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be a link between industry and facilities? 
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Workshop: How can industry make use of the tools available at MAX IV & ESS?
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Build ca 30 industrially relevant Competence  
Centra at Swedish universities that should:

• Have a substantial renewable effect on the  
Swedish R&D system - being multidisciplinary

• Be directly relevant for industry resulting in  
research exchange with companies

• Result in a sustainable (5-10 years) concentration 
of resources and have sufficient critical mass

• Have such competence profiles and quality that the 
Centra become attractive partners for internationally 
leading groups in the respective field

Planning call from NUTEK 1993

NUTEK: Närings-och teknikutvecklings verket
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The west coast of Sweden

•  Academic research on catalysis

•  Users of catalytic technologies

•  Manufacturers of catalysts
=>  Competitive edge within catalysis

B. Andersson B. Kasemo J.-E. Otterstedt
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Kompetenscentrum katalys (KCK) 
established 1995

Chemical  Reaction Engineering
Chemical Physics
Engineering Chemistry

ABB Fläkt
AB Volvo
Emissionsteknik
Perstorp AB
SAAB Automobile AB
Svensk bilprovning

KCK 
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Multidisciplinary environment created

VISION
Contribute to sustainable transport and energy 
systems with state-of-the-art catalytic techniques

STRATEGY
Develop professional competence and an efficient 
organisation for interaction and collaboration with 
industry and governmental organisations

Perform fundamental research and disseminate 
the results

Perform applied research that can be exploited by 
the industrial and governmental partners

Sten Ljungström
recruited as first director
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Success criteria
Attractive partner for industry
• Problem formulation and new project ideas 

• Long-term commitments by member companies: Economic, Personnel, 
Technical resources

• Industrial PhD students

• Adjunct Professors from member companies

Gudmund
Smedler

Edward
Jobson
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Success criteria
Attractive partner for industry
Strengthened competence profile
• Leading in environmental catalysis research  

Matsumoto, 
CATTECH 2000 

Early input from member 
companies (AB Volvo &
Johnson Matthey AB)
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Citations(in(Each Year

Success criteria
Attractive partner for industry
Strengthened competence profile
• Leading in environmental catalysis research

• Manifested by high number of scientific publications, referee commissions 
and conference presentation

• h-index: 54, 12,000 citations, cf-value: 1.70  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Success criteria
Attractive partner for industry
Strengthened competence profile
New industrial partners 

KCK 

2017 constellation
AB Volvo
ECAPS AB
Haldor Topsøe A/S
Scania CV
Volvo Car Corporation AB
Wärtsilä Finland
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Attractive partner for industry
Strengthened competence profile
New industrial partners
Attract external funding

Success criteria

KCK 

2014 figures

Base         12 MSEK/year  
External    15 MSEK/year

• Contract projects
• Swedish Energy Agency
• Chalmers

VR

Chrysler KAW

EU

10 senior researchers
9 Postdocs
24 PhD students  
2 Technicians
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Attractive partner for industry
Strengthened competence profile
New industrial partners
Attract external funding
Technology transfer and spinn-off companies
ECAPS AB - joint venture company formed by the Swedish Space Corporation 
and Volvo Aero. New Satellite rocket engine system running on a new 
environmentally friendly fuel. High-temp. stable combustion catalyst developed 
in close cooperation with KCK 

Success criteria
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Organisation: from ideas to projects
SCIENTIFIC BOARD (advisors)

Galen Fisher
Senior Scientific Advisor, 
Department of Chemical Engineering, 
Univ. of Michigan, USA.

Ib Chorkendorff 
CINF, Danmarks Tekniske Universitet, 
Kongens Lyngby, Denmark.

Enrico Tronconi
Dipartimento di Chimica Industriale e 
Ingegneria Chimica Politecnico di 
Milano, Italy.

Christine Lamberts
Ford Motor Company, Dearborn, USA
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How can an academic research center be a 
link between industry and facilities?

• Continuous communication between involved partners as for the 
entire network cannot be underestimated

• Balance generic (learning) activities with relevant projects for 
industry such that a facility is used in a fruitful way   

• The competence network can be well utilised to initiate projects 
and to disseminate the results

• Joint projects with mutual participation 

• Attract funding to develop experimental stations at facilities 
satisfying both academic and industrial needs

• Act as an “ambassador” for facilities towards industry
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One minute course in 
automotive catalysis
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The supported catalyst
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EXAMPLE 1
1. Johnsson Matthey AB initiated discussions:
    We need fundamental understanding - 
    trial-and-error approach is insufficient !
2. Joint application formulated and accepted and a PhD student was hired.
3. KCK coordinated with a present VR funded post-doc project

=> create extra value & use of facilities !

Characterization of Surface Structure and Oxidation/Reduction
Behavior of Pd−Pt/Al2O3 Model Catalysts
Natalia M. Martin,*,† Johan Nilsson,† Magnus Skoglundh,† Emma C. Adams,† Xueting Wang,†

Peter Velin,† Gudmund Smedler,‡ Agnes Raj,§ David Thompsett,§ Hidde H. Brongersma,∥

Thomas Grehl,⊥ Giovanni Agostini,# Olivier Mathon,# Stefan Carlson,% Katarina Noreń,%
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†Competence Centre for Catalysis, Chalmers University of Technology, Gothenburgh 412 96, Sweden
‡Johnson Matthey AB, Vas̈tra Frölunda 421 31, Sweden
§Johnson Matthey Technology Centre, Blounts Court, Sonning Common, Reading RG4 9NH, U.K.
∥Department of Applied Physics, Eindhoven University of Technology, Eindhoven 5600, The Netherlands
⊥ION-TOF GmbH, Münster, Germany
#European Synchrotron Radiation Facility, Grenoble 38043, France
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*S Supporting Information

ABSTRACT: Structural and morphological characterizations of
bimetallic Pd−Pt/Al2O3 model catalysts are performed using X-
ray diffraction, X-ray absorption spectroscopy, transmission
electron microscopy, and CO chemisorption. Further, the
catalysts were studied under oxidizing and reducing conditions
using both X-ray absorption spectroscopy and low-energy ion
scattering spectroscopy. For the as-prepared catalysts, the
existence of alloyed bimetallic Pd−Pt particles and of
(tetragonal) PdO was found for the samples calcined at 800
°C. PdO is present in the form of crystals at the surface of the
Pd−Pt particles or as isolated PdO crystals on the support
oxide. Bimetallic Pd−Pt nanoparticles were only formed on the
Pd−Pt catalysts after calcination at 800 °C. The results show
that the Pd−Pt nanoparticles undergo reversible changes in surface structure composition and chemical state in response to
oxidizing or reducing conditions. Under oxidizing conditions Pd segregates to the shell and oxidizes forming PdO, while under
reducing conditions regions with metallic Pd and Pd−Pt alloys were observed at the surface. No bimetallic Pd−Pt nanoparticles
were observed for the sample initially calcined at 500 °C, but instead isolated monometallic particles, where small Pt particles are
easily oxidized under O2 treatment. In the monometallic catalysts, the Pd is found to be completely oxidized already after
calcination and to consist of metallic Pd after reductive treatment.

■ INTRODUCTION
Bimetallic catalysts are used in many chemical processes such as
catalytic reforming,1−4 pollution control,1 and energy con-
version.5−7 Thanks to high catalytic activity and selectivity as
well as durability that often is superior to the monometallic
counterparts, bimetallic catalysts represents a particularly
important type of catalyst.8−11 As for most catalysts, the
surface structure and nanoscale composition of bimetallic
catalysts may change considerably during the course of a
reaction, which can have dramatic effects on the performance of
the catalyst.1,12−14 Further, restructuring in response to
different gas treatments paves the way for controlled engineer-
ing of catalysts with enhanced activity and selectivity. Still,
however, deep understanding of restructuring phenomena of
many bimetallic catalytic systems is lacking. For example,

divergent restructuring behaviors have been reported for Rh−
Pd and Pd−Pt catalysts under the same reaction conditions.15

One system of particular interest for automotive pollution
control is the bimetallic palladium-based catalysts for oxidation
of hydrocarbons and in particular methane (CH4). Recent
studies have shown that supported Pd−Pt catalysts exhibit a
slight increase in CH4 oxidation activity with time on stream
and higher long-term stability than supported Pd alone16−19

and even less sintering in oxidative environments compared to
supported Pt only.20 As automotive catalysts frequently operate
in dynamic environments, alternating between e.g. oxidizing

Received: September 12, 2016
Revised: November 11, 2016
Published: November 11, 2016

Article

pubs.acs.org/JPCC

© 2016 American Chemical Society 28009 DOI: 10.1021/acs.jpcc.6b09223
J. Phys. Chem. C 2016, 120, 28009−28020
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EXAMPLE 2
1. Emerging technology for NOx abatement?
2. Two joint applications (3+3 years): 

Volvo Car Corporation AB
Haldor Topsøe A/S
KCK and CERC

3. Research at facilities was promoted by KCK

10850 | Phys. Chem. Chem. Phys., 2016, 18, 10850--10855 This journal is© the Owner Societies 2016

Cite this:Phys.Chem.Chem.Phys.,
2016, 18, 10850

The structure–function relationship for alumina
supported platinum during the formation of
ammonia from nitrogen oxide and hydrogen in
the presence of oxygen

Emma Catherine Adams,*a Lindsay Richard Merte,b Anders Hellman,a

Magnus Skoglundh,a Johan Gustafson,b Eva Charlotte Bendixen,c Pär Gabrielsson,c

Florian Bertram,b Jonas Evertsson,b Chu Zhang,b Stefan Carlsonb and
Per-Anders Carlssona

We study the structure–function relationship of alumina supported

platinum during the formation of ammonia from nitrogen oxide and

dihydrogen by employing in situ X-ray absorption and Fourier

transform infrared spectroscopy. Particular focus has been directed

towards the effect of oxygen on the reaction as a model system for

emerging technologies for passive selective catalytic reduction of

nitrogen oxides. The suppressed formation of ammonia observed as

the feed becomes net-oxidizing is accompanied by a considerable

increase in the oxidation state of platinum as well as the formation

of surface nitrates and the loss of NH-containing surface species.

In the presence of (excess) oxygen, the ammonia formation is

proposed to be limited by weak interaction between nitrogen oxide

and the oxidized platinum surface. This leads to a slow dissociation

rate of nitrogen oxide and thus low abundance of the atomic

nitrogen surface species that can react with the adsorbed hydrogen

species. In this case the consumption of hydrogen through the

competing water formation reaction and decomposition/oxidation

of ammonia are of less importance for the net ammonia formation.

In the field of catalysis for emission control, the formation of
ammonia (NH3) from nitrogen oxides (NOx) in the exhausts
from combustion processes has thus far solely been regarded as
a detrimental side reaction, e.g. during operation of three-way
and NOx storage and reduction (NSR) catalysts, that demands
sophisticated modification of the catalyst to be suppressed.
This view, however, is about to change as emerging techniques,
such as passive selective catalytic reduction (passive-SCR) of
NOx, are presently attracting increasingly more interest. The basic
idea behind passive-SCR is to react part of the undesired NOx

with hydrogen-containing compounds present in the exhaust to
form ammonia, which in turn is stored and used as a reducing

agent for the remaining NOx in a down-stream positioned SCR
catalyst.1,2 Thereby, an on-board supply of NH3 is provided,
eliminating the obstacles associated with the external storage of
a suitable reductant, for example urea as is currently being used
in heavy-duty NH3-SCR applications.3,4 Since passive-SCR is a new
concept, the basic understanding of governing surface reactions
and catalytic materials for the formation of NH3 is of vital
importance when exploring competitive catalyst technologies.
On the fundamental level, producing ammonia from NOx

through heterogeneous catalytic processes involves a fascinating
surface chemistry that is not yet well understood. This commu-
nication contributes to the fundamental knowledge about the
catalytically active phase and how its oxidation state influences
the likelihood of specific elementary steps participating in the
overall ammonia formation reaction.

Two prominent catalytic routes for NH3 formation using
nitric oxide (NO) have been reported, namely the direct reaction
of NO with dihydrogen (H2) and hydrolysis of surface-bound
isocyanate groups.5 Due to fuel economy benefits of combustion in
excess oxygen in automotive applications, it is essential to study the
effect of oxygen (O2) concentration on these reaction routes.
Through kinetic measurements in continuous flow reactors, we
have shown that the capability for ammonia formation over
alumina supported platinum (Pt/Al2O3) is severely impeded as the
feed becomes net-oxidizing.6 Similarly, DiGulio et al.2 studied the
effect of the transient air-to-fuel ratio on the formation of NH3 over
three-way catalysts, where it was reported that NH3 is formed in
significant quantities in exhaust gas compositions representative of
rich operation. However, upon increasing the air-to-fuel ratio of the
feed, the activity for NH3 formation decreases and becomes entirely
suppressed even before lean conditions are completely established.
To elucidate the origin of this suppression we employ in situ X-ray
absorption spectroscopy (XAS) and in situ Fourier transform infra-
red (FTIR) spectroscopy to study a Pt/Al2O3 catalyst under reaction
conditions. The chosen feed gas composition is the simplest model
gas, consisting of NO, H2, carrier Ar and different levels of O2 as to
avoid an overly complex reaction network.

a Competence Centre for Catalysis, Chalmers University of Technology,
SE-412 96 Göteborg, Sweden. E-mail: emma.adams@chalmers.se;
Tel: +46 31 772 29 07

b Division of Synchrotron Radiation Research, Lund University, Box 118,
SE-221 100 Lund, Sweden

c Haldor Topsøe A/S, P.O Box 213, DK-2800 Lyngby, Denmark
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In situ 
monitoring 

Target!
reaction!

Knowledge-!
based!

catalyst design!

KCK encourages use of facilities for 
development of new catalysts/processes 
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