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a b s t r a c t

Selected activities of the Materials Research Department at Risø Natio-

nal Laboratory during 2002 are described. The scientific work is de-

scribed in five chapters and a survey is given of the Department’s edu-

cational activities along with a list of published work, patents, prizes,

organized meetings, and membership of committees. Furthermore,

the main figures outlining the funding and expenditures of the De-

partment are given and a list of staff members is included.
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M i s s i o n
Risø’s mission is to promote an innovative and environmentally sustainable

technological development within the areas of energy, industrial technology

and bioproduction through research, education, innovation and advisory

services.

V i s i o n
Risø’s research shall extend the boundaries for the understanding of natu-

re’s processes and interactions right down to the molecular nanoscale. 

The results obtained shall set new trends for the development of sustain-

able technologies within the fields of energy, industrial technology and bio-

technology.

The efforts made shall benefit Danish society and lead to the development

of new large industries.

Risø’s activities in 2002 are reported in the following publications: Risø An-

nual Report (available in Danish and English), Risø’s Annual Performance Re-

port (Danish) and the annual progress reports of the research departments

(English). All publications and further information can be obtained from 

risoe.dk. Printed publications are available from the Information Service De-

partment, tel.: +45 4677 4004, e-mail: risoe@risoe.dk, fax: +45 4677 4013.



2002 - A Year of Growth
and Expansion

i n t r o d u c t i o n

Materials research is a key driver for the development of new

products and devices. In the Materials Research Department

we span areas from strategic long-term basic research all the

way to technological development in collaboration with in-

dustry. Our focus is on materials for new energy technologies

within  the production,  storage, transport and conservation of

energy, but our research also has spin offs in many other fields

and applications. Our aim is to perform research of the highest

international quality, but also research that is of direct rele-

vance and benefit to society.

The Department grew significantly larger in 2002 with the re-

cruitment of many new employees during the year, especially

within our solid oxide fuel cell research programme. The De-

partment has about 10% more staff than a year ago. This is of

course a very positive sign, but has lead to some difficulties

with office and laboratory space. In the coming years we plan

to expand even further, in terms of students, especially at the

Masters project level.

One important event was the transfer of the old physics de-

partment – from where it had been located for more than 40

years - into the materials research buildings on the ‘island’, so

that nearly all the staff are now located on a common ‘campus’. 

Another significant event was the expiration at the end of

2002 of the Engineering Science Centre, which had been led

successfully by Torben Leffers for 10 years. During its existence

the Centre was a major driving force in the initiation of many

new projects that today  have developed into major activities

in their own right.

From the first of January 2003 the Department was given a

new organizational structure with five new research program-

mes that provide a better match to the changing conditions in

the Danish research system. Although the annual report covers

2002, we felt it natural that the annual report should be orga-

nized in themes that reflect the new structure.

There have been many scientific highlights in 2002. We have

chosen a few to be presented in the annual report to give you

a flavour. Furthermore, a number of important milestones

were also met in 2002; achievements that are particularly im-

portant for the scientific development of the Department. 
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The Department has come a long way.



The inauguration of the pre-pilot 
plant for manufacturing solid oxide fuel cells
This facility is one of the corner stones in our fuel cell activities.

The pre-pilot plant  enables us to manufacture large numbers

of cells for the production of cell stacks, and facilitates cell life-

time tests in order to mature the technology.

The inauguration of the new high 
resolution Jeol transmission electron microscope
The new transmission electron microscope gives direct insight

into the atomic scale of materials and will enable the Depart-

ment to be at the forefront in nanoscience and nanotechno-

logy. 

The inauguration of the small-angle-
neutron-scattering instrument (SANS)
The SANS instrument has been transferred from Risø’s DR3 re-

actor to the Paul Scherrer Institute in Switzerland. The instru-

ment underpins Risø’s role as a national front runner in the ex-

ploitation of large-scale facilities for materials science.

We are also very pleased that in 2002 prizes and awards ho-

noured employees on the staff. Larry Margulies received the

Young Scientist prize at the European Synchrotron Radiation

Facility ESRF for his significant contribution to establishing the

3-dimensional x-ray microscope. Karin Vels Hansen received

the A.R. Angelo prize for her interface studies on electrodes in

solid oxide fuel cells. Bachu Singh was appointed to be a mem-

ber of the British EPSRC Peer Review College, and Morten El-

drup was appointed Adjunct Professor in positron chemistry at

Lund University.

Robert Feidenhans’l
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i n t r o d u c t i o n

Education
The Department is involved in a variety of educational activities. The Department had 27

Ph.D. students, of whom 4 completed their degrees in 2002, and 12 Masters students.

Staff
The Department comprises about 155 people, including many students. Out of these, 50

are permanent scientific staff, including 2 research specialists and 4 research or adjunct pro-

fessors. There are 30 positions as researchers and post docs on time limited contracts. This

gives the Department a very flat age profile.

Publications
The quality of research is measured by the publications. The Department has a good inter-

national standing with 114 papers in international journals, including several in the most

prestigious journals; and many conference papers, books and reports. 
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i n t r o d u c t i o n  

Innovation
The Department has a major industrial technology transfer programme with Haldor Top-

søe A/S for the development of solid oxide fuel cells. There is a major collaborative effort

on materials developments and testing within the Danish windmill industry and many 

other collaborations on a smaller scale.

Sponsors
We thank all our collaborators and sponsors for the support we have received in 2002, in

particular the Danish Energy Agency, Elkraft System, Eltra, Haldor Topsøe A/S, the Danish

Natural Science Research Council, the Danish Technical Research Council, the Danish Na-

tional Research Foundation, Euklid, and the European Commission.

Structure
As of 1st January 2003 the Department is  organized into five programmes:

Superconductivity and Magnetism headed by Niels Hessel Andersen

Fuel Cells and Materials Chemistry headed by Søren Linderoth

Nano- and Microstructures in Materials headed by Allan Schrøder Pedersen

Composites and Materials Mechanics headed by Povl Brøndsted

Metal Structures in Four Dimensions headed by Dorte Juul Jensen

Economy
The turnover of the Department is 116 Mkr. (15.6 M€ ) out of which 52 Mkr. (7M€ ) comes

directly from Risø, 48 Mkr. (6.4 M€ ) from programme supported research and 16 Mkr. (2.2

M€ ) from companies and commercial income. 

Organizational activities
Several staff members are engaged in international and national organizational work for

professional societies, conference arrangements, etc..



View of the mirror furnace for crystal growth. The materials are kept inside a quartz tube to allow for the use of controlled atmosphere and protect the mirrors against

evaporation from volatile elements during the growth process. Jean-Claude Grivel is adjusting the position of the seed crystal from below the furnace.

s c i e n t i f i c  w o r k  



The programme on superconductivity and magnetism com-

prises materials synthesis, studies of basic properties and

strategic developments aiming at applications. Superconduc-

tivity and magnetism are strongly linked. Usually they are con-

sidered as mutually exclusive phases, but they are often

formed by the same type of electronic pairs carrying opposite

spins. Studies of magnetic properties are therefore key topics

in the R&D activities. Applied magnetic fields are clearly detri-

mental to anti-parallel spin alignments and high fields may de-

stroy superconductivity as well as antiferromagnetism. How-

ever, superconductivity may co-exist with antiferromagnetism

and even with weak ferromagnetism, and it may survive in

quite strong magnetic fields by confining the magnetic flux in

tubes shielded by superconducting vortex currents.

The magnetic properties are essential for the general under-

standing of superconductivity, not least for the basic mecha-

nism behind high-temperature superconductivity, and they

are decisive for the technological development of new materi-

als with higher current carrying capability. The strategic part of

the programme includes development of superconducting

tapes for power transmission, based on the high temperatures

superconductor Bi2Sr2Ca2Cu3O10, and for magnetic applica-

tions, e.g. in power generators for wind-turbines, by use of the

newly discovered magnesium-diboride (MgB2) superconduc-

tor. Key phenomena being studied in the interplay between

magnetism and superconductivity include the role of mag-

netic fluctuations on the formation of the high-temperature

superconducting state and the properties of the magnetic flux

in the vortex tubes. The magnetic field in the vortices interact

with transport currents and if insufficiently pinned they will

move and cause losses that are detrimental for superconduc-

tivity and applications.

In magnetic materials basic studies are performed on nano-

magnetism and quantum critical systems. Magnetism on the

nanoscale includes novel phenomena as superparamagnet-

ism, i.e. detachment of the magnetic moment from the cry-

stal lattice due to thermal fluctuations, and enhanced collec-

tive oscillations of the spins. Investigating the mechanisms

behind these quantum effects are essential for understanding

and designing the magnetic devices of the future, e.g. for

computers. Additionally, the interplay between magnetism

and superconductivity is studied in nanoparticles comparable

in size to the superconducting coherence length.

Neutron scattering is a primary technique for the experimen-

tal studies in the programme. During the past year the SANS

(Small Angle Neutron Scattering) spectrometer from the DR3

reactor has been transferred successfully to the Paul Scherrer

Institute (PSI) in Switzerland. Accordingly two of the three

spectrometers included in the collaboration contract between

PSI and Risø have been transferred on schedule. In year 2002

also the facilities for materials synthesis and for magnetic and

transport characterisation have been moved to new environ-

ments. This completes the unification of programmes from the

former Condensed Matter Physics and Chemistry Department

with the Materials Research Department. The experimental fa-

cilities have been improved significantly during year 2002 by

purchase of a mirror furnace for single crystal growth. This ac-

quisition has been granted by the Technical Research Council

via a national Framework Programme on superconductivity

R&D.  

Niels Hessel Andersen
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Superconductivity and Magnetism



Flux Line Lattice in  Superconductors

One of the characteristic properties of the High Tempera-

ture(HTc) superconductors is that they collect magnetic field

in tube shaped regions in which the superconducting state is

suppressed. These tubes are denoted flux lines and can order

in a periodic lattice, which is called the flux line lattice. La2-x

SrxCuO4 was among the first HTc superconductors discovered

and recently a transition from a hexagonal flux line lattice be-

low applied magnetic fields of H = 0.5 T and into a square sym-

metric lattice above H = 1.0 T was observed in a Small Angle

Neutron Scattering (SANS) experiment. Neutrons possess a

magnetic moment and are ideal for examinations of the flux

line lattice in superconductors, because they can be scattered

by the periodic magnetic flux structure. The figure shows the

neutron diffraction pattern from the flux line lattice induced by

an applied magnetic field along the c-axis of the orthorhom-

bic unit cell. Flux lines repel each other and usually order in the

close packed hexagonal lattice. However, the observation of a

square flux line lattice could reflect the d-wave nature of the

order parameter of the HTc superconductors or the fourfold

symmetry of the Fermi surface of the conduction electrons. An

alternative explanation is pinning of the flux lines to crystallo-

graphic defect structures called twin domain walls, which are

formed, because the crystal structure changes from tetragonal

at room temperature and into orthorhombic symmetry at low

temperature. A pressure cell applying an uniaxial pressure of 

P = 4 MPa to the crystal was used in the SANS experiment to

prevent the twin formation, but no effect of the de-twinning

was seen. The flux line lattice was only observed in a x = 0.15

crystal, whereas a under-doped crystal with x = 0.10 showed

no sign of the lattice. This is probably connected to a decom-

position of the flux lines as superconductivity is confined in 2-

dimensional Cu-O planes inside the unit cell when the doping

is decreased. Future studies of over-doped crystals (x > 0.17)

are planned, because the crystal structure remains tetragonal

at low temperature and the superconducting phase has 3-di-

mensional character.

Asger Abrahamsen and Niels Hessel Andersen
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Diffraction pattern of neutrons scattered on the flux line lattice in the high tem-

perature superconductor La2-xSrxCuO4 (x=0.15) induced by an applied field 

H||c = 1.0 T at T = 4.0 K. The fourfold symmetry of the pattern shows that the

flux lines are ordered in a square lattice.



Collective Magnetic Excitations 
in Nanoparticles

One of the major research topics of the Nanomagnetism group

is spin dynamics in single domain magnetic nanoparticles. As

the nanoparticle size decreases finite-size effects influence the

spin dynamics and the quantum nature of the magnetic pro-

perties becomes evident. Reversal of the full nanoparticle mag-

netic moment induced by temperature, i.e. superparamagne-

tism, is one example. Another example is collective magnetic

excitations, i.e. coherent precession of all the spins in a single

nanoparticle. Understanding the mechanisms behind these ef-

fects is a challenge and crucial for designing new materials for

magnetic components in computer technology.

Recently we have discovered a new collective magnetic excita-

tion in nanoparticles of the iron oxide hematite, α-Fe2O3. The

nanoparticles were chemically produced at DTU. The spin dy-

namics was studied by inelastic and polarized neutron scatter-

ing at the Risø RITA-II and the TASP spectrometers at the Paul

Scherrer Institute. The collective precession has a characteristic

energy which is visible as a peak in the neutron scattering spec-

trum at ε = 1.1meV. Applying an external magnetic field speeds

up the precession and narrows in the opening angle, which re-

sults in a movement of the peak to higher energies.

These findings are direct evidence for the discreteness of the col-

lective magnetic excitations in nanoparticles, and future experi-

ments are planned for measuring the predicted spin wave gap.

Stine Nyborg Klausen, Luise Theil Kuhn,  

Kim Lefmann and Per-Anker Lindgård
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A transmission electron microscope picture of a single crystalline hematite nano-

particle placed on a thin carbon substrate. The graph shows the neutron scat-

tering signal from the newly discovered mode of collective magnetic excitations

and its behaviour with an externally applied magnetic field up to 7.5T.



Rasmus Barfod is inspecting the long term (>2000h) solid oxide fuel cell test stands.

s c i e n t i f i c  w o r k
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Fuel Cells and Materials Chemistry
Fuel cell systems will be one of the future technologies for a

more efficient and environmentally friendly conversion of che-

mical energy into electricity and heat. At the Materials Re-

search Department R&D on Solid Oxide Fuel Cells (SOFC) has

been carried out for more than 20 years, in collaboration with

both universities, research centres and industrial partners. In

2002 a major step forward was taken by the start of a closer

collaboration between Risø and Haldor Topsøe A/S on the de-

velopment of SOFC. The effort now includes more than 50 

people at Risø. The prime aim is that the many years of R&D

at Risø National Laboratory will be transferred to the commer-

cial environment and will bring SOFC systems to the consu-

mers.

In 2002 the pre-pilot manufacturing facility for SOFC was in-

augurated by Helge Sander, the Minister of Science, and Hal-

dor Topsøe, the founder of Haldor Topsøe A/S. The pre-pilot

facility is an R&D facility for the development of large-scale fa-

brication techniques – for the demonstration of the up-scala-

bility and reproducibility of the technology developed at Risø.

Cells produced at the pre-pilot facility are being tested at va-

rious places around the world. The electrical performance of

the Risø SOFC is among the very best world wide – and their

mechanical performance is unique with regard to strength and

flexibility. 

The more fundamental research has provided a deep insight

into the interface, structural and morphological properties of

the SOFC. This development has in large been supported by

the Danish Energy Agency. In 2002 this resulted in the deve-

lopment of a cell with significantly better properties, both with

regard to performance and production. This makes it possible

to reduce the operation temperature from 850°C towards

700°C which is very important for the durability and the costs

of the other components of the fuel cell system.

Education of young scientists and candidates within the area

of fuel cells, materials chemistry and related areas is an impor-

tant issue of the activities. We are proud that one of our young

scientists, Karin Vels Hansen, received the A.R. Angelo award

for her contribution to the understanding of the effect of im-

purities on the interfacial phases developing at the electrolyte-

anode interface – an activity involving methods such as elec-

tron microscopy, surface analyses, and impedance spectroscopy

as important characterisation tools.

Students at universities are performing part of their final work

in the Department, and the development of a course on fuel

cells at the Technical University of Denmark, conducted by

young scientists from Risø, was initiated in 2002. This effort

will continue in the coming years. 

Søren Linderoth
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Cathode development for SOFC

One of the key areas in current solid oxide fuel cell (SOFC) re-

search and development is to reduce the operation tempera-

ture of the system, for example from 850°C to 700°C. This al-

lows a significant cost reduction and improvement of the

long-term stability of the SOFC system. Detailed analyses

showed that the total cell loss at lower temperatures were

dominated by the cathode losses. Cathode loss will contribute

to the polarization resistance (Rp) and to the series resistance

(Rs) due to resistance at the cathode/electrolyte interface.

Chemical composition, cathode microstructure, as well as

cathode/electrolyte interface structure were identified as the

critical elements to be improved in order to reduce the losses.

Investigation has been conducted in many aspects including

stoichiometry of (La1-xSrx)yMnO3±δ (LSM), noble metal dop-

ing, particle size distribution, and sintering profile. This effort

has resulted in an Rp as low as 0.06 Ωcm2 at 850°C obtained

in our symmetric cell study and a low activation energy of 1.2

eV. Power densities of 1.44 W/cm2 at 850°C and 0.5 W/cm2 at

700°C have been achieved at a cell voltage of 0.7 V with an ac-

tive area of 4×4 cm2 in our anode supported cell. Processing

optimisation has lead to a homogenous microstructure with

sub-micron pores throughout the entire cathode and a good

adhesion between cathode and electrolyte. This has resulted in

a cell with area specific resistances of 0.175 Ωcm2 and 0.47

Ωcm2 at 850°C and 700°C, respectively. This is only half of our

previous cell resistance. At the same time, the production time

and the labour costs have been reduced significantly. 

Wei Guo Wang

SEM picture showing the improved microstructure of an anode supported solid oxide fuel cell (SOFC).

Anode YSZ Cathode
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The Ni/YSZ interface

The nature of the Ni/ yttria stabilised zirconia (YSZ) interface is

important for the performance of solid oxide fuel cell (SOFC)

anodes. In the present study, the Ni-YSZ interface has been ex-

amined with respect to changes in microstructure, chemical

composition, and electrochemical properties. Two different ty-

pes of nickel were used, an impure (99.8 %) Ni and a pure

(99.995 %) Ni. The experiments were performed at 1000°C in

a wet hydrogen atmosphere. The structural changes were stu-

died with scanning electron microscopy and atomic force mi-

croscopy. It was found that the interface was dynamic, and

that the impurities were affecting the morphology of the inter-

face. The interface was examined with different advanced

chemical analysis techniques: EDS, XPS and TOFSIMS, (in co-

operation with the Danish Polymer Centre, Risø). It was found

that the chemical composition of the interface was very de-

pendent upon the impurity content of the Ni. Both the Ni and

the YSZ contain small amounts of impurities, and elements

such as Si, Al, Na, and Mn were found to segregate to the

interface, and to the three-phase boundary between Ni, YSZ,

and hydrogen, where the electrochemical reactions are assu-

med to take place. The electrochemical properties were exa-

mined with impedance spectroscopy, which showed a clear in-

fluence of the impurities on the performance of the anode.

The area specific resistance for samples with a pure nickel

anode was up to 10 times lower than for samples with an im-

pure anode. Comparing the obtained data with those of the li-

terature revealed that literature data correspond mostly to the

impure anodes. It is believed that if the impurities can be con-

trolled it may lead to a better performance of SOFC anodes.

Karin Vels Hansen

Time of flight secondary ion mass spectrometry (TOFSIMS) image of a contact

between impure Ni and yttria stabilised zirconia (YSZ). The red area is the ac-

tual contact. The colours imply that Mn and Na are present in the contact area.

(Colour code: Mn red; Na blue; Y+Zr green).



Erik Johnson is using the new transmission electron microscope (JEOL 3000F) together with two scientists (Kristoffer Haldrup and Jesper Nygaard) from the Univer-

sity of Copenhagen.

s c i e n t i f i c  w o r k
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Nano- and Microstructures in Materials
The Research Programme “Nano- and Microstructures in Ma-

terials” was formed by the fusion of the former three research

programmes “Materials Models and Structure”, “Radiation

Damage, Defects and Fusion Materials” and “Powder Techno-

logical Materials”. The aim has been to strengthen the activi-

ties within the overall Risø focus areas “Energy” and “Industrial

Technology”. It is now an important task for the newly formed

programme in the future to maintain homogeneity in the work

and to give strong and coherent contributions to the research

work of the Department.

Two prominent events took place during 2002. One was the

final commissioning of a brand new JEOL 3000F Transmission

Electron Microscope. The other was the termination of a na-

tional Engineering Science Centre (IVC), which has reached

many technical and scientific achievements during its 10 years

operational period. This will be discussed separately on p.33.

In addition the successful work done investigating the reaction

of materials under conditions expected in future fusion reac-

tors is given special attention on the following pages.

The Programme also comprises a number of other research

projects. One of these concerns hydrogen energy. The interest

in hydrogen as a vector in the energy supply system of devel-

oped countries has increased strongly in Europe during 2002.

In an interview in October, the president of the European

Commission expressed his expectations for the future use of

hydrogen and likewise many member countries are initiating

national funding for R&D in hydrogen for energy purposes. In

the past Risø has worked intensively with pure magnesium for

hydrogen storage applications. Work in this area has been

strongly revitalised during 2002 by external funding from the

Danish Research Councils and from the Nordic Energy Re-

search Programme. It includes work on new alloys and other

solid compounds for storage of hydrogen by direct solid gas

reaction. The aim is to achieve capacities and reaction kinetics

of interest for industrial applications, e.g. in the transport sec-

tor. A Ph.D. project has already been initiated and yet another

one is planned to start during the year to come.

Another project deals with studies of bulk amorphous as well

as partly crystalline alloys. Important findings about their me-

chanical properties have resulted.  Bulk amorphous alloys are

in the glassy state brittle when loaded in tension due to the

lack of a work hardening mechanism. Nanocrystals embedded

in an amorphous matrix may lead to an increase in fracture

stress compared with the homogeneous amorphous alloy by

suppression of shear band propagation. The effect has been

studied in details for MgCuY bulk amorphous alloys. Con-

trolled annealing for different lengths of time leads to partial

crystallisation and in this way samples with various crystalline

volume fractions were produced. The average size of homo-

geneously distributed Mg2Cu nanocrystals was about 100 nm.

These partly nanocrystallized samples show an increase in

yield or flow stress provided that the crystalline volume frac-

tion is less than 50%. Larger volume fractions of nanocrystals

promote brittle fracture of the specimen and reduce fracture

strength. 

Allan Schrøder Pedersen



In-Reactor Tensile Test of Pure Copper

It has been a common practice for more than 40 years to as-

sess the adverse effects of neutron irradiation on mechanical

performance of metals and alloys on the basis of the results of

post-irradiation deformation experiments. In these experi-

ments, the specimens are first irradiated to a certain dose level

in unstressed condition (i.e. in the absence of continuous dis-

location generation) and then mechanically tested outside of

the reactor (i.e. in the absence of the continuous production

of defects). These experiments have shown that the neutron ir-

radiation causes a drastic decrease in the ductility of the irra-

diated materials, and the results have raised serious problems

in evaluating the lifetime of materials used in structural com-

ponents of a fission or fusion reactor.

Materials employed in structural components of a reactor, on

the other hand, will experience simultaneously external stres-

ses and continuous defect generation by neutrons. Recent

theoretical considerations suggest that under these conditions

the deformation behaviour may be substantially different from

that observed in post-irradiation experiments. In order to re-

solve this issue, we have recently determined the dynamic

stress-strain curves for pure copper subjected simultaneously

to plastic deformation and neutron irradiation in the BR-2 re-

actor at Mol in Belgium. Up to date, no such experiment has

been reported in the literature. The results clearly demonstrate

that the deformation behaviour in the in-reactor experiment is

fundamentally different from that observed in the post-irradi-

ation experiments. Furthermore, the in-reactor experiments

do not show any sign of a yield drop, plastic instability or a

drastic decrease in the uniform elongation of the material as

suggested by post-irradiation experiments.

Bachu Singh
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Test assembly containing specimen and instrumentation for measuring stress, strain, temperature and neutron fluence.

Dynamic stress response of the specimen in the test module as a function of ir-

radiation time showing the effect of radiation damage and external strain ac-

ting simultaneously.
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New JEOL 3000F Transmission
Electron Microscope

A new JEOL 3000F transmission electron microscope (TEM)

has been installed at the Materials Research Department. The

microscope was funded by the Research Council Programme

“Expensive apparatus”, by the Technical-Scientific Research

Council, and by Risø National Laboratory. It is a national cen-

tre facility with access for all Danish TEM users. The centre par-

ticipants are the University of Copenhagen, the University of

Aarhus and the Technical University of Denmark. 

The microscope is equipped with a field 

emission gun (FEG). Among the accessories are:

• energy image filter (EFTEM/GIF)

• parallel electron energy loss spectrometer (PEELS) 

• energy-dispersive X-ray spectrometer, 

• scanning transmission unit (STEM) 

• high-angle annular dark field detector (HAADF) 

• CCD cameras

• hollow-cone illumination

• piezo-stage based auto drift compensation system

• single-tilt high temperature stage

The microscope has a point resolution of 0.19 nm, an infor-

mation limit of 0.10 nm and the spatial resolution for chemi-

cal analysis is under optimal conditions 0.5 nm. 

The microscope was inaugurated on 19th September in the

presence of approximately 80 invited guests. The lectures at

the inauguration were given by Dr. R. Ravelle-Chapuis, JEOL

France, by Dr. R. Wallenberg, University of Lund, by Dr. J. Hut-

chison, University of Oxford, and by Dr. P. Midgley, University

of Cambridge. 

An atomic resolution image of a lead inclusion embedded in

an aluminium matrix is shown as an example of the applica-

tions of the microscope.

Jørgen B. Bilde-Sørensen

An atomic resolution image of a lead inclusion embedded in an aluminium ma-

trix. The dark lines are moiré fringes that arise due to the overlap in the image

between the atomic planes of lead and aluminium. The insert shows the 3D

shape of the lead inclusion in form of an octahedron with truncated corners. 



Modern wind turbine blades, made of fibre composite materials, are strong and can sustain large deflections without fracturing (picture shown by permission of 

Vestas A/S).
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Composites and Materials Mechanics
The programmes Materials Mechanics and Composite Materi-

als were from 1st January 2003 merged into a joint pro-

gramme. The following gives a short description of the new

programme, its objectives and profile.

The programme is active in scientific and applied materials re-

search and development. The effort is directed towards re-

search, innovation, and education; the engineering focus is on

energy and industrial applications of composite materials. 

Main objectives are to develop, characterize and improve com-

posite materials based on metals, polymers, and ceramics for

energy purposes and other industrial applications. The goal is

to extend the knowledge of light and strong materials seen

from both a functional point of view and an application point

of view. The work is focused on optimising properties, devel-

oping new materials, using conventional methods and seeking

new methods for manufacturing, destructive and non-destruc-

tive characterization, and numerical modelling. The work is car-

ried out in close contact and collaboration with national and in-

ternational industrial partners, the education sector, and the

research sector.

Highlights of the year include
Surfaces and interfaces

A new post. doc. project was started with the aim to analyse

and estimate the effect of fibre surface sizing on glass fibre re-

inforced polymers. The project is carried out in close collabora-

tion with the Danish Polymer Centre at Risø. 

Filament winding of Fibre Reinforced Plastics (FRP)

A special filament winding technique was used to manufacture

flat unidirectional laminates for purpose of characterization of

different fibre/matrix combinations. The technique was used

for laminates with thermosetting matrices as well as for ther-

moplastic matrices. In the case of a thermosetting matrix, the

fibres are wound dry onto a frame, and the matrix is subse-

quently applied by a resin infusion technique. In the case of a

thermoplastic matrix, the structural fibres and thermoplastic fi-

bres are co-wound onto the frame, and the laminate is formed

in a subsequent press consolidations process.

Autoclave processing of FRP

Autoclave consolidation of thermoplastic composites is a versa-

tile process to manufacture high quality laminates from differ-

ent types of semi-raw products. This technique was used to

manufacture various laminates of thermoplastic composites

with natural fibres.

Press consolidation of FRP (thermoplastic polymers)

Processing technologies of products for Danish industrial par-

ties were developed successfully.

Organic fibre and matrix materials

The natural fibre composites were placed in the context of sus-

tainability at the Risø symposium and the first industrial enter-

prise was initiated with a Danish company.

Numerical modelling of damage properties

Cracking along the skin/core interface in sandwich specimens

under general edge loads was analysed. The problem was

solved analytically except for a single scalar load-independent

parameter that was determined from finite element analysis.

Results were developed for a wide range of elastic mismatch

and core and skin thickness ratios.

Mechanical properties, reliability, endurance and life-time

In the EU 5th frame programme project COLT on the cyclic be-

haviour of high strength tool steel, a lifetime prediction model

was suggested and verified.

Tribology and wear

Biaxial mechanical test equipment for determining wear prop-

erties of biotech materials was installed and tests were run suc-

cessfully .

Ballistic properties and protection material

The EUCLID 3.19 project on operational aspects of add-on-ar-

mour was finished successfully with one year of field condition-

ing in Denmark followed by a shooting test.

Structural Health Monitoring

Piezoelectric acoustic emission sensors and fibre optic micro

bend sensors have been successfully used to monitor structural

condition during full scale testing of wind turbine blades. A re-

motely operated and structurally integrated system is to be de-

veloped for use on blades during standard operation. Support

has been provided to European collaboration projects develop-

ing structural health monitoring solutions for Aerospace and

Naval platforms.



Ultrasound, X-ray, Acoustic Emission, Thermography

An air-coupled ultrasonic system was installed. This enables

scanning without water coupling and is especially useful for

sandwich materials. The scanning area is up to 1.5 x 1 m2.

Fracture mechanics and resistance (R) curve behaviour

A specimen for general mixed mode cracking was developed.

The specimen is a double cantilever beam specimen loaded

with uneven bending moments. A special test fixture was also

developed.

Design of sandwich constructions

Sandwich T-joint with improved strength for naval ships was

designed and tested.

These highlights were reached in both national and interna-

tional basic research, programme research and industrial re-

search projects of both scientific and technological nature. The

target groups and funding sources are found within the au-

thorities, the research community, the educational system, and

industry.

The activities also involve commercial research and develop-

ment projects of innovative character. In these cases a strict

confidentiality is kept between the contractors as the results are

of competitive nature.

Povl Brøndsted

Composites Research

Within the Composites and Materials Mechanics programme

several on-going composite research projects on Ph.D., post

doctoral, and industrial research level are relying on solid ex-

pertise in a wide range of composite manufacturing processes. 

A post doctoral research project was established in collabora-

tion with the Danish polymer centre and an industrial partner,

LM Glasfiber A/S, to gain better understanding of the influ-

ence of chemical modification of the glass fibre / matrix inter-

face on macroscopic composite properties. For glass fibres,

these interface properties are determined by the sizing, which

is applied to the glass fibres during manufacture. Using com-

mercial fibres with different resin systems, composite systems

with weak and strong interfaces were identified and manufac-

tured. This leads to a variation in macroscopic properties, of

which the transverse strength (i.e., loading transverse to the

reinforcement direction) gives a very good indication regard-

ing interfacial strength. 

Processing quality becomes especially important when com-

posite differences on the microscale level are to be attributed

to interface changes. Voids, which are easily introduced during

manufacture, therefore have to be kept at a minimum. Of the

available manufacturing techniques, dry filament winding (see

left figure) followed by resin impregnation and autoclave cure

or vacuum infusion, where resin is pulled into the sealed com-

posite mould by pressure differences, are found to be suitable

methods. The chosen manufacturing method obviously has to

depend on the fibre and resin systems, and optimisation with

respect to a certain system has to be performed in most cases.

New manufacturing techniques have to be developed for na-

tural fibre composites. Natural fibre mats in combination with
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Stefanie Feih examines the precision of the computer controlled dry filament

winding of a glass fibre composite plate. 

Film stacking and in situ surface modification applying maleated polypropylene

(MAPP) resulting in jute fibre reinforced polypropylene (PP) composite. 



s c i e n t i f i c  w o r k

19Mater ia l s  Research Depar tment   Annual  Report  2002

X-ray non-destructive characterization

X-rays give access non-destructively to the internal structures

of a material (composition, presence of defects etc.). Our re-

search activities are concerned with non-destructive characte-

rization by x-ray imaging: prototype characterization, image

processing, defect detection, damage characterization, and

materials characterization in relation to the mechanical pro-

perties. The techniques commonly used are radiography,

radioscopy and spectrometry.

Radioscopic system
Radioscopic devices are now preferred to film radiography in a

number of industrial application areas. A key interest of a real-

time imaging system is to be able to optimise the conditions

of acquisition and the projection while moving the imaged ob-

ject in front of the detector. Another interest is the possibility

of automatic defect detection, i.e. for on-line process control.

A radioscopic system was set-up and developed at Risø to al-

low convenient routine examination of samples. The system

involves an image intensifier and a manipulation unit with a 

3-axis-translation and 1-axis-rotation table. The inspection sy-

stem has been designed to cover a large range of applications.

X-ray inspection of aluminium castings
The aim of the EU funded project QUME is to improve the per-

formance of inspection of aluminium cast parts by data fusion of

information coming from several non-destructive testing me-

thods. Our role is to develop quantitative x-ray characterization

methods by combining two approaches: radioscopic inspection

using an image intensifier and spectrometric measurements.

Indeed, cast components have usually a complex shape with

varying thickness. For safety parts, a 100 % x-ray inspection is

often required. High thickness (typically > 40 mm) is difficult

to inspect by radioscopy and the defect detection perfor-

mance is very low in this range. Spectrometry is not an ima-

ging tool, but a method potentially sensitive to small thickness

or density variations.

The spectrometry system involves a NaI photon-counting de-

tector and a multi-channel analyser. Each measurement cor-

responds to a spectrum of number of photons (intensity)

transmitted through the sample at this point, as a function of

their energy. 

Our spectrometric system showed a higher sensitivity in thick-

ness than radioscopy and spectrometry is therefore used as a

complementary method to radioscopy for areas in cast pasts

of high thickness.

Emmanuelle Cendre

thermoplastic polymer films potentially offer a rapid and simple

means of manufacturing composites through film stacking,

heating and press-consolidation. Work in this area within the

programme lead to an invention and the international patent

WO 02/064670 A1, which became publicly available on the

22nd of August 2002 (illustrated on previous page - right fi-

gure). The invention provides a number of advantages over the

prior art, including one step in situ compatibilisation of fibre

mats, improved processing flexibility for the manufacturer, easy

handling/automation of compatibilisation treatment and lay-

up process and a better performance of the composite mate-

rial. The tensile strength of a jute/polypropylene (PP) compo-

site with random fibre orientation was improved from 65 MPa

to 86 MPa, similarly the tensile strength of a hemp/PP compo-

site was improved from 40 MPa to 60 MPa and a flax/PP com-

posite from 49 MPa to 69 MPa. 

In relation to the press-consolidation technique, the compres-

sibility of a fibre assembly is an important factor, which limits

the fibre content of the manufactured composite. In an on-

going Ph.D. project it was found that glass fibres were more ea-

sily compressed than natural fibres and moreover, the random

arrangement of fibres in a mat product severely reduced the

compressibility. These results indicate that when the reinforce-

ment potential of a given fibre material is evaluated, the spatial

structural organization of the fibres must be considered in ad-

dition to the mechanical properties.

Tom Løgstrup Andersen, Stefanie Feih and Bo Madsen

Emmanuelle Cendre is mounting a specimen in the real-time radioscopic inspec-

tion system. 
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The spinning polishing plate of the new Logitech PM52 lapping and polishing machine, which allows polishing samples down to a pre-specified depth with an accu-

racy of one micrometer. This precision allows us to polish down to an interesting area in a sample, which has been characterised by other experimental bulk techni-

ques (such as 3DXRD microscopy). This means that we can compare, and even combine experimental techniques, allowing us to perform experiments that we would

otherwise not  be able to  -  such as nucleation studies in polycrystalline metals.



The overall objective of the work in the programme is to ex-

plore the heterogeneous structure of metallic materials and

understand how this responds over time to changes in stimuli

such as stress and temperature. We seek to derive fundamen-

tal theories and formulate models for the structural develop-

ment within materials. This involves experimental characteri-

zation and modelling on several length scales.

The vast majority of the financing comes from the Danish Na-

tional Research Foundation establishing us as a Centre for Fun-

damental Research. The Contract period runs from 1st August

2001 to 30th June 2006.

Scientific highlights of the year include
• Demonstration of an arithmetic reconstruction method 

to analyse 3-Dimensional X-Ray Diffraction (3DXRD) data,

which improves the spatial resolution from 25 µm to 5 µm.

• Development and documentation of a routine to extract 

the exact position (x, y, z) of marker particles from micro-

tomography data and to follow their motion during, for

example, deformation. This has potential applications in 

many fields of materials science.

• Nanoscale structures are achieved via deformations to very

high strains. However, it is shown that even after a strain as

large as 10, correlation still exist between neighbouring 

structure elements, i.e. the original grains are remem-

bered.

• Strong evidence is provided that nuclei with new orienta-

tions relative to the deformed matrix may develop during 

recrystallisation. This is very controversial and against 

common modelling practice.

Other highlights have been a very active guest programme, in-

cluding external users of the 3DXRD equipment. The latter has

lead to a joint publication in Science on phase transformations.

Also, the Summer School in China on “Geometry of Micro-

structures” organised together with Tsinghua and Yanshan

Universities was, indeed, a highlight.

Dorte Juul Jensen
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Metal Structures in Four Dimensions
Larry Margulies 

receiving the 

European Syn-

chrotron Radia-

tion Facility’s 

Young Scientist

Prize.

Participants from the Summer School on Geometry of Microstructures and the

First Joint Danish-Chinese Materials Science Symposium on Characterisation of

Microstructures sitting on China’s greatest macro-structural feature, where it

meets the sea.

Summer School and Symposium

A Summer School on Geometry of Microstructures and the

First Joint Danish-Chinese Materials Science Symposium on

Characterisation of Microstructures were held in Qinhuangdao

in China during the period 16th – 20th of August 2002 orga-

nized by the Centre of Fundamental Research: Metal Structures

in 4D in collaboration with Tsinghua and Yanshan Universities.

During the School, experienced lecturers from China, Poland

and the United Kingdom provided the necessary background

on theory, analysis methods as well as techniques. The Sympo-

sium subsequently documented the use of these tools at an

international research level. This combination worked perfectly

and was fruitful to all 65 participants: 10 Danish students from

DTU, KU, AU and AAU, 7 Danish students and 8 scientists from

the Centre, 22 Chinese students and 11 scientists from 8 uni-

versities.

Wolfgang Pantleon
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Finer 3DXRD Resolution
A novel method based on an Algebraic Reconstruction

Technique for the generation of three dimensional grain

maps has recently been developed. Both experimental

validation and computer simulation results have revealed

that this technique is so far the most efficient method for

reconstruction of the grain map by 3Dimensional X-Ray

Diffraction (3DXRD) microscope. It reduces the spatial

resolution from previous 25 µm down to 5 µm.

Xiaowei Fu

Measurements of Plastic Strain in 3D 

A project was initiated in 2001 with the goal of using X-ray ab-

sorption micro-tomography to detect marker particle displa-

cements inside a metallic material undergoing plastic defor-

mation. The displacements of marker particles as a function of

externally imposed strain are then used to deduce the internal

strain in local regions.

After a series of image analysis steps to identify the centre of

mass of individual particles in the tomographic reconstruc-

tions, the displacements of individual particles could be tracked

as a function of external strain. 

The particle displacements are then used to identify local dis-

placement gradient components, from which the local 3D

plastic strain tensor can be determined. This allows us, for the

first time, to map the strain components as a function of loca-

tion inside a deforming metallic solid.  

A universal method has been demonstrated for bulk materials

that contain particles or voids observable by X-ray tomo-

graphy. The method has been demonstrated using an Al alloy

containing W particles. The strain resolution is 10-2 on the me-

asurements of displacement gradient components while the

spatial resolution depends on particle spacing, in the present

case 30 µm. 

In upcoming stages of the project, we will use this technique

to evaluate the effect of local grain orientation on local plastic

strain, allowing us to test 6 decade-old theories of metal de-

formation that remain incompletely tested. We also envision

that this technique can be used to study deformation of foams,

strain fields around cracks, deformation of biological materials,

etc. Since the technique does not depend on diffraction, the

evaluation can be applied to any material, crystalline or amor-

phous, to which marker particles providing sufficient X-ray ab-

sorption contrast have been introduced. We believe that the

technique we have demonstrated provides an avenue for

quantitative analysis of micro-tomography images with a great

number of possible applications.

Søren Fæster Nielsen

The vector displacement tracks of 2544 particles within a 0.4 mm cube inside

the sample. The numbers on the axes are in units of pixels of 1.5µm.



Nanoscale Microstucture 
Investigations

Metallic materials composed of nanoscale grains are interest-

ing due to their potentially advanced properties. One possible

route to produce them is high strain deformation.  This pro-

cessing route is favourable as it provides fully dense materials.

Investigation of the deformation processes that occur during

the creation of these microstructures is therefore of funda-

mental importance.

Typically strains of the order of 10 are required to induce suf-

ficient grain fragmentation to the sub micrometer scale.  This

is equivalent to rolling a 1m thick slab of metal to kitchen foil

(50 µm thick).  Recent analysis of neighbouring grain orienta-

tions, determined by electron backscattering, has been per-

formed on an aluminium alloy after such deformation.  This

material contains on average 0.3 x 0.8 µm sized grains with

a near random texture, which prior to deformation had a co-

arse grain size and strong texture.

Analysing the orientations of neighbouring grain fragments

has shown that after such a massive strain, correlations still ex-

ist between them, suggesting that the microstructure still 

retains a memory of its deformation history despite, being ran-

domised by the deformation.

Jacob R. Bowen

Grain Nucleation and Growth During
Phase Transformations in Steel

Steel is one of the most important materials used in thermo-

mechanical processing and is used extensively in a broad

range of industrial applications. Despite this fact, the funda-

mental mechanisms for nucleation and growth in these mate-

rials are still poorly understood.

In collaboration with S.E. Offerman and co-workers from Delft

University of Technology and the European Synchrotron Radi-

ation Facility (ESRF), Grenoble, France, in-situ studies of the ki-

netics of phase transformations in steel has been performed.

The experiment was performed using the 3-Dimensional X-ray

Diffraction (3DXRD) microscope located at the Materials Sci-

ence beam line at ESRF.

The analysis of the synchrotron data has provided two remark-

able sets of experimental results on the austenite-to-ferrite

phase transformation in steel. One is the in-situ observation of

the nucleation rate during cooling. The second set of observa-

tions follows the growth of individual ferrite grains as a func-

tion of temperature and time. Based on these observations

valuable information regarding the activation energy for nu-

cleation and the interaction between grains during growth

has been obtained.

Erik M. Lauridsen
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The distributions of misorientation angles between selected orientations; neigh-

bouring orientations in dark grey (experimental data) and non-neighbouring in

light grey (calculated data). The difference between the two indicates the pre-

sence of orientation correlations.

Nucleation as a function of temperature during continuous cooling of the steel

from 900oC to 600oC in 1 hour. (A) The total number of valid ferrite reflections.

(B) The normalized experimental nucleation rate (grey bars) compared to the

classical nucleation theory (line).



Hemp fibres are important natural fibres for strong composite materials. They have a high content of cellulose and form long fibres. Parallel and long fibres

give strong composites, but only if fibres are strong and without defects. The picture shows individual hemp fibres observed in the optical microscope. The fi-

bres are rather long and straight, but contain some defects (markings across the fibres). The diameter of the individual fibres is about 20 micrometers. Work

is in progress to treat hemp fibres more gently in order to reduce the number of defects.

23rd Risø International 
Symposium on Materials Science
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The Symposium  “Sustainable Natural and Polymeric Compo-

sites – Science and Technology” was held at Risø on 2nd – 5th

of September 2002. The focus of the Symposium was on the

potential for exploiting natural fibres for strong composite ma-

terials, and at the same time looking at the possibilities of

using polymers in a sustainable way as a matrix in composites.

The field of topics was covered by 7 invited key-note lectures

and 28 contributed papers, addressing materials systems, pro-

perties and processing.

Several developments and new possibilities were presented:

Optimised hot pressing of long fibre thermoplastics made of

jute and polypropylene; performance of single and bundled

natural cellulose fibres; deformation micromechanics of natu-

ral fibres; nanotechnology in relation to polyurethane with cel-

lulose fibres. The combination of sustainable concepts and

materials and energy was presented in a vision of a “biomass

refinery” producing bio fuels, natural polymers and natural

cellulose fibres.

The participants, numbering about 60, took part in lively dis-

cussions. Several new ideas emerged, e.g. the potential for

very high strength cellulose based on nanoscale crystallites.

New personal network contacts were established and existing

ones renewed during the Symposium. The four days of its du-

ration allowed for new initiatives to be discussed and devel-

oped.

Hans Lilholt
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Finances
The activities of the Department are supported by a combina-

tion of government funding, focused project funds from na-

tional and international research programmes, and fully com-

mercial contracts.

Commercial contracts, 
16.3 Mkr., 2.19 M€ , 25%

Other programmes,  
12.5 Mkr., 1.68 M€ ,  19%

Danish Energy Research Programme, 
5.3 Mkr., 0.71 M€ ,  8%

European Commission,
11.9 Mkr., 1.60 M€ ,  19%

Danish Research Councils,    
11.7 Mkr., 1.57 M€ ,  18%

Danish National Research Foundation, 
6.6 Mkr., 0.88 M€ ,  10%

Department's share of Risø's 
government appropriations,

52.1 Mkr., 6.99 M€

Project funding, programmes, 
48.0 Mkr., 6.44 M€

Project funding, commercial, 
16.3 Mkr., 2.19 M€

Operating Expences, 
29.0 Mkr., 3.90 M€

Salaries, 
53.4 Mkr., 7.17 M€

Total: 116.4 Mkr., 15.6 M€ Total: 118.6 Mkr., 15.9 M€

Income

Project Income

Expenditures

Investments, 8.0 Mkr., 1.07 M€

Central Risø facilities and administration,
28.2 Mkr., 3.78 M€
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Hashimoto, Shin-Ichi
Hatchwell, Charles Edward
Knudsen, Jesper
Korcakova, Leona *

Lauridsen, Erik Mejdal
Martins, René Valéry
Nielsen, Søren Fæster
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Ramousse, Séverine
Schmidt, Søren
Weygand, Markus Jan *

Wolff, Ulrike
Xing, Qingfeng *

Xu, Gaojie #

Åstrand, Per-Olof #

Technical staff 
Abdellahi, Ebtisam
Adrian, Frank
Bang, Johannes Steen
Breiting, Bjarne Ole
Brodersen, Karen
Christiansen, Birgitte
Davodi, Mahbooba *

Frederiksen, Henning Kaj
Gravesen, Niels Nørregaard
Hansen, Erik Gustav
Hansen, Krystyna Anna
Hansen, Ole *

Hjortlund, Sarah Rathje *

Holm, John Hammer #

Iversen, Jette
Jensen, Jesper Bjerregaard *

Jespersen, John
Kjøller, John
Larsen, Bent Lykke
Larsen, Heidi
Larsen, Kjeld Johan Cramer
Mikkelsen, Claus
Nielsen, Palle Henrik
Nielsen, Steen Erik #

Nilsson, Helmer
Olesen, Preben
Olsen, Benny F.
Olsen, Henning
Olsen, Ole Emil
Olsson, Jens Ove
Paulsen, Henrik
Pedersen, Hanne
Pedersen, Niels Jørgen
Rasmussen, Ove
Sandsted, Kjeld
Saxild, Finn Benthin
Strauss, Torben Richardt
Sørensen, Carsten Gynther
Sørensen, Erling
Sørensen, Kristian Nim *

Udbjørg, Charlotte Lund
Vogeley, Erik Walther
Wichmann, Mike *

Willendrup, Peter Kjær *

Office staff  
Johansen, Jens #

Larsen, Ann
Lauritsen, Grethe Wengel #

Marcher, Lesley Ann *

Nielsen, Jytte Pihl
Sørensen, Eva Marianne
Thomsen, Ann
Voss, Anita Cornelia Neeltje

Apprentices 
Dahl, Heidi #

Hansen, Joan Thuun
Kheder, Shwan
Madsen, Christian Hjelm

Student assistants
Bennov, Uffe
Dahl, Kristian Vinter
Edmund, Jens Morgenthaler
Givskov, Alex David
Høgsholm, Johanne
Jacobsen, Mathilde
Jørgensen, Carina
Jørgensen, Kenneth
Kaat, Gregers Alexander
Staun, Jacob
Sun, Yemin
Therkildsen, Kaspar
Thorning, Casper
van der Donk, George
Østergaard, Rasmus C.

Guests (long term)
Doherty, Roger R.
Esquirol, Audrey
Huijser, Annemarie
McGugan, Malcolm
Zadvydas, Marius

Masters Students
Andersen, Peter
Egebjerg, Anne
Herdahl, Karen-Anne
Hjøllum, Jari í
Jacobsen, Birgitte Abery
Jensen, Anette
Jensen, Søren Højgaard
Jørgensen, Thomas
Nielsen, Heidi Kolmorgen
Nyrup, Susan Blak
Søgaard, Martin
Thorning, Casper

Emeritus
Hansen, Niels
Nielsen, Mourits

27Mater ia l s  Research Depar tment   Annual  Report  2002

s t a f f

Persons leaving (#) or joining (*) the 
Department during 2002. (§) Employed 
at University of Copenhagen.



A new open space office has been created to house the increasing number of young scientists.

e d u c a t i o n a l  w o r k



Ph.D. projects completed in 2002

Karin Vels Hansen

”Interface in composite electrodes for SOFC and high tempe-

rature electrolysers”. Technical University of Denmark. Super-

visors: Ib Chorkendorff (DTU), Mogens Mogensen, Jørgen B.

Bilde-Sørensen.

Søren Koch

“Contact resistance of ceramic interfaces between materials

used for solid oxide fuel cell applications”. Technical University

of Denmark. Supervisors: Torben Jacobsen (DTU), Peter Vang

Hendriksen,  Mogens Bjerg Mogensen, Carsten Bagger.

Eva Ravn Nielsen (Industrial Ph.D.) 

Ferroperm Piezoceramics A/S, “Low temperature sintering of

PZT” Technical University of Denmark. Supervisors: Kenny

Ståhl (DTU), Finn Willy Poulsen (Risø), Erling Ringgaard (Ferro-

perm Piezoceramics A/S).

Séverine Ramousse (Industrial Ph.D.) 

Obtec A/S, “Development of high temperature stable friction

materials” Technical University of Denmark. Supervisors: Irina

Petrushina (DTU), Ole Toft Sørensen (Risø), Jesper Valentin

(Obtec A/S).

Ongoing Ph.D. projects 

Asger Abrahamsen

“Magnetic properties of superconductors”. Technical Univer-

sity of Denmark. Supervisors: Jørn Bindslev Hansen (DTU),

Claus Schelde Jacobsen (DTU), Niels Hessel Andersen.

Anders Andreasen

“Preparation and characterization of new metal hydrides for

hydrogen storage”. Technical University of Denmark. Supervi-

sors: Ib Chorkendorff, (DTU), Søren Dahl (Haldor Topsøe A/S),

Flemming Besenbacher (AU), Allan Schrøder Pedersen.

Jens W. Andreasen

“Nano-structured catalysts”. Technical University of Denmark.

Supervisors: Kenny Ståhl (DTU), Frank Berg Rasmussen (Haldor

Topsøe A/S), Robert Feidenhans´l.

Niels Bech Christensen

“Quantum phase transitions”. University of Copenhagen. Su-

pervisors: Jens Als-Nielsen (KU), Desmond F. McMorrow.

Jesper Christiansen 

“Dislocation interactions with surfaces and grain boundaries”.

Technical University of Denmark. Supervisors: Karsten Wedel

Jacobsen (DTU), Jakob Schiøtz, Torben Leffers.

Anders Reves Dinesen

“Magnetic properties of amorphous and nanocrystalline 

alloys”. Technical University of Denmark. Supervisors: Steen

Mørup (DTU), Søren Linderoth, Nini H. Pryds.

Carsten Gundlach

”Recovery in aluminium”. University of Copenhagen. Supervi-

sors: Erik Johnson (KU), Henning Friis Poulsen, Wolfgang Pant-

leon.

Anette Nørgaard Hansson

“Protection against metallic oxidation”. Technical University of

Denmark. Supervisors: Marcel Somers (DTU), Søren Linderoth,

Mogens Mogensen, Peter Friehling.

Jens V. T. Høgh

“Kinetics of metal/hydrogen electrode on solid electrolytes”.

Technical University of Denmark. Supervisors: Torben Jacobsen

(DTU), Ib Chorkendorff (DTU), Mogens Mogensen.
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Educational work
The Department is strongly involved in the education of students at different levels. The involvement ranges from postgraduate

and undergraduate courses and projects, in collaboration with universities and industry, to lectures for high school classes. Seve-

ral international workshops and summer schools aimed at Ph.D. students have been arranged. In addition many staff members

of the Department act as external university lecturers and examiners. The education of Ph.D. students and that of Masters Degree

students are some of the most important educational activities. During 2002 four Ph.D. students completed their Ph.D. projects,

while 23 projects were still ongoing, in addition to 12 Masters Degree projects.
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Christian Højerslev

“The influence of microstructure on the fatigue properties of

high strength materials for cold forging tools”. Technical Uni-

versity of Denmark. Supervisors: Marcel Somers (DTU), Povl

Brøndsted, Jesper Vejlø Carstensen.

Stine Nyborg Klausen

”Magnetic dynamics of nanoparticles”. Technical University of

Denmark. Supervisors: Steen Mørup (DTU), Kim Lefmann,

Kurt N. Clausen.

Trine Klemensø

”Relationships between structures and performance of SOFC

anodes”. Technical University of Denmark. Supervisors: Torben

Jacobsen (DTU), Jørgen Gutzon Larsen (Haldor Topsøe A/S),

Mogens Mogensen.

Axel W. Larsen

”Nucleation in metals”. Technical University of Denmark. Su-

pervisors: Jens Als-Nielsen (KU), Henning Friis Poulsen, Dorte

Juul Jensen.

Zhengjie Li

“Anisotropy and dislocation structures at large strains”. Tech-

nical University of Denmark. Supervisors: Niels Bay (DTU),

Grethe Winther, Niels Hansen.

Bo Madsen

”Properties of plant fibre composites – an experimental model

study”. Supervisors: Lars Damkilde (DTU), Preben Hoffmeyer

(DTU), Anne Belinda Thomsen (PRD, Risø), Hans Lilholt.

Lars Mikkelsen

”Oxidation of iron-chromium alloys”. University of Southern

Denmark. Supervisors: Eivind Skou (SDU), Søren Linderoth,

Mogens Mogensen, Peter Halvor Larsen.

Trine Bjerre Pedersen

”Modelling of residual stresses in sprayformed structures”.

Technical University of Denmark. Supervisors: Jesper Hattel

(DTU), Nini H. Pryds.

Mette Poulsen

“Nanostructuring with bonding”. Technical University of Den-

mark. Supervisors:  Flemming Jensen (DTU), Robert Feiden-

hans´l.

Henrik Nikolaj Blicher Schmidt

”Modelling of mechanical and metallurgical properties of fric-

tion stir welded joints”. Technical University of Denmark. Su-

pervisors: Jesper Hattel (DTU), John A. Wert.

Martin Søgaard

”Properties of perovskites with varying A/B-ratio”. Technical

University of Denmark. Supervisors: Torben Jacobsen (DTU) ,

Peter Vang Hendriksen, Mogens Mogensen, Finn Willy Poulsen.

Anders Thygesen

“Hemp fibres for light and strong composites – optimisation

and characterisation”. Royal Veterinary and Agricultural Uni-

versity. Supervisors: Per Ole Olesen (KVL), Claus Felby (KVL),

Anne Belinda Thomsen (PRD, Risø), Hans Lilholt.

Katrine Nørgaard Toft

”Magnetic properties of superconductors”. University of Co-

penhagen. Supervisors: J. Jensen (KU), Niels Hessel Andersen.

Christian Bech Wejdemann

“Nanomechanics of metal fatigue”. Technical University of

Denmark. Supervisors: Karsten W. Jacobsen (DTU), Ole Bøcker

Pedersen, J. B. Bilde-Sørensen.

Masters projects

Peter Andersen

“Antiferromagnetism in YBCO nanoparticles”. University of

Copenhagen. Supervisors: Jens Als-Nielsen (KU), Luise Theil

Kuhn.

Anne Egebjerg

“X-ray scattering investigations of bonded interfaces”. Univer-

sity of Copenhagen. Supervisors: Sine Larsen (KU), Flemming

Jensen (DTU), Robert Feidenhans’l.

Karen-Anne Herdahl

”Exact numerical diagonalisation of magnetic Bloch oscilla-

tions in one dimension”. Roskilde University. Supervisors:

Jeppe Dyre (RUC), Kim Lefmann.

Jari í Hjøllum

“Maghemite and hematite nanoparticles, synthesis and mag-

netic properties”. University of Copenhagen. Supervisors:

Morten Bo Madsen (KU), Luise Theil Kuhn.

Birgitte Abery Jacobsen

“Critical currents in BiSCCO/Ag tapes for superconducting po-
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wer cables”. University of Copenhagen. Supervisors: P.E. Lin-

delof (KU), Jørn Bindslev Hansen (DTU), Niels Hessel Andersen.

Anette Jensen

“A neutron scattering study of the magnetic structures in su-

perconducting ErNi2B2C”. University of Copenhagen. Supervi-

sors: Per Hedegård (KU), Niels Hessel Andersen.

Søren Højgaard Jensen

“High temperature solid oxide electrolyser”. University of Co-

penhagen. Supervisors: Jan W. Thomsen (KU), Mogens Mo-

gensen.

Thomas Jørgensen

“Investigation of the superconducting properties of MgB2/Fe

tapes”. University of Copenhagen. Supervisors: Per Hedegård

(KU), Jean-Claude Grivel. 

Heidi Kolmorgen Nielsen

”Exact numerical diagonalisation of magnetic Bloch oscilla-

tions in one dimension”. Roskilde University. Supervisors:

Jeppe Dyre (RUC), Kim Lefmann.

Susan Blak Nyrup

“X-ray scattering from hair. A new method for detection of

breast cancer?”. University of Copenhagen. Supervisors: Jens

Als-Nielsen (KU), Robert Feidenhans’l.

Martin Søgaard

“Investigation of transport properties and oxygen stoichiome-

try in (La0,6Sr0,4)0,99Co1-yFeyO3-y”. University of Southern Den-

mark. Supervisors: Eivind Skou (SDU), Peter Vang Hendriksen,

Mogens Mogensen, Finn Willy Poulsen.

Casper Thorning

”Orientation subdivision of grains of known orientation in

polycrystals strained in tension”. Technical University of Den-

mark. Supervisors: Marcel A.J. Somers (DTU), John Wert.

Lecturing courses 
and other teaching activities

Current topics in Physical Metallurgy

Risø, autumn 2002. Lecturer: Roger Doherty.

Eksperimentel Faststofmekanik

DTU,  course no. 41811, 2002. Lecturer: Bent F. Sørensen.

ICFA Instrumentation School

Istanbul, Turkey, Jun 17-28, 2002. Lecturer: Kurt Nørgaard

Clausen.

Korrosion af keramik og glas

DTU, course no. 42135, 2002. Lecturer: Karsten A. Nielsen.

Magnetism

Course for Ph.D. and master students, NBI, spring 2002.

Member of organising committee and lecturer: Kim Lefmann,

Exercises: N.B. Christensen, Kim Lefmann.

Nano Magnetism

Study group for Ph.D. students and others, Risø, DTU and NBI,

2002 Lecturers: Stine N. Klausen, K. Lefmann, Per-Anker Lind-

gård, Luise Theil Kuhn. 

Nanoteknologi 1

Course at University of Copenhagen, autumn 2002. Co-super-

visor: Christian Bech Wejdemann.

Nano Science Seminars

for Ph.D. students and others, NBI, 2002. Member of organi-

sing committee: Luise Theil Kuhn.

Physics and Chemistry of Nanostructures

Course for Ph.D. and master students, DTU, autumn 2002.

Lecturer: Luise Theil Kuhn. 

QUP-Seminars

DTU, 2002. Lecturer: Per-Anker Lindgård.

SOFC brændselsceller

Thisted og Himmelev Gymnasium, 2002. Lecturer: Jesper

Knudsen.

SOFC brændselsceller

Rysensteen Gymnasium, 2002, Lecturer: Rasmus Barfod.

Summer School on Functional Ceramics

KTH, Sweden, 2002. Lecturer: Dorthe Lybye.

Tillämpad Kärnfysik

Lunds Universitet, Sweden, autumn 2002. Lecturer: Kim Lef-

mann.

X-ray Physics

Course for Ph.D. and master students, NBI, 2002. External Lec-

turer: Desmond F. McMorrow.

e d u c a t i o n a l  w o r k
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Morten Eldrup 

Appointed Adjunct Professor, Department of Polymer Science

and Engineering, Lund Institute of Technology, Lund Univer-

sity, Sweden

Karin Vels Hansen 

Received the A.R. Angelos award

Lawrence Margulies 

Received the ESRF Young Scientist Prize 

Meeting of The Scandinavian Neutron Scattering 

Societies at the European Conference

Bonn, Germany, May 15, 2002. Members of Organizing 

Committee: Kurt Nørgaard Clausen, Bente Lebech

Nano Physics of Life Systems 

Carlsberg, Copenhagen, Denmark, Jun 21-22, 2002. 

International conference, 80 participants. 

Organizers: Per-Anker Lindgård, H. Bohr

5th European SOFC Forum

Lucerne, Switzerland, Jul 1-5, 2002, 400 participants. 

International Advisory Committee: F.W. Poulsen

Dynamics of Biological Molecules and Networks: 

From Single Molecules to Networks, 

Krogerup, Denmark, Aug 10-17, 2002. 

Member of Organizing Committee: Henrik Flyvbjerg 

First Joint Chinese-Danish Symposium: 

Qinhuangdao, China,

Characterisation of Microstructure

Aug 19-20,  2002, and 

Summer School on Geometry of Microstructures 

Aug 16-18, 2002, 67 participants. 

Members of Organizing Committee: 

Jacob R. Bowen, Andy Codfrey, Wolfgang Pantleon

International Conference on 

New Challenges in Mesomechanics

Aalborg, Denmark, Aug 26-30, 2002. 

International Advisory Committee: B.F. Sørensen

23rd Risø International Symposium on Materials Science: 

Sustainable Natural and Polymeric Composites Science 

and Technology

Risø National Laboratory, Denmark, Sep 2-5, 2002.

Organizers: H. Lilholt, Bo Madsen, Helmuth Toftegaard, 

E. Centre, Modris Megnis, Lars P. Mikkelsen, Bent F. Sørensen

5th Topical Meeting on Biophysics-Biological Physics 

Copenhagen, Denmark, Nov 26, 2002 

Organizer: Henrik Flyvbjerg

Mini-workshop on Protein Aggregation

Copenhagen, Denmark, Dec 6, 2002. 

Member of Organizing committee: Henrik Flyvbjerg

Joint Nordic Conference in Powder Technology 

Tampere, Finland, Feb 5-6, 2003. 

Member of Organizing Committee: A. Schrøder Pedersen  

Prizes, awards, honours

Organization of international meetings
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t h e  e n g i n e e r i n g  s c i e n c e  c e n t r e

Engineering science centres are the largest single commit-

ments of the Danish Technical Research Council (STVF). Such

a centre is first granted for five years with the possibility of an

extension for another five years if the council finds it worth-

while. At the Materials Research Department we have been so

fortunate as to host an engineering science centre, the Engi-

neering Science Centre for Structural Characterization and

Modelling of Materials, for ten years – from primo 1993 to ul-

timo 2002. The mechanical behaviour of materials has been

the focal point of the centre.

A grant for an engineering science centre requires that the

host organization makes a contribution to the centre of at le-

ast the same magnitude as the contribution from STVF. In our

case the total contribution from STVF has been ~61 million kr.

(1 kr. = 0.13 Euro), and Risø has provided more than twice this

amount. The contribution from Risø has comprised a direct

contribution and a contribution via other contracts which

have been part of the centre activities.

For STVF the basic philosophy behind the 5/10 years grants for

engineering science centres is to boost research activities

which should then be “anchored” in the host organization so

that they can continue after the centre has expired. We think

we have lived up to this philosophy as illustrated by the graph

showing the number of international publications (including

conference proceedings) from the engineering science centre

for the ten years together with the contribution from STVF

(corrected for inflation): during the ten years the number of

publications has increased very significantly to reach an ap-

proximately constant level of ~90 publications per year while

the contribution from STVF has been decreasing, particularly

in the last five years. A natural extrapolation would be that the

number of centre-relevant publications will remain constant

even when the contribution from STVF decreases to zero.

One of the reasons for this successful anchoring is a grant from

the Danish National Research Foundation for a Centre for Me-

tal Structures in Four Dimensions for five years starting from

August 2001 (with possible extension for another five years).

The engineering science centre has played a very significant

role in providing the basis for this new centre. Another new

centre at the Materials Research Department, which to a large

extent is based on the activities in the engineering science cen-

tre, is the centre for electron microscopy (together with Tech-

nical University of Denmark, University of Aarhus and Univer-

sity of Copenhagen).

The research themes of the engineering science centre have

covered a wide spectrum of activities ranging from basic re-

search like atomistic simulation of the cross-slip process and

investigation of the deformation of polycrystals by modelling

and experimental investigation by electron microscopy and

diffraction by synchrotron X-rays to practical engineering stu-

dies of materials for wind-turbine blades and tools for forging.

As an example we show three frames from a molecular-dyna-

mics study of the annihilation of a screw-dislocation dipole by

cross slip. Green atoms are part of the cores of the Shockley

partial dislocations, red atoms are part of stacking faults while

atoms in perfect lattice positions are invisible. In the next

frame the annihilation would be completed and all atoms

would be invisible. This work was carried out in collaboration

with the CAMP centre at Department of Physics at the Techni-

cal University of Denmark.

During the ten years we have been assisted by a National Cen-

tre Committee, and we want to thank those who have been

members: R. Feidenhans’l, N. Hansen, K.W. Jacobsen, D. Juul

Jensen, P. Madsen, N.-J. Rishøj Nielsen, J.K. Nørskov, J. Olsson,

P. Pedersen and V. Tvergaard. We also want to thank the mem-

bers of our International Advisory Board: H. Mughrabi, A. Thö-

lén, V. Tvergaard and J.R. Weertman.

Torben Leffers

The Engineering Science Centre for Structural 
Characterization and Modelling of Materials
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Research and technology conquer the world - from the north shore of Risø.



International Publications

Andersen, L.G.;  Poulsen, H.F.;  Abrahamsen, A.B.;  Jacobsen, B.A.;
Tschentscher, T., Microstructural dynamics of Bi-2223/Ag tapes
annealed in 8% O2. Supercond. Sci. Technol. (2002) v. 15 p. 190-
201

Andrianov, A.V.;  Iliushin, A.S.;  Kosarev, D.I.;  Zasimov, V.S.; Lebech,
B., Interplay of crystalline and magnetic structures in TbxTm1-x

system. J. Magn. Magn. Mater. (2002) v. 251 p. 25-28
Armstrong, W.D.; Lorentzen, T., Large self-thermal-plastic deforma-

tion in a NiTi shape-memory alloy fiber-actuated aluminium
metal-matrix composite. Metall. Mater. Trans. A (2002) v. 33 p.
3535-3540

Barlow, C.Y.; Hansen, N.;  Liu, Y.L., Fine scale structures from defor-
mation of aluminium containing small alumina particles. Acta
Mater. (2002) v. 50 p. 171-182

Bowen, J.R.;  Mishin, O.V.;  Prangnell, P.B.; Juul Jensen, D., Orienta-
tion correlations in aluminium deformed by ECAE. Scripta
Mater. (2002) v. 47 p. 289-294

Brooks, J.W.; Sabin, T.J., A comparison of the macromodel and neu-
ral network approaches for the prediction of microstructural
evolution during hot forging. Proc. Inst. Mech. Eng. B (2001) v.
215 p. 915-925

Cao, W.Q.;  Liu, Q.;  Godfrey, A.; Hansen, N., Microstructure and
texture evolution during annealing of an aluminium ARB mate-
rial. Mater. Sci. Forum (2002) v. 408-412 p. 721-726

Carstensen, J.V.;  Mayer, H.; Brøndsted, P., Very high cycle regime fa-
tigue of thin walled tubes made from austenitic stainless steel.
Fatigue Fract. Eng. Mater. Struct. (2002) v. 25 p. 837-844

Carstensen, J.V.;  Ray, R.K.; Leffers, T., Texture development in Ni-Co
alloys rolled to moderate reductions. Mater. Sci. Forum (2002)
v. 408-412 p. 607-612

Castàn, T.;  Vives, E.; Lindgård, P.-A., Mean field and Monte Carlo
simulation studies of premartensitic effects in Ni2MnGa. J.
Physique IV (2001) v. 11 (no.PR8) p. 299-304

Christiansen, J.;  Morgenstern, K., Schiøtz, J.;  Jacobsen, K.W.;
Braun, K.-F.;  Rieder, K.-H.;  Lægsgaard, E., Besenbacher, F.,
Atomic-scale structure of dislocations revealed by scanning
tunnelling microscopy and molecular dynamics. Phys. Rev. Lett.
(2002) v. 88 p. 206106.1-206106.4

Dinesen, A.R.;  Linderoth, S.;  Mørup, S., Direct and indirect meas-
urement of the magnetocaloric effect in a La0.6Ca0.4MnO3 ce-
ramic perovskite. J. Magn. Magn. Mater. (2002) v. 253 p. 28-34

Edwards, D.J.; Singh, B.N.;  Xu, Q.; Toft, P., Post-irradiation anneal-
ing of neutron irradiated CuCrZr. J. Nucl. Mater. (2002) v. 307-
311, Pt. 1 p. 439-443

Edwards, H.; Lefmann, K.; Lake, B.; Nielsen, K.; Skaarup, P., Simula-
tion of a complete inelastic neutron scattering experiment.
Appl. Phys. A -  Mat. Sci. Process (2002) v. 74 p. S1492-94

Eldrup, M.;  Singh, B.N.;  Zinkle, S.J.;  Byun, T.S.;  Farrell, K., Dose de-
pendence of defect accumulation in neutron irradiated copper
and iron. J. Nucl. Mater. (2002) v. 307-311, Pt. 2 p. 912-917

Eskildsen, M.R.; Abrahamsen, A.B.;  Gammel, P.L.;  Bishop, D.J.; An-
dersen, N.H.;  Mortensen, K.;  Canfield, P.C., Flux line lattice sym-
metries in the borocarbide superconductor LuNi2B2C. Pramana
J. Phys. (2002) v. 58 p. 903-905

Falkenberg, G.; Bunk, O.;  Johnson, R.L.;  Rodrigues, J.A.;  Takeuchi,
N., Atomic structure of the indium-induced Ge(001)(nx4) sur-
face reconstruction determined by scanning tunneling mi-
croscopy and ab initio calculations. Phys. Rev. B (2002) v. 66 p.
035305.1-035305.8

Farhi, E.; Hansen, T.; Wildes, A.; Ghosh, R.; Lefmann, K., Designing
new guides and instruments using McStas. Appl. Phys. A -  Mat.
Sci. Process (2002) v. 74 p. S1471-73

Flyvbjerg, H.;  Chretien, D.;  Janosi, I.M., Structural microtubule cap:
Stability, catastrophe, rescue, and third state. Biophys. J. (2002)

v. 83 p. 1317-1330
Gamstedt, E.K.;  Redon, O.; Brøndsted, P., Fatigue dissipation and

failure in unidirectional and angle-ply glass fibre/carbon fibre
hybrid laminates. Key Eng. Mater. (2002) v. 221-222 p. 35-48

Gamstedt, E.K.;  Sjögren, B.A., An experimental investigation of the
sequence effect in block amplitude loading of cross-ply com-
posite laminates. Int. J. Fatigue (2002) v. 24 p. 437-446

Gardiner, C.H., Lister, S.J.S., Boothroyd, A.T., Andersen, N.H.,
Zhokhov, A.A., Stunault, A., Hiess, A., Dispersive magnetic ex-
citations in non-superconducting PrBa2Cu3O6+x (x~0.93), Appl.
Phys. A (2002) v. 74 p. 898-900

Ghoniem, N.M.;  Tong, S.H.;  Huang, J.; Singh, B.N.;  Wen, M.,
Mechanisms of dislocation-defect interactions in irradiated
metals investigated by computer simulations. J. Nucl. Mater.
(2002) v. 307-311, Pt. 2 p. 843-851

Glerup, M.;  Poulsen, F.W.; Berg, R.W., Vibrational spectroscopy on
protons and deuterons in proton conducting perovskites. Solid
State Ionics (2002) v. 148 p. 83-92

Grivel, J.C.;  Andersen, N.H., Preparation of (Bi,Pb)2 Sr2Ca2Cu3Ox pre-
cursor powders by a modified polyethylene glycol based sol-gel
process. Physica C (2002) v. 372-376 p. 905-908
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Leffers, T.;  Pedersen, O.B.,  The activation energy for the FCC rolling
texture transition and the activation energy for cross slip. Risø-
R-1308(EN) (2002) 17

Nielsen, L.H.;  Bindner, H.;  Lundsager, P.; Pedersen, A.S., Integrated
energy systems. In: Larsen, H.;  Sønderberg Petersen, L. (eds.),
Risø National Laboratory (DK). Systems Analysis Department.
Risø energy report 1. New and emerging technologies - op-
tions for the future. Risø-R-1351(EN) (2002) p. 16-18 

Nørbygaard, T., Studies of grain boundaries in materials subjected
to diffusional creep. Risø-R-1379(EN) (2002) 106 p. 

Pedersen, A.S.;  Jørgensen, K., Hydrogen as an energy carrier. In:
Larsen, H.;  Sønderberg Petersen, L. (eds.), Risø National Labo-
ratory (DK). Systems Analysis Department. Risø energy report
1. New and emerging technologies - options for the future.
Risø-R-1351(EN) (2002) p. 32-35 

Poulsen, F.W., Fuel cells. In: Larsen, H.;  Sønderberg Petersen, L.
(eds.), Risø National Laboratory (DK). Systems Analysis Depart-
ment. Risø energy report 1. New and emerging technologies -
options for the future. Risø-R-1351(EN) (2002) p. 29-31 

Singh, B.N.;  Tähtinen, S.,  Final report on characterization of phy-
sical and mechanical properties of copper and copper alloys
before and after irradiation. Risø-R-1276(EN) (2001) (ITER R&D
Task No. T213) 21 p. 

Sørensen, B.F.;  Lading, L.;  Sendrup, P.;  McGugan, M.;  Debel, C.P.;
Kristensen, O.J.D.;  Larsen, G.C.;  Hansen, A.M.;  Rheinländer,

J.;  Rusborg, J.;  Vestergaard, J.D.,  Fundamentals for remote
structural health monitoring of wind turbine blades - a prepro-
ject. Risø-R-1336(EN) (2002) 36 p. 

Therkildsen, K.T.; Dahl, K.V.,  Analysis of carbides and inclusions in
high speed tool steels. Risø-R-1360(EN) (2002) 30 p. 

International and 
Danish Books and Reports

Bohn, F.H.; Bongardt, K.; Carsughi, F.; Claver, A.; Clausen, K.N.; De-
sailly, C.; Fabi, P.; Gardner, I.; Hake, C.; Cywinski, R.; Laclare, 
J-L.; Palanque, S.; Richter, D.; Jaensch, H.T.,  (eds.):  The ESS
Project Volume III – Technical Report.  ISBN 3-89336-303-3
(2002) 438 p.

Bohn, F.H.; Clausen, K.N.; Claver, A.; Cywinski, R.; Frick, F.; Rögener,
W.; Stahl-Busse, B.; Steigenberger, U.; Tietze-Jaensch, H.; Tin-
demans, P., The ESS Project Volume I – European Source of Sci-
ence. ISBN 3-89336-301-7 (2002) 1-32

Brøndsted, P. ;  Somers, M.A.J. (eds.), Karakterisering af materialer -
fra atom til makro. Dansk Metallurgisk Selskabs vintermøde,
Kolding (DK), 2-4 Jan 2002. (DMS, Lyngby, 2002) 305 p.

Clausen, K.N., The European Spallation Source (ESS) Project, Suzuki
J., Itoh S.  (eds) Proceedings  of ICANS-XV Advanced Neutron
Sources towards the Next Century, Nov. 6-9, 2000, Tsukuba,
Japan, Vol. I (2001) 27-31

Clausen, K.N; Eccleston, R.; Fabi, P.; GutberIet, T.; Mezei, F.; Jaensch,
H.T., (eds.):  The ESS Project Volume IV – Instrument and User
Support. ISBN 3-89336-304-1 (2002) 97 p.

Edwards, D.J.; Singh, B.N., Overaging of Outokumpu CuCrZr at
600 deg. C. In: Fusion materials. Semi-annual progress report
for the period ending December 31, 2001. DOE/ER-0313/31
(2001) p. 118-122 

Edwards, D.J.; Singh, B.N.;  Toft, P., True stress-strain behaviour of
as-irradiated and post-irradiation annealed pore copper. In: Fu-
sion materials. Semi-annual progress report for the period end-
ing June 30, 2001. DOE/ER-0313/30 (2001) p. 99-108 

Flyvbjerg, H.;  Jülicher, F.;  Ormos, P.;  David, F. (eds.), Physics of bio-
molecules and cells. Les Houches, session LXXV, Grenoble (FR),
2-27 Jul 2001 (Springer, Berlin, 2002) 580 p.

Gamstedt, E.K.;  Sørensen, B.F., Interaction of damage development
and dissipation in tensile fatigue loading of composite lami-
nates. In: Durability analysis of composite systems 2001. DU-
RACOSYS 2001, Miyano, Y.; Cardon, A. H.; Reifsnider, K. L.;
Fukuda, H.; Ogihara, S. (eds.), (A. A. Balkema Publishers, Lisse,
2002) p. 213-220

Hendriksen, P.V., Development of Energy Efficient and Innovative
Ceramic Membrane Reforming Technology for Synthesis Gas
Preparation (Contract G1RD-CT-1999-0023). Fourth Biannual
Report. Apr 2002, 20 p.

Hendriksen, P.V., Development of Energy Efficient and Innovative
Ceramic Membrane Reforming Technology for Synthesis Gas
Preparation (Contract G1RD-CT-1999-0023). Fifth Biannual Re-
port. Oct 2002, 30 p.

Lilholt, H.;  Madsen, B.;  Toftegaard, H.;  Cendre, E.;  Megnis, M.;
Mikkelsen, L.P.;  Sørensen, B.F.(eds.), Sustainable natural and
polymeric composites - science and technology. Proceedings
from 23rd Risø international symposium on materials science,
Risø (DK), 2-5 Sep 2002. (Risø National Laboratory, Roskilde,
2002) 371 p.

Mogensen, M., Ceria-based electrodes. Chapter 15 in Catalytic Sci-
ence Series - Vol.  2, Catalysis by Ceria and Related Materials,
Trovarelli, A. (eds.), (Imperial College Press 2002), p. 453-481.

Mogensen, M. (ed.), Slutrapport til Energistyrelsen for EFP 2001
projektet ”DK-SOFC b, Langsigtet SOFC udvikling”. (Forsk-
ningscenter Risø (DK). Afdelingen for Materialeforskning,
Roskilde, 2002) 9 p. 
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Poulsen, F.W.;  Bonanos, N.(eds.),  Intas open call 99-0636: Hydro-
gen in oxide systems, fundamentals and promising applica-
tions. Second periodic report, July 2002. (2002) 19 p.

Ramanarayanan, T.A.;  Worrell, W.L.; Mogensen, M. (eds.), Pro-
ceedings. 4. International conference on ionic and mixed con-
ducting ceramics, San Francisco, CA (US), 2-7 Sep 2001. (Elec-
trochemical Society, Pennington, NJ, 2002) (Proceedings
volume PV 2001-28) 428 p.

Willén, D.;  Hansen, J.B.;  Bay, N.;  Tønnesen, O.; Andersen, N.H.;
Østergaard, J.,  DK superledere i elsektoren 2000. Årsrapport.
(2001) 14 p.

Publications in 
Conference Proceedings

Andersen, N.H., Electric and magnetic characterisation of supercon-
ductors. In: Karakterisering af materialer - fra atom til makro.
Dansk Metallurgisk Selskabs vintermøde, Kolding (DK), 2-4 Jan
2002. Brøndsted, P.;  Somers, M.A.J. (eds.), (DMS, Lyngby,
2002) p. 137-149

Bilde-Sørensen, J.B., Nye udviklinger inden for transmissionselek-
tronmikroskopi. In: Karakterisering af materialer - fra atom til
makro. Dansk Metallurgisk Selskabs vintermøde, Kolding (DK),
2-4 Jan 2002. Brøndsted, P.;  Somers, M.A.J. (eds.), (DMS, Lyng-
by, 2002) p. 1-10

Bilde-Sørensen, J.B., A simple way of measuring beam skirt profiles
in low vacuum SEMs. In: Proceedings. SCANDEM 2002. 53.
Annual meeting of the Scandinavian Society for Electron Mi-
croscopy, Tampere (FI), 12-15 Jun 2002. Keränen, J.;  Sillanpää
(eds.), (Scandinavian Society for Electron Microscopy, Tam-
pere, 2002) p. 100-101

Bonanos, N.;  Holtappels, P.;  Jørgensen, M.J., Electrochemical evalu-
ation of functionally graded SOFC cathodes. In: Proceedings.
Vol. 2. 5. European solid oxide fuel cell forum, Lucerne (CH), 1-
5 Jul 2002. Huijsmans, J. (ed.), (European Fuel Cell Forum,
Oberrohrdorf (CH), 2002) p. 578-585

Carstensen, J.V., Anvendelsen af overflademikroskopi til karakterise-
ring af udmattelse. In: Karakterisering af materialer - fra atom til
makro. Dansk Metallurgisk Selskabs vintermøde, Kolding (DK),
2-4 Jan 2002. Brøndsted, P.;  Somers, M.A.J. (eds.), (DMS, Lyng-
by, 2002) p. 241-259

Carstensen, J.V.;  Højerslev, C.;  Dahl, K.V.;  Brøndsted, P., Microstruc-
tures in high speed tool steels. In: Proceedings. SCANDEM
2002. 53. Annual meeting of the Scandinavian Society for Elec-
tron Microscopy, Tampere (FI), 12-15 Jun 2002. Keränen, J.;
Sillanpää (eds.), (Scandinavian Society for Electron Microscopy,
Tampere, 2002) p. 104-105

Cendre, E.; Borum, K.K.; Debel, C.; Lilholt, H., Relationships between
x-ray radiographic measurements, ultrasonic examination and
mechanical properties in plant fibre composites. In: Proceed-
ings. 8th European Conference on Non Destructive Testing,
Barcelona (E) 17-21 Jun 2002.

Christiansen, N.;  Kristensen, S.;  Holm-Larsen, H.; Larsen, P.H.;  Mo-
gensen, M.;  Hendriksen, P.V.;  Linderoth, S., Status of SOFC de-
velopment at Haldor Topsøe / Risø. In: Proceedings. Vol. 1. 5.
European solid oxide fuel cell forum, Lucerne (CH), 1-5 Jul
2002. Huijsmans, J. (ed.), (European Fuel Cell Forum, Ober-
rohrdorf (CH), 2002) p. 34-41

Clausen, K.N., Status of the European Spallation Source (ESS) Pro-
ject, Proceedings  of TRESSES, Jan. 15-17, 2001, St-Rémy-lès-
Chevreuse, France (2001) 27-37

Esquirol, A.; Brandon, N.; Bonanos, N.;  Kilner, J.; Mogensen, M.;
Steele, B., LSCF-CGO composite cathodes for intermediate
temperature solid oxide fuel cells (IT-SOFCs). In: Proceedings.
Vol. 1. 5. European solid oxide fuel cell forum, Lucerne (CH), 1-
5 Jul 2002. Huijsmans, J. (ed.), (European Fuel Cell Forum,
Oberrohrdorf (CH), 2002) p. 225-232

Feidenhans’l, R., New opportunities for materials research with syn-
chrotron radiation. In: Karakterisering af materialer - fra atom til
makro. Dansk Metallurgisk Selskabs vintermøde, Kolding (DK),
2-4 Jan 2002. Brøndsted, P.;  Somers, M.A.J. (eds.), (DMS, Lyng-
by, 2002) p. 97-102

Frello, T.;  Jensen, S.;  Norrman, K.;  Larsen, N.B.;  Bechgaard, K.;
Feidenhans’l, R.;  West, K.;  Jepsen, H., Mikroskopiske under-
søgelser af de tribologiske og korrosive egenskaber af kulfiber-
forstærkede plastkompositter. In: Karakterisering af materialer -
fra atom til makro. Dansk Metallurgisk Selskabs vintermøde,
Kolding (DK), 2-4 Jan 2002. Brøndsted, P.;  Somers, M.A.J.
(eds.), (DMS, Lyngby, 2002) p. 261-270

Friehling, P.B.;  Linderoth, S., Evaluation of ferrite stainless steels as in-
terconnects in SOFC stacks. In: Proceedings. Vol. 2. 5. Euro-
pean solid oxide fuel cell forum, Lucerne (CH), 1-5 Jul 2002.
Huijsmans, J. (ed.), (European Fuel Cell Forum, Oberrohrdorf
(CH), 2002) p. 855-860

Grahl-Madsen, L.; Larsen, P.H.;  Bonanos, N.;  Engell, J.; Linderoth,
S., Manufacture and properties of NiO-YSZ anode supports and
current collectors. In: Proceedings. Vol. 1. 5. European solid 
oxide fuel cell forum, Lucerne (CH), 1-5 Jul 2002. Huijsmans, J.
(ed.), (European Fuel Cell Forum, Oberrohrdorf (CH), 2002) p.
82-89

Hansen, K.K.;  Larsen, P.H.;  Liu, Y.-L.;  Kindl, B.; Mogensen, M., De-
velopment of thin-electrolyte solid oxide fuel cells. In: Proceed-
ings. Vol. 2. 5. European solid oxide fuel cell forum, Lucerne
(CH), 1-5 Jul 2002. Huijsmans, J. (ed.), (European Fuel Cell Fo-
rum, Oberrohrdorf (CH), 2002) p. 875-882

Hansen, N.;  Huang, X.;  Hughes, D.A., High strain monotonic de-
formation-structure and strength. In: Ultrafine grained materi-
als 2. 2002 TMS annual meeting and exhibition, Seattle, WA
(US), 17-21 Feb 2002. Zhu, Y.T.;  Langdon, T.G.;  Mishra, R.S.;
Semiatin, S.L.;  Saran, M.J.;  Lowe, T.C. (eds.), (Minerals, Me-
tals and Materials Society, Warrendale, PA, 2002) p. 3-14

Højerslev, C.;  Carstensen, J.V.;  Brøndsted, P.;  Somers, M.A.J., Fatigue
crack behaviour in a high strength tool steel. In: Fatigue 2002.
Proceedings. 8. International fatigue congress, Stockholm (SE),
2-7 Jun 2002. Blom, A.F. (ed.), (Engineering Materials Advisory
Service, Sheffield, 2002) p. 352-359

Højerslev, C.;  Carstensen, J.V.;  Brøndsted, P.;  Somers, M.A.J., Mi-
crostructure characterization of a hardened and tempered tool
steel: From macro- to nano scale. In: Karakterisering af materi-
aler - fra atom til makro. Dansk Metallurgisk Selskabs vinter-
møde, Kolding (DK), 2-4 Jan 2002. Brøndsted, P.;  Somers,
M.A.J. (eds.), (DMS, Lyngby, 2002) p. 45-60

Jacobsen, T.K.;  Andersen, L.F.;  Sørensen, B.F.;  Jensen, H.M.;
Hansen, P.F., Brudmekanisk karakterisering og design af lim-
samlinger. In: Karakterisering af materialer - fra atom til makro.
Dansk Metallurgisk Selskabs vintermøde, Kolding (DK), 2-4 Jan
2002. Brøndsted, P.; Somers, M.A.J. (eds.), (DMS, Lyngby,
2002) p. 61-73

Juul Jensen, D., Microstructural characterization in 3 dimensions (in-
vited paper). In: Proceedings. Vol. 2. International conference
on new challenges in mesomechanics (Mesomechanics 2002),
Aalborg (DK), 26-30 Aug 2002. Pyrz, R.;  Schjødt-Thomsen, J.;
Rauhe, J.C.;  Thomsen, T.;  Jensen, L.R. (eds.), (Aalborg Univer-
sity, Aalborg, 2002) p. 541-547

Juul Jensen, D.;  Lauridsen, E.M.;  Vandermeer, R.A., In-situ determi-
nation of grain boundary migration during recrystallization (in-
vited paper). In: Science and technology of interfaces. 2002
TMS annual meeting, international symposium in honor of Dr.
Bhakta Rath, Seattle, WA (US), 17-21 Feb 2002. Ankem, S.;
Pande, C.S.;  Ovid’ko, I.;  Ranganathan, S. (eds.), (TMS, War-
rendale, PA, 2002) p. 361-374

Lapena-Rey, N.; Hart, N.T.;  Collins, R.D.;  Brandon, N.P.; Bonanos,
N., Ni-YSZ and Ni-CGO anodes for integrated planar solid 
oxide fuel cells: Performance comparison. In: Proceedings. Vol.
2. 5. European solid oxide fuel cell forum, Lucerne (CH), 1-5 Jul
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2002. Huijsmans, J. (ed.), (European Fuel Cell Forum, Ober-
rohrdorf (CH), 2002) p. 883-892

Lilholt, H., Strength of cellulose and fibres. In: Sustainable natural
and polymeric composites - science and technology.  Proceed-
ings. Lilholt, H.;  Madsen, B.;  Toftegaard, H.;  Cendre, E.;  Meg-
nis, M.;  Mikkelsen, L.P.;  Sørensen, B.F., (Risø National Labora-
tory, Roskilde, 2002) p. 225-230

Madsen, B.; Andersen, T.L.;  Plackett, D.; Lilholt, H., Evaluation of
properties of unidirectional hemp/polypropylene composites:
Influence of fiber content and fiber/matrix interface variables.
In: Proceedings. 6. International conference on woodfiber-pla-
stic composites, Madison, WI (US), 15-16 May 2001. (Forest
Products Society, Madison, WI, 2002) p. 259-265

Madsen, B.;  Lilholt, H., Compaction of plant fibre assemblies in re-
lation to composite fabrication. In: Sustainable natural and
polymeric composites - science and technology proceedings.
Lilholt, H.;  Madsen, B.;  Toftegaard, H.;  Cendre, E.;  Megnis,
M.;  Mikkelsen, L.P.;  Sørensen, B.F., (Risø National Laboratory,
Roskilde, 2002) p. 239-250

Mogensen, M.;  Hendriksen, P.V.;  Hansen, K.K., Strategies for testing
of solid oxide fuel cells and electrodes. In: Proceedings. Vol. 2.
5. European solid oxide fuel cell forum, Lucerne (CH), 1-5 Jul
2002. Huijsmans, J. (ed.), (European Fuel Cell Forum, Ober-
rohrdorf (CH), 2002) p. 893-902

Mogensen, M.;  Lybye, D.;  Bonanos, N.;  Hendriksen, P.V.;  Poulsen,
F.W., The effect of lattice stress in ion conducting fluorites and
perovskites. In: Proceedings. 4. International conference on
ionic and mixed conducting ceramics, San Francisco, CA (US),
2-7 Sep 2001. Ramanarayanan, T.A.; Worrell, W.L.;  Mogensen,
M. (eds.), (Electrochemical Society, Pennington, NJ, 2002)
(Proceedings volume PV 2001-28) p. 15-26

Nielsen, K.A.;  Linderoth, S.;  Kindl, B.;  Bilde-Sørensen, J.B.;  Larsen,
P.H., Test and performance analysis of SOFC stack units. In: Pro-
ceedings. Vol. 2. 5. European solid oxide fuel cell forum,
Lucerne (CH), 1-5 Jul 2002. Huijsmans, J. (ed.), (European Fuel
Cell Forum, Oberrohrdorf (CH), 2002) p. 729-736

Pedersen, O.B.;  Leffers, T., Connecting mesomechanics with atomic-
scale dynamics of cross-slip. In: Proceedings. Vol. 1. Interna-
tional conference on new challenges in mesomechanics (Me-
somechanics 2002), Aalborg (DK), 26-30 Aug 2002. Pyrz, R.;
Schjødt-Thomsen, J.;  Rauhe, J.C.;  Thomsen, T.;  Jensen, L.R.
(eds.), (Aalborg University, Aalborg, 2002) p. 33-40

Plackett, D.V.; Løgstrup Andersen, T., Biocomposites from natural fi-
bres and biodegradable polymers: Processing, properties and
future prospects. In: Sustainable natural and polymeric com-
posites - science and technology proceedings. Lilholt, H.;  Mad-
sen, B.;  Toftegaard, H.;  Cendre, E.;  Megnis, M.;  Mikkelsen,
L.P.;  Sørensen, B.F., (Risø National Laboratory, Roskilde, 2002)
p. 299-306

Poulsen, F.W.;  Søgaard, M., Defect chemistry modelling of complex
SOFC materials. In: Proceedings. Vol. 2. 5. European solid 
oxide fuel cell forum, Lucerne (CH), 1-5 Jul 2002. Huijsmans, J.
(ed.), (European Fuel Cell Forum, Oberrohrdorf (CH), 2002) p.
687-694

Pryds, N.H.;  Eldrup, M.;  Schrøder Pedersen, A.;  Linderoth, S.;  Wert,
J.A., Characteristics, crystallization processes and micro/nano
formability of bulk amorphous alloys. In: Karakterisering af ma-
terialer - fra atom til makro. Dansk Metallurgisk Selskabs vinter-
møde, Kolding (DK), 2-4 Jan 2002. Brøndsted, P.;  Somers,
M.A.J. (eds.), (DMS, Lyngby, 2002) p. 151-163

Schmidt, S.;  Poulsen, H.F.;  Juul Jensen, D., 3D røntgen mikroskopet.
In: Karakterisering af materialer - fra atom til makro. Dansk
Metallurgisk Selskabs vintermøde, Kolding (DK), 2-4 Jan 2002.
Brøndsted, P.;  Somers, M.A.J. (eds.), (DMS, Lyngby, 2002) p.
103-114

Sørensen, B.F.;  Jacobsen, T.K., Crack bridging in composites: Con-
necting mechanisms, micromechanics and macroscopic mo-
dels. In: Proceedings. Vol. 2. International conference on new
challenges in mesomechanics (Mesomechanics 2002), Aalborg
(DK), 26-30 Aug 2002. Pyrz, R.;  Schjødt-Thomsen, J.;  Rauhe,
J.C.;  Thomsen, T.;  Jensen, L.R. (eds.), (Aalborg University, Aal-
borg, 2002) p. 599-604

Thomsen, A.B.;  Klinke, H.B.;  Hoffmeyer, P.; Lilholt, H., Materials
derived from biomass - concepts and examples (invited paper).
In: Sustainable natural and polymeric composites - science and
technology proceedings. Lilholt, H.;  Madsen, B.;  Toftegaard,
H.;  Cendre, E.;  Megnis, M.;  Mikkelsen, L.P.;  Sørensen, B.F.,
(Risø National Laboratory, Roskilde, 2002) p. 77-92

Thygesen, A.;  Madsen, F.T.; Lilholt, H.;  Felby, C.;  Thomsen, A.B.,
Changes in chemical composition, degree of crystallisation and
polymerisation of cellulose in hemp fibres caused by pre-treat-
ment. In: Sustainable natural and polymeric composites - sci-
ence and technology proceedings. Lilholt, H.;  Madsen, B.;
Toftegaard, H.;  Cendre, E.;  Megnis, M.;  Mikkelsen, L.P.;
Sørensen, B.F., (Risø National Laboratory, Roskilde, 2002) p.
315-323

Toftegaard, H.;  Lilholt, H., Effective stiffness and strength of flax fi-
bres derived from short fibre laminates. In: Sustainable natural
and polymeric composites - science and technology proceed-
ings. Lilholt, H.;  Madsen, B.;  Toftegaard, H.;  Cendre, E.;  Meg-
nis, M.;  Mikkelsen, L.P.;  Sørensen, B.F., (Risø National Labora-
tory, Roskilde, 2002) p. 325-334

Winther, G.;  Hansen, N., Modelling of mechanical properties at
macroscopic, grain and dislocation boundary scales. In: Pro-
ceedings. Vol. 1. International conference on new challenges in
mesomechanics (Mesomechanics 2002), Aalborg (DK), 26-30
Aug 2002. Pyrz, R.;  Schjødt-Thomsen, J.;  Rauhe, J.C.;  Thom-
sen, T.;  Jensen, L.R. (eds.), (Aalborg University, Aalborg, 2002)
p. 121-128

Patents

Tom Løgstrup Andersen, David Plackett: Polymer Composite Pro-
duct, a process for the manufacture thereof and use of the
product. International Application Number: PCT/DK02/00085.
International Publication Number: WO 02/064670 A1. Inter-
national Publication Date: 22 August 2002.

Søren Linderoth, Søren Primdahl: Forankring af SOFC-elektrode. PA
2000 01482, PCT/DK01/00629 

Allan Schrøder Pedersen, Morten Eldrup, Nini Pryds, John A. Wert,
Søren Linderoth: Fremgangsmåde til fremstilling af emner med
fine konturer ved formgivning og krystallisation af amorfe le-
geringer. WO 02/72905. DK patentansøgning PA 2001 00422.
Applied 2001, published 2002
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(P) president, (VP) vice president, (CH) chairman, 

(VCH) vice chairman, (M) member, 

(O) observer or other relations as indicated

Niels Hessel Andersen

International Association for the promotion of co-operation

with scientists from the new independent states of the former

Soviet Union, INTAS (Expert evaluator)

Swedish SSF Program: Complex Oxide Materials for Advanced

Devices. Advisory Group (M)

Teknologisk Fremsyn. Ingeniørforeningen i Danmark (M)

Energistyrelsens følgegruppe for Superconducting Power 

Projects in DK 2001-2004 (M)

Statens Teknisk-Videnskabelige Forskningsråd STVF.  Fagligt 

forum (M)

Grant Review Committee appointed by the Italian Ministry 

for Education, University and Research  (Evaluator)

Jørgen B. Bilde-Sørensen 

Dansk Naturvidenskabsformidling. Svarpanel (M)

Scandinavian Society for Electron Microscopy. Board (M)

Dansk Selskab for Materialeprøvning og -forskning. 

Bestyrelsen  (M)

Nikolaos Bonanos 

COST Action 525: Advanced electronic ceramics: Grain 

boundary engineering. Management Committee (M)

International Conferences on Solid State Protonic Conductors.

International Advisory Board (M)

Jesper Vejlø Carstensen

Danish Metallurgical Society. Board (M)

Kurt Nørgaard Clausen 

Round Table of Neutron Sources (CH)

International Union of Pure and Applied Physics, Magnetism

Section C9 (M)

European Neutron Scattering Association ENSA, Committee (O)

Morten Eldrup

International Conferences on Positron Annihilation. 

International Advisory Committee (VCH)

Robert Feidenhans’l 

IUCr Commission on Synchrotron Radiation (M)

European Synchrotron Radiation Society. Council  (VCH)

Dansk Center for Udnyttelse af Synkrotronstråling DANSYNC.

Bestyrelsen (CH)

Danish Research Academy’s Graduate School of Biophysics.

Board (M)

Center for Overflademetrologi og Funktionalitet. Bestyrelsen (M)

Danish National Committee for Crystallography (CH)

Henrik Flyvbjerg 

UK Peer Review College of Engineering and Physical 

Sciences Research Council (M)

Condensed Matter Section of the Danish Physical Society. 

Board (M)

Danish Research Academy´s Graduate School of 

Biophysics (Director)

Niels Hansen 

DANAK (technical assessor)

COST Technical Committee on Materials (M)

COST Action 523: Nanomaterials in Materials Technology.

Management Committee (M)

Peter Vang Hendriksen 

COST Action 525: Advanced electronic ceramics: 

Grain boundary engineering. Management Committee (M)

Steering Committee for EU Project G1RD-CT-1999-00023: 

Ceram Gas Management Board  (M)

Danish Solid Oxide Fuel Cell Programme. 

Steering committee (M)

Dorte Juul Jensen 

GKKS Forschungszentrum Geestacht. 

Technical Scientific Advisory Board (M)

European Synchrotron Radiation Facility ESRF. 

Science Advisory Committee (M)

Engineering Science Centre for Structural 

Characterization and Modelling Materials, 

Advisory committee (M)

Akademiet for de Tekniske Videnskaber (M)

Danish Center for Scientific Computing. (M)

COST Technical Committee on Materials (M)
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Membership of External Boards and Committees



Peter Halvor Larsen 

Nordic Society for Thermal Analysis and Calorimetry. Council (M)

Danish Society for Thermal Analysis and Calorimetry. Board (M)

International Confederation for Thermal Analysis and Calori-

metry. Board (M)

Danish Solid Oxide Fuel Cell Programme. 

Steering committee (M)

Bente Lebech

ESS-Scandinavia Science Group (M)

European Neutron Scattering Association Committee ENSA (M)

Studsvik Neutron Research Laboratory. NFL Science Advisory

Committee (M)

Danish National Committee for Crystallography (M)

Danish Neutron Scattering Society DANSSK  (CH)

Torben Leffers   

Programkomitéen for Materialeforskning (M)

Rådgivende gruppe vedrørende konkurrence- 

og bæredygtig vækst (M)

Ingeniørvidenskabelig Fond og G.A. 

Hagemanns Mindefond. Bestyrelsen (M)

Kim Lefmann 

Danish Neutron Scattering Society DANSSK (M)

Danish Physical Society. Solid State Physics, board (M)

ESS-Scandinavian Science Group (M)

Naturvidenskabelig Guerillagruppe (M)

Komiteen for Allan MacIntosch rejselegat (M)

Hans Lilholt 

European Society for Composite Materials. 

Council and Executive Committee (M)

International Committee of Composite Materials (M)

Danish Materials Science Programme Project: 

High performance hemp fibres and improved fibre network 

for composites. Steering Committee (CH)

Research and Industrial Support Group for the research 

programme: Structurally graded polymeric materials 

and filled polymers, Aalborg University (M)

Non-food program Plant Fibre Products -Defibration 

and Composites. Steering Committee (CH)

Søren Linderoth 

Danish Solid Oxide Fuel Cell Programme. 

Steering Committee (CH)

Per-Anker Lindgård  

European Physical Society. Executive Committee (VP)

Division of Physics in Life Sciences. Board (CH)

Aage Lystrup 

Danish Plastics Federation. Section for Composite Materials.

Advisory Committee for Research and Education (M)

Desmond F. McMorrow 

European Spallation Source, Scientific Advisory Council, 

Solid State Physics Panel (M)

Magnetism Commission, International Union 

of Pure and Applied Physics (M)

Commission on Sychrotron Radiation, International 

Union of Crystallography (M)

Scientic Committee SINQ, Paul Scherrer Institute, 

Switzerland (M)

XMAS Beamline Project Management Committee (M)

DANSCATT (CH)

Mogens Mogensen 

European Science Foundation Programme: Optimisation 

of Solid State Electrochemical Processes for Hydrocarbon 

Oxidation (OSSEP). Steering Committee (M)

Electrochemical Society. HighTemperature Materials Division.

Executive Committee (M)

NATO Science for Peace Programme: Lithium Ion 

Rechargeable Batteries. Advisory Board (M)

Danish Electrochemical Society, Executive Committee (P)

Danish Solid Oxide Fuel Cell Programme. Steering 

Committee (M)

Statens Teknisk-Videnskabelige Forskningsråd (M)

EU Training and Mobility of Researchers Network Project: 

Investigation of High Temperature Solid Proton Conductors of

Relevance to Fuel Processing Energy Conversion Applications.

Project Management Committee (M)

Karsten A. Nielsen

Danish Ceramic Society. Executive Committee (M)

Søren Fæster Nielsen

Danish Metallurgical Society. Board (M)

Ole Bøcker Pedersen

Annual International Colloquia on Fundamental Fatigue Me-

chanism.  Steering Committee (M)
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Finn Willy Poulsen 

The Electrochemical Energy Conversion Programme under the

Nordic Energy Research Programme Board (M)

Nini H. Pryds 

COST Action 526: Automatic Process Optimization in 

Materials Technology. Management Committee (M)

Danish Metallurgical Society. Board (M)

Séverine Ramousse

Danish Ceramic Society. Executive Committee (M)

Bachu N. Singh 

European Fusion Development Agreement.  Brussels Scientific

and Technical Advisory Committee (Danish member)   

Bent F. Sørensen 

Danish Ceramic Society. Executive Committee (M)

Anders Thygesen

Nova University, Nordic Student Forum Board (Treasurer)

Editorial Activities

Jørgen B. Bilde-Sørensen (Editorial Board) 

Microscopy Research and Technique

Kurt Nørgaard Clausen (Editorial Board) 

Journal of Neutron Research

Morten Eldrup (Advisory Board) 

Materials Science Forum

Henrik Flyvbjerg (Editorial Board) 

Theory in Biosciences

Niels Hansen (Editorial Board)

Revue de Metallurgie

Dorte Juul Jensen (Editor)

Scripta Materialia

Torben Leffers (Editorial Board) 

Textures and Microstructures

Hans Lilholt (Editorial Board) 

Advanced Composite Materials

Composites Science and Technology

Applied Composite Materials

Søren Linderoth (Advisory Board) 

Diffusion and Defect Data

Per-Anker Lindgård (Executive Editorial Board) 

Journal of Physics: Condensed Matter

Desmond F. McMorrow (Advisory Editorial Board) 

Journal of Physics: Condensed Matter

Mogens Mogensen (Associated editor)

Solid State Ionics

Wolfgang Pantleon (Deputy editor)

Scripta Materialia

Allan Schrøder Pedersen (Editorial Board) 

Powder Metallurgy

Bachu N. Singh (Guest Editor)

Journal of Nuclear Materials, vol. 307-311, 2002

Bent F. Sørensen (Editorial Board) 

Key Engineering Materials

Evaluation Committees

Kurt Nørgaard Clausen

Member of an International Review Committee to advice 

the Canadian Science Council on their involvement in SNS,

May 9-11, 2002

Per-Anker Lindgård 

Evaluation committee for associate professorship (lektor), 

University of Southern Denmark, Jul 2002

Mogens Mogensen 

Assessment of researcher for a Senior Scientist position 

at the University of Twente, Netherlands, Nov 2002 
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The Materials Research Department never hibernates.
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a b s t r a c t

Selected activities of the Materials Research Department at Risø Natio-

nal Laboratory during 2002 are described. The scientific work is de-

scribed in five chapters and a survey is given of the Department’s edu-

cational activities along with a list of published work, patents, prizes,

organized meetings, and membership of committees. Furthermore,

the main figures outlining the funding and expenditures of the De-

partment are given and a list of staff members is included.

Risø-R-1404 (EN)

Published by the Materials Research Department, 

Risø National Laboratory, May 2003.

Editors: Janet J. Bentzen

Per-Anker Lindgård

Robert Feidenhans´l

Photos: Michael Daugaard

Christian P. Debel

Preben B. Olesen

Layout: Pernille Dam · pdsign

Printing: Center-Tryk A/S

Front cover: TiO2 single crystal grown by the 

travelling solvent technique in 

a mirror furnace, see page 4

Back cover: Hill and valley structures developed in 

nickel/yttria-stabilized zirconia interfaces 

studied by atomic force microscopy, 

see page 11

Inside cover: The white poplar avenue at Risø

Materials Research Department

Risø National Laboratory

P.O. Box 49

Frederiksborgvej 399

DK - 4000  Roskilde

DENMARK

Phone: +45 4677 5700

Fax: +45 4677 5758

E-mail: materials@risoe.dk

ISBN 87-550-3212-5

ISBN 87-550-3214-1 (internet)

ISSN 0106-2840

ISSN 1397-8071  

M i s s i o n
Risø’s mission is to promote an innovative and environmentally sustainable

technological development within the areas of energy, industrial technology

and bioproduction through research, education, innovation and advisory

services.

V i s i o n
Risø’s research shall extend the boundaries for the understanding of natu-

re’s processes and interactions right down to the molecular nanoscale. 

The results obtained shall set new trends for the development of sustain-

able technologies within the fields of energy, industrial technology and bio-

technology.

The efforts made shall benefit Danish society and lead to the development

of new large industries.

Risø’s activities in 2002 are reported in the following publications: Risø An-

nual Report (available in Danish and English), Risø’s Annual Performance Re-

port (Danish) and the annual progress reports of the research departments

(English). All publications and further information can be obtained from 

risoe.dk. Printed publications are available from the Information Service De-

partment, tel.: +45 4677 4004, e-mail: risoe@risoe.dk, fax: +45 4677 4013.
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