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PREFACE

The Institute I of the Department of Materials Science & Engineering was officially
established on August gth 1965 by late Prof. Bernhard Ilschner. From 1984 to 2002
Prof. Haél Mughrabi was the head of the Institute and in 2002 I got the privilege
to take over the responsibility for the Institute. It is now 2015 and more than 600
students have received their Diploma, Bachelor’s, Master’s,- or Doctoral degrees at
the Institute. The Institute has been continuously growing over the years and has
currently more than 30 PhD students working on their dissertation projects. This
has been made possible through intensive cooperative research activities at the
FAU, for example within the framework of the Cluster of Excellence »Engineering
of Advanced Materials« or the SFB/Transregio on superalloys. New instruments
and microscopes, for example the large chamber SEM in Fiirth, have significantly
improved our understanding of the deformation mechanisms in materials, allow-
ing for a more goal oriented design of new materials and alloys. Recently, an atom
probe system has been established at the Institute allowing insight to the chemical

nature of materials down to the atomic scale.

In this chronicle we try to show some aspects of the current research and teaching
activities at the Institute I, together with a small historic overview. However, such
an overview never can be complete - rather it has to be selective, which makes it quite
difficult to choose subjects. Therefore, please excuse if some aspects are missing

or incorrect. Perhaps we can put those into the next newsletter.

I am very thankful to all who contributed to this chronicle, first of all to Prof. W.D.
Nix and Prof. ]. Hornegger, the FAU president, for their nice prefaces. This chronicle
wouldn’t have been possible without the great support from the group leaders at
the Institute, Heinz Werner Hoppel, Steffen Neumeier, Erik Bitzek, Arun Prakash,
Doris Amberger, Benoit Merle, Peter Felfer and to Werner Langner. Special thanks go
to Heinz Werner Hoppel for putting the historic part together based on reminis-
cences by Fritz Pschenitzka. I am also very thankful to my predecessor Haél Mughrabi
for his ongoing interest in the scientific work at the institute, for our friendship,
and also for his support in the preparation of this chronicle and the 5oth anniversary

of the Institute.

Mathias Goken

Erlangen, October 2015

Prof. Dr. rer. nat. M. Goken
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WILLIAM D. NIX
STANFORD Lee Otterson Professor of Engineering (Emeritus)
MATERIALS SCIENCE
.-'\llN D ENGIN lLI' RING 496 Lomita Mall - Durand Bldg., Room 117

Stanford University - Stanford, CA 94305-4034

Dear Mathias,

I am delighted to send you and your colleagues my warmest congratulations on your
celebration of 50 Years of Materials Research in Erlangen at the Institute [ of the Depart-
ment of Materials Science and Engineering. I am so sorry I am not able to be there for
this wonderful occasion.

It would have been so appropriate for me to be there to help celebrate, as I feel such
a strong connection to your department. I knew the founder of your department, the late
Bernard Ilschner, very well and I have followed your department under the subsequent
leadership of Haél Mughrabi and yourself and its emergence as one of the best materials
science departments in the world.

Nearly 50 years ago, in late 1965, Ilschner wrote to me at Stanford to propose that
we stay in touch regarding our mutual interest in the mechanisms controlling creep of
crystalline solids. He might have seen the paper that Barrett and I had published in late
1965. That began a connection to your department that has lasted for all of these 50
years. It led to the very intimate connections that I have developed with the materials
science community in Germany. When I received the Heyn medal in Dresden four years
ago (thanks to Robert Singer, you and your colleagues), I mentioned these connections
and listed the large number of post-docs and visitors that I had had from Erlangen, in-
cluding Jiirgen Hausselt, Wolfgang Blum, and Robert Singer, in addition to Ilschner.

I think I counted as many as 15 people from Germany with whom I had collaborated
closely, including you.

The honor you and your colleagues bestowed on me with the Heyn medal was
gratefully received, but quite unexpected. Below is a nice picture from that event.

Not long after Ilschner’s first letter to me he started visiting Stanford when he
could. The photograph below is of Ilschner at Twin Peaks on a windy day in San Francisco
in about 1971. At about that time Ilschner began to discuss the possibility of my spending
some time at Erlangen under a Senior Humboldt Fellowship that he thought I could get.
Well, he did secure that fellowship for me and I was planning to accept it. But as the
time drew near, I became more and more concerned about the effects of a sabbatical leave
on the momentum of my research group at Stanford. I finally had to tell Ilschner that I

would not be able to come after all, in spite of all that he had done for me. That was a
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Bernard llschner
on Twin Peaks in
San Francisco in 1971.

very hard letter for me to write and for Ilschner to read. As a rather weak substitute, I did
arrange to come to Erlangen in 1973 as a very small part of a vacation that I was taking
with my wife, Jean, and daughter, Cynthia. The photograph below shows Ilschner and
me, together with his two daughters and our daughter, Cynthia.

I well remember my first visit to Erlangen in 1973. With Ilschner (who was Rector
at the time), Blum and Bernd Reppich, I had a series of very vigorous discussions about
the mechanisms controlling creep of metals. I also remember the special sausage dinner
we had, possibly somewhere in Nuremberg (in a basement restaurant, as I recall).

As mentioned above, my first connections to your department eventually led to a
number of post-docs and visitors coming from Erlangen to Stanford. Hausselt came in
the mid-1970’s and Blum and Singer in the late-1970s. By that time I guess Stanford
was a place for German Materials Scientists to come. I think Ilschner, Blum and Singer
might have all been at Stanford at one time in 1979, when Ilschner and I were preparing
our joint review paper on creep mechanisms for the International Conference on Strength
of Metals and Alloys (ICSMA V), held that year in Aachen.

A steady stream of post-docs and visitors came from Germany in the 1980s and
1990s, all because of the connections I had with your department from the very beginning.
Actually, many of those visitors could come to work with me because of the Senior
Humboldt Fellowship that Ilschner had secured for me. Indeed, I was stunned to learn in
the early 1990’s that the Humboldt Foundation still considered me to be a Humboldt
Fellow, even though I had never actually accepted the award. Their only question was:

Is he now ready to come? Based on the literature that I receive, I think I am still regarded
as a Humboldt Fellow, even after more than 40 years. Only Germans could do that.

Again, I am sorry I cannot be there for this great occasion. But many of my students,
colleagues and friends will be there to help you celebrate, as I would have liked to do.

Best wishes for a most joyful celebration.

With best personal regards to all of my friends at Erlangen,

Sincerely

el

Bill Nix
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I would have liked to come to the celebration myself, but unfortunately I am unable
to attend. Therefore, as FAU’s President, I would like to offer my congratulations

in this commemorative programme.

Institute I of the Department of Materials Science and Engineering is celebrating
its 5oth anniversary, which actually makes it older than the Faculty of Engineering
to which it belongs. This may seem contradictory, but the first chair of the Institute
and a former rector of our University, Prof. Ilschner, joined the University in the
autumn of 1965 as one of the first two professors of what was to become the new

Faculty of Engineering.

I never had the pleasure of meeting Prof. IIschner, the inspiring personality who

laid the solid foundation for materials science that allowed the Institute to become
President of the FAU, so successful today. Prof. Ilschner, his successors and their teams established

Prof. Dr-Ing. Joachim Hornegger materials science as one of the most successful subjects at FAU. This is reflected
in the latest edition of the renowned DFG Funding Atlas, in which the research
field of materials science came in on top. In the context of a faculty which ranks in
the top three in Germany for engineering, this is an even more impressive achieve-
ment. It is certainly no coincidence; we have outstanding staff who do excellent
work — in our Cluster of Excellence, in DFG-funded research projects, in degree
programmes such as Nanotechnology, and in international collaborations. The

Institute’s excellent reputation is underpinned by the many eminent speakers and

guests in attendance at this golden anniversary celebration.

The Institute has received a special gift for its fiftieth anniversary, the atom probe
which will be presented for the first time during the celebration. This is an important
milestone for materials research in Erlangen and I am certain that the Institute

will continue its high-level research in a promising future.

el OrMRACS

Prof. Dr.-Ing. Joachim Hornegger
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Staff and students of the Institute I, summer 2015
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ORGANIZATION
OF THE INSTITUTE

Professors and Group Leaders of the Chair

Prof. Dr. rer. nat. Mathias Goken (Head of the Chair)
Dr.-Ing. habil. Heinz Werner Héppel (Deputy Head)

Jun. Prof. Dr. rer. nat. Erik Bitzek (Modelling & Simulation)
Dr.-Ing. Steffen Neumeier (High Temperature Materials)
Dr.-Ing. Benoit Merle (Nanomechanics & Thin Films)
Dr.-Ing. Arun Prakash (Modelling & Simulation)

Members of the “Leitungskreis”

Dr.-Ing. Doris Amberger (Creep)

during their regular meeting
Jun. Prof. Dr. Peter Felfer (Atom Probe Tomography) since 1. September 2015

Retired but still active Professors
Prof. Dr. rer. nat. Dr. h. c. Haél Mughrabi
Prof. Dr.-Ing. Wolfgang Blum

External Professors

Hon. Prof. Dr-Ing. Peter Weidinger (Brose Coburg)

Secretary and Administration

Kerstin Ebentheuer, Brigitte Saigge

Technical Staff
Werner Langner (Safety Officer), Richard Kosmala (metallography),
Wolfgang Maier (mechanical testing), Lothar Sommer (workshop),
Christina Hasenest (metallography), Jonas Harrer (mechanical testing),

Steffen Iberl (apprentice)

Currently around 30 PhD students are working at the Chair on their dissertation
projects. A list of these students including the topics of their projects is given in the
research section. Furthermore many Master and Bachelor students are working on
their thesis topics and many student assistants are supporting the scientific work

at the chair.
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EXPANSION
OF THE INSTITUTE |

Since 1972 most of the research work has been carried out in the institutional
building on the South Campus of the FAU at Martensstrasse 5 in Erlangen. In this
building, an area of around 1350 m? is available for research and teaching activities
of the Institute I. However, due to the growth of the Institute and the large instru-
mentation park, space became very limited during the recent years. New opportu-
nities opened up with the reinvigoration of the abandoned Grundig industrial area
in Fiirth. As early as 2006, the Institute I participated with several other institutions
from the University to create the Joint Institute of Advanced Materials and Proc-
esses (ZMP) which was settled in the Technikum I building in the premisses. The
Institute is an interdisciplinary research facility in the field of materials science,
mechanical engineering, chemistry and physics, aiming at developing novel
materials. Current research areas include: Metal Powder Injection Moulding, Elec-
tronbeam-based Additive Manufacturing, Functional Carbon Allotropes, Rapid
Prototyping of Ceramics, Laser-based Additive Manufacturing and Diamond
Coatings. The Institute [ is also responsible for the research area of Non-Destruc-
tive Testing of Materials and Devices, incorporating a one-of-a-kind large chamber
scanning electron microscope installed in 2006. In 2014, this capability was com-
plemented by the installation of a high-end Focused Ion Beam microscope on the

Firth premises of the ZMP.

The expansion in Fiirth continued in 2012, when a large part of the neighboring
Technikum II building was leased for 10 years by the Department of Materials Science
and Engineering of the University of Erlangen-Niirnberg. This provided the Insti-
tute I with a large hall very well suited for operating the nanomaterials processing
equipment, as well as laboratory space for the X-Ray diffraction equipment and
others. Along with the Institute I, the Technikum II is currently being used by the
Institute 6 (group of Prof. P. Wellmann working on crystal growth) and Institute 8
(Simulation and Modelling, Prof. M. Zaiser) and a startup from the University
called Crystal-N.

The Center for Nanoanalysis and Electron Microscopy (CENEM) is an interdisci-
plinary center of the Friedrich-Alexander-University Erlangen-Niirnberg aiming at

the microscopic and analytical characterization of materials. The CENEM was
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founded in 2010 by Prof. Goken as part of the cluster of excellence “Engineering
of Advanced Materials” to provide a forefront research center for the versatile
characterization of materials and devices with state-of-the-art instrumentation and
expertise, and to intensify the interdisciplinary research. The CENEM is now a
joint institution of the new Chair WWg for Micro- and Nanostructure Research in
the Department of Materials Science and Engineering (Prof. E. Spiecker), the
Institute for Crystallography and Structural Physics (Prof. Tobias Unruh) and the
Institute I. It provides access to a large range of experimental facilities within the
fields of Electron Microscopy (transmission and scanning electron microscopes),
Scattering Methods (X-ray diffraction and UV-Vis methods) and Scanning Probes
(Atomic Force Microscopy and Nanoindentation). The large chamber scanning

electron microscope located in Fiirth and operated by the Institute I is also part of

the CENEM. A new research building is planned in the Cauerstrasse close to the
Materials Science buildings, where all the activities of the CENEM will be bundled Entrance of the main building,
together. Construction of this new interdisciplinary center for nanostructured Maitenssirates
films with an area of 4600 m? will start in 2016, and will offer further expansion

possibilities for the Chair.

Directly next to the new research building, 3000 m? have been reserved for a
building of the new Helmholtz-Institute Erlangen-Niirnberg for Renewable Energy
Production, HI ERN. This Helmholtz Institute, established in 2013, is devoted to
research on materials and processes for renewable energy, mainly for photovoltaics
and hydrogen technology. Prof. Goken is involved in this new institute with a
project on protection of high temperature materials against hydrogen and water
vapor influences. It is planned to establish at HI ERN a junior research group on

hydrogen in materials and hydrogen embrittlement.
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Institute |

General Materials Properties

Nano/Micro

Microstructure

(3D) FIB, SEM, TEM, AFM, APT
Local properties:
Nanoidentation

Bulge testing

In-situ deformation

Materials Properties

Fatigue (LCF to VHCF), TMF
Creep, deformation kinetics
Strength, hardness, tribology
Size effects

Thermal Analysis

Macro

High temperature materials
Intermetallics: TiAl, NiAl ...

Ni- and Co-base superalloys
Light metals (Al, Mg, Ti)

Oxide protection coatings, TBC
Hard metals and composites
Biomaterials

Materials Optimization
and Processing

Microstructural optimization
(Nanocrystalline /UFG)
Heat treatments

Alloy development

Method development
Atomistic modelling, DFT
Crystal Plasticity
FE-Simulation
Thermodynamic
(Thermocalc, Dictra)

Modelling & Simulation

Fracture mechanics

Interface dominated materials
Dislocation interactions
Amorphous materials
Nanomechanics
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CURRENT RESEARCH £
PORTFOLIO

The overall research strategy of the Institute has been more or less constant over
the years. We want to understand the correlations between the complex micro-
structure of materials and the mechanical behavior of these materials in order to
use this knowledge to optimize the mechanical properties of materials. This in-
cludes the properties at high temperatures, cyclic deformation behaviour, creep

performance and tribological properties. From the time of Bernhard Ilschner,

a new integrative approach of materials research has been established, meaning
that all different classes of materials from metals, to glasses, ceramics, polymers, High Temperature Materials
composites etc. are studied in Erlangen. And in this sense, more or less all classes

of materials are investigated at the Chair, including specialized materials like

CaF, thermal barrier coatings and biomaterials. However, the main focus of the

research activities at the Institute is still on metals and advanced alloys.

Since optimization of properties and development of new materials strongly in-
volves the processing and heat treatment techniques of materials, some processing
techniques have also been established at the Institute. In particular, techniques for
microstructural refinement such as accumulative roll bonding (ARB) and pulsed
electrodeposition (PED) have been very well established in Erlangen. With the

ARB technique, very fine lamellar metallic composites are produced, which is

a new and very interesting topic. However, more conventional processes such as
heat treatment of alloys are used intensively, especially for new high temperature Creep & Fatigue

materials. In collaboration with the Chair of Metals Science and Technology,

casting of new alloys is also possible, which is for example very important for the

development of new Co-based-superalloys ongoing at the Institute.

Nanocrystalline Materials
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Simulation & Modelling

Nanomechanics & Thin Films

Atom Probe Microscopy

Although, the general research strategy has been more or less constant, the meth-
ods and microscopic techniques have been changed and extended enormously.
Mechanical testing, in particular macroscopic testing of e.g. creep, fatigue behavior
has always been an important aspect of the research strategy. More recently, micro-
and nanoscopic testing with new methods like nanoindentation, microcantilever
or pillar testing have become very prominent allowing for the measurement of
properties at the microstructural length scale. Additionally, modelling of the
mechanical behavior became very important in extension to experimental studies.
Atomistic simulations gain access to the interaction of dislocations and other
defects with interfaces and are also very important for a better understanding

of the small scale mechanical behaviour.

During the time when Haél Mughrabi was head of the Institute, Erlangen became
well-known worldwide for research on the fatigue properties of materials. Although
this still is a very active topic and many results on the fatigue properties of ultra-
fine-grained and nanocrystalline materials have been achieved, the focus of the
area has been changed to the very high cycle fatigue regime, and additionally, to
more complex loading schemes like fretting, rolling contact and thermo-mechani-
cal fatigue. The installation of the large-chamber scanning electron microscope

in Furth in 2006 allows for in-situ studies, where damage mechanisms can be
directly studied online. The huge progress in the development of new microscopic
techniques is in general very important for a full understanding of the microstruc-
ture. The Institute is equipped with a very modern microscopy lab, where all mi-
crostructural characterization techniques are available, from TEM and SEM to
AFM and FIB instruments, enabling three-dimensional investigations. The new
atom probe tomography (APT) instrument which has been installed recently, gains

access to the chemical analysis on a more or less atomic scale.

Nowadays, the research activities at the Chair for General Material Properties is
organized in six different research fields: Creep and Fatigue, Nanomaterials, Nano-
mechanics & Thin Films, High-Temperature Materials, Modelling & Simulation
and Atom Probe Microscopy. This is the result of internal growth as well as the
participation of the chair in a large number of research programs that will be pres-

ented briefly also in the following.
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y/y* microstructure of a Co-base
superalloy with pore.

Microtwinning in a crept Co-base
superalloy

3D FIB tomography of a crack

in a Ni-base superalloy

Steffen Neumeier, Mathias Goken

HIGH TEMPERATURE MATERIALS

High temperature alloys are key materials for the aviation, automotive and power
generation industries. They play an important role in our society and guarantee
international mobility and global energy supply. The High Temperature Materials
group carries out basic and application oriented research on various advanced
metallic and intermetallic materials for high temperature applications. Over the
last decades the Institute I has gathered a broad knowledge on high temperature
materials and the research has always focused on the correlation between compo-
sition, microstructure and mechanical properties of advanced materials. Various
mechanical testing methods and microscopy techniques at the institute combined
with X-ray, synchrotron and neutron radiation sources are used for the characteri-
zation of hardness, fracture toughness, creep, fatigue and high temperature
strength as well as the microstructure of materials such as Nickel-base superalloys,
Titanium aluminides, NiAl-based protective coatings and thermal barrier coatings.
Several years ago the group started also working intensively on novel precipitation
strengthened Cobalt-base superalloys which were discovered in 2006. Our PhD
student A. Bauer was the first to publish creep properties of this new class of
high temperature materials. With a strong standing at the forefront of this re-
search topic, the Institute 1 is looking forward to providing major contributions to

this field and to putting this exciting class of materials into service.

The High Temperature Materials group collaborates closely with partners from
aviation and automotive industry and several projects participate in the DFG funded
Collaborative Research Center SFB/Transregio 103 “From Atoms to Turbine
Blades” and the DFG-Research Training Group 1229 “Stable and Metastable

Multi-phase Systems for Elevated Service Temperatures”.



Materials Research at the Institute | - General Materials Properties 17

RELATED RESEARCH ACTIVITIES

e Single crystal y/y’-hardened Co-base superalloys - alloy development, heat treatment
strategies and mechanical properties, funded by the DFG within the Collaborative Research
Center SFB/TR 103, Dipl.-Ing. Christopher Zenk

e Novel polycrystalline L1, hardened Co-base superalloys - Mechanical properties and defor-
mation mechanisms, funded by the DFG-Research Training Group 1229, M. Sc. Lisa Freund

e Nickel-base superalloy Allvac 718Plus — Microstructure and mechanical properties of
a new alloy for disc applications, Dipl.-Ing. Martin Pr&bstle

e Influence of the alloying elements Niobium, Tantalum and Zirconium on the micro-
structure and mechanical properties of Titanium aluminides, M. Sc. Johannes Bresler

® Micro- and nanomechanical characterization of superalloys at elevated temperatures, fund-
ed by the DFG within the Collaborative Research Center SFB/TR 103, M. Sc. Markus Kolb

e High temperature protective coatings for application in hydrogen and water containing
atmospheres, fundey by HI ERN, M. Sc. Sven Giese

Nanoindentation in y and y’-phases High-temperature fatigue testing

of a Nickel-base superalloy. of a Nickel-base superalloy
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ARB laminate of AA6oxx and AAsoxx alloys
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UFG microstructure of ARB process AA1050

Heinz Werner Hoppel, Mathias Goken

NANOMATERIALS

The Nanomaterials group at the Institute of General Materials Properties mainly
focuses on the production and characterization of ultrafine-grained (UFG) or
nanocrystalline metallic materials. UFG materials have been investigated since the
year 1999, when first fatigue experiments have been performed on UFG copper in
collaboration with by R. Z.Valiev, one of the pioneers of severe plastic deformation
(SPD)-processing. Nowadays, besides Pulsed Electro Deposition (PED), the main
focus lies on the Accumlative Roll Bonding (ARB) process. This process allows the
production of metallic UFG sheet-materials with grain sizes in the range of some
hundreds of nanometers. The ARB-process is also intensively used to produce so-
called nano-laminates, where different materials are repeatedly rolled together
offering an extremely wide scope to tailor materials properties. By thorough char-
acterization of the influence of the micro- and meso-structure on the mechanical
properties, an optimized and tailored sheet design can be achieved. In this context,
not only the structural characterization on different length scales is essential

but also the possibility to correlate them with macroscopic and local mechanical

properties.

The Nanomaterials group collaborates closely with partners from other universities
and from the aviation and automotive industry and several projects participate in

the DFG funded Cluster of Excellence Engineering of Advanced Materials EAM.
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RELATED RESEARCH ACTIVITIES

e Ultrafine-grained laminated metallic materials for new light-weight
design, EAM, M. Sc. Frank Kimmel

® New light-weight materials by nanostructures at the macroscale,
LuFo, M. Sc. Christopher Schunk

e Upscaling of the ARB-process: Potentials and Limitations, DFG,
Dipl.-Ing. Mathis Ruppert

e Influence of sheet architecture on the mechanical properties of ARB-
processed Laminates, DFG, Dipl.-Ing. Christian Krechel

e Tailoring materials properties of Aluminium alloys by ARB-processing,
EAM, Dipl.-Ing. Tina Hausol

ARB Cu/Al laminate, N6 ARB-layers ARB Cu/Al laminate, N4 ARB-layers
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Small-scale testing of fracture toughness

by bending beam

Benoit Merle, Mathias Goken

NANOMECHANICS & THIN FILMS

The nanomechanics group of the Institute [ is using advanced test methods for
exploring the fascinating world of the small-scale mechanical behavior of materials.
Nanomechanical testing is used in order to characterize the local properties of in-
homogeneous materials and to provice insights on mechanical size effects. Addi-
tionally, nanomechanical methods allow the characterization of samples too small
or too thin for regular mechanical tests. A special emphasis in our research is put
on thin films, which are not only ideal models for studying size effects, but are

also of great practical interest due to their widespread applications.

Nanoindentation is the most versatile and robust nanomechanical testing technique.
It is usually used for measuring the local hardness and Young’s modulus of a bulk
sample. It’s scope of application is steadily widening, including new procedures
for testing time dependent deformation behavior, developed in Erlangen. Most
prominently, a new strain-rate jump test method proposed by Maier, Durst and
Goken in 2011 has found widespread application for determining the local strain-
rate sensitivity of materials. The Institute I also contributed a novel stiffness-based
method for performing long-lasting creep tests at elevated temperatures avoiding
the influence of thermal drift. Current research is aiming at using nanoindentation
for characterizing the fatigue properties of nanolaminates, leveraging the materials

synthesis capabilities of the nanomaterials group.

The nano-scale testing methods are greatly complemented by Focused Ion Beam
(FIB) techniques, another very important approach for testing properties of materials
on the nanoscale. The FIB is used to mill extremely small samples such as micro-
cantilevers and pillars, typically in the order of some micrometer from the materials
of interest. These samples are then loaded either in compression or bending with a
nanoindenter inside a SEM. Investigations of the bending process of notched micro-
cantilevers even allows measuring the fracture toughness of such extremely small
samples. The crack propagation can be monitored by continuously recording the
stiffness of the beam. This allows the precise measurement of the fracture tough-
ness of soft elastic-plastic materials. This technique was used to achieve better under-

standing why otherwise ductile metals behave in a brittle manner at the small scale.
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Over the last 15 years, the Institute I has accumulated a broad range of expertise
on the mechanical behavior of freestanding thin films in the range 50 — 500 nm.
These insights were mostly achieved through bulge testing with a custom-built
setup. A unique feature of the custom-built bulge tester is its capability to be inte-
grated in an Atomic Force Microscope (AFM) and hence allow for in-situ observa-
tions on the deforming sample. This in-situ operational mode was intensively used
for investigating the fracture properties of thin films. Unlike ceramic films, the
fracture toughness of ductile metals such as gold was found to be strongly depen-
dent of the film thickness. The scope of the bulge test technique was further ex-
tended to the investigation of other mechanical properties which are usually not
accessible by any other technique, such as the strain-rate sensitivity and the fatigue

properties of thin films.

Coatings on substrates are also intensively investigated at the Institute I. A major
issue in the industry concerns the determination of the residual stresses present
in these films. The Institute I has developed a robust method which allows its local
measurement in the FIB microscope by stress relaxation. The gallium ion beam is
used for milling two trenches in the surface of the sample. The relaxation of the
lamella between the trenches then is precisely measured by means of digital image
correlation analysis, from which the initial residual stress can be obtained. This
method proved particularly useful for hard coatings, which can exhibit very high

residual stresses above one gigapascal.

RELATED RESEARCH ACTIVITIES

e |n-situ nanomechanics and thin films, funded by the Cluster of Excellence
for the Engineering of Advanced Materials (research area A3),
M. Sc. Eva Preil3, Dipl.-Ing. Johannes Ast

® In-situ investigation of the deformation mechanisms of materials at the
small scale, funded by the graduate school GRK 1896, M. Sc. Jan Liebig,
M. Sc. Carolin Puscholt

e | ocal investigations of the stress distribution in hard coatings, funded by
the graduate school 1229, Dipl.-Ing. Markus Krottenthaler

e Development of a FIB-based method for the local measurement of residual
stress, European IStress project, M. Sc. Lisa Benker

Micropillar compression in a-brass

FIB-DIC technique to measure residual

stresses of coatings
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FIB cut of PGB’s in LCF fatigued Copper

Grain coarsening in UFG Copper

during LCF loading

Heinz Werner Héppel, Doris Amberger

MECHANICAL PROPERTIES,
FATIGUE AND CREEP

The group “Mechanical Properties, Fatigue and Creep” mainly focuses on the in-
vestigation of the mechanical properties and the related deformation behavior at
various loading conditions. In this context, a deep understanding of microstruc-
ture—property correlations and the kinetics of plastic deformation has been kept in
focus over the decades. Besides monotonic loading, the behavior under long-term
creep conditions and under cyclic loading lies in the focus of the group. Accom-
plished investigations on the related damage mechanisms form the basis for tailored

and mechanism based materials development/optimization.

FATIGUE: In manifold technical applications structural parts as well as functional
components are loaded not only statically but also cyclically. Since the cyclic endurance
limit lies usually far beyond the monotonic yield strength, fundamental understand-
ing of fatigue processes as well as a fatigue design are of extraordinary importance
for engineering applications. Many pioneering concepts in this area as for example
the composite model for describing the complex deformation behavior in soft and
hard areas have been developed already by Haél Mughrabi and still intense re-
search activities on the fatigue behavior of materials are ongoing. At the Institute
we are concerned with fundamental fatigue mechanisms as well as applied problems.
The main interest lies on the correlation between the mechanical properties under
cyclic loading and the microstructural processes and damage mechanisms of metallic
materials, compound materials, such as hard metals and material systems, and
coatings on metallic substrates. Beside the investigations with conventional fatigue
loading at room temperature and elevated temperatures, we are also concerned
with investigations of the fatigue behaviour under thermo-mechanical loads as

well as under fretting fatigue conditions.

CREEP: The creep behavior of metallic materials is of high scientific as well as
technological interest with a long tradition of research on this topic. As 50 years
ago, we are still using self constructed creep machines in order to fulfill our partic-
ularly high requirements on the resolution of the strain measurements and on

the stress constancy. The focus is put to the determination of the relevant creep
mechanisms in technologically relevant alloys used for high-temperature applica-

tions in order to improve the materials further.
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RELATED RESEARCH ACTIVITIES

e Damage mechanisms and microstructural influence on the Very High Cycle
Fatigue Lifetime of metallic materials, DFG SPP 1466, Dipl.-Ing. Jochen Bach

e ‘White-etching areas’ in wind turbine roller bearing steels, BMBF,
Dipl.-Ing. Tobias Ninnemann

e |n-situ investigation of crack initiation and propagation in pure Cu and
Nickel, M. Sc. Philip Goik

e High performance aluminium piston alloys: Isothermal fatigue properties,
microstructure and thermal stability, BMBF, Dipl.-Ing. Matthias Korn

e New AlSi-alloys for cylinderhead applications, INI.FAU,
Dipl.-Ing. D. Schwimmer

e Effekt of thermal (Over-)loading on the microstructure and mechanical prop-
erties of High performance aluminium piston alloys, BFS, M. Sc. Nicole Engl

e Optimization of the heat treatment of Al-Si- die cast alloys for structural
applications in the automotive industry, INI. FAU, M. Sc. Holger Rammensee

e New high ductility Al-Si- die-cast alloys for structural applications
in the automotive industry, AUDI AG and AMAG Casting,
M. Sc. Robin Miiller

e Improved precipitation kinetic by new Al-Si wrought alloys, AUDI AG
and AMAG Rolling, M. Sc. Felix Glockel

Extrusions in C45E after VHCF loading

e Thermal stability and mechanical properties of copper alloys for
applications at very high temperatures and cyclic loading amplitudes,
Dipl.-Ing. Martin Kommer
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Erik Bitzek, Arun Prakash

MODELLING AND SIMULATION

The Modelling and Simulation Group of Institute I conducts research into the
elementary defects of the crystalline lattice (dislocations, cracks, interfaces, vacan-
cies, ...) and on how the organization and interaction of these defects influences
the mechanical properties of metallic materials. The group’s activity also includes
the modelling of mechanical properties of amorphous systems, like silicate and
bulk metallic glasses. In all these studies, large-scale atomistic simulations and
density functional theory (DFT) calculations are used to obtain detailed information

on defect properties and on the mechanisms that lead to deformation and failure.

The focus of our research is to provide qualitative insights as well as quantitative
information on the deformation processes at work at the atomic scale. These find-
ings lead to better understanding and interpretation of experimental results, whilst
simultaneously helping in the development of robust and reliable models for the
prediction of deformation behavior and failure of materials. Insights from atomis-
tic simulations are used in our group to develop multiscale models like crystal
plasticity frameworks with the finite element method (FEM) and the fast Fourier
transform (FFT) method. Such models bridge various length scales and facilitate
the simulation of complex forming processes. Within collaborative research proj-
ects such as the SFB/Transregio 103 — “From Atoms to Turbine Blades”, the atom-
istic simulations, furthermore, provide important input parameters for mesoscale

simulation methods like discrete dislocation dynamics (DDD) or phasefield models.

The main research topics of the Modelling and Simulation Group, namely, Nano-
mechanics and Small Scale Plasticity, Interface-Dominated Materials and Fundamental
Aspects of Fracture mesh well with the topics of experimental investigations at the
Institute I, thereby successfully leveraging synergy effects. Through these close
links to the experimental groups at our institute, the PhD students specializing in
modelling and simulation are exposed early on to the experimental intricacies,
enabling them to critically assess experimental results or suggest experimental

investigations to validate their simulation-based predictions.

Recent highlights of our work include the development of an analytical model
to explain the particular mechanical properties of five-fold twinned nanowires

(see Figure right).
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Strain state and microstructure of five-fold twinned nanowires and related diffractogram
(Niekiel et al., ACS Nano 8, 1629 - 2014).

These nanowires are commonly used in flexible electronics, e.g., as transparent
electrodes. Understanding their deformation and failure mechanisms has there-
fore important implications for the design of reliable, highly stretchable and

bendable devices.

In studies involving fundamental aspects of fracture, we could show that the frac-
ture toughness of grain boundaries can surpass the toughness of single crystals.
This counterintuitive finding cannot be explained by the usual thermodynamic
approach in continuume-scale fracture mechanics but can be explained by extend-
ing the concept of lattice trapping to bond trapping in grain boundaries. We also
recently performed some of the first massively-parallel atomistic simulations of
curved crack fronts. In contrast to the typical simulations using quasi-2D setups
and periodic boundary conditions, the nanoscale penny-shaped cracks show pro-
nounced crack tip plasticity and the interaction of dislocations emitted from differ-
ent parts of the crack front with each other and the crack. These results are directly
related to the crack front curvature and point to the importance more complex
simulation geometries, ideally through digitization of experimental data, than the

over-idealized scenarios often used in atomistic simulations.
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MODELLING
AND SIMULATION

Driven by these and other similar observations, we developed a novel methodology
to construct atomistic simulation geometries based on real morphologies deter-
mined e.g. by atom probe tomography (APT), see Figure below. Experimentally-
informed simulations on the interactions of channel dislocations with y’ precipi-
tates allowed us for the first time to identify the atomic-scale details of many
observed dislocation processes in Ni-base superalloys and to show the importance

of local interface curvature on the interfacial dislocation network.

RELATED RESEARCH ACTIVITIES

e Schadigungsmechanismen und mikrostrukturelle EinflussgroRen auf die
Ermudungslebensdauer metallischer Werkstoffe im VHCF-Bereich.
DFG PP1466, Dipl.-Ing. Johannes J. Méller

e Modelling Early Stages of Fracture and Crack — Microstructure Interactions.
EAM SG2, Dipl.-Spec. Polina Baranova

e Atomistic simulation of mechanical properties of nanostructures
and interfaces. GRK1896, M. Eng. Zhuocheng Xie

e Plastic deformation, crack nucleation and fracture in lightweight
intermetallic composite materials. EAM A3, M. Sc. Tobias Kl6ffel

e Atomistic simulations of elementary dislocation processes in coherent
and semi-coherent y/y’ -microstructures. DFG SFB/TR 103,
M. Sc. Frédéric Houllé

e Influence of Topological Anisotropy on the Mechanical Properties of
Silicate Glasses. DFG PP1594, M. Sc. Sudheer Ganisetti

® Modelling of FIB-induced artefacts and the effect of in-homogeneities
and anisotropic elasticity. EU FP7 iSTRESS, Dr. Julien Guénolé

Experimentally informed
atomistic simulation

of dislocation-precipitate

interaction based on APT

data of a Ni-base superalloy
[3 (A. Prakash et al.,

Acat Mater. 92, 33 (2015)).
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Peter Felfer

ATOM PROBE MICROSCOPY

The atom probe microscopy/tomography (APT) group ist the newest addition to
the Institute I. It is centered around the new acquisition of a Cameca LEAP 4000
X HR, a latest generation atom probe. This is an instrument that can carry out
single atom mass spectrometry at the nm scale and below in three dimensions on
up to tens of millions of atoms in one experiment from metals, semiconductors,
ceramics and geological materials. By its mass spectrometry principle, it is equally
sensitive to all elements of the periodic table and even their isotopes, greatly ex-
panding our capabilities to understand materials on the nanoscale even with very
dilute additions. Since the atom probe works by pulsing off single ions from a
needle shaped specimen with a sub 100 nm tip radius, specimen preparation is

one of the key factors in the experimental process. For metals, this can very often

be achieved by electropolishing of wire-shaped blanks, cut out from bulk materials.

In order to perform analysis on specific features in bulk materials, or from nano-

materials, access to FIB based preparation is available (Figure top).

Having only operated for since early September 2015, the atom probe is already
producing invaluable data for the research on TiAl intermetallic alloys (Figure
middle) and next generation Co-based superalloy (Figure bottom). Below, are

visualizations of the data produced.

Apart from supporting the research on metallic and intermetallic materials at the
institute, the atom probe group will also focus on advanced sample preparation
methods including targeted preparation and nanomaterials including nano-
particles and further develop the computational analysis tools needed to link the

resulting data to theory and simulation.

RELATED RESEARCH ACTIVITIES

e APT and TEM analysis of precipitation processes in Al-Mg alloys,
M. Sc. Steffen Lamm

FIB-based lift-out of an atom probe
sample from a phase interface in a TiAl
intermetallic alloy

[

o

3D reconstruction of the atom
distribution at a phase interface
in a TiAl intermetallic alloy

Experimental results from Co-Al-W
alloy, showing y' percipitates in

a y-matrix (blue: isosurface at 40%
Co, pink: Cr atoms)
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THIRD PARTY FUNDING

The growth of the Institute is well reflected not only in the high number of PhD-
students but also in the increasing amount of total funding. In 2014 2.2 Mio €
have been acquired, which was again an all-time high in the history of the Insti-
tute. We are also very proud to keep over the years a good balance between funding
related to more technological background, like direct founding from industry,
BMBFEF-projects, etc. and funding for fundamental research from the DFG and
similar organizations. We are also very happy to succeed to be part of the DFG-
funded Cluster of Excellence Engineering of Advanced Materials and of the Collab-
orative Research Center SFB/TR103 on high-temperature materials. Moreover, in
2014 we succeeded for the first time to take part in the joint European research
project ISTRESS. The more technological projects allow us to transfer fundamen-
tal knowledge to technological applications. Thus, our major goal is to consolidate
at the high level by still keeping the balance between funda-mental and more

applied research.

2.0 1

Funding in Mio. €

0.54

1 [ Third Party Funding (Industry etc.)

1 I Total WWI

0.0+

[ National and Federal Agencies (BMBF etc.)

B DFG: Standard Programs

[ EU Programs
DFG: Initiative of Excellence and Collaborative Research Centres

] [ 1 | L J

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Year

Third party funding at Institute |
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COOPERATIVE RESEARCH
PROJECTS

CLUSTER OF EXCELLENCE

Engineering of Advanced Materials

The Cluster of Excellence “Engineering of Advanced Materials” funded by the
excellence initiative of the German government was established in 2007 at the
University of Erlangen-Niirnberg as the only cluster devoted to Material Science in
Germany. Not only was this a recognition of the leading position that Erlangen had
enjoyed in materials science research during the past years, but it has also provided
a strong boost for keeping the equipment to the highest international standards by
providing an extensive funding for new acquisitions. The Cluster of Excellence is a
joint initiative of the Technical Faculty (mostly Materials Science and Engineering,
Chemical and Biological Engineering, Electrical and Mechanical Engineering
departments), the Faculty of Sciences as well as other academic and industrial
research partners (mostly the Max Planck and Fraunhofer Institutes and Neue
Materials Fiirth). The interdisciplinary research is organized in 7 research areas.
The Institute I is especially committed to the “Nanoanalysis and Microscopy” as
well as “Lightweight Materials” topics. These research areas encompass the re-
search activities carried on the novel micromechanical characterization of materials
as well as the development of innovative foil materials by Accumulative Roll Bond-
ing (ARB). The entire materials science department has greatly benefitted by the
funding associated with the excellence initiative. Prof. Goken and the Institute I
have been pivotal in the acquisition of a state of the art aberration-corrected Trans-
mission Electron Microscope and the construction of a vibration-proof building to
house it (part of CENEM, see above). In 20715, the first Atom Probe device in South
Germany was successfully commissioned at the Institute I, and the EAM cluster
initiated the creation of a new Junior Professor position at the Institute I for further
developing this research field. Last but not least, the Institute I is also a founding
member of a new structure that was established in 2013 in Erlangen and which

is intended as a long term continuation of the interdisciplinary work initiated by

the EAM cluster: the Helmholtz Institute for Renewable Energy Production.

ENGINEERING
OF ADVANCED
MATERIALS

e )

German Class for researchers from abroad
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B sFB/Transregio 103
I SUPERALLOY SINGLE CRYSTALS

Nanoindentation in a Ni-base superalloy

SFB/TRANSREGIO 103

From Atoms to Turbine Blades - A Scientific
Approach for Developing the Next Generation
of Single Crystal Superalloys

Single crystal Ni-base superalloys represent key materials for turbine blades in
modern gas turbines for aero engines and power plants. International mobility
and global energy supply rely on this fascinating class of high temperature materi-
als. Improvements in efficiency and emissions demand new concepts in single
crystal technology, which require progress in different areas of expertise. Amongst
others, a basic understanding of all aspects of alloy design and performance is
needed. This comprises the role of heterogeneities on the dendrite and on the
precipitate scale. It includes the exact role of alloying elements (especially: d-shell
elements). It is important to understand how microstructural and atomistic para-
meters affect thermodynamic equilibria, the evolution of microstructure during
processing and high temperature deformation. The focus is on creep deformation
mechanisms, microstructural stability (nucleation and growth of new phases,
coarsening of the y/y’ microstructure), castability (porosity, parameters of the
dendritic structructure) and surface integrity (oxidation and coatings). New

alloys are expected to have a better performance while making most efficient use
of fossil ressources. They should also reflect the availability of strategic elements
such as Re. Within the SFB/Transregio 103, the Ruhr-Universitit Bochum and the
FAU are the main collaborative partners. They join forces with the Max Planck
Institut fiir Eisenforschung (MPIE, Diisseldorf), the Deutsche Forschungszen-
trum fiir Luft und Raumfahrt (DLR, K6ln) and the Forschungszentrum Jiilich

(FZ Jiilich). The SFB is coordinated by Prof. G. Eggeler (RUB) and Prof. R.F.

Singer (FAU), who both are former members of the Institute I.

In addition to Ni-base superalloys, a special effort is made to explore the high
temperature properties of new Co-base superalloys with y/y’ microstructures. Co is
an element quite similar to Ni, however, with a 40°C higher melting point. Since
the discovery by a Japanese group in 2006, which showed the possibility of y’
strengthening by a ternary Co3(Al, W) phase, this new class of superalloys has become
very attractive. The SFB offers to explore the properties of this new alloys in a
broader sense including oxidation, thermophysical data, processing, etc. The acivi-

ties in the SFB concerning Cobalt-base superalloys are coordinated by Institute I.
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More detailed knowledge of materials properties and microstructure through use
of new test procedures, either mechanical measurements (like miniaturized creep
and fatigue testing and nano metrology) or characterization methods (high resolu-
tion, aberration corrected transmission electron microscopy, 3D atom probe) are
further topics. These new techniques will help to identify elementary processes

which govern the formation of new phases, the microstructural coarsening of the

v/y' microstructure and the interaction of deformation and damage mechanisms.

Members of the SFB/Transregio 103

The results will contribute to improvements in high temperature design and refur- 1o i e etk i e
bishment strategies. Materials modelling, bridging all scales from atomistic to
mesoscopic and macroscopic modelling, is applied to materials processing as well

as high temperature behaviour.

At Institute I three projects under the supervision of Prof. M. Goken, Prof. E.
Bitzek and Dr. S. Neumeier focus on nanomechanical testing of superalloys at
elevated temperatures, atomistic simulations of fundamental dislocation processes
in Ni-base superalloys and the development and investigation of single crystalline

Co-base superalloys.
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el  G;.pile und metastabile
... Mehrphasensysteme bei hohen
Anwendungstemperaturen

DG -Graduiertenkolleg 1229

Graduates and associate PhD students

of the Research Training Group in front
of the red mini bus.

GRADKO - DFG RESEARCH
TRAINING GROUP 1229

Stable and metastable multi-phase systems
for elevated service temperatures (2006 -2015)

The materials and coatings used at elevated temperatures typically are nano-scaled
multiphase or composite materials with complex microstructures. The main re-
search idea of this graduate school was to combine research activities on different
classes of materials like metals and ceramics for applications at high temperatures
and to derive common aspects and synergies between these typically separated
fields. Correspondingly, the research program of the graduate school was divided
in four fields: Ceramics and composites, metallic alloys, oxidation and coatings
and new methods & simulations. In total 14 projects at the Universities in Bayreuth
and Erlangen were funded from 2006 to 2015 in two rounds over 4.5 years with

a total financial sum of 8.5 Mio € by the DFG. At Institute I Ni-based superalloys
with rhenium and ruthenium, new polycrystalline y’-strengthened Co-base super-
alloys, thermal barrier coatings and bond coats have been important topics in the
research training group. The continuous improvement of such materials requires
a good knowledge on the mechanisms of how the different alloying elements oper-
ate. New electron microscope methods like the 3D-focused ion beam tomography
or nanoindentation techniques have been used and introduced at Institute I. This
research program was a joint research initiative between the Universities in Bay-
reuth and Erlangen, which are situated within close proximity in northern Bavaria.
Both Universities have a high expertise in materials science and engineering and
this research program has led to a strong intensification of cooperative research
activities between both Universities. Also the interaction between students has
been intensified by a joint educational program. The research training group has
been coordinated by Prof. Mathias Goken for the University in Erlangen-Niirnberg
and Prof. Uwe Glatzel for the University in Bayreuth. The linkage of both Univer-
sities was facilitated by a red mini bus, which was typically used for traveling be-

tween Erlangen and Bayreuth once a week.
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However, this mini bus was also used intensively for conference visits and excur-
sions within whole Europe and by this became well known to many people in the
community. The general topic of multi-phase high-temperature materials also
allowed to create a very attractive educational program. Different material classes,
processing techniques, analytical methods and theoretical models have been
taught to the graduate students. A number of world-wide contacts allowed the in-
corporation of numerous well accepted international scientists within the graduate
program. The PhD students Steffen Neumeier, Carolin Held (née Pfeiffer),
Alexander Bauer and Lisa Freund from Institute I could spend some time abroad
during a foreign research stay of up to three months during their PhD work at the
Universities of Baltimore, USA, and Cambridge, UK. This was a very successful
element in the graduate program and helped to intensify international coopera-
tion. A very prominent aspect of the educational program has also been the yearly
summer schools, which were held at different places in the nice Franconian

surrounding.

The summer schools were supported by the members of the industrial advisory
board, which allowed strengthening the application background. The research
results have been published over the years in more than 200 publications in inter-
national journals and conference proceedings. We are grateful to the German
Research Foundation, DFG, for their generous financial support of the research
training group over the last years, which eventually made these research results

possible.

Members of the Research Training
Group with external guests from
the Cambridge University during
the Summer School 2011

at the Castle in Pommersfelden.
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10 ions 500 ions

Atomistic simulation of focused ion
beam milling (J. Guénolé).

Partners of the iSTRESS project.

iSTRESS

The iSTRESS project is part of the 7th framework program of the European com-
mission as a large scale integrating collaborative project. Having as an objective
the pre-standardization of incremental focused ion beam (FIB) micro-milling for
intrinsic stress evaluation at the sub-micron scale, it involves numerous partners
from different European countries, from both academia and industry. Two research
groups are working on this project at the Institute I. In the Nanomechanics & Thin
Films Group experiments are conducted on the stress measurement via digital image
correlation (DIC). Using atomistic simulations, the Modelling and Simulation Group
of Institute I studies the elementary mechanism of damage formation by ion irra-
diation and their effect on stress relaxation. The ultimate goal is to combine the
insights from modelling and experiments to develop guidelines under which con-

ditions the FIB-DIC method will provide reliable measurements of residual stresses.

| Schicht

——— |

Measurement of the displacement field after FIB-milling in the H-bar geometry
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DFG RESEARCH TRAINING GROUP 1896

In-Situ Microscopy with Electrons,
X-rays and Scanning Probes

This newly established research training group in 2013 strongly combines the

expertise from the faculty for natural science with engineering aspects at the FAU
and is based on the many activities in the interdisciplinary research center CENEM.

Its main objective is to combine advanced complementary nanocharacterization l '

methods to study the properties of functional nanostructures and nanostructure

networks, as well as the important role of the mechanical properties of interfaces,
in particular those between nanostructures. By this unique combination, the over-
all 12 PhD candidates funded by the DFG obtain a comprehensive, method-span-
ning and interdisciplinary training in the application of these tools to materials
and device development. The Institute I participates with three projects in this
research training group. Nano- and micromechanical tests in the TEM and SEM/
FIB are used to study the role of interfaces on the plastic deformation in complex
compounds, and bulge tests are used to study the strength and toughness of very
thin films. The experimental projects are supplemented by a special simulation
project, which studies the plastic deformation and failure of nanostructures and

networks at the atomic scale.
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Stress-strain curve and deformation
morphology of single-crystalline versus
five-fold twinned nanowires (F. Niekiel).
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INSTRUMENTATION
AND EQUIPMENT

Understanding the mechanical behavior and optimizing the
mechanical properties of engineering materials on all length
scales is one of the key topics of the Institute. Therefore
many techniques for measuring the mechanical properties on
the macroscopic and microscopic scale are available at the
institute. On the macroscale, fatigue, creep or thermome-
chanical fatigue properties are measured next to the strength
under compression or tension. New nanomechanical testing
procedures allow measuring the properties directly on the

microstructural length scale as shown here with microcantile-

ver tests on high temperature coatings. In most projects,
we combine nowadays testing on the microscopic scale,

to measure properties of individual phases and other micro-
structural constituents with nanoindentation or other
nanomechanical tests, to get a better understanding of

the bulk mechanical behavior. Many test equipments have
been developed and built at the institute, to meet the high
requirements and test protocols which are necessary for
gaining a better understanding of the complex mechanical
behavior.
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Instrumentation

Special remarks

Nanoindenter G200

up to 200°C; CSM

Nanoindenter XP

CSM

Bulge Test

thin films < 400 nm

MTS 880 and 810 servohydraulic setup

up to 1000°C and 100 kN, TMF, LCF, Vacuum

Roell Amsler 10HFP5100 mechanical oscillator

up to 140 Hz, Vacuum, fretting fatigue setup

Roell Amsler Rolling contact fatigue (RCF) apparatus

bearing currents, magnetic fields, temperature,

variable speed ramps and static mechanical load

Ultrafast-MCl ultrasonic fatigue setup

laser interferometreic measurements,

frequencies from 2 to 20 kHz

Netzsch TMA Hyperion 402

up to 1000°C, small scale mechanical testing

Compression creep testing

3 pneumatic machines, constant stress,

up to 1100°C

Tensile creep testing

8 machines, up to 1000°C

CAMECA LEAP 4000X HR Atome Probe

Bruker Dimension 3100 AFM

contact-, tapping-, magentic- and fluid mode

Zeiss Crossbeam 1540 FIB/SEM

EDS, EBSD

FEI Helios NanoLab 600i FIB/SEM (@ ZMP)

EDS, EBSD, STEM

Large Chamber SEM (@ ZMP)

2 m? Chamber, EDS, BSD, in-situ fatigue testing

Philips CM200 TEM

double tilt holder, STEM, EDS

Carl Wezel Quatro Roll Stand

250 mm width, max

Instron 4505 Tensile testing

1-100 kN, RT-1200°C

Instron 4505 Compression testing

1-50 kN, RT-1400°C

High Performance Workstation for 3D Visualization

128 GB RAM, 20 TB hard disk space,
high end grafic cards

High Performance Compute Cluster (shared with RRZE)

300 TFlop/s
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BULGE TESTING

The bulge test technique has stood in focus of the microme-
chanical research at the Institute | since 2002. Three succes-
sive generations of PhD students (EImar Schweitzer, Benoit
Merle and Eva Preif) have intensively used and improved this
technique. Over the years, two fully functional devices were
built and continuously improved. They are currently operated
for measuring the mechanical properties of thin films in the
thickness range 10 -400 nm. The investigated materials range
from gold, copper and silver to nitrides and oxides. Basic
measurements include the determination of the internal
stress and Young’s modulus of the films, but the devices can
also provide measurements of fracture toughness, strain-rate
sensitivity, as well as fatigue properties.



THERMOMECHANICAL
FATIGUE TESTING SETUP

The 880 servohydraulic setup from MTS allows the mechani-

cal characterization of samples at temperatures up to approx-
imately 1000°C in air or under high vacuum. Loads as high as
100 kN can be used. The current setup is the results of succes-
sive improvements that have taken place over several de-
cades. The main application at the Institute | is currently

the low cycle fatigue characterization of high temperature
materials. All in all, three similar machines (MTS 880 and
MTS 810 setups) are available at the Institute I.
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ULTRASONIC AND HIGH CYCLE

FATIGUE TESTING

The Ultrafast MC1 ultrasonic fatigue machine offers unprece-
dented opportunities to test samples in the ultrahigh cycle
fatigue regime within a reasonable lapse of time. The experi-
mental setup was devised at the University of Kaiserslautern
and is based on the excitation of a sample to its resonant fre-
quency by a piezo-actuator. The system is equipped with a
500 kHz data measurement card, which allows in combination
with a laser interferometric measurement system a very pre-
cise determination of displacement amplitude and number
of fatigue cycles. The setup is typically operated in a pulse/
pause mode to prevent unwanted specimen heating and so
effective frequencies from 2.5 to 10 kHz can be reached.
Damage evolution can be monitored by frequency, tempera-

ture or dissipated energy. Single amplitude and variable

amplitude tests can be done with the MC1-System. The setup
is heavily used at the Insitute | for investigating the effect of
heat treatment, carbon content and microstructure on the
very high cycle fatigue behavior of steels.

The Roell Amsler 10HFFS10V setup uses an electrical drive to
generate a high frequency mechanical oscillation. This setup
can be used to perform tensile, compression and bending
experiments at frequencies up to 140 Hz. In order to allow
specific investigations, the experiments can be performed
under vacuum, under a specified mean stress or a lateral fric-
tion force. The setup is intensively used at the Institute | for
the high cycle fatigue characterization of a wide range of
materials.
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INDENTATION CREEP
TESTING

Next to its conventional creep testing setups, the Institute |
purchased in 2012 a compact setup aimed at investigating
millimeter small samples. The Netzsch TMA Hyperion 402
uses an electromagnetic actuation providing up to 3 N force
and ensures a reliable measurement of the displacement with
an accuracy of a few nanometers. The tests can be performed
in controlled environment between -150°C and +1000°C. The
setup is used to study the local creep properties of materials.
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WEAR FATIGUE SETUP

Within the scope of clarifying the white-etching crack (WEC)
development in roller bearings, a rolling contact fatigue
(RCF) with an open design been developed, which allows

imposing and examining a high amount of different loadings.

The apparatus consists of two modules. The first part is the
actual RCF-module (bearing driving unit with mechanical
and electric loading unit), which was developed and built in
house. The second part is a commercial 50 kN resonance
system of the company Zwick Roell. Both modules are
mechanically coupled, so that the mechanical oscillations

of the resonance system can be transmitted into the bearing
sample during RCF-testing. The setup allows the application
of bearing currents, magnetic fields, temperature, variable

speed ramps and static mechanical loads. The lubrication is
realized by a minimal lubrication system, introducing the oil
discontinuously with pressurized air pulses. The applications
at the Institute | especially involve the examination of inter-
dependencies between the different loading types and their
correlation to WEC-formation. With this setup, the interac-
tions between electromagnetic impact on the chemical reac-
tion layer formation (lubrication additive based) and related
electric potentials have been successfully investigated.



PNEUMATIC CREEP
TESTING DEVICE

The Institute | operates custom-built pneumatic mechanical

testing machines designed for creep testing at high tem-
perature in both compression and tensile directions. The
heating chambers allow testing at temperatures as high as
1100°C under a constant stress. The displacement is recorded
from outside the heating chamber by a laser displacement
sensor or directly at the sample via LVDTs. The devices are
mostly used for the characterization of high temperature
nickel and cobalt based superalloys. Next to this, also
conventional compression creep testing machines and
tensile creep testing machines are operated.
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MICROSCOPY AND ANALYSIS
ATOM PROBE MICROSCOPY

Atom Probe Tomography is the most advanced technique
currently available for analyzing the chemical composition
of a specimen with an atomic resolution. It consists into pro-
gressively vaporizing a fine needle made of the material to
analyze. During the whole process, the chemical nature of
each single ejected atom is determined by a position in-
formed time of flight mass spectroscope, whence a 3D recon-
struction of the original specimen showing individual atoms
can be achieved. The Institute | operates since July 2015 a
state of the art LEAP 4000X HR built by CAMECA. Compared
to previous device generations, this setup offers a wide field
of view, allowing for specimens as large as 150 nm to be im-
aged, together with an improved mass resolution. Unlike with
a usual electrical pulse, the use of an UV laser for heat vapor-
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ization allows the investigation of non-conductive materials.
The Atom Probe is used for the characterization of all materials
investigated at the Institute I. It allows identifying the dif-
fusion and segregation processes of specific elements taking
place during the fabrication of nanomaterials such as ARB
and ECAP materials, high temperature superalloys, as well

as multilayer thin films.
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ATOMIC FORCE
MICROSCOPE

This Dimension 3100 is a robust commercial setup from
Bruker, which is used on a daily basis for investigating sample
surfaces. The AFM supports the following operation modes:
contact, tapping, magnetic, fluid. It is therefore possible to
investigate a broad range of samples for topography, friction
and magnetic properties.



FOCUSED ION BEAM

The availability of a Focused lon Beam workstation is increas-
ingly considered a key factor for enabling cutting-edge re-

search in materials science. The Institute | is currently operat-
ing two such devices. Next to the Zeiss Crossbeam 1540 which

is in operation since 2006, a state-of-the-art Helios NanoLab
600i has been commissioned end of 2012 and is operated in
share with our parners at the ZMP. This device is not only
equipped with a powerful gallium ion gun aimed at struc-
turing samples, but also with a broad combination of analyti-
cal detectors such as EDS, EBSD and even STEM. Basically
every project at the Institute | relies on these devices for
material characterization. They also allow the fabrication of

miniaturized samples required for novel micromechanical
testing methods or 3D tomographic reconstructions.



LARGE CHAMBER SCANNING
ELECTRON MICROSCOPE

The large chamber SEM is a unique instrument that has been

operated in Fiirth since 2006 and continually optimized since.
The remarkable 2 m3 chamber is large enough to fit a full size
servohydraulic machine inside it. The newly redesigned elec-
tron gun assembly offers a lot of flexibility to inspect samples
from every possible angle. It also combines several analytical
detectors, such as EDS and BSD. Currently, the large chamber
SEM is used for in-situ fatigue tests, as well as interrupted
monitoring of large industrial components.
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TRANSMISSION ELECTRON
MICROSCOPE

; The Philips CM2oo is a TEM operating at an acceleration volt-
age up to 200 kV. It uses a double tilt holder, and allows per-

forming analytical measurements in STEM mode thanks to its
EDS detector. It has been recently upgraded with a 2k x 2k

CMOS camera delivering high definition digital images.
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PROCESSING
NANOMATERIALS
BY ACCUMULATIVE
ROLL BONDING

The rolling mill is based on a quarto roll stand from Carl

' Wezel which was modernized in 2012 by hpl Neugnadenfelder
Maschinenfabrik GmbH. It is used to perform the Accumula-
tive Roll Bonding of metallic sheets as broad as 250 mm. The
rolling mill is currently intensively used for the production
of tailored sheet materials with ultrafine-grained microstruc-
ture. Unprecedented mechanical properties are also obtained
through particle reinforcement and the combination of
different materials into a laminate structure.
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HIGH PERFORMANCE

COMPUTING

AND VISUALIZATION

The simulation group at Institute | uses high performance
workstations for the visualization and analysis of massively
parallel molecular dynamic simulations, which typically
involve hundreds of millions of atoms. The workstations are
equipped with 128 GB RAM, 20 TB hard disk space and high-
end graphics cards with 4 GB internal memory. One of the
workstations in housed in the visualization room, which facil-
itates the visualization of atomistic simulations on high
resolution monitors and a broad screen with 3D capability.

A second machine is dedicated for remote visualization and

analysis over the network.

The Institute | has also contributed to the high performance
compute clusters “Lima” and “Emmy” at the regional com-
puting center RRZE, which have a combined performance
of about 300 TFlop/s. The Modelling and Simulation Group
of Institute | is one of the top 10 users of these facilities.
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HISTORY AND
DEVELOPMENT

HISTORICAL DEVELOPMENT

PROFESSORS, STAFF AND TECHNICIANS AT THE INSTITUTE |
DISSERTATIONS

HABILITATIONS

ALUMNI, GUESTS AND VISITORS

MISCELLANEOUS AND CURIOSITIES FROM 50 YEARS
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Historical Develop-
ment of the Institutel

and the Department
of Materials Science
& Engineering

Head of the Chair for General Materials
Properties, Institute |

Prof. B. llschner (middle) 1965 -1982
Prof. H, Mughrabi (left) 1984-2002
Prof. M. Goken (right) since 2002

HISTORICAL
DEVELOPMENT

1965 began the history of Materials Science in Erlangen in the Egerlandstrafie 3 in
a low-rise building with Prof. Dr. rer. nat. Bernhard Ilschner, who was appointed on
oth August 1965 as the first Chair for Materials Science & Engineering in Erlangen.
Bernhard Ilschner, who studied metal physics at the prestigious Institute of

Prof. Peter Haasen at the University of Géttingen, became the second professor

of the new Technical Faculty in Erlangen, which officially was founded only in
1966. At that time the term “Werkstoffwissenschaften” was not commonly known
or even used in Germany, but there have been some archetypes in the USA called
Materials Science & Engineering. Thus, the Institute I can be regarded as one

of the nuclei of Materials Science and Engineering in Germany. Institute I was

the first of originally planned six Institutes within the Department of Materials
Science & Engineering, MSE. In March 19606 the Institute of Metals and Technology
has opened and Prof. U. Zwicker was appointed Head of the Institute. In February
1968 the Institute “Glas and Ceramics” (Head: Prof. H. Oel) followed. The Insti-
tute IV (Corrosion and Surface Science, Prof. H. Kaesche) was founded in Septem-
ber 1970, followed by the Institute “Polymeric Materials” (Prof. F. Schwarzl). The
planned structure of the Department has been finalized in October 1974, when the
Institute “Materials for Electrical Engineering” (Prof. H. Weiss) was established.
On the occasion of the 10™ anniversary of the Institute I Prof. Ilschner stated in
1975 that “the Institute I feels fit as a fiddle
in the group of 6 chairs of the Department
with which a so gratifying collegial, uncom-
plicated relationship has developed”. Not
only was the Department rapidly growing
during that time, but also the Faculty with
the departments Chemical Engineering,
Electrical Engineering, Computer Science
and later on starting in 1982 also with

Mechanical Engieering.
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The early years of the Institute |

in EgerlandstraRe 3. It is note-

worthy that there were students
Foundation stone of the new building MartensstraRe 5 who drove up in a Porsche.

During the first years after its establishment, the Institute I resided in a low-rise
building in Egerlandstraie 3. Together with the Institute of Technology of Metals,
Prof. U. Zwicker, they were both able to make wide on 250 m? each. One of the
first team-building measures was the clearance of rubble from the laboratories.
The new subject was very attractive and first students changed their subject from
physics or chemistry to materials science. Thus, in 1971 an apartment in the
Liegnitzerstrafde was rented in order to provide additional space for new experi-
mental equipment. However, the electrical infrastructure of the apartment was
not designed for running creep experiments at temperatures of 1000°C and

above. Therefore, one eagerly awaited the completion of the new building.

Friedrich-Alexander-Universitit
Erlangen - Niirnberg

With the establishment of the Technical Faculty (TF) in 1966 it was decided Fachbereich Werkstoffwissenschaften
Insti -V
to build up a new campus in the south of Erlangen, called as “Siidgelinde”, Erster Baua%sst:::l‘:i::tl Ins::itute I=m
which was planned to be the home of all the new institutes of the TF. In this Institut | Allg. Stoffeigenschaften
Institut I Metalle
course, the foundation stone for the materials science building was laid in Institut Il Keramik und Glas

Grundsteinlegung am 14. VIl 1969
summer 1969.

Inscription of the foundation stone
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F. Pschenitzka at the construction site
of the new building of the Institute.

Prof. Bernhard Ilschner (1928 - 2006) in front of the new building

One of the first students of Prof. Ilschner was F. Pschenitzka, who studied physics
in Erlangen and decided to choose Materials Science as his minor subject. After he
has finished his Diploma thesis he was asked by Prof. Ilschner whether he would
like to start to work at the Institute I. During these exciting initial years of settling
of the Institute F. Pschenitzka took over many organizational and administrative

tasks at the Institute.

1972 had come and after a fierce battle for the limited number of desks, the

Institute was able on the October 20™ to spread over 1,500 m>.

In reminiscence to that event the second image shows the leading team of

Institute I at the same place but 43 years later.
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Opening of the new building in Martensstr. 5 on October, 20th, 1972. From left to right: Fuchs, Knoch,
Hibner, Hofmann, Ilschner, Hering, Schmidt-Whitley, Betz, Soschinska, Finkelnburg (hidden),
Schuh, Schmidt, Forschauer, Reppich, HauRelt (hidden), Streb, Hither, Schneider, Blum, Schneibel.

Institutional Board “Leitungskreis” of Institute | with Prof. Mughrabi in reminiscence to the opening picture of the New Building,
October 1972 - October 2015. (From left to right: Neumeier, Mughrabi, Héppel, Amberger, Géken, Prakash, Felfer, Bitzek, Merle).



58 50 Years of Materials Sciences, FAU Erlangen

One of the first (self constructed)
machines for creep tests under constant
stress at Institute I.

It was also clear that the new Institute with its direction towards materials science
and engineering has to find a place in academia and also in economy. Ilschner
stated in 1969 that one major goal of materials science in Erlangen is to bring to-
gether technology with physics and chemistry. This statement is still valid today,
although materials have changed significantly. The inaugural lecture of Prof.
Ilschner was titled “Werkstoffe der Technik als Aufgabe der Wissenschaft” (Tech-
nological materials: a challenge for science). From the beginning the main re-
search activities of the Institute, then as now, were focused on the microstruc-
ture-property correlations of materials and material systems. Research activities at
the Institute I were characterized in 1965 by two main directions: 1) The role of
vacancies on the creep properties of NaCl-ioncristals and 2) The role of precipitates
on the creep behavior of metals, including nucleation and ageing processes. In
parallel, they started to build up their own creep machines, as well as techniques

for microstructural analysis were established.

Engel, Freimann and Schepp working in the creep lab
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Since 1968 the role of subgrains on the one hand and the role of complex vacancy
and foreign atom clusters on the other hand turn more and more into focus. The
groups of Prof. Blum and Prof. Reppich established during that time. It also be-
came evident that research no longer only focused on academic model materials,
like NaCl LiF, or pure iron, but then also addressed aspects for technologically
more relevant material systems, like Al alloys, steels, etc. In parallel Prof. Heimen-
dahl, who came from Clausthal introduced the very important new field of trans-
mission electron microscopy in Erlangen. Consequently, the groups of Prof. Reppich
and Prof. Blum rather quickly took advantage from the newly introduced method
and applied the new technique to their particular scientific questions. Thus, under-
standing creep processes from a microstructural point of view (also in multiphase
alloys) and particle/precipitation hardening mechanisms turned into focus. Be-
sides the mechanical/microstructural topics thermodynamics became also of inter-
est. In 1971 Prof. Sockel came from Clausthal to Erlangen in order to intensify the
research activities in the field of thermodynamics and kinetics of phase transfor-
mations. The main activities in this field were put on disordering phenomena in
crystalline silicates. In 1972 the group of Dr. Hiibner has settled with a focus on
fracture mechanics and fracture related phenomena under different loading condi-
tions and at various temperatures. Besides the fundamental questions on academ-
ic materials also more application-related questions of alloy development and the
impact of process parameters on the material component properties turned into
focus in parallel with the growth of the Institute. In particular, the development of
a mechanisms based understanding of material behavior in a wide variety of load-
ing conditions and, derived therefrom, a targeted improvement of materials and

material systems, built up expertise of the Institute over the years.

In 1972 Prof. Ilschner was appointed as “Rektor” (president) of the FAU. As a con-
sequence he became rather occupied with other obligations and thus his daily at-
tendance at the Institute was strongly reduced to normally two hours in the morn-
ing. To countervail these strong limitations and to keep the different groups within
the Institute together it was decided to introduce a retreat symposium (“Konzen-
trationstage”). The intention of this Symposium, which was held for the first time
at the Bernhardshéhe in 1972, was that all researchers of the Institute come to-
gether for three days to discuss intensively their newest results. The positive effect
of this Symposium was very impressive and it was decided to keep this activity. Up
to now, the spirit of this Symposium is still vital and we are very glad that we just
organized the 42th Retreat Symposium, held again in the Bavarian Woods, now

in Sattelbogen. In 1982 Prof. Ilschner received an attractive call to build up a new

institute in Lausanne and finally decided to leave the FAU and to move to Lausanne.
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Block diagram of the interaction between

the creep machines and the first Honey-
well H-316 computer

F. Pschenitzka and G. Freimann in front

of the workstation

In 1984, Prof. Dr. rer. nat. Haél Mughrabi, who came from the Max Planck Institute
of Metal Physics in Stuttgart, took over the Chair of the Institute. The research
priorities in the field of strength of materials and their microstructures, including
the underlying deformation mechanisms, were continued and new topics, such as
crystal plasticity, composite model based prediction of the mechanical properties
by the underlying dislocation arrangements, fatigue properties and cyclic deformation
mechanisms were started. Thus, a research group on fatigue properties of metallic
materials was established and two servohydraulic MTS- and one electro-mechanical
Schenck-Trebel testing machines were installed. Besides the studies on simple
model materials (Cu, Al, -brass) also technologically more important materials like
various steels, aluminum alloys and Nickel-based superalloys turned into focus.
With the beginning of the new millennium also ultra-fine grained materials have
been fatigued. The focus of research still remained on the microstructure-proper-
ties correlation of crystalline materials, the qualitative and also quantitative analysis
of the dislocations — microstructure interactions became even more prominent.
Hence, new X-ray equipment was built up and new methods like the rocking curve
analysis were established. On the other hand electron microscopy turns to become
more and more to the workhorse in microstructure analysis. Thus, in 1991 a Jeol
JSM 6400 Scanning electron microcops, SEM (later equipped with EDS (1997)
and EBSD (1994) was established at the Institute. In parallel, the Philips EM 300
was replaced in 1997 by the CM200T and advanced TEM methods, like CBED,
were introduced. During the second half of the 199os digitalization developed to
one of the key issues at the Institute. Thanks to the input of F. Pschenitzka sup-
ported by G. Freimann, the Institute already started in 1972 (!) with the first digi-
talization of experimental creep data, see the block diagram of the interaction

between the creep machines and the first Honeywell H-316 computer.

During the 80’s a UNIX-server was established and several workstations have
been intensively used for computing various experimental data. However, it took
almost until the mid of the gos, when personal computers became more and more
affordable and PC-networks reasonable in administration, that the digitalization
area swept through the Institute. PCs were installed in almost every desktop, a
Windows for workgroups network was settled and operated by some PhD-students
and digital data acquisition systems were introduced. Over the time the network-
infrastructure was expanded together with the RRZE and modernized forming
nowadays the backbone of fast high-capacity networking, which is most relevant

for the High Performance Computing (HPC) activities.
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In 2002 Prof. Mughrabi retired and Prof. Dr. rer. nat. Mathias Géken, was appointed
professor. Prof. Goken previously worked for several years at the Max Planck Insti-
tute for Iron Research in Diisseldorf and at the University of Saarland. Prof. Goken
kept the well-established topics, added the new field of nano mechanics and inten-
sified the research in the field of nanocrystalline materials. Atomic Force Microsco-
py and nanoindentation have been introduced and the metallographic lab, the
Instron tensile testing and MTS fatigue machines have been modernized. In 2006
a Zeiss dual-beam Focused lon Beam (FIB) microscope was acquired, a technique
which developed to a workhorse in the field of microstructural characterization
due to its capability of targeted investigation of structures down to the nanometer
scale. One year earlier, the worldwide unique Large Chamber-SEM (LC-SEM) with
an integrated servohydraulic test-rig was built up at the ZMP, at Uferstadt, Fiirth.
However, as this microscope exhibits a couple of growing pains it took another 4
years and additional money from the DFG and also from the Institute to eliminate
these difficulties. Nowadays, this microscope provides excellent possibilities for
in-situ testing and investigation of large parts. In 2013 the Institute also acquired
new space at Technikum 2, Uferstadt, Furth. In addition to some office space, the
X-ray equipment was established there and the new technological hall of Institutel
was filled up with two mills, which are used for producing nanocrystalline sheet
materials (Nanometals) by using the accumulative roll bonding process. In 2015,
the latest equipment was acquired, which again strengthens the possibilities of the
Institute in the field of microstructural characterization. The Atom Probe Micro-
scope Leap 4000 (APT) allows detecting and visualizing atomic arrangements of
materials, opening new possibilities to understand basic mechanisms like nucle-
ation processes or grain or phase boundary segregations in depth. All the new
equipment and fields of activities combined with the well-established topics and
experimental techniques led to a further thematic broadening the Institute, which
enables the Institute nowadays to cover mechanical properties and microstructure

related deformation mechanisms on different length scales.

Prof. Goken took over the key to the
tute | from Prof. Mughrabi at the Sattel-
bogen symposium in October 2002.

Insti-
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Prof. Goken is explaining Dr. T. Jung, the

mayor of Furth, the accumulative roll
bonding process during the official opening
of the new facilities for Nanometals

in Fiirth on the 6% February 2014.

Also the structure of the permanent staff significantly changes during the years.
Since the mid of the goties many technicians, like W. Teichmann, H. Steinbrecher,
Schneiderhahn, G. Freimann, K. Eckert, have been retired without any replace-
ment. Thus the remaining technicians have had to bury additional loads. In parallel
the equipment proliferated which also leads to the consequence that the PhD-
students have to take over further responsibility for the technological equipment.
Besides, also many changes in the field of the academics took place. When Prof.
Mughrabi took over the chair almost all permanent academic positions were fixed
for many years. Only the position of the professorship in electron microscopy was
open. In 1986 Prof. K. Urban was appointed as the successor to Prof. Heimendahl
who retired in 1983. Unfortunately, Prof. Urban, who is today well-known as one
of the fathers of aberration corrected TEM, left the Institute almost 1 year later

and took up a position at the Helmholtz research center in Jilich. In 1999

H.W. Héppel was appointed to a permanent position as designated successor of

F. Pschenitzka, who retired in 2004. In the year before Prof. B. Reppich and

Prof. H.-G. Sockel retired. Prof. W. Blum followed in 2005. Only the position of
Prof. Blum could be replaced. Prof. Goken used the chance to broaden the activi-
ties at the Institute with the field of molecular and discrete dislocation dynamics.
Thus, Prof. A. Hartmaier was appointed in 2005. In 2009 he left the Institute and
took over a Chair position at the ICAMS in Bochum. Prof. E. Bitzek followed him,
now focusing more on atomistic simulations. In 2010 a new junior-professorship
position was funded in the framework of the Cluster of Excellence of Advanced
Materials (EAM) and was appointed to Sandra Korte, who came from Cambridge
to Erlangen. Prof. Korte laid her focus on small-scale plasticity and related defor-
mation mechanisms. In 2013 she was appointed as the successor to Prof. Gottstein
at the Institute IMM at the RWTH Aachen. In parallel also Dr. Karsten Durst was
offered a W3-professorship at the TU Darmstadt, which was of course a big loss
for the Institute, but on the other hand clearly showing how successful the Institute
was running. In July 2015 the microscopic facilities of the institute could be ex-
panded with an Atom Probe Tomographe, APT, which allows chemical analysis
with highest lateal resolution. With roughly 2.5 Mio € this instrument became the
highest financial investment of the Chair and we are most thankful to the cluster
of excellence and the DFG for funding. With the new APT instrument it appeared
to be demanding to establish a new group which focuses on the methodology of
APT analysis. Thus, Dr. Peter Felfer, who worked for many years in Sydney, Aus-
tralia, was appointed as a new junior professor in 2015. As with Prof. Korte this
position is funded from the Cluster of Excellence as a tenure-track professorship
and we hope that Prof. Felfer will also find a good basis for excellent research in

Erlangen.
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Parallel with the growth of the Institute I also the whole Department of Materials
Science showed a strong development and today the Department consists of ¢
different Chairs. The first development period was finished in 1974. However
already in 1989 a new Chair for Microcharacterization was founded and Prof. Horst
Strunk (1 2015) came from Stuttgart to Erlangen. After his retirement in 2009,
this chair has been reoriented to Biomaterials research by Prof. Aldo Boccacini,

to complement the already existing teaching subject of Materials for Medicine.
During the growth period due to the shortening of the highschool education

by one year a new Chair for Materials Simulation could be established (Prof.

M. Zaiser) and this Chair is situated in the Technikum II in Fiirth and with this
Fiirth eventually became a University town. In 2014 the group for electron micros-
copy (Prof. Erdmann Spiecker) which so far still belonged to the Chair 7 became
an independent Chair again, so that the Department now has 9 Chairs and 17
professors. The department covers more or less all aspects of materials science

and engineering and became one of the major places for materials in Germany.
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Inauguration of the new Technikum 11 building in Fiirth
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The Professors of the Department Materials
Science and Engineering from 2001

(from left to right: Blum, Sockel, Roosen,
Reppich, Strunk, Mughrabi, Greil, Mller,
Singer, Miinstedt, Schmuki, Weissmann,
Winnacker)

The strong increase in the number of students by the new programs of nanotech-
nology, MAP etc. and the shortening of the highschool education by one year in
Bavaria made it necessary to restructure some rooms and build a bigger lecture
hall in the department. In 2010 the former library has been integrated into the
library of the Technical Faculty and in this rooms a new lecture hall has been
built, which in honor of the founder of our department has been named Bern-

hard Ilschner lecture hall.

Another important milestone of the department was the establishment of a new
campus on the former Grundig areal in the “Uferstadt” Fiirth, where today the
Neue Materialien Fiirth GmbH, NMF, the Zentralinstitut fiir neue Materialien
und Prozesstechnik, ZMP and also several working groups of the Department are
situated. Only here the needed room for the strong expansion of the Department
could be satisfied. In 2010 the Energiecampus has been founded close to the Ufer-
stadt on the former AEG area and in 2014 the Helmholtz-Institut Erlangen-Niirn-
berg, HI ERN which focuses on materials for renewable energy technology has
been initiated with strong contributions from the MSE department. For HI ERN
institute a new building is planned in direct neighboorhood to the MSE buildings
on the southcampus Erlangen. Also the Bavarian Center for Applied Energy
Research (ZAE Bayern), headed now by Prof. C. Brabec (Chair 6), became a new

building in 2012 close to MSE on the Haberstrasse.

Furthermore very important for the Institute I was the establishment of a new
central organization for microstructural characterization of materials, the Center
for Nanoanalysis and Electron Microscopy, CENEM. This has been founded in
2010 in the framework of the cluster of excellence by Prof. Goken and now

several professors are involved in the CENEM.
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PROFESSORS, STAFF
AND TECHNICIANS
AT THE INSTITUTEII

Up to now 12 professors have been working at the institute over the fifty years.
They have been supported by several staff scientists. Furthermore two honorary

professors (Prof. Tenckhoff, Prof. Weidinger) have supported the teaching duties.

In 2014 Dr. Peter Weidinger, who is employed at Brose, Coburg was awarded the
title of a honorary professor from the Technical Faculty by the dean Prof. Marion
Merklein. Prof. Weidinger supports the teaching and research activities at the Chair

already since 2003 by his well received lectures from the industrial perspective.

Name Function Period
Prof. Bernhard Ilschner Chair Professor 1965-1982
Prof. Bernd Reppich Professor 1966 -2002
Prof. Manfred von Heimendahl  Professor 1967 -1982
Prof. Wolfgang Blum Professor 1969-2005
Prof. Hans-Georg Sockel Professor (APL, Oberingenieur) 1973 -2003
Prof. Haél Mughrabi Chair Professor 1984 -2002
Prof. Knut Urban Professor 1986-1987
Prof. Mathias Goken Chair Professor since 2002
Prof. Alexander Hartmaier Professor 2005 -2008
Prof. Sandra Korte-Kerzel Junior Professor 2011-2013
Prof. Erik Bitzek Junior Professor since 2009

Prof. Peter Felfer Junior Professor since 2015
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An Institute like that in Erlangen would not be that successful without the enormous
work and support by many people like the technicians, secretary and administration
and cleaning staff at the Institute and at the whole FAU. In the beginning a metallo-
grapher, laboratory assistants, technicians and a secretary were hired, and the In-
stitute as well as the need of space grew. Later, as the apartment in the Liegnitzer
Strale has been rented also heat treatments were performed. Then the institute with
new and more rooms was opened in the Martensstrale 5 in November 1972,
where the institute is still located. Back then commercial testing machines couldn’t
be purchased, therefore they were designed and manufactured in cooperation with
the mechanics and electronics workshop on the campus. (e.g. tension — compression
testing machines, parts for chart recorders, furnaces, furnace controller, measuring
amplifiers, glass flasks and laboratory glassware in the in-house glass blowing
workshop were made). Specimens, small constructions and parts could be quickly
self-produced by Richard Walz and Alfred Miick und now by Lothar Sommer in
the in-house mechanics workshop. Over the years Margarete Caemerer, Ursula
Rohmer, Gertraud Raffel, Waltraud Krinzlein and Renate Graham worked for a
smooth flow in the office. Today these tasks are done by Kerstin Ebentheuer and
Brigitte Saigge. The metallographer Diethard Puppel, who was there from the be-
ginning, later supervised our first transmission electron microscope. The metal-
lography was reinforced by Waltraut Teichmann who also made all photo prints.

A great support of the institute was Horst Steinbrecher. Later he headed the intern-
ships. The two Instron — tension and compression — testing machines were built
up and overseen by Bernhard Kummer. Now it’s the task of Wolfgang Maier. Karl
Eckert was in charge of the MTS testing machines and was able to adapt with many
detail improvements the devices to the users’ needs. Now Jonas Harrer is taking over
the responsibility for the MTs machines. Friedrich Pschenitzka and Giinther Freimann
established the electronic data processing, initially with punch cards, at the depart-
ment in the 8os. G. Freimann and later BerndHissler operated the ultrasonic test-
ing machines for measureing Young’s modulus up to very high temperatures,
which is still an important task. Ingrit Lutz handled over the years the X-ray equip-
ment. Our scanning electron microscope was operated by Christa Koch and Anne-
liese Weifs. Now the metallography is directed by Richard Kosmala and Christina

Hasenest.

In general the very good working atmosphere at the institute during the periods of

all three heads of the institute created an ideal environment for work and research.
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Dr. Peter Weidinger awarded the title %

of a honorary professor. (From left to lkght:
M. Goken, P. Weidinger, M. Merklein) %

Retiremnet of R. Graham and A. Weil
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PERMANENT STAFF

WORKING AT THE INSTITUTE

Axel Fuchs

Research Assistant

Heinz Hiibner

Research Assistant

Dirk Uelze

Research Assistant

Bernd Reppich

Research Assistant

Wolfgang Blum

Research Assistant

Wolfgang Betz

Research Assistant

Hans-Georg Sockel

Research Assistant

Friederich Pschenitzka

Research Assistant (1972 - 2004)

Horst Biermann

Research Assistant

Florian Pyczak

Research Assistant

Rebecca Janisch

Research Assistant

Hans-Jiirgen Christ

Research Assistant

Stefan Straub

Research Assistant

Hans-Jiirgen Maier

Research Assistant

Martin Riemer

Research Assistant

Martin Heilmaier

Research Assistant

Gerald Hoffmann

Research Assistant

Philip Eisenlohr

Research Assistant

Dr. Karsten Durst

Research Assistant

Pavel Leiva-Ronda

Research Assistant

Margarete Caemerer
Secretary (1966 —1981)

Diethard Puppel
Metallography (1966 —2003)

Waltraud Teichmann
Metallography (1969 - 2001)

Horst Steinbrecher

Technician (1969 - 2002)

Ursula R6hmer

Secretary

Richard Walz
Technician (1971 -1990)
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Bernhard Kummer

Technician (1972 - 2008)

Ingrit Lutz

Technician (1972 - 2009)

Alexander Wagner
Technician (1973 -1987)

Alfred Miick
Technician (1974 -1996)

Giinther Freimann
Technician (1974 —2013)

Marianne Seeberger

Technician

Christel Schneiderhan

Technician (1977 -1994)

Gertraud Raffel
Secretary (1977 - 1996)

Karin Schuhmann
Technician (1979 — 1990)

Karl Eckert

Technician (1980 - 2009)

Waltraud Krinzlein
Secretary (1981 -2008)

Anneliese Weil

Technician (1985 -2011)

Christa Koch
Technician (1994 — 2008)

Franz Wissenz
Technician (1996 -1998)

Renate Graham
Secretary (1996 —2011)

Tobias Sommer

Apprentice (2005 - 2009)

Mathias Heil

Apprentice (2008 - 2012)

Julius Leisgang

Apprentice (2009 -2013)

Bernd Hassler

Technician (2009 - 2014)

Tobias Hofmann

Apprentice (2010 - 2015)

Ingrid Schwarm
Apprentice

Doris Schonfeld
Apprentice
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REMINISCENCES ‘E_

THE BEGINNING

In 1982, Haél Mughrabi was offered the successorship to succeed Professor Bern-
hard Ilschner as Chair and Head of Institute I and as a member of the Board of
Directors of the Institute of Materials Science. When he took office in 1984, he
found a well-equipped laboratory, with international reputation in high-temperature
mechanical properties, reflecting the pioneering research by Bernhard Ilschner
himself and his group leaders, Professors Bernd Reppich and Wolfgang Blum.

In addition, there was the group of Professor Hans-Georg Sockel whose research
focused on topics in solid state thermodynamics and surface analysis. Fritz Psche-
nitzka, as “Akademischer Direktor”, acted as a General Manager and took care

of the administrative problems and was responsible for our HP 1000 computer.

RESEARCH

With the active support of Hans-Jiirgen Christ who was just finishing his doctoral
work and Karl Eckert, as a very capable technician, new equipment, mainly in the
form of servohydraulic testing machines, was bought and installed, and very soon
the first Diplom and Doctoral Theses were started. The main fields of research in
the new research group centered around crystal plasticity and microstructure, and
on the “new” subject of cyclic deformation and fatigue of metals and alloys. In
addition, other studies were initiated, mainly in the area of high-temperature
fatigue and creep of monocrystalline nickel-base superalloys. As more research
proposals were granted, and after the equipment had been expanded by acquisition
of new transmission and scanning electron microscopes and X-ray diffraction

equipment, more demanding new studies became possible.
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INTERNATIONAL CONTACTS

Research in Institute I was strongly influenced by fruitful interaction with many
internationally well-known colleagues from Germany and other countries, as evi-
denced in the guestbook of Institute I. The lab hosted esteemed colleagues as invited
speakers in their seminars and colloquia, among them, to name just a few, were
K. A. Padmanabhan, A. K. Mukherjee, P. Haasen, K. Liicke, E. Macherauch,

A. S. Argon, R. W. Balluffi, F.R.N. Nabarro, L.P. Kubin, H.]. McQueen, J. . Jonas,
J. Gil Sevillano, J.-L. Martin, A. Plumtree, C. Laird, E.W. Hart, T. Kahn, M.]. Mills,
T. M. Pollock, T. Ungar, Z. G. Wang and many others as invited speakers in their

seminars and colloquia.

THE RETREAT SYMPOSIA

These informal annual Symposia had traditionally been taking place for many
years in the Sattelbogener Hof, hosted by the Mitterbiller family, in the Bavarian
Woods, in a very pleasant rural environment. Most talks were given by the Diploma
and Doctoral students — who also chaired most of the sessions — and by the
professors (and usually a few invited colleagues). These impressive meetings were
enriched by inspiring discussions and one longer hike with a beer after more than
1o km. Until 1996, German had been the language of these Symposia. In 1997,
after a longer discussion, the Retreat Symposium was held test wise for the first
time in English language. Only after everybody had witnessed the impressive
performance of the young researchers, did English become the language of the
Symposia. Since that time, the Retreat Symposia have the character of an inter-

national conference of high standard.
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H. Mughrabi, HW. Hoppel, L. Schultz,

H. Biermann, HG. Sockel

ACADEMIC HIGHLIGHTS

Habilitations

Hans-Jtirgen Christ, 1990, Horst Biermann, 1999.

Professorships

Hans-Jurgen Christ, Horst Biermann and Hans-Jiirgen Maier are now University
Professors and Heads of Institutes. Berthold von Grofmann, Joachim Hammer,
Christof Sommer, Ulrich Tetzlaff and Simon Reichstein are now Professors at

different Universities of Applied Science.

Awards

Hans-Jiirgen Christ was the recipient of the Masing-Gedichtnis-Preis of the
Deutsche Gesellschaft fiir Materialkunde (DGM), the German Society of Materials,
in 1991. Hans-Georg Sockel was honored with the Tammann- Gedenkm{inze of
DGM in 1998. Haél Mughrabi received the Heyn-Denkmiinze of DGM in 2000
and was named Honorary Member of DGM in 2008. In the same year the TMS

Haél Mughrabi Honorary Symposium was held in New Orleans.

RESEARCH GRANT PROGRAMME
“NEUE WERKSTOFFE IN BAYERN”

This big Bavarian Sponsorhip program of “New materials in Bavaria” was
launched by the Ministry of Education in the nineties in close collaboration

with Haél Mughrabi who chaired the local committee at Erlangen.

Deanship
Haél Mughrabi was Dean of the School of Engineering at University

of Erlangen-Niirnberg from 1999 —2001.
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PLANNING FOR THE FUTURE,
RETIREMENT IN 2002

In the nineties, the laboratory had to be adjusted to upcoming new developments
in computerization and digitalizing of equipment. In this situation, Heinz Werner
Hoppel, who was planning to leave for a responsible position in industry, played
an outstanding role. His departure would have left a big gap. This prompted Haél
Mughrabi, shortly before his retirement in 2002, to come to an agreement with
the President of the University to offer Hoppel a permanent position. In retro-
spect, Haél Mughrabi is proud of this achievement from which his successor
Mathias Goken and Institute I have benefitted until today. Since his retirement in
2002, Haél Mughrabi still keeps an office, enjoys coming to the lab regularly and

is grateful to Mathias Goken for his hospitality.

F.R.N. Nabarro (middle) visiting the Institute in 1995, H. Biermann (left) and H. Mughrabi (right)

. §
»

5

} :.
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Dissertation

of Wolfgang Blum

Dissertation of Robert Singer

Dissertation of Sigrid Schwub

DISSERTATIONS

Finishing a Dissertation is the most important milestone in the academic educa-
tion and therefore celebrating this events has a long tradition at our Chair. Since
1905 in total 146 PhD students have finished their Dissertations with the oral
exam. The first dissertation at the Chair in 1968 (only three years after founding of
the institute) by Dierk Uelze was also the first dissertation of the newly established
Faculty of Engineering. It took quite a while until women were also attracted for
dissertation projects and the first female candidate Adelheid Jessen successfully
finished her dissertation in 1981. Since then the percentage of women at the chair

has increased constantly and nowadays around 20% of all PhD students are female.

In the beginning celebration of a new Doctor happened in a quite similar way as it
had been the tradition in Gottingen, where Bernhard Ilschner came from. The
new Doctors were carried to the Schlo8platz where they had to devote a gift to the
University founders Friedrich and Alexander. But very soon a new tradition was
established in Erlangen, the so called Burgers circuit, where the candidate had to
surround the inner laboratory circle on our 3% level with different vehicles. From
this it is obvious that dislocations and their Burgers vector always had played a very
important role in analysing material defects. The time needed for completing the
Burgers circuit is always documented quite meticulously and has become the only
official list of completed dissertations at the Institute. Since different vehicles such
as flippers, bobby cars or even a motorbike are used for the Burgers circuit, the
time for completing the circuit is obviously not a direct quality index for the
dissertation. However, the entire affer-exam event has been established as a nice
tradition, where some light is shed on the more social or leisure activities and the

personality of the new Doctor.

The new Doctors of course are always decorated with a nice doctoral cap and a
traditional gown, where all Doctors embroider their name on. The first gown was
used from the beginning until 2006 and is now displayed in the lobby of the
Institute.



Dissertation of Oliver Franke w5

In the early years of the institute a Dissertation thesis could be really short, al-
though the scientific value was quite good. The length of the thesis has, however,
increased from a median of 35 pages to a maximum of 259 pages. This has of
course to do with the introduction of word-processing systems and computers,
which makes writing of a long thesis significantly easier. However since the maxi-
mum in the early gos the length of the thesis decreased again slightly, which Historical list of the famous Burgers circuit
of the new Doctors at the Institute |

makes reading and focusing of a dissertation on the really new insights signifi-

cantly better and easier.

Dissertation of Ralf Webler
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Dissertation of Irena Topic

Dissertation of Furgan Ahmed
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DISSERTATIONS

1968

Dirk Uelze

Der EinfluR einer tiberlagerten
Verformung auf die Ausscheidung
von epsilon-Phase in einer Eisen-
Molybdén-Legierung

24.05.1968, llschner

Fuchs, Axel

Das Kriechverhalten von
Eisen-Molybdan-Mischkristallen
im Temperaturbereich von
500°C bis 1000°C

19.07.1968, lIschner

1969

Scheucher, Erwin
Rekristallisations-Kinetik von Kupfer
im Bereich sehr kurzer Zeiten
12.02.1969, lIschner

Blum, Wolfgang

Stationdre Verformung von poly-
kristallinem Natriumchlorid

14. 02.1969, lIschner

1970

Hering, Wolfgang

Uber die Diffusion im Dreistoffsystem
MgO-Fe,05-Cr, O,

28. 05.1970, llschner

Reichel, Rudolf

Untersuchung des Einflusses der
Ubergangselemente Cr, Mn und Zr
auf die SpannungsriRkorrosion von
AlZnMgl-Legierungen

21.12.1970, Heimendahl

Schmidt, Horst Dieter

Der Einfluf von Legierungselementen
auf die Raumtemperaturfestigkeit des
polykristallinen Aluminiumoxids
16.12.1970, llschner

1971

Hiibner, Heinz

Partikelwachstum und Kriechverhalten
von feindispersen UO2/Mo-Cermets
im Temperaturbereich von 1450°C

bis 2000°C

13. 07. 1971, llschner

Betz, Wolfgang

Untersuchungen zur Warmverformung
heterogener Eisen-Molybdan-
Legierungen mit unterschiedlicher
Ausscheidungsverteilung

20.09.1971, lIschner

1972

Schneider, Klaus

Untersuchung des Ausscheidungs-
verhaltens einer technischen
Al-Cu-Li-Legierung (Typ 2020)
25.07.1972, Heimendahl

Willig, Wolf-Riidiger

Entwicklung und Untersuchung von
Einkristallen aus stark absorbierenden
Halbleiterwerkstoffen fiir die Gamma-
Spektroskopie (PbO, PbJ2, Hg|2)
28.07.1972, lIschner

Schmidt-Whitley, Robin
EinfluR von Form und GréRe der
Phasen auf das Kriechverhalten
des Al-CuAl;-Eutektikums
28.07.1972, lIschner

Froschauer, Leonhard
Mechanische Eigenschaften eines
zweiphasigen Systems Glas -
Keramik bei hoheren Temperaturen
28.12.1972, lIschner

1973

Schuh, Frieder

Die Ausbildung der Versetzungsstruktur
und deren Beziehungen zum Verfor-
mungsverhalten in Aluminium

1. 07. 1973, Heimendahl/llschner
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1975

HauRBelt, Jiirgen

Erholungsverhalten der Versetzungs-
struktur nach stationdrer Verformung
am Beispiel der Legierung

Al-11 Gew. % Zn

22.07.1975, llschner

Knoch, Heiner

Das Kriechverhalten von ein- und
zweiphasigem Magnesiumoxid
mit hohen Eisengehalten
21.08.1975, llschner

Hiither, Werner

Ordnungshértung und Orowanprozess
im einkristallinen System MgO-Fe,O,
18.12.1975, Reppich

1978

Strobl, Walter
Modelluntersuchungen zur Faser-
verstarkung keramischer Werkstoffe
25.04.1978, lIschner

Streb, Giinther

Das Kriechverhalten von polykristal-
linem Fe,SiO, bei hohen Temperaturen
25.04.1978, Sockel

Singer, Robert
Hochtemperatur-Kriechen einer
ausscheidungsgehdrteten Aluminium-
Legierung

18. 07. 1978, llschner

Gerh&uler, Wilfried

Beitrag zur Lebensdauervorhersage
warmfester Stdhle bei wechselnder
Beanspruchung

19. 07.1978, llschner

Hendawy, Hanafy

Beurteilung der Zeitstandschadigung
des warmfesten Stahles 13 CrMo 44
durch Kombination mehrerer MeR-
verfahren

20. 07. 1978, lIschner

Konig, Gerhard

Vergleich zwischen zyklischer und
einsinniger Verformung von poly-
kristallinem Aluminium
29.09.1978, Blum

Willig, Volker
Elektronenmikroskopische Unter-
suchungen an der Aluminium-
legierung 2219

01.12.1978, Heimendahl

1979

Hallwig, Diethard

Genaue Bestimmung der Sauerstoff-
diffusionskoeffizienten in Zinkoxid
mittels der Sekunddrionenmassen-
spektrometrie unter Berticksichtigung
der Abdampfung

30. 05.1979, llschner

Grellner, Wolfgang
Bruchverhalten von Werkstoffen
des Systems AL203-TiC bei
erh6hten Temperaturen
21.12.1979, llschner

1980

Kleinlein, Wilhelm

Langsame RiRausbreitung in sproden
Werkstoffen im Biegeversuch

19. 08.1980, llschner

1981

Jessen, Adelheid
Kationenfehlordnung und Sauerstoff-
diffusion in Mgl-xFexO

10. 07.1981, Sockel

Schachtner, Rainer

Untersuchung der Tracerdiffusion
von 26Mg, 30Si und 180 in einkristal-
linem Forsterit und von 180 in ein-
kristallinem SiO,

14. 08.1981, Sockel

Devezas, Tessaleno
Uber das thermisch-aktivierte Bruch-
verhalten von Aluminiumoxidkeramik

14. 08.1981, lIschner

1982

Feilhauer, Rudolf

Zyklische Verformung reiner und
teilchengeharteter Metalle
05.02.1982, Blum

Roth, Manfred
Hochtemperatur-Ermiidungsverhalten
der Nickelbasislegierung P/M Astroloy
18. 06.1982, lIschner
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1983

Claus, Joachim

EinfluR einer tiberlagerten Zugspan-
nung auf das Kristallisationsverhalten
metallischer Glaser

25. 01.1983, Heimendahl

Karel, Kriz

Einfluss der Mikrostruktur auf die
langsame Rissausbreitung und
mechanische Eigenschaften von
heigepresstem Siliziumnitrid
zwischen RT und 1500°C
18.02.1983, lIschner

Engel, UIf

Kriechverhalten hohlzylindrischer
Prufkorper unter inhomogener
thermischer Belastung
24.02.1983, llschner

Schepp, Peter

Mikrostrukturen und Kriechverhalten
der Nickelbasislegierung Inconel 617
im Temperaturbereich zwischen 850°C
und 950° C unter Bertiicksichtigung
aufgekohlter Gefligezustande

15. 06.1983, lIschner

Berchtold, Lorenz

Wechselwirkung von Reaktor-Helium
und simulierenden Gasmischungen
mit metallischen Hochtemperatur-
werkstoffen

24.11.1983, lIschner

1984

Groll, Werner

Bruchmechanische und mikrostruktu-
relle Charakterisierung des Werkstoff-
ubergangs Edelmetall-Aufbrenn-
legierung/Dentalkeramik

13. 04.1984, Blum

Biigler, Herbert

Thermische Ermidung und RiRaus-
breitung in polykristallinem Alu-
miniumoxid

04. 05.1984, lIschner

Christ, Hans-Jiirgen
Untersuchungen zur Hochtemperatur-
korrosion der Nickelbasislegierung
Inconel 617 in Helium mit geringen
Verunreinigungsgehalten

08. 05.1984, Sockel

Portella, Pedro

Monotones und zyklisches Kriechver-
halten der Legierung 800 H bei 800 °C
19. 07.1984, Blum

Klousek, Franz
Verformungseigenschaften, Werk-
stoffversagen und Gefuige der Nickel-
basis-GuRlegierung IN 100 unter
Kriechbedingungen

25.07.1984, Ilschner

1985

Miiller, Klaus

Zur quantitativen Beschreibung nicht-
ebener Oberflachen von Werkstoffen
02. 08.1985, Mughrabi

1986

Schmidt, Harald
Dispersionshartung in Platin und
Platinlegierungen

30.10.1986, Reppich

Schwanke, Dieter
Komponentendiffusion und
Fehlordnung in Cr,O,
06.11.1986, Sockel

1987

Schumann, Gerhard

Zusammenhang zwischen Teilchen-
geflige, Kriech- und Zeitstandverhalten
von Nickelbasis-Superlegierungen
29.01.1987, Reppich

Kuhn, Achim

Anwendung von Grenzwertkonzepten
und Phasenmischungsregeln auf

die elastischen Eigenschaften von
Superlegierungen zwischen Raum-
temperatur und 1200° C

26.06.1987, Sockel

Klose, Peter

Untersuchungen tber das thermische
Ausdehnungsverhalten und die elas-
tischen Eigenschaften von Super-
legierungen zwischen 20°C

und 1300° C unter Vakuum
24.07.1987, Sockel

Kim, Ming-Ho
Mechanismen der Sauerstofft-
diffusion in CoO und TiO,
30. 07.1987, Sockel
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1988

Seong, Uk An

Modellierung des Kriechverhaltens
von NiCr22Co12Mo bei 1073K auf der
Basis mikrostruktureller Parameter
08.12.1988, Blum

1989

Petry, Florian

Ermiidungsverhalten des austenitischen
Stahls XCrNi bei isothermer und
thermomechanischer Beanspruchung
16. 06.1989, Mughrabi

Haénsele, Klaus

Anionendiffusion und Fehlordnung in
einkristallinem Ni 1-x O bei mittleren
und hohen Sauerstoffpartialdrticken
01. 08.1989, Sockel

Biberger, Maximilian
Subkorngrenzwanderung LiF
wdhrend des Kriechens
16.11.1989, Blum

1990

Wolf, Helmut

Kriechen der Legierungen NiCr22Co-
12Mo und 10CrMo9 10 bei konstanter
und zyklischer Beanspruchung

09. 05.1990, Blum

Eckert, Jiirgen

Untersuchungen zur Bildung amorpher
und quasikristalliner Legierungsphasen
durch Interdiffusion

31. 05. 1990, Sockel

Hammer, Joachim

Kriech- und Zeitstandverhalten der
einkristallinen Nickelbasis-Super-
legierung SRR 99

21.06.1990, Mughrabi

Frank, Gerhard

Mikrostrukturelle Ursachen des
Negativen Kriechens von gegossenen
Superlegierungen

17.10.1990, Blum

1991

Bayerlein, Manfred
Wechselverformungsverhalten

und Ermidungsribildung von viel-
kristallinem Kupfer

21. 07.1991, Mughrabi

Bayerlein, Ursula

Zur Ermittlung der Textur- und Geflige-
abhangigkeit der elastischen Eigen-
schaften sowie der Einkristallkonstan-
ten von Superlegierungen bei hheren
Temperaturen

28.07.1991, Sockel

1992

Zhu, Jiawei

Mikrostrukturelle Ursachen der
Volumenkontraktionen in den Nickel-
basissuperlegierungen IN 100 und
Nimonic 101

20.01.1992, Reppich

Bohm, Uwe

Komponentendiffusion in Cr,O; und
Anionendiffusion entlang schneller
Transportwege in Al,O,

13. 03.1992, Sockel

Vogler, Sigmund

Kinetik der plastischen Verformung
von natiirlichem Steinsalz und ihre
quantitative Beschreibung mit dem
Verbundmodell

08. 05.1992, Mughrabi

Heilmaier, Martin
Modellkompatible Beschreibung
des Kriech- und Zeitstandverhaltens
oxiddispersionsgeharteter Nickel-
basissuperlegierungen

23.07. 1992, Reppich

Zauter, Robert
Thermomechanisches Ermtdungs-
verhalten des austenitischen
Edelstahls X3CrNi-18-9

30. 07.1992, Mughrabi

Wamukwamba, Charles
Einfluss der Temperatur und der
Mittelspannung auf das Wechsel-
verformungsverhalten der Stahle
Ck 45 und X3CrNi18 9

06. 08.1992, Mughrabi

Sommer, Christoph
Wechselverformungsverhalten
und ErmudungsriRbildung von
Alpha-Eisenvielkristallen

06. 08.1992, Mughrabi
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1993

Senftleben, Kai-Uwe
Untersuchungen zur Mikrostruktur
in AIN

03.02.1993, Sockel

Biermann, Horst
Rontgenographische Bestimmung
von inneren Spannungen in der
Nickelbasis-Superlegierung SRR 99
30. 07.1993, Mughrabi

Schneider, Willi
Hochtemperaturkriechverhalten

und Mikrostruktur der einkristallinen
Nickelbasis-Superlegierung CMSX-4 bei
Temperaturen von 800° C bis 1100° C
12.10.1993, Mughrabi

1994

Lee, Jae-Hoon

Mikromechanische Modellierung

des Kriechverhaltens der ferritischen
oxiddispersionsgeharteten Eisenbasis-
superlegierung PM2000

23.02.1994, Reppich

Straub, Stefan
Verformungsverhalten und Mikro-
struktur warmfester martensitischer
12%-Chromstahle

14.72.1994, Blum

Zhu, Qiang

Rolle der Subkorngrenzen bei
der plastischen Verformung von
Aluminiumlegierungen

16.12.1994, Blum

1995

Hermann, Wolfgang

Elastizitat und Anelastizitat technisch
wichtiger Hochtemperaturlegierungen
16. 08.1995, Sockel

Matler, Orlaw

Untersuchungen zur Reaktion von
Aluminiumnitrid mit Sauerstoff
bei hohen Temperaturen

18. 09. 1995, Sockel

Hohme, Thomas

Untersuchungen zu Transportvor-
gangen in den oxidischen Keramiken
AlLO;, Y,05 und TiO,

20.09.1995, Sockel

Stein, Klaus-Dieter
Zeitstandverhalten und Mikro-
struktur langzeitbeanspruchter
Superlegierungen

14.12.1995, Reppich

Schleinkofer, Uwe

Ermudung von Hartmetallen und
Cermets unter zyklisch wechselnder
Beanspruchung

21.12.1995, Sockel

Geibel, Beatrice
Hochtemperaturplastizitat
von Indiumphosphid
21.12.1995, Blum

1996

Renner, Horst

Mikrostruktur und isothermes
Ermudungsverhalten der geschmie-
deten Near-alpha-Titanlegierung
IMI 834

11. 07.1996, Mughrabi

Kraft, Stephan
Verformungsverhalten und Mikro-
struktur der einkristallinen Nickel-
basis-Superlegierung CMSX-6 bei
isothermer und thermomechanischer
Beanspruchung

12. 07.1996, Mughrabi

Donth, Bernhard
Tieftemperatur-Autofrettage und
Ermiidungsverhalten dickwandiger
Rohre aus dem metastabilen aus-
tenitischen Stahl X2CrNi 19 11 bei
schwellendem Innendruck
21.10.1996, Mughrabi

Kestler, Heinrich
Hochtemperaturverformungsverhalten
und Mikrostruktur der geschmiedeten
near-alphaTitanlegierung IMI 834
21.10.1996, Mughrabi

Hoffmann, Gerald
Wechselverformungsverhalten und
Mikrostruktur ein- und mehrphasiger
metallischer Werkstoffe nach einer
Vorverformung

17.12.1996, Mughrabi
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1997

Kowalewski, Ralf
Thermomechanische Ermtdung einer
beschichteten, stengelkristallinen
Nickelbasis-Superlegierung

09. 01.1997, Mughrabi

WeilRe, Manfred
Verformungsverhalten und Mikro-
struktur einer oxiddispersions-
gehdrteten Eisenbasislegierung
25.04.1997, Blum

Tostmann, Ulla
Emissionsverhalten und Schadigung
von dunnen intermetallischen
Schichten auf Wolframsubstraten
29. 05.1997, Sockel

Schulte, Richard

Untersuchungen an diinnen inter-
metallischen Ir-La- und Ir-Ce-Schichten
auf Ir, Ta und Re als thermionische
Emitter

12. 06.1997, Sockel

Wunder, Jorg
Mikrostrukturelle Beschreibung
der Warmfestigkeit ferritischer
Superlegierungen

18. 07.1997, Reppich

Ott, Michael

EinfluR einer gerichteten Vergréberung
auf die isothermen Hochtemperatur-
ermldungseigenschaften der ein-
kristallinen Nickelbasis-Super-
legierungen CMSX-6 und CMSX-4

01. 08.1997, Mughrabi

Hoppel, Heinz Werner
Schéadigungsmechanismen und hydro-
abrasives Verschleiverhalten unter-
schiedlicher Hartstoffschichtsysteme
12. 08.1997, Mughrabi

1998

Weidinger, Peter
Verformungsverhalten natiirlicher
Steinsalze

18.02.1998, Blum

von GroRmann, Berthold
Mikrostrukturelle Bestimmung der
lokalen Belastung in einkristallinen
Turbinenschaufeln aus Nickelbasis-
Superlegierungen

09. 07. 1998, Mughrabi

Polcik, Peter

Modellierung des Verformungs-
verhaltens der warmfesten

9 -12%-Chromstdhle im Temperatur-
bereich von 550 -650°C

16. 07.1998, Blum

Schlund, Peter

Das mechanische Verhalten von
beschichteten Hartmetallen und
Cermets unter monoton ansteigender
und zyklisch wechselnder Bean-
spruchung

30. 07. 1998, Sockel

Abral, Hairul

Mechanische Zustandsgleichung
von Reinaluminium im Bereich des
Folienwalzens

14.12.1998, Blum

1999

Kindermann, Paul
Ermudungsverhalten von Hartmetallen
und Cermets unter zyklisch wechseln-
der Beanspruchung zwischen 25°C

und 900°C

22.09.1999, Sockel

Sedlacek, Radan
Instability origin of subgrain formation
18.07.1999, Blum

2000

Watzinger, Bernd

Verformungs- und Schadigungs-
verhalten von Magnesium-Leicht-
baulegierungen im Kriechbereich
30. 03.2000, Blum

Reichstein, Simon

Untersuchungen zu Mikrostruktur
und Eigenschaften von Randschichten
auf Alulminiumlegierungen nach
Belichtung mit hochenergetischen
Nanosekunden-Laserpulsen

10. 08. 2000, Mughrabi/Bergmann

Pott, Philipp

Einfluss von Gehalt und Zusammen-
setzung der Bindephase auf die mecha-
nischen Eigenschaften von ausge-
wdhlten Hartmetallen

13. 08. 2000, Sockel
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Tetzlaff, Ulrich

Gezielte gerichtete Vergréberung
(FloRbildung) des y-y”"-Gefliges und
Auswirkungen auf die mechanischen
Hochtemperatureigenschaften
einer einkristallinen Nickelbasis-
Superlegierung

29. 09.2000, Mughrabi

2001

Eisenmeier, Gerd
Ermudungsverhalten der Magnesium-
legierung AZ91

20. 07.2001, Mughrabi

Kursawe, Segre

Untersuchung der mechanischen
Eigenschaften und der Mikrostruktur
ausgewahlter Gradientenhartmetalle
19. 09. 2001, Sockel

Zhang, Ping

Correlation of the microstructure
and creep behavior of die cast
Mg-Al-base alloys

25.09.2001, Blum

2002

Hartmann, Oliver

EinfluR der Matrix und der Form der
Verstdrkungen von Metallmatrix-
Verbundwerkstoffen auf deren
zyklisches Verformungsverhalten
zwischen -100°C und 300°C

01.02. 2002, Biermann

Pyczak, Florian

Einfluss der Legierungselemente auf
die Mikrostruktur und Hochtemperatur-
festigkeit einiger neuer gerichtet er-
starrter Nickelbasis-Superlegierungen
14.02.2002, Mughrabi

Sailer, Thomas
Ultrafeinkérnige Hartmetalle
mit Co-Binder und alternativen
Bindersystemen

25.04.2002, Sockel

Herr, MicHaél

Tribologisches Verhalten von ultra-
feinkornigen Hartmetallen mit
verschiedenen Binderlegierungen
06. 05.2002, Sockel

Pugsley, Victoria

The influence of corrosion on the
mechanical properties of hard-
metals and cermets

05.11.2002, Sockel

2003

Sacks, Natasha

Das VerschleiR- und Korrosions-
Verschleiverhalten von Wolfram-
karbid-Kobalt-Hartmetallen bei
der Holzzerspannung und unter
Drei-Korper-Abrasivverschleill

31. 03. 2003, Sockel

Grube, Friederike

Zum Einflul platinmodifizierter
Aluminidschichten auf das thermo-
mechanische Ermiidungsverhalten
einer einkristallinen Nickelbasis-
Superlegierung

07.04.2003, Mughrabi

2004

Gotz, Gernot

Langzeitentwicklung der Mikro-
struktur neuer 9 =12 % Chromstdhle
fur den Einsatz in Kraftwerken

12. 03.2004, Blum

Eisenlohr, Philip

On the role of dislocation dipoles
in unidirectional deformation

of crystals

29.07.2004, Blum

2005

Neuner, Frank

Untersuchung von mikrostrukturellen
EinflussgroRen auf das Reibermiidungs-
verhalten und auf die Schadigungsme-
chanismen von Eisenbasislegierungen
31. 08.2005, Mughrabi

Kautz, Martin

Lebensdauer und mikrostrukturelle
Ermudungsprozesse dauerschwing-
beanspruchter ultrafeinkérniger
metallischer Werkstoffe

22.09. 2005, Mughrabi
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Chilukuru, Hemambar

2006

Li, Yujiao

2009

Topic, Irena

On the microstructural basis of creep

strength and creep-fatigue interaction
Deformation behavior of in 9 —12% Cr steels for application Ultrafine-grained Metal Sheets pro-
ultrafine-grained copper

30. 03.2006, Blum

in power plants
06. 03.2007, Blum

duced using the Accumulative Roll
Bonding Process for Light-Weight
Structures

Breutinger, Falk
15. 04.2009, Goken

2008

May, Johannes

Verformungsverhalten und Verfor-

mungskinetik von Titan technischer Franke, Oliver

Reinheit und der Titanlegierung ) ) Nanomechanische Eigenschaften
Mikrostruktur, monotone und zyklische

hierarchischer Strukturen
26.06.2009, Goken

TiAl6V4 im Bereich niedriger homo-

mechanische Eigenschaften ultrafein-
loger Temperaturen von 0,22 (150°C)
bis 0,48 (650°C)

22.05.2006, Blum

korniger Aluminiumlegierungen

26.06.2006, Goken Dinkel, Markus

X Mikrostruktur und mechanische
Schweizer, Elmar

Mekala, Subba Rao

Analysis of creep transients in Calcium

) Eigenschaften einkristalliner L&tungen
Aufbau einer Bulge-Test-Apparatur zur ) ) )
) ) von Nickelbasissuperlegierungen
o ) Messung der mechanischen Eigschaften
Floride single crystals following 21.11.2009, Goken

diinner Filme im Rasterkraftmikroskop

stress changes
18. 07.2006, Blum

Peimann, Sadrabani

Evolution of dislocation structure
and modelling of deformation resis-
tance in CaF, single crystals
18.12.2006, Blum

2007

Xiaohui, Zeng

Modelling hardening and softening
due to high-angle grain boundaries
in crystalline solids

13.02.2007, Blum

11. 07. 2008, Goken

Hiiller, Marco

Mechanische Eigenschaften und

thermische Stabilitat der durch Kugel-

mahlen nanostrukturierten Legierung
AlMg4,8 AA6061 und AlIMgSc
12.11. 2008, Goken

Mueller, Johannes

Mechanische Eigenschaften nano-
kristallinen Nickels produziert mit
gepulster Elektrolyse

11.12. 2008, Goken

Backes, Bjorn

Mikrostruktureller Einfluss auf das
Indentierungsverhalten bei metal-
lischen Werkstoffen — Experiment
und Simulation

15.12. 2008, Goken

May (Saitova), Lilia

Mechanical properties of ultrafine-
grained Ti-6Al-4V ELI alloy processed
by severe plastic deformation
01.12.2009, Goken

Ndlovu, Siphilisiwe

The Wear Properties of Tungsten
Carbide-Cobalt Hardmetals from
the Nanoscale up to the Macro-
scopic Scale

08.12.2009, Goken

2010

Neumeier, Steffen

Auswirkung von Rhenium und Ruthe-
nium auf die Mikrostruktur und das
Hochtemperaturverformungsverhalten
von Nickelbasis-Superlegierungen
der 4. Generation

08.02.2010, Goken
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Amberger, Doris

Einfluss der eutektischen Phase auf
die Kriechfestigkeit kalziumhaltiger
Magnesiumlegierungen

27.10. 2010, Goken

2011

Nolte, Roland
GroRBkammer-Rasterelektronen-
mikroskopie: Inbetriebnahme,
Optimierung und experimentelle
Methodik

22.07.2011, Goken

2012

Bohner, Andreas
Verformungsmechanismen und Stabili-
tat von ultrafeinkornigen metallischen
Werkstoffen bei monotoner und zykli-
scher Belastung in Abhangigkeit der
ECAP-Prozessparameter

28.02. 2012, Goken

Ahmed, Furquan

Deformation and Damaging Mecha-
nisms in Diamond Thin Films Bonded
to Ductile Substrates

15.11. 2012, Durst

Schwub, Sigrid

Mikrostruktur, mechanische Eigenschaf-
ten und Schadigungsmechanismen von
Kupfer-Silber-Zirkonium Legierungen
fur Hochtemperaturanwendungen
22.11. 2012, Goken

Cenanovic, Samir

Focused lon Beam Nanotomographie
von rutheniumhaltigen Nickelbasis-
Superlegierungen mit Fokus auf Guss-
geflige und Phasenstabilitat
03.12.2012, Goken

Igbal, Farasat

Fracture Mechanisms of y-TiAl Alloys
Investigated by In-situ Experiments
in a Scanning Electron and Atomic
Force Microscope

13.12.2012, Goken

2013

Schwarz, Waldemar

Modellierung der Viskoplastizitat,
Werkstoffalterung- und Schadigung
fur Lebensdauervorhersagen von
Raketenbrennkammern
28.02.2013, Géken

Maier, Verena
Verformungsverhalten von ultrafein-
koérnigen Metallen untersucht mittels
neu entwickelter Nanoindentierung

18. 04. 2013, Goken

Schaufler, Jens

Mikrostrukturell basierte Untersuch-
ungen zum Verformungs- und Schadi-
gungsverhalten wasserstoffhaltiger
amorphen Kohlenstoffschichten

07. 05. 2013, Géken

Merle, Benoit

Mechanical properties of thin
films studied by bulge testing
05. 06. 2013, Goken

Hullin, Gregor

Mikrostruktur und mechanische
Eigenschaften gegossener TiAl-
Legierungen

12. 07. 2013, Goken

2014

Schmidt, Christian

Entwicklung partikelverstarkter
ultrafeinkérniger Blechwerkstoffe
fur den Leichtbau

17.06. 2014, Goken

Held (Pfeiffer), Carolin
Mechanische Eigenschaften von
EB-PVD ZrO, Warmeddammschichten
29. 08. 2014, Goken

2015

Webler, Ralf

Einflusder chemischen Zusammen-
setzung auf die mechanischen Eigen-
schaften von Oxidationsschutz-
schichten und Nickel-Aluminium
26.06. 2015, Goken

Bosch, Dominik

Entwicklung hochfester, duktiler
Gusswerkstoffe auf Basis von
Sekundaraluminium

08. 09. 2015, Goken
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Bernd Reppich

Ausscheidungs- und Mischkristall-
hdrtung in Fe-dotierten MgO
1973, Prof. Illschner

Erich Tenckhoff
Verformungsmechanismen,Textur und
Anisotropie in Zirkonium und Zircaloy
1977, Prof. llschner

Wolfgang Blum

Gleitung und Erholung wahrend
plastischer Verformung kristalliner
Stoffe bei hoher Temperatur

1978, Prof. llschner

HABILITATIONS

A Habilitation is a further academic degree, which qualifies for teaching and re-

search at a University. Typically the candidates work at least six years after their

doctoral degree before applying for a Habilitation and submitting again a thesis.

After a successful Habilitation the candidates obtain the right to use the title of a

Privatdozent or PD and become faculty members. Later on after several further

years of teaching and research they also can be promoted to get the title of an

apl. Professorship. Over the fifty years 9 scientists from the Institute I success-

fully finished their Habilitation.

Hans-Georg Sockel
Punktfehlstellen in nichtstdchio-
metrischen Oxiden

1980, Prof. llschner

Hans-Jiirgen Christ
Wechselverformung von Metallen
1990, Prof. Mughrabi

Horst Biermann

Ursachen und Auswirkungen der
gerichteten Vergroberung (“FloR-
bildung”) in einkristallinen Nickel-
basis-Superlegierungen

1999, Prof. Mughrabi

Karsten Durst
Indentation size effect in
crystalline materials
2010, Prof. Géken

Heinz Werner Hoppel

Monotonic and Cyclic Deformation
Behaviour of Very Fine Grained Metals:
Microstructural Mechanisms and
Mechanical Properties

2015, Prof. Goken

Florian Pyczak

TiAl- and Nickel-Base Alloys: Structures
on the Nano- and Microscale determine
the Properties of Multiphase Materials
2015, Prof. Goken
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Habilitation of Heinz-Werner Hoppel Habilitation of Bernd Reppich

Habilitation of Karsten Durst
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ALUMNI, GUESTS
AND VISITORS

Fifty years of research at Institute I has helped a large number of researchers gain
their Doctorate, Diploma, Master’s and/or Bachelor’s degrees. Most of them have
gone on to successful careers, both in academia as well as in Industry. A look at the
maps shows some places where alumni of the Institute I can be found. Not surprisingly,
most of them land up jobs in the Niirnberg/Fiirth/Erlangen area, which offers ex-
cellent opportunities with companies like Siemens, Schaeffler Technologies, Federal
Mogul etc. Nonetheless, former members of our Institute can be found not just in Ger-

many, especially in industrial hubs like Munich, Stuttgart etc., but also around the world.

Quite a large number of former students from the institute also continued their
career in academia and many also succeeded to become a professor at another

University.

-

B. Eckert, K. Durst, George Pharr, B. Nix, M. Goken at the ECI conference on Nanomechanics in Crete
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J. Muller, Ruslan Valiev, M. Goken, A. Naveed.
Playing table tennis was at some time
performed quite regularly and Prof. Ruslan
Valiev from UFA, Russia could demonstrate his
good skills in this sport.

I

|
|

Marc Legros from Toulouse during a visit at the Institute I.



messr RIUB

Prof. Dr. G. Eggeler
Prof. Dr. A. Hartmaier
RU Bochum

O TRERSY

Prof. Dr. S. Korte
RWTH Aachen

EQ DECHEMA

FORSCHUNGSINSTITUT
‘Stiftung brgerlichen Rechis

Prof. Dr. M. Schiitze
DECHEMA, Frankfurt

TECHNISCHE
UNIVERSITAT
DARMSTADT

Prof. Dr. K. Durst
TU Darmstadt

TUHH

Prof. Dr. H. Hiibner
TUHH Hamburg

wum&unm

Prof. Dr. F. Vollertsen
Uni Bremen

SKIT

Karlsruher Institut fir Technologie

Prof. Dr. M. Heilmaier
Prof. Dr. J. H. HauRBelt
KIT Karlsruhe

NIVERSITAT
LANGEN-NURNBERG

Prof. Dr. R. F. Singer
Prof. Dr. U. Engel

Prof. Dr. M. Merklein
FAU Erlangen-Niirnberg

a UNIVERSITAT
SIEGEN

Prof. Dr. H. . Christ
Uni Siegen

Prof. Dr. H. J. Maier
LU Hannover

KA
L 2 G,
L Tl:lllﬂlclll;-.
® UNIVERSITAT o

o

o o
te b e

Prof. Dr. H. Biermann

Prof. Dr. S. Reichstein
Prof. Dr.B.v.GroRmann
TH Niirnberg

Prof. Dr. F. Pycak
HZG Geesthacht
BTu Cottbus

>YXBAM
Prof. Dr. P. D. Portella
BAM Berlin

Augsburg
Unersity of Applied Sciences

Prof. Dr. B. Eckert
HS Augsburg

Prof. Dr. O. Franke
USC Californien, USA

Q MICHIGAN STATE
’ UNIVERSITY

Prof. Dr. P. Eisenlohr
Michigan State
University, USA

"3

Prof. Dr.
J. Eckert
ESI Leoben




120

= i

F:AL:JErIan
1S L f;‘ 2
L%__ o [

E
i A |
sials Science
o |

’
L f—

Prof. Hugh Mc Queen from the Concordia Prof. M. Pohl (RUB) visiting the Institute,
University, Canada was a very faithful H. G. Sockel, H. W. Hoppel, H. Mughrabi,
visitor and enthusiastic cyclist in V. Pugsley, H. Biermann

Erlangen during the summer breaks.

Prof. Dr. rer. nat. Dr. e.h. Peter Neumann, the former director of the MPI
for Iron Research in Diisseldorf and PhD advisor of Prof. Géken, as he
received the honorary doctoral degree of the FAU by the dean of the
Technical Faculty Prof. A. Winnacker together with the Chair of the
Department Prof. P. Greil and Prof. H. Mughrabi in 2005.
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MISCELLANEOUS AND CURIOSITIES
FROM 50 YEARS
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The Institute | football team “the Fatigued
Creepers” after winning the department’s
championship in 2008

Football team of 2011

Boomerang tournament

SPORTS AND FOOTBALL AT INSTITUTE |

The people at Institute I like to play sports. In the 6os there were regular boomerang
and chess tournaments where Institute I played against the group of the University
of Géttingen. The games were hotly contested, but the Institute [ team dominated
in both disciplines. Later, the staff enjoyed playing table tennis at the Institute’s
attic and they also became more interested in playing football. The technician Karl
Eckert and a PhD student Gerd Eisenmeier succeeded in keeping the ball in the air
for more than 300 times without touching the ground. It's no wonder that Insti-
tute I established a football team called “the Fatigued Creepers” which became also
very successful at the annual football tournament of the Department of Material
Science & Engineering after the summer semester at the end of July. The weekly
training before the tournament payed off quite often and the Institute I football
team, cheered by many staff members and students of the institute, won the
Championships in 2001, 2008, 2009, 2011 and 2012. In recent years, several PhD

students of Institute I also took part at the Erlangen Winterwaldlauf.
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BEER FESTIVAL “BERGKIRCHWEIH"”

Each year on the Tuesday after Pentecost the members of Institute I visit the well-
known “Erlanger Bergkirchweih”, Franconia’s largest and very beautiful twelve-
day festival, which has been celebrated at the Erlanger “Burgberg” for the last 260
years. This is an ideal opportunity for students, staff, professors and researchers

to chat and to discuss science in a very nice and relaxed atmosphere.

Prof. Knut Urban in 1986
at opening a beer barrel

'y
Heinz Werner Hoppel, Mathias Goken, Steffen Neumeier, Werner Langner (left), Peter Weidinger,
Fritz Pschenitzka, Karlhans Beigott and Ingrid Lutz at the Bergkirchweih in 2012.
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Prof. M. Goken and his wife G. Goken
together with Prof. H. Mughrabi and his wife
S. Mughrabi at the Hotel in Adelboden

in 2004

127 - arndtdl]

DIUCKER

Mulled wine in 1976 and 2010

SKIING AT ADELBODEN

Many researchers from Insitute I have participated at the yearly Materials Science
Seminar organized by Prof. O. Vohringer and Prof. A. Wanner of the Karlsruhe
Institute of Technology, KIT. Since many years Prof. Goken and Prof. Mughrabi
and their families are frequent guests at the Seminar at the Hotel Alpina in Adel-
boden, Switzerland. In the daytime the attendees go skiing in the wide-ranging
slopes of this very beautiful ski resort in the Swiss Alps and in the evening they
come together to listen to lectures and scientific talks on various topics of materials
science and related fields. Over the years Prof. Goken invited also PhD students
of his group to join him to Adelboden. Thus many PhD students of Institute I

got the opportunity to combine leisure with work and to present their work during

the evening seminar.

MOVIE NIGHTS

The movie “Die Feuerzangenbowle” about a famous writer going undercover as

a pupil at a small town high school after his friends have told him that he missed
out on the best part of growing up by being educated at home has gained cult
status at German universities. It is not surprising that the graduates at Institute I
enjoy also preparing mulled wine with a rum-soaked sugarloaf above on several
occasions during the winter over the past 50 years. The warming drink was made
at Dr. Hitther’s farewell party in 1976, for example, as well as at the movie nights
in the meeting room of the institute, when movies like “Die Feuerzangenbowle”, of
course, were watched after work. Besides the movie nights also gaming nights
were arranged at Institute I. All this shows that the people at Institute I like their

workplace so much that they spend also some free time together at the institute.
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WEDDINGS

In the past 50 years, many people of Institute I got married. Several of them had
very strong links to the Institute I so that many of their colleagues were invited to
their weddings. Florian Pyczak, the former group leader of the “High Temperature
Materials group”, now Prof. at the HZG in Geesthacht and the University of
Cottbus celebrated his weeding in 2003. Later, the PhD student Elmar Schweitzer
invited the people of Institute I to his wedding in 2006 and Bjorn Eckert, née
Backes, married a Diploma student of Institute I, Anne Eckert. Two PhD students,
Johannes May and Lilia Saitova also married in October 2008 and invited most

of the staff from Institue I to their wedding. Just last year we could celebrate Lisa

Benker’s and this year Doris Amberger’s wedding.

Prof. Florian Pyczak's wedding
with his wife Akiko in 2003

Wedding of Bjérn Backes and Anne Eckert with guests from Institute |
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Carnival at the department Materials
Science & Engineering in 1979.

International Moustache Day

at the Institute | in 2014.

CARNIVAL

From the 70’s up to the end of the 80’s big carnival parties were celebrated for

all institutes of the two buildings of the department of Materials Science. Some-
how carnival parties are not that popoular anymore, however, the wish to celebrate
and masquerade is still quite present at the institute as can been seen from the

pictures below.

¥
Unsere ZuRunft! §

Masquerading in 2012

THE INTERNATIONAL MOUSTACHE DAY

On the International Moustache Day, normally held on a Friday in October, a lot
of the members of Insitute I wear a moustache. Most of the participants start to
grow a beard in September, so that they can show off with a nice bushy moustache
on Moustache Day. A highlight of the Moustache Day is the traditional lunch at
the Mensa, were not only members of the institute, but the whole technical
faculty can admire the different shapes and sizes of the moustache grown for

this special day.
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BARBECUE AT INSTITUTE |

Each year in the summer the new PhD students organize a barbecue to
make their debut at Institute I. All members of the institute gather at the
back of the department’s building to have a suckling pig roast, steak, BBQ in Prof. llschner’s garden
salads, vegetarian food and deserts. Apparently, this is not a new tradition.

Prof. Ilschner, the first head of the institute, also invited people from

Institute I to a BBQ at his garden.

The institute’s BBQ in 2009 at the back
of the building of the department
Materials Science and Engineering.

EXCURSIONS OF THE INSTITUTE

The staff of Institute I have visited a variety of different locations and companies
in the nice surroundings of Erlangen during the past 50 years. In the beginning,
the researchers just went for a walk through the forest close to the department to
the small village of Kalchreuth or they inspected the water wheels in Mohrendorf
which have watered the farmlands in the valley of the river Regnitz for hundreds

of years. Later they organized excursions to Regensburg, Augsburg, Herzogenau-

rach, etc to get a guided tour through the cities and to visit important companies
in northern Bavaria where many of our Alumni are employed. These bonds to the
former members of our institute as well as to our nice Franconian environment
and the desire for maintaining traditions at our institute are nicely mirrored in
the figure where people from Institute I visited the water wheels in Mohrendorf

40 years after their first visit in 1966.

Visit of the water wheels in Mdhrendorf,
a small village in the vicinity of Erlangen,

in 1966 and 2006.
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SATTELBOGEN
SEMINARS
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SATTELBOGEN
SEMINARS

From left to right:

Hiibner, Schneider, Schuh,
Sockel, Streb, Knoch, Wabhi,
Schoschinska, HauRelt,
Pschenitzka, unknown,
llschner, Blum, Reppich,

v. Heimendahl, Finkelnburg

Sattelbogen group of 2015 again at the Bernhardshshe Bernhardshéhe 1972

As mentioned earlier, it was decided to introduce a retreat symposium (“Konzen-
trationstage”) in order to keep the different groups within the Institute together.

The intention of this Symposium, which was held the first time in 1972, was that
all researchers of the Institute come together for three days to discuss intensively

their newest results. The following objectives for the seminar were called:

1. To present the current state of the research so that it can be

discussed by all employees,

2. To give the individual researcher the opportunity to determine
at what point of the entire program his/her work is, where cross-

connections exist and where such have to be strengthened,

3. To enable the interaction and discussion particularly with regard

to methodological difficulties,
4. To discuss objectives of the research work for the period ahead,

5. To know each other better and to strengthen also non-technical

discussions.
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Retirement of F. Pschenitzka Impressions of our retreat symposia

The first seminar was held at Bernhardshohe in the Bavarian Forest and lasted
from Thursday to Sunday. Since then, the event has developed to a solid tradition
for the Institute. Only in the years 1976 and 1983 the retreat symposium failed.
To date (2015) the Retreat Symposium has taken place 42 times and the Institute
has enjoyed for the 30™ time the exemplary hospitality of the Sattelbogener Hof.
During the first years of the Institute, around 15 —20 participants attended this
meeting. Today, with the growth of the Institute, more than 50 researchers contri-
bute to this symposium nowadays. What was initially an event for internal scien-
tific exchange developed over the time into a small symposium with national and
international guests. Thus, it became rather critical not to overload the program
(with up to 40 contributions) and on the other hand to keep a vital scientific
discussion on current research activities at the Institute alive. It is also a good
tradition, that there is time for an afternoon’s hike in the surrounding area of the
hotel. Typically that the complete group or some parts of it strayed around and
managed at the end to return to the hotel much later than originally planned.
Often also a non-specialized topic has been addressed in by separately invited
speakers as an evening event. Last but not least a new tradition came in with
Prof. Goken who introduced a “Happy Hour”, which turned out to be an excellent

practice to initiate long conversations or a cozy sheep’s-head game.
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Sattelbogen 2002 with many external guests

Institutel Retreat Symposia “Konzentrationstage”

Year Place Participants

1972 Bernhardshohe 17 1990 Osternohe 35 2006 Sattelbogen 39
1973 Bernhardshéhe 18 1991 Sattelbogen 40 2007 Sattelbogen 41
1974 Bernhardshohe 25 1992 Sattelbogen 43 2008 Sattelbogen 42
1975 Kritzental 37 1993 Sattelbogen 44 2009 Sattelbogen 37
1977 Sattelbogen 33 1994 Sattelbogen 43 2010 Sattelbogen 41
1978 Erlangen 38 1995 Sattelbogen 51 2011 Sattelbogen 44
1979 Sattelbogen 27 1996 Sattelbogen 35 2012 Sattelbogen 65
1980 Sattelbogen 30 1997 Sattelbogen 38 2013 Sattelbogen 53
1981 Sattelbogen 31 1998 Sattelbogen 30 2014 Sattelbogen 52
1982 Sattelbogen 36 1999 Sattelbogen 33 2015 Sattelbogen 47
1984 Sattelbogen 31 2000 Sattelbogen 33

1985 Sattelbogen 30 2001 Sattelbogen 25

1986 Regensberg 35 2002 Sattelbogen 32

1987 Sattelbogen 35 2003 Sattelbogen 30

1988 Veldensteiner Forst 36 2004 Sattelbogen 31

1989 Veldensteiner Forst 36 2005 Sattelbogen 34
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Traditional hiking event during

Sattelbogen symposium

Hiking around Sattelbogen

Ml . -
LT Y

Sattelbogen in 2012
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EDUCATION
AND TEACHING

WERKSTOFFWISSENSCHAFTEN
NANOTECHNOLOGY
ADVANCED MATERIALS AND PROCESSES, MAP
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Advertisement of the new education
possibilities in Erlangen was done some- Also in teaching, the Institute I has a long tradition to look back. In the winter

times in special ways as shown above

semester 1965/66 the first lecture in the field of materials science was offered
on the picture from 1966.

with “Fundamentals in Materials Science I” by Prof. Ilschner, which was rounded
off by the second part in the following summer semester. From the beginning, the
new program was to stand out from other places with established lectures in the

field of metal physics and thus it was filled with different lectures mediating the

close interaction of technology and science and integrating over the different

classes of materials. The audience in the first year consisted of students of physics

b
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and mineralogy. In 1968 the lecture “Introduction to Materials Science” was
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introduced by Prof. Ilschner, in order to provide a compact survey of the field of
Dislocations in the “Real World” . ) ) . .
material science for beginners. Already in WS 1969/1970 42 beginners were

as for example on a cactus
attracted to the new program with a total 72 students being registered. Later
Prof. Heimendahl introduced the two-semester course on “Experimental Methods
in Material Science”, which addressed not only metallographic aspects and
measurement techniques but also applied techniques in microscopy including

OM, SEM and TEM.
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In 1975 the new two-term lecture “Ringvorlesung Werkstoffkunde” was estab-

lished by the 6 Institutes in order to provide for the students in materials science
a broad overview on the different classes of materials. It was regarded that it is
essential for a material scientist coming from Erlangen that he/she is well educated
in all classes of materials, a benefit which still holds today. From this seed of lec-
tures, different lectures (more general ones and highly specialized ones) evolved
over the time. For beginners, the Institute I provides nowadays the lecture “Mate-
rials and their Structure” and “Mechanical Properties”, which both convey the
material scientific basis in its present form to the students in the 1st and 2nd
semester. For the master program the lecture “Fundamentals in Materials Science”
has been evolved to “Applied Fundamentals of Materials Science”, denoting the
bridging between material physics and engineering. The curriculum was also
diversified and progressively broadened over time and a lot of special lectures were
created, such as “High Temperature Materials”, “Fatigue behavior of metallic
materials”, “Intermetallic Alloys”, “Nanoindentation”, “Tribology and Surface
technology”, “Finite Element Methods in Materials Science”, etc. In WS 2008/09
the additional program of “Nanotechnology” was started and the Institute also
contributes to the programs “Power engineering” and “Advanced Materials and
Processes MAP”. Additionally, the institute also took part in the study programs
from the Departments of Mechanical Engineering and Chemical Engineering.
Through the “Technical Application Field” Computational Materials Science the

Institute I is also contributing to the International Masters Program Computational

Engineering.

Last lecture of Prof. Reppich
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NANOTECHNOLOGY

The newest consecutive Bachelor and Master program of the MSE Department,
Nanotechnology, has been introduced in 2008. Prof. Géken coordinated this new
program which started with around 45 students. In the last years the number of
freshmen increased to close to 100, so that Nanotechnology and the MSE program
have now comparable student numbers. The general idea behind this program is
to intensify the education related to the aspects of nanotechnology and nanomate-
rials and to offer an attractive program that is closely related to physics and chem-
istry. Engineering subjects more relevant to MSE like mechanical engineering,

on the other hand, have been dropped. The program started very successfully and
the drop-out rate so far is significantly lower than in other programs. The students
enjoy the intensive contacts with professors and teaching in quite small groups.
The attractiveness of this program becomes also visible from the fact that students
are recruited from significantly larger parts of Germany and even some students
from northern Germany are coming to Erlangen to study Nanotechnology. On the
other hand, however, it also became obvious that the rate of female students is
lower than in MSE, which probably reflects the low number of female students

in physics.
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TEM foil prepared by Focused lon Beam milling from an amorphous diamond coating
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ADVANCED MATERIALS
AND PROCESSES, MAP

The international masters program MAP offers an interdisciplinary education by
combining the fields of chemical and biological engineering with materials science
and engineering with the goal to train the next generation of engineers with the
skills necessary to produce innovative materials in the most efficient and sustain-
able way. The English-taught program is supported and certified by the Elite net-
work of Bavaria (ENB) and awards the degree of a Master of Science with Honors
— M.Sc. (Hons). The program is built around four so-called focal topics: Biomaterials
and Bioprocessing, Computational Materials Science and Process Simulation,
Nanomaterials and Nanotechnology and Advanced Processes. These key technolo-
gies are particularly characterized by the synergies between materials science and
engineering and chemical and biological engineering, and their study provides
students with broad career opportunities in industry as well as in academia. MAP
is furthermore defined by its strong research focus with students being exposed
early on to current research in their two miniprojects, innovative teaching meth-
ods including literature reviews, lecturing training and poster presentations. MAP
is a highly selective program with an intensive two-step selection process involving
personal interviews: only about 20% of the more than 200 applicants are admitted.
The high quality of MAP graduates is additionally assured by failure rules, which
are stricter than in other Masters Degree Programs. The success of MAP is reflected
by the large number of merit-based scholarships and prices obtained by its stu-
dents, the careers of its graduates (over 70% continue their studies with a PhD at
world-renowned universities) and the many papers published by its students even
before their graduation, including some of their 2nd semester literature reviews.
Since the foundation of MAP in 2005, the Institute I has been closely involved in

its organization. In addition to the many miniprojects and master thesis done at
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the institute, Professor Goken is acting as the head for the focal topic Nanomateri-
als and Nanotechnology, and many of our Professors like A. Hartmaier, S. Korte
and E. Bitzek have served as chairs of the MAP Program. By bringing together the
two Departments of Materials Science and Engineering and Chemical and Biologi-
cal Engineering, MAP served also as nucleus for the creation 2007 of the Cluster
of Excellence Engineering of Advanced Materials (EAM). MAP students are also
junior members of the graduate school of EAM, thus providing a constant source
of highly motivated and well-trained PhD students for the Cluster of Excellence.
Through its truly international nature with students from 29 countries, MAP

has helped to increase the international visibility of the FAU. With its partner uni-
versities in Bayreuth and Wiirzburg, MAP has furthermore created strong local

connections, building on existing collaborations of Institute I.

Graduates of the MAP Program including students of our Institue
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PUBLICATIONS
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SELECTED PUBLICATIONS

SELECTED PUBLICATIONS FROM THE
ILSCHNER PERIOD 1965-1983

Reppich, B., Haasen, P., llschner, B., Kriechen von Silizium-Einkristallen, Acta Metall.,
12, 11 (1964) 1283 — 1288

Blum, W., Reppich, B., On the stress dependence of the stationary deformation rate,
Acta Metall., 17, 8 (1969) 959 — 966

von Heimendahl, M., Einfithrung in die Elektronenmikroskopie : Verfahren z. Unter-
suchung von Werkstoffen u.a. Festkérpern, Vieweg, Braunschweig, 1970

Ilschner, B., Hochtemperatur-Plastizitit: Warmfestigkeit und Warmverformbarkeit
metallischer und nichtmetallischer Werkstofte, Springer, Berlin, 1973

Blum, W., Pschenitzka, F., Tensile, compression, and stress relaxation tests at elevated
temperature, Z. f. Metallkunde, 67, 1 (1976) 62 — 65

Blum, W., Dislocation models of plastic deformation of metals at elevated temperatures,
Z. f. Metallkunde, 68,7 (1977) 484 — 492

Singer, R., Blum, W., Influence of thermomechanical treatments on the creep resistance
of RR 38 at elevated temperature, Z. f. Metallkunde, 68, 5 (1977) 328 — 336

Huether, W., Reppich, B., Interaction of dislocations with coherent, stress-free, ordered
particles, Z. f. Metallkunde, 69, 10 (1978) 628 — 634

Wahi, R.P., lIschner, B., Fracture behaviour of composites based on Al203-TiC, J. Mater.
Sci., 15, 4 (1980) 875 — 885

Eggeler, G., Blum, W., Coarsening of the dislocation structure after stress reduction
during creep of NaCl single crystals, Phil. Mag. A, 44, 5 (1981) 1065 — 1084

Reppich, B. (Part I) & Reppich, B., Schepp, P., Wehner, G. (Part II), Some new aspects
concerning particle hardening mechanisms in y’ precipitating Ni-base alloys-I.
Theoretical concept & II. Experiments, Acta Metall., 30, 1 (1982) 87 — 104

IlIschner, B., Werkstoffwissenschaften : Eigenschaften, Vorginge, Technologien, Springer,

Berlin, 1982
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SELECTED PUBLICATIONS FROM THE
MUGHRABI PERIOD 1984 -2002

Laird, C., Charsley, P., Mughrabi, H., Low energy dislocation structures produced by
cyclic deformation, Mat. Sci. Eng., 81, C (1986) 433 — 450

Bayerlein, M., Christ, H.-J., Mughrabi, H., Plasticity-induced martensitic transformation
during cyclic deformation of AISI 304L stainless steel, Mat. Sci. Eng. A, 114 (1989) 11-16

Christ, H.-J., Wechselverformung von Metallen : zyklisches Spannungs-Dehnungs-
Verhalten und Mikrostruktur, Springer, Berlin, 1991

Kuhn, H.-A., Biermann, H., Ungar, T., Mughrabi, H., An X-ray study of creep-deforma-
tion induced changes of the lattice mismatch in the y’-hardened monocrystalline
nickel-base superalloy SRR 99, Acta Met. Mat., 39, 11 (1991) 2783 — 2794

Zeuter, R., Petry, F., Bayerlein, M., Sommer, C., Christ, H.J., Mughrabi, H., Electron
channeling contrast as a supplementary method for microstructural investigations
in deformed metals, Phil. Mag. A, 66, 3 (1992) 425 — 436

Liu, W., Bayerlein, M., Mughrabi, H., Day, A., Quested, P.N., Crystallographic features
of intergranular crack initiation in fatigued copper polycrystals, Acta Met. Mat.,
40,7 (1992) 1763 — 1771

Biermann, H., Strehler, M., Mughrabi, H., High-temperature measurements of lattice
parameters and internal stresses of a creep-deformed monocrystalline nickel-base
superalloy, Met. Mat. Trans. A, 27, 4 (1996) 1003 — 1014

Fahrmann, M., Hermann, W., Fahrmann, E., Boegli, A., Pollock, T.M., Sockel, H.G.,
Determination of matrix and precipitate elastic constants in (y—y’) Ni-base model
alloys, and their relevance to rafting, Mat. Sci. Eng. A, 260, 42036 (1999) 212 — 221

v. Grossmann, B., H. Biermann, H., Mughrabi, H., Measurement of service-induced
internal elastic strains in a single-crystal nickel-based turbine blade with conver-
gent-beam electron diffraction, Phil. Mag. A, 80, 8 (2000) 1743 — 1757

Mughrabi, H., On ‘multi-stage’ fatigue life diagrams and the relevant life-controlling
mechanisms in ultrahigh-cycle fatigue, Fatigue Fracture Eng. Mater. Struct., 25,
42255 (2002) 755 — 764

Mughrabi, H., Ungar, T., Long-range internal stresses in deformed single-phase mate-
rials: The composite model and its consequences, in: Dislocations in Solids, Elsevier,
Amsterdam, 11, C (2002) 343 — 411

Reppich, B., On the dispersion strengthening mechanisms in ODS materials, Z. f.
Metallkunde, 93,7 (2002) 605-613
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SELECTED PUBLICATIONS FROM THE
GOKEN PERIOD SINCE 2002

Li, Y.J., Zeng, X.H., Blum, W., Transition from strengthening to softening by grain
boundaries in ultrafine-grained Cu, Acta Mater., 52, 17 (2004) 5009 — 5018

May, J., Hoppel, H.W., Goken, M., Strain rate sensitivity of ultrafine-grained alumini-
um processed by severe plastic deformation, Scripta Mater., 53, 2 (2005) 189 — 194

Durst, K., Backes, B., Franke, O., Goken, M., Indentation size effect in metallic materials:
Modelling strength from pop-in to macroscopic hardness using geometrically neces-
sary dislocations, Acta Mater., 54, 9 (20006) 2547 — 2555

Hoppel, H.W., Kautz, M., Xu, C., Murashkin, M., Langdon, T.G., Valiev, R.Z., Mughrabi,
H., An overview: Fatigue behaviour of ultrafine-grained metals and alloys, Intl. J.
Fatigue, 28, 9 (20006) 1001 — 1010

Mughrabi, H., Microstructural aspects of high temperature deformation of monocrystal-
line nickel base superalloys: Some open problems, Mat. Sci. Techn., 25, 2 (2009) 191 — 204

Bauer, A., Neumeier, S., Pyczak, F., Goken, M., Microstructure and creep strength of
different y/y'— strengthened Co-base superalloy variants, Scripta Mater., 63, 12,
(2010) 1197 — 1200

Hausol, T., Hoppel, H.W., Goken, M., Tailoring materials properties of UFG aluminium
alloys by accumulative roll bonded sandwich-like sheets, J. Mater. Sci., 45, 17 (2010)
4733 — 4738

Merle, B., Goken, M., Fracture toughness of silicon nitride thin films of different thick-
nesses as measured by bulge tests, Acta Mater., 59, 4 (2011) 1772 — 1779

Maier, V., Durst, K., Mueller, J., Backes, B., Hoppel, H.W., Goken, M., Nanoindentation
strain-rate jump tests for determining the local strain-rate sensitivity in nanocrys-
talline Ni and ultrafine-grained Al, |. Mater. Research, 26, 11 (2011) 1421 — 1430

Amberger, D., Eisenlohr, P., Goken, M., On the importance of a connected hard-phase
skeleton for the creep resistance of Mg alloys, Acta Mater., 60, 5 (2012) 2277 — 2289

Iqbal, F., Ast, J., Goken, M., Durst, K., In-situ micro-cantilever tests to study fracture
properties of NiAl single crystals, Acta Mater., 60, 3 (2012) 1193 — 1200

Moller, J.J., Bitzek, E., Fracture toughness and bond trapping of grain boundary cracks,
Acta Mater., 73 (2014) I — 11

Prakash, A., Guénolé¢, J., Wang, J., Miiller, J., Spiecker, E., Mills, M.]., Povstugar, L.,
Choi, P., Raabe, D., Bitzek, E., Atom probe informed simulations of dislocation-
precipitate interactions reveal the importance of local interface curvature, Acta

Mater., 92 (2015) 33 — 45
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Awardees of the ‘Masing-Gedéachtnis- Preis’

Haél Mughrabi received the
Hsun Lee Lecture Award

SCIENTIFIC AWARDS

Scientific awards play an important role in the research community, since with
such awards new research findings are highlighted. More importantly, the strong
commitment for science and the intensive work over many years is granted by
such awards, which is often a very good motivation especially for younger scien-
tists. Over the years many awards have been granted to scientists working at the
Institute I and here only some examples can be mentioned. Especially important
for us are always the awards of the DGM, which built a long tradition. For example
the picture shows five awardees of the Masing-Gedichtnis Preis working at the
institute in 2009. Karsten Durst received this award in 2009 from Prof. Wolfgang

Kayser (HZ Geesthacht) and Prof. Martin Heilmeier (now at KIT Karlsruhe).

The DGM-Nachwuchspreis (given since 1994) has been awarded already seven
times to young scientists from Erlangen, here shown is Benoit Merle together
with the former Chairman of the DGM on the right Prof. Hans Christ, who gained
his PhD at the Institute [. The Tamman prize of the DGM has been received by
Prof. Hans Georg Sockel in 1988 and the highest DGM award the Heyn-Denk-
miinze has been received by Haél Mughrabi in the year 2000 and Bernhard

Ilschner in 1995.

Prof. Ilschner, the founder of the Institute, who also served as Rektor of the FAU,
received the highest honours from the State of Bavaria, namely the “Bayerischer
Verdienstorden” and the “Bayerische Maximiliansorden”. He also was awarded

with a honorary Doktorate of our Technische Fakultit.

Haél Mughrabi received numerous appreciations of his lifetime achievements in
science as the Hsun Lee Lecture Award from the Institute of Metal Research in
Shenyang in 2006 and the Cook Albett Award of the IOM? in 2010, where the
award ceremony is held in a quite traditional and special atmosphere as visible
from the picture. Prof. Mughrabi also received an honorary doctoral degree from

the Ruhr University Bochum in 2009.
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Quite regularly younger members of the Institute are awarded with a poster award
at international conferences. The overall very high quality of the posters and also

oral presentations is of course a result of intense discussions of how to present the
research results in a conclusive and clear manner, which is always trained at the

Institute. The picture shows Johannes Ast and Carolin Puscholt, who both received
a poster award at the Nanomechanics ECI conference in Portugal 2013 together =T
with Prof. Korte (now at RWTH Aachen), Prof. Durst (now at TU Darmstadt)

and Prof. Goken.

it
MOINEIAING

Some further important prizes received by members of the institute are the Nach-
wuchspreis-Werkstoffe from Bayern Innovativ (D. Bosch, 2012), the Acta student

award 2006 (J. May) the Heinz Maier Leibnitz award of the DFG in 1992 by Orlaw

Massler and in 2015 the Light Metals Subject Award — Aluminum Alloys of the DGM-Nachwuchspreis for Benoit Merle

TMS by D. Bésch, H.W. Hoppel and coworkers in addition to many PhD and

Diploma or Master thesis awards.
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Johannes Ast and Carolin Puscholt, who both received a poster award at the Nano-
mechanics ECI conference in Portugal 2013 together with Prof. Korte
(now at RWTH Aachen), Prof. Durst (now at TU Darmstadt) and Prof. Goken.
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ORGANIZED CONFERENCES

International conference on the strength of materials

Participation at international conferences is of course always very important to
interact and combine the newest research results on an international level. All
PhD students are at least participating on one really international conference.
The picture below shows the Erlangen group at the ICSMA-15 in Dresden in
2009. The topics of the ICSMA (International conference on the strength of

materials) conference series always fit quite well to our research topics.

ICSMA 2009 in Dresden

Prof. Mughrabi has attended most of the conferences and is always in favour

of going there and has acted as president of organizing team for many years.

ECI conference on nanomechanical testing

In 2009 Prof. Goken, well supported by Karsten Durst, organized the second
ECI conference on nanomechanical testing in Barga, Tuscany, which from them
has now developed as a very successful conference series taking place always

at nice resorts around the Mediterranean Sea.

DPG spring meetings

For planning of the parallel sessions of the meeting traditionally wooden boards
are used, where the talks can be arranged and moved around accordingly. Interest-
ingly as Mathias Goken took over the responsebility for Materials Science in the
German Physical Society, DPG in 2011 and had to organize the spring meetings
of the AGMM (Arbeitsgemeinschaft Metallund Materialphysik) these boards came
back to Erlangen, where they were originally built in 1985 by Knut Urban, who

also was a former AGMM meeting chair at his time in Erlangen.
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ICSMA 2009 in Dresden

DPG spring meeting

Nanomechanical Testing in Materials Research and Development
Barga, Italy, October 11" - 16" 2009

ECI conference in 2009 in Barga
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Colloquia on (Fundamental) Fatigue Mechanisms

This series of colloquia has its roots back to 19772 where scientist from Eastern

Germany and the Czech Republic met each other to discuss their findings in the

field of fundamental mechanisms during cyclic loading. After the iron curtain
has fallen scientists from the western parts of Europe were also invited to join the
colloquia. Within this series the colloquium took place in Erlangen in 1992,1997,
2004, 2009 and 2014. In 2014 we celebrated the 25™ Colloquium within this
series in Erlangen. This series of colloquia has developed to one of the high-lights

among the course of the conferences during a year, as they are rather focused

W. Skrotzki, Stanzl-Tschegg, Mughrabi,
during the fatigue colloquia and the scientific discussion is excellent.

Further involvements
The Institute has further contributed to the organization of several conferences:
- TMS Hael Mughrabi Honorary symposium

« International Conference on Plasticity

- Failure and Fatigue in Structural Materials

» Metallographie Tagung
NanoSPD4 August 2008 Goslar, L. Saitova,
M. Korn, HW. Hoppel, M. Goken, A. Bohner,
T. Hausol, A. Vevecka - Priftaj

« Low Cycle Fatigue Conference (LCF)

« International workshop on Advanced Cobalt-Base Superalloys

Sandra Korte and Erik Bitzek successfully initiated the symposium “Fundamentals

of Fracture” at the Spring meeting of the German Physical Society.

The week-long short course “Materials Modelling” with Ron Miller and Ellad
Tadmor, organized by Prof. Bitzek, repeatedly managed to draw numerous

participants from all over the world to Erlangen, including from South America

and Australia.
K. J. Hsia, National Science Foundation, USA,

M. Goken, Neville R. Moody, Sandia National

The “Lange Nacht der Wissenschaften” is always a nice event, where the public can
Laboratories, Tresa Pollock, University

e e s At Pl ekl see what is ongoing at the University. The Institute contributes to this event inter-

Portella, BAM Berlin (from left to right) esting things related to high temperature materials or the mechanical properties.



A 2% s $ER > s By L o
e All | g
EAYS J A G A T N AL Output 12788
, ) ) L) i AT VM A i ] 3
'!'.' gt } Vi | : } v Z ¥ ™ q W .;f" 3 L

Colloguium on (Fundamental) Fatigue Mechanisms in Erlangen, 2014

“Lange Nacht der Wissenschaften” a regular event

in Erlangen, Nurnberg and Firth

1. International work:

I
qaﬁebalt-Base Superalloys

in Pommersfel
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