surface area promoters are promising for
the catalytic total oxidation of C3H8 and CO. This is due to their high activity at low
temperatures, which is challenging due to the robustness of C-H bonds in methyl groups5. In
this project, we developed a highly stable ZrO2 washcoat which was used as a support for
monolithic Pt catalysts employed for the total oxidation of C3H8 and CO.

Outline
Herein, we present the preparation and the catalytic performance of a monolithic Pt catalyst
supported on a high surface area ZrO2. Our systematic experiments show that the stability
and reproducibility of ZrO2 washcoat depend merely on the crystallinity of ZrO2. The crystalline
washcoat possessed a prolonged shelf-life. The catalyst was prepared via incipient wetness
impregnation of the washcoated ceramic substrates. The samples exhibited superior
mechanical strength both on lab and production scale thanks to the highly stable washcoat
layer coated on the substrates. The catalysed honeycombs were calcined prior to the catalytic
tests in a fixed bed reactor. More than 90% C3H8 conversion could be achieved below 500 °C,
while full CO conversion was achieved below 150 °C in the presence of water vapor. The
product was installed in an off-gas plant in 2020 and long-term stability of the catalyst is being
tracked.

References
1. S. Govender and H. B. Friedrich, Catalysts, 7, 2017, 62.
2. M. Li et al., Cat. Today, 201, 2013, 19-24.
3. M. Li et al., Cat. Today, 242, 2015, 322-328.
4. J. Dong et al., J. Catalysis, 407, 2022, 174-185.
5. W. -M. Liao et al., Appl. Cat. A, 2020, 117337.

9th World Congress on Oxidation Catalysis: Oxidation for a Sustainable Future and Clean Environment
Cardiff, September 4-8th 2022.

Direct valorization of recycled precious metals as heterogeneous
catalysts for toluene total oxidation
M. Martin Romo y Morales,*a,b D. Bourgeois, a H. Kaper b and J. Maynadié a
a) Marcoule Institute for Separation Chemistry (ICSM), CEA, CNRS, ENSCM, University of
Montpellier, Marcoule, France.
b) Ceramics Synthesis and Functionalisation Laboratory (LSFC), CNRS, Saint-Gobain Research
Provence, Cavaillon, France.
* michael.martinRomoyMorales@saint-gobain.com

Introduction
The development of a modern economy is based on an optimal use of natural resources, and
thus on recycling. The recovery of precious metals from electrical and electronic equipment
waste (WEEE) represents an attractive way to manage their increasingly low abundance.
However, the exploitation of WEEE remains limited, mainly because of the high variability and
complexity of waste flows. In parallel, the demand for precious metals for chemical
applications is increasing, due to their performance in catalysis. Our laboratory is addressing
the development of innovative short economic circuits of precious metals with the direct use
in catalysis of precious metals recovered from WEEE.1 Supported precious metals (Au, Pd,
Pt, etc.) present high catalytic performance in a wide range of oxidation reactions.2 The
challenge of this project is to prepare oxide supported Pd-based catalysts, with a minimum of
purification steps, simplifying the existing recycling processes. The multi-metallic catalysts
thus obtained are evaluated for total oxidation of toluene as a model reaction.

Outline
Leaching solutions of waste electronic components containing Pd and Ag have been used to
prepare Pd or Pd-Ag supported catalysts on y-Al2O3 or CeO2 by wet impregnation. The direct
use of the leachate as an impregnation medium leads to two main problems: one is that
lixiviation solutions are strongly acidic and can partially dissolve the support during
impregnation, the other is that other metals than Pd and Ag are present in the waste and
therefore as impurities (Ba, Ti, Bi, Pb) in the impregnation medium. Using directly the leachate
for impregnation leads to poor catalytic performance compared to references catalysts
(1%Pd/y-Al2O3 and 1%Pd/CeO2). Thus, different catalysts preparation strategies have been
developed to overcome these two issues, including basification, selective precipitation of
major impurities and selective extraction of precious metals in an organic phase, used
subsequently as an impregnation medium. For comparison purpose and rationalization of the
observed results, model Pd or bimetallic Pd-Ag based catalysts with or without metallic
impurities supported on CeO2 and y-Al2O3 have been prepared, characterized (TEM, H2 TPR,
TPD, ATG-MS, phys-N2) and evaluated for the total oxidation of toluene.
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Introduction
In oxidation catalysis, the nature of the involved surface oxygen species plays a central role
over the overall catalytic process, in particular on the selectivity. Surface oxygen species are
indeed described as being either “nucleophilic” (O2-) or “electrophilic” (O2-, O-, and O22-); and
for instance, the former species are generally related to partial oxidation reactions, whereas
the latter ones predominantly lead to total oxidation processes.1 Usually, more than one of
these oxygen species are found simultaneously at the catalyst surface during an oxidation
reaction. In the present study, we aim to explore a way to control the catalytic activity and
product distributions (selectivity) in the propane oxidation reaction by regulating the relative
distribution of the oxygenated species located at the superficial cages of mayenite
(Ca12Al14O33 hereafter C12A7). C12A7 presents a peculiar crystal structure featured by a
positively charged framework [Ca12Al28O64]4+ and capable of hosting several different
oxygenated species (O2-, O-, O22-, and OH-) as counter-anions.2,3

Outline
This work presents new relevant insights into the preparation of porous C12A7 and the
modulation of the oxygen species distribution in C12A7. The results and detailed information
provided in this study will meaningfully contribute to a better understanding of the relationship
between the nature and relative abundance of the C12A7 oxygen species with the catalytic
performance in an oxidation reaction. Herein, we have prepared porous, and non-porous
C12A7 (hereafter pC12A7 and npC12A7) samples via two preparation strategies based on
the solution combustion synthesis.4 To regulate the population distribution of the oxygen
species inside C12A7 several parameters were varied: calcination temperature, atmosphere
composition, gas/solid contact mode, and the gas flow rate. The nature and the relative
abundance of the oxygen species were determined by Raman, UV-vis DRS, and EPR. The
catalytic performances (activity and selectivity) in the propane oxidation were evaluated using
a gas phase fixed bed reactor system equipped with an online gas chromatogram by
continuously sampling the reactor exhaust gas stream. Among the different studied conditions,
the calcination at high temperatures (800-900°C) under pure oxygen stream employing either
a crossflow configuration or high flow rates showed to be crucial in the dehydroxylation of
C12A7 (elimination of OH- inside the cages), promoting the formation of the electrophilic
oxygen species (O2- and O-). On the contrary, the formation of O2- (nucleophilic) was
successfully achieved by calcining C12A7 containing electrophilic oxygen species above
600°C under inert gas (Ar). Moreover, the rise in relative concentration of electrophilic oxygen
species boosted the initial rate of propane oxidation at lower temperatures (400-500°C).
Nevertheless, the temperature at which C3H8 is completely oxidized remained unchanged.
Finally, we foresee than the control over the nature of the oxygen species can be managed to
impact the product distributions under specific conditions.
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Introduction
With a world production of more than 2.75 million tons of maleic anhydride (MA) in 2018[1]
and an expected growth rate of 6.7 % until 2025,[2] MA represents one of the key intermediates
in chemical industry. Since the 1970’s, the ternary vanadium phosphorous oxide (VPO)
system is well known for its catalytic activity in the partial oxidation of n-butane to MA.
However, despite this high economic importance, and approx. 50 years of research, a clear
picture of the atomistic details of both the reaction mechanism and the respective active
catalyst surface is still lacking. Part of the problem is the inherent complexity and chemical
flexibility of the V-P-O system that makes a comparison of VPO catalysts of different origins
extremely challenging.

Outline
Here, we report a multi-method approach with complementary techniques (XPS, FTIR,
SEM, XRD, TG-MS) to identify and analyse active centres for the activation of n-butane on
the VPO catalyst surface. Treatment of the VPO surface with a phosphate containing species
is known to reversibly reduce the catalyst’s activity.[3] This is industrially used to adjust the
activity of the catalyst bed in the process by co-dosing e.g. trimethyl phosphate (TMP) at a
ppmv level to the feed stream. Because already such a low amount of P-species decisively
impacts the catalyst performance, the P-species must directly interact with the active centres
on the surface. This fact is exploited in our study by selectively poisoning a state-of-the-art
industrial VPO catalyst (SynDane®) with P to achieve differently active but otherwise identical
samples. Kinetic measurements done after complete catalyst equilibration confirms that such
a P-treatment leads to a reduction of the active centres for the n-butane activation without
changing the reaction barrier. At higher P-dosing, the appearance of a highly active but
unselective surface state is detected. Via an analytical multi-method approach, this state of
the catalyst is related to the appearance of β-VO(PO3)2. FTIR measurements with CO as probe
molecule on all the differently P-doped VPO catalysts reveal several surface adsorption sites.
Deconvolution of the IR dataset and quantitative comparison with the P surface concentration
and the kinetic data identifies two CO adsorption species being directly correlated with the
active sites for n-butane activation! A deeper analysis of the FTIR spectra allows first
speculations about the number and chemical nature of these sites responsible for n-butane
activation on the VPO surface.
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Introduction
Zeolitic titanium silicalite-1 (TS-1) catalysts are used industrially for the efficient synthesis of
propylene oxide (PO), which is mainly used for the synthesis of polyurethanes and propylene
glycol. The process is the first large scale liquid phase oxidation process using hydrogen
peroxide as the oxidant.1 For decades, it has been generally assumed that the active species
is an isolated tetrahedrally coordinated Ti site that substitutes a small fraction of Si atoms
within the zeolitic framework.2 However, it has been recently shown by 17O solid-state nuclear
magnetic resonance (NMR) spectroscopy that the industrially applied TS-1 catalysts exposed
to H2O2 are also composed of titania dimers.3

Outline
In this contribution, we aim to specify and localize the active titania component, focusing on a
detailed analysis of a laboratory-prepared TS-1 sample series with variable Ti content. The
structural properties and catalytic results are compared with industrial reference catalysts. Our
results are based on a comparative evaluation of data from X-ray absorption spectroscopy
(XANES, Ti K-edge), which provides information on the amount of tetrahedrally coordinated
Ti sites, and 17O solid-state NMR spectroscopy, which is capable of quantifying the dimeric
species. Comparing the number of [4]Ti species with the number of dimers we found a value
that is close to 1.5, which is lower than the expected value of 2. This would indicate a higher
connectivity of the Ti centers. This observation is also confirmed by in situ ultraviolet and
visible light (UV-Vis) spectroscopy in the presence of propylene, which can be tentatively
interpreted in the same way. In addition, a combination of X-ray transmission microscopy
(TXM), electron energy loss spectroscopy (EELS), and local phonon spectroscopy indicates
the presence of small Ti units on the outer surface of the zeolite of the most selective sample.
These Ti constituents are interrupted by surface steps. In summary, this study shows that in
addition to the established reaction mechanism based on isolated tetrahedrally coordinated Ti
sites in the zeolitic framework, nanoscale multinary TiOx species associated with or supported
by the zeolitic framework should be also considered to describe the catalytic performance of
TS-1 catalysts.
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Introduction
Bioethanol production has been promoted by strong political and societal incentives. In
parallel, butadiene is one of the compounds that is expected to suffer future shortage due to
the shift towards shale gas from the traditional steam cracking of naphtha. Therefore, intensive
research is currently conducted towards the catalytic conversion of ethanol to butadiene. The
reaction consists of a complex network of dehydrogenation (selective oxidation), condensation
and dehydration reactions catalysed respectively by redox and acid active sites that must
operate in a controlled and balanced fashion to maximize the butadiene yield.1 In the highly
versatile toolbox of sol-gel chemistry, non-hydrolytic sol-gel (NHSG) is particularly effective to
synthesize mesostructured materials with tailored properties (texture, homogeneity, surface
chemistry) and has already shown its potential to obtain such catalysts.2-4

Outline
Here, NHSG was used to prepare bifunctional Ta-Cu-SiO2 catalysts via the acetamide
elimination route (“Ac”) and compare them with similar compositions obtained through the
ether route (“Et”). Both pathways yielded mesoporous materials (SSA≈600 m2 g–1;
Vp≈0.1 mL g–1; Dp≈4.0 nm for the acetamide elimination route, SSA≈700 m2 g–1;
Vp≈0.1 mL g–1; Dp≈7.0 nm for the ether route). IR spectroscopy and XPS pointed to a
successful Ta incorporation inside the silica matrix. For a given catalyst composition, the
butadiene yield is systematically better with the catalysts obtained through the acetamide
elimination route (Figure 1A). After optimization of the Cu and Ta loadings to notably maximize
the selectivity of the oxidation step, the best formulation (Ac-2Ta4Cu) reached an ethanol
conversion of 75 % and a butadiene yield of 36 %. The overperformance of the acetamide
route is attributed to a better active sites dispersion, availability and proximity, as shown in
STEM-EDS images (Figure 1), as well as XPS and IR. Cu nanoparticles are closer to more
available Ta isolated sites, allowing for the long reaction mechanism to take place in a
facilitated way and limiting unwanted by-products like ethylene.
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Introduction
In the aim of obtaining greener and cheaper oxidation catalysts, glidarc plasma (GP) appears
as a promising new method of synthesis. The radicals generated in the GP can induce the
precipitation of the corresponding (hydr)oxides of the metal precursor solutions exposed to
the discharge (Fig.1). This method has already proved efficient for the synthesis of e.g. TiO2,
SnO2, MnO2, FeOx (photo)catalysts1,2. For some of them, application of a post-discharge (PD)
during the synthesis induces new properties to the solids (higher specific surface area, better
catalytic activity, …). We here report on our understanding of the mechanism underlying the
PD step, with the objective to afterwards optimize the GP synthesis method. We demonstrate
that this GP method allows the synthesis of oxides with useful properties for catalytic oxidation
reactions such as a.o. the degradation of air pollutants, precisely of benzene.

Figure 1: (a) Glidarc plasma reactor (b) PD step (c) Results

Outline
Was first explored the effect of the PD on solids undergoing this treatment (SnO2, FeOx).
Overall, PD can increase the activity of the catalysts by increasing their specific surface area
and/or by decreasing the amount of “contaminating” phases (metal sulfate) in favor of only the
metal oxide phase of catalytic interest (Fig.1). Then, after finding out that the PD has purely a
thermal effect, we suggested an optimization of the plasma precipitation procedure. Precisely,
whereas classically, a precursor solution is cooled when exposed to the GP discharge (Fig.1),
we recreated the thermal effect of the PD by not cooling the precursor solution during the
exposure. Early results show that, in these conditions, it is possible to obtain similar effect as
the PD (Fig.1). This suggests that, for some precursors, it is possible to recreate the positive
PD effect in another way, which makes the method easier and faster.
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Introduction
Titanosilicates (Ti-SiO2) are well-known catalysts for the epoxidation of olefins which is an
important reaction in the fine and bulk chemical industry. Isolated Ti inserted in the silica
framework in tetrahedral coordination are the active species for epoxidation.1 Recently, tuning
the hydrophobic/hydrophilic balance of such catalyst surface has appeared as a promising
tool to further boost their performance,2-5 leading to greener epoxidation processes. However,
tuning the hydrophobic/hydrophilic balance via a one-pot sol-gel generally led to a decrease
of Ti dispersion and/or collapse of the pore network. To tackle this limitation, hydrophobic
mesoporous Ti-SiO2 were here prepared by aerosol-assisted one-pot sol-gel, which allowed
the simultaneous control of Ti dispersion, degree of methyl-functionalization, and textural
properties.

Outline
Methyl-functionalization was achieved by a partial substitution of tetraethoxy silane (TEOS)
by methyltriethoxy silane (MTES) in different ratios. Titanium butoxide (TiBut) was used as Ti
precursor to reach nominal Ti molar ratios (Ti/(Si+Ti)) of 0.020 and 0.025. The precursor
solution was atomized, and the collected powder was aged and calcined at 623 K. Solid-State
29
Si-NMR, FTIR, TGA and vapor-phase water adsorption showed that methyl moieties were
effectively incorporated, conferring a hydrophobic character to the Ti-SiO2 catalysts. Our TiSiO2 catalysts exhibited three effective degrees of methyl-functionalization: 3%, 9%, and 14%,
which were compared to a pristine Ti-SiO2 as a reference. ICP-AES, DRUV, XPS, and N2
physisorption demonstrated that Ti dispersion and textural properties were both successfully
preserved upon the incorporation of the methyl moieties. Hydrophobic Ti-SiO2 showed higher
catalytic performance in the epoxidation of cyclooctene with tert-butyl hydroperoxide than the
pristine analogous prepared without MTES. In addition to isolating the positive effect of
hydrophobization of Ti-SiO2 on their catalytic performance, this work demonstrates that the
aerosol route is more advantageous than the conventional sol-gel route to prepare
functionalized mesoporous Ti-SiO2 catalysts with highly dispersed active sites.
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Introduction
The growth and rate of increase in greenhouse gas emissions represents a serious
environmental challenge, particularly with respect to methane which is over 20 times
more potent than CO21. Methane emissions are typically oxidised to reduce the
greenhouse potential, however there are several sources where the methane
concentration is too low for combustion (<1%), such as exhaust from natural gas
combustion engines and ventilation air methane. Catalytic combustion offers a
potential technology for processing lean methane streams, however the stability of
catalysts for long-term applications is a significant obstacle for the commercial
adoption of technology, with formation of surface carbonaceous species often
overlooked owing to the excess oxygen in the reactant stream.
Outline
1720
As
typical
reaction
conditions
are
characterized by a stoichiometric excess of
oxygen, the formation of carbon is not
1467
1357
expected, however the formation of
1417
carbonaceous surface species has been
observed. Carbon XANES was performed to
compare the presence of carbonaceous
species on fresh and used catalysts as seen
in Figure 1, with peaks attributable to
carbonaceous surface species evident on the
used catalyst. There is a significant difference
in the intensity of the peak at 288.6 eV, which
is attributed to a carbonyl resonance2. There Figure 1. in situ IR difference spectra of
were also three small peaks which evolved used catalyst before (D1) and after
under reaction conditions at 290.3, 297.3 and heating (D2).
299.7 eV, which are attributed to palladium carbonate species 2.
The differences between fresh and used catalyst after heating under vacuum was
investigated with in situ FTIR spectroscopy. An initial spectrum of the catalyst wafer
(both fresh and used) was taken before being heated to 550 oC under vacuum.
Additional peaks observed on the used catalyst disappeared under heating, identified
at 1357, 1417, 1467 and 1720 cm-1. These peaks have been attributable to
carbonaceous species, including free carbonate species (1417 cm -1), monodentate
carbonate (1357 and 1467 cm-1) and carbonyl (1720 cm-1)3,4
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Introduction
The world is facing a unique challenge regarding climate change: the search for cleaner
technologies and, in the meantime, more efficient mitigation of environmental pollutants.
Particulate matter (PM) and volatile organic compounds (VOCs) fall in this category, and they
pose a serious threat for living beings and global warming [1]. Soot is mostly emitted from
diesel engine exhaust gases and was chosen as a representative PM for this study [2]. On the
other hand, benzene was selected, as an aromatic type of VOC. The aim of this work is to
create fibrous catalysts that can abate both pollutants mentioned.
One topic that has been of relevance in recent years is the use of biotemplates as a starting
point for the synthesis of heterogeneous catalysts [3]. Mother Nature provides us with very
sophisticated morphologies that can be retained when the template is removed [4]. This
biomorphic method does not require endless steps of preparation nor solvents, it is
economical, environmentally friendly and waste free.

Outline
Cotton was utilised as biotemplate to create micro-sized catalytic fibers. First, pure CeO2 and
Co3O4 fibers were synthesized, followed by wet impregnation of active elements (Mn, Co, Ce)
in different quantities (5 wt.% and 12 wt.%). The catalysts were tested in the reactions of soot
combustion (TPO) and benzene total oxidation. The T50 (°C) obtained for both reactions are
summarized in Table 1. The bests values obtained are highlighted in bold for both set of
catalysts. Characterization techniques such as ICP, XRD, ATR, BET, LRS and SEM, were
employed to correlate physico-chemical properties with catalytic activity.
Catalysts
Fib Ce
Fib Ce-5Mn
Fib Ce-12Mn
Fib Ce-5Co
Fib Ce-12Co
Fib Co
Fib Co-5Mn
Fib Co-12Mn
Fib Co-5Ce
Fib Co-12Ce

T50 (°C)
Soot combustion
440
469
442
447
424
493
506
498
472
455

Benzene total oxidation
383
297
236
294
280
323
326
400
375
385

Table 1 – Catalytic evaluation: T50 (°C) values for soot combustion and benzene total oxidation.
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Abstract
The applications of green chemistry and industrial bioprocessing are becoming more and more
compulsory to find solutions for climate change, global warming, circular bioeconomy,
sustainable development goals and energy security and supply of raw materials.
Lignocellulosic biomass is one of the potential raw materials for producing chemicals to get
rid of petroleum derivatives. In recent years, there has been a growing emphasis on the
development of conversion technologies for these bio-based products. These conversion
methods are considered as a remedial approach to developing a source of chemicals in a
sustainable, clean and green way. Nevertheless, are these conversion methods sustainable
and clean? In fact, most of these methods are catalyzed by metals (ruthenium, cobalt, titanium,
platinum ...) which have been listed as critical minerals.1 Moreover, these methods suffer from
the high cost, deactivation and leakage problems and the release of toxic wastes. While
catalysis is one of the 12 principles of green chemistry, metal-catalysis may be presented as
a limitation. In this communication we will present our work on the substitution of metal
catalysts commonly used for the selective oxidation of biobased furan derivatives, by low cost
metal catalyst, metal-free catalysts or methods without catalyst.2,3 These innovative processes
demonstrate that it is possible to get rid of rare and expensive metal catalysts by cheap and
recyclable organic catalysts. The products obtained are difunctionalized molecules of interest
with a strong potential for new markets or are commodity products that can replace their
petroleum-based origin, such as diformylfuran, succinic acid or maleic acid.
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Introduction
Selective oxidation of propylene to acrolein and isobutene to methacrolein are established
reactions in chemical industry, leading to a variety of valuable chemical products (e.g.
Methionine, MMA). Industrial catalysts for these reactions are commonly based on Bi-Mo-CoFe oxides, but the precise mechanisms taking place during such catalytic processes are still
strongly discussed.1,2 Catalysis research commonly focuses on revealing structure-activity
relationships by performing reactor in- and outlet measurements, analysing the structure
within the whole reactor.3,4 However, a detailed understanding of all processes in a fixed bed
reactor requires knowledge of local gas phase concentrations, temperature and structural
evolution along the reactor. Such spatially-resolved studies can provide further insights on
reaction kinetics and mechanisms.5 Here, we investigated selective oxidation of light olefins
over Bi-Mo-Co-Fe-oxide catalysts by: i) integral synchrotron-radiation based operando
experiments ii) spatially-resolved experiments with a compact profile reactor.

Outline
Bi-Mo-Co-Fe-O catalysts were prepared with one-step flame
spray pyrolysis and tested for several days on stream to obtain
integral catalytic performance data. In contrast to single or
binary metal oxides, 4-component systems showed superior
catalytic performance in light olefin oxidation. However, the 4component system contains a more complex mixture of metal
oxide phases, closer to the industrial catalysts.3,4 Hence, more
insight into the interplay of phases is needed and operando
synchrotron experiments (XAS, XRD) were conducted to Figure 1: Structural evolution of
unravel structural changes during catalysis (cf. Fig. 1). Varying Bi1Mo12Fe3Co8Ox derived from
XRD during isobutene oxidation.
the Co and Fe content, we observed a pronounced influence
of the different crystalline and amorphous phases on catalyst
performance, including selectivity during propylene and
isobutene oxidation towards acrolein and methacrolein,
respectively. Using a combined approach in one compact
profile reactor by REACNOSTICS GmbH, we performed
spatially-resolved characterization (XAS, XRD, Raman
spectroscopy) with (simultaneous) spatially-resolved activity
and temperature profiles (cf. Fig. 2). This combination of Figure 2: Conversion, selectivity
integral and spatially-resolved studies on Bi-Mo-Co-Fe-oxides and T-profiles along the catalyst
differing in activity/selectivity for olefin oxidation provided new bed during olefin oxidation.
insights into the role and interplay of metal oxide phases in complex 4-component systems.
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Introduction
Nb-doped NiO catalysts have shown to be highly selective to ethylene during the oxidative
dehydrogenation (ODH) of ethane [1], with a similar performance than Sn-doped NiO
catalysts [2]. The catalytic behaviour of these catalysts, as in other NiO-based catalysts,
could be related not only with the crystal size of NiO, as it strongly depends also on catalyst
preparation procedure and/or the metal oxide promoter [3].

Outline
In the present study, undoped and Nb- or Sn-doped NiO catalysts (with a Me content of ca.
10% at. ratio) have been synthesized in the presence or absence of oxalic acid in the synthesis
gel, tested in the ODH of ethane and characterized by a range of physico-chemical techniques.
An important improvement in the catalytic performance has been observed when the catalysts
are prepared in the presence of oxalic acid in the synthesis gel, although the selectivity to
ethylene was higher in Nb-doped NiO catalysts (Fig. 1). In addition, an opposite trend is
observed in the influence of calcination temperature (350 or 500ºC) on the catalytic properties
for undoped and Nb5+-doped NiO catalysts (Fig. 1). Similar conclusions can be proposed in
the case of Sn4+-doped NiO catalysts.

Selectivity to ethylene %)

In addition, a decrease of the crystallite size and the modification of the lattice parameter of
nickel oxide in undoped and Me-doped NiO catalysts cannot explain by themselves the
changes observed in catalytic performance. The improvement of the catalytic properties in
the catalysts doped with Nb5+ or Sn4+ can be explained by the extent of the incorporation of
the promoter in the NiO lattice but also by the NiO-promoter oxide interaction, this being tightly
related to the synthesis method and/or the calcination temperature. Finally, a correlation
between catalytic performance and the electrochemical properties of catalysts is discussed.
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Fig. 1. Variation of the selectivity to
ethylene with the oxalic acid/Ni ratio in the
synthesis gel, for undoped and Nb-doped
catalysts, calcined at 350 or 500ºC.

References
1)
2)
3)

E. Heracleous, A.A. Lemonidou, J. Catal. 237 (2006) 175-189.
B. Solsona et al., J. Catal. 295 (2012) 104–114.
J.M. López Nieto et al., Top. Catal. 57 (2014) 1248–1255.

9th World Congress on Oxidation Catalysis: Oxidation for a Sustainable Future and Clean Environment
Cardiff, September 4-8th 2022.

Au–Pd separation enhances bimetallic catalysis of alcohol
oxidation
X.Y. Huanga, O. Akdima, M. Douthwaitea, K. Wanga, L. Zhao**a, R.J. Lewisa, S.
Pattissona, I.T. Daniela, P.J. Miedziaka,b, G. Shawa, D.J. Morgana, S.M. Althahbanc,
T.E. Daviesa, Q. Hed, F. Wanga, J.L. Fua, D. Bethella, S. McIntoshe, C.J. Kielyc,e, and
G.J. Hutchings*a
a) Max Planck-Cardiff Centre on the Fundamentals of Heterogeneous Catalysis FUNCAT, Cardiff
Catalysis Institute, School of Chemistry, Cardiff University, Cardiff, UK
b) School of Applied Sciences, University of South Wales, Pontypridd, UK
c) Department of Materials Science and Engineering, Lehigh University, Bethlehem, PA, USA
d) Department of Materials Science and Engineering, Faculty of Engineering, National University of
Singapore, Singapore, Singapore
e) Department of Chemical and Biomolecular Engineering, Lehigh University, Bethlehem, PA, USA
* Email address of corresponding author: Hutch@cardiff.ac.uk.
** Email address of presenting author: ZhaoL28@cardiff.ac.uk.

Introduction
Davis and co-workers1 previously confirmed that two reactions operate in parallel during
aerobic alcohol oxidation over Au supported catalysts: oxidative alcohol dehydrogenation
(ODH) and oxygen reduction reaction (ORR). Based on this observation, it was intriguing to
consider how a bimetallic catalyst could influence catalyst performance. We therefore set out
to investigate this using various catalysts containing Au and Pd.

Outline
Methods: Au/C, Pd/C, Au-Pd (alloy) /C and Au@Pd/C (phase-seperated Au and Pd) were
synthesised by sol-immobilisation and characterised by scanning transmission electron
microscopy. Results and discussion: Thermocatalytic experiments over a range of alcohols
(Figure 1)2 confirmed that a physical mixture of monometallic Au/C and Pd/C determined to
be more active than carbon supported AuPd alloy catalyst. Cyclic voltammetry, linear sweep
voltammetry and short circuit current experiments proved the reaction mechanism: ODH
proceeds on Au sites generating electrons which are consumed by ORR promoted on Pd sites.
Au@Pd/C catalyst with a Janus-like structure exhibited the highest catalytic performance.

Figure 1. Reaction rates shown by each of the catalysts for the aqueous phase oxidation of formyls
(Hydroxymethylfurfural (HMF), 5-hydroxymethyl-2-furan carboxylic acid (HMFCA) and formyl-2furancarboxylic acid (FFCA)) and a number of simple alcohols, under alkaline conditions.
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Introduction
Sustainability criteria has boosted the interest of catalytic conversion of biomass-derived
feedstocks. Ethanol (EtOH) is one of the most relevant potential sources of “bio”-carbon [1].
Its use to get oxygenated chemicals instead of fuels avoids eliminating its oxygen contents
increases the cost of the process. Acetaldehyde (AcH), an important chemical used as solvent
and intermediate for the synthesis of a wide range of organic compounds [2], can be obtained
by gas-phase catalytic oxidation of EtOH with oxygen (or air), an economical and
environmentally friendly process. Vanadium oxides exhibit excellent catalytic properties for
this reaction, due to its versatility in terms of its variable oxidation states and coordination
geometry [3] that depend strongly on their support. Due to their low cost and abundance, clay
minerals can be an important alternative for the generation of catalyst supports, as their
properties allow a very wide range of structural, textural and chemical modifications [4]. This
motivated us to investigate the use of modified clays as a sustainable high surface area
supports for vanadium catalysts and their influence on their application for the said reaction.

Outline
Vanadium catalysts (0.25-2 wt.% V) were prepared by wet impregnation of Ti-pillared clay (TiPILC) prepared from a bentonite with an acid Ti(OBu)4 pillaring solution, and tested for EtOH
selective oxidation at 250-400 ºC using EtOH:O2 ratios 0.5-1.5 in a continuous flow packed
reactor with on line analysis of reactants and products by GC. All their XRD patterns showed
no peaks related to V2O5 phase, indicating high V dispersion, and the loss of regularity of the
laminated structure of the Ti-PILC during impregnation. However, though specific surface area
(SSA) of the starting Ti-PILC (183 m2/g) decreased with increasing V content, all the catalysts
kept high SSAs (145-89 m2/g). All catalysts were active and highly selective to AcH (85-93%)
in the whole temperature range explored. Despite the SSA decrease, EtOH conversion
increased with increasing V content up to 1 wt.% with just a slight further change increasing it
up to 2 wt.%, which agrees with a high V dispersion. Conversion increased markedly with
increasing temperature and using EtOH:O2=1 the maximum (87%) was observed at 350ºC on
2%V/Ti-PILC, with 82% AcH selectivity (SAcH). On this catalyst we studied the effect of oxygen
content in the feed. Though stoichiometric ratio is EtOH:O2=0.5, increasing this ratio up to 1
increased activity by 20% while decreasing SAcH only 4 percentage points. Further increase of
oxygen up to EtOH:O2=1.5 had little effect on conversion and SAcH at 300 ºC but decreased
slightly SAcH at 350ºC. Optimizing the contact time, a maximum AcH yield of 74% with SAcH =
85% was reached at 350ºC. These results show the feasibility of using easily available clays
as sustainable support precursors for efficient vanadium catalysts.
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Introduction
Compared with traditional heating methods, microwave heating has the advantages of
uniform and fast heating of substrates, selective heating of components in a mixture, and a
sensitive response to changes in input power. As an energy source, microwave radiation has
been widely used in chemistry, especially in organic synthesis and materials processing.
However, the application of microwaves in gas-phase heterogeneous catalysis is somewhat
limited because microwaves are not sufficient to break chemical bonds to initiate chemical
reactions, and gases cannot be heated by microwaves.
Here we report an investigation of microwave heating for gas phase selective oxidation using
propane oxidation as a model reaction. Insights gained in this study provide new information
on the role of catalysts in microwave-assisted catalysis for gas-phase selective oxidation and
provide key pointers for synthesising catalysts for use with microwave heating.

Outline
We compared different catalysts under conventional heating and microwave electric field
heating (Fig. 1). The activity of catalysts under the two regimes showed different
performance with the dielectric loss properties key to the performance under microwave
electric field heating. Tailoring the composition, structure and components of the catalysts
allowed us to understand the important parameters to consider when synthesising catalysts
for use in microwave assisted reactions.
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Introduction
Plastic products have become an integral part of our daily lives and the extensive use of
plastics has resulted in an enormous amount of plastic waste, even leading to the formation
of micro- and nanoplastics, which end up in a.o our food chain. Estimated is that only 2% of
the produced plastics is recycled, while on the other hand 32% leaks into the environment with
all its consequences.1 To limit the environmental impact, the degree of recycling must be
drastically increased. The currently applied recycling pathways for polyolefin (polyethylene
(PE) and polypropylene (PP)) waste are mostly mechanical, but this is usually accompanied
by degraded product properties. Therefore, it is of great importance that chemical recycling
pathways are developed in such a way that product properties can be retained.2 However,
competing with the cheap fossil based monomers is still very challenging. This problem could
be circumvented by e.g., oxidation, where the economic value of the products could be
increased. In a few literature precedents, it has been shown that PE can be upcycled to high
value di-carboxylic acids such as succinic and adipic acid, which have a significantly higher
value compared to mechanically recycled PE.3,4

Outline
In this work the reaction of PE to di-carboxylic acids with molecular oxygen as oxidant is
studied. Oxides of abundant first row transition metals, such as Fe, Co and Cu, were used as
heterogeneous catalyst to oxidize PE under mild conditions. Polymer recycling demands
catalysts with different properties compared to the conventional heterogeneous catalyst used
for small hydrocarbons, because the relative large size of the polymer molecules poses new
challenges regarding active site accessibility and oxygen diffusion.
Operando transmission infrared (IR) measurements
were performed during the oxidation of PE in
combination with different heterogeneous catalysts at
ambient air pressure. The formation of different
products was followed overtime and the formation of
ketones, carboxylic acids, esters and lactones could be
visualised (Figure 1). Subsequently, using principal
component analysis (PCA) and peak fitting methods,
reaction stages could be separated and the formation
of individual oxidized species was quantified. The
assignments and quantification of the observed species
in IR spectroscopy were supported with Raman
spectroscopy and 13C nuclear magnetic resonance.

Figure 1 IR spectra of an operando
experiment on the oxidation of PE with
Co3O4 as catalyst from 160°C to 225°C.
Pressure: ambient pressure; and
temperature ramp 5°C/min.
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Introduction
Increasingly depleting fossil fuel resources and a growing awareness of climate change
are driving recent research toward more environmentally friendly areas. One example of this
approach is the use of biomass as a renewable feedstock for fuel and chemical production.
Among the wide range of biomass conversion products, sugars have attracted particular
scientific attention. The most abundant of these, glucose, can be converted into a number
of valuable sugar acids (e.g. gluconic and glucuronic acids) that are used in the food, cosmetic,
and pharmaceutical industries. The aim of this study was to use commercial Beta zeolite
as support for gold deposition and to apply the obtained materials as catalysts for aerobic
base-free glucose oxidation.1 The overriding goal was to fill up a gap in the knowledge on the
effect of gold deposition procedure on the redox-acidic properties of as-prepared gold
catalysts, and thus, on the activity of the materials in base-free glucose oxidation. Moreover,
an important part of the work was devoted to assessment of the role of cerium and niobium
species, used as dopants to Beta zeolite, in controlling the activity of gold species
and selectivity of glucose oxidation. The influence of catalysts composition and gold deposition
procedure on the catalysts stability was also considered.

Outline
The catalysts used in this study were characterized by XRD, N2 physisorption, STEM, UV–vis,
ICP-OES and FTIR measurements combined with in-situ adsorption of pyridine.
The results have shown that gold deposition method and presence of niobium or cerium
dopants have significant impact on effectiveness of gold loading, size of gold particles
and acidity of supports. All these factors played important role in controlling the activity
and selectivity of gold catalysts in base-free glucose oxidation to gluconic acid. Glucose
conversion was the highest for the catalyst containing the smallest gold particles
and a hyperbolic relationship between Au particle size and glucose conversion was observed.
However, the activity of a single Au atom on the surface of gold particles was optimal for larger
gold nanoparticles (15–30 nm). We have documented that the gold particles of these size
are able to adsorb glucose via aldehyde group and oxygen on the same particle, increasing
the reaction rate. All mentioned above factors affecting the activity, selectivity and stability
of gold catalysts in base-free glucose oxidation will be widely discussed.
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Introduction
Oxidative cleavage (OC) involves the rupture of carbon-carbon double bonds in alkenes for
the production of carbonyl compounds of high added value.1 Most of the works related to this
matter are focused on small and aromatic alkenes, but only few of them address unsaturated
fatty acids (UFAs).1,2 Yet UFAs can be cleaved into dicarboxylic acids, eventually with an odd
number of carbon atoms rare in nature and highly demanded for polymer and pharmaceutic
applications. This is typically the case of azelaic acid accessible by OC of oleic and linoleic
acids, making these reactions particularly interesting.2 To date, OC of UFAs is mainly
performed using homogenous catalysts which are pollutant and cannot be recovered. On the
other hand, current heterogeneous catalysts display poor activity due to the poor contact amid
the UFA and the active phase.1-3 To solve this issue, we demonstrate the efficiency of a Ru
(namely a very active element in OC of UFAs),3 catalyst supported on carbon black
functionalized with polydopamine (PDA). The latter is a natural polymer containing catechol
and amine groups available to chelate Ru for the oxidative cleavage of UFAs inside Palm oil.

Outline
Precisely, oxidized carbon black (CBO) was put in contact with a dopamine solution under
basic conditions in order to trigger the self-polymerization process over the support. Ru was
deposited on CBO-PDA surface by wet impregnation to achieve a 2 wt% load. Figure 1
displays FTIR spectra with the characteristic bands of the polymer on CBO surface while N2
physisorption isotherms confirm a decrease in surface area after PDA deposition on
macroporous CBO. Ru 3p core level appears as a doublet at 463.5 and 485.7 eV attributed to
Ru(III)-catechol species. The catalyst with NaIO4 was assessed in the oxidative cleavage of
oleic and linoleic acids inside palm oil maintaining its catalytic activity up to 5 recycles for
azelaic acid production (Yield ~95%). This new catalyst opens a novel route to the production
of a high value-added product with medicinal applications from a cheap feedstock as palm oil.
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Introduction
The oxidative dehydrogenation of ethane (ODHE) to form ethylene is an interesting and more
environmentally friendly alternative to steam cracking of oil derivatives and natural gas. This
process presents the advantages of lower reaction temperatures (exothermic) and in situ
catalysts regeneration1. Mixed metal oxides containing Mo-V-Te-Nb mixtures presenting the
so-called M1 structure are the catalysts that present the best performance in terms of activity
and selectivity to ethylene2. Nevertheless, it has been reported that the absence of both Te
and Nb in the structure of M1-MoVO, leads to lower values of selectivity to ethylene at high
ethane conversion, as well as a reduced thermal stability3. In this communication, a
comparative study of Mo-V-(Te)-(Nb) M1 catalysts in which the catalytic performance for the
ODH of ethane will be explained in terms of their structural and surface composition is
conducted.

Outline
Bronze-type M1 mixed oxides (i.e., MoVO, MoVTeO and MoVTeNbO) were prepared
hydrothermally at 175ºC for 72 hours, followed by a thermal activation at 400, 500 or 600ºC.
These catalysts were characterized by means of XRD, Raman, TEM, N2/CO2 adsorption and
XPS. Catalytic tests were carried out in a fixed bed reactor. Characterization results showed
that the M1 structure was obtained for the three family of catalysts, except in the case of MoVO
heat-treated at 600ºC, as evidenced by their XRD patterns. Catalytic results indicate that the
selectivity to ethylene at high ethane conversion strongly depends on the composition and the
activation temperature (Fig. 1). Moreover, XPS analysis evidenced a good correlation between
the selectivity to ethylene and the oxidation state of vanadium on the catalyst’s surface.
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Figure 1. Selectivity to C2H4 at 50% of C2H6 conversion for catalysts treated at 400, 500 and 600ºC.
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Introduction
For the last few decades, Nb2O5 has been attracting particular attention as a promising
heterogeneous catalyst dedicated to the elimination of organic pollutants through advanced
oxidation processes (AOPs). Today, the interest in the application of this metal oxide
for wastewater remediation is still increasing due to its unique surface properties.1
The main goal of our study was to develop and explain the reactivity of Nb2O5-based oxide
systems in the adsorption and degradation of model antibiotics and organic dyes. Niobia
mineral nanozymes with strong acid-base and adsorption functions, obtained by surface
modification with stable reactive oxygen
species (ROS), were then enhanced with redox
wolski.lukasz@a
function by forming a binary oxide mu.edu.pl
with CeO2 to improve reactivity in catalytic activation
of H2O2 and mineralization of organic pollutants.

Outline
The oxidation catalysts used in the study were characterized by XRD, FT-IR, UV-vis, XPS,
TEM/EDS, N2 physisorption, elemental analysis, and Zeta potential measurements. ROS
formed in situ were identified with Raman and EPR spectroscopies. The contribution
of selected ROS to the degradation of organic compounds was estimated with the use of ROS
scavengers. The degradation pathways and products were identified using ESI-MS
and LC-MS analyses. The mineralization efficiency was estimated based on TOC analyses.
We have shown that ROS formed and adsorbed on the surface of niobia are responsible
not only for the efficient degradation of pollutants but also for significantly improving the ability
of Nb2O5 to adsorb the molecules, which has been overlooked so far. In a short reaction time,
the contribution of surface ROS to the adsorption was found to be much higher than that
to degradation. It has also been revealed that the reactivity of Nb2O5 in AOPs may
be enhanced by doping niobia with cerium species. Electronic and structural factors resulting
in the enhanced reactivity of the mixed Nb-Ce systems2 have been deeply discussed.
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Introduction
Partial oxidation of methane in aqueous solutions, a promising approach to directly
hydroxylate C-H bonds in methane for methanol production, is facing problems of low
efficiency and selectivity,1 and the reliance of noble metals as active sites.2, 3 In nature,
methane monooxygenase (MMO) catalyse aerobic methane to methanol conversion under
ambient conditions with unparalleled activity.4 In the reaction, the electronic state of active
sites are partially reduced and then interacts with O2 to create active O-containing species for
efficient methane conversion. Such a mechanism encourages us to design a heterogeneous
catalytic system with facile adjustability of the metal oxidation states for harnessing the
oxidizing power of O2 for partial methane oxidation under mild conditions.

Outline
In this work, we rely on hydrogen spillover to
tune the chemical state of Mo in palladium
single-atom catalysts supported on caesium
phosphomolybdate (Pd/CsPMA) for methane
oxidation to methanol with O2 at room
temperature. Pd serves as site for H2 splitting,
while the reduced Mo species upon hydrogen
spillover are responsible for methane
Figure 1. Graphitical abstract of the work on methane
activation. Compared with the as-prepared oxidation over H spilled Pd1/CsPMA.
catalyst bearing high valent state Mo that
shows no methane activation, the H-spilled catalyst (Pd/CsPMA-H) exhibits notable methane
oxidation activity (Figure 1). The specific activity relative to Pd for methanol production reach
to 12.39 mmol gPd-1 h-1 with a selectivity close to 100% at room temperature.
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Introduction
The direct oxidation of propylene using molecular oxygen to propylene oxide (DOPO)
represents the most atom efficient and sustainable route to this key industrial intermediate1.
Despite considerable research efforts in academia and industry, commercialization remains
elusive, as no catalyst can yet produce PO at productivities and selectivities comparable to
the analogous epoxidation of ethylene. Propylene displays substantially different reactivity
relative to ethylene, due to its ability to form a resonance-stabilized radical on its allylic carbon.
For that reason, the reaction between oxygen and propylene on the silver metal surface is
postulated to yield hydroxyl and allyl-like surface species via the proton abstraction route that
subsequently may lead to full combustion. To improve PO selectivity over silver catalysts, it
has been generally hypothesized oxygen species should be of low-basicity (more
electrophilic)2. Therefore, the starting approach is often to manipulate the size of the silver
clusters coupled with an effective use of supports3.

Outline
We report DOPO catalytic performance for a series of silver-on-magnesia-silica catalysts4
prepared on various silica supports (carrier SBET up to 740 m2g-1) at high silver loadings (up to
46 wt%). The catalysts featuring small Ag clusters (typically < 20 nm) were screened in a highthroughput (HT) Parallel Fixed Bed Reactor (PFBR) across process temperatures (160 – 260
C) and process feeds (propylene 40 vol%, lean oxygen conditions, co-fed CO2, stepchanges in Cl-containing gas promoter up to 25 ppmV) at constant pressure (4 bara) and
space velocity (GHSV  2100 h-1). For the explored space of process parameters, the catalysts
demonstrated a general trade-off between conversion (up to 3 Cmol%) and selectivity (up to
15 Cmol%). Offline pre-reduction in hydrogen of selected samples had a limited effect relative
to benchmark catalyst performance. Despite an exposure to the excessive amounts of
ethylene chloride at higher temperatures, the spent catalysts showed hardly any inorganic
chlorine species (XRF, XRD). We rationalize the latter observation in reference to recent
studies pointing out that chlorine on silver surfaces is subjected to competitive removal by the
very reactive propylene molecule5.
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Atmospheric Pressure Molecular Beams: A New Regime for
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Introduction
Surface science studies on model catalytic systems are the “gold standard” for providing
kinetic and mechanistic insight into heterogenous catalysis. However, transferring this
fundamental insight that is often measured far from equilibrium at ultra-high vacuum (UHV)
conditions to applied catalytic reactors at elevated temperatures and pressures is often
difficult. Herein, we demonstrate our newly developed technique to perform pseudo-molecular
beam experiments in a packed bed reactor at atmospheric pressure. Using CO oxidation as a
probe reaction we can recreate UHV molecular beam experiments in our system at a pressure
108 times higher. Further, using numerical simulations we demonstrate that the kinetics
measured at UHV can accurately recreate the atmospheric pressure experiments. Our
technique provides a new regime for studying oxidation catalysis under applied conditions.

Outline

Figure 1. A CO2 production rates measured using a molecular beam of varying CO fractions over
Pd/Al2O3 at 10-6 mbar.1 B CO2 production rates in the transient flow reactor for streams of varying CO
fractions over Pd at 102 mbar. C Numerical simulation of the transient flow experiment using kinetics
derived from molecular beams. XCO = CO / (CO + O2).

To replicate molecular beam experiments, we utilise a custom home-built transient flow reactor
capable of switching the gas environment in a packed bed flow reactor in < 500 ms. Flagged
molecular beam experiments (Figure 1A) were previously performed where the CO fraction
(XCO) of a gas beam was varied from CO rich to CO lean while in the presence of a continuous
O2 beam.1 By switching between an O2 gas stream and a CO + O2 stream we are able to
replicate the same experiment at a pressure 108 times higher in a packed bed reactor. We find
excellent recreation of the UHV molecular beam results and those measured in our transient
flow reactor (Figure 1B). Further, a numerical simulation of our transient flow experiment
(Figure 1C) using the kinetics measured from the molecular beam also qualitatively recreates
the trends seen in our transient flow reactor system demonstrating continuity of kinetics.
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Introduction
Acrylic acid is produced industrially from propene by two-stage gas phase oxidation over
MoBi-based (propene to acrolein) and MoV-based (acrolein to acrylic acid) mixed metal oxide
catalysts, with a global demand of > 6 Mtons per year. State-of-the-art industrial MoBi-based
acrolein catalysts are multicomponent metal oxides (MMO) that comprise at least five essential
metal elements; Mo, Bi, Fe, Co or Ni, and K in small concentration.1 Little is known about the
role of the K-promoter despite its use in industrial catalysts over decades. Herein, we report a
detailed study of the K-promoter in MMO acrolein catalysts.

Outline
Mo12Bi0.6Co7Fe3Ox doped with different amounts of K (K0 to K0.3) were prepared by a coprecipitation route adopted from industrial recipes.2 The catalysts were thoroughly
characterized by STEM-EDX, XRD, XPS, UV-vis, Raman, NH3-TPD, Propene-TPR, PyridineIR and N2-physisorption.
The K-doping affects both activity and selectivity in propene oxidation. While the propene
conversion increased at temperatures below 350°C by K-doing, it decreased at temperature
above 350°C (Figure 1 a). The K-doping significantly increased the selectivity (Figure 1 b).
The characterization showed that potassium is distributed over both oxide bulk and surface
modifying bulk electronic properties and surface reactivity, suggesting multiple roles of the Kpromoter in the reaction network. Detailed structure-performance relationships will be
discussed.
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Figure 1 Propene oxidation performance of K0-0.3Mo12Bi0.6Co7Fe3Ox catalysts; (A) propene conversion
vs temperature, (B) sum of acrolein and acrylic acid selectivity vs temperature. Reaction conditions:
feed composition; C3H6/O2/N2 = 5/9.5/85.5 vol%, pressure; 160 kPa, contact time; 0.35 sec. kg NL-1,
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The Epoxidation of Allyl Alcohol; A Spectroscopic Study on
Catalyst Modification
L. Harvey, E. M. Kennedy, M. Stockenhuber
The University of Newcastle, Callaghan, NSW, 2308, Australia

Introduction
The oversupply of glycerol due largely to the increased production of biodiesel has
necessitated the development of mitigation strategies. One means of achieving this is
through the production of desirable, value-added compounds from waste glycerol. Glycidol
is one such compound, which may be prepared through the epoxidation of allyl alcohol
obtained by heating glycerol over an alumina-supported iron oxide catalyst1-2. TS-1 is a
stable heterogeneous catalyst suitable for the selective partial oxidation of functionalised
olefins to the corresponding epoxide using hydrogen peroxide as an oxidiser.
To gain insight into the interaction between TS-1, hydrogen peroxide and the oxidizing
complex with an organic substrate, in-situ FTIR and XAFS was employed.

Outline
First, the effect of feed impurities on the epoxidation reaction are presented. It was found
that the addition of additives to the reactants, such as aldehydes, likely to be found as byproducts of the allyl alcohol production had varying effects on the epoxidation rate, however
the selectivity to glycidol remained high.
Next, the in-situ FTIR/XAFS examination of the reaction is given, wherein it was found that
treating the catalyst with a particular heating regime can yield carbonyl from an allylic
reactant, rather than the expected epoxide (Figure 1). The local catalytic structure
promoting oxidation from vinyl to carbonyl was then investigated using in-situ XAFS.

Figure 1: In-situ FTIR of allyl alcohol dosed on TS-1. Over 1 hour, the decrease in intensity of the vinyl
vibration coincides with an increase in the carbonyl band.
1. Harvey, L.; Sánchez, G.; Kennedy, E. M.; Stockenhuber, M., Asia-Pac. J. Chem. Eng, 10 (4),
598-606. (2015)
2. Sánchez, G.; Friggieri, J.; Keast, C.; Drewery, M.; Dlugogorski, B. Z.; Kennedy, E.;
Stockenhuber, M., Appl. Catal B, 152–153, 117-128 (2014)

9th World Congress on Oxidation Catalysis: Oxidation for a Sustainable Future and Clean Environment
Cardiff, September 4-8th 2022.

Tuning Catalysis by Surface-Deposition of Elements on Oxidation
Catalysts via Atomic Layer Deposition
F. Rüther,**a R. Baumgarten,a F. Ebert,a M. Geske,*a R. Naumann d’Alnoncourt,a
R. Kraehnert,a A. Trunschke,b R. Schlögl,b and F. Rosowski.c,a
a) BasCat - UniCat BASF JointLab, Technische Universität Berlin, Berlin, Germany.
b) Fritz Haber Institute of the Max Planck Society, Berlin, Germany.
c) BASF SE, Process Research and Chemical Engineering, Ludwigshafen, Germany.
* m.geske@bascat.tu-berlin.de
** f.ruether@bascat.tu-berlin.de

Introduction
Green chemistry requires more sustainable catalytic processes and strongly depends on
scientific progress in interfacial catalysis.1 Selective oxidations of alkanes offer huge potential
to efficiently produce valuable chemicals from hydrocarbon feedstock. In industry, this direct
route is exclusively utilized for partial oxidation of butane, but still not for C3 or C2.2 Modern catalyst design is calling for a deeper knowledge of underlying principles in oxidation catalysis.3

Outline
In this work, we introduced homogeneous sub-monolayers of POX and BOX on the surface of
leading bulk catalysts like MoVTeNbOX 4 using atomic layer deposition (ALD) and investigate
on the catalytic impact in three alkane oxidation reactions (C2, C3, C4). The highly disperse
deposition, using sequential and self-limiting solid-gas reactions,5 is monitored by ICP and
TEM. Samples are analyzed before and after catalysis by XRD, BET and XPS. Following the
thesis that most of the elemental steps are proceeding at the thin top layer of these materials,
first studies with POX on V2O5 showed promising results in butane oxidation.5 Improved
oxygenate or olefin selectivties could be obtained from BOX-MoVTeNbOX in all studied
reactions, leading to a boost in product yields of up to + 24 % (see Figure 1). In particular,
COX formation could be inhibited by both P and B, while B shows an additional promoting
effect on the catalytic activity. A comparative study including multiple base catalysts and
deposed elements revealed further beneficial element combinations for alkane oxidation.
Besides, this contribution will elaborate
the potential of ALD as
a versatile tool to enhance product yields
and avoid total combustion of resources.
Precisely adjusted surface characteristics are
used to extract insights
Figure 1: (a) Shift in alkane conversion and (b) interpolated product selec- into key properties in
tivity at fixed conversion of 70 % induced by POX/BOX-ALD on MoVTeNbOX. interfacial catalysis.
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Introduction
Supported gold nanoparticles are known to be excellent catalysts, not only for the total
oxidation of various pollutants (CO, VOCs), but also for the selective oxidation of various
molecules to obtain added-value chemicals. However, catalysis on gold is strongly structuresensitive, so gold particle formation should be finely controlled; their size should remain below
5 nm.1 SiO2 is an attractive support for its high stability, low cost and tuneable porosity.
However, combining gold with silica either leads to large particles – when following
conventional methods – or requires to work with multi-steps methods, unattractive from an
industrial and sustainability point of view.2 Inspired by the work of Hampsey et al. to synthesize
PdSiO2 in one-pot3, we disclose a modified aerosol process which gives access to highly
dispersed gold on mesoporous silica, in one-step and with a fine control on the gold particle
size, to selectively catalyse the oxidation of glycerol into dihydroxyacetone (DHA) (Fig. 1a).

Outline
We develop a direct aerosol-assisted sol-gel route to mesoporous Au/SiO2 catalysts (see
Scheme) and we show that the addition of a gold-stabilizer – a thiol-based molecule (MPTMS)
– during synthesis is the key to obtain small gold nanoparticles (size of 3.1 ± 0.4 nm after
calcination, compared to 11 ± 2 nm without the gold-stabilizer). Gold is successfully
incorporated and the nanoparticles are homogeneously dispersed in the microparticles (Fig
1b) with a dispersion of 21% (vs. 3% without stabilization). The catalyst displays advantageous
textural properties (SSA = 440 m².g-1; Vp = 0.09 cm³.g-1; Dp = 5 nm). The control on the gold
nanoparticle formation and the excellent dispersion of gold in the material lead to a catalyst
active in the oxidation of glycerol with a conversion of 59% and a DHA yield of 18% in 8h,
markedly surpassing benchmark catalysts prepared without stabilizer or by depositionprecipitation. To the best of our knowledge, the one-pot synthesis of tailored gold particles
supported on silica from their respective precursors has never been reported in the literature.

Figure 1. a) Typical
procedure
for
the
preparation of the gold
catalyst; b) STEM-HAADF
image highlighting the gold
nanoparticles.
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Introduction
Metal nanoparticles (NPs) are central to heterogeneous catalysis research owing to the unique
properties of nanomaterials. NPs of plasmonic materials can sustain oscillations of their free
electron density, called localized surface plasmon resonances (LSPRs), giving them a broad
range of applications including spectroscopy enhancement and light-enhanced catalysis. Mg
is an earth-abundant plasmonic metal attracting growing attention owing to its ability to sustain
LSPRs across the ultraviolet, visible, and near-infrared wavelength range.1 Our group has
recently demonstrated that partial galvanic replacement of Mg can be utilized to create
bimetallic, decorated nanostructures. These structures offer an exciting opportunity to
investigate the coupling of Mg’s plasmonic properties with well-established catalytically active
materials for photocatalysis applications. In the present study we investigate photocatalytic
properties of Mg NPs decorated with Pd in selective acetylene hydrogenation and discuss the
potential application of bimetallic Mg-based nanostructures in redox photocatalysis.

Outline
Mg NPs were synthesized colloidally following a previously
reported procedure.1 In a typical decoration experiment, the Mg NP
suspension was mixed with solution of Na2PdCl4 in isopropanol
under stirring at room temperature and left to react for 1h. The
resulting material comprise a Mg core decorated with a fine layer
of Pd nanoclusters (Fig. 1). The Mg core was confirmed to be
metallic by scanning transmission electron microscopy electron
energy loss spectroscopy, and protected by a ∼10 nm Mg oxide
layer as shown by elemental mapping. Temperature programmed
oxidation study revealed that the passivation layer protects the Mg Figure 1. High-angle annular
core and makes it resistant to oxidation in air up to 350C. The darkfield STEM (HAADFselective hydrogenation of acetylene in the presence of Pd-Mg NPs STEM) of a single Mg
nanoplate (dark) decorated
supported on glass spheres has been investigated in continuous
with Pd nanoclusters (bright).
flow regime in a reaction chamber equipped with a KBr window.
The catalytic performance was evaluated under laser beam excitation over a range of
intensities and wavelengths. We show that the Pd-Mg nanostructures demonstrate a superior
catalytic activity and ethylene selectivity, with a selectivity up to 60% at 100% acetylene
conversion achieved under dark conditions. While a modest improvement of the selectivity
was observed upon laser excitation, a significant decrease of the apparent activation energy
strongly suggests a plasmonically affected catalytic behaviour.
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Introduction
The industrial uses of hydrogen are vast and are becoming more widespread.1 The increase
in demand for synthesised H2 requires a continuous evolution into the techniques current
industrial production methods utilise. In the most common method of production, lowtemperature water gas shift reaction (WGS) removes the contaminant Carbon Monoxide (CO)
and produces H2. This requires a catalyst, and typically a Cu/ZnO/Al2O3 pressed pellet set is
used. Unfortunately, these suffer from mechanical deactivation. Recent Cs addition has been
added to industrial catalysts to prevent methanol formation as a side-reaction.2 It is suggested
that this causes sintering as the alkali metal impacts the microstructure. To prevent pellet
failure, an understanding in the microstructure of these catalysts is required, and how the Cs
interacts with the Cu-Zn framework.

0.6:0.3:0.1 M Cu, Zn and Al nitrates respectively were added to 18.2
mΩ cm-1 water, kept at pH 7 using 1.2 M Na2CO3. Precursors were
doped with Cs2CO3 using incipient wetness to get 0.5 - 5 wt. % Cs2O.
All catalysts were then calcined at 300 °C for 5 hours (2 °C/min).
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Figure 1. Comparison of Cs3d
(SEM-EDS) on the same samples, it was seen that the addition of Cs
energies with 2.81 wt. % Cscauses Zn to preferentially reside on the surface. After reducing
doped Cu/ZnO/Al2O3 (top) and
pressed pellets in a 6 mm diameter reactor, XRD showed that the CuO
O1s energies for Cs oxides with
only partially reduces over the bed, with water being suggested to
5.31 wt. % Cs-doped
inhibit reduction. This also alters the particle size after reduction, going
Cu/ZnO/Al2O3
from 5.7 nm (Rwp 5.28 %) at the top to 10.7 nm (Rwp 18.5 %) at the
bottom after Rietveld analysis. However, further down the bed the pellet strength decreases
when typically, reduction should cause this. The suggestion here is that segregation of the
Cu/Zn is enhanced by both water and the Cs, to levels that are unsustainable.
2
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Introduction
In heterogeneous catalysis research, CO oxidation reaction (2CO+O2→2CO2) is a well-known
reaction for fundamental mechanism study, as well as a vital reaction in terms of
environmental pollution derived from various of sources, especially from vehicle exhaust.
In CO oxidation reaction, it is widely acknowledged that the redox of Ce4+/Ce3+ pair and the
surface O2- mobility is the key to achieving a high CO conversion. However, we have
discovered a Cu-CeO2 system with non-reducible CeO2 surface at 523 K, has an extremely
high CO conversion after calcined at 1073 K in air (Fig. 1a). Such massive improvement in
catalysis encourages us using various methods to investigate the reason behind it, providing
a different point of view towards the electronic metal support interaction (EMSI) theory.

Outline
To prevent Ce4+ participating the reaction, we have calcined the CuO-CeO2 system at 1073
K, reducing its oxygen vacancy, Ce4+ in the calcined sample cannot be reduced to Ce3+ even
at 473K in pure CO (Fig. 1b). Therefore, Cu moving to the surface of CeO2 due to its intact
lattice structure, making it tends to keep Cu+ even with the presence of O2(Fig. 1c). The
surface Cu+ species is the key for high CO conversion at low temperature. This theory is also
confirmed by the Cu L-edge spectra for the uncalcined sample, which shows the majority of
Cu are oxidised when O2 is introduced at 373 K, and the XPS spectra for both sample with
and without oxygen vacancy. Cu K-edge spectra also shows a similar result, where the linear
combination fitting shows a higher
percentage of Cu and Cu+ in the
bulk with pure CO and different
CO: O2 ratio under 373 K for the
calcined sample (Fig. 1d),
comparing
with
the
linear
combination fitting for Cu K-edge
spectra for uncalcined sample in
pure CO under the same
temperature.
Figure 1. (a) CO oxidation conversion, (b) Ce
M-edge spectra (AEY mode) in CO under
different temperature for sample without Ov,
(c) Cu L-edge spectra (AEY mode) with
different CO: O2 ratio (
O2
increase
from top to bottom) for the sample without Ov
at 373 K, (d) Cu species ratio for no Ov sample
under different CO: O2 ratio at 373 K,
compared with the sample with Ov in pure CO
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Introduction
The excellent catalytic activity of supported atomic sites has gained great attention in
heterogeneous catalysis, while the impact of its bridging O2- to catalysis performance is less
discussed. For oxidation reactions, such as CO and NH 3 oxidation, the breaking and formation
of metal-oxygen (M-O) bonds are the key to activate reductive reactant and molecular O 21.
Therefore, the ability to design, determine and utilized the reactive bridging O2- at the
metal/support interface is important.

Outline
Here, we demonstrate that the bridging O2- in the Cu-O-Fe has low Cu/Fe-O bond strength,
as determined via ∆ X-ray adsorption spectroscopy (XAS) at O K edge (Figure 1). As a result,
this bridging O2- can be easily taken away by NH3 and restored by O2, leading to rapid Cu2+/Cu+
redox and high NH3 conversion. The anti-bonding orbital of bridging O2- has better energy
match with the lone pair in NO, leading to strong NO adsorption as confirmed in NEXAFS,
DRIFTS and DFT calculations. The strong NO adsorption promotes the N-N coupling towards
N2, achieving 99% N2 selectivity at 100% NH3 conversion.

Figure 1. Interpretation of the oxygen K-edge XAS spectrum of O in Fe-O-Fe and bridging O in Cu-OFe.
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Introduction
Automotive exhaust emissions are a prominent source of pollutants which negatively impact
human health and the environment.1 Catalytic oxidation is highlighted as an effective method
to reduce these emissions, with supported precious metal nanoparticles shown to have
impressive catalytic activity for the total oxidation of various volatile organic pollutants.2
However, there is limited scope on “real world” conditions in the literature, with single model
compounds mostly being studied. Previous research has shown that the combination of
chemically varying compounds can be challenging to remove, with inhibition of the oxidation
process taking place.3 Therefore, greater focus is required for the efficient oxidation of
multicomponent waste streams from emission sources.

Outline
Mono and bimetallic Pt-Au catalysts, supported on a novel ZrO2/UVM-7 material, were
prepared by a colloidal precipitation method. The simultaneous total oxidation of toluene,
propene and CO was measured over the temperature range 100-500°C using 100 ppm
toluene, 1000 ppm propene, 1000 ppm CO and 6% O2, with a GHSV of 45000 h-1 and analysed
by on-line FTIR analysis. Powder X-ray diffraction, photoelectron X-ray spectroscopy,
temperature programmed reduction, CO diffuse reflectance infrared Fourier Transform
spectroscopy and scanning transmission electron microscopy-energy dispersive X-ray
spectroscopy were used as catalyst characterisation techniques.
For the simultaneous total oxidation of toluene, propene and CO under oxygen lean
conditions, it was found that Pt nanoparticles were the active component of these materials,
with higher surface concentrations of Pt corresponding to improved catalytic activity. The
preparation of bimetallic catalysts using Pt and Au resulted in different activity trends
depending on how the metals were deposited. Depositing Pt and Au sequentially improved
the surface concentration of the latter loaded metal, with the 40% ZrO2/UVM-7-C 1% Au + 1%
Pt catalyst exhibiting the highest activity. In comparison, depositing Pt and Au simultaneously
resulted in alloyed nanoparticles which displayed slightly lower activity due to the increased
surface concentration of inactive Au species. Catalytic activity will be discussed in relation to
the catalyst structure and properties.
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Introduction
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The fossil fuels are still the major source of energy applied for many purposes in which we
rely upon, as it is transportation, thus much attention has to be and is being given to fossil fuel
consumption, but also to its production and processing, answering the calls for the evergrowing need of sustainable development. One of the most relevant issues related to the
combustion of oil fuels is the emission of sulfur-derived products to the atmosphere, such as
various sulfur oxides and particulate metal sulfates, which stem from the different sulfurcontaining compounds (SCC) that make up part of the original composition of crude oil. If
these SCC are not discarded from the fuel matrix before the combustion, their emission can
be the cause of many environmental problems linked to acid rains and associated with several
public health issues. To mitigate these serious problems, the petrochemical industry must
abide by international legislative regulation over the sulfur content present in processed fossil
fuels, resorting to desulfurization processes. Alternative technologies have been encouraged
to treat more viscose and heavy fuel oils (HFO). Oxidative desulfurization (ODS) has been
viewed as a promising technology to treat HFO.1-3 ODS is a cost-effective method to remove
the most refractory thiophenes and dibenzothiophenes under sustainable conditions, i.e.
moderate temperature and pressure. ODS process can be performed in two main steps:
catalytic oxidation of SSC to their corresponding sulfoxides or sulfones and their extraction,
selecting suitable and sustainable solvents.

Outline
The main key to achieve an effective oxidative desulfurization process to treat fuels is the
catalyst. Homogeneous and heterogeneous polyoxometalate based catalysts have been
demonstrating high efficiency for ODS. Here, it will be presenting success examples of
polyoxometalate based catalysts for ODS to treat real and model fuels. Comparative studies
between homogeneous and heterogeneous composites will be presented. Recycle capacity
and stability will be discussed.
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Introduction
Compared to CO2, the most common greenhouse gases, N2O has 300 times effect for global
warming.1 The N2O emission from transportation sector cannot be ignored with 56mg of
N2O/km for on-road vehicles travelling.2 The catalytic decomposition of N2O is one of the best
ways to remove N2O. The catalytic process involves breaking of N-O bonds and release of O2,
which require redox of catalysts. For research so far, noble metals catalysts such as Pt, Au,
and Rh contribute excellent activity at low temperature.3 The development of non-noble metal
catalytic with excellent redox properties and thermal stability is paramount important. Here,
we use design CuO-Co3O4 with different structures and surface properties to improve the N2O
conversion.

Outline
CuO-Co3O4 catalysts were made via co-precipitation method with different molar ratio of
Cu/Co to achieve highest redox ability of interface of CuO-Co3O4. With a Cu/Co ratio of ¼, the
N2O conversion is 3,5 times higher than Co3O4 at 350 °C, and N2O can be completely
converted at 400 °C (Figure 1). A series of characterization were made including X-ray
adsorption spectroscopy (XAS), H2-TPR, XRD, BET, XPS to explore the mechanism. We can
conclude that CuO promotes the redox ability of Co3O4, leading higher abilities of breaking NO bonds of N2O. The replacement of spinel Co(II) by Cu(II) reduce the ability of dissociation
of N2O.

Figure 1. The catalytic activity of N2O decomposition. The N2O conversion as a function of temperature
for CuO-Co3O4 catalysts with different Cu/Co ratio.
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Facet-induced strong metal chloride−support interaction over
CuCl2/γ-Al2O3 catalyst to enhance ethylene oxychlorination
performance
Hongfei Ma,* Wei Zhang and De Chen
Department of Chemical Engineering, Norwegian University of Science and Technology, Sem
Sælands vei 4, 7034 Trondheim, Norway.
* hongfei.ma@ntnu.no of the corresponding author and presenting author.

Introduction
The supported transition metal oxides, chlorides, carbides, and so forth (MXn), represent an
important type of catalyst for redox processes.1 The MXn−support interaction, analog to
metal−support interaction, plays a critical role in redox reactions.1 One typical example is the
CuCl2/γ-Al2O3 catalyst used for ethylene oxychlorination, which is an important process in the
industry for vinyl chloride (VCM) production.2-4 It remains a challenge to correlate the activity
only to the texture properties such as surface area. Better characteristics and understanding
of Al2O3 are vitally important to correlate the support effect beyond the surface area.1

Outline
In the present work, two types of γ-Al2O3 with tubular- and platelet-like (identified as Al2O3-T
and Al2O3-P, respectively) morphologies with different facet orientations are used as the
supports of monolayer CuCl2 as the catalysts for ethylene oxychlorination. We demonstrate
that the interaction between the atomic CuCl2 layer and the exposed facets of γ-Al2O3 plays
significant roles in determining the activity, selectivity, and stability of ethylene oxychlorination
catalysts induced by the different substrates of the Al2O3 facets. As shown in Figure 1, the
platelet Al2O3 with the (110) facet mainly exposed makes CuCl2 more active, selective to
ethylene dichloride (EDC), and stable compared to the tubular-like Al2O3 catalyst. A
comprehensive experimental and theoretical program uncovered that the CuCl2 interacted
with the platelet γ-Al2O3 has higher activity for CuCl2 reduction by C2H4 and CuCl oxidation by
O2 in the redox cycle and yielding a higher reaction rate and higher CuCl2 concentration at the
steady-state than that on the tubular γ-Al2O3. This finding highlights the role of metal
salt−support interaction in heterogeneous catalysis; it also opens a territory where we can
explore different supports, like facets to tune the activity in redox reactions, and further
understand the support effect in ethylene oxychlorination and the efficient modulation of
catalyst designing.
(a)

(b)

Figure 1. Catalytic performance of ethylene oxychlorination of (a) 5Cu/Al2O3-T and (b) 5Cu/Al2O3-P.
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Introduction
Cu/CeO2 is a widely researched bifunctional catalyst, where a range of strong-metalsupport-interactions (SMSIs) can be used to tune catalytic behaviour, thus acting as an
enabling technology for the transition to Net-Zero 2050 by catalysing several important
chemical reactions. This includes CO2 valorisation 1, the sustainable production of
hydrocarbons/fuels and the removal of pollutants e.g. CO oxidation 2. However, the ability of
these catalysts to activate key, inert small molecules such as H2, CO and CO2 at the atomic
level still isn’t comprehensively understood; largely due to the lack of accurate structural
models which account for the complex SMSIs at play. This prevents the development of
accurate catalyst structure-activity models which are critical for further catalyst optimisation.

Outline
In this work, spin-polarised Hubbard and dispersion-corrected density functional theory
(DFT+U-D3) is used to investigate the site-specific adsorption of H2, CO and CO2 (on
previously determined structural models of Cu1-3/CeO2(110) 3) and the resulting adsorption
energies and activation mechanisms (outlined in Figure 1).
DFT+U-D3: Site-Specific Adsorption
Cu1/CeO2(110)
CeO2(110)






  

 

Cu2/CeO2(110)

Cu3/CeO2(110)












Optimised Structures and Energies
- H2 → Ceria hydroxylation and H- reverse spillover
- CO → M-CO, CO32-, CO2 and M-CO2- CO2 → CO32- and reactive oxygen species
Descriptor-Based Analysis
- Geometric, electronic and magnetic descriptors
- Effect on stability of adsorbed species
- Effect on selectivity between competitive activation
mechanisms

Figure 1: Summary of core themes; DFT+U-D3 calculations to investigate site-specific adsorption ()
and the analysis of optimised structures and energies to ascertain an understanding of the
mechanisms of adsorption and activation further aided using a descriptor-based approach.
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Introduction
With the rapidly increasing demand for polyurethanes and polycarbonates, more elemental
chlorine (Cl2) or phosgene (COCl2) is consumed.1 This results in substantial quantities of a
hydrogen chloride (HCl) waste stream. The Deacon process is a sustainable way to recover
chlorine by oxidizing HCl with molecular oxygen.2 However, at present, the main industrial Cl2
production method is still the electrolysis of aqueous solution of sodium chloride. The oxychlorination of CO using copper catalysts, which involves the Deacon process, to produce
phosgene provides the opportunity for the expanding isocyanate manufacturing industry to
minimise the large quantities of HCl waste stream currently generated.3,4

Outline
When CO reacted with the CuCl2 catalyst as-received from industry, only CO2 was formed.
However, after pre-treating the CuCl2 catalyst with Cl2, COCl2 was discovered with FT-IR.
Meanwhile, the yield of CO2 decreased. Both CO2 and COCl2 formation were observed
decreasing with time, indicating the deactivation of the catalyst. XAFS of copper K edge shows
the transformation from Cu2+ to Cu+. However, this technique couldn’t provide precise
information of the surface change of the catalyst. XPS plays a key role in this reaction and
proves that the surface Cu species is totally transformed to Cu+, which is catalytically inactive.5

It was discovered that there’s a competition
between CO2 and COCl2 formation. And the
pre-treatment will help increase the latter one
whilst suppress the former one.
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Introduction
Titanium silicalite-1 (TS-1)1 is a zeolite used as catalyst in partial oxidation reactions. Its
composition is x TiO2 (1-x) SiO2. The active sites are tetrahedral Ti atoms, isomorphously
substituted in the MFI framework. The TS-1 catalytic activity is influenced by the Ti
coordination, which can spread from tetra- to octahedral, depending on the Ti content and the
synthesis procedure.2 Therefore, a rational study of the TS-1 synthesis is fundamental. The
Design of Experiments (DoE)3 is a powerful tool that can be used to explore the effect of
different parameters on the synthesis product, avoiding the unreliable trial-and-error traditional
approach in zeolite synthesis. This work shows the rational screening of the effects of the
multiple synthesis variables on the Ti content and speciation, using the DoE approach.

Outline
The explored synthesis variables are the times and temperatures of the hydrolysis of the Si
and Ti precursors, the aging of the gel and the hydrothermal crystallization. The synthesis
parameters were varied following a D-Optimal design at 2 levels and the Ti content and
speciation of the synthesized samples were determined and used as responses for the DoE.
This process allows to exclude the variables that do not have a significant effect on the final
material from further studies and to make deductions regarding the Ti insertion mechanism.
Using this synthetic procedure and within this experimental domain, the total Ti content could
be controlled. Ti is inserted principally in framework tetrahedral2 and penta-/hexa-coordinated
sites. Instead, the formation of octahedral Ti species is completely avoided. The direction in
which the variables must be varied to improve the Ti content and speciation were finally
identified by preparing iso-responses plots, as those reported in Fig. 1.

Fig. 1. Iso-responses plots for the total Ti content (a) and for the Ti speciation (O-Ti LMCT onset) (b).
The orange arrows indicate the improving responses, and the black arrows indicate the axes directions.
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Introduction
Formic acid (FA) is a promising liquid hydrogen carrier with high hydrogen content and can
release and storge hydrogen from renewable resources1. The hierarchically porous structure
could be preeminent supports due to its large area for well metal dispersion by providing
numerous anchor sites for metal nanoparticles and sufficient contact between the reactant
and active sites due to its unique meso-/micro-pores distribution, as well as efficient mass
transport within the mesopores2. Herein, Pt NPs supported on hierarchically porous silica was
synthesized as catalyst for dehydrogenation of FA in liquid phase under mild condition. The
effect of the pores distribution on the catalytic performance is investigated using dynamic NMR
technique.

Fig. 1. Catalytic performance of Pt@NKM-5 catalyst in the dehydrogenation of FA

Outline
The hierarchically porous silica was prepared by adding phase separation agent to induce the
secondary mesopores. The activity of prepared catalysts was tested for the dehydrogenation
of formic acid under mild condition (water as solvent, 50 oC). The gas phase product was
collected with a gas burette. 45.8 mL of gas was released in 3 hours (showed in Fig.1, [Pt] =
1/500 [FA] with 0.48 wt% Pt loading, in 4.0 mL aqueous) with 100% H2 yield, indicating its
potential to be a good candidate for hydrogen generation from formic acid with heterogenous
catalysts in aqueous media.
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Introduction
Supported nanoparticles comprise are an important class of heterogeneous catalyst that find
application in myriad reactions and industrial processes. One such application is in the lowtemperature water-gas shift reaction, for which Au/CeZrO4 is one of the most active catalysts1.
This catalyst deactivates rapidly via nanoparticle growth, thereby lowering the active surface
area of the catalyst. This was thought to be irreversible2. In this work we report that the growth
of Au nanoparticles can be reversed using a simple oxidative treatment, which restores
catalytic activity. These findings have implications for future catalyst design and recyclability.
Outline
We carried out operando
b)
a)
XAS of a 2.5wt% Au/CeZrO4
to investigate the state of the
catalyst during the catalytic
reaction
and
after
a
regeneration step. We found
that the Au-Au co-ordination
number was reduced after
the oxidative treatment,
suggesting the average
particle size decreased and
that some re-dispersion of
the Au had taken place. This Fig. 1. In situ HAADF STEM analysis of the Au/CeZrO4 during the
was recorded at the same WGS reaction (a) and after oxidative treatment (b)
time that the catalytic activity
was restored. We investigated this further using in situ HAADF STEM. Figure 1 shows the
catalyst during the WGS reaction and after oxidative treatment. It can be seen that the Au NP
disappears, suggesting that it re-dispersed to a smaller NP. XPS provided further evidence of
re-dispersion. This works shows that particle growth of Au NPs can be reversed under certain
conditions, which opens the possibility of recycling the catalyst for longer term use. We hope
that this discovery stimulates more research in the field of nanoparticle dynamics and catalyst
regeneration.
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Introduction
Maleic anhydride (MA) is a very versatile molecule, employed as building block for many
industrial applications. Nowadays the industrial production of MA is achieved through the
selective oxidation of n-butane, a process catalysed by vanadyl pyrophosphate (VPP), a
compound with formula (VO)2P2O71,2, responsible for the alkane activation via hydrogen
extraction. The next oxygen insertions to obtain the desired product are achieved by a limited
amount of VOPO4, a V5+ phase, on the catalytic surface. Its presence is necessary to improve
the catalytic performances, but an excess of oxidized species is detrimental for selectivity,
leading to total combustion reactions. Even though this catalytic system has already been
largely studied, its preparation requires several steps on which a deep investigation is still
crucial to assess the effect of different parameters on the distribution of the phases,
responsible for obtaining an optimal active and selective catalyst.

Outline
In particular, the study is focused on the effect of the co-feeding of steam during the thermal
treatment of the catalyst precursors characterized by different P/V ratio and adsorbed
carbonaceous compounds. For this purpose, the heat treatments were performed in a labscale tubular glass reactor and the evolution of CO2 together with the consumption of oxygen
was followed with an on-line micro-GC. The obtained materials were characterised by means
of Raman spectroscopy, X-Ray diffraction, and by investigating their activity through the
selective oxidation of butane. The results brought out that the presence of water in the
calcination step is important both for the desorption and decomposition of organic species
derived from the synthesis of the precursor and to obtain catalysts characterized by a higher
crystallinity. Noteworthy, also the amount of oxygen has an important role in the development
of optimal phases for obtaining an active and selective catalyst. Indeed, by decreasing the
oxidating power of the calcination’s atmosphere a progressive increase of VPP phase was
observed at the expense of oxidized V/P/O phases, in which the most frequent was constituted
of VOPO4. The optimal conditions for the treatment have been found when a mixture,
characterized by a H2O/O2 ratio of 1.6, is used for the calcination with outstanding results in
terms of n-butane conversion and MA yield compared to all other samples.
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Introduction
Oxidation reactions are an important transformation step in the preparation of a wide variety
of fragrances’ ingredients.1 Among them the heterogeneously catalysed, selective oxidation
(or oxidative dehydrogenation, ODH) of complex, long chain, unsaturated alcohols towards
the corresponding unsaturated ketones or aldehydes in the presence of molecular oxygen,
represent a test-bed for the development of sustainable and efficient oxidation processes.2

Outline
In this context, the continuous-flow, gas-phase ODH of a mixture of decen-1-ol isomers
(“isorosalva” alcohol) to the corresponding aldehydes (decenal, “opalene”) has been
investigated over a series of innovative and cheap heterogeneous copper-based catalysts; in
this way avoiding the use of Au and V based catalysts usually employed in similar
reactions.3,4 In particular, investigating the reaction by feeding a stoichiometric, diluted,
isorosalva and oxygen mixture (mol% isorosalva:O2:N2=2:1:97) at 300°C, over a copper
ferrite (Cu0.6Fe2.4O4.2), we found out that the material is mainly selective toward the formation
of heavy C19 ketones and C20 aldehyde, thus fostering parasite aldol condensation and
ketonisation reaction (Scheme 1). Nonetheless, the catalyst undergoes to a progressive
segregation of metallic cupper during the reaction which lead, after a regeneration in air, to a
well-dispersed CuO particles over the surface of an enriched Fe-spinel. This material was
found to be highly selective toward the formation of the desired opalene in the optimized
conditions (Y:30%, S:75%). Similar results have been achieved by synthesizing ad hoc
CuO/γ-Fe2O3 catalyst confirming the peculiar, synergic effect of copper and iron for the
selective ODH of long-chain, unsaturated alcohols.

Scheme 1: isorosalva reaction scheme toward opalene and main by-products.
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Introduction
Alcohol oxidation reactions find applications in various domains like pharmaceuticals, food
industry, polymer synthesis and biomass valorization. The reactions are usually catalyzed by
noble metals using harmful oxidants in alkaline conditions. In a current trend towards circular
economy, cerium dioxide (CeO2) emerges as a relevant alternative, an abundant and
inexpensive catalyst compared to noble metals. This oxide has attracted the attention of the
scientific community due to its mixed Ce3+/Ce4+ valence and its oxygen storage capacity. Used
for the three-way catalytic converters, this material is considered as a candidate of choice for
metal-free alcohol oxidation.

Outline
In this study, ceria 5nm octahedra were first employed as a reference catalyst for selective
oxidation reactions carried out in liquid phase. The catalytic activity of such nanoparticles was
evaluated in the model oxidation reaction of benzyl alcohol with tert-butyl-hydroperoxide
(tBuOOH). The key reaction parameters were studied to enhance the activity and tune the
selectivity to carboxylic acids, with special emphasis on the solvent.
At optimized conditions, 90% conversion was achieved after 48h reaction with a 86% yield of
benzoic acid (carbon balance higher than 99%), when performing the reaction in acetonitrile
at 60 °C. With these results, we further extended the scope of the system to a family of
aromatic and aliphatic alcohols of industrial interest and unveiled structure-reactivity
correlations.
In parallel, we studied the influence of the morphology of ceria nanoparticles on the oxidation
mechanism for benzyl alcohol. Various nanoparticle morphologies were obtained via
hydrothermal synthesis assisted with NO3- as inorganic directing agent. During the synthesis,
the directing agent was selectively adsorbed on different crystallographic facets, blocking their
growth [1]. Octahedra, rods, and cubes were selectively obtained by adjusting the temperature
of the synthesis protocol.
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Introduction
Ultra-small gold nanoparticles (Au NPs) (≤ 3 nm) have shown great promise for the catalysis
of organic reaction, especially for the oxidation of alcohol 1. The grafting of ultra-small Au NPs
on the surface of amphiphilic silica particles provides new insights into the design and
fabrication of Pickering interfacial catalysis system for biphasic reaction 2-4: amphiphilic silica
NPs serve as solid emulsifiers at the oil-water interface to increase the contact area and mass
transfer, while the Au NPs on the surface simultaneously act as interfacial catalysts for the
catalytic reaction.

Outline
Herein, we prepared C3-SiO2-NH2/Au emulsifiers via a two-steps protocol: i) silica NPs were
surface-functionalized with propyltrimethoxysilane and (3-aminopropyl)triethoxysilane
(APTES); ii) Au NPs were grafted onto the silanes-modified SiO2 particles via an Au / NH2
coupling. The obtained hybrid NPs have been characterized by transmission electron
microscopy (TEM) in order to confirm the homogeneous distribution of gold onto the silica
surface and their narrow size distribution (1–2 nm).The ability of C3-SiO2-NH2/Au NPs to form
stable Pickering emulsions with oils of different nature has been examined and the resulting
systems have been characterized. The oxidation of benzyl alcohol in the presence of tert-Butyl
hydroperoxide (TBHP) was studied to evaluate the catalytic performances of the Pickering
interfacial catalysis system. The as-obtained C3-SiO2-NH2/Au NPs-stabilized Pickering
emulsions will pave ways for providing highly-effective and environmentally-friendly platform
for the oxidation of hydrophobic alcohol.

Fig. 1: a) Schematic illustration of the preparation of the C3-SiO2-NH2/Au NPs stabilized Pickering
emulsion and TEM image of C3-SiO2-NH2/Au NPs (scale bar: 10 nm).
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Introduction
Worldwide more than 70% of the steel is produced by using blast furnace-basic oxygen
furnace (BF-BOF). Typically, iron ores are pelletized, mixed with coke particles and loaded to
the BF. Air is blown-up from BF bottom section and reacting with coke produces a high
temperature CO-rich gas at ca. 1900°C. This gas reduces the iron ores to molten iron, which
is subsequently refined to steel hot metal (HM) in the basic oxygen furnace (BOF).
The utilization of coke as reductant agent is the main source of CO2 emission in the BF-BOF
technology, counting for 1.5 tonCO2/tonHM1. To reduce the carbon footprint, some reducing gas
could be replaced by hot syngas. Particularly, syngas produced with a low steam content (H2O
< 7% v/v) and with a high ratio of partial oxidation vs total oxidation product ratio (R =
(H2+CO)/(H2O+CO2) > 7.5 v/v) allows the reduction of coke consumption with the effect of
improving either the sustainability of the process and its energy efficiency.
In this framework we describe the possibilities of the NextCPO technology, based on catalytic
partial oxidation of several carbon feedstocks, that is able to produce syngas with required
characteristics for iron ores reduction2.

Outline
NextCPO reactors and catalysts are designed for promoting heterogeneous reactions by
colliding for few milliseconds gaseous premixed reactant flows with extremely hot catalytic
surfaces. Chemical reactions remain confined inside a thin (<1 mm) solid–gas inter-phase
zone surrounding the solid catalytic particles for nearly 10-6 s at temperatures that can reach
1200°C3. Produced syngas leaves the reactor at temperature around 1000°C and it is fed to
the blast furnace through a dedicated transfer line.
Main advantageous characteristics of this technology are summarized as follows: i) small
reactors (ca. 1/100 volume of BAT technologies), ii) wide flexibility with respect to the
composition of the reactants (including feedstock with a bio-mass origin) and production
capacity, iii) low CO2 emissions due to the possibility of avoiding heating furnaces, iv)
possibility of modular pre-built and skid mounted units to be transported and hook-up at
utilization sites with a drastic reduction of the on-site activities.
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Introduction
The aspirational conversion of methane to liquid oxygenates (mainly methanol) has inspired
extensive research activity. An efficient and practical route that is commercially viable has
remained elusive despite the significant number of investigations into novel catalysts and
oxidants. Panov et al in their seminal studies, identified ion exchanged zeolite Fe-MFI as a
catalyst of interest for the partial conversion of methane to methanol using N2O as the
oxidant.1 The nature of the active iron sites for N2O decomposition is still heavily debated.
However, it is generally accepted that α-sites perform the oxidation via the reversible redox
transition Fe2+
Fe3+ and that the formation of iron oxides needs to be avoided in order to
optimise the catalytic activity.2,3,4 Catalyst selection for optimal catalytic activity in this study
builds on the experiments presented by Zhao et al.3,4 and Feng and Hall.5 We propose that
Fe-FER prepared using the novel method described by Feng and Hall (F-H) will provide a
catalyst that has a high density of α-Fe(II) sites, resulting in high selectivity for the direct
conversion of methane to oxygenates at lower temperatures.

Outline
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4
Fe-FER-IE
interest was prepared via the method described by
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F-H.5 The other three catalysts were prepared at a
2
constant Fe loading of 0.5% via the previously
reported methods of solid state ion exchange (SSIE),
1
aqueous ion exchange (IE) and incipient wetness
0
impregnation (IMP).4 The catalytic activity was
250
275
300
325
350
375
determined in continuous reaction with N2O in a
Temperature (°C)
fixed-bed
stainless
steel
tube
reactor.
FIG. 1. The conversion of methane at a
Characterisation of the catalyst was used to assess
range of temperatures using varied
the density of α-Fe(II) sites. Figure 1 shows that the
catalysts.
novel catalyst lowered the temperature required for
methane conversion in comparison to IE and SSIE catalysts. The novel catalysts also had
high selectivity to oxygenates and in particular, the incidence of carbon dioxide, carbon
monoxide and coke production was significantly reduced. This study has found that the
novel Fe-FER catalyst had high selectivity to oxygenates and improved methane conversion
at lower temperatures.
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Introduction
Atrazine (2-chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine) is a triazine herbicide
and is widely used as a herbicide for crops, such as corn, sugar cane, and sorghum, due
to its low cost and excellent weed control efficacy [1]. ATZ is an herbicide that has been
considered an environmental pollutant worldwide. Brazil is one of the largest consumers
contry of agrochemicals in the world, including ATZ. In Brazil, 24,731 tons of the
herbicide were sold in 2017 [2]. There are several works on recent treatments
technologies for herbicide atrazine in contaminated environment [1], but only a few works
about ATZ degradation approach with application of metalloporphyrin catalyst in
homogeneous systems [3], in this regards, this study aimed to investigate ATZ
degradation catalyzed by fluorossubstituted iron porphyrin (FeTFPCl) as biomimetic
cytochrome P450 model in acetonitrile. We used chlorine dioxide (ClO2) as oxidant. It
should be noted that recently was reported a rapid degradation of atrazine by a novel
advanced oxidation process of bisulfite/ ClO2 [4].

Outline
The present work aimed to investigate the degradation of the herbicide atrazine by
applying the oxidant ClO2, varying the molar ratio of catalyst/oxidant/atrazine to produce
the best catalytic yield of the oxidation reaction. The degradation reaction was catalyzed
by a fluorossubstituted iron porphyrin in the acetonitrila as solvent, searching to improve
the oxidation reactions yields of atrazine.
In this study we was carried out the variation of the molar ratio to
catalyst:oxidant:substrate from (1:1:1) to (1:10:1), considering that much higher
proportions of oxidant also promote the oxidation of catalyst , a reaction with an
intermediate proportion of (1:5:1) was also performed. It is noteworthy that these catalytic
reactions were performed simultaneously in duplicates, using sealed vials, to be
performed the analyses of Coupled Gas Chromatography-Mass Spectrometry(GC-MS),
with a chromatograph-coupled to a tandem mass detector, Thermo ITQ-900 Ion Trap,
and spectrophotometric analyses were performed on the GBC-Cintra 6
spectrophotometer (UV-Visible).
The oxidation reactions were made with constant agitation in a shaker fabricated by
Nova Etica, with 100 rpm and timer, and measurements were performed initially every
30 minutes, in the first 2 hours, increasing the time to up to 24 hours. The reaction vials
were sealed with aluminum ring cap and teflon septum, and were maintained at room
temperature of 25 degree Celsius. Previously, analytical curve was made for the
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herbicide atrazine, varying the concentrations of the standard atrazine (Sigma Aldrich)
from 0.1 to 2.0 mg L-1, with 6 concentration points, was obtained a linear fit with
correlation coefficient (R2) 0.999.
After injections of 2 L into GC-MS, using a Thermo Triplus automatic sampler, and
running the full scan method, using the X-Calibur software, was proceeded the search in
the NIST library and the peak of atrazine was monitored, always with the identification
of the ions characteristic of atrazine (200, 215, 173), with probability greater than 88.2%.
We obtained in the preliminary results for the best molar ratio to
catalyst:oxidant:substrate (1:10:1), the yield was 54%, after 2 hours of oxidation reaction.
At the same time, the reaction was monitored using a UV-Visible spectrophotometer and
the visualization of the characteristic Soret band of metalloporphyrin was with
absorbance similar to the begining of the reaction.
The present study is underway, expanding the reaction conditions in order to optimize
the degradation of this and other triazinic herbicides, as well as trying to elucidate the
formation of by-products via GC-MS.
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Introduction
The liquid-phase oxidation of petroleum-based/coal-based/bio-based polyols is of great
significance for the production of intermediates such as glycolic acid, pyruvic acid, glyceric
acid, dihydroxyacetone, tartaric acid (produced by glycerol oxidation). Moreover, these
carboxylic acid products could be further transformed into environmentally friendly polymers,
medical drugs, renewable bioplastics and green solvents. Therefore, the development of
green polyol oxidation technology is critical for the implementation of traditional energy
transformation. The key of this process depends on the development of high-efficient
supported catalysts. Here, this work aims to design Pt based catalysts for efficient oxidation
of polyols to hydroxyl acids in the base-free medium. Through the directional construction of
Pt-MOx (M = Co, Zn and Mn) interface structure, the efficient conversion of polyol oxidation to
hydroxyl acid was realized. The relationship between particle size effect, electron transfer
effect and catalytic performance over the interface structure was systematically explored.

Outline

Combined with multi-scale research methods such as experimental reaction kinetics, in-situ
FT-IR and DFT calculation, it is proved that Pt-MOx interface structure tends to activate
primary hydroxyl rather than secondary hydroxyl. Subsequently, the oxidation process of
primary hydroxyl to carboxylic acid mainly includes four elementary steps: the
dehydrogenation of O-H bond, the dehydrogenation of C-H group, the oxidation of aldehyde
and the cleavage of C-C bond. The enrichment of electrons on the surface of Pt metal can
significantly promote the activation of C-H bond (rate-determining step). Meanwhile, the
introduction of CoOx/ZnOx/MnOx can preferentially adsorb carboxylic acid with C=O double
bond, and improve the activation barrier of C-C bond cleavage. We anticipate that this work
could give some suggestions for the design of high efficient catalysts in polyol oxidation
system.
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Introduction
The production of ethylene using a cheaper and more abundant raw material than oil is
possible through the oxidative coupling of methane (OCM)1. The well-studied MnOxNa2WO4/SiO2 catalyst is proved to show promising performance. Many recent studies of this
system have focused on the investigation of active sites/phases. For example, the presence
of the molten Na2WO4 phase is considered to be decisive for product selectivity2. The role of
oxygen species is, however, often overlooked, although the presence of oxygen makes the
OCM reaction thermodynamically feasible but promotes the overoxidation of C2H4/C2H6. In our
previous studies with MnOx-Na2WO4/SiO2, the kind of oxygen species was shown to play an
important role for product selectivity3,4. In this work, we studied MnOx-free catalysts
M2WO4/SiO2 (M=Na, K, Rb, Cs) to exclude the role of this metal oxide. Importantly, tungstates
of K, Rb, and Cs do not melt under the reaction conditions, that allows unambiguously prove
if the molten Na2WO4 phase is really the key selectivity descriptor.

Outline
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The M2WO4/SiO2 catalysts were proved to be highly selective (>70%) at high methane
conversions and do not differ from their Mn-containing counterparts in this regard. Operando
UV-vis spectroscopic tests revealed that the removal of lattice oxygen from M2WO4 with CH4
is significantly slower than the reoxidation of reduced catalyst
M2WO4/SiO2
sites by O2. Moreover, lattice oxygen cannot convert CH4 to C21
C2
hydrocarbons, but to carbon oxides exclusively. Adsorbed
oxygen species formed from gas-phase O2 are needed to form
CO
0.1
the desired hydrocarbons from CH4, as proven by transient
CO2
experiments with oxygen isotopic tracers. Thus, the OCM
reaction proceeds through a combination of Mars-van Krevelen
Cs Rb K
Na
0.01
and
Langmuir-Hinshelwood
mechanisms.
Importantly,
0.7
0.8
0.9
Electronegativity / Allen unit
regardless of the state (molten or crystalline) of M2WO4 phases
detected by in situ XRD, the kinetics of the OCM reaction are
Fig. 1. Dependency of the
governed by the electronic catalyst properties (Fig. 1).
product formation rates on
Moreover, oxygen isotopic exchange tests revealed the
the electronegativity of
influence of the electronegativity of the alkali metal on O2
alkali metals
activation and the formation of adsorbed biatomic oxygen
species, which is assumed to participate in CO2 formation. Thus, we can conclude that
electronegativity is the decisive descriptor for effective oxygen activation, which determines
the effectiveness of the M2WO4/SiO2 (Na, K, Rb, Cs) catalysts. This knowledge can be used
for purposeful catalyst design.
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Introduction
Building on research carried out by Eastman Chemical into highly active, selective, and stable
fluorophosphite ligands for hydroformylation,1 cyclic fluorophosphites with differing ring sizes
have been investigated for the hydroformylation of 1-hexene.2 While 6-membered
naphthalene-based species exhibited the highest activity, n-selectivity, and stability of those
tested, 2,7-disubstituted derivatives of these ligands were found to permit even greater activity
and n-selectivity than their parent compound.

Outline
Expanding on these findings, a variety of novel naphthalene-derived fluorophosphite ligands
(Figure 1) have been prepared via established synthetic routes3 and their catalytic activity and
selectivity compared with the aforementioned related ligands.

Figure 1 – Naphthalene-derived cyclic fluorophosphites
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Introduction
Many oxidation catalysis reactions involve the use of a solid catalyst, such as the industrially
known Formox process, involving the oxidation of methanol to formaldehyde,1 or the use of
ceria supported platinum or palladium for total oxidation of propane.2
Elucidating the structure-activity relationship of solid catalysts is of crucial importance for
optimisation of catalytic activity, and many different advanced analytical techniques can be
implemented to achieve this.
Electron microscopy is a powerful technique encompassing many different methods for
characterising these types of materials, including High-Resolution Transmission Electron
Microscopy (HR-TEM), Scanning Transmission Electron Microscopy (STEM) and Scanning
Electron Microscopy (SEM), using techniques such as High Angle Annular Dark Field Imaging,
SE and BSD imaging, Energy dispersive X-ray analysis and mapping and 3D tomography.

Outline
This poster aims to demonstrate some of the applications of electron microscopy with regard
to the two oxidation catalysis reactions mentioned above.
It will detail the use of dark field microscopy to follow the formation of nanocrystallites in ceria
zirconia materials over calcination. It will also describe a novel stop-start methodology as a
quasi-in situ EM technique as applied to iron molybdate catalysts for methanol oxidation
(shown in figure).

Figure: TEM images representing an iron molybdate material over calcination demonstrating
the stop-start methodology.

References
1. K. V. Raun et al., Catal. Letters, 150, 1434–1444, (2020).
1. R. K. Sharma et al., Ind. Eng. Chem. Res., 34, 4310–4317, (1995).

9th World Congress on Oxidation Catalysis: Oxidation for a Sustainable Future and Clean Environment
Cardiff, September 4-8th 2022.

Selective methanol oxidation using FeMoOx catalysts formed via
Supercritical antisolvent (SAS) precipitation
J. Pitchers,*a Dr. J. Carter,a Prof G. Hutchings,a Prof. S. Taylor,a D. Hewes.a
a) Cardiff Catalysis Institute, Cardiff University
* pitchersjr@cardiff.ac.uk

Introduction
Selective methanol oxidation to formaldehyde is an industrially relevant reaction, with 52 MT
per annum of formaldehyde being formed in 2016. Iron molybdate catalysts (FeMoOx) are
used for the industrial process of partial oxidation of methanol to formaldehyde. First being
discovered in the 1930’s, mixed iron-molybdenum catalysts were found to exhibit the high
conversions of iron oxide and maintain a high selectivity, like molybdenum trioxide.1
The materials usually exhibit an excess of molybdenum at the surface of the catalyst,2 with an
amorphous MoOx overlayer, covering the mixed phase Fe2(MoO4)3, which has a high oxygen
mobility and high acidity,3 which is ideal for the selective oxidation of methanol. However, the
materials are currently limited by phase impurity (iron rich oxides cause overoxidation)4 as well
as typically having low specific surface areas (below 8 m2g-1).
Supercritical antisolvent (SAS) precipitation is a catalyst preparation method which could
alleviate the issues of low surface area and phase impurity. SAS precipitation is a method in
which a metal precursor solution (Mo and Fe salts dissolved in MeOH/H2O) is pumped into a
vessel which is under conditions in which CO2 is supercritical (scCO2). The scCO2 contacts
the metal precursor solution, in which the scCO2 dissolves into the solution, creating
supersaturation of the metal precursor, which then rapidly dissolutes, forming a powder. The
powders are collected and calcined under flowing air, forming well mixed, enhanced surface
area metal oxide catalysts.

Outline
The poster shows the advantages of supercritical antisolvent (SAS) precipitation process, with
a methodology for the technique which is not well known to many groups outside of the Cardiff
Catalysis institute. The poster also shows the characterisation for iron molybdates formed in
house, highlighting the surface area enhancement and the influence of water cosolvent
content on the reduction of the materials. The poster also highlights the enhanced
performance of the iron molybdates formed in house via SAS precipitation for selective
methanol oxidation when compared to coprecipitated iron molybdates, and the performance
in related to physiochemical properties of the catalysts.

References
1

H. Adkins and W. R. Peterson, J Am Chem Soc, 53, 1512–1520, (1931).

2

B. R. Yeo, G. J. F. Pudge, K. G. Bugler, A. v Rushby, S. Kondrat, J. Bartley, S. Golunski, S. H.
Taylor, E. Gibson, P. P. Wells, C. Brookes, M. Bowker and G. J. Hutchings, Surface Science, 648,
163–169, (2016)

3

M. P. House, A. F. Carley and M. Bowker, Journal of Catalysis, 252, 88–96, (2007).

4

K. V. Raun, L. F. Lundegaard, J. Chevallier, P. Beato, C. C. Appel, K. Nielsen, M. Thorhauge, A.
D. Jensen and M. Høj, Catalysis Science and Technology, 8, 4626–4637 (2018).

9th World Congress on Oxidation Catalysis: Oxidation for a Sustainable Future and Clean Environment
Cardiff, September 4-8th 2022.

9th World Congress on Oxidation Catalysis: Oxidation for a Sustainable Future and Clean Environment
Cardiff, September 4-8th 2022.

Preparing Bimetallic Nanoparticles Supported on Activated Carbon
by Sol Immobilization: Influence of the Acid Addition
C.B. Paris,a,* A.G. Howe,b R.J. Lewis,a,c D.G. Hewes,a,c D.J. Morgan,a,d Q. He,b and
J.K. Edwards.a, **
a

Cardiff Catalysis Institute (CCI), School of Chemistry, Cardiff University, Main Building, Park Place,
Cardiff CF10 3AT, United Kingdom.
b Department of Materials Science and Engineering, Faculty of Engineering, National University of
Singapore, Blk E2, #05-01, 9 Engineering Drive 1, Singapore.
c Max Planck Centre for Fundamental Heterogeneous Catalysis (FUNCAT), Cardiff Catalysis Institute,
School of Chemistry, Cardiff University, Main Building, Park Place, Cardiff CF10 3AT, United
Kingdom.
d HarwellXPS-the EPSRC National Facility for Photoelectron Spectroscopy, Research Complex at
Harwell (RCaH), Didcot, Oxon. OX11 0FA, United Kingdom.
* pariscb@cardiff.ac.uk
** edwardsjk@cardiff.ac.uk

Introduction
The sol immobilization technique was first developed to achieve high Au nanoparticles (NPs)
dispersion onto carbon-based supports.1 Over the years, the technique has been extended to
a variety of metals and supports,2 and a generic procedure emerged. Many studies select
preparation conditions arbitrarily, overlooking the chemistry taking place. Here, we show that
parameters for the preparation of supported metal nanoparticles via a sol immobilization
method should be carefully considered before an experimental regimen is followed.

Outline
Preparing 1wt%AuPd/C catalysts by sol-immobilization (Figure 1), we studied the influence of
adding acid (H2SO4, 133 ppm) on the catalytic activity of the resulting materials towards the
direct synthesis of hydrogen peroxide and its subsequent degradation.

Figure 1 Catalyst preparation via the sol immobilization method.
Briefly, the acid addition allows for the modification of the electrostatic regime during the
immobilization of the NPs onto the support, resulting in modified total metal loading and
modified catalytic activity. We show that the effect of the acid addition goes beyond the actual
metal loading. Catalysts prepared with acid depict smaller nanoparticles, offering more active
sites and therefore, being more active than their homologues prepared without acid.
The poster is based on results already published.3
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So-called cross-electrophile coupling (XEC) has shown promise over traditional crosscoupling in recent years. This process involves two substrates that are electrophilic in nature,
such as a C(sp2) aryl halide and a C(sp3) alkyl halide, reacting to selectively form the crosscoupled product.1 A key benefit of this approach over traditional cross-coupling is the
avoidance of a ‘nucleophilic’ reaction component e.g. boronic acids/esters, organozincs,
Grignard reagents, etc., which can cause selectivity issues or poorer functional group
tolerance in late-stage functionalisation processes. However, these XEC processes are not
without their own drawbacks, such as the need for activation of a reducing species (typically
zinc or manganese), use of inert glovebox set-ups, and the need for long reaction times.
Previous work from our group has demonstrated direct activation of zinc and manganese using
mechanochemical ball-milling, including nickel-catalysed XEC under ball-milling conditions.2,3
Building on this work, we have successfully applied the mechanical activation of zinc and
manganese to the synthesis of alkylated N-heteroarenes, for example pyridines, and 3,3disubstituted oxindoles, respectively (Scheme 1). Both processes demonstrate good substrate
scope and a variety of alkyl halide electrophiles are tolerated. Radical clock experiments
revealed the likely presence of radical intermediates, which is in agreement with solutionbased processes, as well as our previous work.

Scheme 1. Overview of mechanochemical synthesis of alkylated N-heteroarenes and oxindoles.
1) For some reviews on cross-electrophile coupling, see a) D. J. Weix, Acc. Chem. Res., 2015, 48, 1767–1775; b)
D. A. Everson and D. J. Weix, J. Org. Chem., 2014, 79, 4793–4798.
2) W. I. Nicholson, J. L. Howard, G. Magri, A. C. Seastram, A. Khan, R. R. A. Bolt, L. C. Morrill, E. Richards, D. L.
Browne, Angew. Chem. Int. Ed., 2021, 60, 23128-23133.
3) A. C. Jones, W. I. Nicholson, J. A. Leitch and D. L. Browne, Org. Lett., 2021, 23, 6337–6341.
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Introduction
We report the use of low loading (0.05, 0.08, 0.2, 0.5 wt%) Pt/TiO 2 catalysts prepared via a
modified impregnation method for the chemoselective hydrogenation of 3-NS (3-nitrostyrene)
to 3-VA (3-vinylaniline). Post-synthetic heat treatments have been used to manipulate the Pt
sites. For both 0.2 and 0.5 wt% catalysts, reduction at 450 °C induced a SMSI (strong metal
support interaction) causing coverage of platinum sites by the titania support, whereas
calcination at 450 °C prior to the reduction step prevented this. This heat treatment results in
a highly active and selective 0.2 wt% Pt/TiO2 catalyst.1

Outline

Figure 1: TOF (Turnover frequency) based on initial rates for the selective hydrogenation of 3-NS.
Conditions: 0.2 ml 3-NS; 8 ml toluene; 3 bar H2; 50 mg catalyst; 40 °C.

Reduced only 0.2 wt%Pt/TiO2 gave a TOF of 1450 mol3NS·molPt-1·h-1 with >99% selectivity
towards 3-VA, compared to the calcined and reduced catalyst which gave a TOF of 5650
mol3NS·molPt-1·h-1. However, the selectivity to 3-VA was slightly lower (ca. 96%).
Total number of peripheral sites for the Pt/TiO2 catalysts were estimated based on the particle
size distributions from HAADF-STEM analysis. A positive correlation was observed between
the total number of peripheral Pt and the initial rate of the reaction. This was not observed for
total number of exposed Pt surface atoms.
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Borrowing hydrogen is a process that is used to diversify the synthetic utility of commodity alcohols.1
A catalyst first oxidizes an alcohol by removing hydrogen to form a reactive carbonyl compound. This
intermediate can undergo a diverse range of subsequent transformations before the catalyst returns
the “borrowed” hydrogen to liberate the product and regenerate the catalyst. In this way, alcohols
may be used as alkylating agents whereby the sole byproduct of this one-pot reaction is water.
Recently, we wrote an outlook article that highlights the diversity of metal and biocatalysts that are
available for this approach, as well as the various transformations that can be performed, focusing on
a selection of the most significant and recent advances. By succinctly describing and conveying the
versatility of borrowing hydrogen chemistry, we anticipate its uptake will increase across a wider
scientific audience, expanding opportunities for further development.
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Introduction
Despite the push towards the electrification of vehicles it will still be several decades until the
internal combustion engine is no longer used. With increasingly stringent emission legislation,
in particular the new Euro 7 limits which will come into force in 20251, advancements in
aftertreatment technology is still an essential area of research. Diesel aftertreatment systems
typically comprise of a diesel oxidation catalyst (DOC), a selective catalytic reduction system
(SCR) and a diesel particulate filter (DPF). A SCR catalyst may be coated onto a DPF to form
an integrated system however the filter still requires active regeneration via an injection of fuel
at high temperatures – this hinders the fuel economy of the vehicle and requires both catalysts
to be highly thermally stable.
Another problem is low temperature soot oxidation. The DPF actively regenerates at high
temperatures which can result in the filter becoming blocked with soot if the vehicle is only
used for short periods of time.

Outline
The simultaneous removal of NOx and soot particulate from diesel exhaust by in-situ catalytic
generation and utilisation of N2O over a Ag/CZA (CeO2-ZrO2-Al2O3)2 catalyst was investigated.
The catalyst was prepared via wet impregnation and was tested for its ability to selectively
catalytically reduce NOx and for its ability to simultaneously oxidise soot and reduce NOx. The
catalyst was tested using a fixed bed microreactor connected to an FTIR to monitor gas
concentrations. A simulated diesel exhaust gas was flowed over either 0.25 g catalyst or 0.25
g catalyst + 0.025 g carbon black. The catalyst and carbon black were shaken together to form
loose contact. This is representative of the contact between soot and the catalytic washcoat
in a DPF.3 The micro reactor was heated from 125 to 550 °C with concentration measurements
being recorded after the gas analysis had stabilised after every 25 °C increment. It was found
that Ag/CZA has the ability to simultaneously reduce NOx and oxidise soot at low
temperatures via the in-situ generation of N2O.
The effect of potassium inclusion in a silver catalyst for N2O-mediated oxidation of soot in
oxidising exhaust gases was also investigated.4 Potassium is a well known enhancer of soot
oxidation, therefore a weight loading study was carried out to determine the effect of potassium
on the simultaneous removal of NOx and soot. Potassium weight loadings between 2% - 20%
on a 2%Ag/CZA catalyst were investigated. It was found that potassium blocked the majority
of the NO-adsorption sites on the Ag and the low-temperature NH3 adsorption sites on the
CZA. In addition to preventing N2O-mediated oxidation of soot. Potassium mobility was found
to be a key factor in the catalysts’ activity.
1. A. Joshi, Technical Paper; SAE International: Warrendale, PA, USA (2022)
2. C. Davies, K. Thompson, A. Cooper, S. Golunski, S. H. Taylor, M. Bogarra Macias, O.
Doustdar and A. Tsolakis, Appl. Catal. B Environ., 239, 10–15 (2018)
3. D. Fino, S. Bensaid, M. Piumetti, N. Russo, Appl. Catal. A Gen, 509, 75–96 (2016)
4. A. Cooper, S. Golunski, S.H. Taylor, Catalysts, 12, 753 (2022)
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Nitrogen activation remains a vital process both from a natural (nitrogenase enzymes) and an
industrial (Haber-Bosch process)1 perspective. Due to this importance, the research
community has invested considerable efforts in exploring nitrogen activation. A number of
metal catalysts have demonstrated efficacy in the conversion of N2 to NH3, with those
containing Fe or Mo being of particular note. As a result, many molecules containing nitrogen
can be activated, such as azides, diazos, and hydrazines.2 Following modern trends, metal
free alternatives have also been developed. A major development was achieved in 2018, when
a cyclic alkyl) (amino)carbene(CAAC) stabilised borylene achieved the activation of N2.3
Stephan had previously demonstrated the ability of the strong Lewis acid B(C6F5)3 to liberate
N2 from Ph2N2 and to react with Ph2C=NNH2 to form an adduct. The Melen group has also
been very interested in investigating the reactivity of the boranes with various N-N bound
substances, such as hydrazines and hydrazides.4.
Three-membered dinitrogen heterocycles called diaziridines, which include an additional ring
strain that might theoretically lead to regulated eliminations at low temperatures, are structural
counterparts of hydrazines. This research investigates how various Lewis acidic triaryl
fluoroboranes can activate diaziridines. A quick look at the results would suggest a facile link
between the Lewis acidity of the triaryl boranes and the product obtained. The more Lewis
acidic B(C6H2-3,4,5-F3)3 and B(C6F5)3 were able to form the expected products at far lower
temperatures than the less Lewis acidic BPh3 and B(C6H2-2,4,6-F3)3, achieving the formation
of the expected product at a far lower temperature. A series of adducts were prepared which
upon heating lead to loss of ArFH for selected examples. Thus, novel covalent N–N–B systems
can be generated including chain and heterocyclic compounds. Overall, we established the
versatility of triaryl boranes when diaziridines activation is considered. The key finding of this
research have been summarised.in figure (1)
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Introduction
Vinyl chloride monomer (VCM) is a major commodity chemical used for the manufacture of
polyvinyl chloride (PVC), mainly via the acetylene hydrochlorination reaction.1 The successful
replacement of the highly toxic mercuric chloride catalyst with gold has led to boost of research
in this area. The acetylene hydrochlorination for the manufacture of vinyl chloride monomer
(VCM) is an exceptionally well researched reaction with a rising number of research papers
and patents being published annually. Gold supported on carbon is an efficient catalyst for
this reaction.2 One key aspect, which led to the commercialization of the gold catalyst is the
use of thiosulphate as a stabilizing ligand.3 This work explores the use of a range of Sulfur
containing compounds as promoters for production of highly active Au/C catalysts. Promotion
is reflected through a series of metal sulfates, non-metal sulfates, and sulfuric acid treatments.
This activity improvement is further optimized by either pre- or post-treatments, concentration
of dopants used, and modification of washing steps.
If you wish to find more information about this work, please scan below

OR
Check the following link: https://onlinelibrary.wiley.com/doi/10.1002/smll.202007221
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Introduction
Due to the increasing industrialisation and population growth world-wide, it has been estimated
that around 4 billion people have no or little access to cleaned and sanitized water supply. 1
Advanced oxidation processes (AOPs) are a set of emerging technologies for water
remediation that have proven to be significantly efficient for the removal of a wide range of
persistent pollutants.2 AOPs combine oxidants (e.g. H2O2) with catalyst (e.g. iron sulphate
(FeSO4) and/or radiation (e.g. UV).3 Under near ambient temperature and pressure, AOPs
degrade organic pollutants based on the generation of reactive oxygen species (ROS, e.g
hydroxyl radical (HO•)), which are stronger oxidants compared to other common ones such as
chlorine (Cl2) of H2O2 itself.3 We have investigated the efficacy of a series of bi-functional
Pd/Fe-ZSM-5 catalysts towards the degradation of phenol, a model wastewater contaminant,
where Fe is responsible for the generation of ROS from in-situ H2O2

Results
The mono-functional X wt.% Fe-ZSM-5 (X: 3.0-0.06) catalysts have been prepared by
hydrothermal synthesis methodology, which permited the synthesis of zeolites containing Fe
atomically dispersed within the zeolitic lattice. Subsequent activation of the catalyst by
calcination with air, extracted the Fe from the lattice positions (where Fe3+ is tetrahedrally coordinated) delivering extra-framework and/or framework Fe species depending on the Fe
loading employed. Pd was subsequently introduced (0.5 wt.%) via modified impregnation
procedure to end up with a set of bi-functional 0.5 wt.% Pd/ X wt.% Fe-ZSM-5 (X: 3.0-0.06)
catalysts to test against the degradation of phenol via ROS generation from in-situ H2O2 using
and autoclave (Parr Intrument) with diluted mixtures of H2 and O2 gas. The inclusion of the Fe
into the zeolitic lattice and the subsequent Pd impregnation had a negative effect on the
crystallinity of the zeolite. In fact, the crystallinity decreased from 99% for the bare ZSM-5 to
79% when 3% wt.% Fe and 0.5 wt.% Pd was introduced according to x-ray diffraction.
Physisorption analysis revealed how the surface of the catalysts were becoming even a flatter
while decreasing the crystallinity. Diffuse reflectance ultraviolet visible spectroscopy (DR UVVis) and Raman-UV revealed that the speciation of the Fe was linked to the crystallinity, in
fact, the lack of crystallinity evoked the formation of extra-framework Fe species, making the
bi-functional 0.5 wt.% Pd/ X wt.% Fe-ZSM-5 (X: 3.0-0.06) catalysts more active, but less
stable, while decreasing the crystallinity. Transmission electron microscopy analysis
evidenced randomly dispersed nanoparticles on the mono-functional 3.0 wt.% Fe-ZSM-5,
suggesting that they could be agglomerates of extra-framework Fe species, and thus,
corroborating the DR UV-Vis and Raman-UV results.
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Introduction
Volatile organic compounds (VOCs) are a common pollutant released from a wide range of
anthropogenic sources. They are a major cause of urban air pollution, through a reaction with
NOx forming photochemical smog. Air pollution is particularly bad for human health being the
primary cause of preventable death globally.1 This has led to regulation being introduced
limiting the release of VOCs with catalytic oxidation being widely used to achieve this.
Supported Pd and Pt catalysts have seen extensive research due to high activity and stability.2
Recent work has suggested that bimetallic PdPt catalysts are active for VOC oxidation and
are particularly resistant to deactivation from steam.3 Chemical vapour impregnation (CVI) is
a synthesis technique that produces highly active PdPt bimetallic catalysts for liquid phase
oxidation reactions, with greater performance than the analogous monometallic catalyst.4 This
work aims to assess the performance of catalysts for propane oxidation synthesised by CVI
with a variety of Pd:Pt ratios.

Outline
Catalysts were synthesised via CVI with a 1%
metal weight loading in all cases and supported on
80
Al2O3.
The
catalysts
synthesised
were
monometallic Pd and Pt catalysts along with
60
bimetallic PdPt with ratios of 3:1, 1:1, and 1:3.
These were tested for propane oxidation. All
40
catalysts were active with the following trend seen
of performance: 3:1 PdPt > 1:1 PdPt > 1 % Pd >
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1:3 PdPt > 1 % Pt (Figure 1). Electron microscopy
did not suggest metal alloying instead with large Pt
0
particles forming alongside highly disperse Pd
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nanoparticles. XPS showed the 1 % Pd catalyst
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Figure 1: Light-off curve showing propane
exclusively comprised of PdO while the bimetallics
conversion between 200-500 °C over PdPt
contain a mixture of Pd0 and Pd2+. A strong
bimetallic catalysts and monometallic catalysts.
correlation was seen for the bimetallic catalysts
■ – 1 % Pd/Al2O3, ● – 3:1 PdPt/Al2O3, ▲ – 1:1
0
PdPt/ Al2O3,  - 1:3 PdPt/Al2O3,  - 1 % Pt/Al2O3 between increasing the amount of Pd present and
activity suggesting that the presence of metallic
Conditions: total flow fate 50 ml/min, GHSV
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palladium is beneficial. It is thought that the
50,000 h
bimetallic catalysts go through an alternative reaction pathway and subsequently easier C-H
bond activation to the monometallic catalysts helping to explain differences in performance.
CO chemisorption has also suggested that the bimetallic catalysts have a much greater
number of active sites providing more opportunity for the propane to react.
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2 C. He et al., Chem. Rev., 2019, 119, 4471–4568.
3 E. D. Goodman et al., ACS Catal., 2017, 7, 4372–4380.
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Introduction
Transfer hydrogenation (TH) reactions are generally described as the formal addition of dihydrogen to
another molecule from a source different to gaseous H2, most commonly 2-propanol. The main
advantage of TH is that it avoids the direct use of H2 gas, which is highly flammable and requires
specialized equipment. Perhaps the most well-known catalysts for TH are based on a complex first
reported by Noyori in 1995 - [RuCl(η6-arene)(N-arylsulfonyl-DPEN], DPEN = 1,2-diphenylethylene-1,2diamine.1 In 2001, Noyori shared the Nobel Prize for Chemistry with Sharpless, for his pioneering work
in the area of asymmetric hydrogenation reactions.2 Since then, these have been an inspiration for the
development of many other catalytic systems for TH. Examples are reports by Caniver and Süss-Fink3,
Zhu et al.4, Wills’ group5, amongst others.
We present a series of novel half-sandwich complexes of Ir(III), Rh(III) and Ru(II), bearing 5-, 6-, or 7membered 3-amino substituted heterocyclic amines, as well as some N-substituted derivatives of these.
Our ligands are either novel or vastly underrepresented in the literature, so we decided to probe the
activity of their corresponding half-sandwich complexes towards transfer hydrogenations, as well as
investigate the importance of the ring size of the ligand.
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Our complexes can be conveniently synthesised from the corresponding [M(cycle)Cl2]2 precursors
(M=Rh, Ru, Ir; cycle=Cp* or p-cymene) and appropriate enantiopure ligand. To our delight, complexes
bearing 6- or 7-memebered cyclic ligands are formed selectively as a single diastereoisomer. This
selectivity was confirmed by NMR, XRD, and computational studies. Our initial studies on the transfer
hydrogenation of 4-fluoroacetophenone with complexes bearing the parent non-substituted ligands
show only moderate activities for all catalysts, with 89%+ conversion after 3 days at reflux, but
unfortunately do not impart any enantioselectivity. Additionally, we performed DFT studies on transfer
hydrogenation mechanism using one of our complexes. These yielded favourable reaction barriers at
the reaction conditions, but also confirmed our empirical observation of lack of enantioselectivity.
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Introduction
Glucose is considered to be a bio-derived platform molecule that can be transformed into
a wide array of valuable chemicals, including gluconic acid, which is commonly used in the
food, cosmetics, and pharmaceutical industries1. In recent years, much attention has been
devoted to the catalytic base-free oxidation of glucose. Gold nanoparticles (Au NPs) deposited
on various supports have been hitherto reported to be attractive catalysts for this reaction.
Literature provides examples of aerobic glucose oxidation carried out in a batch reactor under
elevated oxygen pressure, as well as microwave-assisted oxidation with the use of hydrogen
peroxide. The role of the support for gold is crucial. Before our investigations gold supported
on zeolites had not been applied in glucose oxidation. Zeolites are attractive and suitable
supports for liquid-phase oxidation processes, because of their water compatibility and the
benefits provided by a porous system for the transport of glucose and oxidation products to
and from the active sites. Moreover, zeolites deliver their own active centres.

Outline
The purpose of this study2 was the modification of two types of zeolitic supports – the threedimensional HBeta and the layered two-dimensional MCM36 also modified with boron – with
Au NPs and evaluation of the activity/selectivity of as-prepared catalysts in base-free glucose
oxidation using O2 or H2O2 as the oxidant. Gold deposition was performed using the grafting
method employing (3-aminopropyl)trimethoxysilane (APMS) with further reduction of gold
source using NaBH4. Selected samples were subsequently calcined in order to remove APMS,
whereas in the others (non-calcined ones), APMS was left on the zeolite surface. The catalysts
were characterized using complementary techniques (XRD, N2 ads.-des., FTIR + pyridine
ads., DR-UV-Vis, XPS, TEM, ICP-OES) to determine composition, structure/texture properties
and acidity of the supports as well as size and electronic properties of Au NPs.
It was demonstrated that both the type of zeolitic support, modification with boron, and the
presence or absence of APMS modifier affected the gold phase properties and consequently
also the catalytic performance. Gold catalysts deposited on MCM-36 zeolite exhibited a higher
glucose conversion than the analogous ones supported on HBeta, which was related to the
larger porosity and to the higher partial negative charge on Au NPs for the former materials.
It was also established that the non-calcined gold catalysts, containing APMS, showed
a higher catalytic activity in glucose oxidation than the calcined ones. Furthermore, the
differences in rate-determining step depending on the oxidant used (O2 vs. H2O2) were
established. The relationships between the surface properties of the catalysts used and
glucose conversion will be presented
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Introduction
The selective aerobic oxidation of alcohols to carbonyls is a highly desirable “green” chemical
transformation, which can replace traditional stoichiometric reagents. Catalytic active species
have generally focused on nanoparticles (NP) of platinum group metals for efficient use of
resources.1 Recently, a thermal stable single-atom Pt1/CeO2 has been reported which shows
high activity for gas-phase oxidation including CO and hydrocarbons (combustion).2 We
therefore speculate that such a single-atom-catalysts (SACs) could prove to be high effective
for the oxidation of alcohol to the carbonyl derivative. To elucidate the potential of these
systems, we have synthesised CeO2 doped with Pd, and Pt, two known oxidation active
metals. Preliminary catalytic results for benzyl alcohol oxidation show SAC of Pt1/CeO2 to be
inactive, while Pd1/CeO2 SAC demonstrates activity. However, thermal reductive activation
induces enhance activity in the case of Pd, with activity proportional to reduction temperature,
whereas Pt is switched-on, although activity is constant irrespectively of temperature.

Methods
Supported SAC of Pd and Pt were prepared by incipient wetness impregnation3 followed by
subsequent thermal reductive treatments under flow H2. The catalysts were characterised by
TEM, XRF, XRD, XAS, XPDF and XPS, and screened for their performance in the aerobic
oxidation of benzyl, cinnamyl, and furfuryl alcohol.

Results
This work systematically evaluates the aerobic selective oxidation of benzyl, allylic and
Furfuryl alcohol under mild temperatures and pressures (90°C under air) over a series of
ceria supported SAC. Single-atom Pt1/CeO2 and Single-atom Pd1/CeO2 catalyst by wetness
impregnation shows excellent thermal stability, however, Pt1/CeO2 is inactive and Pd1/CeO2
shows moderate activity for benzyl alcohol oxidation under mind condition. Reductive
activation in H2 results in enhanced activity (table 1) for Pd while turing on Pt which is
inactive with the thermal reductive treatment.
Table.1 Benzyl alcohol conversion performance SACs on CeO2 catalysts
Reduction temperature Conversion Selectivity
TOF
Catalysts
(°C)
(%)
(%)
(h-1)
Pd1/CeO2
None
4.77
98%
56.5
Pd1/CeO2
150
4.58
97%
76.3
Pd1/CeO2
350
9.1
98%
131.7
Pd1/CeO2
450
8.7
97%
225.2
Catalyst mass 0.075g , T = 90 °C, [benzyl alcohol] = 5 mmol, conversion and selectivity
reported after 6 h; TOF after 30 minutes.
Reference
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3. A.K. Datye, Y.Wang, Science, 2017, 358, 1419-1423. (381)
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Introduction
2,5-furandicarboxylic acid (FDCA), a cellulose derived monomer, is used to produce
polyethylene glycol 2,5-furandicarboxylate (PEF). PEF is an exciting bio-based material with
the potential to replace the conventional petroleum-based polyethylene terephthalate (PET).1
Synthesis of FDCA can be achieved via chemical oxidation of 5-hydroxymethylfurfural (5HMF), 2 a high value platform chemical. Currently this procedure has been research
extensively, and catalysts are commonly used in the conversion. Previous research has shown
that supported noble metal catalysts (e.g., gold, platinum and ruthenium) have outstanding
catalytic activity in converting HMF selectively to FDCA under mild conditions. 3 Base is
commonly employed in such oxidative catalysis, in which it plays an important role in activating
HMF, allowing the subsequent oxidation processes to occur and avoiding the HMF adsorption
on metal sites (which can deactivate the catalysts).4 In this project, the effect of different types
of bases and their concentrations on the selective oxidation of HMF to FDCA was investigated
using a model catalyst of gold nanoparticles deposited on Y zeolite (Au@Y).

Figure 1. HMF conversion and product/intermediates yields from Au@Y using different bases.

Compared to weak bases, strong bases, such as NaOH and KOH, can activate HMF
effectively, resulting in significant HMF conversions (Figure 1). At a higher NaOH
concentration (of 2.2M), the FDCA yield was enhanced to ~43%, being much greater than
cases using low concentrations and weak bases.
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Introduction
The oxidation of inert C-H bonds in methane is reliant on catalysts.1 These catalysts
mainly consist of pure metal or metal oxide nanoparticles anchored to support
structures. Previous studies have shown that the activity of metal nanoclusters
towards methane oxidation is inversely related to its interaction with the support
structure.1, 2 Thus, non-reducible supports such as α-SiO2 which are inert for welldispersed nanoparticles will promote the catalytic reactivity of certain metal
nanoclusters towards methane oxidation.3 However, α-SiO2 can be orientated in
various ways to support metal particles. The effects of these orientations on the
surface energy of the α-SiO2 support and its affinity to adsorb metal particles remain
in question.
Outline
In this study, we investigated Pd/α-SiO2 catalytic systems by developing a
computational model grounded in DFT. We utilised the PBE functional in CASTEP to
calculate the ground-state energies and optimised geometries of all structures in
question. From a periodic unit cell bulk structure of α-SiO2, we created reconstructed
and hydroxylated surfaces on the 001, 101 and 100 miller planes. From these groundstate geometries, we calculated and compared the surface energies of the α-SiO2
surfaces. Subsequently, a single Pd atom was loaded onto each α- SiO2 surface and
the resulting adsorption energies were measured. From these results, we identified
the optimal α-SiO2 surface for supporting Pd.
Reference
1.
2.
3.
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Abstract
Water pollution is a steadily growing concern for the world, amplified by the effects of
increased medicine and food production to keep up with an ever-expanding population. Thus,
there has been a stark increase in pollution caused by organic pollutants, predominately from
pharmaceutical and pesticides waste, originated near urban and agricultural areas
respectively1–3. This ultimately leads to contamination of municipal or natural sources of
drinking water. The issue is even direr in developing countries as they often lack the facilities
and infrastructure for effective water purification. As such, increased efforts have been made
on research that target cost-effective and sustainable solutions to organic water pollution. One
such strategy is the use photocatalysts for water treatment. However, most photocatalysts are
expensive to produce, difficult to work with or are currently only active in the UV region. One
promising solution to this issue is the use of titanosilicates that effectively degrade organic
pollutants under sunlight. These materials have been researched for decades for to their
superior adsorbent and oxidative catalytic capabilities 4,5, but recent research has suggested
they have the potential to act as efficient photocatalysts. This study describes the development
of novel approaches for synthesis of titanosilicates that are sustainable, including costeffective and environmentally benign methods of optimization of pore structures, targeting
enhanced photocatalytic activity. This is achieved by replacing templating agents that are
typically expensive and toxic, with cheap, commercially available oils such as sunflower and
vegetable oils. The physicochemical properties of the materials have been extensively
characterised using FTIR, Raman, SEM and nitrogen adsorption experiments and the
photocatalytic ability was monitored via UV-vis studies on the degradation of the organic dye
Rhodamine-B. The results suggest that commercial sunflower oil surpasses the photocatalytic
ability of conventional surfactant templating agents, significantly (figure 1). This method not
only lowers the cost of synthesis significantly, but it also uses materials which are easily
available within developing countries and are far less toxic than reagents already described in
literature.
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Figure 1: The degradation of Rhodamine-B using titanosilicate material.
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Introduction
Iron- and copper-exchanged zeolites are found to be effective for methane functionalization
towards methanol even under milder conditions. The iron-incorporated MFI-based structures
exhibit high selectivity to various oxygenates, whereas the addition of Cu2+ ions as a promoter
causes pronounced improvements in methanol production.1,2 The ratio of methanol to formic
acid formed is considerably higher for iron analogue1 than the corresponding aluminosilicates,
e.g., ZSM-52. Under carefully controlled synthesis conditions, acidity and iron speciation in
iron silicalite-1 (FeS-1) can be tuned to prevent methanol over-oxidation into formic acid and
carbon dioxide. In this study, therefore, we tried to investigate systematically the oxygenate
product profile using hydrothermally synthesized FeS-1 with varying Si/Fe ratios, and herein
we report the salient results.
Experimental
FeS-1 with varying Si/Fe ratios (67-138) were hydrothermally synthesized as per the
procedure described earlier.1,2 The catalysts were systematically characterized by various
analytical and spectroscopic techniques. The well-characterized materials were used for the
catalytic oxidation of methane and the reaction was performed in a batch reactor at 50°C and
30 bar of CH4 with 0.5 M H2O2. After 30 min, the reactor is then cooled to 10°C and the
resulting products were quantified using 1H NMR spectroscopy.
Results
Iron silicalite-1 (FeS-1) with aq. H2O2 is active in the
selective oxidation of methane. For example, FeS-1
with Si/Fe = 138, under the optimized conditions, gave
85 mol of total liquid oxygenates (Fig. 1) with 35%
methanol selectivity. When the Si/Fe ratio is decreased
to 67, the liquid products increased considerably (274
mol), however, at cost of methanol. On the other hand,
the maximum productivity of total liquid oxygenates is
found to be 300 µmoles with 49% methanol selectivity
for Si/Fe = 100. Studies are in progress to establish the
trade-off between acidity and methanol selectivity for
pristine and the Cu- and La-promoted FeS-1 systems.

Fig. 1. Selective oxidation of methane.
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Introduction
Ethylene oxychlorination is the key technology in vinyl chloride (VCM, the monomer of PVC,
polyvinyl chloride) production to close the chlorine loop by consuming the HCl released from
the former cracking step.1
CuCl2/γ-Al2O3 -based catalyst is the most used in industrial process due to the outstanding
EDC yield. It is widely accepted that CuCl2 catalysts based on a Mars-van Krevelen (MvK)
mechanism is a three-step redox cycle, including the reduction, oxidation, and
hydrochlorination steps. However, a fast deactivation due to particle agglomeration and
vaporization of CuCl is still the main challenge for the commercial catalyst, which is related to
the Cu2+ concentration of the catalyst.2 The combination of at least one or more chlorides of
metals from the group consisting of the alkali, alkaline earth and rare earth metals are selected
as the promoters to modify the catalytic performance. Bi- or multi-promoters can be designed
to enhance activity, selectivity, and stability.3

Outline
A relatively simple operando, namely combined GC and UV-vis-NIR was utilized to study the
multi-promoter effect and elucidate the timely and spatial distribution of the Cu species with
the catalytic performance. The results indicated that Catalyst performance is highly related
with Cu2+ concentration and keeping a high Cu2+ concentration is a key for good performance.
The three-metal doped-KLaMgCu/Al2O3 catalyst exhibits higher activity, selectivity, and
stability by increasing the fraction of active Cu2+ site. KCl enhance oxidation rate; MgCl2
enhance reduction rate; LaCl3 facilitate the regeneration of CuCl2 from the oxychloride by
oxygen-chlorine exchange and provide more Cl to participate in reaction. The cooperation of
three metals can modify the whole redox cycle and improve the reaction rate at steady state.
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Introduction
The oxidation of 2-propanol is a probe reaction to evaluate selective oxidation catalytic
properties of perovskites which are active and structurally stable catalysts under such reaction
conditions.1,2 Studies of gas phase reactions in wet conditions can be used to bridge the
experimental gap between gas-phase and liquid-phase catalysis, with the former benefited
from a wide range of available characterization methods.3,4 Here, we applied this strategy to
provide mechanistic insights on the targeted reaction on a series of perovskite oxides.

Outline
In this work, co-precipitation (CP) and spray flame synthesis (SFS) were used to synthesize
high surface area catalyst materials with perovskite structure. Via CP and subsequent thermal
decomposition, LaFe1-yCoyO3 materials were prepared phase pure up to y = 0.3.[4] On the
other hand, SFS yielded phase-pure materials in the full composition range and La1−xSrxCoO3
up to x=0.40.[2] 2-propanol oxidation in dry or wet condition was performed on these catalysts
under transient mode. In dry feed, maximum activity at intermediate Co content was observed
on the SFS materials. When comparing the effect of water on T10 (i.e. temperature of 10%
conversion during heating) and T50 (i.e. temperature of 50% conversion during cooling) of the
CP-catalysts, a detrimental effect of water on the low temperature (LT) activity channel,
represented by T10, was observed due to competitive adsorption resulting in a slower
deactivation. On the other hand, the high temperature (HT) channel, represented by T50 was
positively affected for the samples containing 15% Co or more. The catalysts were also
monitored by NAPXPS. CP-LaFe0.75Co0.25O3 catalyst at 250 °C, showed a complete reduction
of Co3+ to Co2+ at the surface. Co hydroxide species were also observed during wet conditions.
In the O 1s and C 1s spectra, increased contributions of carbonates and hydroxides were
observed in wet feed while the carbonyl intensity decreased. The effect of water on gas-phase
oxidation catalysis, which results in slower deactivation due to hydroxylation and surface
carbonate formation, will be discussed in detail in our contribution.
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Introduction
Temporal Analysis of Products (TAP) 1 is a powerful transient kinetic measurement technique
which provides high resolution kinetic information on catalytic systems. In short, small (10
nmol) precise pulses of reactant gas are sent through a packed bed held at ultra-high vacuum,
and the exit flux of gas is recorded using a mass spectrometer. The technique is used to
determine mechanistic information, count the number of active sites on the surface of a
catalyst, and measure kinetic coefficients. Though these experiments are advantageous in
catalysis research, they are limited by their high level of cost and complexity. Additionally, it is
often difficult to determine whether a TAP experiment will be feasible and/or useful in providing
kinetic information. Therefore, there always a risk that time and resources will be spent on
unsuccessful experiments.

Outline
In order to address this uncertainty, we have developed SimTAP, a MATLAB software
package which numerically recreates TAP experiments (Figure 1). The SimTAP package
utilises user-input microkinetic models from the literature to simulate TAP experiments to
determine which reactions can be feasibly studied, as well as identifies the ideal conditions
under which they should be performed to best reveal kinetic information.

Figure 1. SimTAP simulations using the Stegelmann model2 for ethylene epoxidation over Ag. (Left)
Surface coverages after O 2 pretreatment at different temperatures. (Right) Height normalized TAP
responses after ethylene is pulsed over the O2 pretreated catalysts at 350 K.

Our system of interest is the catalytic epoxidation of ethylene over Ag catalysts. Though widely
used in industry, this reaction is not well understood. There are three popular suggested
mechanisms for this reaction3, however there have been few TAP studies.4 We have utilized
SimTAP to investigate these three models and compare the results against data from the
literature. Additionally, the results of these simulations are being used to design ethylene
epoxidation experiments more effectively in the TAP reactor.
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Introduction
Mo-V-Nb-Te oxide with an orthorhombic phase M1 is among the best catalysts for
many selective oxidation reactions, such as propane ammoxidation to acrylonitrile1 and ethane
oxidative dehydrogenation to ethylene (ODHE).2 The excellent catalytic activity, especially the
high selectivity obtained from the M1 phase, is believed to come from concerted active sites
arranged in its complex crystal structure, which is in line with the principles of “site-isolation”
and “phase-cooperation”3 for designing selective oxidation catalysts.
Preparing such catalysts with desired oxide phases, however, is not trivial, because of
their complex composition/structure and the existence of many competing phases (e.g.,
pseudo-hexagonal M2 phase, trigonal, tetrahedral, and amorphous phases). High angle
annular dark-field (HAADF) imaging in scanning transmission electron microscopy (STEM)
has been playing vital role in the development of this type of catalyst.4 Various new
nanostructures, such as the intergrowth of different phases were discovered via HAADFSTEM4. We later reported5 that the M2 phase and M1 phase can form coherent interfaces and
showed that the intergrowth of M1 and M2 is possible, which leads to a better catalyst thanks
to the synergistic effect between the two phases.

Outline
In this presentation, we will present our recent efforts combining STEM-HAADF and
controlled synthesis to further investigate the intergrowth behaviour between the M1 and the
M2 phases. We will show our progress on using the pre-formed M2 phase seed to control the
morphology of the M1 phase, and to achieve various degrees of phase intergrowth (Figure 1)
The structure-property relationship of the resulted materials and the challenges we ran into
will be discussed.

Figure 1. A representative HAADF-STEM image of the intergrown M1 and M2 phase within
the Mo-V-Te-Nb oxide material.
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Introduction
The formation of reactive oxygen species (ROS) through the decomposition of hydrogen
peroxide is associated with a cascade of reactions that involve either redox active centres of
Fenton-like catalysts or acid–base surface functional groups, which mediate electroprotic
reactions1. Such two functions can be utilized by combining two types of oxide, redox-active
crystalline oxides and nonredox amorphous oxides, into one material.

Outline
This work aims to synthetize amorphous-crystalline composites by combining amorphous d0
transition-metal oxides (ZrO2, Nb2O5) with selected redox-active nanocrystals (Fe3O4, Fe2O3,
Co3O4, CuO). The resulting composites were thoroughly characterized by means of XRF,
XRD, and TEM-EDS methods. Raman measurements were performed to further inspect the
dual nature of the composite samples. Measurements of the surface zeta potential helped to
establish the electrostatic interactions between the amorphous and crystalline phases. The
formation of surface ROS was monitored with Raman and EPR spectroscopy. The
interaction of the composites with H2O2 led to its direct decomposition and release of O2
(quantified with fluorescent O2 probe) or formation of OH radicals trapped with DMPO.
The measurements confirmed the cooperative effect of Fenton and electroprotic
mechanisms [1]. The chemical reactivity of the obtained materials was tested in oxidation of
o-phenylenediamine (OPD) and water-soluble methylene blue (MB) dye. The calculated
oxidation reaction constants showed that the addition of the Fenton-active phase into the
amorphous composite increased the reaction rate by one or two orders of magnitude.
The mechanistic study was performed to differentiate between catalase- and peroxidase-like
reactivity. The pure crystalline oxides exhibited the highest activity in generation of oxygen
gas, while the amorphous samples exhibited the lowest. Thus, the presence of an
amorphous phase slowed the undesired (from the AOP standpoint) decomposition of H2O2
into O2. The general trend is that composites can efficiently activate H2O2, bypassing
thermodynamically stable products, therefore, exhibiting preference towards peroxidase-type
activity.
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Introduction
The industrial oxidation of para-xylene to terephthalic acid uses a homogenous Co/Mn/Br
catalyst in aqueous acetic acid solvent under elevated temperatures and pressures. [1] The
oxidation process is of significant commercial value as terephthalic acid is an intermediate
used in the production of polyethylene terephthalate (PET), which meets 7% of the global
plastic demand, including 62% of plastic bottles. [1] The process engineering and kinetics
aspect of the para-xylene oxidation process is well understood, and there is a strong
correlation between the structure of the catalyst and its activity; [2] however, there is little
knowledge of the actual catalyst structure under operating conditions. To aid in elucidating
the catalyst structure, computational modelling has been used here to assess the
thermodynamic stability of possible manganese and cobalt complexes; redox potentials are
also calculated, in an aim to relate the structure of the catalyst to its activity.

Outline
To derive the thermodynamic stability of the catalysts, changes in Gibbs’ Free Energy (ΔG)
for substituting inner-sphere ligands were evaluated using density functional theory (DFT).
[3] The Mn(II) and Mn(III) species with the lowest ΔG coordinate zero and one waters,
respectively, as shown in Figure 1. The low number of waters coordinating to Mn(III)
facilitates inner-sphere bromide coordination, allowing for efficient electron transfer. [2] The
analogous results for the Co(II) and Co(III) species suggest both coordinate zero water
ligands, which implies reduced thermodynamic driving force for ligand rearrangement when
compared to the Mn complexes. Coupling the results with calculated Mn(II/III) reduction
potentials aids in understanding the active form of bromide involved in the catalysis.

Figure 1: ΔG landscape for the speciation of the (a.) Mn(II) and (b.) Mn(III) catalysts, with the
schematics of the most thermodynamically stable structures shown. ΔG are calculated assuming a
solvent environment of 34.6 mol% water in acetic acid and industrial operating conditions of T= 473 K
and P = 2.25 MPa. ΔG are normalized against the values for the neutral acetates, giving ΔG =0 for
these species.

[1] R. Zhang, X. Ma, X. Shen, Journal of Environmental Management, 2020, 260, 110062
[2] R. Taylor , D. Housley , M. Barter , A. Porch , K. Whiston , A. Folli and D. Murphy,
Catalysis Science and Technology, 2022.
[3] V. Blum, R. Gehrke, F. Hanke, P. Havu, V. Havu, X. Ren, K. Reuter and M. Scheffler,
Computer Physics Communications, 2009,180, 2175–2196.
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Understanding the Role of Crystallite Properties in Cerium-based
Catalysts for CO-Oxidation
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Introduction
Cerium-based oxides are one of the most important catalytic systems due to their use in the
exhaust gas aftertreatment[1]. Recently researchers focused on preparing cerium oxides with
an atomic dispersion to increase the utilization of expensive noble metal[2,3]. However, such
investigations require knowledge about the actual reducible surface area of the oxide support
since CO-oxidation on Pt-iso@CeO2 catalysts is known to follow the Mars-van-Krevelen
mechanism[4].

Outline
To investigate and disentangle the contributions of specific surface area SA, as determined by
N2 physisorption, and crystallite surface area SA,cryst, calculated from crystallite sizes obtained
by Rietveld refinement of X-ray data, different cerium oxides were prepared. Total oxygen
storage capacities (TOSC) of different materials were measured by pulse chemisorption.
Since the oxygen storage and release process in cerium oxides is limited to the surface one
can also calculate theoretical TOSC values based on the surface of the oxides. Calculating
theoretical oxygen storage capacities as a function of SA,cryst and SA (see Fig. 1a) shows that
the measured TOSC values correlate with SA,cryst. Steady state CO-oxidation activities for
selected materials also showed a better correlation between reaction rate and SA,cryst (see. Fig
1b). Furthermore, wet-chemical titration experiments with a reducing agent were carried out
to quantify the active sites. The fact that not all surface area is redox active, as these results
suggest, has to be accounted for when working with high surface area cerium oxides.

Figure 1: Measured TOSC values and surface specific reaction rates at the light-off temperature rA,Light-Off as a
function of either specific surface area SA (black) or specific crystallite surface area SA,cryst (red).
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Oxidation of Propane over various supported
Platinum catalysts
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Pt/CeO2, Pt/ZrO2, Pt/SiO2, and Pt/TiO2 catalysts were employed to catalyse propane oxidation
using two preparation methods strong electrostatic adsorption (SEA) and co-precipitation
method (CO-P). The catalysts were tested under the same conditions at 450 °C with a molar
ratio of 2:1 Propane: oxygen and a total flow rate of 20ml/min. The presence of Pt on the
surface of catalysts (SEA) led to an increase in the activity and selectivity for ODH-O2 reaction
rather than the bulk method (CO-P). It was found that the Pt/CeO2 (SEA) catalyst was more
active than the Pt/ZrO2, Pt/SiO2, and Pt/TiO2 (SEA) catalysts, while it was less selective in
propane oxidation towards propene. The different behaviors of these catalysts may relate to
the nature of the support, which affected the properties of the active Pt species at the surface
of catalysts as well as the reaction mechanisms. Also, we found the reaction of ODH-O2 using
Pt catalysts can lead to a combustion reaction (COX product +water) may be due to the
available supply of oxygen which led to direct combustion of propane or propene and react
with additional lattice oxygen or surface to produce COX product.
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Abstract
Rationalizing the activity of transition metal oxides (TMOs) towards reactions such as
the oxygen evolution (OER) and oxygen reduction (ORR) reactions in terms of their
composition and crystal structure is one of the grand challenges in electrochemical
energy conversion systems. TMOs are a vast family of compounds with a wide range
of structural motifs, dimensionalities, and electronic properties, ranging from insulator
to metallic conductivity. A variety of works have shown that Ni-containing oxides are
rather active towards the OER under alkaline conditions, 1 while Mn-based compounds
are active ORR electrocatalysts under alkaline conditions. 2, 3 In this contribution, we
will describe two contrasting compositional trends which illustrate the need for
understanding the correlation between coordination, bonding and electronic structure
of these complex materials. The first case shows that the substitution of Ni into a mixed
perovskite lattice with the formula LaMn1-xNixO3 shows a linear increase in OER activity
and a second-order decrease in ORR activity with increasing x. 4 We rationalize this
behavior in terms of the evolution of DOS associated with Mn and Ni 3d states
calculated by the DFT HSE06 hybrid functional. The second case shows that
incorporating Mn into the lattice of α-MnO2 promotes changes in the electronic
structure of Mn 3d orbitals, which leads to an increase in the ORR activity. On the other
hand, the deposited Ni phases at the surface of α-MnO2 do not affect ORR activity and
appear less active towards OER. The electrochemical and computational results are
supported by structural analysis obtained from X-ray absorption spectroscopy (XAS),
X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD) and electron
microscopy (EM).

1.
Stevens, M. B.; Enman, L. J.; Korkus, E. H.; Zaffran, J.; Trang, C. D. M.; Asbury, J.; Kast, M.
G.; Toroker, M. C.; Boettcher, S. W., Ternary Ni-Co-Fe oxyhydroxide oxygen evolution catalysts: Intrinsic
activity trends, electrical conductivity, and electronic band structure. Nano Research 2019, 12 (9), 22882295.
2.
Celorrio, V.; Tiwari, D.; Calvillo, L.; Leach, A.; Huang, H.; Granozzi, G.; Alonso, J. A.; Aguadero,
A.; Pinacca, R. M.; Russell, A. E.; Fermin, D. J., Electrocatalytic Site Activity Enhancement via Orbital
Overlap in A2MnRuO7 (A = Dy3+, Ho3+, and Er3+) Pyrochlore Nanostructures. ACS Applied Energy
Materials 2021, 4 (1), 176-185.
3.
Celorrio, V.; Leach, A. S.; Huang, H.; Hayama, S.; Freeman, A.; Inwood, D. W.; Fermin, D. J.;
Russell, A. E., Relationship between Mn Oxidation State Changes and Oxygen Reduction Activity in
(La,Ca)MnO3 as Probed by In Situ XAS and XES. Acs Catal 2021, 11 (11), 6431-6439.
4.
Alkhalifah, M. A.; Howchen, B.; Staddon, J.; Celorrio, V.; Tiwari, D.; Fermin, D. J., Correlating
Orbital Composition and Activity of LaMnxNi1–xO3 Nanostructures toward Oxygen Electrocatalysis. J
Am Chem Soc 2022, 144 (10), 4439-4447.
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Au–Pd separation enhances bimetallic catalysis of alcohol
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Bimetallic Au-Pd catalysts are well known to give significant rate enhancements over
their monometallic analogues. This has been demonstrated for a range of reactions
including the oxidative dehydrogenation (ODH) of alcohols.1 The rate of oxygen
reduction (ORR) occurring within these systems is crucial,2 and the opposing activity
of supported Au and Pd nanoparticles for ORR is well documented, with Pd known to
be very effective.3 Here, we show that by separating the Au and Pd catalytic sites
during the ODH of 5-hydroxymethylfurfural (amongst other alcohols), the activity is
almost doubled compared to that of a typical alloy. It is proposed that the bimetallic
rate enhancement is due to the coupling of two redox processes occurring over
isolated Au and Pd sites. The heightened enhancement when using a physical mixture
of monometallic catalysts over that of an alloy is attributed to the ability of the individual
metal sites to maintain their full redox capabilities. Using both thermo- and
electrocatalytic analysis, ODH is demonstrated to occur over Au sites with ORR
catalysed by Pd sites. The conductivity of the support used is proven to be vital,
indicating the importance of electron transfer between the two metals. The coupling is
further demonstrated by the fact that when the mass of Pd catalyst is increased in a
physical mixture system containing a constant amount of Au, the rate of ODH is
indirectly increased through an increase in the rate of ORR. This cooperative redox
enhancement (CORE) is a novel observation that offers new avenues when
considering the design of bimetallic catalytic systems.

1. Wang, D., Villa, A., Porta, F., Prati, L. & Su, D. Bimetallic gold/palladium
catalysts: Correlation between nanostructure and synergistic effects. J. Phys.
Chem. C 112, 8617–8622 (2008).
2. B. N. Zope, D. D. Hibbitts, M. Neurock and R. J. Davis, Science, 2010, 330,
74–78.
3. A. Kulkarni, S. Siahrostami, A. Patel and J. K. Nørskov, Chemical Reviews,
2018, 118, 2302–2312.
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Introduction
With an annual ethylene oxide production of circa 35 · 106 ton, ethylene epoxidation is one of
the largest industrial processes worldwide [1]. This selective oxidation of ethylene to ethylene
oxide is very sensitive to impurities, promoters, and non-uniformities and is catalysed by silver
particles deposited on an α-alumina support.
For these epoxidation catalysts, the support has a large influence on catalyst stability and
selectivity towards the desired product. α-Al2O3 is used as commercial support for ethylene
epoxidation catalysts, because it displays a low volumetric density of surface OH groups, due
to both a low OH surface group density (< 1 OH nm-2) and a low specific surface area (typically
1 m2 g-1). The OH groups facilitate the unwanted side-reaction of ethylene oxide to eventually
CO2 [2]. While α-alumina reduces side reactions, its low surface area is disadvantageous for
the stability of silver particles.

Outline
We prepared ordered macroporous (3DOM) α-Al2O3 with specific surface areas up to 33 m2
g-1, maintaining pore structure, which we used as support for silver catalysts [3,4]. Using a
range of α-Al2O3 supports, we investigated the effect of interparticle distance, gas atmosphere
and support morphology (i.e. pore window size) on the stability of supported silver particles.
Higher surface area supports limited silver particle growth during ethylene epoxidation and
thermal stability tests due to increased interparticle distance. Silver particle growth was
significant in an oxidizing atmosphere and was not restricted by small pore windows.
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Introduction
Supported Pd based nanoparticle catalysts have shown to be effective when used in
combination with an evolved unspecific peroxygenase from Agrocybe aegerita (PaDa-I
variant) to selectively produce cyclohexanol and cyclohexanone (KA Oil) from cyclohexane
via in-situ produced H2O2 without producing any ring-open byproducts1. The oxidation of
cyclohexane to cyclohexanol and cyclohexanone is the current industrial process to produce
caprolactam and adipic acid, which in turn are starting materials for Nylon-6 and Nylon-6,6
respectively. The current industrial route to KA oil via aerobic oxidative routes typically utilises
relatively high reaction temperatures (140-180°C) and homogeneous transition metal catalysts
2
, with conversion rates limited to approximately 5% to inhibit overoxidation of the desired
products. Indeed, even at moderate rates of conversion a substantial concentration of ringopened by-products, such as 6-hydroxyhexanoic and glucaric acids are produced 3.

Outline
With these previous studies in mind, we now investigate a range of Pd-based catalysts,
focussing on non-precious secondary metals to reduce costs, for the selective oxidation of
cyclohexane to KA oil, when used in conjunction with PaDa-I. The alloying of Pd with Zn in
particular is found to significantly enhance catalytic performance compared to PdAu or other
analogues (Figure 1) towards cyclohexane oxidation. The enhanced activity of the
PdZn/TiO2/PaDa-I system is attributed to the formation of PdZn alloys and resulting electronic
modification of Pd which offer increased selectivity towards H2O2 production and no
contribution to the over oxidation of cyclohexanol. By comparison the large population of
unalloyed Pd species present in both the PdAu and Pd-only catalysts are considered to be
responsible for the unselective conversion of H2O2 to H2O, which hampers overall process
efficiency.
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Figure 1 Oxidation of cyclohexane to oxidised products: 50 mL RBFs were charged with the supported metal catalyst (1 mg),
Potassium Phosphate buffer (100 mM, pH 6, 10 mL), cyclohexane (10 mM L-1), Pada-1 (150 U mL-1) and 80 % H2/20%
compressed air (2 bar). The reactions were then initiated with stirring at 250 RPM (21 °C). Post reaction, organic products
were extracted with Ethyl acetate (10 mL) and subject to quantification by Gas chromatography.
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Introduction
Water sustainability is one of the most important challenges of the 21st century. Loss of water
depletes energy reserves and undermines ecosystem health and human water security1.
Current remediation of wastewater is heavily reliant on oxidative processes such as
chlorination. One major downside to this method is that toxic and potentially carcinogenic
residues require removal downstream.
Hydrogen peroxide (H2O2) has the potential to replace chlorine containing compounds for
water remediation. It has a broad spectrum of bactericidal activity and water is the only byproduct from its use. Commercial H2O2 has drawbacks, including storage of large volumes of
highly concentrated H2O2 on site and removal of stabilising agents prior to use. The in-situ
production of H2O2 from H2 and O2 would avoid the drawbacks associated with the use of
commercial H2O2 and allow for the decentralised treatment of greywater on a local level.

Outline
Using a commercially scalable impregnation procedure2, a bimetallic AuPd nanoparticle
catalyst was made. In a flow reactor setup3, the catalyst was able to synthesise H2O2 from
molecular hydrogen and oxygen.
In E. coli contaminated water testing, the H2O2 synthesised from the catalyst achieved an 8.1
log10 reduction in coliform units per mL. This was found to be 107 times more effective than
using an equivalent amount of preformed H2O2 and 108 times more effective than chlorination
under equivalent conditions.
Electron Paramagnetic Resonance spectroscopy identified several reactive oxygen species
present in the reaction solution when using the AuPd catalyst which were not present when
using preformed H2O2. These species are thought to be responsible for the high efficacy of
the AuPd catalyst for water disinfection.
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The selective oxidation of alcohols to carbonyl compounds are important organic
transformations which bare significance in the fine chemical industry.[1] Benzyl alcohol is one
of the most widely studied substrates, for which reason, it is often employed a probe to study
the structure-activity relationships over different catalysts.[2] Palladium (Pd)-based
nanomaterials have shown significant potential, when oxygen is used as the oxidant for the
reaction.[3] In supported Pd-catalysts, a primary focus has been to tailor their particle size,
surface structure, morphology and the support material, so as to improve their activity (and
selectivity) in such reactions.[4] In this study, the influence of pre-calcining a carbon support on
catalyst performance was assessed. A large promotional effect was observed as the
calcination temperature was increased and consequentially, a series of experiments were
designed to understand this behaviour.

Benzyl alcohol conversion (%)

60

Pd/C
Pd/(calcined C@150°C, air)
Pd/(calcined C@250°C, air)
Pd/(calcined C@350°C, air)

50

40

30

20

10

0
0

5

10

Reaction time (min)

Reference
[1] R.A Sheldon et al., Catalysis Today, 57(1-2), 157-166, (2000).
[2] D. I. Enache et al., Science, 311(5759), 362-365, (2006).
[3] J. Pritchard, et al., Langmuir, 26(21), 16568-16577, (2010).
[4] S. Meher, et al., Green Chemistry, 21(9), 2494-2503, (2019).

15

9th World Congress on Oxidation Catalysis: Oxidation for a Sustainable Future and Clean Environment
Cardiff, September 4-8th 2022.

Identifying the catalytic properties which drive oxidative
dehydrogenation and dehydration in aerobic glycerol oxidation.
Max Tigwell*, Mark Douthwaite, Louise R. Smith, Nicholas F. Drummer, Stuart H. Taylor,
Graham J. Hutchings
Max Planck-Cardiff Centre on the Fundamentals of Heterogeneous Catalysis, FUNCAT, Cardiff
Catalysis Institute, School of Chemistry, Cardiff University, Main Building, Park Place, Cardiff CF10
3AT, U.K *corresponding author:TigwellMJ@cardiff.ac.uk

Introduction
The production of glycerol has increased drastically over the past decade which has led to the
investigations of extensive strategies for its valorisation. A molecule of particular interest is
Lactic Acid (LA). LA is a highly desirable product owing to its numerous applications, such as,
its use as a precursor in polylactic acid synthesis. The difficulty with producing lactic acid from
glycerol oxidation, is that a number of different products can be produced. There are two
primary competing pathways in aerobic glycerol oxidation, which are ODH and dehydration.
The ODH pathway favours the production of oxidation products such as Glyceric acid (GLA)
and Tartronic acid (TAR). Whereas the dehydration route predominantly forms LA. Through
catalyst design and simple tuning of the physicochemical properties of the Pt/TiO2 catalyst we
are able to enhance reaction selectivity.

Outline
Herein, we investigated how Pt particle
size and TiO2 phase composition
influenced reaction selectivity. The phase
composition of the TiO2 was successfully
altered (and quantified by Rietveld
refinement) through increasing the
calcination temperature.
It was
determined that the anatase TiO2 support
was highly selective towards the
dehydration pathway and the rutile form,
promoted ODH (Figure 1). A similar effect
was observed when the calcination
temperature (after Pt immobilization) was
increased to artificial increase the Pt
particle size (Figure 1). As Pt particle size
increased,
determined
by
TEM
measurements, dehydration selectivity
decreased
and
ODH
selectivity
increased. Surface residence time
appears to be a critical factor which
influences selectivity in this reaction, but
further evidence is required to establish
whether this is attributed to substrate
binding energy or adsorption mode.

Figure 1
a) The Influence of the Pt particle size through Pt/TiO2
calcination (200-500 °C) on activity and reaction selectivity.
b) The influence of the support calcination temperature
(550-700 °C) on glycerol conversion activity and reaction
selectivity to dehydration, oxidation and C-C cleavage
products.
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Introduction
Many heterogeneous catalysts developed for C-H bond activation suffer from poor
regioselectivity and over oxidation of the substrate.1 Biocatalytic systems do not suffer from
such shortcomings, due to the high activity and selectivity achieved by enzymes.2 Unspecific
peroxygenases (UPOs), extracellular fungal heme-thiolate enzymes, use hydrogen peroxide
(H2O2) to form hydroxylated products of organic substrates.3 UPOs have been described as
the ideal biocatalyst for CH-activation due their inherent stability and high efficiency toward
H2O2. The major drawback of UPOs, which limits potential upscale, is that they are easily
deactivated by modest concentrations of H2O2, thus require a continual and controlled supply
of H2O2 at low concentrations.2 The glucose oxidase (GOx) enzyme has been used to supply
in situ H2O2, however this approach suffers from large amounts of gluconic acid waste formed
as a by-product.4 This work highlights the potential of supported AuPd catalysts to overcome
this problem, providing a simple and atom efficient alternative.

Outline
UPOs are regarded as ideal biocatalysts for the selective activation of C-H bonds when
provided with a continual supply of H2O2. We show AuPd nanoparticles supported on TiO2 or
carbon are sufficiently active to generate in situ H2O2 from O2 and H2 under the ambient
conditions required for the UPO enzyme PaDa-I. This tandem catalyst system has efficiently
oxidized a range of C-H bonds to give hydroxylated products in a one-pot reaction vessel, with
only water as a by-product, under conditions that could be feasibly scaled to larger industrial
applications.
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