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Ladies and Gentlemen,
business associates and co-operation partner loves, 
promoter of the IFAM loves!

"The whole is greater than the sum of the indi-
vidual parts". 

Perhaps it will come as a surprise to you that the 
foreword to the 2005 annual report starts with a 
quotation that has been used through the ages  
by a great many people on a wide variety of  
occasions. 

It is our belief that this quotation aptly describes 
the goals IFAM has set itself, namely: 

To offer expertise, know-how and services as a 
total package, to meet the individual demands of 
each specific customer, to increase the effective-
ness of collaborative work and to hence offer 
customers and partners added value.

Using selected articles, this annual report shows 
the progress IFAM has made in 2005 towards 
reaching those goals. The path IFAM is following 
will be continued over the coming years. 

The past year has seen our activities in Casting
Technology and Functional Structures expanded. 
The integration of extended functionality into 
structural components is being very actively 
pursued. The casting and printing of electronic 
components are mentioned here as examples. 
These new technological developments are creat-
ing many opportunities for collaborative projects 
with industrial partners. 

In conjunction with the Fraunhofer Institute for 
Structural Durability and System Reliability (LBF) 
 

The whole is greater than the sum of the individual parts

in Darmstadt, the Fraunhofer Center for Wind En-
ergy and Maritime Engineering has been founded 
in Bremerhaven. The main focus will be on 
offshore wind energy and a special test area has 
been set up for this in Bremerhaven. From 2006 
onwards, wind turbine constructors and their 
suppliers who plan, develop and build maritime 
structures will be able to utilize the Fraunhofer 
know-how in Bremen and Darmstadt and benefit 
from collaborative work with Fraunhofer experts.

Both the aforementioned areas are presenting the 
Fraunhofer IFAM with new opportunities for joint 
projects. 

Our goal will be reached when our customers 
and partners view the Fraunhofer IFAM as more 
than the sum of its employees, business fields and 
expertise and as a highly professional, efficient 
partner for successful collaborative work.

Reflecting on the past year it can be concluded 
that the Fraunhofer IFAM has made substantial 
progress towards reaching its goal. This was only 
possible due to the trust shown by our custom-
ers and partners and the sterling work of our 
employees. We would like to gratefully thank all 
concerned.

M. BusseO.-D. Hennemann
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Professor Dr. Hennemann

formed from several work groups. These organisational units 

are also technical "discussion groups" into which the special 

knowledge of individuals can be incorporated in a beneficial 

way. The institute comprises all the organisational units – 

and that is hence far more than can be indicated by merely 

employee numbers or economic figures. IFAM employees 

are able to use their knowledge and skills for the benefit of 

everybody and the IFAM infrastructure is designed such that 

employees have optimum opportunity to do this.

How do you "position" employees effectively – in the 

institute and in contact with customers?

If somebody already has special expertise in a particular 

area of work of the institute – for example in wind energy 

– then this can be taken into consideration. Naturally, such 

employees need different boundary conditions to somebody 

working at IFAM for the automotive industry. I must point 

out that work methods differ in different sectors of industry 

and specific "technical jargon" has even developed. The task 

of the Fraunhofer IFAM is to link specialists and sectors. We 

must be able to understand the different "languages" of the 

different sectors, otherwise we will not be accepted. If one 

does not possess insider knowledge, one is unable to provided 

added value for industry – and the result is offers having no 

chance of being accepted. It is our task to create boundary 

conditions for employees which allow them to recognise the 

needs of industry and convert their knowledge into innovation 

for industry. Our employees must be able to convert their 

knowledge in such way that it can be utilised by industry. This 

is a "skill" which IFAM success depends on.

The people in the work groups and organis-ational 

units have different interests and knowledge. 

These are efficiently integrated to give "effective 

multidisciplinarity". How does this function at the 

Fraunhofer IFAM?

We have many experts, for example engineers, physicists, 

chemists, mathematicians, material scientists, technical staff, 

laboratory technicians and specialist administration staff. 

They think in different ways and speak different technical 

languages. They teach at technical colleges and universities 

and hold regular discussions with industrial partners. They 

must possess a number of key technical abilities and think 

in a flexible way. They are constantly receiving a wealth of 

different information which is continuously "processed" in 

the employee networks. These employees must be given work 

freedom, namely the opportunity to exchange information 

via groups. Their specialist knowledge then becomes general 

knowledge that can be benefited from throughout the 

institute. This generates the practical expertise which we can 

offer customers. Customers then recognise that by working 

Professor Dr. Otto-Diedrich Hennemann is 
absolutely sure that the maxim “the whole is 
greater than the sum of the individual parts” is 
particularly apposite for the strategic approach 
of the Department of Adhesive Bonding Tech-
nology and Surfaces at the Fraunhofer IFAM. 
Any organisation wanting to continuously 
provide its customers with added value at
different levels faces a constant challenge.
All parts of the organisation must be
optimally integrated.

Professor Hennemann, the expertise of the Department 

of Bonding Technology and Surfaces comes from 

the skills of the individual "parts". Knowledge and 

experience come from individual employees, work 

groups, organisational units and networks. Added 

together, the whole is greater than merely the sum of 

the parts . . .

That is absolutely correct. Our expertise, as you know, is in the 

field of materials. At the primary level, materials consist of very 

small building blocks, namely atoms. A component is usually 

made by combining different materials. Were a component 

to consist of only a single material then its use would often 

be limited. By bringing together selected different materials 

optimally suited for an application there is a large benefit, 

namely an added value. This applies analogously to the 

Fraunhofer IFAM.

The research and development areas being studied at 

the Fraunhofer IFAM therefore portray how the institute 

actually works?

And there are two aspects to consider here. The maxim "the 

whole is greater than the sum of its parts" applies not only to 

IFAM internally but also to its relationships with the outside 

world. These internal and external relationships must be linked 

to each other.

Let’s consider for a moment the "primary building 

blocks" of IFAM, namely the employees. An employee 

contributes his/her expert knowledge but also brings 

his/her experience, specific characteristics and very own 

individuality. All these aspects characterize a person in 

their interactions with fellow employees.

Precisely. Personal individuality is very important for us. 

Individuals come into contact with other people at the 

Fraunhofer IFAM. Work groups are formed by linking specific 

ideas, interests and knowledge. An organisational unit is then 

“Success depends on the expertise and know-how of our employees“

Professor Dr. Hennemann



7                      

Interview

Annual Report IFAM 2005

with us they get added value. Firstly, though, it is essential to 

precisely understand what customers require. For that reason, 

we intimately identify ourselves with customers in order to

be able to offer them tailored, practical solutions that they

can use.

Does this not involve too much communication? Do 

employees have to be continuously reminded of the 

importance of communicating knowledge and expertise 

with all other relevant parties both inside and outside 

the institute?

We have for this reason purposefully created communication 

levels. Meetings are held to keep all employees informed 

of developments. In turn, the various work groups present 

their project work and any special developments. There is 

very efficient communication beyond the group level due, 

for example, to the fact that employees in a particular 

organisational unit are not congregated in one part of 

the building but are spread throughout the institute. In 

addition there are meeting places in the institute such as the 

secretariat, the photocopying area, the kitchen, etc., namely 

places where different people meet, exchange information 

with each other and so learn. This is also intentional. A 

network is so generated in which all employees are integrated.

The network does not stop at the front door of the 

institute. The network principle is highly important for 

the whole of the Fraunhofer-Gesellschaft. How is this 

organised? How does a Fraunhofer employee know 

where in the Fraunhofer community he/she can generate 

additional knowledge and expertise for a customer?

There are many ways by which the employees of the

58 Fraunhofer institutes can communicate with each other. 

The directors of institutes involved in Fraunhofer Alliances 

meet on a regular basis. We belong, for example, to the

Materials and Components Alliance which involves 

collaboration between 11 institutes. The level below this 

involves thematic alliances covering specific technical fields. 

Joint projects are carried out and employees are able to 

increase their knowledge of the relevant areas. In addition, the 

Fraunhofer-Gesellschaft initiates self-funded research programs 

to generate expertise in technical fields of the future. The aim

of these self-funded projects is to promote collaboration and 

communication between the institutes and generate new 

knowledge. This allows all employees to learn about what is 

going on in the Fraunhofer-Gesellschaft. We also have several

periodic publications which provide excellent information.

The Fraunhofer IFAM has state-of-the-art technical 

equipment and facilities. The laboratories are well 

equipped, production conditions can be replicated and 

the small pilot-plant facilities are second to none. Taken 

all together, this also brings added value. How is all this 

strategically planned?

In order to pursue a network approach, it is vital to define the 

network at the outset – and also decide what one wants to do. 

One concentrates on one’s objectives and pursues these both 

internally and externally. Once a decision has been taken, strategic 

investments must be made. There is then a sequence, with each 

investment, each laboratory, each pilot-plant facility being a step 

on the way towards the planned total system. Even for equipment 

and facilities, it is necessary to organise matters in a systematic 

way. Assessment of the objectives and new investments are 

constantly necessary to advance the growth of such a system. 

With regard to the dynamics of the overall innovation process it 

is imperative to keep pace with developments in industry. Only 

then can companies be provided with expertise, namely added 

value. Everything must "fit", because failed investments cannot 

be afforded. It is always difficult to make a decision about an 

investment that will only repay itself in the future. If a wrong 

decision is made, it is only later that the pain is felt. Up until now 

we have always got things right. It is however a never-ending task 

to maintain the sound position of the institute and so pave the 

way for the future.
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and Dresden. On the other side, our new work areas, which 

largely concern micro-structuring and nano-structuring, have 

attracted much interest from many sectors of industry and 

were able to give impulses for many an innovative approach. 

Our work in the area of casting technology is also benefit-

ing from new ideas which we have been able to successfully 

implement. For example, we have been able to expand our 

long-standing experience in the casting of sensitive structures 

by successfully integrating piezoceramic sensors and actuators 

and even RFIDs – electronic devices for wireless communica-

tion – into cast components.

A year ago you coined the motto “Smarter – smaller 

– safer”. To what extent does this motto still apply now 

and what work is being carried out to achieve this?

“Higher – faster – further” is the motto for maximum per-

formance in sports. At Fraunhofer IFAM we are concerned 

with technical and scientific performance and application-ori-

ented implementation. For that reason, the motto “smarter 

– smaller – safer” applies to our work more than ever. And 

naturally that is reflected in the thematic areas of our research. 

“Smarter” is relevant because we are intensively working 

on the integration of structural and functional materials into 

production processes. This involves incorporating sensory and 

actoric abilities into components without having to mount 

sensors to the components in a subsequent assembly step. We 

so want to confer a certain intelligence or at least sensitivity 

on components. This however also means function-integration 

in the sense of reducing the number of production steps. Our 

“Functional Printing” technology platform is playing a key role 

here, for example for printing electronic structures on virtually 

any desired surface.

“Smaller” is appropriate because our activities in the area of 

micro-production are being further expanded. We have been 

able to build on our powder-metallurgical know-how and have 

qualified the micro-MIM method, that is, micro metal injection 

moulding, as a core shaping and production method for small 

and micro components. As is the case for larger components, 

2C technology – namely the combination of two materials in 

a single component within a single processing step – is playing 

a trend-setting role and this is also so with regard to function-

integration.

The third keyword in our motto, “safer”, is also playing an 

important role. This concerns the safe design of lightweight 

structures, a feature that is being demanded in many ap-

plications, for example in the aircraft and car manufacturing 

industries. Our goal is to produce components that record, 

evaluate and communicate their operating status as well as 

their operational environment.

Professor Matthias Busse smiles: We navi-
gate the right course and a “fresh wind” has 
allowed our creative and motivated staff to 
acquire new projects in 2005 as a result of 
their innovative work. In collaboration with 
strategic partners, realisation of our vision of 
manufacturing intelligent components has 
become ever closer.

Professor Busse, it has been almost three years since you 

took over the Department of Shaping and Functional 

Materials at Fraunhofer IFAM. Now, at the end of 2005, 

how do you assess your department’s position?

2005 was a crucial year for our department. In retrospect, we 

can say that the course we set in 2003 and 2004 is now show-

ing its positive effects. Such a strategic reorganisation takes a 

certain time in a research organisation like Fraunhofer IFAM 

to bear fruit. On the one hand, this is due to the fact that the 

initiation of major industry projects and also publicly funded 

projects require a considerable lead time. On the other hand, it 

takes a while until our modified and expanded work portfolio 

becomes widely known and registers in the awareness of our 

customers and partners. However, the positive results of this 

are now becoming evident.

How do you evaluate and measure the positive effects of 

the strategic reorganisation?

Some aspects can naturally be easily represented by figures, 

whilst other aspects have to be recognised implicitly. The 

economic facts relating to both the past and the future must 

be mentioned first of all. We have fought our way out of a 

difficult financial situation in just two to three years and with 

choppy waters behind us we have now set sail on a new, 

successful course – if I may say so as an enthusiastic sailor. In 

industry this would be called a classic turn-around. In 2005 

we made key progress. We already have a highly promising 

project situation and so the outlook for the next two years is 

very bright.

Does that mean that the new work areas have been 

positively received by customers?

That is certainly so. On the one side we were very pleased 

to be able to initiate new projects with customers in our 

established research areas, involving for example our expertise 

in powder-metallurgical materials and processes in Bremen 

“One step closer to our vision and the turn-around has been achieved“

Professor Dr.-Ing. Busse
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 If a technical component experiences “pain” and com-

municates this long before it “fractures or fails”, completely 

new ways of developing and designing components can be 

pursued.

This approach sounds very visionary. How will the

required know-how be accumulated?

First of all, the IFAM team has many years of acquired know-

how in materials science and production technologies to call 

upon. In addition, this approach also requires knowledge of 

electronics, data transfer and system reliability and therefore 

overlaps with the field of adaptronics, which is one of the 

leading-edge innovations of the Fraunhofer-Gesellschaft. I 

believe there are huge opportunities for collaborating with 

partners in the Bremen region, with other Fraunhofer institutes 

and naturally in partnerships with industry. We will therefore 

not do everything alone, but will rather embark on strategic 

partnerships that offer a win-win situation.

Your activities at the University of Bremen are also

demanding. How has the situation there developed?

Very positively. I have intensified collaboration with my col-

leagues from the production technology faculty. This has 

increased the mutual understanding of common objectives. As 

a result, collaborative projects have been set up for the next 

three years and these offer new opportunities for everybody. 

This has however also extended beyond the area of production 

technology, because I believe there are excellent opportunities 

for carrying out joint projects with colleagues working, for ex-

ample, in the fields of physics and electrical engineering. And 

if we also make further headway in the area of biology – and 

the first fascinating ideas in this area are already on the table 

– then I believe my objective of creating intelligent compon-

ents in collaboration with the engineering sciences and with 

input from biology will be very much closer.

That all sounds very promising. In your opinion what

has been the key to the success that has been achieved 

to date?

The motto of this year’s annual report says it all: the whole is 

many times greater than the sum of the parts and this is cer-

tainly very true as we reflect on this past year. Plainly spoken, 

this means that our success was a team effort. Working as 

individuals we would not have achieved success – but we have 

because we have worked together, with an energy and dedi-

cation that has been first-rate. I was referring to that earlier, 

when I mentioned the factors that cannot be directly recorded 

in figures: The motivation of the whole team is very high and 

the attitude is optimistic. It is great to see how much creativity 

there is at Fraunhofer IFAM. This creativity was the key to suc-

cess in the past and will be the key for our future success.

I would like to take this opportunity here to express my

recognition and thanks to everybody for their hard work.

What about the immediate future? What is planned

for 2006?

We will primarily continue on the course we have set. In 2005 we 

drew up plans for increasing the workforce in the years ahead. 

This will allow us to further expand our work activities. We have 

many ideas which could lead to collaboration with partners and 

new core areas of work under the banner “Intelligent compon-

ents”. I am optimistic that in a year’s time we will be able to 

report further success and progress.
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The Department of Shaping and Functional Ma-
terials has facilities in Bremen and Dresden and 
focuses on three core areas of expertise: casting 
technology and light metal technology; micro-
structuring and nanostructuring; powder tech-
nology and sintering technology. These areas are 
reflected in the organisation of our R&D activities 
into seven fields of expertise:

• Functional structures
• Casting technology
• Lightweight materials and analysis
• Micro engineering
• Powder technology
• Sintered and composite materials
• Cellular materials.

For marketing our services, these fields of expert-
ise form the basis of our business fields: metals 
– precision components and processes; high-
performance materials and functional surfaces; 
medical engineering; biomaterials; lightweight 
construction.

Our R&D work largely involves the activity
triangle: materials – shaping – components.

The incessant trend towards lightweight construc-
tion means that industry is continuously demand-
ing a reduction in the quantity of materials used 
in vehicles, machines and equipment. In order to 
meet this requirement, novel lightweight con-
struction materials and casting processes have 
been developed in recent years.

New opportunities for component miniaturisa-
tion are possible using for example the µ-MIM 
process. The components that have been manu-
factured to date find application in micro-drive 
technology, electronics and medical engineering.

The development of new materials and compon-
ents not only involves improving the mechanical 
properties and shaping properties. So-called 
“smart materials” are increasingly becoming 
the focus of interest. Fraunhofer IFAM develops 
manufacturing processes which allow the inte-
gration of special functions into materials and 
components. The aim is to tailor components with 
functional properties in such a way that structural 
and functional materials are integrated to form 
smart products.

The Fraunhofer Institute for Manufacturing Tech-
nology and Applied Materials Research (IFAM) 
undertakes research and development work in the 
following areas:

Adhesive Bonding Technology and Surfaces,
and Shaping and Functional Materials.

The Adhesive Bonding Technology and Surfaces 
department at IFAM offers industry qualified de-
velopment work in adhesive bonding technology, 
plasma technology and paint/lacquer technology. 
The demand for these services comes from a host 
of companies in a broad range of industries. Cur-
rently our most important customers and markets 
are the vehicle construction sector – aircraft, road 
vehicles, rail vehicles, ships – as well as their sub-
suppliers, the machinery and plant construction 
sector, the electrical and electronics industries, 
household appliance construction and medical 
engineering as well as information technology 
and communications technology.

A service that complements the research and 
development work and one that is used by all 
sectors of industry is the certified training in 
adhesive bonding technology. Following the suc-
cessful introduction of certified training courses in 
adhesive bonding technology in German-speaking 
countries and more recently in other European 
countries, the courses are now also being held in 
the USA for multinational companies.

The Adhesive Bonding Technology business field 
is split into the following work groups: adhesives 
and polymer chemistry, biopolymers, application 
technology, manufacturing technology, bonding 
in microproduction, and materials and construc-
tion methods.

Plasma technology, which comprises the low pres-
sure plasma technology and atmospheric pressure 
plasma technology work groups, and the paint/
lacquer technology work group fall under the 
Surfaces business field.

These two business fields are complemented by 
the Adhesion and Interface Research business 
field which comprises work groups in applied 
surface and layer analysis, electrochemistry and 
molecular modelling.

A Profile of the Institute
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Founded in 1968 as the work group for applied 
materials research, the institute has since that date 
systematically expanded the scope of its work in 
manufacturing and processing technology by
undertaking research and development activities in 
the area of joining techniques (welding, brazing/
soldering, adhesive bonding, thermal injection). 

The institute has sites in Bremen and Dresden.

Professor Hans-Dieter Kunze led the institute 
from 1976. In 1994 Professor Dr. Otto-Diedrich 
Hennemann became part of the institute man-
agement team. Professor Kunze’s successor was 
made known in October 2002 – and in April 2003 
Professor Matthias Busse took up his position in 
the institute management.

The institute is neutral and independent and is 
one of the largest R&D establishments in Europe 
in the area of Adhesive Bonding Technology and 
Surfaces and Shaping and Functional Materials.

Brief Portrait and Organigram

Professor Dr. Otto-Diedrich Hennemann
(executive)
Managing director Adhesive Bonding Technology 
and Surfaces

Associate director: Dr.-Ing. Helmut Schäfer

Professor Dr.-Ing. Matthias Busse
Managing director Shaping and Functional
Materials

Associate director: Dr.-Ing. Frank Petzoldt

Professor Dr.-Ing. Bernd Kieback
Managing director of the Dresden site

Andreas Heller
Head of administration

IFAM belongs to the association of 58 independ-
ent research institutes of the non-profit making 
Fraunhofer-Gesellschaft. The Gesellschaft cur-
rently totals about 80 research organizations 
throughout Germany at over 40 different loca-
tions. Some 12,500 employees, most of whom 
are highly qualified scientists and engineers, work 
on research projects having an annual budget of 
over a billion euros. More than 900 million euros 
of this come from contract research. The
Fraunhofer-Gesellschaft obtains about two-thirds 
of this sum from contracts with industry and from 
publicly financed research projects.

In 2005 the total IFAM budget amounted to about 
21.8 million euros. The workforce comprised
some 270 employees, with more than half being 
scientists, Ph.D. students and student auxiliaries.
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The provisional budget result was in 
total 21.8 million euros.
The results for the two individual 
sites are shown below.

Adhesive Bonding Technology
and Surfaces
Bremen
Operating budget 11.8 million euros
Own income 7.3 million euros
including
Business income 6.4 million euros
Federal/state/EU/other 0.9 million euros
Investment budget 0.7 million euros

Shaping and Functional Materials
Bremen
Operating budget 4.7 million euros
Own income 2.6 million euros
including
Business income 1.8 million euros
Federal/state/EU/other 0.8 million euros
Investment budget 1.6 million euros

Shaping and Functional Materials
Dresden
Operating budget 2.9 million euros
Own income  2.2 million euros
including
Business income 1.3 million euros
Federal/state/EU/other 0.9 million euros

The Institute in Figures

Investments

During 2005, IFAM investments amount-
ed to 2.3 million euros, split as shown 
below. The most important acquisitions 
are indicated.

Adhesive Bonding Technology
and Surfaces
Bremen
(0.7 million euros)
– Laser-Plasma-Analyser LIPAN 3002
 for the detection of laser induced
 plasma emission
– Device for Electrochemical Impedance
 Spectroscopy C14+FAS2
– Chamber filter press
– Automatically foil winding machine
– Robot controlled plasma jet
– Measuring system for the topography
 of components

Shaping and Functional Materials
Bremen
(1.6 Mio. million euros)
– Printing technology for
 maskless mesoscale deposition
 of materials (M3D)
– Rheometer
– Profile meter
– Quality assurance for micro parts
– Kneading heads
– Plant components for Lost-Foam-

Casting: Pre expander, drying oven, 
foam moulding machine, test moulds, 
steam generation plant and analysis 
equipment

Figs. 1 and 2 show how IFAM’s 

budget and income

have changed over the period 

2001–2005.

Budget

The total IFAM budget (expenditure and investment) in 2005 comprised the budgets of the
Department of Shaping and Functional Materials and the Department of Adhesive Bonding Technology
and Surfaces.
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Workforce

On 31 December 2005 IFAM employed a total 
of 270 people (90 percent of which in scientific/
technical areas).

Compared to the previous year, the number of 
permanent employees rose by 7 percent.
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 Workforce structure 2005
Scientists  104
Technical employees    76
Administration/internal services
and work placement students    26
Ph.D. students, trainees and auxiliary staff   64
The growth in the workforce over the period 2001–2005

is depicted in Fig. 3.
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The IFAM Advisory Board

Members

A. Picker
Chairman
Henkel KGaA
Düsseldorf

O. R. Dr.-Ing. F. Fischer
Deutsche Forschungsgemeinschaft
Bonn

Prof. Dr. R. X. Fischer
Universität Bremen

M. Grau
Mankiewicz Gebr. & Co.
Hamburg

H.-H. Jeschke
HDO Druckguss- und Oberflächen-
technik GmbH
Paderborn

Prof. Dr.-Ing. J. Klenner
AIRBUS Société par Actions Simplifiée
Toulouse, Frankreich

Staatsrat R. Köttgen
Der Senator für Bildung und Wissenschaft
Bremen

V. Kühne
Modelltechnik Rapid
Prototyping GmbH
Waltershausen

Dr. rer. nat. A. De Paoli
Robert Bosch GmbH
Stuttgart

Dr. W. Schreiber
Volkswagen AG
Wolfsburg

M. Sc. J. Tengzelius
Höganäs AG
Höganäs, Schweden

C. Weiss
BEGO Bremer Goldschlägerei
Bremen

Dr.-Ing. G. Wolf
VDG Verein Deutscher Gießerei-
fachleute
Düsseldorf

Min.-Rat Dr. rer. nat. R. Zimmermann
Sächsisches Staatsministerium für
Wissenschaft und Kunst
Dresden

Guests

Prof. Dr. M. Dröscher
Degussa AG
Düsseldorf

Dr. J. Kurth
KUKA Roboter GmbH
Gersthofen

R. Nowak
Glatt GmbH
Binzen

Dr. R.-J. Peters
VDI-Technologiezentrum GmbH
Düsseldorf

Permanent guest

Prof. Dr. G. Müller
Fraunhofer-Institut für Silicatforschung
Würzburg
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Science has special importance for Bremen:
It drives structural change and provides vital im-
petus for the economic and social development
of the region.

Innovation is very evident here and arises from the 
involvement of Bremen scientists in international 
research networks. Whereas in the past it was 
trade that made Bremen a cosmopolitan city, it is 
today science that links Bremen with the world.

The active scientific community in Bremen is not 
only characterised by the close collaboration 
between the university, technical colleges and 
research organisations but also by the almost 
unique fusion of science, commerce and politics. 
Five years ago, this close linking of science with 
the business community, politicians and citizens 
resulted in the city marketing itself as “City of 
science Bremen-Bremerhaven”. It is also the chief 
reason why Bremen/Bremerhaven was named the 
German “City of Science 2005”. This title, which is 
recognition by the Stifterverband für die Deut-
sche Wissenschaft for successful science transfer 
and good communication between the scientific 
community and the public, represents a further 
successful step towards changing the image of 
Bremen – from being merely a shipping and
commercial city to being a center of technological 
innovation.

Regarding the scientific community here, the ex-
pertise in material sciences represents one of the 
most important competence clusters and a major 
commercial asset for the region. The Fraunhofer 
Institute for Manufacturing Technology and
Applied Materials Research (IFAM) plays a key
role in the interplay between university/technical 
colleges, research organisations and technology 
companies and is ideally situated close to the 
University of Bremen and the Technology Park. 
The work of IFAM’s two departments, Adhesive 
Bonding Technology and Surfaces and Shaping 
and Functional Materials, ideally complements 
the materials science activities of the University of 
Bremen and ties in excellently with the innovation 
marketing policy, InnoVision 2010, of Bremen. 
Despite the high priority given to science funding 
by Bremen, savings of about one hundred
million euros have to be made by 2010. As a 
result, 35 lecturer posts in the university alone will 
have to be abolished. I am certain that the alliance 
of materials science institutions will continue to 
represent a stable and important element in the 
scientific community in Bremen and will provide 
key assistance to local businesses, in particular
to the aircraft manufacturing and aerospace
industries, shipbuilding and energy technology.

Science in Bremen

Reinhard X. Fischer,
Member of the IFAM
advisory board, Assistant
Principal for Research
and Science Recruitment
at the University of Bremen
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The Fraunhofer-Gesellschaft

The majority of the roughly 12,500 staff are
qualified scientists and engineers, who work 
with an annual research budget of over 1 billion 
euros. Of this sum, more than 900 million euros 
are generated through contract research. Roughly 
two thirds of the Fraunhofer-Gesellschaft’s 
contract research revenue are derived from contracts 
with industry and from publicly financed research 
projects. The remaining one third is contributed 
by the German federal and Länder governments, 
partly as a means of enabling the institutes to
pursue more fundamental research in areas that 
are likely to become relevant to industry and
society in five or ten years’ time.

Affiliated research centers and representative
offices in Europe, the USA and Asia provide
contact with the regions of greatest importance 
to present and future scientific progress and
economic development.

The Fraunhofer-Gesellschaft was founded in
1949 and is a recognised non-profit organisation.
Its members include well-known companies
and private patrons who help to shape the
Fraunhofer-Gesellschaft’s research policy and 
strategic development.

The organisation takes its name from Joseph von 
Fraunhofer (1787–1826), the illustrious Munich 
researcher, inventor and entrepreneur.

The Fraunhofer-Gesellschaft undertakes applied 
research of direct utility to private and public 
enterprise and of wide benefit to society. Its 
services are solicited by customers and contractual 
partners in industry, the service sector and public 
administration. The organisation also accepts 
commissions and funding from German federal 
and Länder ministries and government depart-
ments to participate in future-oriented research 
projects with the aim of finding innovative solu-
tions to issues concerning the industrial economy 
and society in general.

By developing technological innovations and
novel systems solutions for their customers, the 
Fraunhofer Institutes help to reinforce the com-
petitive strength of the economy in their local 
region, and throughout Germany and Europe. 
Through their work, they aim to promote the 
successful economic development of our industrial 
society, with particular regard for social welfare 
and environmental compatibility.

As an employer, the Fraunhofer-Gesellschaft
offers its staff the opportunity to develop the
professional and personal skills that will allow 
them to take up positions of responsibility
within their institute, in other scientific domains, 
in industry and in society. 

At present, the Fraunhofer-Gesellschaft maintains 
some 80 research units, including 58 Fraunhofer 
Institutes, at over 40 different locations in
Germany.
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The Fraunhofer Materials and Components
Group pools the expertise of 12 Fraunhofer
Institutes that are specially concerned with
materials science and also receives input from
the Fraunhofer Institute for Industrial
Mathematics, which is a permanent guest
member of the Group.

Fraunhofer materials research extends across the 
entire value chain, from new material develop-
ment and improvement of existing materials 
through quasi-industrial-scale manufacturing 
technology to the characterisation of properties 
and assessment of service behaviour. The same 
research scope applies to the components made 
from these materials and the way they function
in systems.

The Group focuses its expertise on the econom-
ically important fields of energy, health, mobility, 
information/communication technology and
construction/living. Our aim is to achieve sys-
tem innovations through targeted material and 
component developments. In all these fields, we 
rely equally on laboratory/pilot-plant studies and 
numerical simulation/modelling. The Fraunhofer 
Materials and Components Group covers the
entire range of materials and their composites,
including metallic, inorganic/non-metallic,
polymeric and renewable materials. 

Some areas in which the Group is concentrating 
its efforts in the medium term include:

• boosting the efficiency of power conversion
 and energy storage systems
• improving the biocompatibility and
 functioning of materials used for medical
 technology or biotechnology
• increasing the integration density and
 improving the service properties of
 components used in microelectronics
 and microsystem technology
• enhancing safety and comfort while reducing
 the consumption of resources in transport
 engineering and machine and plant
 construction.

The Fraunhofer Materials and Components Alliance
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The institutes

Fraunhofer EMI
Institute for High-Speed Dynamics
Director: Prof. Dr. Klaus Thoma
Eckerstrasse 4
79104 Freiburg
Germany
Phone:  +49 (0) 761 / 27 14-0
E-mail info@emi.fraunhofer.de
Internet  www.emi.fraunhofer.de

Fraunhofer IAP
Institute for Applied Polymer Research
Director: Dr. Ulrich Buller
Wissenschaftspark Golm
Geiselbergstrasse 69
14476 Potsdam
Germany
Phone: +49 (0) 331 / 5 68-10
E-mail info@iap.fraunhofer.de
Internet  www.iap.fraunhofer.de

Fraunhofer IBP
Institute for Building Physics
Directors: Prof. Dr. Gerd Hauser,
Prof. Dr. Klaus Sedlbauer

Branch Stuttgart
Nobelstrasse 12
70569 Stuttgart
Germany
Phone: +49 (0) 711 / 9 70-00
E-mail info@ibp.fraunhofer.de
Internet www.ibp.fraunhofer.de

Branch Holzkirchen
Fraunhoferstrasse 10
83626 Valley / Oberlaindern
Germany
Phone: +49 (0) 80 24 / 6 43-0
E-mail info@hoki.ibp.fraunhofer.de
Internet www.ibp.fraunhofer.de

Fraunhofer ICT
Institute for Chemical Technology
Directors: Prof. Dr. Peter Eyerer,
Dr. Peter Elsner
Josef-von-Fraunhofer-Strasse 7
76327 Pfinztal
Germany
Phone: +49 (0) 721 / 46 40-0
E-mail info@ict.fraunhofer.de
Internet www.ict.fraunhofer.de

Fraunhofer IFAM
Institute for Manufacturing Technology and 
Applied Materials Research
Directors: Prof. Dr. Otto-Diedrich Hennemann,
Prof. Dr. Matthias Busse

Department of Bonding Technology and 
Surfaces
Wiener Strasse 12
28359 Bremen
Germany
Phone: +49 (0) 421 / 22 46-4 00
E-mail ktinfo@ifam.fraunhofer.de
Internet www.ifam.fraunhofer.de
Department of Shaping and Functional 
Materials
Wiener Strasse 12
28359 Bremen
Germany
Phone:  +49 (0) 421 / 22 46-1 00
E-mail info@ifam.fraunhofer.de
Internet www.ifam.fraunhofer.de

Fraunhofer IKTS
Institute for Ceramic Technologies and 
Systems
Director: Prof. Dr. Alexander Michaelis
Winterbergstrasse 28
01277 Dresden
Germany
Phone: +49 (0) 351 / 25 53-5 19
E-mail info@ikts.fraunhofer.de
Internet www.ikts.fraunhofer.de

Fraunhofer ISC
Institute for Silicate Research
Director: Prof. Dr. Gerhard Sextl
Neunerplatz 2
97082 Würzburg
Germany
Phone:  +49 (0) 931 / 41 00-0
E-mail info@isc.fraunhofer.de
Internet www.isc.fraunhofer.de

Fraunhofer ISE
Institute for Solar Energy Systems
Director: Prof. Dr. Joachim Luther
Heidenhofstrasse 2
79110 Freiburg
Germany
Phone:  +49 (0) 761 / 45 88-0
E-mail info@ise.fraunhofer.de
Internet www.ise.fraunhofer.de

Fraunhofer IWM
Institute for Mechanics of Materials
Director: Prof. Dr. Peter Gumbsch
Wöhlerstrasse 11
79108 Freiburg
Germany
Phone:  +49 (0) 761 / 51 42-0
E-mail info@iwm.fraunhofer.de
Internet www.iwm.fraunhofer.de

Fraunhofer IZFP
Institute for Non-Destructive Testing
Director: Prof. Dr. Michael Kröning
Universität, Gebäude 37
66123 Saarbrücken
Germany
Phone:  +49 (0) 681 / 93 02-0
E-mail info@izfp.fraunhofer.de
Internet www.izfp.fraunhofer.de

Fraunhofer LBF
Institute for Structural Durability
and System Reliability
Director: Prof. Dr. Holger Hanselka
Bartningstrasse 47
64289 Darmstadt
Germany
Phone:  +49 (0) 61 51 / 7 05-1
E-mail info@lbf.fraunhofer.de
Internet www.lbf.fraunhofer.de

Fraunhofer WKI
Institute for Wood Research
Director: Prof. Dr. Rainer Marutzky
Bienroder Weg 54 E
38108 Braunschweig
Germany
Phone:  +49 (0) 531 / 21 55-0
E-mail info@wki.fraunhofer.de
Internet www.wki.fraunhofer.de

Guest Institute:

Fraunhofer ITWM
Institute for Industrial Mathematics
Director: Prof. Dr. Dieter Prätzel-Wolters
Fraunhofer-Zentrum
Fraunhofer-Platz 1
67663 Kaiserslautern
Germany
Phone: +49 (0) 631 / 3 16 00 10 10
E-mail info@itwm.fraunhofer.de
Internet www.itwm.fraunhofer.de

Chairman of Fraunhofer Materials 
and Components Group
Dr. Ulrich Buller, Fraunhofer IAP
Deputy chairman
Prof. Dr. Holger Hanselka, Fraunhofer LBF
Group assistance
Katja Okulla
Fraunhofer IAP
Institute for Applied Polymer Research
Wissenschaftspark Golm
Geiselbergstrasse 69
14476 Potsdam
Germany
Phone: +49 (0) 331 / 5 68-11 51
E-mail katja.okulla@iap.fraunhofer.de

For further information please look at:
www.vwb.fraunhofer.de

The Fraunhofer Materials and Components Alliance
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The Fraunhofer Polymer Surfaces Alliance (POLO)

The Fraunhofer Alliance for Polymer Surfaces 
brings together the individual expertise of seven 
Fraunhofer Institutes and develops innovative 
concepts for the functionalization of polymer 
surfaces. Fraunhofer POLO is the ideal partner for 
companies that manufacture and process plastics 
and for users of plastics. The POLO Management 
is your partner from the conception of the project 
right through to implementation in production. 
The management coordinates the expertise and 
know-how of the seven institutes.
The institutes possess state-of-the-art analytical 
equipment for the characterization and analysis of 
polymeric materials, surfaces and thin layers. The 
pilot-plant facilities are second to none.
The institutes have expertise in the following areas: 
processing polymers; encapsulation of polymeric 
materials; development of functional coating 
materials; laminating/bonding; molecular design, 
characterization of polymer structures; polymer 

processing technology: flat products, injection 
moulding, deep-drawing, manufacture of laminates, 
coating, surface modification; roll-to-roll processes for 
web materials as well as techniques for high-area flat 
substrates and 3-dimensional components; scale-up, 
process reliability and automation of treatment and 
coating processes.

Contact person  
 
Spokeswoman for the alliance:
Dr. Sabine Amberg-Schwab
Fraunhofer ISC Institute for Silicate Research
Neunerplatz 2
97082 Würzburg
Phone: +49 (0) 931 / 41 00-6 20
Fax:  +49 (0) 931 / 41 00-6 98  
E-mail  sabine.ambergschwab@isc.fraunhofer.de

Members

Fraunhofer Institutes FEP, IAP, IFAM, IGB, IPA, ISC, IVV

A buzzword nowadays is nanotechnology, a bun-
dle of cross-cutting new technologies for the next 
years to come, dealing with materials, systems 
and devices where something very small (below 
100 nm) determines functions and applications. 
Nanotechnology is with us in everyday life, e. g. 
in UV-absorbing nanoparticles in sun cremes, 
nanoparticle reinforced car tires, in easy-to-clean 
surfaces or scratch resistant coatings. The technol-
ogy itself is cross-cutting branches and industries 
dealing with very different applications. 
 
Nearly one third of the currently 58 Fraunhofer 
Institutes are working in the field of nanotechnol-
ogy. Manifold competencies and a great number 
of ideas for developments were compiled before 
the foundation of the Fraunhofer Alliance for 
Nanotechnology. The activities were focused on 
leading themes like multifunctional layers e. g. 
for automotive applications, the design of special 

Contact person

Spokesman for the alliance:
Dr. Karl-Heinz Haas
Fraunhofer ISC Institute for Silicate Research
Neunerplatz 2
97082 Würzburg 
Phone:  +49 (0) 931 / 41 00-5 00
Fax:  +49 (0) 931 / 41 00-5 59 
E-mail  haas@isc.fraunhofer.de

Members

Fraunhofer Institutes IAO, IAP, ICT, IFAM, IFF, IGB, 
IISB, IKTS, IOF, IPA, ISC, ISE, ITEM, IWM, IWS, IZFP, 
IZM, LBF, TEG, UMSICHT

The Fraunhofer Nanotechnology Alliance

nanoparticles as carrier substance for biomedical 
applications as well as the use of carbon nano-
tubes for actuatoric applications.
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The Fraunhofer Adaptronics Alliance

The constantly growing demands on modern 
structure systems today increasingly cause con-
ventional passive as well as active mechatronic 
approaches to reach their technical and economic 
feasibility limits. Adaptive structure technology, 
in short adaptronics, is an innovative, new cross- 
sectional technology for the optimisation of struc-
ture systems and is included as one of Fraunhofer-

Gesellschaft’s twelve guiding innovations.
 It is based on a function integration by combin-
ing conventional structures with active material 
systems, which extend the classic load-bearing 
and form-defining structure functions to include 
sensor and actuator functions. In connection 
with suitable adaptive controller systems, adap-
tive structure systems can optimally adapt to their 
respective operational environment.

In this alliance the competences of these twelve 
Fraunhofer Institutes, which lie in the areas of 
development, application and optimization of 
intelligent material systems and components, 
systems and applications are combined. Through 
this cooperation the institutes want to make a 
substantial contribution towards efficiently solv-
ing complex tasks in the field of adaptronics and 
towards offering the user a common, central 
contact person for his system development.

Contact person

Spokesman for the alliance:
Prof. Dr.-Ing. Holger Hanselka 
Fraunhofer Adaptronics Alliance
Bartningstrasse 47 
64289 Darmstadt
Phone:  +49 (0) 61 51 / 7 05-2 36
Fax:  +49 (0) 61 51 / 7 05-2 14  
E-mail  info@adaptronik.fraunhofer.de

Members

Fraunhofer Institutes AIS, EMI, IFAM, IIS, IKTS, ISC, 
IST, ITWM, IWM, IWU, IZFP, LBF 

The Fraunhofer Alliance for Numerical Simulation

of Products and Processes

In the Fraunhofer Alliance for Numerical Simula-
tion of Products and Processes, eighteen insti-
tutes pool their expertise in the development 

Contact person

Spokesman for the alliance:
Andreas Burblies
Fraunhofer IFAM Institute for Manufacturing
Technology and Applied Materials
Wiener Strasse 12
28359 Bremen
Phone:  +49 (0) 421 / 22 46-1 83
Fax:  +49 (0) 421 / 22 46-7 71 83 
E-mail  burblies@ifam.fraunhofer.de

Members

Fraunhofer Institutes EMI, FIRST, IFAM, IKTS, ILT, IPA, 
IPK, IPT, ISC, IST, ITMW, IWM, IWS, IWU, IZFP, LBF, 
SCAI, UMSICHT

and improvement of simulation techniques. The 
simulation of products and processes today plays 
a decisive role in all phases of the product life 
cycle, from model-based materials development 
and simulation of manufacturing processes to 
operating characteristics and product placement 
on the market. 
 
The object of the alliance is to address institute-
overarching issues and to represent the interests 
of the member institutes as a central point of con-
tact for public sector and industrial customers. In 
particular, the pooling of expertise from the I&C 
sector with materials and components know-how 
as well as with surface technology and production 
engineering promises to yield innovative results.



23                      

A Profile of the Institute

Annual Report IFAM 2005

Contact person

Project manager:
Dr. Michael Vergöhl
Fraunhofer Network for Photocatalysis
Bienroder Weg 54 E
38108 Braunschweig
Phone:  +49 (0) 531 / 21 55-6 40
Fax:  +49 (0) 531 / 21 55-9 00 
E-mail  vergoehl@ist.fraunhofer.de

Members

Fraunhofer Institutes ICT, IFAM, IGB, IME, ISC, ISE, 
IST, FEP

The Fraunhofer Network for Photocatalysis offers
a wide spectrum of research and development 
services in the area of photocatalysis, from draft-
ing the first notes to a finished solution for the 
end user. There are many possibilities for coopera-
tion – from advice about joint projects to material, 
layer, and product development, from prototype 
and small batch production up to transfer of our 
technology into your business.

The goal of the alliance is to develop new more
effective and efficient photocatalysts. Photocata-
lytically active layer systems have the following 
uses: to make self-cleaning surfaces; to destroy 
bacteria, algae and fungi; to purify air; to reduce 
misting on glass and mirrors.

The Fraunhofer Network for Photocatalysis
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Department of
Adhesive Bonding 
Technology and 
Surfaces
Results   Applications   Perspectives



Molecular model for the transport of water in a 
polymer coating.
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Expertise and Know-how

Perspectives

When new technologies are introduced or when 
existing technologies are modified, industry puts 
high requirements on process safety and reliabil-
ity. These requirements are taken into account as 
a matter of course in all research and development 
work carried out by the Department of Adhesive 
Bonding Technology and Surfaces and indeed 
determine the direction of our work. Innovative 
products are developed in collaboration with the 
customers and these products are then intro-
duced to the marketplace. The manufacturing 
technologies are playing an ever more important 
role here because production processes of high 
quality and reproducibility are preconditions for 
market success.

Adhesive Bonding technology is an established 
joining technique in the car manufacturing indus-
try but its potential is far from exhausted. A few 
examples of the broad range of activities of the 
institute are lightweight materials and structures 
for resource-friendly transport, recycling and the 
related issue of customized detachment of adhe-
sive bonded joints, and the use of nano-scale ma-
terials in adhesive development and modification. 

In order to open up new opportunities
for adhesive bonding technology, bonding
processes and the bonded products must
become even safer and more reliable! 

This is at the fore in all our work. This objective 
can only be achieved if all stages of the adhesive 
bonding process are integrated and consideration 
is taken of all aspects:

The Department of Adhesive Bonding Techno-
logy and Surfaces of the Fraunhofer Institute for 
Manufacturing Technology and Applied Mater-
ials Research is the largest independent research 
group in Europe working in the area of industrial 
bonding technology. Over 120 employees are ac-
tively engaged in applied R&D work in adhesive 
bonding technology and surface technology. The 
scope of the work extends from fundamental 
research right through to production and market 
introduction of new products. The industrial ap-
plication fields are chiefly vehicle manufacture and 
mechanical engineering, energy technology (prin-
cipally wind and solar energy), micro-production 
and the packaging and electrical industries.

The Adhesive Bonding Technology business field 
is concerned with the development and char-
acterization of adhesives, the optimized design 
and simulation of bonded and hybrid joints and 
their testing and qualification. The planning and 
automation of adhesive bonding at an industrial 
scale are also carried out. Further areas of work 
are process reviews and the provision of certified 
training courses in adhesive bonding technology.
The surfaces business field is split into the work 
groups Plasma Technology and Paint/Lacquer 
Technology. Customized modification of surfaces 
– for example pretreatment of surfaces prior to 
bonding or coating and corrosion protection coat-
ings – considerably extends the range of uses of 
many materials.

One area of work which extends to both these 
business fields is Surface and Interface Analysis. 
The fundamental knowledge acquired here con-
tributes to the effectiveness of bonded joints and 
coatings.

The Department of Adhesive Bonding Technology 
and Surfaces is certified in accordance with DIN 
EN ISO 9001 and the material testing laboratory is 
also accredited in accordance with DIN EN ISO/IEC 
17025. The Center Adhesive Bonding Technology 
is an internationally recognised organisation for 
providing employee training courses in adhesive 
bonding technology and is accredited by the 
DVS-PersZert® in accordance with DIN EN ISO/IEC 
17024.
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Main areas of work

•  Formulation and testing of new polymers for
 adhesives, laminating/casting resins, right
 through to industrial introduction
•  Development of additives (nano-fillers, initiators,
  etc.) for adhesives
•  Synthesis of polymers with superstructures and
 biopolymers
• Computer-aided material development using
 quantum mechanical and molecular mechanical
 methods
•  Introduction of international training courses for 

European Adhesive Bonder, European Adhesive 
Specialist and European Adhesive Engineer

•  Manufacturing technology
•  Development of innovative joining concepts,
 e. g. for the car manufacturing industry
 (bonding, hybrid joining)
•  Application of adhesives/sealants, filling
 compounds (mixing, dosing, application)
•  Bonding in micro-production (e. g. electronics, 

optics, adaptronics)
•  Computer-aided production planning
•  Economic aspects of bonding technology /
 hybrid joining
•  Constructional design of bonded structures
 (simulation of the mechanical behaviour of
 bonded joints and components using finite
 element methods, prototype construction)
•  Development of environmentally compatible 

pretreatment methods for the durable bonding 
of plastics and metals

•  Functional coatings using plasma techniques
•  Qualification of coating materials and
 painting/lacquering techniques
•  Development of paint formulations for
 special applications
•  Determination of key parameters, alternating 

fatigue strength and operating strength of
 bonded and hybrid joints
•  Modelling of adhesives and polymeric
 materials (quasi-static and crash)
•  Evaluation of ageing and degradation processes 

in composite/laminate materials
•  Electrochemical analysis
•  Evaluation and development of new corrosion 

protection systems.

•  Application-specific selection, qualification
 and, where appropriate, modification of the
 adhesive;
•  Design of bonded structures using numerical
 methods (e. g. FEM);
•  Pretreatment of surfaces and evaluation of
 corrosion protection requirements;
•  Evaluation of the steps in the adhesive
 bonding process via simulation methods and
 integration into the production process;
•  Selection and dimensioning of application
 devices;
•  Training in adhesive bonding technology for all
 persons involved in the product development
 and manufacture.

The Department of Adhesive Bonding Technology
and Surfaces is using computer-aided methods to 
an increasing extent. Example applications are the 
digitisation of processes in the area of production 
planning and the multi-scale simulation of the 
molecular dynamics at the molecular level, right 
through to macroscopic finite element methods 
for the numerical simulation of materials and 
components. The use of various spectroscopic, 
microscopic and electrochemical techniques is 
giving new insight into degradation and corrosion 
processes in composite materials. These instru-
mental tests and accompanying simulations are 
giving IFAM new knowledge which the empirical 
test methods based on standardized ageing and
corrosion tests cannot provide.

Other key questions for the future are: Where 
and how is bonding technology used in nature? 
What can we learn from this for industrial ad-
hesive bonding technology? Studies are already 
being carried out on a variety of topics ranging 
from the mechanism of bio-adhesion at a molecu-
lar level right through to macroscopic adhesives 
made from proteins. The need to make processes 
and products even safer and more reliable is not 
however limited to adhesive bonding technology. 
It also applies to plasma and surface technology. 
Sectors of industry where there are high require-
ments regarding surface technology are utilising 
our expertise. Renowned companies, in particular 
in the aircraft manufacturing and car manufactur-
ing industries, are amongst our many customers.
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Adhesive Bonding Technology

Dr.-Ing. Helmut Schäfer 
Phone: +49 (0) 421 / 22 46-4 41
E-mail sch@ifam.fraunhofer.de

Work groups 
Adhesives and polymer chemistry 
Development and characterization of polymers; 
nano-composites; network polymers; formulation 
of adhesives and functional polymers; chemical 
and physical analysis. 
Dr. Andreas Hartwig
Phone: +49 (0) 421 / 22 46-4 70
E-mail har@ifam.fraunhofer.de

Biomolecular design of surfaces and material 
Peptide and protein chemistry; determination 
of the structures of proteins at surfaces and in 
solution; marine protein-based adhesives. 
Dr. Klaus Rischka
Phone: +49 (0) 421 / 22 46-4 82
E-mail ris@ifam.fraunhofer.de

Manufacturing technology 
Production planning; dosing and application 
technology; automation; hybrid joining 
techniques, production of prototypes; selection, 
characterization and qualification of adhesives, 
sealants and coating materials. 
Dipl.-Ing. Manfred Peschka 
Phone: +49 (0) 421 / 22 46-5 24
E-mail pe@ifam.fraunhofer.de

Bonding in micro-production 
Electrically/optically conductive bonding; adaptive 
microsystems; dosing very small quantities; 
properties of polymers in thin layers; production 
concepts. 
Dr.-Ing. Helmut Schäfer 
Phone: +49 (0) 421 / 22 46-4 41
E-mail sch@ifam.fraunhofer.de

Materials and construction methods 
Material and component testing; fibre-reinforced 
structures; lightweight construction and multi 
material design; design of structural bonded 
joints. 
Dr. Markus Brede 
Phone: +49 (0) 421 / 22 46-4 76
E-mail mb@ifam.fraunhofer.de

Adhesive Bonding Technology and Surfaces
Fields of expertise and contact persons
Managing director Prof. Dr. Otto-Diedrich Hennemann

Technology transfer and training 
Training courses for Adhesive Bonder, Adhesive 
Specialist and Adhesive Bonding Engineer with 
Europe-wide DVS®-EWF accreditation; in-house 
courses; advice; studies; work and environmental 
protection.
Prof. Dr. Andreas Groß
Phone: +49 (0) 421 / 22 46-4 37
E-mail gss@ifam.fraunhofer.de

Process reviews
Analysis of development processes and / or 
production processes in terms of adhesive 
bonding technology and with regard to guideline 
DVS® 3310; processes and interfaces; design; 
product; proof of usage safety; documents; 
production environment. 
Dr. Dirk Niermann 
Phone: +49 (0) 421 / 22 46-4 39
E-mail dn@ifam.fraunhofer.de

Surfaces 

Dr. Guido Ellinghorst 
Phone: +49 (0) 421 / 22 46-4 99
E-mail eh@ifam.fraunhofer.de

Work groups 
Low pressure plasma technology 
Surface modification (cleaning, activation for 
bonding, printing or painting) and deposition 
of functional coatings (corrosion protection, 
primering, scratch resistance, easy-to-clean 
coatings, permanent release, permeation barrier) 
suitable for bulk goods; batch- and web material; 
conceptions for and construction of pilot devices 
for production.
Dipl.-Phys. Klaus Vissing 
Phone: +49 (0) 421 / 22 46-4 28
E-mail vi@ifam.fraunhofer.de

Atmospheric pressure plasma technology
Surface modification (cleaning, activation, 
functional coatings) and functional layers 
for in-line applications and (large) 3-D-objects.
Dr. Uwe Lommatzsch 
Phone: +49 (0) 421 / 22 46-4 56
E-mail lom@ifam.fraunhofer.de

Paint/lacquer technology 
Testing and consultancy in the area of paints, 
lacquers and coating materials; characterization 
and qualification of paint/lacquer systems; colour 
management.  
Dr. Volkmar Stenzel 
Phone: +49 (0) 421 / 22 46-4 07
E-mail vs@ifam.fraunhofer.de

Adhesion and Interface Research 

Dr. Stefan Dieckhoff 
Phone: +49 (0) 421 / 22 46-4 69
E-mail df@ifam.fraunhofer.de

Work groups
Applied surface and layer analysis 
Analysis of surfaces, interfaces, and layers; 
investigation of adhesion, separation and 
degradation mechanisms; analysis of reactive 
interactions at material surfaces; failure analysis; 
micro-tribology. 
Dr. Ralph Wilken 
Phone: +49 (0) 421 / 22 46-4 48
E-mail rw@ifam.fraunhofer.de

Electrochemistry 
Corrosion on metallic materials, under coatings 
and in bonded joints; investigation of anodisation 
layers; electrolytic metal deposition. 
Dr. Michael Schneider 
Phone: +49 (0) 421 / 22 46-4 35
E-mail msch@ifam.fraunhofer.de

Applied computational chemistry in interface 
science 
Modelling of molecular mechanisms of adhesive 
and degradation phenomena; structure formation 
at interfaces; enrichment and transport processes 
in adhesives and coatings.
Dr. Peter Schiffels 
Phone: +49 (0) 421 / 22 46-5 67
E-mail ps@ifam.fraunhofer.de

Service centers

Center Adhesive Bonding Technology 
Prof. Dr. Andreas Groß 
Phone: +49 (0) 421 / 22 46-4 37
E-mail gss@ifam.fraunhofer.de
Internet www.bremen-bonding.com

Technology Broker
Dr. habil. Hans-Gerd Busmann 
Phone: +49 (0) 421 / 22 46-4 18
E-mail bu@ifam.fraunhofer.de
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Equipment / facilities

• Scanning Kelvin probe
• 6-axle industrial robot, 125 kg bearing load,
 on additional linear axis, 3000 mm
• 1-C piston dosing system
 SCA SYS 3000/Sys 300 Air
• 1-C/2-C geared dosing system t-s-i, can be
 adapted to eccentric screw pumps
• Material feed from 320 ml Euro-cartridge up
 to 200 liter drums, can optionally be combined
 with the t-s-i dosing system
• UR hot-melt dosing unit for either bead or
 swirl application from 320 ml Euro-cartridges
 (own development).

• Low pressure plasma units for 3-D components,
 bulk products and web materials up to
 3 m³ (HF, MW)
• Atmospheric pressure plasma units for 3-D
 components and web materials
• Universal testing machines up to 400 kN
• Units for testing materials and components
 under high rates of loading and deformation
 under uniaxial and multiaxial stress conditions
• Laboratory vacuum press with PC control for
 manufacturing multilayer prototypes, small
 production series and as a test press in the
 laboratory
• 300 kV and 200 kV transmission electron
 microscopes with EDX and EELS
• Surface analysis systems and polymer analysis
 using ESCA, UPS, ToF-SIMS, AES und AFM
• Chromatography (GC-MS, Headspace,
 thermal desorption, HPLC)
• Thermal analysis (DSC, modulated DSC, DMA, 

TMA, TGA, torsion pendulum)
• MALDI-TOF-MS for protein characterisation
• Automatic equipment for peptide synthesis
• Light scattering for characterising turbid
 dispersions
• Spectroscopy ellipsometer
• LIBS (Laser Induced Breakdown Spectroscopy)
• Small-scale pilot plant for organic syntheses
• IR, Raman, UV VIS spectrometers
• IR-VCD-spectrometer (Infrared Vibrational
 Dichroism)
• Rheology (Rheolyst AR 1000 N, ARES –
 Advanced Rheometric Expansion System)
• Equipment for measuring heat conductivity
• Dielectrometer
• Electrochemical Impedance Spectroscopy (EIS) 

and Noise Analysis (ENA)
• Twin-screw extruder (25/48D) and kneader for
 incorporating fillers into polymers
• Single-screw extruder (19/25D) for
 characterising the processing properties of
 polymer composites
• 12-axial robot for manufacturing micro-
 bonded joints
• Linux PC system with 64 CPUs
• Wave Scan DOI
• Colour measurement unit MA 68 II
• Laboratory dissolver
• Haze Gloss
• Automatic paint application equipment
• Paint drying unit with moisture-free air
• Fully conditioned spraying booth

Laser Induced 
Breakdown 
Spectroscopy (LIBS).

Micro-assembly work-
place at IFAM.
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* DVS = Deutscher Verband für Schweißen und verwandte Verfahren e. V.

 EWF = European Federation for Welding, Joining and Cutting

Once a good idea has been accepted, a product 
has proved successful and a market has arisen 
then expansion is only a matter of time. This 
also applies to the training courses in adhesive 
bonding technology which the Center Adhesive 
Bonding Technology of the Fraunhofer IFAM has 
successfully carried out for the past 11 years. The 
wealth of experience we have gained from giving 
these courses to participants from German-speak-
ing countries is now allowing the Fraunhofer IFAM 
to offer these courses beyond Europe in the USA, 
China, Japan and other countries. High-quality 
training courses such as those leading to DVS®-
EWF Adhesive Bonder, DVS®-EWF Adhesive 
Specialist and DVS®-EWF European Adhesive En-
gineer certification are now absolutely essential, 
and this is also so at an international level. Indeed, 
the quality of these courses is the reason why 
Fraunhofer expertise in training is now recognised 
all over the world.

When the very first Adhesive Bonder training 
course was given at the Fraunhofer IFAM at the 
end of January 1994 it was limited to participants 
from German-speaking countries and it was not 
envisaged that the course would one day become 
an “export product“. The IFAM course has acted 
as a cornerstone for market development of ad-
hesive bonding as an advanced joining technique. 
With the rapid technological innovation in all
areas of industry, including bonding technology, it 
soon became clear that the IFAM training courses 
had to keep pace with these developments in 
order to serve users in industry. Over a period of 
10 years this has resulted in ever more compre-
hensive, detailed and customised training for staff 
working in this area.

Internationalisation was necessary

Further confirmation that internationalisation was 
necessary was the growing international interest 
in the contents and didactics of the Fraunhofer 
courses. Using interpreters for the respective lan-
guages, courses had already been given in Poland 
and the Czech Republic. Even the courses held 
in Bremen were being attended by an increasing 
number of participants from foreign countries. 
Internationalisation of the training courses was 

Internationalisation of training courses

in adhesive bonding technology

hence inevitable. The first international course 
was held in 2005 in Spartanburg (South Carolina) 
at BMW’s largest plant in North America. Some 
15 participants successfully took the 3-week 
DVS®-EWF Adhesive Specialist training course. 
This course represented new territory for the 
IFAM tutors and thorough preparation was essen-
tial. The final result however was a very successful 
course. The 15 participants comprised personnel 
involved in primary construction and sheet metal 
production, from both BMW and its suppliers.

Subsequent development steps led to further 
expansion. The success of the first course in the 
USA was encouraging and had allowed us to 
make contacts with key prospective partners. As 
of 2006 the level 1 (Engineer) and level 2 (Special-
ist) courses will be given worldwide in English. 
Detailed discussions are currently underway with 
the Adhesive and Sealant Council (ASC), the asso-
ciation of North American Adhesive Manufactur-
ers, and the American Welding Society (AWS) to 
determine how best the IFAM training system can 
be transferred to these markets. If that was not 
enough, an agreement has been entered into with 
Henkel, the adhesive manufacturer, to provide the 
training courses in China. There is also interest in 
Japan and negotiations are underway with the 
government sponsored R&D Institute of Metals 
and Composites for Future Industries (RIMCOF).
In conjunction with our Dutch partner, Sergem 
Engineering B. V., the training courses are also
being marketed in the Benelux countries.

That there is huge interest in the USA in the our 
training courses is no coincidence. There, the Ad-
hesive and Sealant Council (ASC) commissioned 
a study “Build the Industry – BTI” to evaluate the 
potential of adhesive bonding technology to re-
place or supplement other joining technologies. 
One of the key conclusions was that staff train-
ing is vital for this. The Fraunhofer IFAM, with its 
training courses, precisely meets American needs 
here. As industry in the USA will adopt an exist-
ing, proven and recognised staff qualification 
system, it will save considerable costs. The courses 
that have been held in Germany for many years 
are now being adapted for the American market.
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The motto is “Train the trainer”

The international courses are being specially 
customised by IFAM personnel for international 
markets. The courses will be held by experts from 
the respective countries. The marketing of the 
specialist knowledge will take place via a type 
of franchise system. Prospective foreign tutors 
will acquire their know-how from the Fraunhofer 
IFAM. The motto is “Train the trainer”. It will 
not only be adhesive bonding know-how that is 
passed to trainers but also didactics and method-
ology. After all, the proven system for the IFAM 
courses is the result of more than eleven years’ 
acquired know-how, namely a wealth of experi-
ence that has developed into the quality training 
products of today.

In all its internationalisation activities the
Fraunhofer IFAM is ensuring that its high quality 
standards are maintained. It is vital that all the 

courses in adhesive bonding technology are of the 
same high standard, wherever in the world they 
are held. The proven, successful training formula 
will be expanded internationally – this is better 
than trying to bring together and standardise 
individual working practices from all corners of 
the world in several years time. The integration of 
an already recognised system into many adhesive 
markets is the sole sensible solution in these
times of globalisation. It will be ensured that the 
training courses held in all foreign countries are 
supra-company courses.

The Fraunhofer IFAM has benefitted in a number 
of ways from the success of its training courses. 
For example, it has truly managed to bring the 
term “technology transfer” to real life. Undis-
putable is that the training courses have led to 
increased acceptance of adhesive bonding tech-
nology in all sectors of industry. In addition, the 
training courses represent a first-class means of 

Fig. 1: Theory work at the Center Adhesive 
Bonding Technology in Bremen.

Fig. 2: Practical assignments during the Adhesive Specialist 

course at BMW in Spartanburg, South Carolina (USA).
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quality assurance. The successful application of 
adhesive bonding technology in companies is the 
result of having highly-trained adhesive bonders, 
adhesive specialists and adhesive engineers to 
hand. Confidence in the reliability of bonding 
technology has increased significantly – and that 
is our objective.

Project acquisition via staff training

Employee training has for the Fraunhofer IFAM 
long been an indispensable instrument for suc-
cessfully acquiring industry funded R&D projects. 
In general, those people who participate in train-
ing courses are the decision-makers of both today 
and tomorrow. Direct contact with people and 
technical discussions not infrequently result in 
concrete projects. As the Fraunhofer IFAM covers 
all aspects of bonding technology, companies that 
use adhesives can be appraised as a whole and 

improvements can be proposed – from the plan-
ning stage for a bonded product right through to 
repair aspects. By having a detailed insight into 
companies, the training material can be constantly 
customised and improved.

The international involvement of the Fraunhofer 
IFAM in training is co-funded by the Industriever-
band Klebstoffe (IVK), the Deutscher Verband für 
Schweißtechnik und verwandte Verfahren e. V. 
(DVS) and the Land Bremen. For example, for the 
IVK the internationalisation of Fraunhofer IFAM 
courses, which are recognised throughout Europe, 
is an ideal tool for market expansion – and an aid 
for colleagues all over the world. It is also clear 
to the DVS and the Land Bremen that the IFAM 
training courses are of huge benefit wherever 
adhesives are used for structural bonds and hence 
wherever high-tech applications arise. For that 
reason, the courses represent an initiative that is 
very worth supporting.

Fig. 3: In Spartanburg each participant who successfully

completed the Adhesive Specialist course was presented

with a medal.

Contact persons

Andreas Groß
Phone: +49 (0) 421 / 22 46-4 37
E-mail gss@ifam.fraunhofer.de

Dirk Niermann
Phone: +49 (0) 421 / 22 46-4 39
E-mail dn@ifam.fraunhofer.de

Institute

Fraunhofer-Institut für
Fertigungstechnik und
Angewandte Materialforschung IFAM,
Department Adhesive Bonding Technology and 
Surfaces, Bremen
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Computational chemistry

in adhesion and interface research

Modelling of atomic structures as a tool for applied materials research and development 

Computer-aided materials research opens up 
new opportunities for product and process 
optimisation

Over recent years, computer-aided simulation 
techniques have become an important tool in all 
branches of materials science. This growing sig-
nificance is due to the fact that modern numerical 
techniques allow various aspects including both 
properties and behaviour of materials to be simu-
lated on a computer. The range of applications 
extends from molecular structure simulations right 
through to the design of complex work pieces 
and production processes. The term "Computa-
tional Chemistry" covers a branch of chemistry 
that involves simulation at the molecular level and 
which focuses on the prediction of chemical pro-
cesses and structural aspects. Experimental work 
can thus be complemented by molecular scale 
simulations which provide new opportunities for 
research that extends the limits of actual experi-
mentation. At the outset, Computational Chemis-
try was initially used in a variety of disciplines
as a specialised, niche technique. Its use has in
the meantime become extensive and it is now 
well-established as part of the Computational
Materials Science.

In the Fraunhofer-Gesellschaft, the potential of 
computational modelling techniques was recog-
nised at an early stage. "Simulated Reality: Ma-
terials, Products and Processes" was designated 
one of the twelve innovative areas under the 
"Signposts to Tomorrow’s Markets" banner. The 
importance of simulation techniques in all areas of 
materials development is hence realised.

In adhesive bonding technology as well as in 
many areas of surface technology, meeting the 
ever higher requirements being put on bonded 
materials and functional coatings is a constant 
challenge. One of the most important applications 
of Computational Chemistry at the Fraunhofer 
IFAM hence concerns the study of molecular 
mechanisms at interfaces and chemical reactions 
in bonded joints and in coatings. The Fraunhofer 
IFAM possesses state-of-the-art equipment for 
carrying out these simulations using high-per-
formance Linux clusters. In addition to possessing 
highly specialised technical knowledge about the 

physical and chemical properties of surface struc-
tures, interfaces and coatings, a key factor for 
success in this area is also expertise with compu-
tational techniques.

Chemistry at surfaces and interfaces

Unique features in the atomic structure are often 
the key to the special properties of a material. For 
example, the microscopic pores in zeolites, which 
measure just a few nanometers, determine their 
ability to function as molecular sieves and result 
in specific interactions when particles are present 
in the pores (Fig. 1 and 2). Molecular interactions 
are also of special significance for adhesives
since it is often desired to determine the main
mechanism of adhesion on a substrate. A further
example are degradation processes – namely 
changes or damages caused by environmental 
factors. This degradation can be induced by
electrochemical reactions at the interfaces of 
metallic components. The resulting corrosion can 

Fig. 2: Computer model of the hexa-
gonal pores in zeolite MCM-41.

Fig. 1: Electron micrograph 
(HRSTEM) of zeolite MCM-41. The 
hexagonal pores in the material 
can be seen as a honeycomb-like 
structure. The light areas are larger 
particles of tin oxide (Sample:
M. Wark, University of Hannover).
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affect the long-term reliability of the material. In 
such systems, the underlying chemical reactions 
cannot always be fully clarified, even by carrying 
out many experimental studies.

Computational Chemistry can help elucidate the 
mechanisms of such reactions at a molecular level. 
An advantage of the simulation is that it permits 
the study of model structures, which cannot be 
directly measured by experiment. An example of 
this is the interaction of adhesive components 
at aluminium surfaces (Fig. 3). As the bonding is 
determined by the electron density in the surface 
region, simulations need to rely on accurate and 
highly efficient computational codes based on 
Density Functional Theory (DFT). Consideration of 
the reactions at the interface at a molecular level 
also helps to interpret the analytical findings since 
the calculated electron density can be used to 
predict experimentally expected X-ray Photoelec-
tron Spectra (XPS). This allows statements to
be made about the nature of the bonds and
comparisons to be made between the simulated 
models and real material properties.

Concentration and structure formation at 
interfaces

Any tendency of individual substances in an ad-
hesive or coating to concentrate at interfaces can 
have a considerable effect on the resulting prop-
erties. In many cases, additives which undergo 
specific interactions with the material surface are 
employed. Certain additives can be used to in-
crease the adhesion to the substrate or to provide 
active corrosion protection for coatings. If there 
is concentration of an additive at an interface, 
then the mechanical and chemical properties of 
the interfacial layer can change. In some cases the 
adhesion properties of the bonded joint or coat-
ing can be affected.

The aim of modelling is to predict the effect of 
such concentration phenomena. To achieve this, 
not only the surface activity of the substances 
has to be considered but also potential chemical 
reactions in the adhesive or polymer coatings and 
their mutual dependence. Of special interest is 
the direct effect of the concentration of individual 
substances at the surface on the structure of the 
interfacial region (Fig. 4).

Fig. 3: Representation of the calculated electron density distribution in the surface
region when components of an adhesive come in contact with an aluminium substrate. 
The colour-scale indicates the distribution of the electron density in the surface region.
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A prerequisite for solving complex problems and 
developing new ideas is a close collaboration 
between experts in interface analysis, polymer 
chemistry and modelling. The major advantage of 
simulations is the insight into structure-property 
correlations which can then be experimentally 
verified.

Potential of multiscale simulation

“Materials by Design” refers to the computer-
aided prediction of novel product properties
starting from the simulation of the molecular 
composition of the material. Due to the fact
that the molecular composition determines the 
macroscopic behaviour, research is increasingly 
concentrating on multiscale techniques which 
combine various  computational approaches. The 
objective is to carry out simulations comprising 
different length and time scales by combining 
complex simulation techniques and suitable
approximate methods. These range from material 
design at an atomic level to the issue of how the 
component functions in everyday operation.

The Fraunhofer IFAM is developing multiscale 
techniques as part of a Fraunhofer-Gesellschaft 
project on Pioneering Market-orientated Research 
(MAVO). This is being undertaken in collaboration 
with eight other Fraunhofer institutes that are 
actively engaged in topical areas of research. One 
focus of this highly multidisciplinary project is the 
development of computational tools – “MMM-
Tools” – for the multiscale simulation of interfacial 
phenomena as well as phase and grain bound-
aries in sintered materials. By participating in this 
project IFAM aims to implement new computa-
tional approaches for industrial applications, if 
possible in the short-term. This will maximise the 
benefits for customers and offer them the highest 
possible level of know-how.

Fig. 4: Film formation due to the cross-linking of a surface-sensitive substance. The 
simulation studies not only investigate film formation but also the affinities to different 
surfaces.
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Transport processes in adhesives and coatings

The diffusion of low molecular weight substances 
such as water and oxygen often leads to adverse 
effects. For example, such diffusion can initiate 
the degradation of bonded joints and polymeric 
coatings and in some cases it can even lead to 
the detachment of adhesives and coatings. The 
presence of water therefore affects the long-term 
stability of bonded joints and of organic coatings. 
If moisture penetrates the surface protection layers 
there is the risk of damage due to corrosion. This 
is nowadays a major issue from an economic 
point of view because of costs of millions of euros 
each year. For this reason, barrier layers, for
example plasma-polymer coatings for corrosion 
protection, are used to hinder the transport of 
undesired substances to surfaces.

Computer-aided materials research is able to 
model how moisture is transported to surfaces 
as a result of diffusion processes. It is also able to 
model the molecular interactions which take place 
there (Fig. 5). Different chemical modifications 
to coatings can be simulated in order to identify 
ways of limiting the transport of water. In combin-
ation with the experimentally determined diffu-
sion properties (Fig. 6), such simulations allow the 
interpretation of the experimental findings at a 
molecular level. The results give directions for
further materials development. This approach 
considerably increases the knowledge gained 
from experimental work and paves the way for 
new materials optimisation.

Fig. 5: Molecular model for the transport of water in a polymer coating. The polymer is 
represented using a ball-and-stick representation and balls were chosen to represent the 
water molecules.
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Contact person

Peter Schiffels
Phone:  +49 (0) 421 / 22 46-5 67
E-mail  ps@ifam.fraunhofer.de

Institute

Fraunhofer-Institut für
Fertigungstechnik und
Angewandte Materialforschung IFAM,
Department Adhesive Bonding Technology
and Surfaces,
Bremen

Fig. 6: Experimentally determined moisture profile for the penetration of water into a 
bonded joint. The experimental curve was determined using tracer-studies via ToF-SIMS 
(Time-of-Flight Secondary Ion Mass Spectrometry).

Outlook

The simulation of chemical processes at interfaces 
and in polymers is a field of “Computational Ma-
terials Science” and is a key tool for adhesion and 
interface research. Over recent years this approach 
has benefitted from the rapid advancement in 
computer technology and become very effective. 
It has consequently opened up many research 
avenues for the Fraunhofer IFAM. The key chal-
lenge for us is to further develop and apply mod-
ern computer techniques to current issues in the 
areas of adhesive and coating formulation, surface 
technology and nanotechnology.

At the Fraunhofer IFAM, the work undertaken in 
this field concerns topical industrial areas. Cur-
rent collaborative research projects involve the 
optimisation of adhesive systems and the study of 
chemical processes related to adhesion. By com-
bining computer-aided materials research with the 
knowledge being acquired in experimental R&D 
work, the Fraunhofer IFAM is truly in a position to 
provide optimum support to customers.

One current area of work with a very promising 
future is multiscale simulation. By carrying out 
simulations covering different length and time 
scales, issues relating to materials will in the future 
be considered in their totality – for example rang-
ing from atomic interactions to the mechanical 
behaviour of bonded components. The simulated 
total view opens up new opportunities for optimi-
sation, not only for new combinations of materials 
but also for the design of components and pro-
duction processes.
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Introduction

In order for adhesives and paints to be applied 
effectively, the surfaces of the relevant components 
must be of optimum quality. In the field of paint 
technology, any surface defects or irregularities 
which arise during the course of a production 
process are time-consuming and costly to rectify. 
With regards to bonding processes, it is often 
difficult or sometimes impossible to rectify such 
defects or irregularities after the components 
have been joined and the probability is high that 
these will only become evident during the usage 
phase. This is because up until now there have 
been very limited options available for carrying 
out a non-destructive test on the end-products. 
This highlights the importance of quality monitor-
ing strategies. In addition to undertaking tests on 
the as-received substrate materials, adhesives and 
paint systems, the complexity of the total 
process necessitates that all production steps 
(e. g. pretreatment, application, curing) and all 
relevant process parameters (pressure, temperature, 
time, etc.) are monitored.
In bonding and painting processes, very high re-
quirements are put on the quality of the substrate 
surfaces. Fundamental prerequisites for both 
these production processes are that the substrate 
surfaces have good wetting properties and are 
very clean. Experience has shown that 70 percent 

Monitoring the quality of surfaces in production processes a 

concept for improving the efficiency of bonding

and painting processes

Fig. 1: On the left a defective paint surface: Orange peel 
formation on a painted surface, on the right a faultless paint 
surface.

Fig. 2: The left-hand sample shows a cohesion fracture
in an adhesive film. The right-hand sample shows an
adhesion fracture caused by a release coating developed
at the Fraunhofer IFAM.

of cases of adhesion failure in bonded joints are 
due to contaminated surfaces. Roughly 25 percent 
of painted automobile bodies have to be touched 
up due to particle inclusions and wetting prob-
lems caused by surface contamination.
In order to avoid these costs for the reprocess-
ing of inadequately pretreated components it is 
necessary to directly monitor the surface quality 
during production. This challenge, to develop 
methods for monitoring the surface of substrates 
prior to adhesive or paint application, has been 
taken up by the Applied Surface and Film Analysis 
work group at the Fraunhofer IFAM.
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Tab. 1: Advantages and disadvantages of quick tests and instrumental surface analysis.

Pretreatment of surfaces – the key to the 
overall process

The quality of bonded or painted products ulti-
mately depends on adhesion between the ad-
hesive film or paint film and the surface of the 
component. There are many adhesion mecha-
nisms, but the key processes occur in a region of 
just a few nanometers in thickness. And to make 
clear what we are saying here, the relationship 
between a meter and a nanometer is the same as 
between the diameter of the Earth and the diam-
eter of a hazelnut.

Pretreatment plays a key function in the overall 
production process. Classical pretreatment covers 
methods to clean and activate the surface. These 
pre-treatment methods must generate clean sur-
faces having good wetting properties, and suit-
able functional groups to interact with the respec-
tive adhesive or paint system.

It makes sense to monitor the pretreatment step 
because even the smallest irregularities or de-

fects can result in ineffective bonds and paint 
layers. This can for example occur if materials 
unintentionally enter the production process and 
contaminate the surface or if the pretreatment 
process experiences a fault that goes unnoticed. 
Even fingerprints left behind on the surface of a 
component, caused by working without protec-
tive gloves, can have adverse consequences.

Up until now, the monitoring of the quality of 
surfaces prior to application of an adhesive or 
paint is carried out by taking random samples and 
then carrying out quick tests (e. g. test inks for 
determining the surface energy) or using surface 
analysis techniques (e. g. X-ray Photoelectron 
Spectroscopy (XPS) for analysing the chemical 
composition of the surface). Quick tests have the 
disadvantage that they only give a small amount 
of information for evaluating the quality of the 
surfaces. More meaningful surface testing is only 
possible with complex equipment. In addition, 
neither approach is non-destructive and neither 
approach can be integrated in an automated way 
into production lines.

Information content Investment Time requirements Process integration Non-destructive

Quick tests low low low not possible not possible

Instrumental
analysis very high high high not possible not possible
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In-line monitoring of surface quality prior to 
bonding or painting

The ideal solution would be continuous in-line 
monitoring of the surface quality, as a quality
assurance measure, immediately prior to applica-
tion of the adhesive or paint. Here, the evalu-
ation of the suitability of the surfaces for bonding 
or painting would be undertaken by continuous 
advance monitoring using defined limit values 
for, for example, the degree of contamination. If 
the surface of a component does not meet these 
requirements then it would be removed from the 
process. It would then be pretreated again or de-
clared a reject. This strategy would allow defective 
components to be identified and dealt with prior 
to application of an adhesive or paint.

The determination of surface quality in a continu-
ous production process places several require-
ments on the measuring techniques. In general 
the measurements must be carried out rapidly and 
fully automated. The analytical techniques must 
have high sensitivities for the prospective contam-
inants, measurement reproducibility must be high 
and the techniques must be suitable for use in 
industrial production environments. A number of 
techniques which meet these requirements have 
already been identified including spectroscopic 
methods (e. g. Laser Induced Fluorescence (LIF), 

Laser Induced Breakdown Spectroscopy (LIBS)) 
and optical methods (e. g. reflectometry and
ellipsometry). In addition, techniques suitable for 
evaluating the wetting properties of surfaces are 
being studied and adapted.
The main challenge is to adapt such systems to 
the particular problems facing specific customers. 
The complex boundary conditions which can af-
fect the surface quality of components must be 
identified, evaluated and taken into account in the 
monitoring strategy. For example, there are the 
questions as to what potential impurities are asso-
ciated with the process and what time window is 
available in the process for monitoring. After that, 
suitable techniques are chosen and adapted to 
the measurement task in question. The last step 
involves transfer of the measurement technique to 
the production process.

Fig. 3: Schematic representation of the in-line monitoring of surface quality in an automated bonding process. From left to 
right: Pretreatment of the surfaces via plasma pretreatment, in-line monitoring of the surface quality, adhesive application.
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Fig. 4: Laser Induced Breakdown Spectroscopy.

Fig. 5: Wetting properties of plastic surfaces. Left: Non-pretreated region of a sample 
surface; Right: Pretreated region with improved wetting properties.
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Two practical examples

One area of application for which suitable in-line 
monitoring methods have already been studied 
concerns the monitoring of release agents on 
component surfaces. Silicone-based release 
agents are, for example, often used to facilitate 
the removal of plastic components from moulds. 
If too high concentrations of release agents re-
main behind on the surfaces of components after 
pretreatment, this can result in poor adhesion of 
adhesives and paints. Our work has demonstrated 
that Laser Induced Breakdown Spectroscopy (LIBS) 
is suitable for monitoring these contaminants in-
line. This technique uses a laser to ignite a micro-
plasma at the surface. The optical emission of this 
plasma  namely the spectrum of the emitted light  
reflects the composition of the surface and is
able to identify very small concentrations of
contaminants.

Another practical example involves the evaluation 
of the wetting properties of component surfaces 
prior to paint application. If a paint layer shows 
irregularities, this can be due to unidentified sur-
face contamination adversely affecting the wet-
ting properties. By carrying out a water wetting 
test on components using aerosols prior to ap-
plication of the paint and then undertaking opti-
cal assessment, the wetting properties of a large 
area of a component surface can be recorded and 
irregularities identified. Special image recording 
systems and evaluation routines have been de-
veloped at the Fraunhofer IFAM for this application.

Concluding remarks

The objective of the Applied Surface and Film 
Analysis work group is to design a variety of
modular systems that can then be adapted to
particular applications. The expertise and infra-
structure that are available at the Fraunhofer IFAM 
are being utilised here to offer solutions for a 
wide spectrum of problems.
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Transmission electron microscopy: The future for

high-resolution 2-D and 3-D materials characterisation

Research and development in both nanotech-
nology and materials science requires good char-
acterisation of the material properties as well as 
a detailed analysis of the material’s structure. This 
combination is crucial for understanding process-
ing-structure-property relationships and hence for 
undertaking systematic, goal-oriented product 
and process development. For structural analysis, 
transmission electron microscopy (TEM) combines 
the benefits of ultra-high spatial resolution in 
2-D and 3-D imaging with (sub)nanometer com-
positional analysis and elemental distribution 
mapping. TEM is therefore a powerful tool for 
in-depth material characterisation that can be
correlated with bulk material properties.

The high spatial resolution of TEM is crucial for 
characterising nanostructured materials. Transmis-
sion electron microscopy is one of the few tech-
niques that can image the structure of a sample 
(and not just its surface) on the nanometer or 
even atomic scale, and at the same time provide 
compositional information with nanometer reso-
lution. However, as some materials are sensitive 
to electron beam radiation, low-dose and cryo-
techniques sometimes are necessary to image the 
native structure of a material with optimum reso-
lution. Depending on the information required 
about a material, electron microscopy is often 
able to provide all the necessary data. However, 
there are frequently close collaborations with 
other groups at the Fraunhofer IFAM to correlate, 
for example, bulk mechanical, spectroscopic or 
surface analysis results with TEM data to obtain a 
full picture of the structure-property relationships.

Magnetic nanoparticles

High spatial resolution is vital for the structural 
characterisation of nanoparticles. The Co/CoO 
core-shell nanoparticles shown in Fig. 2 are 
weakly ferromagnetic and are of interest to such 
diverse fields as high-density information storage, 
medical imaging and magnetic fluids. The mag-
netic properties of these nanoparticles differ dras-
tically from the bulk material and depend strongly 
on their microstructure, especially their size, 
morphology, composition and ‘supramolecular’ 
organisation. Using transmission electron micro-
scopy, it is possible to study the structure of these 

Fig. 1: 3-D representation of the structure of a transistor in a 
DRAM memory device showing the roughness of the hidden 
interfaces and enabling 3-D metrology (Si – red, SiOx/SiOxNy – 
yellow, SiNy – blue, WSix – black). 
C. Kübel, J. Kübel, S. Kujava, J. S. Luo, H. M. Lo, J. D. Russell, 
"Application of Electron Tomography for Semiconductor 
Device Analysis" in "8th International Workshop of Stress-
Induced Phenomena in Metallization", edited by E. Zschech, 
AIP Conference Proceedings, American Institute of Physics, 
Melville, New York (2006).

25 nm
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particles over several orders of magnitude – from 
the atomic level to the aggregate level. The analy-
sis reveals that the smallest particles are fully oxi-
dised whereas the larger nanoparticles consist of 
a 5-25 nm single-crystalline or polycrystalline Co 
core with a 2-4 nm polycrystalline CoO shell.

Corrosion protection –
characterisation of coatings

Electron microscopy is not only an essential tech-
nique for nanotechnology characterisation, but is 
also an important analytical technique in classical 
materials science. A technologically important 
example is corrosion protection, e. g. protection 
of aluminium for use in the aircraft or automotive 
industry. Here, the traditional chromium (VI)
containing process used for corrosion protection
must be replaced by environmentally compliant 
alternatives. Main research areas at IFAM are
the characterisation of the porous oxide layers 
generated by alternative anodising processes and 
analysis of the interface between the oxide and 
an organic coating applied on top of the anodic 
layer. The organic coating should wet the oxide 
and fully penetrate into the pore structure. This is 
a prerequisite for the long-term durability of the 
coating. Otherwise, water diffuses through the 

Fig. 2: TEM image of a cluster of Co/CoO core-shell nanoparticles. Multivariate analysis of the
corresponding Co and O elemental maps shows the Co (green) and CoO (blue) distribution within 
the particles. Sample courtesy of Prof. A. Wei, Purdue University.

High-Resolution TEM image of a Co/CoO nano-
particle exhibiting a single-crystal Co core and a 
3 nm thick CoO shell.

polymeric coating and condenses in the pores 
of the oxide layer. Inside the pores, water would 
react with the oxide, decreasing the mechanical 
strength and ultimately leading to delamination 
of the coating. Elemental mapping can be used to 
characterise the degree to which the pores in the 
anodisation layer are filled. Fig. 3 shows that the 
carbon rich primer fills the pores of the aluminium 
oxide and penetrates into the pores all the way 
down to the interface with the aluminium metal. 
To prevent beam damage to the sample during 
the measurements, cryo-TEM conditions were 
used.

However, due to the complex 3-dimensional
arrangement of the pores, even traditional TEM 
methods are not able to directly reveal details
of the pore structure itself because several
pores are projected on top of each other in a
2-D TEM image. An alternative method is electron
tomography, which reveals the full 3-D structure 
with nanometer resolution. The 3-D volume can 
then be analysed using digital slices through the
structure or by volume rendering.
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The electron tomographic analysis of the anodisa-
tion layer (Fig. 4) reveals the distribution of the 
oxide pores in the volume of the sample. In
addition to the actual pores, larger voids are
visible in the oxide layer, which were presumably 
formed when intermetallic phases dissolved dur-
ing the anodisation process. Furthermore, areas 
with differing preferential orientation of the pore 
network are revealed in the 3-D reconstruction, 
which were not recognisable in the original 2-D 
projection.

Nanocomposites

The modification of adhesives with nanopartic-
les is a well-established approach at IFAM for 
improving the properties of adhesives. Using this 
approach, it is possible to produce adhesives with 
new combinations of properties. An important 
goal when preparing these nanocomposites is to 
prevent aggregation of the nanoparticles within 
the composite and so maximise the specific effect 
of the nanoparticles. Conventional TEM tech-
niques are used to measure the average particle 
size and density within the composite, but they 
do not provide complete information about the 
distribution and shape of the particles within the 
matrix. In contrast, electron tomography allows 
imaging of the detailed 3-D sample structure to 
determine the distribution and shape of the
particles.
The advantages of 3-D imaging are illustrated 
in Fig. 5 for a well-separated organo bentonite 

Fig. 4: Digital slices through the volume of the anodisation 
layer show details of the pore structure and clearly show 
structural defects.

Fig. 3: TEM image of a primer-treated aluminium anodisation layer. The carbon distribution in the corresponding elemental map (carbon – red,
oxygen – blue, titanium oxide – yellow) shows that the primer penetrated into the pores down to the aluminium substrate.

TiO2

Primer

Anodisation layer

Anodisation layer

Aluminium
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embedded in an epoxy resin. The traditional TEM 
image reveals slightly bent silicate sheets orientated 
perpendicular to the viewing direction. In con-
trast, electron tomography shows the shape of 
the bent silicate layers in detail and also reveals 
the precise 3-D distribution of the nanoparticles.

Semiconductor devices and quantum
structures

With the advanced electron microscopic tech-
niques now routinely available at Fraunhofer 
IFAM, our characterisation facilities are becoming 
increasingly interesting for new application areas, 
such as semiconductor devices and quantum 
structures having complex features just a few 
nanometers in diameter. High-resolution imaging 
and elemental mapping are already well-estab-
lished in the semiconductor industry. However, for 
failure analysis and 3-D metrology of small device 
structures, it has become apparent in recent years 
that high-resolution electron tomography is the 
most promising method to overcome the projec-
tion problem of conventional electron microscopy. 
An example of the capabilities of electron tomog-
raphy for characterising semiconductor devices is 
shown in Fig. 6 for a flash memory. The memory 
status of the device is controlled by injecting a 
charge through the reference gate onto the float-
ing gate. The distance between the two gates 
must therefore be small enough to enable charge 
injection, but must also be large enough to prevent
tunnelling of the charge under normal operation 
conditions. Due to the surface roughness of the 

Fig. 5: Traditional TEM image of separated organobentonite layers in an epoxy resin.
The 3-D reconstruction reveals the shape and distribution of the nanoparticles.
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reference and the floating gates, it is difficult to 
determine the local distance between the two 
gates using a 2-D projection. However, after 3-D 
reconstruction, the surface roughness of the bur-
ied interfaces can be directly displayed and local 
distances measured in 3-D.

Regarding quantum structures, electron tomogra-
phy also offers new analytical opportunities. For 
example, it is allowing – for the first time – the 
accurate characterisation of the shape of embed-
ded nanoparticles in 3-D, which permits correla-
tion of their electronic properties with their size 
and shape. An example is shown in Fig. 7 for ErSi2 

and GeSi nanoparticles prepared by ion implanta-
tion in SiC followed by rapid annealing. It was 
initially presumed that the ErSi2 particles had an 
irregular "hill-like" shape, but electron tomogra-
phy revealed that the base plane of all the ‘hills’ 
was very well defined and all crystals form facets 
along the low-index planes in SiC.

Summary

The examples described in this report demon-
strate that electron microscopy is much more than 
just a high-resolution imaging tool. Ultra-high 
spatial resolution is important, but the real power 
of transmission electron microscopy is the com-
bination of 2-D and 3-D imaging with elemental 
mapping and local compositional analysis. The re-
sult is a complete microstructural characterisation 
of a material and this provides unique feedback 
for product or process development. When ap-
propriate sample preparation techniques are used, 
most inorganic and organic materials can be ana-
lysed using TEM, which makes TEM an extremely 
versatile technique.

Fig. 6: Surface rendering of the 3-D structure of a flash memory cell (Si – red, SiNx – green, TiSix – blue); the right side shows 
the surface roughness of the floating gate.  
C. Kübel, A. Voigt, R. Schoenmakers, M. Otten, D. Su, T. C.  Lee, A. Carlsson, J. Bradley, “Recent Advances in Electron 
Tomography: TEM and HAADF-STEM Tomography for Materials Science and Semiconductor Applications”, Microscopy and 
Microanalysis, 11 (5) Cambridge University Press (2005), 378–400.
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Fig. 7: Volume rendering of ErSi2 nanoparticles having a diameter of 1-20 nm. The close-up on the right side shows a particle 
from two different directions, revealing the well-defined facets observed for these crystals. Sample courtesy of Prof. U. Kaiser, 
University of Ulm.
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Background

The best way to find out how hard or soft a
mattress is simply to lie on it. What seems a firm 
mattress in the shop can however turn out to be 
a real backbreaker at home when the mattress is 
put on an old bed base. In truth, it is always
sensible to test the quality of the base on which 
the mattress rests. In the tale of the “Princess and 
the Pea” (Fig. 1), the princess was unable to sleep
despite having twenty mattresses and twenty 
eiderdown quilts. It is certainly not difficult to 
imagine how the princess’ night would have
been had she only had a 10 nm thick base!

For very thin films (sometimes only a few nano-
meters thick) and very soft films, it is very difficult 
to determine the softness of the film. Normally, 
the mechanical properties are determined by 
subjecting the film to a force using a punch or 
needle. However, what about if the test object 
immediately punctures the film?
There are similar problems when testing thin
porous films. The pore distribution and geometry 
have a key effect on the E-modulus. Similar to 

very soft films, indentation tests here rarely give 
more than a guide to the strength. Wildly differ-
ent strength values are obtained depending on 
whether the test object hits a pore or rather the 
lattice surrounding a pore. Just think of how tod-
dlers try to press a square block into a triangular 
opening and it becomes immediately obvious that 
the relationship between the indenter geometry 
and the pore geometry considerably affects the 
values given by the indenter.

What does all this mean?

Who is interested in all this? Is this of relevance
to industry? What is patently clear is that the
mechanical properties of ultra-thin layers and 
films are becoming ever more significant and
the following examples will amply illustrate this.

In the area of design and construction, one aims 
to utilise material interfaces to a maximum. With 
regard to bonded joints, which are becoming ever 
thinner, attention is being increasingly focussed 
on the interface between the substrate and the 
adhesive. Information about how the strength of 
interfaces can be altered would provide param-
eters for FEM simulation and so help to optimise 
bonded joints. Adhesive bonding, the joining 
technique of the future, would then even more 
rapidly gain acceptance in industry.
Detailed knowledge about the changes in the 
mechanical properties in the first hundred nanom-
eters of the adhesive film would also aid making 
comparisons between molecular modelling simu-
lations and real systems. This represents a small 
step towards the “bottom-up” development of 
adhesives.

Everybody who has ever wanted to disturb a
barnacle and has tried to prise it from a rock 
knows the outcome: The barnacle cannot be 
shifted. A trick used by perfidious barnacles is to 
deposit multiple layers of adhesive having slightly 
increasing E-moduli. The result is a gradual
transition from the potentially very high modulus 
of the hard base to the relatively low modulus 
of the barnacle. In order to mimic this trick used 
by barnacles and so develop man-made gradient 
layers in adhesives, special analytical methods are 
required.

Use of sound waves to determine the mechanical properties 

of ultra-thin films

Fig. 1: Lisa Marie Meyer: The Princess and the Pea. Coloured 
pencil on paper (2005).



49                      

Adhesive Bonding Technology and Surfaces

Annual Report IFAM 2005

Fig. 2: Penetration of surface waves into a film (light green) – substrate 
(pale green) system. Front – long wavelengths; Back – short wavelengths.

It is almost unnecessary to mention the many
plasma-polymer functional layers, just a few tens 
of nanometers in thickness, which have a key
influence on the functionality of components.
Little is known about the elastic parameters
of these layers although their lifetime is partly
determined by them. Finally, a brief word about 
porosity. In all the systems that have been
mentioned, pores naturally have a key influence 
on the mechanical properties and can considerably 
reduce the strength. There are however also sys-
tems which are naturally porous, for example thin 
anodisation layers on metals. The lifetime of these 
layers is also significantly determined by optimum 
adaptation of the film and substrate moduli.

In summary it can be said that the mechanical 
properties of very thin and in particular viscoelastic 
or poro-elastic films are clearly of considerable 
interest. Equally evident is that determining these 
properties is not so easy. So how can this problem 
be tackled?

The trick

As already indicated in the title to this article, 
sound waves provide the answer. Instead of ana-
lysing the penetration of a point into a film, one 
evaluates the dispersion of waves. Initially this may 
seem a surprising approach. It is non-destructive 
and clean, but can sound waves really be used on 
polymers? An effective sound-absorbing polymer 
layer on the hulls of U-boats would have consider-
ably damped the awful sonar “ping” and spared 
the nerves of many mariners, although the drama 
of the film “Das Boot” would have been consid-
erably lessened. Indeed, a feature of polymers is 
that they absorb sound very well. Even cleverer, 
the absorption increases with increasing fre-
quency of the sound. And in order to study
very fine structures it is precisely these high
frequencies that are required! 

A trick is however required. The bane of the in-
denter method, namely the need to use a hard 
substrate to support the thin films, is here a bless-
ing. Acoustically hard substrates such as silicon, 
steel and ceramics are used as carriers of the 
sound energy and ensure that the sound energy is 
not absorbed too rapidly by the polymer film.

Surface waves

In principle ultrasound can be used for analysing 
very thin weak films. Of the wide spectrum of 
waves that disperse in a film-substrate system, the 
method being proposed here only analyses one 
particular type. 
Surface waves, in this case so-called Rayleigh 
waves, penetrate into the film-substrate system to 
different depths depending on their wavelength. 
The penetration depth is defined as the depth 
at which the wave energy has fallen to a certain 
fraction of its original energy. 

Waves with a very short wavelength penetrate to 
very small depths and hence virtually exclusively 
disperse in the film (Fig. 2 back). Waves of longer 
wavelength penetrate deep into the substrate and 
largely disperse there (Fig. 2 front).
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Dispersion curve

The dispersion behaviour of these waves, in 
particular their rate of dispersion, is largely de-
termined by the E-modulus. Waves that almost 
exclusively disperse in the substrate hence move 
faster or slower than waves that disperse in the 
weak film. The dispersion curve is a plot of the 
dispersion rate of the waves against the frequency.

Fig. 3 shows a number of different types of dis-
persion curves. If the mechanical properties of the 
film and substrate do not differ, then all waves 
propagate at the same rate. There is then no 
dispersion and the dispersion curve is horizontal 
(middle curve in Fig. 3). A very hard film on a soft 
base material results in an increasing rate of wave 
dispersion with increasing frequency (top curve in 
Fig. 3). Conversely, the rate of dispersion of the 
waves decreases with increasing frequency when 
a very soft film material is on the substrate
(bottom curve in Fig. 3). Measuring device

We use the LAWave© device developed by the 
Fraunhofer IWS in Dresden. Fig. 4 shows the
actual measuring head.

The film to be examined is on the bluish circular 
silicon wafer. In the foreground there is a steel 
spatula that presses a small piece of a piezoelec-
tric film onto the sample. Partly hidden by the 
copper coloured holder is a cylinder lens. A laser 
pulse from the cylinder lens is focussed on the 
sample. The sample is heated by the pulse in a 
narrow, line-shaped region. Similar to how water 
waves disperse from the place where a stone hits 
the water surface, these laser pulses initiate
surface waves in the sample. The shorter the
duration of the pulse, the larger the bandwidth
of the resulting surface waves. The waves pass
below a steel spatula which presses a piezoelectric 
film onto the sample. This generates a short volt-
age signal which is recorded by an oscilloscope. 
The signal undergoes Fourier transformation and 
from the phase spectrum the dispersion curve is 
obtained. If the film is an elastic material then the 
E-modulus can be directly determined.

Fig. 3: Types of dispersion curves: Non-coated substrate (middle 
horizontal curve). E-modulus of the substrate is smaller than 
the E-modulus of the film (top curve), E-modulus of the sub-
strate is greater than the E-modulus of the film (bottom curve).

Fig. 4: Measuring head of the LAWave© device.
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Fig. 7: E-moduli of thin PS films on Si wafers. Full line: bulk 
E-modulus of polystyrene.

Fig. 5: SEM micrograph of a ca. 9 nm thick PS film on an Si 
wafer generated by spin-coating.

Fig. 6: Dispersion curves of PS films on Si wafers. The virtu-
ally horizontal line represents the non-coated substrate. The 
lowermost line represents a PS film of ca. 1 µm thickness.

Example: soft film material

Being a thermoplastic, polystyrene possesses
viscoelastic properties. This material is extensively 
described in the literature and as such serves as a 
good reference system. Fig. 5 shows a ca. 9 nm 
thick polystyrene film (PS Film) on an Si wafer. 
The sample was fractured after being coated in 
order to be able to see the film under the scan-
ning electron microscope. The film is only seen as 
the stretched, fibre-like structures at the fractured 
edges.

Fig. 6 shows the dispersion curves of PS films 
of different thickness. The virtually horizontal 
curves represent the non-coated substrate. The 
dispersion curves with a slight negative gradient 
represent the very thin films and the curves with 
greater gradient are those of the very thick films. 
The curves with a slight negative gradient, which 
represent PS films with a thickness of just ca.
10 nm, are impressive evidence for the sensitivity 
of the analytical method.

The determination of the E-moduli from the dis-
persion curves is shown in Fig. 7. A large deviation 
from the bulk modulus is observed for films have 
a thickness below 50 nm.
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Fig. 9: SEM micrograph of an anodisation layer on aluminium.

Fig. 8: FEM simulation of a dispersion curve for a 430 nm 
thick PS film on an Si wafer. The upper line refers to the
viscoelastic case, the lower line to the elastic case.

Fig. 10: Dispersion curves for untreated (top curve) and
treated samples (lower curves).

The evaluation of the dispersion curves is still 
based on a pure elastic theory. In order to esti-
mate the effect of viscoelastic contributions on 
the dispersion curve, we have carried out FEM 
simulations. Fig. 8 shows the simulated results
for a PS film on a silicon wafer. The dispersion 
curve obtained from the pure elastic simulation 
(Fig. 8 lower curve) falls off more sharply than
the curve obtained when viscoelasticity is taken 
into account (Fig. 8 upper curve). In the
viscoelastic case, the determination of the
E-modulus from the dispersions curve hence
results in overestimation of the E-moduli.

Example: porous material

Anodisation layers have a pronounced porous 
structure. Fig. 9 shows an SEM micrograph of
an anodisation layer on sheet aluminium. 

Due to the hardness of the aluminium oxide,
even such an open structure can be analysed
using surface waves. Fig. 10 shows the dispersion 
curves for this layer. The uppermost curve shows 
the untreated sample, the curves below show 
the change to the sample during the course of
a compaction process.

Increasing duration 
of treatment 

Untreated sample 
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Summary and outlook

The mechanical properties of thin films are not 
merely of academic interest. For many thin film 
systems, regardless of whether they be visco-
elastic or poro-elastic, the determination of the 
mechanical properties by analysing the dispersion 
of surface waves is a feasible alternative to clas-
sical indentation tests. In many cases, this special 
ultrasound technique is allowing systems to be 
analysed for the first time.

At present we are still assessing the full range of 
prospective applications of the technique. The 
next phase will involve transfer of the viscoelastic 
theory to the evaluation of the dispersion curves 
and examining cross-linked polymer films. Ivan 
Illich states in "Tools for Conviviality": "People 
need tools with which to work, not devices which 
do the work instead." In our case, the equipment 
for determining the elastic properties of materials 
using surface waves is a tool, and certainly far 
removed from being a routine testing machine.
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New approach for training in adhesive bonding technology:

BoniH – adhesive bonder online

Fig. 1: Tutor Andrea Paul (IFAM) in the studio.

Fig. 2: CD-ROM cover.

Since 1994, 1133 people have successfully passed 
the DVS®-EWF accredited Adhesive Bonder
training course given by the Center for Adhesive 
Bonding Technology of the Fraunhofer IFAM. 
However, considering all the course participants 
up until the start of 2005, only 5 percent were 
from the handicrafts sector. This situation is dis-
quieting because of the high and ever increasing 
importance of adhesive bonding in this sector.

The reasons why the 1-week Adhesive Bonder 
training course has not been attractive to the 
handicrafts sector are very evident. Small com-
panies cannot afford or do not wish to release 
their employees for a whole week for training. 
These companies do not have the extra man-
power to replace absent staff, particular individuals 
are often difficult to replace and orders often 
have to be completed under time pressure. On 
the other hand, technological development is 
very relevant for the handicrafts sector: Increased 
requirements on the usage properties of products 
necessitate that companies use a diverse range of 
materials in their production processes and these 
materials can often only be joined using bonding 
technology.

Against this background, and wanting to provide 
access for the handicrafts sector to advancements 
in adhesive bonding technology, the Fraunhofer 
IFAM, in collaboration with the Technology 
Transfer Center of the Bremen Chamber of 
Handicrafts and its Vocational Advancement 
Center, initiated “BoniH (online training for the 
handicrafts sector): Adhesive Bonder online“. 
To date this online course has been held twice, 
with employees from handicraft companies in 
Bremen and the surrounding area taking part. In 
the online course, theoretical knowledge about 
adhesive bonding is taught using a teaching 
platform developed by “Ivy-Group“. The special 
feature of this platform is that it allows so-called 
“live e-learning“ via tutorials. Participants sit with 
a headset in front of their monitors for tutorials 
and see and hear the course tutors in real time. 
In turn, the tutors can directly reply to questions 
from participants which are addressed verbally 
and do not have to be typed.

Considering the special situation of the handi-
crafts sector, an advantage of this teaching 
platform is that it records each online activity, 
meaning that no participant misses a session – 
a participant can view a session at any later 
convenient time. The course content was specially 
prepared for this new training method and the 
tutors have been trained in media-didactics.
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Fig. 3: Screenshot.

In addition to a CD-ROM which allows partici-
pants to prepare for the course, and which has 
been specially customised for the online training, 
each online participant also receives a further  
CD-ROM with interactive exercises for each of  
the individual course modules. This allows par- 
ticipants to test the level of their knowledge 
(Fig. 3). In addition, a video was used to prepare 
participants for the 1-day practical session that 
took place at the end of the course at the 
Fraunhofer IFAM. Following this the final  
examination was taken.

After evaluation of the first run of “BoniH 
– online training for the handicrafts sector“ 
it was concluded that e-learning is a success-
ful approach for providing training in adhesive 
bonding technology and can effectively transfer 
knowledge to the handicrafts sector. The special 
resource-related issues, work methods and time 
pressures in the handicrafts sector do not dimin-
ish the readiness to take on innovative technolo-
gies in this sector. They do however often take 
away the opportunity to participate in certified 
training courses that are given in the conven-
tional 1-week format. The chosen live e-learning 
platform not only allows online study sessions 
and synchronous verbal communication but also 
allows the online sessions to be viewed again at 
any later time. After the first successful run the 
course was adjudged to be an ideal e-learning 
instrument for the handicrafts sector.

Experience to date has shown that adhesive 
bonding know-how leads to new approaches 
for solving problems. This is due to the fact that 
adhesive bonding technology is often for the 
first time given consideration as an alternative 
joining technique. Passing on information 
about technological advancements creates the 
conditions for innovation. The task for us is to 
open up opportunities for sectors of industry 
which have difficulty coming by this information, 
either for operational or resource-related reasons, 
and so ensure that they are kept up-to-date with 
advances in technology.

This is why the Adhesive Bonder online course will 
be held again in the second half of 2006.
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Fig. 1: Input and output parameters for the CFD simulation of adhesive processing.

Computer simulation of adhesive processing

Background

The trend in industrial production is towards 
shorter cycle-times and a corresponding increase 
in the requirements on individual processes. In 
adhesive bonding technology this applies to the 
processing speeds and to new, more efficient 
application techniques. When an adhesive is pro-
cessed it is subjected to thermomechanical stress 
by the dosing equipment. The question arises as 
to whether the system, namely the adhesive and 
the dosing equipment, functions reliably under 
these more stringent conditions. The parameters 
which determine the stress on an adhesive are the 
pressure, temperature, shear stress and time.

In all dosing equipment, regardless of the design, 
the sensory systems used to monitor the dosing 
process are limited to measuring the temperature 
and pressure in the pipe/hose systems. These  
are global parameters, but they experience high 
local variation (i.e. within a dosing pump or valve). 
These local parameters cannot be recorded using 
conventional measuring techniques even though 
they largely determine whether an adhesive can 
be effectively processed.

Project

The objective was to qualify a method which,
based on measurable global parameters, allows 
the local pressure, temperature and shear to be 
determined. This knowledge about local param-
eters would allow accurate description of the real 
stress to which an adhesive is subjected in the 
dosing equipment during processing.

Computational Fluid Dynamics (CFD) was used to 
achieve this objective. CFD has already been used 
to describe fluid dynamics in a very broad range 
of technical fields. This range extends from the 
aerodynamics of aircraft, rail vehicles and road 
vehicles, to the simulation of filling processes in 
the injection moulding of polymeric and metallic 
materials and on to describing combustion 
processes in engines.

Up until now, very little use has been made of 
CFD in bonding technology and in particular to 
describe the machine-processing of adhesives
(= non-linear fluids). Fig. 1 shows the benefits
of applying CFD to adhesive processing.
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Fig. 2: Cross-section of a dosing nozzle for processing hotmelts.

Fig. 3: Pressure of the adhesive in the valve nozzle with an open valve.

Example application

In the packaging industry, conveyor belt speeds 
are increasing and hence the efficiency of the 
components responsible for the adhesive dosing 
must be increased in proportion to this. A restrict-
ive boundary condition was the need to realise 
the increased efficiency of the application valves 
with a standard design volume. Fig. 2 shows the 
cross-section of a so-called dosing nozzle for 
processing hotmelts and the model of the region 
through which the fluid flows.

The model highlights how difficult it is to improve 
the flow through the valve nozzle and hence
the efficiency of application of the adhesive:
Mechanical engineering puts limits on the degree 
to which the flow can be optimised. This demon-
strates the general advantage of computational 
simulation. By making relatively simple virtual 
modifications to the geometry, the changes to
the flow behaviour can be recorded – as shown
in Fig. 3 for the pressure in the initial state – and 
then optimised by iteration.

Outlook

This example application highlights just one of 
many uses of CFD for studying the processing of 
adhesives. Another use is the simulation of local 
parameters to evaluate the thermomechanical 
stresses to which adhesives are exposed in dos-
ing equipment. The objective here is to quantify 
the processing limits for an adhesive system. To 
achieve this, it is necessary to consider all respect-
ive components, for example dosing pumps, tak-
ing into account the relative movements of the 
individual components. Computer simulation gives 
interesting results, but interpreting those results is 
difficult. Experiments must be carried out to com-
plement the computational work. Such experi-
ments require a device which allows the individual 
parameters (namely pressure, temperature, shear 
and time) to be varied independently of each 
other. This topic will be covered in next year’s
annual report.
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Micro-bonding with reduced mechanical stress

Fig. 1: Micro-bond: VCSEL diode bonded into an SMD housing.

Background

Adhesive bonding technology is being used for 
an ever wider spectrum of assembly and joining 
applications in microsystems engineering, micro-
circuitry, micro-electronics, etc. The nature and 
quality of the assembly step have a major effect 
on the production costs as well as on the per-
formance and reliability of the total system. As-
sembly-related mechanical stress in joints is one
of the chief reasons for faults and failures.

Project

The objective of the project was to acquire know-
ledge about the origin of micro-stress and so allow 
stress-optimised bonds to be created and enable 
more realistic simulation work to be undertaken.

Procedure

The project studied the effect of design, material 
selection and process management by carrying 
out real experiments and Finite-Element-Modell- 
ing (FEM). On recommendation of the super-
visory project committee two applications were 
studied, one in the area of electro-optics and
one involving micro-optics.

Example applications

In the field of electro-optics, the bonding of a 
VCSEL diode into an SMD housing by means of an 
active feedback was studied (Fig. 1). As a result of 
the tolerances of the components to be bonded, 
in some cases it may be necessary to apply very 
inhomogeneous adhesive films (thickness 10 µm 
to 490 µm). In accordance with the required speci- 
fications, the bonded joint must guarantee align-
ment of better than ± 10 µm for 20 years under 
the conditions of use. Little is, however, currently 
known about the ageing properties of such joints 
(e. g. positional changes, misalignment) and how 
the ageing can be optimised.
As an example of an assembly in the field of 
micro-optics, a cylindrical endoscope objective 
was selected (Fig. 2). The bonds are subjected to 
considerable loads when the optical components, 
which possess differing diameters, are polished 
down to a uniform diameter and when subse-
quent sterilisations are carried out. 
In both these example applications, the internal 
stress in the micro-bonds has a direct effect on 
the properties of the components.

Preliminary work: Micro-optics and
electro-optics

For each of these example applications detailed 
specifications were drawn up in order to select 
potentially suitable adhesives. Nearly 50 adhesives 
were acquired and application-specific screening 
tests were carried out. In accordance with the 
specifications, properties such as the dosing char-
acteristics, realisable adhesive film thickness, cur-
ing properties, lack of blisters, bond strength and 
thermomechanical behaviour were evaluated in 
bulk and in model bonded joints. The most prom-
ising adhesives were then used to systematically 
investigate the effect of different design, pro- 
cess management and load parameters in model 
bonded joints in order to identify viable, stress-
optimised variants. The results were used to pro-
duce test bonds with improved stress properties.
Concomitant with the manufacture of the test 
bonds for the VCSEL diode / SMD housing system, 
an assembly process was developed that utilised 
an automated micro-assembly plant. After auto-
mated alignment by maximising the light intensity 
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Fig. 2: Endoscope objective bonded in the optical path.

passing into the fibre, UV curing of the adhesive 
was carried out in the plant followed by a
thermal post-curing step. The plateau width 
of the intensity maximum was determined to 
amount to ± 10 µm and this sets the required 
long-term positional stability for subsequent
production steps and for use.

Results: Micro-optics

For the model bonds, the most prominent results 
are the following. For most adhesives, the struc-
tural changes in the adhesive film increased with 
the intensity of the UV curing. However, most of 
these changes were only visible after temperature 
cycles. This means that unknown but considerable 
stress could be present in the bonded joint when 
there is rapid, inhomogeneous UV curing. Thicker 
adhesive films in the region of 20 – 100 µm gave 
no thermomechanical benefits, and in some cases 
the thermomechanical properties were even less 
favourable than for thinner films (10 – 20 µm). 
This indicates the effect of the interfacial layer of 
the adhesive, although this aspect could not be 
further investigated in this project. In addition, 
attempts to suppress the curing shrinkage of the 
adhesive film in the thickness direction by using 
20 µm spacers was disadvantageous. In some 
instances this resulted in cracks and in general led 
to lower strength. The ability of the adhesive film 
to undergo unhindered shrink-related deformation 

during the curing was important here for keeping 
the stress in the resulting adhesive film low. Be-
sides the aforementioned systematic relationships, 
it was evident that accidental imperfections in the 
adhesive film, due for example to too large filler 
particles or air bubbles, could induce optically det-
rimental structural changes when the bond was 
subjected to alternating temperature loads. These 
imperfections act as “initiators“, which trigger the 
relief of stress.
In the 100 test bonds, structural changes were 
only observed in 2 samples (cured very rapidly 
on purpose). This confirms that the model bonds 
tested earlier had aggravatedly simulated the real 
conditions and shows that virtually all test bond 
variants already realised an effective stress
optimisation.

Depending on the adhesive, there was a lesser 
or greater dependence of the fracture stress on 
the curing conditions, duration of storage and on 
the method used to clean the surfaces. Slow UV 
curing using a low but adequate UV intensity and 
new, non-corroded glass surfaces were particu-
larly advantageous. In the peel test, which is very 
unfavourable for bonded joints, the best bonded 
variants generally showed a substrate fracture, 
and this represents a very good result.
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A: UV-Härtung: 18,7 µm

B: Thermische Härtung: 15,4 µm

C: 300 h / 85 °C: 10,9 µm

D: 1000 h / 85 °C: 4,5 µm

E: 2000 h / 85 °C: 1,6 µm

E

TO-46TO-46

TO-46

A: UV-Härtung: 3,0 µm

B: Thermische Härtung: 2,3 µm

C: 300 h / 85 °C: 2,2 µm

D: 1100 h / 85 °C: 1,8 µm

E: 1900 h / 85 °C: 0,7 µm
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A: UV curing: 18,7 µm

B: Thermal post-curing: 15,4 µm

A: UV curing: 3,0 µm

B: Thermal post-curing: 2,3 µm

Fig. 4: Misalignment measurement on a stress-optimised bond (movements magnified 

compared to Fig. 3).

Fig. 3: Misalignment measurement on a non stress-optimised bond.

Results: Electro-optics

The test bonds were examined with regard to 
the position of the diode (relative to the SMD 
housing) and with regard to the intensity of light 
launched into the fibre. This allowed cause-effect 
correlations to be analysed. In order to determine 
the diode position, a measuring method that 
could be used during production and also after 
ageing was developed and tested. The measure-
ment accuracy was better than 2 µm over a meas-
urement field of 6 x 6 mm².

When determining the diode position it became 
clear that the largest positional shifts occurred 
during UV curing, during thermal post-curing and 
during the first 300 hours of the 85 °C ageing. 
Each of these shifts can be the order of 10 – 20 
µm in non stress-optimised, eccentric bonds due 
to the very inhomogeneous thickness of the ad-
hesive film. The total positional change from prior 
to the adhesive curing step until after the 2000 
h ageing at 85 °C can be up to 40 µm (Fig. 3). 
The bottom left of the figure depicts a schematic 
cross-section of the adhesive bond, showing the 
VCSEL diode (circular, inside), surrounding gap 
with adhesive and SMD housing (square, outside). 
The coloured arrows show the relative movements 
of the diode and housing after the various pro-
duction steps and ageing periods indicated in the 
legend. In stress-optimised bonds, the total move-
ment is reduced to ≤ 5 µm (Fig. 4). Compared to 
Fig. 3, Fig. 4 shows the movements on a larger 
scale. The precise numerical values of the move-
ments are in each case given in the legend. Only 
the stress-optimised bonds remain on the plateau 
of the intensity maximum. Due to the optimisa-
tion, the specifications were safely satisfied over a 
long period without positional changes occurring.

In the studies on the light intensity launched into 
the fibres, no misalignment-related impairment 
of the light intensity was observed for any of the 
bonded joints during the production and ageing. 
A reference sample verified the assumed correl-
ation of cause (position) and effect (light intensity 
launched).



61                      

Adhesive Bonding Technology and Surfaces

Annual Report IFAM 2005

* DVS = Deutscher Verband für Schweißen und verwandte Verfahren e. V.

Contact person

Thomas Gesang
Phone:  +49 (0) 421 / 22 46-4 74
E-mail  ge@ifam.fraunhofer.de

Institute

Fraunhofer-Institut für
Fertigungstechnik und
Angewandte Materialforschung IFAM,
Department of Adhesive Bonding Technology and 
Surfaces,
Bremen

Finite element modelling: Electro-optics

Finite element modelling was carried out to
further increase our understanding of the factors 
which cause stress in micro-bonds and hence
allow optimisation of such bonds. This work was 
undertaken on the electro-optical application. 
The parameters that were calculated were the 
mechanical stress, strain, movement and tilting of
the VCSEL diode. Taking into account the tem-
perature-dependent parameters of the relevant
materials it became clear that low temperatures 
(-40 °C) resulted in higher stress in the adherends 
and in the adhesive film than did higher tem-
peratures (+80 °C). In addition, eccentric bonds 
with inhomogeneous adhesive film thicknesses 
resulted in greater stress than symmetric bonds 
with homogenous adhesive film thicknesses. This 
agrees with experimental findings. It was found 
that optimisation of the geometry of the adhesive 
film could significantly reduce the stress, and this 
is also in agreement with experimental results. 
It is difficult to evaluate curing shrinkage using 
FEM. From comparison with experiments, it can 
be concluded that the majority of the curing 
shrinkage occurs in adhesive that still has a low 
degree of crosslinking. This part of the curing 
shrinkage is counteracted by plastic deformation / 
flow processes, without causing noteworthy
mechanical stress. With this information, the
curing shrinkage will be able to be more effectively
modelled in the future.

Demonstrators

Using the developed processes and sets of
parameters, stress-optimised demonstrator bonds 
were produced. This demonstrated the industrial 
viability of these assembly techniques for produ-
cing low-stress bonds in one selected micro-optical 
application and one electro-optical application.

This project was funded by the Germany Ministry 
for Trade, Industry and Employment (BMWA)
via the Arbeitsgemeinschaft industrieller For-
schungsvereinigungen Otto von Guericke e. V. 
(AiF) (AiF-no.: 13,361, N/DVS-no.: 10,031) and
by the Forschungsvereinigung Schweißen und
verwandte Verfahren e. V. of the DVS. We are 
most grateful for this support.
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Production of casting construction components.
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Fig. 1: “Functional Printing”: Maskless printing by using the 

Maskless Mesoscale Material Deposition (M3D) process. Silver 

micro-antenna on flexible substrate.

The Department of Shaping and Functional Mat-
erials at the Fraunhofer Institute for Manufacturing 
Technology and Applied Materials Research is con-
tinuously expanding its expertise on integrating 
functional materials into structural components. 
With our vision of “smarter – smaller – safer“, the 
aim is to transfer this knowledge to diverse sec-
tors of industry. A prerequisite for this is efficient 
organisation and expansion of our three core ar-
eas of expertise: 

• Powder and sintering technologies
• Casting and light metals technologies
• Micro- and nanostructuring.

The expertise and knowledge of IFAM staff and 
the establishment of networks with partners in 
other technical disciplines is ensuring that innova-
tive solutions are developed for industry. Our 
R&D activities extend from fundamental, applica-
tion-orientated research right through to product 
realisation and support with implementation into 
production processes.

The use of combinations of different materials in a 
single component is playing an ever more import-
ant role for meeting the complex requirements 
of intelligent components. To design such com-
binations of materials and to control the relevant 
manufacturing processes are important aspects of 
our work.
 
Production processes such as injection mould-
ing are currently used for manufacturing geo-
metrically complex components from a host of 
different metal alloys and ceramic materials. We 
have achieved to systematically apply the specific 
properties of different materials locally in the part. 
As an example, the combination of magnetic and 
non-magnetic steel can be mentioned here.

Material combinations can also be realised in
micro-component production, with such integrated 
technical manufacturing solutions obviating the 
need for micro-assembly work. In addition to
optimising the quality assurance of production 
processes for metallic miniature components,
new interdisciplinary approaches in the area of 
micro-reaction technology and bioreactors are 
being developed.

Expertise and Know-how

The “Functional Printing“ technology platform 
has been expanded with new options for mask-
less printing using the so-called M³D process. 
New functional ink and paste formulations were 
developed and knowledge about applying them 
to components has been acquired. Hence it is 
possible to integrate sensorical functions into 
components, thus allowing, for example, the re-
cording of operating or ambient conditions.

A state-of-the-art casting plant and ultra-mod-
ern analytical equipment coupled with in-depth 
know-how of aluminium and magnesium alloy 
processing via pressure die casting have enabled 
IFAM to assume a favorable position in the mar-
ket. Besides optimising casting processes for com-
plex components, other key activities include the 
integration of piezoelectric elements and RFIDs 
into cast components and this work is continuing 
apace.

We have extensive knowledge concerning the 
transfer of cellular metal technology to commer-
cial products. Customised solutions for industry, 
for example the use of cellular metals as diesel 
particle filters, are under development and our 
process engineering know-how in this area is con-
tinually growing.

Perspectives

It is imperative that our service portfolio is conti-
nually adapted to the needs of the market, deriving 
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Fig. 3: Simulation of temperature distribution and mould filling behaviour for micro 

metal injection moulding.

Fig. 2: Composite material based on metals and microscopic 

small glass bubbles produced by casting. The maximal size of 

the glass bubbles is 60 microns.

new technological challenges from the change. 
Considered equally important are product innov-
ations under economically justifiable conditions 
and the contribution of the solutions towards
improving the quality of life and sustainable
development in the areas of transport, energy, 
medicine and the environment.

In any innovative product, the materials and their 
processing are vital factors for success. This is 
especially so for moulding processes because the 
material properties and the component geometry 
can be influenced during the production process. 
The resulting market is growing with the increas-
ing product complexity. 

Material properties and technologies for structural 
and functional applications are being customised 
and characterised. In this area, high-performance 
materials, composite materials, gradient materials 
and smart materials are being developed, as are 
production technologies for integrating the prop-
erties into components.

By continuing to enhance our knowledge in the 
area of functional materials (e.g. thermal manage-
ment materials, carbon nanotubes and nanocom-
posites), we are opening up new opportunities 
for undertaking product development work with 
existing customers and for attracting new
customers.

Of special relevance for future process and
product development work is simulation of all
the processing steps required for producing a 
component. For both cast and powder-metallurgical 
components the aim is to be able to predict the 
properties of the components before they are
manufactured, so allowing the development
of robust production processes and efficient
component manufacture.

A regional BMBF funded alliance and the Demon-
stration Centre for Cellular Materials in Dresden 
are key cornerstones for making the full applica-
tion potential of porous structures available to 
small and medium-sized companies. The develop-
ment work being carried out with industrial part-
ners in the area of diesel soot filters is an example 
of the utilisation of fundamental know-how to 
develop product ideas and manufacturing tech-
nologies for viable market products right through 
to implementation in production processes.

In the future, we will place special emphasis on 
research and development work in the area of 
medical technology and biomaterials. Networking 
with other institutes having complementary
expertise and with companies and clinical partners 
will be intensified. Key work areas include anti-
microbial surfaces, biocompatible metallic materials 
and production processes for miniaturisation.
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Shaping and Functional Materials
Fields of expertise and contact persons
Managing director Prof. Dr.-Ing. Matthias Busse

Bremen Site

Powder Technology
Powder-metallurgical shaping; warm compaction 
for manufacturing highly dense sintered 
components; metal powder injection moulding; 
2-component injection moulding; process and 
material development; rapid manufacturing; laser 
sintering; screen-printing; simulation.
Dr.-Ing. Frank Petzoldt
Phone: +49 (0) 421 / 22 46-2 11 / -1 34
E-mail fp@ifam.fraunhofer.de

Functional Structures
Nanopowders; gradient structures; nanoporous 
layers; functional integration; ink-jet-printing; 
special plants.
Dr. rer. nat. Volker Zöllmer
Phone: +49 (0) 421 / 22 46-1 14
E-mail zoe@ifam.fraunhofer.de

Micro Engineering
Micro injection moulding for metals and plastics; 
micro-structuring; series production of miniature 
components; 2-component injection moulding 
for micro components; microreaction technology; 
microfluidics.
Dr.-Ing. Astrid Rota
Phone: +49 (0) 421 / 22 46-1 96
E-mail ar@ifam.fraunhofer.de

Lightweight Structures and Analysis
Cellular lightweight construction materials; 
functional, open porous metal foam structures; 
aluminium foam sandwich structures; production 
processes for metal foam components.
Dr.-Ing. Gerald Rausch
Phone: +49 (0) 421 / 22 46-2 42
E-mail ra@ifam.fraunhofer.de

Casting Technology
Zinc, aluminium and magnesium pressure casting; 
thixocasting; pressure casting moulds; lost-foam 
processes; sand casting; simulation.
Dipl.-Ing. Franz-Josef Wöstmann
Phone: +49 (0) 421 / 22 46-2 25
E-mail woe@ifam.fraunhofer.de

Service centers and
contact persons

Application Center for
Metal Powder Injection Moulding
Dipl.-Ing. Lutz Kramer
Phone: +49 (0) 421 / 22 46-2 17
E-mail forming@ifam.fraunhofer.de

Application Center for
Functional Printing
Dr.-Ing. Dirk Godlinski
Phone: +49 (0) 421 / 22 46-2 30
E-mail printing@ifam.fraunhofer.de

Application Center for
Rapid Prototyping
Dipl.-Ing. Claus Aumund-Kopp
Phone: +49 (0) 4 21 / 22 46-2 26
E-mail rapid@ifam.fraunhofer.de

Application Center for
Function-Integrated Cast Components
Dr.-Ing. Jörg Weise
Phone: +49 (0) 4 21 / 22 46-1 25
E-mail casting@ifam.fraunhofer.de

Service Center for 
Materialography and Analysis
Jürgen Rickel
Phone: +49 (0) 421 / 22 46-1 46
E-mail rl@ifam.fraunhofer.de

Demonstration Center SIMTOP
Andreas Burblies
Phone: +49 (0) 421 / 22 46-1 83
E-mail info@simtop.de

Dresden Site

Department of Powder Metallurgy and 
Composite Materials
Prof. Dr.-Ing. Bernd Kieback
Phone: +49 (0) 351 / 25 37-3 00
Fax: +49 (0) 351 / 25 37-3 99
www.ifam-dd.fraunhofer.de
Winterbergstrasse 28
01277 Dresden

Cellular Metallic Materials
Fibre metallurgy; high porosity structures; 
metallic hollow sphere structures; open 
cell PM foams; screen-print structures; 
applications for e.g. lightweight structures; 
crash-absorbers; heat exchangers; catalyst 
support materials.
Dr.-Ing. Günter Stephani
Phone: +49 (0) 351 / 25 37-3 01
E-mail guenter.stephani@
 ifam-dd.fraunhofer.de

Sintered and Composite Materials
High temperature materials; aluminides (NiAl-
foam); nano-crystalline materials; materials 
for tribological exposure; sputter targets; 
modification of powders.
Dr.-Ing. Thomas Weißgärber
Phone: +49 (0) 351 / 25 37-3 05
E-mail thomas.weissgaerber@
 ifam-dd.fraunhofer.de

Service center and contact 
person

Demonstration Center for
Cellular Materials
Dr.-Ing. Günter Stephani
Phone: +49 (0) 351 / 25 37-3 01
E-mail guenter.stephani@
 ifam-dd.fraunhofer.de
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Component manufacture

• Metal powder injection moulding units
 (pressure 20 t and 40 t)
• Production cell for micro injection moulding
• Hot press (vacuum, inert gas, 1800 °C)
• Uniaxial powder presses (up to 1000 t)
• Powder press for heat compaction (125 t)
• Extruding press (5 MN)
• Plants for rapid prototyping via laser sintering,
 stereo lithography, fused deposition modelling,
 multiphase jet solidification and 3-D printing
• Cold chamber pressure casting machine (real-

time control, pressure 660 t); hot chamber
 pressure casting machine (real-time control,
 pressure 315 t)
• Pilot plants for making metal foam components
• Twin barrel injection moulding machine
• Microwave sintering furnace machine
• Sieve printing machine.

Micro- and nanostructuring

• Ink-Jet-Printing-Technologies
• Aerosol-Printing-Technologies (Maskless
 Mesoscale Material Deposition M³D)
• Micro injection moulding machine.

Thermal / chemical treatment of moulded 
components

• Plant for the chemical de-waxing of injection
 moulded components
• Various sintering ovens (up to 2400 °C,
 inert gas, hydrogen, vacuum)
• Walking beam furnace.

Synthesis and processing of materials

• Induction furnace for metal foams
• Plants for manufacturing gradient materials
 (sedimentation, wet powder injection)
• Plants for manufacturing metallic
 nanopowders and nano-suspensions
• Test rig for characterising functional inks for
 the ink-jet printing method
• Melt extraction unit (metal fibres)
• Centrifugal mill for high energy milling of
 metallic and ceramic powders
 (5–10 kg, also inert gas, vacuum)
• High speed mixing machine and shear roler
 for feedstock production
• Air classifier for classifying powders.

Analytical equipment

• FEM scanning electron microscope with EDX
• X-ray fine structure analysis
• Insulation resistance
• Thermal analysis (DSC, DTA, TGA)
• Sinter- / alpha dilatometry (accredited
 laboratory)
• Powder analysis with BET surface area and
 laser granulometry
• Rheometer
• Trace element analysis (C, N, O, S)
• Materialography
• Emission spectrometer for elemental analysis
 of Al, Mg and Zn alloys 
• Micro tensile testing equipment. 

Computer equipment

•  High-performance work stations with software 
for non-linear finite element analysis, for 
simulating mould filling and solidification and 
for component optimisation.

Equipment / facilities

Battenfeld Micro-
system 50: Series 
production plant for 
micro-components 
and micro-structured 
components.

Sputter technology
for nanostructured, 
functional layers.
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Intelligent cast components

Background

Advancements in casting technology over recent 
years have allowed high-tech cast products to 
be manufactured from a wide variety of differ-
ent metals. The cast products are used in a broad 
spectrum of applications ranging from medical 
technology, the car manufacturing sector to the 
aircraft and aerospace industries. Positive features 
of these cast products are the short route from 
the raw material to the final product, their good 
mechanical properties and the high freedom of 
design. The advancement in specific casting tech-
niques allows ever more complex designs and 
customised design of cast components. These 
designs often mimic structures found in nature, 
for example in trees and in the skeletons of
mammals. A very significant difference, however, 
is that conventional cast components cannot
detected loads acting on them and are hence
unable to react to those loads.

Challenge

On way of mimicking the situation in nature more 
closely is to combine cast components with sen-
sors, actuators and other electronic components.

A wide variety of adaptronic systems, sensors, 
actuators, micro-processors and data transfer de-
vices such as transponders and RFIDs (radio fre-
quency identification) are currently available. The 
present state of the art is to apply these devices 
in an extra processing stage. Current methods for 
achieving this are complex and costly. In addition, 
the devices, namely sensors and actuators for 
pressure, temperature, electrical resistance, vibra-
tion and acceleration, cannot be placed at the 
correct location in the part for carrying out the 
relevant measurements. In current applications, 
for example, actuator systems can only be applied 
to the outer surface of components and only by 
using complex processes. 
These additional production steps mean increased 
production time and cost and hence a lower 
added value. A further disadvantage that must 
be taken into account is the risk of environmental 
effects and errors due to poor contact or other 
auxiliary materials between the sensor/actuator 
and the matrix material. These disadvantages can 

be largely obviated by direct incorporation of the 
components during the actual pressure die casting 
process. The components to be incorporated are 
placed in the mould, then the mould is filled using 
a conventional pressure die casting process. This 
allows intelligent cast components to be manu-
factured in a single processing step. The challenge 
here is to guarantee the positional accuracy of
the components during the casting process and
to prevent the destruction of the integrated
components by excessive heat.

Objectives

Direct integration of sensors, actuators and other 
electronic components allows casting technology 
to be combined with advanced electronic func-
tions. The resulting cast components are able 
to react to their surroundings, both passively via 
data recording (sensors) and actively via the inte-
grated actuators. In addition, interfaces are cre-
ated which allow data transfer and hence direct 
networking of individual components to form a 
complete system, for example a car.

The first application was the integration of trans-
ponders or RFIDs into components for detection 
and tracking purposes. RFIDs transfer data con-
tact-free and have the following advantages over 
conventional barcodes:

• Contact-free identification,
• Penetration through a wide variety of
 materials,
• Reading and writing as desired (product data, 

etc.),
• Identification in less than a second,
• Simultaneous recording of many transponders,
• Resistance to environmental effects,
• Size and shape of the transponder can be
 customised,
• Transponders can be completely integrated 

into the product,
• High security via copy protection / encoding,
• Rapid recording,
• Contamination has no adverse effects on
 functioning,
• Free positioning,
• Sending, saving and recording of data.
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The use of RFIDs hence allows direct recognition 
and tracking of components and offers new op-
portunities for improved logistics, quality control 
and protection against forgery. As an example, 
product tracking through a production process is 
mentioned here. For each individual component, 
all production steps and parameters can be stored 
in a database and can be retrieved at any time. 
Therefore, identification by means of RFIDs al-
lows a component to be tracked throughout its 
production lifetime. When needed, for instance in 
case of a complaint, the data can be retrieved and 
checked. 
As already mentioned, a further means of in-
creasing the functionality of a component and 
combining the advantages of different technolo-
gies is to incorporate adaptronic components. By 
combining sensor functions with direct actuator 
responses, vibrations in structures, for example, 
can be immediately counteracted and hence min-
imised or completely eliminated. The use of intel-
ligent systems such as sensors, actuators, proces-
sors, electronic components for data processing 
and storage and electronic components which 
function as controllers and transfer devices allows 
adaptronic components/semi-finished products 
to be manufactured in an integrated production 
process. Such components/products have “feel-
ings“ and respond in an autarkical way to their 
surroundings. 

Current work

Research work at Fraunhofer IFAM has already 
demonstrated that a variety of electronic com- 
ponents can be integrated into aluminium and 
zinc components manufactured via pressure 
die casting. This involved the incorporation of 
various RFIDs and piezoceramic materials. Both 
the RFIDs and the piezoceramic materials were 
protected against excessive heat by appropriate 
control of the temperature of the casting mould 
and component. This ensured correct subsequent 
functioning of the integrated components. Cur- 
rent research work is focussing on the positioning 
of the integrated components. Simulation tools 
are also being employed to optimise the position 
of components and minimise the heat input. 

Fig. 1 and 2: Electronic and adaptronic devices

integrated into cast components.
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Contact person

Franz-Josef Wöstmann
Phone:  +49 (0) 421 / 22 46-2 25
E-mail  woestmann@ifam.fraunhofer.de

Institute

Fraunhofer-Institut für
Fertigungstechnik und
Angewandte Materialforschung IFAM,
Department of Shaping and Functional Materials,
Bremen

Fig. 4: Reading out an RFID integrated in metal.Fig. 3: X-ray image of an integrated RFID: TAG ID 700.

In collaboration with the Adaptronics Alliance 
and other institutes work is being carried out on 
suitable selection, design and sizing of adaptronic 
components for the use as sensors and actuators.

Perspectives

Computer processors and sensors and virtually all 
commercially available electronic components are 
becoming ever smaller and cheaper. Wireless com-
munication is practically accessible everywhere. 
The direct integration of these devices into cast 
components is enhancing function-integration, 

promoting lightweight construction and allowing 
networking of intelligent components. Starting 
in 2006 – the year of Information Technology – a 
further interface between hardware and software 
is being created and “Pervasive Computing”, the 
networking of intelligent everyday objects, is 
being promoted. 
These intelligent cast components must be able to 
experience their surroundings autarkically, adapt 
themselves to the relevant operating state, detect 
damage and pass the recorded data to users or a 
complete system. Such systems can be used for 
developing and designing components, for data 
recording during operation, for health monitor-

ing/controlling and for X-By-Wire technology 
– electronic systems with no mechanical connec-
tion between the operating function and operat-
ing element.
Direct recording of operating loads allows more 
suitable design, optimised lightweight construc-
tion and decreasing safety factors – in short: 
Replacement of mass by information. In addition, 
the load on a component can, for example, be 
recorded over its operating time, so allowing 
maintenance intervals to be shortened and the 
development of new products to be accelerated.
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2C-Metal Injection Moulding (MIM) – combining two metals in 
a single production step

Background

Metal Injection Moulding (MIM) is an established 
method for manufacturing small, complex-shaped 
metal components. Fraunhofer IFAM has played 
its part in applying this method to a wide and 
ever increasing range of materials. The spectrum 
of materials to which the technique can be ap-
plied, coupled with design freedom – as is also 
the case for plastic injection moulding – is the 
reason for the growth and popularity of the MIM 
method. This technique is meeting the needs of 
component designers who face the challenge of 
having to incorporate an ever increasing number 
of functions in ever smaller components.

Fraunhofer IFAM is currently working intensively 
on applying a further variant of plastic injection 
moulding to metal components, namely multi-
component injection moulding. Everybody is 
familiar with multicoloured plastic components. 
Such components are manufactured by incorp-
orating pigments of different colour into the same 
polymer. By using an injection moulding process 
the need for complex joining of components 
is obviated and the result is a visually pleasing, 
high-quality component. Another version is the 
incorporation of additional functions by using 
different plastics. An example of this is a modern-
day toothbrush which contains a softer plastic as 
a type of hinge. The fine art of modern-day pro-
duction is also exemplified by the flexible, non-
detachable joints created in Playmobil® figures
by the manufacturer geobra Brandstätter.

Potential

Transferring this to multicomponent-MIM – for two 
components (2C-MIM) at first – this involves the 
direct combination of two metals in a single produc-
tion step, therefore eliminating the need for a sub-
sequent joining process. The range of components 
that can be manufactured extends from hollow 
components with complex internal structures right 
through to flexible, non-detachable joints. The fol-
lowing combinations demonstrate potential applica-
tions of 2C-MIM technology:

• magnetic – non-magnetic
• hard – tough
• dense – porous
• expensive – cheap
• compact – hollow.

The objective in all cases is to manufacture com-
ponents with enhanced functionality at favourable 
cost. For example, components that are subject to 
wear can be strengthened by using a harder or more 
resistant material at neuralgic points. In particular 
the combination of magnetic and non-magnetic ma-
terials allows completely new designs without an air 
gap.

Problem

Combining metals using the 2C-MIM technique does 
however have its limitations. The least few of these 
limitations are due to the shaping step, the injection 
moulding. These problems can be overcome, as has 
been demonstrated in plastic injection moulding.

The major problem, however, is the different be-
haviour of metals during sintering. If the two metals 
differ in their sintering properties and thermal ex-
pansion properties, this immediately leads to stress 
in the joint and in some cases even fracture. When 
selecting combinations of materials, the situation 
must not be so that one material starts to contract 
at say 600 °C whilst the other material only starts 
to sinter at say 800 °C. In the most favourable case, 
this would cause deformation of the labile brown 
part, but in most instances fracture would result. 

A perfectly sintered composite material becomes 
unstable if the two components shrink inhomogen-
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eously during cooling. The resulting stresses usu-
ally lead to component failure whilst still in the 
furnace and in extreme cases lead to premature 
failure of the component when in use.

These thermal properties can be adjusted within 
certain limits. Based on experience, suitable tools 
for this adjustment are being developed at the 
Fraunhofer IFAM. In order to be able to carry out 
our work in a targeted way with a good chance 
of success, we have developed a quick test for 
the fundamental compatibility of different pow-
der materials based on their thermal properties. 
The ACSI (apparent co-sintering index, Fig. 1) 
takes into account the physical parameters of the 
partners (such as the thermal expansion proper-
ties), processing parameters and other properties 
defined by the powders or powder mixtures (such 
as temperature, rate and extent of the shrinkage). 
Evaluation of our own preliminary experiments 
and of literature data show that this index should 
have a value of 15 or less in order to have a good 
chance of successfully manufacturing composite 
components.

The combination of chemically incompatible ma-
terials may require additional development work. 
Taking a simple example, carbon could diffuse 

Fig. 1: ACSI (apparent co-sintering index) for five different variants for manufacturing 
a magnetic – non-magnetic combination of materials. Combinations 3, 4 and 5 have 
ACSI values < 15 and have been successfully manufactured.

from one material into the other at the joint inter-
face and so alter the mechanical and magnetic 
properties. Such a problem can often be over-
come by judicious selection of the material part-
ners, but this will certainly put limitations on the 
range of applications of 2C-MIM.

Suitable combinations of materials

The focus was initially put on combining magnetic 
and non-magnetic materials. This was achieved by 
combining high-alloy steel grades 316L and 17-
4PH. The austenitic 316L is soft and non-magnet-
ic, whilst the 17-4PH can be magnetised due to its 
martensitic structure. Since the two steel grades 
were available as comparable powders that could 
be processed under similar sintering conditions, it 
was possible to successfully manufacture the
micro-MIM tensile test sample in Fig. 2 using the 
2C injection moulding machine at Fraunhofer IFAM.

There is greater scope for adjusting the magnetic 
properties of iron. For this reason, a composite 
material made of 316L and iron was also manu-
factured. For this combination of materials, the 
difference in the sintering behaviour was con-
siderably greater and this is reflected in the ACSI 
value (Fig. 1, combinations 1 and 2). By employing 
a suitable mixture of powders comprising pure 
iron and a master alloy, which includes the alloy 
components for 316L (Fig. 1, combination 5), the 
sinter properties were adapted to the pure iron, 
thus allowing the successful manufacturing of test 
samples.

Even though the composite material made of 
316L and H13 is also magnetic – non-magnetic 
(Fig. 3), its applications rather tend towards the 
combination of a hard, strong steel (H13) and a 
soft, tough steel. 
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Fig. 2: Micro-MIM tensile test sample made from a combin-
ation of 316L and 17-4PH. The left part of the sample made 
of 17-4PH was magnetised and attracts the iron filings. The 
right part of the sample remains non-magnetic.

Fig. 3: 2C-MIM tensile test sample made of austenitic high-
alloy stainless steel 316L and hard, martensitic hot work steel 
H13. The H13 was magnetised. In the photo the iron filings 
can be seen attracted to the H13 and orientated along the 
field lines. The high-alloy steel is non-magnetic and has no 
effect on the iron filings.

Contact person

Dr.-Ing. Frank Petzoldt
Phone:  +49 (0) 421 / 22 46-1 34
E-mail  petzoldt@ifam.fraunhofer.de

Institute

Fraunhofer-Institut für
Fertigungstechnik und
Angewandte Materialforschung IFAM,
Department of Shaping and Functional Materials,
Bremen

Micro-MIM and macro-MIM

Development work at Fraunhofer IFAM in the area 
of 2C injection moulding involves both “regular” 
MIM as well as micro-MIM. Our work revealed 
that the size of the contact surface has an influ-
ence on the successful manufacture of the com-
posite. The manufacture of a 2C micro-MIM ten-
sile test sample (Fig. 2) proved easier than that of 
a standard MIM tensile test sample (Fig. 3).

Outlook

Fraunhofer IFAM will continue to manufacture 
new composite materials using the 2C-MIM method 
in order to incorporate new and increased func-
tionality into sintered components. We are work-
ing towards creating a “tool box“ which will allow 
us to match powders and materials in such a way 
that current limitations can be overcome. A fur-
ther objective is to combine metals and ceramic 
materials. This represents a considerable challenge 
but is a pressing need due to the interest in such 
materials from the medical technology and car 
manufacturing sectors.
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Background

Aluminium foams have low density, high stiffness 
per unit weight, excellent energy absorption prop-
erties, good noise and vibration damping proper-
ties and good long-term resistance to chemicals. 
They are also non-combustible. This unique range 
of properties makes aluminium foams suitable for 
a large number of applications. These include uses 
in the car, rail vehicle and aircraft manufacturing 
industries.

Aim of the project

As part of the EU "LISA" project (Lightweight 
Structural Applications based on Metallic and Or-
ganic Foams, 5th Framework Programme, Project 
no.: GRD1-2000-25415), a European project con-
sortium was set up comprising end-users, material 
suppliers and research organisations. Fraunhofer 
IFAM acted as the project co-ordinator. The aim 
of the project was to use aluminium and polymer 
foams to improve the performance of selected 
components (that are used in cars, rail vehicles 
and aircraft). In addition to developing relevant 
components, using amongst other things simula-
tion tools to carry out iterative optimisation, other 
key aspects of the project involved the integration 
of "aluminium foam" and the foam components 
into existing production lines at the various end-
users.

Results

During this 3-year interdisciplinary research 
project several prototypes were produced for
the different sectors of the transport industry.
For the aircraft manufacturing sector, a protect-
ive shield (radome shield) was developed for the 
cockpit. This was a multilayer composite made 
from both conventional materials and aluminium 
foam materials. The lower weight and increased 
protection against, for example, impacts with 
birds, were very promising features. As a quasi 
"secondary product", a model was developed for 
component simulation/optimisation by means of 

Applications of aluminium foam in the transport sector

which the deformation of metal foams at very 
high speeds (e. g. 160 m/s) can be simulated. This 
model is now also available for simulating other 
aluminium foam applications.

Considering now much lower speeds, the high 
kinetic energies when rail vehicles collide with 
solid objects (e. g. buffers) or other rail vehicles 
must be safely dissipated. Weight reduction and 
cost reduction are desired. In this project, alumin-
ium foam was used to develop a completely new 
energy absorption system for the front section of 
rail vehicles. This energy absorption system was 
of low weight and met all the requirements of the 
end-user.

Good results were also obtained for application of 
aluminium foam in the car manufacturing sector. 
The energy absorption properties of the A-pillar 
of a medium-sized car in current production were 
considerably improved by using aluminium foam, 
without there being a significant increase in the 
weight.

Fig. 1: Semi-finished product in the foam mould.
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Fig. 2: Foam core for the A-pillar.

It was only possible to reach this objective by
using an iterative simulation process to virtually 
optimise both the position of the foam in the
A-pillar and the shape and density of the foam. 

Using a minimum amount of aluminium foam 
positioned in the right place it was possible to 
maximise the increase in energy absorption.
The subsequent mechanical tests fully confirmed 
the simulation results. The Al-foam filled pillar
was able to absorb 40 percent more energy, 
without design changes having to be made to
the original A-pillar. The presence of the Al-foam 
only increased the weight by 3 percent.

Fig. 3: Position of the aluminium foam core in the A-pillar as determined by virtual optimisation.
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Fig. 4: Crash test results.

All the demonstration components were
incorporated directly into the production lines at 
the end-users and were assembled under similar 
conditions. The compatibility of the “aluminium 
foam“ with the existing production lines was 
good. The often expressed concern about the
corrosion behaviour of aluminium foam when
surrounded by steel materials proved to be
unfounded. If the two components are joined 
together using an adhesive, then the polymeric 
adhesive insulates the aluminium from the steel, 
so preventing contact corrosion.

All in all, the results of this project represent
a major step towards the wider application of
aluminium foam technology in series production. 
The technological and commercial advantages are 
clear and nothing now stands in the way of indus-
try employing these materials on a large scale.
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Transfer project: IGC technology

Background

The manufacture of highly porous, nanoscale 
metal powders by evaporation in an inert gas 
atmosphere was taken up by Fraunhofer IFAM in 
1985 and was further developed up to pilot scale 
as the IGC process (“Inert Gas Condensation“). 
A number of industrially and publicly funded col-
laborative projects have been performed in order 
to manufacture prototype materials and evaluate 
potential areas of application. Over the past 10 
years, antibacterial nanocomposites have been 
in the focus of interest: In highly dispersed form, 
elemental silver embedded in organic matrices 
can function as a “reservoir“ which, under certain 
conditions, releases Ag+ ions to the surroundings. 
This mechanism has been successfully demon-
strated for several plastic materials having pro-
spective medical applications.

The enormous market potential of silver-contain-
ing composites for other similar applications was 
quickly recognised. This resulted in IFAM’s deci-
sion in 2001 to invest and build its own IGC pilot 
plant.

A key step for the product development and 
marketing was the launch of Bio-Gate Bioinnova-
tive Materials GmbH in 2002, whose business 
plan included the synthesis of antibacterial plastic 
compounds using elemental silver. The long-term 
cooperation with Fraunhofer IFAM was organised 
in the form of a know-how licence and a contract 
for the supply of highly dispersed silver powder.

Bio-Gate was hence provided with large quantities 
of silver powder (trade name “MicrosilverBG“) 
enabling them, as a future producer-partner, to 
estimate marketing opportunities and acquire key 
customers. In order to facilitate this work, the 
IGC process was audited and certified in accord-
ance with the requirements of EN/ISO-9001. The 
lack of this accreditation would have been a huge 
drawback, particularly for quoting manufacturers 
of medical products. The accreditation meant that 
potential customers could be assured that even 
large quantities of the specified silver powder, 
produced with a verifiable process, could be
supplied at short notice.

Fig. 1: Typical morphology of the silver powder product.
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Fig. 2: IGC pilot plant and associated equipment prior to being relocated.

Project

After successful market positioning during the 
sampling phase, the acquisition of key customers 
and the setting up of sound funding, Bio-Gate 
made the decision in June 2005 to completely 
take over from IFAM the hitherto developed 
technology chain for manufacturing the “Micro-
silverBG“. The equipment had to be reconfigured 
in the planned production operation. The technical 
approval of the reconfigured IGC plant was
undertaken on the basis of powder manufactured 
under fault-free full-load production conditions, 
whose specifications had to correspond to the 
silver powder that was manufactured throughout 
the pilot production phase.

Realisation

Once the reconfigured technical infrastructure 
was in place at the new facilities of Bio-Gate in 
BITZ (Bremen Innovation and Technology Center), 
the commercial-scale production had to start 
quickly in order to resume supplies of the silver 
filler as fast as possible.
For quality-assured operation under production 
conditions, the following modifications had to be 
made to the original IGC pilot plant device:

a) Process control: In the pharmaceutical and 
medical technology sectors, software must be 
successfully validated before it can be used. This 
requirement applies to all software packages 
which are used in a production chain, for qual-
ity assurance and in a product itself. In order to 
permit delivery of powder to customers who 
make medical technology products, new process 
software had to be developed which could be 
evaluated and validated in accordance with the 
guidelines of international industry standards and 
statutory GxP and FDA guidelines.
Another key point for the validation is the carrying 
out of a risk and hazard analysis.
b) Implementation: Incorporation of the plant 
technology into the infrastructure of a production 
hall, including logistics, remote control capability, 
powder packing and integration into the quality 
assurance system.
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c) Work safety: A constant challenge when scaling 
up any gas-phase based nanoparticle technology 
is the minimisation of particulate emissions. Ac-
cording to the current state of knowledge, stand-
ard maximum permitted values for particulates in 
the workplace cannot be transferred to sub-µm 
particles. This is because such data relate to the 
weight of particulates /m3 room air, whereas the 
specific surface area plays a much larger role for 
assigning materials to a hazard class. For that 
reason, essentially integrated powder processing 
must be striven for under production conditions. 
This must allow the silver powders to be handled 
in a closed system, namely there must be no ex-
posure to particulates, from the synthesis stage 
right through to further processing stages. The 
IGC technology that has been developed meets 
these requirements. The only exception to this 
concerns the necessary cleaning tasks, during 
which increased release of silver particles cannot 
be wholly excluded. Fortunately the high sinter 
activity of nanoscale silver particles will in all prob-
ability mean that there are large (soft) agglomer-
ates. Nevertheless, a combination of protective 
equipment / measures and powder extraction 
with directed gas flow condition must be used.

In parallel with the production operation, the 
long-term stability of the Ag powder and the an-
tibacterial effectiveness of the resulting composite 
materials will be tested under a variety of climatic 
conditions. The aim of these tests is to achieve 
maximum storage stability under typical industrial 
conditions. These tests will also allow the reliabil-
ity of the process chain to be further increased.

Outlook

In the meantime the IGC process at Bio-Gate has 
been included in the company’s certification audit. 
Here the respective earlier experience of IFAM has  
also been utilised. The future focus of process op-
timisation work will be on the powder processing, 
in order to further increase the operational reli-
ability and lower costs. This will allow new market 
segments to be identified for these filler materials 
in antimicrobial composites, coatings and pastes. 
The Fraunhofer IFAM will once again provide valu-
able support for these activities.

Following-up this successful technology transfer, 
the licensing of other IFAM processes for manu-
facturing antimicrobial composites and coatings to 
Bio-Gate is being considered.
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Background

A promising approach for manufacturing custom-
ised products is to use graded materials. A variety 
of techniques for manufacturing graded materials 
are currently available. Most of these techniques, 
however, have limitations regarding the complex-
ity of the component geometry, gradient profiles 
and/or material selection. There is at present no 
technology available which allows complex com-
ponents having any desired 3-D material gradient 
to be manufactured in a single process. Genera-
tive manufacturing methods (Rapid Manufactur-
ing) are suitable for such a technology platform. 
Such methods are currently at an advanced state 
of development and the mass production of com-
ponents from a single material is imminent.

The aim of this collaborative project was to develop 
a new technology platform which allows complex 
components having any desired 3-D material
gradient to be manufactured in a single process. 

The base technology adopted was the 3-D-Print-
ing process for metals. Up until now, only bronze 
infiltrated steel components have been able to 
be produced using 3-D-Printing. The idea is to 
develop functional inks, to introduce a variety of 
other materials locally into a bed of tool powder 
via ink-jet pressure. The resulting gradient-struc-
tured green bodies are then compacted to form 
the final component in a subsequent thermal 
processing step. For example purposes, the aim 
was to initially apply the new technology platform 
to metal mould inserts having modified mechan-
ical properties for injection moulding.

Project

The project was undertaken with industrial part-
ners, with the Fraunhofer IFAM acting as the 
project coordinator. The following tasks were car-
ried out:
– Development of functional nanoparticle inks 

that can be printed using 3-D-Printing technol-
ogy;

– Advanced development of the 3-D-Printing 
process to manufacture dense components 
made of tool steel – without an additional 
infiltration process;

Customised metal components via 3-D-Printing

Fig. 1: Schematic representation of the manufacture of
gradient structures using 3-D-Printing.

– Adaptation of the 3-D-Printing technology via 
software and hardware modifications for print-
ing gradients using several functional inks;

– Design, construction, characterisation and ap-
plication of a graded mould insert for injection 
moulding.

Project description / implementation

As part of the collaborative plant, material, soft-
ware and process development activities in this 
project, the Fraunhofer IFAM first of all carried 
out development work on the existing 3-D-Print-
ing process (which produces bronze-infiltrated 
steel components) in order to manufacture dense 
metallic components made of materials used for 
mass production. Printed green bodies made of 
tool steel powder, which – in contrast to high-alloy 
steel – compact via liquid-phase sintering, are 
highly suitable for almost achieving the final dens-
ity. However, due to the presence of a fraction of 
the liquid phase during the thermal compaction, 
precise setting of the sinter cycle is necessary: The 
geometry of the component must be preserved 
with attainment of the highest possible final den-
sity and with uniform contraction. Relatively large 
inserts of mould steel could be produced with a 
weight up to 640 g, dimensions of 150 mm and, 
depending on the heat treatment, a hardness up 
to 64 HRC. These are currently being tested by 
Erwin Quarder Systemtechnik GmbH for injection 
moulding of high abrasive polymer.
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Simultaneously, functional inks were formulated 
from nanoparticle dispersions and the existing or-
ganic binder. The requirements of functional inks 
for ink-jet printing are freedom from agglomer-
ates, sedimentation stability and a high solids con-
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Fig. 2: Printed and sintered (compacted) mould insert made 
of M2 tool steel.

Fig. 3: Ink-jet print head test station for visualisation of the 
formation of drops of functional inks.

tent with as little as possible change in the viscos-
ity and surface tension compared to the conven-
tional binder. In collaboration with Nanosolutions 
GmbH, carbon, vanadium, chromium, tungsten 
and titanium containing nanoparticle dispersions 
were successfully synthesised. As alloy-formers, 
these materials allow the mould steel micro-
structure to be customised during the sintering 
process. The inks were tested on an ink-jet print 
head test station for their ability to be printed 
before being used in the 3-D-Printer.

The 3-D-Printer used up until now just has a sin-
gle print head and has only allowed components 
to be made from a single material, by printing a 
binder into the metal powder. Also, up until now 
the CAD software has only provided geometric 
surface data for the components to be produced 
and has provided no information about a custom-
ised local material distribution. Prometal GmbH in-
stalled several, individually controllable print heads 
on the printer and modified the printer control 
system so that several functional inks could be 
printed simultaneously into the resulting comp-
onent. The geometric design data, including the 
desired local material distribution data, must be 
scanned – like a photo before being printed – be-
fore they can be converted to control commands 
on the printer. Using this modified 3-D-Printer, 
gradient-structured demonstration components 
have been printed using two different functional 
nanoparticle inks.

This collaborative project has developed a new 
technology platform which allows complex com-
ponents having local material gradients to be 
manufactured in a single process. In the future, 
it will not only be possible to use this technol-
ogy platform to customise components made of 
tool steel but also other metallic and non-metallic 
powders will be able to be used in combination 
with a wide variety of nanoscale materials.
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Micro metal powder injection moulding – series production 
and quality assurance

Background

In many applications there is a growing demand 
for greater precision, functionalisation and mi-
niaturisation of components and systems leading 
to an increased demand for miniature and micro-
sized components made of metallic materials. 
Most current micro-production technologies, 
however, are not applicable for the cost effective 
mass production of metallic micro-parts. This was 
the reason for Fraunhofer IFAM to put consider-
able effort in developing the micro metal injection 
moulding (µ-MIM) process for the cost effective 
mass production of complex micro-components 
and -structures during the recent years. The suit- 
ability of the µ-MIM process for the manufacturing 
of micro sized components and microstructured 
surfaces was already demonstrated in various 
projects. An advantage of this processing tech-
nology is that a wide range of metals, alloys and 
polymers can be processed. Fig. 1 illustrates a 
number of micro gearwheels produced by µ-MIM 
applied e. g. in micro-mechanical systems. Fig. 2 
depicts a micro-mixer with a channel size of
500 µm applied e. g. in micro-reaction technology.

Project

The aim of this project was to characterise and 
optimise the µ-MIM process with regard to its re-
producibility for series production. Aspects related 
to feedstock preparation, injection moulding and 
characterisation were studied.
For the µ-MIM technology very fine powders hav-
ing an average particle size of 3-5 µm and fines 
fractions of 200-500 nm are processed. Special 
binder systems allow the complete filling of the 
moulds in the injection moulding process, due 
to their low-viscosity at elevated temperature. At 
room temperature these special binder systems 
give the moulded part high strength to enable a 
reliable demoulding of the part. 
Especially the feedstock preparation is impor-
tant for a successful reproduction of micrometer 
components or structures. It is thus necessary to 
ensure a homogeneous mixture of the feedstock 
components (metallic powder and binder material). 
In order to characterise the homogeneity of the 
feedstock, it was studied by recording the rheo-
logical parameters.

Fig. 1: Gearwheels made of stainless steel 316L (in collaboration with Scholz GmbH, 
Kronach).

Fig. 2: Micro-mixer made of stainless steel 17-4PH for the micro-reaction module 
FAMOS of the Fraunhofer alliance.
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Due to the high requirements on precision and 
reproducibility of the production parameters of 
injection moulded micro-components, the preci-
sion in dosage and injection of extremely small 
feedstock quantities were investigated for a large 
series of micro parts. This was done by recording 
and subsequent evaluation of the relevant data 
from the injection moulding process on the micro 
injection moulding machine (Battenfeld Microsys-
tem 50). Additionally, micro tensile test speci-
mens were manufactured using µ-MIM and their 
mechanical properties were tested. The potential 
of the process for mass production was demon-
strated by manufacturing a part representing the 
smallest bone of the human body, the stirrup (lat. 
stapes), made of stainless steel.

Results

The experimental work started with the feed-
stocks preparation of two stainless steels (316L 
and 17-4PH) in a double sigma blade kneader. 
The flow properties of the feedstocks were de-
termined in a twin bore capillary rheometer. With 
this device the shear rates and the necessary forces 
can be recorded. Repeatedly large fluctuations 
in the force-time measurements were observed, 
indicating an insufficient homogenisation of the 
feedstock, see Fig. 3 as example of the 316L 
feedstock (red curve). To further homogenise 
the feedstock, it was processed using a shear roll 
extruder. Renewed testing of the force-time prop-
erties gave significantly better results for all shear 
rates, indicating improved feedstock homogeneity 
(blue curve). Due to the extremely fine nature
of the powder, there is a greater tendency for
µ-MIM feedstocks to agglomerate or separate than 
there is for conventional MIM moulding materials. 
Greater care is hence required in their preparation.

An optimised 316L feedstock was then applied 
for manufacturing the micro-steps presented in 
Fig. 4. A series of 1000 parts was manufactured 
and every 10th sample was weighed on a micro-
balance. The sample weight was compared with 
the recorded injection moulding parameters. This 
way a clear relationship between the maximum 
internal pressure in the mould and the weight 
of the micro-component could be detected, see 
Fig. 5. However, the fluctuations in weight were 

Fig. 3: Online recording of the punch force for the 316L feedstock in the double
capillary rheometer.

Fig. 4: Moulded sample: micro-steps.

Fig. 5: Relationship between the internal pressure in the mould and
component weight for micro injection moulding.
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only of the order of a few tenths of milligrams 
(439.66 mg +/- 0.34 mg). Overall, the results 
highlighted the very good reproducibility of the 
injection moulding process.

Additionally a micro tensile test specimen was 
designed for production using the µ-MIM process 
(Fig. 6). Samples made of the 316L and 17-4PH 
stainless steels could successfully be injection 
moulded. The test specimen were sintered with 
different temperatures and tested by using
a micro tensile testing device.

The tensile strength results of the tests are  
shown in Fig. 7. The experimentally determined 
values are comparable to the literature values 
for the respective materials. In addition, it was 
demonstrated for 316L that the feedstock could 
be recycled without having adverse effects on 
mechanical strength and demoulding. The differ-
ences in strengths at different sinter temperatures 
between the two materials are due to changes in 
the microstructure (17-4PH) and in grain growth 
(316L), respectively.

Fig. 6: Micro tensile test specimen: Green component and sintered component.

Fig. 7: Tensile strength of micro tensile test specimens (316L and 17-4PH) after sintering 
at different temperatures.
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Fig. 8: Series production of stirrup made of 316 (cooperation with Krämer Engineering, 
Rendsburg).
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In collaboration with Krämer Engineering, Rends-
burg, a mould replicating the smallest bone in  
the human body, the stirrup was designed and 
manufactured for the Battenfeld Microsystem 50.  
According to the previous results a series of  
stirrups was injection moulded and sintered  
with uniform quality (Fig. 8).

Summary and outlook

The here presented results indicate that the 
µ-MIM process is suitable for the mass production 
of metal micro-components. Future work will fo-
cus on further increasing the reproducibility of the 
injection moulding parameters, in particular the 
internal pressure in moulds. In addition, new func-
tional materials will be developed and evaluated 
for their suitability for the µ-MIM process. New 
application fields for metal micro-components in 
sensor technologies (magnetic materials), elec-
tronics (e. g. tungsten) and in the area of thermal 
management (copper materials) will be explored.
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Thermoelectric nanocomposites

Background

Thermoelectric technology allows reciprocal con-
version of electrical and thermal energy via the 
so-called Peltier effect (generation of a tempera-
ture difference by an electrical current) and vice 
versa via the Seebeck effect. As such, thermoelec-
tric modules can be used for both alternative gen-
eration of electrical energy and for temperature 
control (cooling, heating).

The main issue for thermoelectric applications is 
the all-important quality of the thermoelectric 
materials. This quality is referred to as the thermo-
electric figure-of-merit (ZT) and is calculated from 
specific properties of the material (Z) and the 
temperature (T). This figure-of-merit has remained 
roughly constant over the past 50 years at a value 
of 1. However, the advent of nanotechnological 
methods has in recent years allowed materials to 
be manufactured having ZT values of up to 2.5.

All over the world the development of thermo-
electric materials is continuing apace. These de-
velopments will, for example, give Peltier coolers 
the ability to acts as temperature controllers in a 
variety of hitherto unviable areas.

Figures-of-merit (ZT) of about 4 are physically 
conceivable. However, even an improvement in 
the figure-of-merit from 0.7-1 (currently avail-
able and tested) to about 2 (available, but not yet 
commercially available) will open up opportunities 
for a range of new products (e.g. sensors, smart 
cards, smart labels) having an estimated market 
value of more than 1 billion euros.

Opportunity

In the USA, in particular, investment has been 
high and a large number of nanotechnological
approaches are being pursued. The manufacture 
of new thermoelectric modules can hence be
expected in the medium-term. Up until now,
little R&D work has been carried out in this area 
in Germany or indeed in Europe as a whole. 

The commercial developments to date range
from nanoscale layer systems using PVD methods, 
new routes for chemical syntheses using 

Fig. 1: Figure-of-merit (ZT) improvement over the years in 
accordance with Venkatasubramanian, Nature 413, 2001, 
597.

nanoscale elemental layers, growth of nanowires 
in sealed packaging in suitable templates right 
through to the development of special material 
systems. Massive thermoelectric materials, such 
as those required for the manufacture of larger 
Peltier coolers and thermogenerators, are very 
complicated to produce because the materials are 
either manufactured as single crystals with poor 
mechanical properties or via deposition (low layer 
growth rates).

In conjunction with the Fraunhofer IPM (Freiburg) 
and the Fraunhofer IIS (Erlangen), the Fraunhofer 
IFAM (Dresden) has formed a strategic, industry-
orientated alliance (WISA). The objective of this 
alliance is to demonstrate the commercial viability 

of nanoscale thermoelectric processes and to 
demonstrate the suitability of the new mater-
ials for application in modules and systems for 
producing an autarkic energy supply for sensor 
networks.
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Fig. 2: Peltier element (manufactured by Peltron Peltiertechnik GmbH).
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Realisation

The difficulties that have been outlined regarding 
the industrial application of thermoelectric mater-
ials for (autarkic) energy provision can be overcome 
by manufacturing and processing polycrystalline 
materials using modern powder-metallurgical 
methods. The relevant materials are produced 
by melt metallurgy, so allowing properties such 
as homogeneity and nanostructure to be readily 
customised. After milling, the next step involves 
sintering the powder in such a way that the nano-
structure is preserved. The feasibility of making 
thermoelectric materials using powder-metallurgical 
methods has been demonstrated by researchers
in the Far East who used the Spark Plasma
Sinter method (SPS). This process, which involves 
a short sinter method similar to hot pressing, 
uses very short electrical pulses (microseconds) 
of just a few volts but several thousand amperes 
for directly generating heat in the sinter body. As 
a result of the "SPS effect", which is ascribed to 
the generation of micro sparcs in the powder, the 
surfaces of the particles are cleaned of adherent 
oxide/hydroxide layers, leading to very short sin-
ter times and contaminant-free grain boundaries. 
As a result, not only can nanostructured massive 
materials be produced using sinter technology but 
also the microstructure can be customised for par-
ticular applications. High figures-of-merit for, for 
example, polycrystalline thermoelectric materials 
can be achieved, with simultaneous improvement 
of the mechanical properties. The result is that 
industrial applications are becoming financially 
viable. 

The Fraunhofer IFAM has a modern Spark Plasma 
Sinter plant. Due to their flexibility and its near-
industrial size it is suitable for both fundamental 
research studies and for contract research on a 
near-production scale.
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Fraunhofer IFAM in Dresden has many years of 
experience developing cellular metallic materials. 
The results of this work are a range of different 
structures and processes which are suitable for a 
variety of customer requirements (see also IFAM 
annual report 2004, pages 96-99). In Dresden, 
work has been carried out on open-celled metal 
foams for about 3 years.

Combined expertise

The manufacture of open-celled foams is carried 
out using a replication technique. This involves 
coating a reticulated polyurethane sponge in a 
metal powder / binder suspension. Subsequent 
heat treatment removes the support structure and 
the binder. In the last step, the debinded compo-
nents are sintered. Fraunhofer IFAM is working on 
open-celled metal foams in collaboration with the 
Fraunhofer IKTS. There are two main reasons for 
this:

Firstly, the manufacturing process is closely related 
to the metal hollow sphere production process 
that was developed at IFAM. Fraunhofer IFAM in 

Open-celled metal foams – versatility via variability

Dresden has a wealth of expertise regarding the 
technology for pyrolysis of the organic support 
structures, binders and additives, and this know-
ledge is constantly being furthered. In this context, 
it is focussed on the optimisation of the removal 
of carbon, oxygen and nitrogen. If present in the 
alloy, high concentrations of these elements lead 
to embrittlement of the material. 

The replication process was originally developed 
for ceramic materials which are used, for example, 
in casting filters. These open-celled ceramic
structures, and the associated know-how relating 
to the suspension and coating technology, have 
been worked on by the Fraunhofer Institute for 
Ceramic Technologies and Sintered Materials 
(IKTS) for many years. In order to guarantee
effective development of metal foams, the
expertise of the two institutes was hence pooled 
and the project work shared. The suspension
development and coating were carried out at 
Fraunhofer IKTS, whilst the binder removal
techniques and sinter technology were developed 
at Fraunhofer IFAM in Dresden. 

Structure

Ideally, the basic pore structure of open-celled 
foams is that of a dodecahedron. The actual pore 
structure is shown in the scanning electron micro-
scope picture of a stainless steel foam (Fig. 1). 
Using the replication process it is now possible to 
manufacture open-celled metal foams having an 
extremely homogeneous structure. This applies to 
both the pore size distribution and the strut cross 
section dimension. 

Fig. 1: Scanning electron micrograph of an open-celled structure made from steel grade 
316L and having a cell width of 60 ppi.
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Fig. 2: Open-celled metal foams made from steel grade 316L and having cell widths of 
20, 45 and 60 ppi.

The strut thickness can be customized by applying 
different thicknesses of coating. This feature al-
lows the density of the materials – and hence the 
physical properties – to be adjusted over a very 
wide range. The densities that can be achieved 
with foams made of stainless steel 316L range 
between 0.3 and 2.0 g/cm3. These values cor-
respond to porosities of 70 – 95 percent. Using 
different support structures it is also possible to 
customise the cell size. The cell widths that can be 
achieved using conventional steel powders extend 
in a very broad range (10 – 80 cells per inch (ppi)). 
This corresponds to a pore width of 0.2 – 5 mm 
(Fig. 2). 

Development work

The customization of the structure allows a very 
wide range of different products to be developed: 
Small cell sizes, for example, have excellent noise 
adsorption properties and are hence particu-
larly suitable as noise damping materials. Such 
cell sizes are also applied for filtration purposes, 
where good separation rates are desired. In con-
trast, larger cell widths cause much lower pressure 
losses to flows of materials (Fig. 3).

Fig. 3: Permeability of open-celled metal foams. The pore width has a large effect on 
the passage of materials through the pore structure.
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This is important for applications where low en-
ergy usage is of prime importance. An example of 
such an application is in a heat-exchanger. Fig. 4 
shows an air heat-exchanger, developed in con-
junction with an industrial partner. The manufac-
ture of these composite structures is achieved
by shrinking the near-net-shape metal foams
onto steel tubes. Here, the resulting shrinkage of 
the powder-metallurgical foams on sintering is
utilized. By increasing the surface area to 16 m² 
pro m² tube surface, this technology allows
significant improvement of the heat transfer
properties. By opting for the powder-metallurgical 
route, an extraordinary range of different starting 
materials can be employed. For example, all pure 
metals and alloys which are available as powders 
can in principle be used.

Summary

The Fraunhofer IFAM and IKTS are developing 
innovative open-celled metal foam materials. Due 
to the large structural variability of the foams and 
the large number of starting materials that can 
be employed, the foams have an enormous range 
of properties. These facts and the advantages of 
near-net-shape production mean that these
materials have a broad range of applications.

Fig. 4: Composite structures made from steel tubes and steel foam (steel grade 316L, 
cell width 20 ppi) for use as air heat-exchangers. By shrinking the foam onto the tubes, 
the surface area of the tubes is greatly increased.
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Background

In car gearboxes, synchronisation is very import-
ant. It ensures rapid matching of the revolution 
speed of the gear components and hence prob-
lem-free gear changes. Here, one or more conical 
surfaces are subject to sliding friction. The trend 
towards weight reduction by using smaller, more 
compact assemblies and further improvement in 
the gear change comfort means that increased 
friction powers have to be transmitted. These 
friction powers require special friction linings that 
are connected to the supporting synchroniser ring 
(Fig. 1). A variety of friction materials are currently 
in use. Cost aspects and technological properties 
determine which material is used for a specific 
application.

Since oil is always present in a gearbox to reduce 
friction and wear, it inevitably comes into con-
tact with the surface of the friction lining and 
its friction partner. In order to guarantee short 
gearshifts, a sufficiently high transmission torque 
is needed. This requires a high friction coef-
ficient which cannot be attained when there is 
hydrodynamic lubrication. The friction lining must 
have a surface structure such that oil is removed 
as quickly as possible from the friction surface, 
therefore minimising the hydrodynamic friction 
and allowing solid-solid contact, thus leading 
to mixed friction and boundary friction succes-
sively. Only in this state does the relative velocity 
between the two friction partners drop to zero. 
For the mixed friction and boundary friction, the 
properties of the relevant solid surfaces play the 
key role, whereas the major factor for suppress-
ing the hydrodynamic friction is the structure of 
the relevant friction surfaces from the viewpoint 
of oil removal. Relevant structural features include 
grooves, rills, other channel-like recesses and also 
pores. The friction properties of a friction lining 
for oil-run are therefore not only dependent on 
the material but are also determined to a large 
extent by the lining structure.

Friction lining for synchronous rings

Fig. 1: Synchroniser rings with iron-based friction lining.
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Fig. 2: Sprayed on molybdenum lining on a synchronizer ring, a) plan view, b) cross-
section and c) in profile.

Project

At present, sprayed molybdenum linings are most 
commonly used as friction linings in synchroniser 
rings (Fig. 2). They can be subjected to higher 
loads than special brass and suffice for average 
loads. When subjected to high friction powers 
however, molybdenum linings tend to seize. This 
disadvantage is due to the structure of the friction 
lining, a large area of which has no oil reservoirs 
in the shape of very fine grooves or open porosity, 
so that on exposure to high loads no lubricant is 
available to prevent micro-welding. Based on key 
properties such as surface structure and poros-
ity, the aim of the project was to develop a high 
performance lining, in particular for applications 
where molybdenum is currently used. The devel-
opment of a new friction lining for synchroniser 
rings was also driven by cost factors, given the 
increasing raw material price for molybdenum.   

Results

Compared to hitherto known friction linings, the 
new iron-based friction lining for synchronous 
rings has two essentially new features. Firstly, the 
lining surface is covered with an irregular network 
of channel-like recesses. Secondly, the structure 
of the lining is characterised by an extremely fine 
and high porosity of greater than 50 percent
(Fig. 3). The cross-section and the measurements 
of the surface profile indicate that the depth of 
the channel-like recesses can extend to the base 
of the friction lining on the support.

These two features create ideal conditions for 
rapid removal of oil from the friction surface dur-
ing gear changes. Also, the fine and highly porous 
structure of the friction lining guarantees that oil 
is not removed from the friction surface to such 
an extent that large “non-lubricated” areas arise 
on exposure to high loads, resulting in pure solid-
solid friction and hence high wear or even seizure. 

The lining is manufactured by powder-metallurgical
means. Only via such a route is it possible to pro-
duce a friction material with high porosity. The 
high porosity, and in particular the irregular net-
work of channel-like recesses, is obtained in such 
a way that the lining material bonds to the base 

Fig. 3: Double cone synchronizer ring with the new iron-based friction lining DS 230,
a) plan view, b) cross-section and c) in profile.

a)

b) c)

a)

b) c)
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material at the beginning of the sintering process. 
This prevents “closing” of the highly sinter-sensi-
tive lining. The extremely high contraction of the 
lining material then produces the high porosity 
and the typical channel network in the lining. 
This contraction is obtained by employing a large 
quantity of iron oxides in the powder mixture 
used as basic raw material. By a new technology, 
the mixture is directly applied and sintered to the 
synchronizer ring.

Tests were undertaken to compare the new fric-
tion lining (Sinter DS230) with molybdenum and 
carbon DCA on an SSP 180 synchronizer ring test 
station. First of all, the friction coefficient was 
measured as a function of the sliding speed using 
a step-programme. At a constant contact pres-
sure of 4 N/mm², the sliding speed was gradually 
increased to the allowed maximum for the test 
station and was then similarly decreased. This 
procedure meant that the friction energy was first 
increased in steps and then decreased. The results 
are shown in Fig. 4. The bars show the gradual 
change in the sliding speed. The bottom curve 

Fig. 4: Results of the stepwise sliding speed test for determining the friction coefficient.

shows the friction coefficient of the molybdenum 
lining. The friction coefficient of this lining de-
creases considerably with the sliding speed. The 
middle curve represents the iron-based sintered 
lining. Its dependence on the sliding speed is 
significantly less. It lies slightly above the molyb-
denum curve, therefore confirming the iron-based 
lining as a good alternative to molybdenum lin-
ings. The dependence on the sliding speed is 
relatively small for the carbon lining (upper curve). 
Its friction coefficient is considerably higher. This 
advantage however necessitates the geometric 
design of the synchronisation to be adapted to 
the high friction coefficients of the carbon lining. 
In contrast, synchronizer rings with an iron-based 
sintered lining can replace Mo-coated rings with-
out problems.

In comparison to the previous graph, the contact 
pressure is increased and then decreased in steps 
at a constant sliding speed of 4 m/s. The results 
show that the molybdenum lining seizes and fails 
when exposed to high loads. Otherwise, the re-
sults confirm the previous test, namely the good 
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Fig. 5: Results of the stepwise contact pressure test for determining the friction coefficient.

performance of the iron-based sintered lining and 
the carbon lining, with the friction coefficient of 
the iron-based lining being slightly higher and 
that of the carbon lining considerably higher. It 
must be pointed out that the other features of 
the iron-based lining are very similar to those of 
the carbon lining. This concerns the very low axial 
wear, even at high loads, and the good constancy 
of the friction coefficient over a large number of 
gear changes. Also worthy of mention is the very 
low sensitivity to the effect of different types of 
oil. A special feature of this friction lining is the 
low static torque required to move an engaged 
synchronisation and whose value is identical to 

the dynamic friction torque. This situation means 
that these friction linings are also attractive for 
bearing applications.

A patent has been issued for the iron-based fric-
tion lining with its new features. The high per-
formance of the iron-based sintered friction lining 
together with the new cost-efficient production 
technology were the crucial factors for the deci-
sion to now transfer this technology to industrial 
production.

Contact person

Gunnar Walther
Phone:  +49 (0) 351 / 25 37-3 40
E-mail  gunnar.walther@ifam-dd.fraunhofer.de

Client

DIEHL Metall Stiftung & Co. KG
Schmiedetechnik

Institute

Fraunhofer-Institut für
Fertigungstechnik und
Angewandte Materialforschung IFAM,
Department of Shaping and Functional Materials,
Dresden
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1. VDI Award 2005 for Innovative
Application of Materials
Metal foam based on Ni-superalloys 
(INCOFOAM®HighTemp)

2. EPMA Award 2005 for Powder
Metallurgy Materials  Development of
INCOFOAM® HighTemp

In order to stimulate and promote the develop-
ment of materials, the VDI-Gesellschaft Werk-
stofftechnik and Springer-VDI-Verlag offer the 
Award for Innovative Application of Materials. 
This award has been presented since 1991. The 
recipient of this award is chosen by a panel ap-
pointed by the VDI-Gesellschaft and must have 
demonstrated exceptional innovation in an ap-
plication-related area of materials science. The 
innovation must result from a multidisciplinary 
collaboration and must have involved the use of 
innovative and customised materials and manu-
facturing technologies for producing functional 
components. In 2005 the award was bestowed 
on Gunnar Walther and Tilo Büttner (of the
Fraunhofer IFAM in Dresden), Dr. Alexander Böhm 
and Dr. Dirk Naumann (INCO), and Stefan Fuss 
(SÜD-CHEMIE)  for their contribution to the develop-
ment of a metal foam based on Ni-superalloys 
for use in particle filtration at high temperatures. 
The new, highly porous material has a very wide 
range of uses, extending from the filtration of 
diesel particulates in vehicle exhausts to the use as 
a catalyst support material in chemical plants. The 
properties of the new material can be customised 
for particular applications.

This development work was also recognised at the 
Euro PM 2005 in Prague with Fraunhofer IFAM 
(Dresden) and INCO Europe Ltd. receiving the 
EPMA Award 2005 in the materials category.

Awards / Honours

Gunnar Walther (IFAM Dresden) and Dr. Alexander Böhm 
(INCO) at the Euro PM 2005 in Prague receiving the EPMA 
Award 2005.

VDI Award: Sculpture "Idea 
and Material."

Radial filter made of 
INCOFOAM® Hightemp.
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3. Euro PM 2005 Poster Award

The Euro PM 2005 Poster Award was won
by the following poster:

“Sintering and Properties of New P/M Aluminium 
Alloys and Composites“
A. Dudhmande1, Th. Schubert2,
M. Balasubramanian1, B. Kieback2,3

1 Composites Technology Centre, Department
 of Metallurgical and Materials
 Engineering, IIT Madras,
 Chennai – 600036, India

2 Fraunhofer IFAM
 Winterbergstrasse 28
 01277 Dresden

3 TU Dresden
 Institut für Werkstoffwissenschaft
 01062 Dresden

Aluminium materials produced by powder-metal-
lurgical means are highly attractive materials due 
to the ever growing demand for lightweight
components in the car manufacturing industry. 
New materials have been developed and com-
parative tests have been carried out. The main 
focus of this work was optimisation of the wear 
resistance and mechanical strength. This work 
was undertaken within the framework of the
IIT Master Sandwich Program of the DAAD.

Dr. Thomas Schubert receiving the award at the Euro PM 
2005 in Prague.
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AGH University of Science and 
Technology
Krakau, Poland

Department of Metallurgy and Materials 

Engineering Physical and Powder Metallurgy 

Research Unit

Dr. T. Pieczonka

Drexel University
Philadelphia, Pennsylvania, USA

Modelling and simulation of 

metall foam production

European Synchrotron  
Radiation Facility
ESRF
Grenoble, France

M. Wichmann

Beamline ID19

Gazi University
Ankara, Turkey

Prof. Dr. M. Türker

Institute of Materials Research of 
the Slovak Academy of Sciences
Kosice, Slovakia

Creep behaviour of silicides

Institute of Strength Physics and 
Materials Science of the Russian 
Academy of Sciences
Ulyanowsk, Russia

Prof. A. P. Savitskii

Nano-crystalline materials

Nanyang Technological  
University Singapur
Prof. K.A. Khor

High porous materials

Osaka Prefectural College of 
Technology
Osaka, Japan

Prof. K. Nishiyabu

Cellular metallic materials

Pusan National University
Busan, Korea

Prof. T.-G. Kim

Russian Academy of Sciences
Institute of Metallurgy and  
Materials Science
Laboratory of Electron Microscopy

Moskau, Russia

Nano-crystalline materials

Russian Academy of Sciences
Institute of Physics, Strength  
and Materials Science
Tomsk, Russia

Reaction sintering, Nano-crystalline

components

Rutgers University
Piscataway, New Jersey, USA

Process engineering: production of

nanopowders

Sharif University of Technology
Teheran, Iran

Prof. Dr. A. Simchi

Technological University Moscow
Moscow State Institute of Steel 
and Alloys
Moskau, Russia

Nano-crystalline components

Ufa State Aviation Technical 
University
Institute of Physics of Advanced Materials

Ufa, Russia

Nano-crystalline components

Universidad Carlos III  
de Madrid
Madrid, Spain

Prof. J.M. Torralba

Universidade Estadual  
de Campinas 
Faculdade de Eugenharia  
Mecanica
Campinas, Brasilia

Prof, M.-H. Robert

Technology for casting metal foams

Universidade Federal de  
Santa Catarina
Florianópolis, Brasilia

Prof. P. Wendhausen

University of Szeged
Szeged, Hungary

Department of Colloid Chemistry

University of Warwick
Advanced Technology Centre

Warwick, Great Britain

Metallic powder injection moulding

Ural Division Russian Academy 
of Sciences
Institute of Metal Physics

Ekaterinenburg, Russia

Nano-crystalline components

Zhongshan University
Center for Nanotechnology 
Research
Guangzhou, China

Prof. H. Shen

International guests

Raphael
Haifa, Israel

Dr. A. Buchman

Cooperation with R&D organisations in other countries
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European network

Multimaterial-Technology
ETH Zürich
Swiss Federal Institute of  
Technology Institute for Design 
& Construction Methods
Zürich, Switzerland

Force Institute
Brøndby, Denmark

GAIKER
Zamudio, Spain

IDMEC
Instituto de Engenharia  
Mecanica
University of Porto
Porto, Portugal

IFREMER
Marine Materials Laboratory
Plouzané, France

INASMET
Joining Technologies Department
Centre Technologico de  
Materiales
San Sebastian, Spain

ISQ
R&D Training Division
Instituto de Soldadura  
e Qualidade
Oeiras, Portugal

IVF 
Institutet för  
Verkstadsteknisk Forskning
Mölndal, Sweden

Oxford Brookes University
Oxford, Great Britain

SINTEF Materials Technology
Oslo, Norway

TNO Department of Structural 
Engineering
TNO Building and Construction 
Research
Delft, Netherlands

VTT Manufacturing Technology
Lappenranta, Finland

University of Bristol
Department of Mechanical  
Engineering
Bristol, Great Britain

University of Pavia
Pavia, Italy

Training courses in adhesive 

bonding technology

CRIF
Seraing (Liège), Belgium

EOLAS
Dublin, Ireland

Force Institute
Brøndby, Denmark

INASMET
San Sebastian, Spain

ISQ (CNTP)
Oeiras, Portugal

IVF
Mölndal, Sweden

Österreichisches Institut
für Klebtechnik
Wien, Austria

TechniFutur Assemblage
Seraing (Liège), Belgium

TWI
Cambridge, Great Britain
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Participation in committees

USA

Adhesion Society, USA
O.-D. Hennemann (Member)

APMI
American Powder Metallurgy 
International, USA
(MPIF)
Metal Powder Industry  
Federation
Princeton, USA

B. Kieback, F. Petzoldt (Members)

International Liaison Committee 
of the International Journal of 
Powder Metallurgy
F. Petzoldt (Member)

Europe

CEN
Comité Européen de  
Normalisation
Technisches Komitee/TC 240
Thermal Spraying and  
Thermally Sprayed Coatings
H. Grützner (Member)

EGL
Europäische Gesellschaft für 
Lackier-Technik e.V.
S. Buchbach (Member)

EPMA
European Powder Metallurgy 
Association
European MIM Group
B. Kieback (Member)

F. Petzoldt (Chairman)

European Federation for  
Welding, Cutting and Joining
A. Groß (German representative)

IISS
International Institute  
for Science of Sintering
B. Kieback (Member)

National

AWT
Arbeitsgemeinschaft  
Wärmebehandlung und  
Werkstofftechnik e.V.

Work committee

Plasmaoberflächentechnologie

U. Lommatzsch (Member)

Berufsgenossenschaft Chemie
Unterausschuss IV

Work committee

VSK Reaktive PUR Hotmelts

M. Popp (Member)

DFO
Deutsche Forschungsgesellschaft 
für Oberflächenbehandlung e.V.

Work committee

Kunststofflackierung

V. Stenzel, A. Kaune (Members)

Work committee

Leichtmetall

R. Wilken 

DECHEMA
Deutsche Gesellschaft für  
Chemisches Apparatewesen, 
Chemische Technik und  
Biotechnologie

Technical section

Klebtechnik

E. Born, M. Brede, A. Groß, A. Hartwig,  

O.-D. Hennemann (Members)

Technical section

Nanotechnologie

A. Hartwig, V. Zöllmer (Members)
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Deutsche Gesellschaft für  
Biomedizinische Technik im VDE

Work committee

Biokompatible Aufbau- und  

Verbindungstechnik

T. Gesang (Member)

DGM 
Deutsche Gesellschaft für  
Materialkunde

Work committee

Plasmaoberflächentechnologie

A. Baalmann, U. Lommatzsch (Members)

Technical committee

Metall-Matrix-Verbundwerkstoffe

T. Schubert, T. Weißgärber (Members)

Technical committee

Computersimulation

A. Burblies (Member)

Technical committee

Magnesium-Anwendungen

F.-J. Wöstmann (Member)

Work group

Heterophasengrenzen

of the technical committee

Werkstoffwissenschaftliche Probleme der 

Mikroelektronik

O.-D. Hennemann (Member)

Work group

Mechanisches Verhalten bei hohen 

Temperaturen

of the technical committee

Werkstoffverhalten unter mechanischer 

Beanspruchung

A. Burblies (Member)

Work group 

Edelmetall-Matrix-Verbundwerkstoffe

of the technical committee

Metall-Matrix-Verbundwerkstoffe

G. Lotze, T. Weißgärber (Members)

Work committee

Zellulare Metalle

O. Andersen, G. Rausch (Members)

Work committee

Werkstoffkundliche Aspekte des  

Verschleißes und der Zerspanung

G. Walther (Member)

DGO
Deutsche Gesellschaft für  
Galvanik und  
Oberflächentechnik e.V.

Work committee

Plasmaoberflächenbehandlung von 

Polymeren

A. Baalmann, G. Ellinghorst (Members)

Work committee

Plasmaoberflächentechnologie

U. Lommatzsch (Member)

DGPT
Deutsche Gesellschaft für  
Plasmatechnologie e.V.

Work committee

Plasmaoberflächentechnologie

U. Lommatzsch (Member)

DPG
Deutsche Physikalische  
Gesellschaft

Work committee

Oberflächenphysik

S. Dieckhoff (Member)

Work committee

Festkörperphysik

M. Noeske (Member)

DVG
Deutsche Vakuumgesellschaft e.V.

Work committee

Plasmaoberflächentechnologie

U. Lommatzsch

DVS
Deutscher Verband für  
Schweißen und verwandte  
Verfahren e.V.

Work committee DVS-AG A 7

Fügetechnik im Schienenfahrzeugbau

M. Brede (Member)

Work committee

Plasmaoberflächentechnologie

U. Lommatzsch (Member)

Technical committee 8

Kleben und Kunststoffschweißen

O.-D. Hennemann, M. Peschka (Members)

Technical committee 9

Konstruktion und Berechnung

O.-D. Hennemann, M. Brede (Members)

Technical committee 10 

Mikroverbindungstechnik

O.-D. Hennemann, H. Schäfer (Members)

Work group V 8

Klebtechnik

A. Groß (Chairman)

Work group

Schulung und Prüfung

A. Groß (Member)

Work committee A 3.5

Kleben im Schienenfahrzeugbau

A. Groß (Chairman)

Work group A 10

Fügen im Handwerk – Schweißen und 

verwandte Verfahren

V. Borst (Member)
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Technical group FG 2.9

Ausbildung Karosserie

M. Peschka (Member)

Main certification committee (HZA)

Fachausschuss Kleben

A. Groß (Member)

Examination and certification committee (PZA)

Klebtechnik

A. Groß (Chairman)

O.-D. Hennemann, M. Peschka (Members)

DIN
Deutsches Institut für Normung

Work committee 5.1

Metallpulverspritzguss

F. Petzoldt (Chairman)

Work committee 5.6

Klebtechnik im Schienenfahrzeugbau

D. Niermann (Member)

Work committee ISO/TC 119

Pulvermetallurgie

K. Kümmel (Member)

Standards‘ committee: Material Technology 

(NWT)

Work committee NAB 14

Beschichtungsstoffe und Beschichtungen 

für Luft- und Raumfahrt

S. Buchbach (Member)

EFDS
Europäische Forschungsgesell-
schaft Dünne Schichten e.V.

Work committee

Plasmaoberflächentechnologie

U. Lommatzsch (Member)

FEE
Fördergesellschaft Erneuerbare 
Energien e.V.

Country wide work committee

Biogene Gase – Brennstoffzellen

I. Morgenthal (Member)

FhG
Fraunhofer-Gesellschaft

Alliance

Adaptronik

T. Gesang (Member)

Work committee

Biokompatible Aufbau- und  

Verbindungstechnik

T. Gesang (Member)

Alliance

Nanotechnologie

B. Günther, A. Hartwig (Members)

Alliance

Numerische Simulation von Produkten 

und Prozessen (NUSIM)

A. Burblies (Chairman)

Information and Demonstration Center

Numerische Simulationstechniken zur 

Verfahrens- und Bauteiloptimierung 

(SIMTOP)

A. Burblies (Director)

Work committee

IT-Manager

A. Burblies, G. Peter (Members)

DIN/DVS
Gemeinschaftsausschuss

Work committee 14/work committee AG V 7

Thermisches Spritzen und thermisch 

gespritzte Schichten

H. Grützner (Member)

Gemeinschaftsausschuss  
Pulvermetallurgie

Work committee

B. Kieback (Chairman)

Expert group

Aluminium

T. Schubert (Member)

T. Weißgärber (Chairman)

Expert group

Metallpulverspritzguss

F. Petzoldt (Chairman)

T. Hartwig (Member)

Expert group

Metallpulvererzeugung

B. Günther (Member)

Expert group

Sintern

B. Kieback (Chairman)

Expert group

Simulation in der Pulvertechnologie

A. Burblies (Member)

Work committee

Sinterstähle

G. Veltl (Member)

FZK/PFT
Projektträger für Produktion 
und Fertigungstechnologien

Industry work group

Strukturoptimierung

A. Burblies, H. Fricke (Members)

GDCh
Gesellschaft Deutscher Chemiker

Technical group

Anstrichstoffe und Pigmente

A. Hartwig (Member)
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Technical group

Festkörperchemie und  

Materialforschung

M. Noeske (Member)

Technical group

Makromolekulare Chemie

A. Hartwig, M. Noeske (Members)

GfKORR
Gesellschaft für  
Korrosionsschutz e.V.

Work committee

Kontaktkorrosion

M. Schneider (Member)

Work committee

Korrosion und Korrosionsschutz von 

Aluminium und Magnesium

M. Schneider (Member)

Work committee

Korrosion von Polymerwerkstoffen

T. Kowalik, R. Wilken (Members)

IVK
Industrieverband Klebstoffe

Technical committee (TA)

A. Groß (Member)

Work committee

Strukturelles Kleben und Dichten (SKD)

A. Groß (Member)

Technical commission

Strukturelles Kleben und Dichten (SKD)

A. Groß (Member)

Work committee

Industrieklebstoffe

A. Groß (Member)

VDG
Verein Deutscher  
Gießereifachleute

Technical committee

Druckguss

T. Müller, F.-J. Wöstmann (Members)

Technical committee

Leichtmetallguss

F.-J. Wöstmann (Member)

Work committee

Zink

F.-J. Wöstmann (Member)

Initiative

Zink

F.-J. Wöstmann (Member)

Lost Foam Council e.V.
F.-J. Wöstmann (Director)

Regional

GfT
Gesellschaft für Tribologie

Work committee

Sachsen

G. Walther (Member)

Materialforschungsverbund 
Dresden e.V.

Work committee

Öffentlichkeitsarbeit

I. Morgenthal (Member)

Work committee 

Materialforschungsverbund Dresden

B. Kieback (Member)

VDI
Verein Deutscher Ingenieure

VDI Bremer Bezirksverein

F. Petzoldt (Chairman)

Work committee

Kunststofftechnik

G. Pauly (Member)

Work committee

Plasmaoberflächentechnologie

U. Lommatzsch (Member)

Work committee

Systemplanung und Projektgestaltung

G. Veltl (Chairman)

Work committee

Werkstofftechnik

D. Lehmhus (Chariman)

Wachstumskern

InnoZellMet

O. Andersen (Member of management)

Other

adhäsion/Kleben&Dichten
Editorial

O.-D. Hennemann (Member)

FOSTA – Forschungsvereinigung 
Stahlanwendung e.V.
im Stahlzentrum Düsseldorf

Advisory board

O.-D. Hennemann (Member)

Journal of Adhesion Science and 
Technology
Editorial advisory board

O.-D. Hennemann (Member)
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Workforce Qualification Center  
Adhesive Bonding Technology 
2005

European Adhesive Bonder – 
EAB in accordance with
guidelines DVS®-EWF 3305
1-week module
incl. examination

Termin EAB 1 24.–28.01.2005

Termin EAB 2 21.–25.02.2005

Termin EAB 3 GL 09.–13.05.2005

In cooperation with Germanischer Lloyd

Termin EAB 4 10.–14.10.2005

Termin EAB 5 14.–18.11.2005

Termin EAB 6            28.11.–02.12.2005

E-Learning

Termin BoniH 1 EAB 21.–22.04.2005

Termin BoniH 2 EAB 24.–25.11.2005

External courses

Delo, Landsberg 13.–17.06.2005

Arvin Meritor, Gifhorn 19.–23.09.2005

Conferences, seminars and fairs

European Adhesive Specialist –
EAS in accordance with
guidelines DVS®-EWF 3301
three 1-week modules
incl. examination

EAS Part I: Principles of adhesive bonding

Termin EAS GL 1 31.01.–04.02.2005

Termin EAS GL 2 07.–11.03.2005

Termin EAS GL 3 26.–30.09.2005

Termin EAS GL 4 17.–21.10.2005

EAS Part II: Adhesive bonding of metals 

with other materials

Termin EAS MK 1 28.02.–04.03.2005

Termin EAS MK 2 11.–15.04.2005

Termin EAS MK 3 24.–28.10.2005

Termin EAS MK 4 14.–18.11.2005

EAS Part III: Adhesive bonding of plastics 

with other materials

Termin EAS KK 1 04.–08.04.2005

Termin EAS KK 2 30.05.–03.06.2005

Termin EAS KK 3 21.–25.11.2005

Termin EAS KK 4 05.–09.12.2005

EAS: Examination

Termin EAS P 1 26.04.2005

Termin EAS P 2 14.06.2005

Termin EAS P 3 25.11.2005

Termin EAS P 4 09.12.2005

External courses

ALSTOM, Salzgitter 17.–21.01.2005

BMW, Spartanburg, USA 24.01.–11.02.2005

ALSTOM, Salzgitter 21.–25.02.2005

European Adhesive Engineer –
EAE in accordance with
guidelines DVS®-EWF 3309
eight 1-week modules
plus examination

Termin EAE 1. week 17.–21.01.2005

Termin EAE 2. week 14.–18.02.2005

Termin EAE 3. Week 14.–18.03.2005

Termin EAE 4. week 18.–22.04.2005

Termin EAE 5. week 06.–10.06.2005

Termin EAE 6. week 12.–16.09.2005

Termin EAE 7. week 10.–14.10.2005

Termin EAE 8. week 07.–11.11.2005

Examination 11.11.2005
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Seminars

DGM-Fortbildungsseminar

Pulvermetallurgie

Dresden

13.–15.4.2005

Workshop

Bonding for the Future

IFAM

Bremen

28.4.2005

Klebtechnische Fertigung

IFAM

Bremen

10.–11.5.2005

International Symposium

Cellular Metals for Structural and  

Functional Applications

CellMet 2005

Dresden

18.–20.5.2205

Spring meeting

Arbeitsausschuss Pulvermetallurgie des 

Fachverbandes Pulvermetallurgie

Dresden

15.6.2005

Seminar

Kleben in der Elektronik

Bremen

20.–21.6.2005

Celebration

4. Bremer Klebtage

IFAM

Bremen

21.–22.6.2005

Seminar

Kleben in der Elektronik

Stuttgart

21.–22.6.2005

Lange Nacht der Wissenschaft

Dresden

1.7.2005

FEICA European Adhesives Conference 

2005 / Exhibition

St. Hélier, Great Britain

14.–16.9.2005

Workshop

In Zukunft Zink

IFAM

Bremen

27.–28.9.2005

Technical seminar

Fertigungssystem Kleben – FSK 2005

Klebtechnik für Fahrzeuge von morgen

Hotel Strandlust

Bremen

29.–30.9.2005

Bremer Oberflächentage

Aktuelle Entwicklungen der  

Oberflächentechnik

IFAM

Bremen

11.–12.10.2005

Seminar

Kleben in der Elektronik

Reutlingen

6.–7.12.2005

Seminar

Kleben in der Elektronik

Bremen

14.–15.12.2005

Seminar

Elektronikkleben für Automobilzulieferer

Bremen

19.12.2005

Fairs

Auftaktveranstaltung

Stadt der Wissenschaft 2005

Bremen

16.2.2005

Hannover Messe 2005

Lackiertechnik

Praxispark

Hannover

11.–15.4.2005

Hannover Messe 2005

Micro Technology

IVAM Gemeinschaftsstand

Hannover

11.–15.4.2005

Hannover Messe 2005

Simulation

FhG Gemeinschaftsstand

Hannover

11.–15.4.2005

Hannover Messe 2005

Subcontracting

Innovationszentrum INGENIEUR-WERKSTOFFE

Hannover

11.–15.4.2005

Hannover Messe Industrie 2005

SurfPlaNet

Praxispark/Hannover

11.–15.4.2005

SMT/Hybrid/Packaging 2005

Systemintegration in der Mikroelektronik

Nürnberg

19.–21.4.2005

European Coatings Show

Nürnberg

26.–28.4.2005



Conferences, seminars and fairs  |  Annual Report IFAM 2005  |  11

Transfertag

Stadt der Wissenschaft 2005

Bremen

9.6.2005

Schweißen und Schneiden

Structural Bonding International – SBI

Essen

12.–17.9.2005

HUSUMwind

Windenergie

Husum

18.–22.9.2005

MetFoam 2005

Kyoto, Japan

21.–23.9.2005

Euro PM 2005

Prag, Czechia

2.–5.10.2005

BerufsInfoMesse - BIM 2005

Bremerhaven

7.–8.10.2005

Nanosolutions 2005

Köln

8.–10.11.2005

IndustrieFachMesse IFM

Fachausstellung mit 5. Dresdner Material-

forschungstag des Materialforschungs-

verbundes Dresden (MFD)

Messe Dresden

9.–11.11.2005

1. Technologietransfer- und  

Netzwerkmesse TransferX

Messe Dresden

9.–11.11.2005

material_vision 2005

Neue Materialien für Design und  

Architektur

Conference and technical fair

Forum Messe Frankfurt

Frankfurt am Main

10.–11.11.2005

Technical exhibition

Hagener Symposium Pulvermetallurgie

Hagen

24.–25.11.2005

WISSENSWERTE

Bremer Forum  

für WirtschaftsJournalismus

Bremen

28.–30.11.2005

Hausmesse Continental

Frankfurt am Main

29.11.2005

Highlights

Stadt der Wissenschaft 2005

Bremen

30.11.2005

EuroMold 2005

Rapid Prototyping

FhG Gemeinschaftsstand

30.11.–3.12.2005
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Ph. D. theses

D. Fata

Epoxidsysteme im Verbund mit rostfreien 

Stählen – Vernetzung und Alterung

Universität des Saarlandes

Examiners: Prof. Dr. W. Possart

 Prof. Dr. rer. nat. O.-D. Hennemann

Oral examination: 26.9.2005

J. Götz

Dispensen von gefüllten Klebstoffen im 

Sub-Nanoliter-Bereich in der automatisierten 

Fertigung

Universität Bremen

Examiners: Prof. Dr. rer. nat. O.-D. Hennemann

 Prof. Dr.-Ing. G. Sepold

Oral examination: 27.1.2005

T. Kaese

Synthese monomorer flüssigkristalliner 

Diepoxide, deren Charakterisierung und 

Ausrichtung im elektrischen Feld

Examiners: Prof. Dr. D. Wöhrle

 Prof. Dr. rer. nat. O.-D. Hennemann

Oral examination: 28.1.2005

S.J.-M. Kim

Eine rechnergestütze Methode zur Pas-

sungsanalyse von tolerenzbehafteten Füge-

teilen mit abschließender Programmierung 

eines automatisierten Klebstoffauftrags

Universität Bremen

Examiners: Prof. Dr. rer. nat. O.-D. Hennemann

 Prof. Dr. W. Possart

Oral examination: 3.11.2005

Scientific publications and presentations

Lectures

A. Burblies

Finite Elemente Methode

Hochschule Bremerhaven

SS 2005

A. Burblies

Werkstoffmodelle und Simulation

Hochschule Bremerhaven

WS 2005/2006

M. Busse

Forschung und Entwicklung im  

Automobilbau

Universität Bremen

Fachbereich Produktionstechnik

SS 2005

M. Busse

Leadership im Automobilbau

Universität Bremen

Fachbereich Produktionstechnik

WS 2005/2006

U. Echterhoff

Werkstoffkunde und Schweißtechnik

Hochschule Bremen

SS 2005

H. Fricke

Simultaneous Engineering and  

Rapid Prototyping

Hochschule Bremen

Studiengang Master of Engineering in 

Computer Based Mechanical Engineering 

(CBME) – Fachbereich 5

WS 2005/2006

A. Groß

Werkstoffe: Klebtechnik

Hochschule Bremen

SS 2005

B. Günther

Funktionswerkstoffe im Automobilbau –  

Funktionalisierung von Oberflächen

Universität Bremen

Fachbereich Produktionstechnik

SS 2005

A. Hartwig

Grundlagen der Makromolekularen Chemie

Universität Bremen

Fachbereich Chemie

WS 2005/2006

O.-D. Hennemann

Niedertemperaturfügen

Universität Bremen

Fachbereich Produktionstechnik

SS 2005

O.-D. Hennemann

Polymertechnik

Universität Bremen

Fachbereich Produktionstechnik

WS 2005/2006

B. Kieback

Pulvermetallurgie und Sinterwerkstoffe II

Technische Universität Dresden

Institut für Werkstoffwissenschaft

SS 2005

B. Kieback

Festkörperchemie II

Technische Universität Dresden

Institut für Werkstoffwissenschaft

SS 2005

B. Kieback

Verbundwerkstoffe

Technische Universität Dresden

Institut für Werkstoffwissenschaft

SS 2005

B. Kieback

Pulvermetallurgie und Sinterwerkstoffe I

Technische Universität Dresden

Institut für Werkstoffwissenschaft

WS 2005/2006
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B. Kieback, T. Schubert

Technologien zur Werkstoffherstellung  

und -verarbeitung I

Technische Universität Dresden

Institut für Werkstoffwissenschaft

WS 2005/2006

B. Kieback, M. Zumdick

Festkörperchemie I

Technische Universität Dresden

Institut für Werkstoffwissenschaft

WS 2005/2006

U. Meyer

Mathematik und Physik I

Hochschule Bremen

SS 2005

U. Meyer

Laborrechnung und Statistik

Hochschule Bremen

SS 2005

U. Meyer

Grundverständnis wissenschaftlicher Technik

Hochschule Bremen

SS 2005

U. Meyer

Mathematik und Physik II

Hochschule Bremen

WS 2005/2006

U. Meyer

Das Funktionieren technischer Systeme

Hochschule Bremen

WS 2005/2006

U. Meyer

Mathematik Vertiefung II

Hochschule Bremen

WS 2005/2006

F. Petzoldt

Endformnahe Fertigungstechnologien  

I und II

Universität Bremen

Fachbereich Produktionstechnik

SS 2005 und WS 2005/2006

P. Plagemann

Korrosionsschutz

Hochschule Bremerhaven

WS 2005/2006

M. Popp

Klebstofftechnologie

Fachhochschule Bremerhaven

WS 2005/2006

J. Weise

Metal Foams

Universidade Estadual de Campinas, Brasilien

Oktober 2005

R. Wilken

Grundlagen der Chemie I

Hochschule Bremen

WS 2005/2006

R. Wilken

Grundlagen der Chemie II

Hochschule Bremen

SS 2005

R. Woltmann

Bauteilentwicklung für automobile Guss-

komponenten

Universität Bremen

Fachbereich Produktionstechnik

SS 2005

R. Woltmann

Leichtmetallgießen im Automobilbau

Universität Bremen

Fachbereich Produktionstechnik

WS 2005/2006

Publications

J. Adler, K. Kümmel, P. Quadbeck,  

G. Standke, G. Stephani

Synthesis of Open-Celled Metal Foams

Proceedings, International Symposium  

Cellmet 2005, Dresden, in Druck

B. Ballóková, P. Hvizdoš, M. Besterci,  

M. Zumdick, A. Böhm

Microstructure and Mechanical Properties of 

MoSi2-based Composites

Powder Metallurgy Progress, 5, 1 (2005), 

65-70

B. Ballóková, P. Hvizdoš, M. Besterci,  

J. Ivan, M. Zumdick, A. Böhm,  

T. Weißgärber, B. Kieback

Microstructure and Mechanical Properties of 

ZrO2-reinforced MoSi2 Matrix Composites

International Journal of Materials and 

Product Technology (IJMPT), 22, 4 (2005), 

322-327

J. Baumeister, D. Labuhn, L. Pambaguian

Space Applications for Highly Porous Materials

Proceedings, MetFoam (2005), in Druck

J. Baumeister

Metallschäume machen Maschinenteile 

leichter und leiser

Maschinenmarkt (2005), in Druck

A. Berg, J. Weise, G. Rausch, M. Haesche, 

F.-J. Wöstmann, M. Busse

Druckgießtechnische Herstellung von 

offenporösen Aluminiumschäumen und 

Aluminium-Polymer-Hybridstrukturen

Gießerei, 92, 2 (2005), 24-27

R. Brüning, P. Scholz, I. Morgenthal,  

U. Waag, A. Weißbach, F. Hollstein,  

B. Ondruschka

Innovative Katalysatoren zur oxidativen De-

hydrierung in der Gasphase – beschichtete 

Eisenhohlkugeln

Chemie Ingenieur Technik 77, 1-2 (2005), 

119-124 
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R. Brüning, P. Scholz, I. Morgenthal,  

O. Andersen, J. Scholz, G. Nocke,  

B. Ondruschka

Innovative Catalysts for Oxidative Dehydro-

genation in the Gas Phase – Metallic Short 

Fibers and Coated Glass Fabrics

Chemical Engineering & Technology 28, 9 

(2005), 1056-1062

S. Bryde, I. Grunwald, A. Hammer,  

A. Krippner-Heidenreich, T. Schiestel,  

H. Brunner, G.E. Tovar, K. Pfizenmaier,  

P. Scheurich

Tumor Necrosis Factor (TNF)-funtionalized 

Nanostructured Particles for the Stimulation 

of Membrane TNF-specific cell responses

Bioconjug. Chem., 11/12, 16, 6 (2005), 

1459-1467

M. Busse, F.J. Wöstmann,  

Rapid Casting for Manufactures and  

Suppliers – Trends, Potentials,  

Concepts and Synergies

Proceedings, Euro-uRapid 2005

Leipzig (2005)

M. Busse, 

Zink bietet zahlreiche innovative Lösungen

Giesserei 11 (2005), 14

M. Busse, 

Neue Wege in der Gießerei – Kombination 

von Adaptronik und Gießereitechnik

Tagungsband, Schlüsseltechnologie 

Leichtmetallguss im Automobilbau,

Bad Nauheim (2005)

E.C. Chirwa, D. Lehmhus, M. Mao,  

T. Chen, L. Lanzi

Mechanics of Lightweight Aluminium 

Foam Wrapped in Carbon Fibre Reinforced 

Composites

WIT Trancactions on Engineering Science, 

WIT PRESS, 49 (2005)

A. Dudhmande, T. Schubert,  

M. Balasubramanian, B. Kieback

Sintering and Properties of New P/M  

Aluminium Alloys and Composites

Proceedings, EuroPM2005, 2 (2005),  

293-298

S. Esmaeelzadeh, A. Simchi, D. Lehmhus

Effects of AlSi7-TiH2 Powder Compacts

Proceedings, MetFoam (2005), in Druck

T. Gesang, U. Netzelmann

Reproduzierbares Dispensen von  

Leitklebstoffen im Sub-Nanoliter-Bereich

Adhäsion Kleben und Dichten, 3 (2005), 18-24

T. Gesang, V. Klocke

Die Welt unter der Lupe – Modular  

konzipierte Mikroproduktionsanlage setzt 

für die Montage auf das Mikrokleben

MM Maschinenmarkt, 21 (2005), 48-51

A. Godin, L. Kramer, F. Petzoldt,  

A. Balashov, V. Ryabinin, A. Radaev

Development and Tests of MIM Feedstock 

Based on Carbonyl Iron Powder and Wax 

Polymer Binder

Proceedings, New Materials and Parts from 

Metal Powders – TPP PM 2005 Conference, 

Joshkar Ola, Russia (2005), 33-36

A. Godin, L. Kramer, F. Petzoldt,  

A. Balashov, V. Ryabinin, A. Radaev

Development and Tests of MIM Feedstock 

Based on Carbonyl Iron Powder and Wax 

Polymer Binder

Proceedings, Ural Forgers 2005 Conference, 

Werchnjaja Salda, VSMOP, Russia

(2005), 380-381

D. Godlinski, S. Morvan

Steel Parts with Tailored Material Gradients 

by 3D-Printing Using Nano-particulate Ink

Materials Science Forum, 492-493 (2005), 

679-684

D. Godlinski, I. Wirth, G. Veltl

3D-Printing of Powder Metallurgical Tool 

Steel Parts

Proceedings, Euro-uRapid 2005,  

Hrsg. R. Meyer, Fraunhofer Allianz Rapid 

Prototyping (2005)

D. Godlinski, G. Veltl

Rapid Manufactured Complex PM-Tool Steel 

Parts

Proceedings, 16th International Plansee 

Seminar, Hrsg. G. Kneringer, R. Rödhammer, 

H. Wildner, 2 (2005), 82-96

D. Godlinski, G. Veltl

Three Dimensional Printing of PM-Tool Steels

Proceedings, Euro PM2005,  

European Powder Metallurgy Association, 3 

(2005), 49-54

U. Gustke, R. Bärsch, B. Bendjus, G. Lotze

Möglichkeiten der Optimierung an Strom-

abnehmerkontakten der Bahn

VDE-Fachbericht, 61, (2005), 111-121

M. Haesche, O. Marchetto, F. Höcker,  

J. Baumeister, J. Weise

Einsatz von Recyclingspänen zur Herstellung 

von Aluminiumschaum

Aluminium, 81, 7/8 (2005), 688-695

A.G. Hansen, K. Stöbener, G. Rausch,  

M. Langseth, H. Keller

Optimisation of Energy Absorption of the 

Ford Mondeo A-pillar by Metal Foam Insert

International Journal of Crashworthiness, in 

Druck

A. Hartwig, M. Sebald, D. Pütz, L. Aberle

Preparation, Characterization and  

Properties of Nanocomposites Based on 

Epoxy Resins – An Overview

Macromol. Symp., 221 (2005), 127-136

A. Hartwig, M. Sebald, M. Kleemeier

Cross-linking of Cationically Polymerised 

Epoxides by Nanoparticle

Polymer, 46 (2005), 2029-2039
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A. Hartwig, K. Koschek, A. Lühring

Influence of Proton Donors on the Cationic 

Polymerization of Epoxides

Current Research and Application,  

Hrsg. W. Possart (2005)

A. Hartwig, T.K. Mahato, T. Kaese,  

D. Wöhrle

Preparation and Properties of Cholesteric 

Network Polymers Based on Liquid Cristalline 

Epoxides

Macromol. Chem. Phys, 206 (2005), 1718-

1730

A. Hartwig

Für das Vergießen verwendete Materialien 

– Eine Übersicht

Tagungsband, OTTI-Profiforum Vergießen in 

Elektrotechnik und Elektronik, Regensburg 

(2005), 1-19

A. Hartwig

Nanokomposite – Zukunft der Vergussharze?

Tagungsband, OTTI-Profiforum Vergießen in 

Elektrotechnik und Elektronik, Regensburg 

(2005), 191-208

A. Hartwig, A. Lühring, D. Pütz,  

O. Schorsch, M. Sebald, J. Trautmann

Improvement of the Properties of Epoxy 

Resins by Nanoparticles

Proceedings, STICK!, Nürnberg (2005)

A. Hartwig

Optimization of Adhesives and Thermosets 

by Nanoparticles

Proceedings, NanoTrends 2005,  

München (2005)

A. Hartwig, D. Pütz

Preparation and Combustion Properties of 

Nanocomposites Based on Epoxy Resins and 

Organically Modified Clays

Proceedings, FRPM’05, Berlin (2005)

A. Hartwig, A. Buchman, O. Schorsch,  

M. Sebald, J. Trautmann

Einfluss von Struktur und Oberflächen-

modifikation von Nanofüllstoffen auf die 

Eigenschaften von Klebstoffen und Klebver-

bindungen

Tagungsband, Fachtagung Fertigungssystem 

Kleben – FSK 2005, Bremen (2005), 109-118

M. Hedges, M. Renn, M. Kardos,  

S. Stührmann, V. Zöllmer, I. Wirth

Advanced Packaging mit MD – Mesoskalige 

Depositionstechnologie

PLUS, 8 (2005), 1435-1440

K. Herzl, S. Schröder, M. Powalla,  

G. v. W. Wuytswinkel, G. Dreezen,  

G. Luyckx, H. Schäfer, T. Kowalik,  

K. Marnitz, R. Züst, B. Dimmler, F. Krautter

Cigs Solar Modules Contacted by Conducting 

Adhesives and Ultrasonic Welding

Proceedings, 20th European Photovoltaic 

Solar Energy Conference and Exihibition, 

Barcelona, Spain (2005)

P. Imgrund

Serienfertigung metallischer Mikroteile mit 

Mikro-Metallpulverspritzguss

INNO 10, 29 (2005), 20-21

P. Imgrund, A. Rota, L. Kramer

Processing and Properties of Bi-material Parts 

by Micro Metal Injection Moulding

Proceedings, 1st International Conference 

on Multi-material Micro manufacture – 4M, 

Karlsruhe (2005)

P. Imgrund, A. Rota, A. Simchi

Co-sintering of Magnetic-Nonmagnetic 

Components Produced by Micro Co-injection 

Moulding Process

Proceedings, 4th International Conference 

on Science, Technology and Applications of 

Sintering, Grenoble, France (2005), 208-211

P. Imgrund, A. Rota, T. Hartwig,  

F. Petzoldt, A. Simchi

Adjustment of Materials and Sintering Pro-

cesses for MIM of Bi-material Parts

Proceedings, EuroPM 2005, Prag,  

Czechia, 3 (2005), 307-312

T. Kaese, D. Wöhrle, A. Hartwig,  

G. Schnurpfeil

Synthesis of Dialkenes and Diepoxides, and 

the Influence of Their Structural Parameters 

on Liquid Crystalline Properties

Liqu. Cryst, 32 (2005), 921-931

M. Kleemeier, A. Hartwig

Praxistaugliche Charakterisierung von  

Dispersionsklebstoffen

adhäsion Kleben&Dichten, 49, 11 (2005), 

37-40

T. Krüger, M. Amkreutz, P. Schiffels,  

B. Schneider, T. Frauenheim,  

O.-D. Hennemann

A Theoretical Study of the Interaction between 

Selected Adhesives and Oxide Surfaces

Journal of Physical Chemistry, B, 109, 11 

(2005), 5060-5066

T. Krüger, M. Elstner, P. Schiffels,  

T. Frauenheim

Validation of the Density-functional Based 

Tight-binding Approximation Method for the 

Calculation of Reaction Energies and Other 

Data

Journal of Chemical Physics, 122 (2005), 

114110-114115

C. Kübel, A. Voigt, R. Schoenmakers,  

M. Otten, D. Su, T.-C. Lee, A. Carlsson,  

J. Bradley

Recent Advances in Electron Tomography: 

TEM and HAADF-STEM Tomography for  

Materials Science and Semiconductor  

Applications

Microscopy and Microanalysis, 11, 5 (2005), 

378-400
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C. Kübel, A. Thust

TrueImage: Introduction to Focal Series 

Reconstruction

Nato Science Series E, Hrsg. T.E. Weirich,  

J.L. Labar, X. Zou (2005)

D. Lehmhus, M. Wichmann

Optimising Process Strategies for Fraunhofer 

Type Al Foams Using Kinetic Analysis of 

Foaming Agent Variants

Proceedings, MetFoam (2005), in Druck

U. Lommatzsch

Vorbehandeln mit Plasma bei  

Atmosphärendruck

JOT Journal für Oberflächentechnik, 45 

(2005), 58-61

U. Lommatzsch

Erfolgreicher Einsatz von Plasma-Jets in der 

Produktion

adhäsion Kleben&Dichten, 49 (2005), 46-50

D.C. Martin, J. Chen, J. Yang,  

L.F. Drummy, C. Kübel

High Resolution Electron Microscopy of 

Ordered Polymers and Organic Molecular 

Crystals: Recent Developments and Future 

Possibilities

J. Polym. Sci. Part B. Polym. Phys., 43 (2005), 

1749-1778

U. Martin, U. Mosler, A. Müller,  

G. Heinzel, D. Lehmhus

Microstructure of Aluminium Foams and 

relationships to Compression Strength

Proceedings, MetFoam (2005), in Druck

M.U. Martines, E. Yeong, M. Persin,  

A. Larbot, W.F. Voorhout, C. Kübel,  

P. Kooyman, E. Prouzet

Hexagonal Mesoporous Silicia Nanoparticles 

with Large Pores and a Hierarchical Porosity 

Tested for HPLC

C. R. Chimie, 8 (2005), 627-634

W. Maysenhölder, A. Berg, P. Leistner

Akustische Eigenschaften von Aluminium-

schäumen – Messungen und Modellierung

IBP-Mitteilung, 32 (2005), 459

U. Meyer, R. Wilken, P.-L. M. Noeske,  

S. Dieckhoff, O.-D. Hennemann

Study of Viscoelastic Behaviour in Thin and 

Ultra-thin Polymer Films with Laser Induced 

Surface Acoustic Waves

Proceedings, Adhesion ’05, St. Catherine’s 

College, Oxford, Great Britain

D. Niermann, A. Groß, M. Brede,  

O.-D. Hennemann

Qualitätssicherung in der Klebtechnik

adhäsion Kleben&Dichten, 9 (2005), 7-8

D. Niermann, A. Groß, M. Brede,  

O.-D. Hennemann

Quality Assurance in Adhesive Bonding 

Technology

adhesion Adhesives&Sealants, 9 (2005), 

30-32

P.-L.M. Noeske, R. Wilken, S. Dieckhoff,  

J. Ihde, A. Hartwig, O.-D. Hennemann

Special Aspects in Bonding of Magnesium 

Materials

Proceedings, Symposium Adhesive Bonding, 

Swiss Bonding 05 (2005), 219-228

V.I. Parvulescu, V. Parvulescu,  

U. Endruschat, R. Richards, G. Filoti,  

F.E. Wagner, C. Kübel

Characterization and Catalytic Hydrogenation 

Behavour of SiO2 Embedded Nanoscopic Pd, 

Au and Pd-Au Alloy Colloids

Chemistry a European Journal (2005),  

in Druck

F. Petzoldt, H. Pohl, A. Simchi,  

B. Alcantara

Advanced Steel Powder For Direct Metal 

Laser Sintering

Proceedings, EuroPM 2005, Prag, Czechia,

3 (2005), 35-40

M. Popp, O.-D. Hennemann

Emissions from PUR Hotmelts

adhesion Adhesives&Sealants (2005)

M. Popp, K. Teczyk, A. Hartwig

Emissionen von PUR-Hotmelts bei  

unterschiedlichen Applikationstechniken

Chemie Ingenieur Technik (2005), in Druck

M. Popp, K. Teczyk, A. Hartwig

Emissions from PUR-Hotmelts

International Journal of Polymers (2005), in 

Druck

M. Popp, M. Wirts, K. Teczyk, A. Hartwig

Monomeremissionen bei der Verarbeitung 

von Polyurethanklebstoffen

PU-Magazin, in Druck

A. Pretorius, T. Yamaguchi,  

M. Schowalter, R. Kröger, C. Kübel,  

D. Hommel, A. Rosenauer

Investigation of In_x Ga_1-x N Islands with 

Electron Microscopy

Journal of Physics (2005), in Druck

M. Pridöhl, G. Zimmermann, A. Hartwig, 

A. Lühring

Kleben und Lösen – Just in Time

Trendbarometer Technik,  

Hrsg. H.-J. Bullinger, chinesische Ausgabe 

(2005)

G. Rausch, K. Stöbener

Improving Structural Crashworthiness Using 

Metallic Foams

Proceedings, MetFoam (2005), in Druck

G. Rausch, K. Stöbener, D. Bassan

Improving Structural Crashworthiness  

Using Metallic and Organic Foams – Selected 

Results from the LISA Project

Proceedings, 1st International Symposium on 

Cellular Metals for Structural and Functional 

Applications, Cellmet 2005, Dresden (2005)
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S. Reyntjens, C. Kübel

Scanning/Transmission Electron Microscopy 

and Dual-beam Sample Preparation for the 

Analysis of Cristalline Materials

J. Chryst., Growth, 275, 1-2 (2005),  

1849-1856

A. Rota, C. Schlüter, N. Salk

Oberflächenmodifikation von Biomaterialien 

durch Mikrostrukturierung

MP Materialprüfung, 47 (2005), 2-5

A. Rota, F. Petzoldt

Developments in Metal Injection Moulding 

– MicroMIM Manufacturing

Proceedings, PMAsia 2005, Shanghai, China 

(2005), 557-566

A. Rota, P. Imgrund, L. Kramer, R. Meyer, 

J. Haack

Micro Metal Injection Moulding – Quality 

Assurance in Series Production

Proceedings, EuroPM 2005, 2 (2005), 377-382

A. Rota

Funktionalisierte Mikroteile durch Mikro-

Metallpulver-Spritzgießen

Industrie Management, 6 (2005), 57-60

N. Salk, P. Imgrund, A. Rota

Mikro-Metallpulverspritzguss als innovatives 

Fertigungsverfahren in der Mikrotechnik

Tagungsband, Mikrosystemtechnik Kongress, 

Freiburg (2005)

D. Salz, M. Wagener

Silber-Nano-Cluster in einer plasmapolymeren 

Release-Schicht

Vakuum in Forschung und Praxis, 4 (2005), 

191-193

P. Schiffels, M. Amkreutz, A.T. Blumenau, 

T. Krüger, B. Schneider, T. Frauenheim, 

O.-D. Hennemann

Modelling Fundamental Aspects of the Surface 

Chemistry of Oxides and their Interactions with 

Coupling Agents Adhesion – Current Research 

and Applications, Hrsg. W. Possart (2005)

J. Schmidt, P. Schmid, T. Schubert,  

T. Weißgärber, B. Kieback

Microwave-Assisted Sintering of Co-based 

Composites

Proceedings, 4th International Conference 

on Science, Technology and Application of 

Sintering (Sintering 2005), Grenoble, France 

(2005), 72-75

J. Schmidt, N. Reinfried, T. Schubert,  

T. Weißgärber, Y. Grin, B. Kieback

Synthesis and Properties of Ti3SiC2 and Ti3SiC2-

composites by Powder Metallurgical Route

Proceedings, 4th International Conference on 

Science, Technology and Application of  

Sintering (Sintering 2005), Grenoble,  

France (2005), 147-150

J. Schmidt, K. Heinze, N. Reinfried,  

T. Schubert, T. Weißgärber, Y. Grin,  

B. Kieback

Synthesis of Ti3SiC2 and Ti3SiC2-composites 

by the Powder Metallurgical Route

Proceedings, 16th International Plansee Semi-

nar, Reutte, Austria, 1 (High Performance 

Materials) (2005), 869-882

J. Schmidt, T. Weißgärber, T. Schubert,  

B. Kieback

Spark Plasma Sintering of Intermetallics and 

Metal Matrix Composites

Proceedings, EuroPM 2005, Prag, Czechia,

1 (2005), 93-98

J. Schmidt, R. Niewa, M. Schmidt, Y. Grin

Spark Plasma Sintering Effect on the Decom-

position of MgH2

Journal of the American Ceramic Society 88, 

7 (2005), 1870-1874

T. Schmidt, E. Roventa, T. Clausen,  

J.I. Flege, G. Alexe, S. Bernstorff, C. Kübel,

A. Rosenauer, D. Hommel, J. Falta

Ordering Mechanism of Stacked  

CdSe/Zn-x S_1-x Se Quantum Dots:  

A Combined Reciprocal-space and Realspace 

Approach 

Phys. Rev. B. (2005), 72

B. Schneider, M. Amkreutz, M. Beneke, 

A. Fangmeier, S. Dieckhoff, E. Kock,  

T. Kowalik, P. Schiffels, M. Schneider

Application of Density Functional  

Calculations to Investigate Corrosion  

Inhibition Mechanisms

Proceedings, 10th European Symposium on 

Corrosion and Scale inhibitors, Ferara, Italy, 

274th Manifestation of the European Federa-

tion of Corrosion, 2 (2005), 935-953

B. Schneider, P. Schiffels, R. Wilken

Bonding of Amine Curing Agents to Native 

Aluminium Oxide Surfaces

Proceedings, 28th Annual Meeting of the 

Adhesion Society, Mobile, Alabama, USA 

(2005)

M. Schneider, V. Stenzel, A. Momber

Vergleichende Untersuchungen von  

Korrosionsschutzkonzepten für Offshore-

Windenergieanlagen (WEA)

Korrelation von Labortests mit Praxis-

bedingungen im schweren Korrosionsschutz, 

Hrsg. GfKORR-Gesellschaft für Korrosions-

schutz e.V. (2005), 81-97

O. Schorsch, A. Hartwig, W.D. Stohrer

Curing of Epoxy Resins with Nanoparticles

adhesion Adhesives&Sealants, 4 (2005), 22-24

T. Schubert, T. Pieczonka, S. Baunack,  

B. Kieback

Sintering Behaviour of Aluminium in  

Different Atmospheres

Proceedings, 4th International Conference 

on Science, Technology and Applications of 

Sintering, Grenoble, France (2005), 331-334

T. Schubert, T. Pieczonka, S. Baunack,  

B. Kieback

The Influence of the Atmosphere and 

Impurities on the Sintering Behaviour of 

Aluminium

Proceedings, EuroPM2005, 1 (2005), 3-8
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A. Simchi, F. Petzoldt

Co-sintering of 316L/17-4PH Stainless Steel 

Powders

Proceedings, PM Auto 2005, Isfahan, 

Iran (2005), 180-187

A. Simchi, F. Petzoldt, T. Hartwig

An Approach for Assessment of Sintering 

Behaviour of Co-injection Moulded PIM 

Feedstocks by Dilametric Analysis

Proceedings, EuroPM 2005, Prag,  

Czechia, 2 (2005), 357-362

A. Simchi, F. Petzoldt, H. Pohl

Direct Metal Laser Sintering of Fe-C-Cu Steel 

Powder

Proceedings, EuroPM 2005, Prag,  

Czechia, 3 (2005), 41-48

G. Stephani

Iron Based Cellular Structures – Status and 

Prospects

Proceedings, MetFoam 2005, Kyoto, Japan, 

in Druck

K. Stöbener, A. Godin, J. Baumeister,  

G. Rausch

Aluminium Foam (Advanced Pore  

Morphology – APM)

Proceedings, Ural Forgers 2005 Conference, 

Werchnjaja Salda, VSMOP, Russia 

(2005), 377-379

K. Stöbener, J. Baumeister, G. Rausch

Advanced Pore Morphology (APM) Metal 

Foam – Process and Charateristics

Proceedings, MetFoam (2005), in Druck

K. Stöbener, J. Baumeister, G. Rausch,  

M. Busse

Neues Konzept für die Serienfertigung – 

Aluminiumschäume für die industrielle 

Produktion

ATZ, 107, 1 (2005), 10-15

K. Stöbener, J. Baumeister, G. Rausch

Proceedings, APM Aluminium Foams –  

Process and Properties, CellMet 2005,  

in Druck

T. Studnitzky

Fertigungstechnik für zellulare  

Mikrostrukturen

Produktion, 36 (2005), 11

T. Studnitzky

Metallischer Siebdruck als Fertigungs- 

verfahren für Mikrosystemtechnik und  

funktionellen Leichtbau

Metall-Fachzeitschrift für Metallurgie, 11 

(2005), in Druck

T. Studnitzky

Metallischer Siebdruck als Fertigungs- 

verfahren für dreidimensionale Strukturen

Konstruktion, Sonderdruck Ingenieurwerk-

stoffe, 11/12 (2005), in Druck

T. Studnitzky

Serienfertigung mit Siebdruck

Mikroproduktion, 3 (2005), 55

T. Studnitzky

Metallischer Siebdruck als Fertigungs- 

verfahren für die Mikrosystemtechnik

Werkstoffe in der Fertigung, 5 (2005), 33

T. Studnitzky, O. Andersen

Direct Typing As Promising Method For The 

Production Of Cellular P/M Parts

Proceedings, International Symposium  

Cellmet 2005, Dresden, in Druck

C. Tornow, P.-L.M. Noeske, S. Dieckhoff, 

R. Wilken, K. Gärtner

Preparation and Characterization of  

Carbonate Terminated Polycrystalline  

Al2O3 / Al Films

Applied Surface Science, 252, 5 (2005), 

1959-1965

M. Turker, D. Godlinski, H. Pohl,  

F. Petzoldt

Rapid Prototyping of Inconel Alloys by  

Direct Laser Sintering and Three Dimensional 

Printing

Proceedings, Euro PM2005, European Pow-

der Metallurgy Association, 3 (2005), 93-98

G. Veltl, F. Petzoldt, A. Simchi,  

C. M. Sonsino, K. Lipp, A. Eksi

Warmkompaktieren von Aluminium- 

pulvern – Mechanismen und Einfluss auf  

die Eigenschaften Pulvermetallurgie in  

Wissenschaft und Praxis, 212 (2005)

G. Walther, L. Schneider, T. Weißgärber, 

F. Gebhard, M. Holderied

Unter Öl laufende Reibschichten für  

Synchronringe

Tagungsband, GfT-Tagung, 2, 58 (2005), 

1-12

G. Walther, L. Schneider, T. Weißgärber, 

B. Kieback, F. Gebhard, M. Holderied

Hochleistungsreibschicht auf Eisenbasis für 

Synchronringe

Tagungsband, 24. Hagener Symposium 

Pulvermetallurgie (2005)

M. Wiegemann, I. Grunwald, T. Kowalik, 

A. Hartwig

Non Covalent Bounds are Key Mechanism 

for the Cohesion of Barnacle (balanus  

crenatus) Adhesin Proteins

Marine Biology, in Druck

M. Zumdick, J. Schmidt, A. Böhm,  

T. Weißgärber, B. Kieback, G. Heinze

In situ –  Erfassung von Mahlparametern in 

Batchmühlen

Tagungsband, Aufbereitung und Recycling 

2005, in Druck
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Presentations and posters

O. Andersen

Hochporöse Faserstrukturen

Konstituierenden Sitzung des DGM-Arbeits-

kreises Zellulare Metalle im Fachausschuss 

Metallische Verbundwerkstoffe und zellulare 

Metalle

Chemnitz

25.1.2005

O. Andersen

Zellulares Metall –  

ein konstruierter Werkstoff

3. Kolloquium Konstruktionstechnik

Magdeburg

16.–17.6.2005

O. Andersen

InnoZellMet - Vielseitige Leichtgewichte aus 

Metall für den multifunktionalen Einsatz 

in Maschinenbau, Energieerzeugung und 

Biotechnologie

Messe TransferX

Dresden

11.11.2005

A. Arp, F. Calderone, J. Kolbe, E.M. Meyer, 

W. Meyer, M. Stuve, H. Schäfer

Adhesives and Conductives – Injektable 

Nano-filled Inks for Use in Microelectronics 

and Microsystems Technology

Nanotech 2005

Anaheim, California, USA

8.–12.5.2005

C. Aumund-Kopp, I. Wirth

Neue Entwicklungen und Trends in der  

generativen Fertigung

10. Fachtagung Rapid Prototyping

Fachhochschule Lippe und Höxter

Lemgo

18.11.2005

J. Baumeister

Herstellung von Metallschaumbauteilen mit 

Hilfe der APM-Technologie

2. Landshuter Leichtbaukolloquium LLC 2205

Landshut

24.2.2005

J. Baumeister

Advanced Energy Absorbing Materials and 

Structures

5th International Symposium on Passive 

Safety of Rail Vehicles

Berlin

17.3.2005

J. Baumeister

Hybride Leichtbauwerkstoffe mit Metall-

schaum – APM

Strategiekonzepte für den hybriden  

Leichtbau

Hildesheim

7.9.2005

J. Baumeister

Space Applications for Highly Porous  

Materials

MetFoam2005

Kyoto, Japan

21.9.2005

A. Berg

APSN-based Networking Idea

APSN-Workshop

Warschau, Poland

10.–18.5.2005

A. Berg

Advanced Pore Morphology (APM) Foaming 

Technology

APSN-Workshop

Gratkorn, Austria

8.6.2005

V. Borst

Fügeverfahren Kleben

SFI-Lehrgang

SLV

Hannover

13.3., 7.11.2005

V. Borst

Klebstoffe – Experimente mit Molekülen,  

die verbinden

Lehrerkongress

VCI Landesverband Nord

Hannover

18.6.2005

V. Borst

Klebstoffe – Experimente mit Molekülen, die 

verbinden

Lehrerkongress

VCI Landesverband Nord

Bad Bramstedt

19.11.2005

A. Burblies

Robust Design und Optimierung  

von Gradientstrukturen

Industriearbeitskreis Strukturoptimierung 

Stuttgart

18.10.2005

A. Burblies

Neue Methoden zur Berechnung von  

optimalen Werkstoffgradienten für  

Strukturbauteile  

2. WING-Konferenz

Aachen

10.11.2005

M. Busse,

Intelligenz einbauen –  

Werkstoffe als Schlüssel für  

Zukunftsprodukte 

Bremen

4.11.2005

M. Busse,

Neue Wege in der Gießerei – Kombination 

von Adaptronik und Gießtechnik  

Schlüsseltechnologie Leichtmetallguss im 

Automobilbau 

Bad Nauheim

17.–18.11.2005
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M. Busse, F.-J. Wöstmann

Rapid Casting für Produzenten und Zulie-

ferer – Trends, Potenziale, Konzepte und 

Synergien

Euro-uRapid 2005

Leipzig

10.–12.5 2005

E.C. Chirwa, D. Lehmhus, M. Mao,  

T. Chen, L. Lanzi

Mechanics of Lightweight Aluminium 

Foam Wrapped in Carbon Fibre Reinforced 

Composites

International Conference on Impact Loading 

of Lightweight Structures

Florinópolis, Brasilia

8.–12.5 2005

S. Dieckhoff

Characterisation of Chromate-free Surface 

Protection System for Aircraft Application

1st World Congress on Corrosion in the 

Military

Sorrento, Italy

6.–8.6.2005

S. Dieckhoff, W. Brockmann, F. Faupel, 

W. Possart, J.K. Krüger

Adhäsions- und Alterungsmechanismen in 

Polymer-Metall-Übergängen

2. WING-Konferenz

9.–11.11.2005

S. Esmaeelzadeh, A. Simchi, D. Lehmhus

Effects of SiC Addition on Foaming  

Behaviour and Mechanical Properties of 

AlSi7-TiH2 Powder Compacts

MetFoam2005

Kyoto, Japan

21.–23.9.2005

F. Garcia-Morene, J. Banhart,  

M. Haesche, K. Vignodhar, J. Weise

Investigation of the Influence of Blowing 

Agent and Alloy Composition on the  

Foaming Behaviour of Thixcast AlSi6Cu4 

Precursor Material

Cellular Metals for Structural and Functional 

Applications, Cellmet 2005

Dresden

18.–20.5.2005

T. Gesang, N. Marenco

Low Stress Assembly and Micro-Optical 

Components by Means of Micro Adhesive 

Bonding

Innovation Symposium

Research and Association Welding and Allied 

Processes of the German Welding Society (DVS)

Essen

12.–16.9.2005

T. Gesang, W. Possart, B. Schneider,  

S. Dieckhoff, A. Hartwig

Adhäsion – Vom Mikroskopischen zum 

Makroskopischen

Kleben – Die moderne Verbindungstechnik 

für die Industrie

VDI Wissensforum

Bremen

22.–23.11.2005

A. Godin, L. Kramer, F. Petzoldt,  

A. Balashov, V. Ryabinin, A. Radeav

Development and Tests of MIM Feedstock 

Based on Carbonyl Iron Powder and Wax 

Polymer Binder

New Materials and Parts from  

Metal Powders – TPP PM 2005

Joshkar Ola, Russia

21.–24.6.2005

A. Godin, L. Kramer, F. Petzoldt,  

A. Balashov, V. Ryabinin, A. Radaev

Development of Tests of MIM Feedstock 

Based on Carbonyl Iron Powder and Wax 

Polymer Binder

Ural Forgers 2005

Werchnjaja Salda, VSMOP, Russia

12.–15.9.2005

D. Godlinski, I. Wirth, G. Veltl

3D-Printing von pulvermetallurgischen  

Werkzeugstahlbauteilen

Euro-uRapid2005

Leipzig

10.–12.3.2005

D. Godlinski, P. Imgrund, A. Rota,  

F. Petzoldt

Micro Co-injection Moulding of Ultrafine 

Stainless Steel Powders

PIM2005

San Diego, California, USA

21.–23.3.2005

D. Godlinski, F. Petzoldt

Low Volume Series Production of Large 

Complex Shaped PIM Parts by Means of 

Three Dimensional Printing

PIM 2005

San Diego, California, USA

21.–23.3.2005

D. Godlinski, G. Veltl

Rapid Manufactured Complex PM-Tool Steel 

Parts

16th International Plansee Seminar

Reutte, Austria

30.5.–3.6.2005

D. Godlinski, G. Veltl

Three Dimensional Printing of PM-Tool Steels

EURO PM2005

Prag, Czechia

2.–5.10.2005
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D. Godlinski

Dreidimensional funktionell gradierte Bauteile 

mit lokaler Materialkontrolle durch 3D-Printing

2. WING-Konferenz

Aachen

9.–11.11.2005

D. Godlinski

Vom Rapid Prototyping zum Rapid  

Manufacturing

DKG-Symposium Rapid Prototyping:  

Verfahren und Anwendung in der Keramik

Erlangen

29.–30.11.2005

A. Groß

Qualitätsmanagement in der Klebtechnik

DVS-Seminar

Ulm

26.1.2005

A. Groß

Reinigen vor dem Kleben mit Plasmen

15. Fachforum Kleben

OTTI-Technologie-Kolleg

Regensburg

15.2.2005

A. Groß

Modern Surface Treatment Methods

AFERA Conference

Brüssel, Belgium

8.3.2005

A. Groß

Workforce Qualification in Adhesive Bonding 

Technology

ASC Conference

Columbus, Ohio, USA

19.4.2005

A. Groß

Neue polymere Werkstoffe: Faserverstärkte 

Kunststoffe

VCI-Seminar

Bensheim

23.4.2005

A. Groß

Klebtechnische Personalqualifizierung: Bau-

stein modernen Qualitätsmanagements

BAIKA-Kooperationsforum

Nürnberg

26.4.2005

A. Groß

Bonding for the Future

Internationaler Workshop

IFAM

Bremen

28.4.2005

A. Groß

Fraunhofer IFAM – Core Activities

Workshop SHM Project Planning

Tokio, Japan

30.8.2005

A. Groß

Workforce Qualification in Adhesive Bonding 

Technology

Workshop SHM Project Planning

Tokio, Japan

31.8.2005

A. Groß

Qualitätsmanagement in der Klebtechnik

Forum Structural Bonding International – SBI 

Messe Schweißen & Schneiden

Essen

17.9.2005

A. Groß

Aus- und Weiterbildung im Fraunhofer IFAM

BMBF-Workshop

IFAM

Bremen

1.11.2005

A. Groß

Bonding for the Future – Fraunhofer IFAM 

Project Activities

Steering Committee Meeting

Paris, France

2.11.2005

A. Groß

Bonding as a Means of Fastening in Marine 

Applications

26. Symposium Yachtentwurf und Yachtbau

Hamburg

4.11.2005

A. Groß

Kleben – eine Schlüsseltechnologie in der 

modernen Produktion

VDI Seminar

IFAM

Bremen

22.11.2005

B. Günther

Nanoscale Fillers for  

Polymer-nanocomposites

Functional Polymer-based Nanocomposites

IIR Nanotrends

Workshop Polymer-based Nanocomposites

München

8.6.2005

B. Günther

Fine, Ultrafine and Nanosized Powders 

– Characteristics and Applications

EPMA Summer School

Aachen

7.9.2005

B. Günther

Nanoscale Metal Powders – Synthesis, 

Processing and Applications

Euro PM 2005

Nanotechnology Workshop

Prag, Czechia

4.10.2005

B. Günther, F. Griehl

Metal Vapor Condensation and  

Agglomeration

ESA-Workshop Materials Science in  

Microgravity

Nordwijk, Netherlands

2.12.2005
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A. Hartwig, A. Lühring, D. Pütz,  

O. Schorsch, M. Sebald, J. Trautmann

Improvement of the Properties of Epoxy 

Resins by Nanoparticles

4th European Congress on Adhesive and 

Sealant Raw Materials

Nürnberg

27.4.2005

A. Hartwig, A. Buchmann, O. Schorsch, 

M. Sebald, J. Trautmann

Einfluss von Struktur und Oberflächen- 

modifikationen von Nanofüllstoffen auf  

die Eigenschaften von Klebstoffen und 

Klebverbindungen

Fachtagung Fertigungssystem Kleben FSK ’05

Bremen

30.9.2005

K. Herz, S. Schröder, M. Powalla,  

G.v.W. Wuytswinkel, G. Dreezen,  

G. Luyckx, H. Schäfer, T. Kowalik,  

K. Marnitz

Cigs Solar Modules Contacted by Conduct-

ing Adhesives and Ultrasonic Welding

20th European Photovoltaic Solar Energy 

Conference and Exhibition

Barcelona, Spain

6.–10.6.2005

J. Ihde, K.-D. Vissing, A. Baalmann,  

D. Salz

Korrosionsschutz durch polymere Beschich-

tungen mit Niederdruck- und Atmosphären-

druck-Plasmen

Korrosionsschutz von metallischen  

Oberflächen

Regensburg

6.–7.6.2005

J. Ihde, F.-J. Wöstmann, J. Weise,  

M. Schneider

Aus Forschung und Entwicklung

Tagung in Zukunft Zink

IFAM

Bremen

27.–28.9.2005

J. Ihde, K.-D. Vissing, A. Baalmann,  

D. Salz

Korrosionsschutz von Leichtmetallen durch 

plasmapolymere Beschichtung

Bremer Oberflächentage

IFAM

Bremen

11.–12.10.2005

P. Imgrund

Micro Moulding of Metals and Ceramics: 

State of the Art and Future Trends

MicroMan Seminar

Tullamore, Ireland

4.4.2005

U. Kaiser, C. Kübel

Electron Tomographic Characterization of 

ErSi2 und GeSi Nanocrystals

Dreiländertagung

Davos, Switzerland

28.8.–2.9.2005

U. Kaiser, A. Chuvilin, C. Kübel

Z-contrast Imaging and Tomography in a 

Conventional Transmission Electron  

Microscope

Microscopy & Microanalysis Conference

Honolulu, Hawaii, USA

31.7.–4.8.2005

B. Kieback

Composite and Cellular Materials

Materials´ Days Rostock 2005

Rostock

23.–24.5.2005

B. Kieback

Grundlagen und innovative Verfahren der 

Sintertechnik

Festvortrag, feierliche Verabschiedung von 

Herrn Dr. Burggraf,  

GF EHW Thale Sintermetall GmbH

Thale

3.6.2005

B. Kieback

Functionally Graded W-Cu-Materials by 

Powder Metallurgy

IPP Kolloquium, MPI für Plasmaphysik

Garching

22.7.2005

B. Kieback

Sintered Materials

Autumn School – Applications of Neutrons 

and Synchrotron Radiation in Engineering 

Materials Science

Hamburg

10.–12.10.2005

J. Kolbe, A. Arp, F. Calderone, E.M. Meyer, 

W. Meyer, H. Schäfer, M. Stuve

Injektabe Conductive Adhesives for Use in 

Microelectronics and Microsystems  

Technology

Polytronic 2005

Wroclaw, Poland

21.–23.10.2005

J. Kolbe

Charakterisierung von Klebstoffen und Kleb-

verbindungen mittels thermischer Analyse

Untersuchungen an Hochleistungswerkstof-

fen mittels thermischer und rheologischer 

Analytik – Trends und Zukunft

Clausthal-Zellerfeld

26.–27.10.2005

C. Kübel

Electron Tomography for Materials Research 

and Industrial Applications

DPG Jahrestagung

Berlin

4.–9.3.2005

C. Kübel, T.-C. Lee, D. Su, J.L. Luo,  

H.M. Lo, J. Russell

Application of Electron Tomography for 

Semiconductor Device Characterization

Dreiländertagung

Davos, Switzerland

28.8.–2.9.2005
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C. Kübel

Focal-series Reconstruction Using TrueImage

ElCryst2005 Workshop

Brüssel, Belgium

2.–8.9.2005

C. Kübel, S. Kujava, J.L. Luo, H.M. Lo,  

J. Russell

Electron Tomography Analysis of  

Microelectronic Devices

8th International Workshop on  

Stress-induced Phenomena in Metallization

Dresden

12.–14.9.2005

D. Lehmhus

Metallschäume

VDI-Arbeitskreis Werkstofftechnik

Chemnitz

24.5.2005

D. Lehmhus, M. Wichmann

Optimising Process Strategies for Fraunhofer 

Type Al Foams Using Kinetic Analysis of 

Foaming Agent Variants

MetFoam2005

Kyoto, Japan

21.–23.9.2005

D. Lehmhus

Metal Foam Sandwich Structures – a New 

Class of Materials with Promise for Yacht 

Design

Symposium Yachtentwurf & Yachtbau

Hanseboot

Hamburg

4.–5.11.2005

U. Lommatzsch

Plasma Modifications of Textiles: Dyebility, 

Anti-Soil Properties, Microbial Effects

Plasmatech International Symposium

Plasma Technologies for Industrial Applications

Stresa, Italy

18.–19.5.2005

U. Lommatzsch, M. Noeske, T. Fladung, 

J. Degenhardt, T. Wübben, S. Strudthoff, 

G. Ellinghorst, O.-D. Hennemann

Pretreatment and Surface Modifications of 

Polymers by Atmospheric Pressure Plasma Jet 

Treatment

5th International Symposium on Polymer  

Surface Modification: Relevance to Adhesion

Toronto, Canada

20.–22.6.2005

S. Markus

Oberflächenanalytik in der Klebtechnik

Moderne Oberflächenanalytik in der Praxis

OTTI-Profiforum

Regensburg

15.–16.6.2005

S. Markus, U. Meyer, R. Wilken,  

S. Dieckhoff, O.-D. Hennemann

Detection of Contaminations on Polymer 

Surfaces Using Laser Induced Breakdown 

Spectroscopy

5th International Symposium on Surface 

Modification

Toronto, Canada

20.–22.6.2005

S. Markus

Perspektiven von Inline-Verfahren zur  

Überwachung der Oberflächengüte

Bremer Oberflächentage

IFAM

Bremen

11.–12.10.2005

U. Martin, U. Mosler, A. Müller,  

G. Heinzel, D. Lehmhus

Microstructure of Aluminium Foams and 

Relationships to Compression Strength

MetFoam2005

Kyoto, Japan

21.–23.9.2005

U. Meyer, R. Wilken, P.-L.M. Noeske,  

S. Dieckhoff, O.-D. Hennemann

Study of Viscoelastic Behaviour in Thin and 

Ultra-thin Polymer Films with Laser Induced 

Surface acoustic Waves

Adhesion ‘05

St. Catherine‘s College

Oxford, Great Britain

7.–9.9.2005

U. Meyer

Untersuchung viskoelastischer Eigenschaften 

dünner Filme durch laserinduzierte Ober-

flächenwellen

BOB-Treffen

Saarbrücken

14.9.2005

U. Meyer

Computer Algebra Systeme im Mathematik-

unterricht – ein Akzeptanzproblem

4. Workshop Mathematik für Ingenieure

Bremen

20.10.2005

U. Meyer

Computer Algebra Systeme in der  

Ingenieurausbildung

Schiffbauertreffen 2005

Bremen

11.11.2005

I. Morgenthal

Neuartige Materialien auf der Basis zellularer 

metallischer Strukturen für katalytische 

Anwendungen

Umweltkolloquium, Hochschule für Technik 

und Wirtschaft (HTW )

Dresden

20.1.2005 

T. Müller, F.-J. Wöstmann

Gießereitechnik in Bremen – Entwicklung 

von Werkstoffen und Verfahren

Anwenderzentrum Funktionsintegrierte 

Gussteile, Internationaler Druckgusstag

Düsseldorf

9.–10.3.2005



24  |  Annual Report IFAM 2005  |  Presentations and posters  

T. Müller, H. Pleteit

Gießtechnische Simulation von  

Zahnimplantaten

Uni Transfertag, Kontaktmesse für Wissen-

schaft und Wirtschaft

Bremen

9.6.2005

T. Müller, H. Pleteit

Gießtechnische Simulation von 

Zahnimplantaten

Abschlussveranstaltung,  

Stadt der Wissenschaft 2005

Bremerhaven

30.11.2005

D. Niermann

Workforce Qualification in Adhesive Bonding 

Technology

FEICA European Adhesives Conference 2005

St. Hélier, Jersey, Channel Islands, Great

Britain

16.9.2005

P.-L.M. Noeske, R. Wilken, S. Dieckhoff,  

J. Ihde, A. Hartwig, O.-D. Hennemann

Spezielle Aspekte beim Kleben von  

Magnesium-Werkstoffen

Swiss Bonding 05

19. Internationales Symposium

Rapperswil, Switzerland

23.–25.5.2005

D. Pasedag, R. Reimer, H.-E. Wagner,  

R. Brandenburg, P. Michel, K.V. Kozlov, 

A. Baalmann, G. Ellinghorst,  

U. Lommatzsch

Charakterisierung reaktiver Spezies in Atmo-

sphärendruck-Strahlplasmen mittels räumlich 

und zeitlich aufgelöster Spektroskopie

Poster, 12. Bundesdeutsche Fachtagung 

Plasmatechnologie

Braunschweig

21.–23.3.2005

F. Petzoldt

Advanced Material Properties by Direct Laser 

Sintering

PMAsia 2005

Shanghai, China

5.4.2005

F. Petzoldt

Einführung in das Powder Injection Moulding

DGM-Fortbildungstagung Pulvermetallurgie

Dresden

13.4.2005

F. Petzoldt, H. Pohl

Aktuelle Werkstoffentwicklungen für die 

schnelle Prototypenherstellung

DGM-Fortbildungstagung Pulvermetallurgie

Dresden

14.4.2005

F. Petzoldt

Metallpulverspritzguss –  

aktuelle Entwicklungen und Trends

Mescheder Hochschulreferate

Meschede

8.6.2005

F. Petzoldt

Metal Injection Moulding

EPMA PM Summer Courses 2005

Aachen

7.9.2005

F. Petzoldt, H. Pohl, A. Simchi,  

B. Alcantara

Advanced Steel Powder for Direct Laser 

Sintering

EuroPM 2005

Prag, Czechia

4.10.2005

F. Petzoldt

Vom Rapid Prototyping zum Rapid Manu-

facturing – Werkstoffe und Trends

IMW-Seminar

Dresden

3.11.2005

P. Plagemann, A. Anton, O. Yezerska,  

M. Schneider, P. Schrems

Anwendung eines mehrkanaligen  

ZRA in Screeningprozessen

5. Workshop Elektrochemisches Rauschen

Magdeburg

21.-22.9.2005

M. Popp

Monomeremissionen bei der Verarbeitung 

von Polyurethanklebstoffen

Klebkaschieren von Kfz-Innenteilen

Würzburg

21.4.2005

M. Popp

Cold UV-curing

RadTech Europe 05

Barcelona, Spain

19.10.2005

P. Quadbeck, J. Adler, K. Kümmel,  

G. Standke, G. Stephani

Synthesis of Open-Celled Metal Foams

Internatioanl Symposium Cellmet 2005

Dresden

18.-20.5.2005

G. Rausch, K. Stöbener

Improving Structural Crashworthiness Using 

Metallic Foams

MetFoam2005

Kyoto, Japan

21.-23.9.2005

K. Rischka

Kleben in der Natur –  

Ein Lernfeld für die Technik

Öffentlicher Vortrag in der Lehrveranstaltung 

Bionik – Ökologische Technik nach dem 

Vorbild der Natur?

Universität Bremen

8.11.2005
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K. Rischka

Kleben in der Natur – Anregungen für die 

Technik

32nd Aachen Textile Conference ACT’05

Eurogress

Aachen

24.11.2005

A. Rota

Neue Möglichkeiten für die Mikrosystem-

technik durch Pulvertechnologie

Bremen

2.1.2005

A. Rota

Developments in Metal Injection Moulding 

– MicroMIM Manufacturing

PMAsia 2005

Shanghai, China

6.4.2005

A. Rota

Quality Assurance in Series Production

EuroPM 2005

Prag, Czechia

5.10.2005

A. Rota

Gender Aspects within KMM –  

Knowledge-based Multicomponent  

Materials for Durable and Safe Performance

Castellón, Spain

21.11.2005

S. Rout, P. Imgrund, A. Rota, G. Veltl,  

T. Hartwig

Advanced P/M Processes

New Materials and Parts from  

Metal Powders – TPP PM 2005

Joshkar Ola, Russia

21.-24.6.2005

N. Salk, P. Imgrund, A. Rota

Mikro-Metallpulverspritzguss als innovatives 

Fertigungsverfahren in der Mikrotechnik

Poster, Mikrosystemtechnik Kongress

Freiburg

10.-12.10.2005

M. Schlüter, M. Hoffmann, N. Räbiger,  

N. Salk, T. Seemann, A. Rota, C. Harms

New Functions for Microfluidic Components 

by Using Micro Metal Injection Moulding 

(µMIM)

AIChE Spring National Meeting

8th International Conference on  

Microreaction Technology

Atlanta, Georgia, USA

10.–14.4.2005

J. Schmidt

Mikrowellensintern

DGM-Fortbildungsseminar Pulvermetallurgie

Dresden

13.4.2005

J. Schmidt, K. Heinze, N. Reinfried,  

T. Schubert, T. Weißgärber, Y. Grin,  

B. Kieback

Synthesis of Ti3SiC2 and Ti3SiC2-composites 

by the Powder Metallurgical Route

16th International Plansee Seminar

Reutte, Austria

2.6.2005

J. Schmidt, P. Schmid, T. Schubert,  

T. Weißgärber, B. Kieback

Microwave-Assisted Sintering of Co-based 

Composites

4th International Conference on Science, 

Technology and Application of Sintering, 

Sintering 2005

Grenoble, France

30.8.2005

J. Schmidt

Reaktionssintern in SPS-Anlagen

Feldaktivierte Synthese und Kompaktierung 

moderner Werkstoffe

Dresden

19.10.2005

J. Schmidt, N. Reinfried, F. Thoss,  

P. Schmid, B. Kieback, J.C. Schuster,  

Y. Grin

SPS-Synthesis of Ternary Carbides  

(Zr,Hf)AlC2-x and Ti3SiC2

Chemical Physics of Complex Adaptive Matter

Institute for Complex Adaptive Matter 

(I2CAM)

Burg Ringberg

6.–9.2.2005

J. Schmidt, K. Heinze, N. Reinfried,  

T. Schubert, T. Weißgärber, Y. Grin,  

B. Kieback

Synthesis and properties of Ti3SiC2 and 

Ti3SiC2-composites by Powder Metallurgical 

Route

4th International Conference on Science, 

Technology and Application of Sintering, 

Sintering 2005

Grenoble, France

29.8.–1.9.2005

M. Schneider, V. Stenzel, A. Momber

Vergleichende Untersuchungen von  

Korrosionsschutzkonzepten für Offshore-

Windenergieanlagen (WEA)

Korrelation von Labortests mit Praxisbedin-

gungen im schweren Korrosionsschutz

GfKORR-Seminar

Frankfurt am Main

14.2.2005

M. Schneider, O. Yezerska, P. Plagemann, 

J. Kintscher, R.W. Röhrkasse

Untersuchungen zur Degradation von 

Beschichtungen mittels Elektrochemischer 

Impedanzspektroskopie

1. Symposium Korrosionsschutz durch 

Beschichtungen

St. Goar

19.–22.4.2005
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M. Schneider, K. Galle

Investigation of the Initial Stage of Crevice 

Corrosion on Al 99.5

5. Workshop Elektrochemisches Rauschen

Magdeburg

21.–22.9.2005

M. Schneider, O. Yezerska, P. Plagemann

Elektrochemische Impedanzspektroskopie an 

hochohmigen Schichten

Bunsenkolloquium

Dresden

2.–3.11.2005

O. Schorsch, A. Hartwig

Organisch modifizierte Schichtsilikate als 

Initiatoren für die Darstellung von Nanokom-

positen auf Basis von Epoxiden

Makromolekulares Kolloquium

Freiburg

24.2.2005

O. Schorsch, A. Hartwig

Organically Modified Clays: A New Class 

of Thermal Initiators for the Preparation of 

Nanocomposites Based on Epoxy Resin

Nanofun Poly Symposium

Dresden

26.4.2005

O. Schorsch, A. Hartwig, J. Trautmann

Verbesserung des Eigenschaftsprofils von 

Duromeren mit Nanopartikeln

Fachtagung Nanotechnologie in der Kunst-

stofftechnik

Würzburg

27.10.2005

T. Schubert, T. Pieczonka, S. Baunack,  

B. Kieback

Sintering Behaviour of Aluminium in Differ-

ent Atmospheres, Sintering 2005

Grenoble, France

29.8.–1.9.2005

T. Schubert

Sintering of Aluminium

PM Training Courses

Aachen

3.–11.9.2005

T. Schubert, T. Pieczonka, S. Baunack,  

B. Kieback

The Influence of the Atmosphere and 

Impurities on the Sintering Behaviour of 

Aluminium

EuroPM2005

Prag, Czechia

2.–5.10.2005

T. Schubert, A. Dudhmande,  

M. Balasubramanian, B. Kieback

Sintering and Properties of New P/M  

Aluminium Alloys and Composites

EuroPM2005

Prag, Czechia

2.–5.10.2005

T. Schubert, B. Kieback, T. Weißgärber,  

V. Kruzhanov, V. Arnhold

Powder Metallurgy Processes for Low Cost 

Titanium Parts

EuroPM2005

Prag, Czechia

2.–5.10.2005

G. Standke, T. Müller, J. Weise, 

R. Westerheide, A. Neubrand

Metall-Matrix-Verbundwerkstoffe und  

Werkstoffverbunde

Kassel

6.–8.4.2005

G. Stephani, O. Andersen, T. Studnitzky, 

K.A. Khor

Metal hollow sphere structures a new  

material for biomedical implants

3rd International Symposium on Advanced 

Biomaterials

Montreal, Canada

3.–5.4.2005

G. Stephani

Zellulare metallische Werkstoffe – Herstel-

lung, Eigenschaften und Anwendungen

DGM-Fortbildungsseminar Pulvermetallurgie

Dresden

15.4.2005

G. Stephani, U. Waag, H. Göhler,  

M. Reinfried, K. Kümmel

Metal Hollow Sphere Structures – Manu- 

facturing, Properties and Applications

EUROMAT 2005

Prag, Czechia

5.-8.9.2005

G. Stephani

Iron Based Cellular Structures –  

Status and Prospects

4. International Conference  

MetFoam 2005

Kyoto, Japan

21.–23.9.2005

G. Stephani

Cellular Metals and Foams

Metal Foam Taiwan 2005 Conference

Kaohsiung, Taiwan

12.–13.12.2005

G. Stephani

Cellular Metals and Alloys – Manufacturing, 

Properties and Applications

Ansan Technology Centre

Korea

15.–16.12.2005

K. Stöbener

APM Schaumtechnologie  

für Leichtbaukomponenten

Leichtbau mit metallischen Werkstoffen

VDI Wissensforum

IFAM

Bremen

26.–27.4.2005



Presentations and posters  |  Annual Report IFAM 2005  |  27

K. Stöbener, A. Godin, J. Baumeister,  

G. Rausch

Aluminium Foam  

(Advanced Pore Morphology – APM)

New Materials and Parts from  

Metal Powders – TPP PM 2005

Joshkar Ola, Russia

21.–24.6.2005

K. Stöbener, A. Godin, J. Baumeister,  

G. Rausch

Aluminium Foam  

(Advanced Pore Morphology – APM)

Ural Forgers 2005

Werchnjaja Salda, VSMPO, Russia

12.–15.9.2005

T. Studnitzky

Siebdruck – ein Verfahren zur Herstellung 

von zellularen Präzisionsstrukturen

Werkstoffforum Hannover Messe Industrie

Hannover

14.4.2005

T. Studnitzky, O. Andersen

Direct Typing As Promising Method For The 

Production Of Cellular P/M Parts

International Symposium CELLMET 2005

Dresden

18.–20.5.2005

T. Studnitzky, O. Andersen, J. Bauer

Direct Typing – A New Method for the  

Production of Cellular P/M Parts

EUROMAT 2005

Prag, Czechia

5.–8.9.2005

T. Studnitzky, O. Andersen

An approach to Scaling Laws for Hollow 

Sphere Structures

EUROMAT 2005

Prag, Czechia

5.–8.9.2005

G. Veltl, F. Petzoldt, A. Simchi,  

C.M. Sonsino, K. Lipp, A. Eksi

Warmkompaktieren von  

Aluminiumpulvern – Mechanismen und 

Einfluss auf die Eigenschaften

24. Hagener Symposium Pulvermetallurgie

Hagen

24.–25.11.2005

G. Walther, L. Schneider, T. Weißgärber, 

F. Gebhard, M. Holderied

Unter Öl laufende Reibschichten  

für Synchronringe

Tribologie Fachtagung 2005

Göttingen

26.–28.9.2005

G. Walther

Reibbeläge für Synchronisierungen in  

Kraftfahrzeug-Schaltgetrieben

Kolloquium Universität Karlsruhe, SFB 483

Karlsruhe

20.10.05

G. Walther

Pulvermetallurgische Herstellung von 

hochtemperatur- und korrosionsbeständigen 

Schäumen auf Basis von Nickellegierungen

Sitzung des Arbeitsausschusses des  

Ausschusses für Pulvermetallurgie

Hagen

23.11.2005

G. Walther, L. Schneider, T. Weißgärber, 

B. Kieback, F. Gebhard, M. Holderied

Hochleistungsreibschicht auf Eisenbasis für 

Synchronringe

24. Hagener Symposium Pulvermetallurgie 

2005

Hagen

24.–25.11.2005

J. Weise, O. Marchetto, M. Haesche,  

F. Garcia-Moreno, J. Banhart

Influenece of the Alloying Additions on the 

Foaming Behaviour of Thixocast AlSi11 Precursor

MetFoam 2005

Kyoto, Japan

21.–23.9.2005

T. Weißgärber, T. Schubert, B. Kieback

PM-Aluminium – Microstructure, Properties, 

Applications

PMAsia 2005

Shanghai, China

4.–6.4.2005

T. Weißgärber, B. Kieback

Trends in Nanopowder Production  

and Applications

PMAsia 2005

Shanghai, China

4.–6.4.2005

T. Weißgärber

Pulvermetallurgie – Vom Pulver zum Bauteil

Steinbeis-Technologie Seminar 2005

Dresden

9.4.2005

T. Weißgärber

Dispersionsverfestigte Werkstoffe

Fortbildungsseminar Pulvermetallurgie

Dresden

13.–15.4.2005

T. Weißgärber

Metallische Verbundwerkstoffe für passive 

Kühlkörper in der Elektronik

Fortbildungsseminar Pulvermetallurgie

Dresden

13.–15.4.2005

T. Weißgärber, J. Schmidt, T. Schubert,  

B. Kieback

Spark Plasma Sintering of Intermetallics and 

Metal Matrix Composites

EuroPM 2005

Prag, Czechia

2.–5.10.2005
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T. Weißgärber

Pulvermetallurgische Herstellung von  

Cu-SiC – Verbundwerkstoffe für passive 

Kühlkörper in der Elektronik

IPP Garching, Seminarvortrag, 

Garching

13.9.2005

T. Weißgärber

Basics of Sintering – An Overview

PM-Summer School, ausgerichtet von EPMA

Aachen

5.–11.9.2005

T. Weißgärber, J. Schmidt, T. Schubert,  

B. Kieback

Spark Plasma Sintering of Intermetallics and 

Metal Matrix Composites

SAMPE Conference 2005

Tokio, Japan

28.11.–1.12.2005

F.-J. Wöstmann, J. Weise, A. Berg,  

T. Müller

Verbundguss für Leichtbauanwendungen

VDI Wissensforum Leichtbau mit  

metallischen Werkstoffen

Bremen

26.–27.4.2005

Q. Yang, J. Mardinly, C. Kübel, C. Nelson, 

C. Kisielowski

Electron Tomography of Microelectronic 

Device Interconnects

Microscopy & Microanalysis Conference

Honolulu, Hawaii, USA

31.7.–4.8.2005

V. Zöllmer, I. Wirth, B. Günther, M. Busse, 

M. Hedges, M. Kardos, M. Renn

Functional Printing with High Viscosity Inks

European Coatings Conference – The Power 

of Ink-jet Materials III

Berlin

1.–2.12.2005
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Seminar presentations,
IFAM Bremen

Internal speakers

21.1.2005

S. Markus

Online Monitoring of the Surface Cleanliness 

of Carbon Fibre

21.1.2005

K.-D. Vissing

Technical and Commercial Aspects on New 

Handling Procedures for Ultra-thin Wafers

4.2.2005

T. Gesang

Kleben in der Mikrofertigung

4.2.2005

A. Rota

Neue Möglichkeiten für die Mikrosystem-

technik durch Pulvertechnologie

25.2.2005

U. Meyer

Laser-acoustic Measurements on Thin Films 

– Dispersion of Surface Waves

25.2.2005

D. Salz

WISA Photokatalyse: Development and  

Application of New Photocatalysts

4.3.2005

J. Ihde, F.-J.Wöstmann

Magnesium WISA

11.3.2005

A. Burblies

Mechanisches Verhalten von  

Kugelpackungen

1.4.2005

C. Kübel

Neue Entwicklungen in der  

Transmissions Elektronen Mikroskopie:  

3D Strukturaufklärung und Nanoanalytik

1.4.2005

G. Rausch

Materialografie & Analytik

22.4.2005

A. Buchman

Introduction of Raphael and the Adhesive 

Bonding Research in Israel

22.4.2005

O. Schorsch

Working at Loctite Aerospace and Having 

Fun in California

3.6.2005

J. Kolbe

Schnelle Klebstoffhärtung mittels  

Mikrowellen

3.6.2005

G. Veltl

Mikrowellenbehandlung von PM-Bauteilen

7.6.2005

M. Kleemeier, J. Kolbe

Bestimmung der Wärmeleitfähigkeit und der 

spezifischen Wärmekapazität von Klebstoffen

Thermische Analyse und Rheologie in der 

Materialcharakterisierung

17.6.2005

A. Buchman

Preadhesion Laser Treatment of  

Peek Composites

1.7.2005

M. Popp

Kalte Photohärtung

1.7.2005

I. Wirth

Drucktechnologien zur Funktionsintegration

2.9.2005

I. Grunwald

Protein-Chips zur Blutkrebsdiagnose

2.9.2005

N. Salk

Bioreaktor

7.10.2005

J. Baumeister

APM-Technologien

7.10.2005

U. Lommatzsch

Atmosphärendruckplasma

14.10.2005

C. Behrens

Global Gain or Global Risk? How to Avoid 

the Pitfalls of Establishing International R&D 

Centers by Implementing a Flexible Decision 

Model

14.10.2005

V. Stenzel

Novel Approach to Effect-Colour  

Measurement in the Automotive Industry

4.11.2005

B. Brede

Aufbau eines TheoPrax-Netzwerkes

4.11.2005

P. Imgrund

Qualitätssicherung beim Mikrospritzgießen 

mit Mikrofertigungseinheit Battenfeld

2.12.2005

S. Kim

Eine rechnergestützte Methode zur  

Passungsanalyse von toleranzbehafteten 

Fügeteilen mit anschließender  

Programmierung eines automatisierten  

Klebstoffauftrags

2.12.2005

J. Weise

Permanentkerne für den Druckguss
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External speakers

19.1.2005

R. Adelung

CAU Kiel, Technische Fakultät,  

Lehrstuhl für Materialverbunde

Metal Growth on Organic Surfaces: From 

Clusters to Nanowire Networks

Seminar presentations,
IFAM Dresden

Internal speakers

28.1.2005

P. Schmid

Mikrowellensintern von Kobaltbasis- 

Verbundwerkstoffen

18.3.2005

T. Büttner

Entwicklung von pulvermetallurgisch  

hergestellten schleiffähigen Halbzeugen  

für die Verwendung als Zahnersatz

29.4.2005

H. Göhler, M. Zumdick

Nichtfasernde Isolierstoffe auf MoSi2- und 

Al2O3-Basis

10.6.2005

M. Reinfried

3-D Polyederzellstrukturen

24.6.2005

T. Schubert

PM-Leichtmetall – neue Entwicklungen

14.10.2005

T. Studnitzky

Herstellung großer Edelmetallvliese

19.10.2005

J. Schmidt

Reaktionssintern in SPS-Anlagen

28.10.2005

P. Quadbeck

Offenzellige Metallschäume vom  

Knochenersatz bis zum Wärmetauscher

28.10.2005

D. Wald

Kupfergelötete Stahlhohlkugelstrukturen als 

Permanentgießkerne im Aluminiumguss

11.11.2005

H. Weidmüller, T. Hutsch

Kohlenstoff-Nanofaser-verstärkte  

Kupferverbundwerkstoffe

External speakers

21.1.2005

U. Klotzbach

Fraunhofer IWS, Dresden

Laser-Materialbearbeitung am Fraunhofer 

IWS: Technologien und Applikationen

25.2.2005

J.J. Brandner

Forschungszentrum Karlsruhe

Mikroverfahrenstechnik – Überblick über die 

Arbeiten des Forschungszentrums Karlsruhe

13.5.2005

A. Dudhmande

IIT, Madras, India

Sintering and Properties of New P/M  

Aluminium Alloys and Composites

27.5.2005

D. Handtrack

TU Technische Universität Dresden, Institut 

für Werkstoffwissenschaft

Herstellung nanokristalliner und dispersions-

verfestigter Ti-Werkstoffe für Implantate

24.6.2005

G. Bäuml

quo data GmbH, Dresden

Schnellere Entwicklung, geringere Kosten 

– tiefere Einblicke – Statistische Versuchs-

planung in der Materialforschung

8.7.2005

K. Flemmig

TU Technische Universität Dresden, Institut 

für Werkstoffwissenschaft

Sinterverhalten und Sintermechanismen 

beim Festphasensintern beschichteter 

Teilchen

30.9.2005

M. Nebelung

Fraunhofer IKTS, Dresden

Möglichkeiten der Pulververarbeitung im 

Fraunhofer IKTS, Dresden

9.12.2005

A. Böhm

Inco GmbH, München

Incofoam® HighTemp – ein innovatives 

Material für Dieselrußpartikelfilter

19.12.2005

O. van der Biest

Katholiek Universiteit Leuven, Belgium, 

Department of Metallurgy and Materials 

Engineering

Field Assisted Sintering Technology in 

Review
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Patents

Patent applications

C. Bockenheimer, H. Stehmeier

Verfahren zum stoffschlüssigen Fügen 

eines Sensorwerkstückes an einem  

Körperbauteil

DE 10 2004 057 290.9

Registration: 26.11.2004

J. Adler, G. Standke, D. Kopejzny,  

G. Stephani, K. Kümmel

Strahlungsschutzschirm

DE 10 2005 001 502.6

Registration: 10.1.2005

M. Schütze, A. Böhm, G. Walther,  

T. Büttner, T. Weißgärber, D. Naumann

Turbinenschaufel für Strömungsmaschi-

nen und Verfahren zu ihrer Herstellung

DE 10 2005 002 671.0

Registration: 14.1.2005

T. Büttner, A. Böhm, T. Weißgärber,  

A. Böhm, W.-G. Drossel, J. Böhm, H. Kunze

Metallisches Bauteil

DE 10 2005 010 249.2

Registration: 28.2.2005

G. Walther, A. Böhm, T. Büttner,  

D. Naumann

Verfahren zur Herstellung eines offen-

porigen Metallschaumkörpers, ein so 

hergestellter Metallschaumkörper sowie 

seine Verwendungen

DE 10 2005 010 248.4

Registration: 28.2.2005

K.-D. Vissing, G. Neese, M. Ott, C. Dölle

Beschichtungsverfahren

DE 10 2005 026 359.3

Registration: 7.6.2005

R. Wilken, S. Markus, M. Amkreutz,  

C. Tornow, A. Seiler, S. Dieckhoff

Prüfverfahren und Prüfvorrichtung

DE 10 2005 027 106.5

Registration: 10.6.2005

R. Wilken, S. Dieckhoff, A. Hartwig,  

M. Kleemeier

Rückstandsfrei abnehmbares Beizmittel

DE 10 2005 037 335.6

Registration: 4.8.2005

J. Weise

Poröse Verbundwerkstoffe auf Basis 

eines Metalls und Verfahren zu deren 

Herstellung

DE 10 2005 037 069.1

Registration: 5.8.2005

A. Baalmann, J. Ihde, D. Salz, P. Gröppel

Einsatz von metallischen Füllstoffen zur 

Erhöhung der thermischen Leitfähigkeit 

in elektrisch isolierenden Kunststoffen 

für die Elektronik und Elektrotechnik

DE 10 2005 042 109.1

Registration: 5.9.2005

J. Kolbe, M. Stuve, E. Born

Klebstoffzusammensetzung für  

Klebverbindungen, die mittels Anlegen 

von elektrischer Spannung

DE 10 2005 050 632.1

Registration: 20.10.2005
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Patents granted

A. Baalmann, G. Ellinghorst, K.-D. Vissing,  

P. Förnsel, C. Buske, U. Hartmann

Verfahren und Vorrichtung zur  

Plasmabeschichtung von Oberflächen

US 6,800,336 B1

Issue: 5.10.2004

A. Baalmann, G. Ellinghorst, K.-D. Vissing,  

P. Förnsel, C. Buske, U. Hartmann

Verfahren und Vorrichtung zur  

Plasmabeschichtung von Oberflächen

EP 1 230 414 B1

Issue: 6.10.2004

R. Scholl, A. Böhm

Verbundpulver sowie Verfahren und 

Vorrichtung zu seiner Herstellung

DE 101 26 377 B4

Issue: 23.12.2004

R. Scholl, B. Voigtsberger, C. Korhammer,  

A. Böhm, G. Stephani, L. Schneider

Thermische Isolation zum Einbringen 

zwischen zu isolierende Gebilde

DE 199 17 874 B4

Issue: 17.3.2005

L.B. Aberle, J. Loschen, M. Kleemeier,  

E. Born, W. Staude

Verfahren und Vorrichtung zur Unter-

drückung der Mehrfachstreuung bei 

Untersuchungen an trüben Medien 

mittels dreidimensionaler Kreuzkorrela-

tionstechnik

US 6,873,412 B2

Issue: 29.3.2005

J. Baumeister, D. Lehmhus, K. Stöbener,  

N. Zimmer

Aus Metallschaumbausteinen aufge-

bautes Bauteil und Verfahren zu seiner 

Herstellung

DE 103 28 047 B3

Issue: 14.4.2005

J. Hübelt, C. Kostmann, U. Waag,  

G. Stephani, G. Lotze

Schallabsorber

DE 103 47 226 B3

Issue: 25.5.2005

A. Hartwig, K. Albinsky

Additionsprodukt, seine Herstellung  

und seine Verwendung als Korrosions-

inhibitor

DE 101 43 521 B4

Issue: 2.6.2005

K. Pannkoke, M. Clüver, T. Gesang

Mikrosystem und Verfahren zur  

Herstellung

DE 198 29 202 B4

Issue: 30.6.2005

O. Andersen, U. Waag, E. Bernhard,  

G. Elfinger

Schalldämpfer für die Abgasanlage eines 

durch einen Verbrennungsmotor  

angetriebenen Kraftfahrzeuges

DE 199 49 271 B4

Issue: 18.8.2005

D. Lehmhus

Trägerstrukturen zur Aufnahme von 

Kräften und Verformungsenergie

DE 101 58 627 B4

Issue: 25.8.2005

R. Hellmann, M. Kaune

Vorrichtung zur Bestimmung von  

Gewichtsveränderungen

DE 10 2004 016 243 B3

Issue: 8.9.2005

P. Jörn, A. Herrmann

Verfahren und Vorrichtung zur Binder-

aktivierung auf einem Faserhalbzeug/

Preform durch direktes Erwärmen von 

Kohlenstoffasern über eine angelegte 

elektrische Spannung

DE 103 53 070 B4

Issue: 15.9.2005

L. Schneider, G. Walther, T. Weißgärber,  

F. Gebhard, M. Holderied

In einem Medium laufende Reibschicht

DE 102 39 093 B4

Issue: 3.11.2005
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Registrated trade names
and trademarks

permaclean plas

Nr. 305 09 812

Registration: 11.8.2005

best skin plas

Nr. 305 09 813

Registration: 21.10.2005

Protection rights
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