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EDITORIAL

Dear reader,

Since the last CELLMET News, the most important event
within the cellular metals community was the MefFoam
2009 which took place from September 1 till 4, 2009, in
Bratislava, Slovakia. Despite the world wide economic
crisis, more than 150 participants from around the world
were discussing the latest results in manufacturing, proper-
ties and applications of cellular metals and alloys. In some
areas, progress could be pointed out, like modelling,
structural analysis, foam physics and stabilisation. Further-
more, a strong engagement in cellular metals for biome-
dical applications could be observed. A warm Thank you
to Fero Simancik and his feam for organizing the excellent
MetFoam 2009.

In this issue of CELLMET News, we will highlight some of the
latest developments in the sphere of cellular metals.For
instance, a new Al-foam and a metafoam composite for
cargo vessels, an absorption cooling demonstrator with
Al-fiber structures and a new lotus metal heat sink will be
addressed. Additionally, an innovative way 1o manufacture
s.C. auxetic cellulars and a new metal foam composite
will be presented. Two companies will inform about the
latest progress in manufacturing Al-foam and metal hollow
sphere products.

The next major event on cellular metals will be presented
at the end of this year. An intfernational conference on
cellular materials — CELLMAT 2010 — will be held in Dresden
from October 27 until 29, 2010. The aim of CELLMAT 2010
is o support and promote the application and related to-
pics of cellular materials especially. Compared to the last
CELLMET conferences, not only metals but also ceramics
and glasses will be included, thus offering more opportuni-
fies for the end users of cellular materials and broadening
the knowledge for all of us dealing with cellular structures.

| invite you 1o join the CELLMAT 2010 and share your expe-
riences in cellular materials.

GUnter Stephani
Fraunhofer IFAM Dresden
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Alcoa Aluminum Foam

The low density aluminum foam product developed
at Alcoa Technical Center can now be manufactu-
red at commercial production rates of 1,500 kg/hour.
The product is continuously cast as a wide, thin plate
and cut to length for applications in the architectural,
fransportation and defense sectors. Through the con-
frolled decomposition of carbonate powders within a
molten aluminum-magnesium alloy, a stable, foama-
ble suspension is created. This suspension allows for
production of aluminum foam with a relative density
as low as 25% of the parent alloy, and resists both
coalescence and drainage. The panels are currently
being tested in both the laminated and unlaminated
condition for use in architectural applications. Corro-
sion resistance in the coated and uncoated condi-
fions has now been characterized following one year
exposures to high humidity and salt water environ-
ments. As the fine cell size allows for screw

fastening, various screw geometries and materials
are being tested under simulated service exposures.

Density Minimum | Maximum Average Units
Gauge 18.4 19.7 19.0 mm
Gauge Variance - 2.5 0.64 mm
Bow - 1.65 0.48 mm
Width 912 917 914 mm
Length 2436 2441 2438 mm
Panel Solid Fraction 26% 32% 29% %
Panel Area Weight 13.3 16.4 15.0 Kg/m?
Panel Weight 30 37 33 Kg
Compressional Strength 9.7 16.6 13 MPa
Bend Rupture Strength 9.7 16.6 13 MPa
uTsS 5.5 11.7 6.9 MPa
Comp. Modulus 3.5 4.8 4.1 Gpa
Tensile Modulus 3.5 4.8 4.1 GPa
Bend Modulus 3.5 4.8 4.1 GPa

Figure 1: Specification properties for Alcoa Aluminium Foam
(19 mm).

For further information please contact:

& ALCDA J. Daniel Bryant

Alcoa Inc.
Alcoa Technical Center, 100 Technical Drive
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Figure 1: Screw pull-out strengths for six different screw types
in Alcoa Aluminum Foam. Standard wood screws and thread
forming screws offer the highest pull-out strengths.
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Figure 2: While strength loss was minimal, use of galvanized
screws with aluminum foam resulted in corrosion build-up.
Stainless steel or aluminum screws are recommended in outdoor
applications.

Alcoa Center, PA 15069, USA
E-Mail:j.daniel.bryant@alcoa.com
Internet: hitp://www.alcoa.com
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Functional ceramic coatings
for cellular metals

Cellular metals such as metallic hollow spheres struc-
tures, single hollow spheres and open celled metallic
foams are lightweight, ductile materials with an enor-
mous application potential. Coatings to functionalize
and protect the surfaces of the cellular metals offer
many novel application areas for such materials.

In contrast to the established PVD and CVD methods,
the coatings will be performed in a wet chemical
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process using commercially available inorganic
polymers like polysiloxanes and polysilazanes or sol/
gel-suspensions as starting substances to form ther-
moset or ceramic coatings on cellular metals. The
coatings were synthesised by Liquid Phase Deposition
(LPD), such as dip- and spray coating. This alternative
low cost method, well known from the lacquer tech-
nology, allows the coating of bigger parts with difficult
geometry.

Continued on page 3
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Continued from page 2

Subsequent thermal treatment of the as coated
materials provided a thermoset or ceramic coating
under good reproducible conditions.

The application of filler systems increases the func-
fionality and the performance of the as synthesised
coatings.

In principal, two different kinds of coatings can be
obtained by this process: thin, dense thermoset or
ceramic coatings or highly porous ceramic coatings
with funeable pore size, form and volume. Diffusion of
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Titanium with bioanalogous
structure for use in
orthopaedic implants

Bone- and bone/ cartioge defects are a maijor pro-
blem in medicine. These lesions have to be replaced
in a stable manner, until the bone produced naturally
in the body is able to regain its mechanical function
autonomously. Typically, defects like these are at
present replaced with bone produced naturally in the
body or with solid bone replacement material, which
both carry numerous risks.

In comparison, cellular metallic materials are less stiff
due to their porous structure. This value typically falls
within the stiffness range of a cancellous bone. Such
cancellous bone is understood as the juxtaarticular
(situated in the vicinity of a joint), a highly porous
structure of the bone at the bone’s end, which is
frequently subjected to a damage fracture, in
particular in osteoporosis patients. Open-porous Mme-
tals enable bone cells and blood vessels, which are
absolutely necessary for bone growth, to be
incorporated. Moreover, the strength of these mate-
rials may also be compared with that of bones. The
great inferest of medical research in such materials
arises from these properties.
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elements from the coating into the substrate during
thermal tfreatment leads to the formation of an inter-
face layer, the reason for the excellent adhesion of
the coatings on the substrate.

The broad field of applications of such functionalised
cellular metallic materials comprises oxidation and
corrosion protection, catalysis, adsorption materials
for gas cleaning, medical applications, and mate-
rials for the biotechnological and chemical process
engineering. Figure 1 shows one example for such
applications.

For further information please contact:
|

% Fraunhofer Dr. Ralf Hauser
IFAM Fraunhofer Institute for
Manufacturing and Advanced Materials IFAM
Winterbergstrasse 28
01277 Dresden, Germany
Phone: +49 351 2537 373
Fax: +49 351 2537 399
E-Mail: ralf.hauser@ifam-dd.fraunhofer.de
Internet: http://www.ifam-dd.fraunhofer.de
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Open-porous foams out of the titanium alloy

TibAI4V have been developed in a co-operative effort
between the Fraunhofer institutes IFAM and IKTS. These
materials are produced by means of a powder
metallurgical replication technology, in which reticu-
lated polyurethane foams are used as a template for
the cellular structure. In this process, very homoge-
neous foam:-like structures with an adjustable density
of 0.7 — 1.0 g/cm3 are formed. The mechanical
properties of the bone replacement material can

be specially adapted to the corresponding values

of the bone through a targeted manipulation of

the material’'s density and structure. Specifically, this
technology makes possible an individual adaptation
fo the state of the surrounding bone material. This
way, the material may be adjusted 1o fit either info an
adolescent bone or an older, osteoporotic bone.

Figure 1: Cell structure of open cell titanium foam
(Figure a) and structure of a healthy spongious
bone (Figure b, courtesy of rs media GmbH).

Continued on page 4
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Continued from page 3

This innovative material with its fascinating properties
is analysed in an interdisciplinary project;

funded by the Federal Ministry for Science (BMWi), the
Fraunhofer institutes co-operate with their industrial
partners and the university hospital of Dresden to ex-
plore the production technology as well as biological
and medical aspects of engineering up to the appli-
cation in the animal model. The new implant material
has been incorporated as a replacement for
vertebral bodies in sheep. The first tests with perma-
nent implants demonstrated an outstanding in-growth
of bone cells into the material even for larger
distances. The good osteoconductivity of fitanium
also argues in favour of its use as an endoprosthesis.

Figure 2: X-ray
picture of a metallic
foam as vertebral
body replacement
(left side) and his-
tology of the bone
ingrowth into the
metallic foam (right
side).

For further information please contact:

Fraunhofer Dr. Peter Quadbeck
IFAM Fraunhofer Institute for
Manufacturing and Advanced Materials IFAM
Winterbergstrasse 28

01277 Dresden, Germany

Phone: +49 351 2537 372

Fax: +49 351 2537 399

E-Mail: peter.quadbeck@ifam-dd.fraunhofer.de
Internet: http://www.ifam-dd.fraunhofer.de
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Aluminum foam and plastic
composites for cargo vessels

In April 2009, the MARTEC ERA-NET Project ,ULIVES —
Ultralight Materials For Ice Going Cargo Vessels®
started. The project consortium includes three Ger-
man and two Finnish partners.

It contains the areas of lightweight engineering,
development and manufacture of aluminum foam
and plastics components up o the development of
whole vessels, including the required test methods.
The development of a new type of inland area cargo
vessel is the aim of the project. By consistent use

of modern design concepts and new lightweight
materials, the ship weight will be drastically reduced
compared to conventional solutions. Simultaneously,

~ Fraunhofer
IFAM
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an increasing payload and, thus, raising fransport
efficiency will be realized.

Conventional ice-going inland area cargo ships got
a transport load of around 3,000 tons at an own
weight of 850 to 1,000 tons. The intention of the pro-
ject is to reduce the weight of the vessel down to 500
tons at a payload of about 2,900 tons. This excel-
lent payload/mass ratio will be unique in the cargo
shipping. As final result, a ship built the proposed way
could avoid transports of about 55 to 60 trucks.

The specific characteristic of the project is that the
investigations are superficially based on ice-going
ships. That is why for stability especially the hull of the
ship up to about 70 cm above the water line is sfill
made of steel.

All wall constructions above, superstructures and inte-
riors are included in the considerations for structures
made of aluminum foam and reinforced plastics.

The development, production and consistent appli-
cation of new material concepts based on alumi-
nium foam and the use of innovative plastic compo-
sites constitutes a guarantee for a low specific weight
and high rigidity. For a successful establishment and
application of the new material concepts in the
cargo shipbuilding, the enlargement of the readlizable
component dimensions towards planar dimensions
up to 5000 x 1000 mm? is one essential part of the
project.

Source: Laffcomp Oy.

For further information please contact:

]
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Dipl.-Ing. Carsten Lies
Iwu P.-ng

Fraunhofer Institute for
Machine Tools and Forming Technology WU
Reichenhainer Strasse 88

09126 Chemnitz, Germany

Phone: +49 371 53 97-0

Fax: +49 371 63 97-14 04

E-Mail: carsten.lies@iwu.fraunhofer.de
Internet: http://www.iwu.fraunhofer.de
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Latest Developments: hollow
spheres and metal foams
become products

Hollomet GmbH produces metallic hollow spheres,
metallic hollow sphere structures and open celled
metal foams for a wide scope of industrial applica-
tions.

Within the last 10 years, Glatt Systemtechnik GmioH
and the Fraunhofer Institute for Manufacturing and
Advanced Materials IFAM, both based in Dresden,
developed new approaches, tailored to meet market
needs in cellular materials: multifunctional metallic
(and ceramic) hollow spheres and highly specia-
lized metal foams. Both manufacturing processes
are based on a combination of expertise in powder
metallurgy and special process tfechnology. Hollomet
GmbH, Dresden/Germany was founded in 2009 to
use and combine several national and international
research activities in order to provide solutions for
demanding industries.

The target of hollomet is fo offer products to the
industry which are produced under economical con-
ditions. Contracts with different partners have been
signed for development and production of cellular
materials. It has been proven that, depending on the
requirements of our partners, we can offer
compatible prices.

Hollomet addresses different markets with its three
brands:

. globomet stands for metallic hollow spheres
and structures,

. globocer for ceramic solutions and

. foamet labels open cell metallic foams

Additionally, each brand represents a specific product;
they are used in a wide scope of industries:

Foamet is a metallic foam, manufacturable from
nearly every sinterable material. Foamet is commer-
cially available with a surface area of up to 3,500m?2
per m3. This surface area can even be increased
through a subbsequent surface freatment. Foamet is
used for many purposes, e.g. as heat exchanger in
medical devices where high heat transfer rates and
high stability are required. An automaotive supplier
uses Foamet for exhaust air freatment and a major
chemical company uses the product at medium
size reactors for fuel production using Fischer-Tropsch
processes.

Globomet is a highly multiftunctional product com-
bining low mass and high stability. It is widely used in
many applications, e.g. for a heat and dirt resistant
sound absorber. Other companies use Globomet

fo manufacture ultra light crashlboxes or lightweight
machine parts with a superior damping behavior.
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Designers like hollomet too, making lampshades,
claddings and fumiture. Rapid prototyping specialists
use the product for filling moulds in order to produce
cheaqp ultra light und ultra stable parts.

Globocer is used for ceramic and zeolith absorbers,
e.g. as filters and for air separation. Other customers
use it as an inert and highly reproducible catalyst
carrier, reducing the amount of catalyst needed.

All brands and products have one thing in common:
their cutting edge multi-functionality. Hollomet's pro-
ducts offer a combination of demanded characteris-
fics in only one component, therelby decreasing costs
and increasing efficiency.

Due to our experienced R&D team, a close relation-
ship with the Glatt Group and the IPC Process Center
as well as a broad network into different industries,
universities and infernationally respected research in-
stitutes, we provide expertise and insight into different
industries, delivering not only products, ut solutions.

¥ NOISE
| ) ABSORFTION
e (S

'

THERMAL
INSULATION

CRASH

ABSORPTION
Bibliography:
. Further information on products, brands and

applications can be found at
http://www.hollomet.com

. A general overview as well as information on
the latest research projects can be found in
Ochsner/Augustin: Metallic Hollow Sphere
Structures. Manufacturing, Properties and
Applications, Springer 2009 (incl. Bibliography)

For further information please contact:

Dipl.-Ing. Wolfgang Hungerbach
hollomet GmbH

Grunaer Weg 26

01277 Dresden, Germany
Phone: +49 351 2584 305

Fax: +49 351 2584 580 264
E-Mail: wolfgang.hungerbach@hollomet.com
Internet: http://www.hollomet.com

hollomet®
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Microporous syntactic
foams for high compression
loads

The Fraunhofer Institute for Manufacturing and Ap-
plied Materials IFAM Bremen specialises in the deve-
lopment of syntactic foams based on metal matrices
with infegrated glass or ceramic micro bubbles. For
the production a variety of technologies can be
applied, e.g. aluminium and zinc melt infiltration of
sinfered micro-bubble-preforms by means of
squeeze casting or by metal injection moulding (MIM)
of iron and steel powders mixed with glass or ceramic
micro bubbles. MIM is of special interest as a near-
net-shape-technology which allows the series produc-
fion of small and complex-shaped components with
adapted metal matrix material.
Due to their special structure, syntactic foams exhi-
bit relative densities which are higher in comparison
to other foam structures. The resulting compression
strengths are, however, still higher than the density-
strength-correlationship models would let expect,
a fact which is caused by the complex interplay of
matrix and infegrated hollow spheres. The syntactic
foams have strictly closed-cell porosity, can be
coated and are tight against fluids even at elevated
pressures. Furthermore, using special production tech-
nigues like 2-component-MIM or special preforms
gradient structures of syntactic foams and
composites with other materials can be produced.
Based on their property spectrum, the target applica-
fions of the materials are:
e absorption of crash energy with high energy load
densities
e density adapted light-weight structures or
e materials for ultra-sonic equipment for harsh

-2010

In the framework of a joint German-Egypt
cooperation project, the technology is currently
being pushed forward to the production of larger
components and components with high-alloyed
corrosion resistant steel alloys.
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Figure 1: Metallographic section of Fe+10wt% S60SH
syntactic foam.

Figure 2: Metallographic section of glass bubble structure

environments with integrated Al203-sponge after infiltration.
Property (selection) Material (selection)
aluminium, S60HS micro | iron (99%) + 5wt
glass bubbles melt S60SH micro glass
infiltrated bubbles
Density [g/cm’] 1.2-14 ~5
Mean pore size [um] 35 45
Compression strength (10%) [MPa] 150-250 300
Energy absormption [MJ/Mg] ~75 ~30
Young's modulus [GPa] ~20 ~100
For further information please contact:
—
~ Fraunhofer

Dr.-Ing. Jorg Weise, Dipl.-Phys. Joachim Baumeister,
Dr.-Ing. Natalie Salk

Fraunhofer Institute for Manufacturing and
Advanced Materials IFAM Bremen

Wiener Strale 12

28359 Bremen, Germany

\
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IFAM

Phone: +49 421 2246-0

Fax: +49 421 2246-300

E-Mail: info@ifam.fraunhofer.de
Internet: http://www.ifam.fraunhofer.de
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A highly flexible substrate for
cost-effective particulate
filters with effective
deposition rates

With iron and nickel-based alloy metal foams, Alan-
tum Europe GmbH offers a substrate that opens up
entirely new possibilities for the manufacturing of
diesel particulate filters (DPF), especially for com-
mercial and off-road vehicles. The good ductility and
high flexibility of the 100% open-pore material allows
the DPF design to be detfermined freely. Different
porosities make it possible to define the level of deep
bed filtration in the system. Simple canning without
filter beds and integrated DOC/DPF properties also
provide economic benefits.

High temperature and corrosion resistance, coupled
with a very good soot storage capacity, are among
the basic requirements of an effective substrate for
diesel particulate filters. The iron and nickel-based
alloy metal foams from Alantum Europe GmbH
achieve these properties thanks 1o a patented,
stable, and continuous production process. During
this process, metal foams are coated and thermally
freated with a high-alloy metal powder that is tailored
to the particular application and design (Fig. 1).
Fusion takes place, contributing to an extreme en-
largement of the specific surface of the light metal
foam and resulting in a good filter effect. At the same
fime, the temperature resistance of the thermal
conductive alloy foam increases up to 1,000 °C. The
composition of the alloy can be modified and custo-
mized within a broad range thanks to the production
process and also enables various properties of the
alloy foam to be adapted to meet specific customer
requirements.

Figure 1: Metal powder coated iron-based foam.
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In contrast to current market standard substrates, the
homogenous alloy foam remains flexible, ductile,
and can be cut at any length, allowing it to be rolled,
stacked, bent, and shaped, for example. It is also
possible to sinter the material, usually manufactured
as sheets, into stacks during the production process
and to subsequently cut them. Even very complex
structures can be manufactured in this way.

Figure 2: Diesel particle filter system based on
open pore foam.

The 100% open pore substrate has a very permeable
structure with a large specific surface area, on which
the particles can be deposited. As the material can
also be heated inductively, regeneration can also be
carried out contact-free: in off-road vehicles, diesel
locomotives, and stationary diesel engines.

As one result, a certified DPF system is in use with
Alantum's alloy metal foam to reduce the pollutant
category of heavy duty trucks from EURO Il to EURO IV

(Fig. 2).

For further information please contact:

= Dipl.-Ing. Gunnar Walther
% FraunhOfer Dr. rer nat, Burghardt Kibden
IFAM Fraunhofer Institute for

Manufacturing and Advanced Materials IFAM
Winterbergstrasse 28

01277 Dresden, Germany

Phone: +49 351 2537 300

Fax: +49 351 2537 399
gunnar.walther@ifam-dd.fraunhofer.de
burghardt.kloeden@ifam-dd.fraunhofer.de
Interet: http://www.ifam-dd.fraunhofer.de

E-Mail:

Dr.-Ing. René Poss

MuUhiweg 2a

82054 Sauerlach, Germany
Phone: +49 8104 6 49 23-0
Fax: +49 8104 6 49 23-23
E-Mail: RPoss@alantum.com
Intfernet; http://www.alantfum.com

ALAMntum
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Cellular Metallic Materials —
networking from idea to
innovation

About four years ago, the network Cellular Metallic
Materials has been initiated aimed at the intensifica-
fion and cooperation support of companies interes-
ted in the field of cellular metallic materials.

The cooperating network partners are operating in
various areas. The further development and ma-
nufacture of cellular materials, material analysis,
engineering, commercial vehicle, building industry,
casting and forming by rolling or extrusion belong

fo these areas. Networking enables the partners to
manage very complex tasks and projects, helps by
sharing resources and is thus highly effective and
reduces costs.

In the initial phase, the network has been funded by
the Federal Ministry of Economics and Technology
within the sponsor contest “Netzwerkrnanagement-Ost
(NEMOQOY". In the meantime, the network has become
economically independent.

The activities of the current 13 network partners are
focused onto the initiation and implementation of re-
search projects. In these individual and joint projects,
the partners deal with current material and techno-
logy themes aimed at the further development of
cellular metals, the production cost reduction and
the start up of marketable applications.

The project ideas are multifaceted concerning

not only conventional areas like the machine tool
building but also the shipbuilding and construction
engineering.

-y o = o .
- Ry Vo
Bending specimen of rariforced foam

Rod-steel mesh

For further information please contact:

Dr.-Ing. Jorg Hohlfeld

Network Cellular Metallic Materials

c/o Fraunhofer Institute for Machine Tools and
Forming Technology
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In the near future, a transnational joint research
project with the fitle *“Multibau” will start supported by
the SAchsische Aufoaubank (SAB) and the Investment
Bank Saxony-Anhalt. Main objective of the project is
the development of new multifunctional light weight
construction solutions by utilization of specific cellular
metals properies. That is one way to provide ap-
proaches for the building industry fulfilling the current
complex requirements. Heat storage and insulation,
climate control, electromagnetic field protection,
weight and fire prevention especially are demands
onto the construction.

In particular, they are looking for mulfiftunctional
solutions such as light building boards with integrated
cooling and heating function and dividing wall ele-
ments for offices and industrial buildings with integra-
ted fire and noise protection.

Possible applications are office, floor and hall
construction, floor addition, living container buildings
and femporary buildings.

The following picture shows an example for the use of
aluminium foam in the building industry. Lightweight
aluminium foam panels with rod-steel mesh in the
boundary areas have been developed by a
consortium of project partners. The shown balcony
demonstrator has been built for demonstration
purpose. Some of the engaged project partners are
members of a network consortium. Financially, the
project was funded by the SAB (project 12425/2026).
The developed balcony panels are a pure lightweight
solution. Advanced features such as heating and
cooling, which are part of the project Multibau, have
not been covered by the project.

Figure 1: Example for appli-
cation of cellular metals in
building industry:

Demonstrator balcony platform
Structure: Panels made of
aluminum foam-steel with
rod-steel mesh in the boundary
areas (Stahlbau Seerhausen
GmbH, Drahtweberei Pausa
GmbH, Séchsisches Textilfor-
schungsinstitut e.V., Fraunhofer
IWU) and mineral coating.

zlzilinianall

NEMO -
MNetzwarkmonogemeant- Ost
Reichenhainer Str, 88
09126 Chemnitz, Germany

E-Mail: info@zellmetall.de
Internet: http://www.zellmetall.de
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Open-porous aluminium
structures for high power-
density adsorption cooling

Today, the cooling market (air conditioning, refrige-
rators) is dominated by mechanically driven com-
pression devices. Within the framework of an internall
Fraunhofer development project, several institutes
(IFAM, ISE, ITWM, IWV) laid focus on an alternative tech-
nology that allows cooling by means of waste and
solar heat: adsorption cooling. Up to now, adsorption
cooling devices had a quite low power density and,
consequently, were oo large 1o be applied for mobi-
le applications like air conditioning of cars. Therefore,
the goal of the project was to drastically improve the
power density of adsorption devices without reducing
efficiency.

The central module of adsorption refrigerators is the
adsorber, were the evaporation and the condensa-
fion of the cooling solvent takes place. In order to
reach the project goal of a power density of af least
100 W/l which is twenty times better than the current
state-of-the-art. In order 1o reach this ambitious goadl,
the adsorber structure must possess a high heat con-
ductivity. At the same time, it should provide a very
high specific surface area that can be covered with
a thin layer of the sorbent.

Open porous aluminium foams (sponges) or fibre
structures offer the combination of exclusive functio-
nal characteristics like excellent permeability for fluids
and gases, high heat conductivity and the required
large specific surface area. These structures can be
coated completely with adsorbents and
demonstrate sufficient strength for refrigerator design.
All these properties build a brilliant fundament for
innovative concepts for adsorption heat exchangers.
For manufacturing of the aluminium sponges, a
compact structure made of polystyrene granules is
infiltfrated with aluminium melt using a high-pressure-
die-casting process. Owing to the configuration of the
polystyrene placeholder granules, the process results
in a pre-defined open porous structure with an open
porosity between 60 and 85 %. Using the placeholder
granules as a “negative” enables to design homoge-
neous or gradient structures in a defined manner.

For manufacturing of the aluminium fibres, crucible
melt extraction is used. Highly porous components
can be made from such fibers by suitable deposition
and sintering methods.

The most promising approach to apply the adsorp-
fion material onto the aluminium heat exchanger
structures is crystallization. The coating with zeolite
was performed by a working group of the University
of Erlangen and by the company Sortech AG. An
example of a zeolite coated aluminium sponge is
displayed in Fig. 1.
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Figure 1: Zeolite-aluminium composites manufactured
by space holder technology.

The coating results in a homogeneous, compact
adsorbent layer. It offers a highly stable and adherent
coating on the aluminium structure. Kinetic testing
showed that both sponges and fiber structures are
able to provide the necessary materials properties.
Using the developed technology, a demonstrator
(Fig. 2) is now being built in order to test the system
performance and prove that a cooling power density
of 100 W/l can be reached. Given the very encoura-
ging results obtained so far, it is expected that such
zeolite coated cellular structures will find application
in air conditioning of passenger cars or in stationary
retrofit cooling where space is limited.

Figure 2: Adsorption cooling demonstrator with
aluminium fiber structures before coating.

For further information please contact:

Dr.-Ing. Olaf Andersen, Dipl.-Phys. Joachim Baumeister
Fraunhofer Institute

for Manufacturing and Advanced Materials IFAM
WinterbergstraBe 28

01277 Dresden, Germany

Phone: +49 351 2537 300

Fax: +49 351 2537 399
olaf.andersen@ifam-dd.fraunhofer.de
joachim.baumeister@ifam.fraunhofer.de
Internet: http://www.ifam-dd.fraunhofer.de

E-Mail:
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Development of Lotus Metal
Heat Sink

In recent years, since heat dissipation rates in power
devices and high frequency electronic devices have
been increasing, the heat sinks with high heat frans-
fer performance are required to cool these devices.
Heat sinks utilizing microchannels with a channel
diameter of several tens of microns are expected

fo provide excellent cooling performance because
higher heat fransfer capacity is obtained with smaller
channel diameters. Therefore, porous materials with
open pores are preferable for three-dimensional
microchannels because of the higher surface area
per unit volume and lower product cost. Various po-
rous materials such as sintered porous metals, cellular
metals and fibrous composites were investigated

for heat sink applications. However, heat sinks using
such porous materials were clarified to have a high
pressure drop because the cooling air flow through
the pores of the porous materials is complex. Among
the porous materials, lotus-type porous metals with
straight pores are preferable for heat sinks due to the
small pressure drop of the cooling air flowing through
the pores.

An outer view of Lotus/Gasar copper is shown in Fig.1.

5

Figure 1: An outer view of cross-section of Lotus/Gasar copper
perpendicular to the pore axis.

These metals with many straight pores are fabricated
by unidirectional solidification of the melt dissolving
hydrogen. Pressurized hydrogen gas was used for
conventional fabrication method of Lotus/Gasar me-
tals. However, we developed Thermal Decomposition
Method (TDM); only pore-forming compounds are
used without high pressure hydrogen. The fabrication
technigque of the Lotus metals through TDM exhibits
low-cost performance with simple and safe
procedures.

\

~ Fraunhofer

IFAM

-2010

The heat sink consists of a series of three
permeable lotus copper blocks with a thickness of

1 mm as shown in Fig. 2. Figure 3 shows the
measured heat fransfer coefficients as a function of
the flow rate of air.

A very large heat transfer coefficient of 5000 W/
(M2K) is shown under an inlet velocity of 1.0 m/s of
blowing air, which is 13.2 times higher than that for
the conventional groove fins. Thus, lotus metal heat
sink exhibits high-performance and low cost, which is
expected to be commercialized soon.

Air —

Fan (blower)
Lotus copper fin 00000@O000
000 00
)
lotus copper| 0000000000|DP0O
heat sinl 0000QOODOOPOO
0000000 000000000
Base 000 00006000
Power device

Air cooling

Figure 2: Lotus copper heat sink.

Lotus copper heat sink

gy

Conventional groove
heat sink

Wi(m2-K)

0 01 02 03 04 05 06 07 08
Flow rate, m3*min

heat transfer coefficient based on heat sink base,

Air cooling

Figure 3: Flow rate dependence of heat transfer coefficients.

For further information please contact:

Prof. Dr. H. Nakagjima

The Institute of Scientific and Industrial Research,
Osaka University,

lbaraki, Osaka 567-0047, Japan

E-mail: nakajima@sanken.osaka-u.ac.jp
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Composite metal foams,

a new generation of foams
from combining metal
matrix composites and
metallic foams

Composite metal foams (CMF) are a new class of
metal foams created at North Carolina State
University by combining the advantages of metal
matrix composites and metallic foams. This new type
of foam is processed either by existing gravity casting
or powder metallurgy techniques. For cast foams,
the matrix used possesses a lower melting point
element than the spheres with a higher melting point
element. This is to keep adequate difference in com-
ponents melting points and maintaining the infegrity
of the steel spheres during the casting process. Pow-
der metallurgy processed foams, on the other hand,
use similar sphere and matrix materials. Properties of
the foam (shown in Table 1) are controlled by such
parameters as sphere and matrix materials, sphere size,
sphere wall thickness, and the processing

technique that can be modified to suit customer
needs.

Cast Foam Powder Metallurgy Foam
Aluminum 356 matrix 316L S5 matrix
Materials
316L S5 spheres 316L S5 spheres

Sphere outer diameter (mm) 37 20
Sphere wall thickness (mm) 0.2 0.1
Density (gfcm™) 2.46 295
Relative Density (%) 427 375
Plateau Stress (MPa) 110 127
Densification Strain (%) 57 54
Plateau Strength/Density ratio 45 44
Energy Absarption (MJ/m”) 53 68

Table 1: Properties of Composite Metal Foams processed by

casting and powder metallurgy.

Steel-steel Powder
Metallurgy Foam

Al-steel Cast Foam

Figure 1: Cross section of Al-steel cast foam and steel-steel
powder metallurgy foam.
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The high energy absorbing capability of CMF shows
promise for many applications including crash
bumpers for cars and ballistic protection armoaors.
Excellent performance of CMF samples tested in
monotonic compression, compression-compression
fatigue, and bending indicate that the material is also
promising in Many structural applications. Figure 2
shows pictures of composite metal foam processed
by powder metallurgy before and after being
compressed to 80% strain, highlighting the remarkatb-
le energy absorbing capability of these materials. The
Young's modulus of composite foams measured to
be close to that of bone making. CMF is an excellent
candidate for biomedical implants to prevent “stress
shielding”. It is notable that the CMF can be made of
various metals such as titanium and combinations of
different metals. The researchers at North Carolina
State University are currently studying the properties

of CMFs under high-speed impact and simulation of
the properties using various modeling approaches.

Figure 2: Stainless steel composite foam processed by
powder metallurgy compresses up to 80% of
its original size.

For further information please contact:

Dr. Afsaneh Rabiei

Associate Professor

Mechanical and Aerospace Engineering
Associate faculty, Biomedical Engineering
North Carolina State University

2417 Broughton Hall, Campus Box 7910
Raleigh, NC 27695-7910; USA

Phone: +1 919- 513-2674

Fax: +1 919-515-7968

E-Mail: arabiei@ncsu.edu

Internet: http://www.mae.ncsu.edu/homepages/
rabiei/index.html
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Cooling of electronic
devices by open pore
metal foam

Performance, cost and reliability of advanced
electronic devices are strongly impacted by the
characteristic of their thermal management. To fully
utilize the capabilities of such devices, there is a need
to provide the thermal environment compatible with
their requirements.

As a result, significant improvements have to be
made in volume, weight and performance of these
systems.

New materials like open pore metal foams have to
satisfy the demands from emerging technologies
like the high power light emitting devices (LED). Open
pore metal foams are compared with standard heat
exchangers to show their performance.

The heat transfer is governed by
Q =k A AT

The factor which could be influenced by the design
most easily is the area of the exchanger. Other fac-
tors are limited by physical constraints.

The specific area density of the open pore foam is very
high and has to be fitted to the thermal heat exchange
process.

Experiments with LED

For demonstration, a 3 x 3 LED array (Fig.1) was used
with a power of 11 W. The array is soldered on an alu-
minium plate of 50 mm in diameter and a thickness
of 3 mm.

Tl

Figure 1: 10 ppi Al Foam with LED.
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In this simple configuration, the temperature of the
LED speeds up to 110 °C within seconds, which is very
close to the working limit. In the next step, an
aluminium extruded profil (height 30 mm, diameter
80 mm, weight 80 g and 12 fins) was used and the
femperature was reduced to 60 °C. Cooling was only
due to the free convection of air.

Different kinds of open pore metal foam heat ex-
changers were tested. Shape, pore size and material
were changed. The resulting temperatures were within
the range of 70 °C to 90 °C.

The best result was achieved by simply pressing the
foam in the contact area of the LED plate (Fig. 1)
and contact by a silicon panel to improve the con-
tact between the Aluminium plate and the struts of
the foam. The temperature which could be reached
was 65 °C. Even with a high performance Cu heat
exchanger of 250 g the temperature of the LED was
60 °C (black line, see Fig. 2). The limiting factor is

the heat transfer through the air and could only be
improved by using a fan.

—— LED ohne Kl
—— LED schwarz
— — LED KK MNr&

----- LED KK Mr.3
- —— LEDKKMNr4 different cooling systems

120

--=— LED KK 10ppits

100

a0

60

temperature [*C]

40

0.0g 17 0:25 042
time [h:min]

Figure 2: Temperature versus time for different cooling systems
of LEDs.

Continued on page 13
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Continued from page 12

Changing the shape of the foam and testing with the
thermal camera (Fig. 3) shows that the heat fransfer in
the foam is limited to about 20 mm. Oversized foam
heat exchangers do not improve the heat fransfer.

10ppi Al foam with LED

Figure 2: Temperature versus time
for different cooling
systems of LEDs.

Result

Open pore foams could be used for cooling high
power electronic devices. For LED, the cooling effect
could be combined with a design element of the
lamp. The limiting factor is the heat transfer in the
foam and should be kept in mind for the design
process.

For further information please contact:
m ® Dr. Dieter Girlich
- m.pore GmbH
EnderstraBe 94 (G)

01277 Dresden, Germany
Phone: + 49 351 250 22 90
Fax: + 49 351 250 22 91
E-Mail: info@m-pore.de
Internet: hittp://www.m-pore.de
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Metal Foam: Research and
Applications at University of
Detroit Mercy

Research and application areas of metal foam at
the University of Detroit Mercy are focused on fluid
flow, thermal management and novel structural
composites. The fluid flow empirical work involves
studying the flow behavior in open-cell metal foam
and determining the two key flow properties (the
permeability and form drag coefficient) in both the
Darcy and the Forchheimer regimes.

The thermal management thrust is concerned with
analytical and experimental convection heat
transfer studies employing aluminum foam for
cooling of high-density electronics.

Another area under this thrust is to investigate the
thermal conductivity enhancement of the phase
change materials by embedding metal foam in
them for thermal energy storage designs.

The structural composites area involves experimental
and theoretical characterization of a new
composite obtained by filling the open pores of
metal foam with a polymer. The purpose of this com-
posite is to provide enhancements over the polymer
and to be employed where polymers are currently
used. This thrust is in collaboration with Professor
Nassif Rayess.

Metal foam research at the University of Detroit
Mercy is funded by Ford Motor Company and
Denso North America.

Figure 1: A polymer and a metal-foam-polymer
composite tensile test sample.

For further information please contact:

Nihad Dukhan, Ph.D.

Associate Professor

Department of Mechanical Engineering
Univeristy of Detroit Mecy

4001 W. McNichols Rd.

Detroit, Ml 48221, USA

E-Maqil: dukhanni@udmercy.edu
Internet: hitp://www.udmercy.edu
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Accolade for Zincopor®

Review and explanation:

Zincopor® is a zinc foam with a closed surface,
produced in pressure die casting (Fig. 1). The
Zincopor® process is unigue in the world and a
development of Havelldndische Zink-Druckguss
GmbH & Co. KG (HZD).

Figure 1: Casing for leading pulleys cross-section.

The product launch took place at the end of 2008,
after a development phase of about four years, With
this method it is possible to reach dramatic weight
and material savings (more than 55 % with ideal
samples; more than 40 % with real components) with
zinc pressure die cast products.

Typical processing possibilities like, for example, rive-
ting or thread moulding are still possible. The special
features of the closed surface (Fig. 2) allow for a po-
lishing and electroplating exactly like with compact
components, It is possible to use existing zinc pressure
die cast tools; a remodelling or even new construc-
fion is not necessary.

Figure 2: Casing for leading pulleys cross-section enlarged.
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Current developments:

During the two-yearly fair Euroguss, Europe’s big-

gest fair for pressure die casting, a zinc pressure die
casting competition is held regularly. Here, foundries
can submit products which are assessed by selected
experts of the pressure die casting industry according
to two categories. The competition is so important
because the audience of the Euroguss has a highly
international character and is mostly made up of
specialists.

At this year’s challenge for zinc pressure die cast
products, a Zincopor® cast product of HZD scored the
first place in the second category: “Innovations and
changeovers to zinc pressure die casting” (Fig. 3).

Figure 3: Casing for leading pulleys assembled.

The cast part submitted is a casing for leading pulleys
of a high-value vacuum cleaner. In regard to the final
product, the customer aftached particular impor-
fance to highly stressable materials as well as out-
standing visual appearance and surface feel; thus,
several components which are usually produced
from plastics were replaced by zinc pressure die cast
products.

The secondary objective was to restrict costs and
weight to a certain frame; that is why Zincopor® was
used for producing the casings for leading pulleys.

Continued on page 15
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Continued from page 14

The reasons for the judgement of the experts read the
following:

"Outstanding is the innovative casting technique
which is applied to the casings for leading pulleys.
The directed pore formation inside the component
along with the concurrent optimal surface quality
constitutes an innovative development in the sphere
of pressure die casting. Consequently, a material
saving and weight reduction of 25 % (author’s note:
which is a significant value given the relatively thin-
walled components) could be achieved (author’s
note: in mass production).

Preview:

The pratical example described shows in an impres-
sive way what is possible by using Zincopor®. We see
the special potential in components which need a
metallic visual appearance and surface feel, but
which are inevitably overdimensioned because of a
largely preset base geometry and size. This applies
primarily to handles, cranks, knobs, holders, switcher,
casings etfc.

For further information please contact:

Dipl.-Ing. Robert Seiler
Manager Technology
Havelldndische Zink-Druckguss GmbH & Co.KG

Robert-Koch-Strasse 2

14727 Premnitz, Germany
Phone:: +49 3386 2700-58
Fax: +49 3386 2700-10
E-Mail: r.seiler@hzd.eu
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Selective eleciron-beam
melting: An innovative way
to auxetic cellulars

Auxetic cellulars show the counterintuitive property
of thickening under uni-axial fension and thinning
under uni-axial compression. This negative Poisson
ratio leads o exciting and new combinations of the
mechanical properties such as low stiffness coupled
with high shear strength and exceptional
penetration resistance, which make these celluar
structures promising candidates for numerous
applications (e.g. impact protection structures or
fastener systems).

Through recent work at the University of Erlangen,
periodic auxetic structures (Poisson ratio of up to -0.4)
can now be produced from Ti-6Al-4V in a highly
controlled manner using selective electron-beam
melting (Fig. 1), a generative method allowing for the
generation of arbitrary geometries from metal-
powder. This approach gives an exceptional degree
of control over the mechanical properties by
geometry control and also makes graded and
combined structures relatively easy 1o achieve.

—

Figure 1: Auxetic cellular structures based on Ti-6Al-4V.

Internet: http://www.hzd.eu  For further information please contact:

>,

ZINCOPOR'
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PD Dr.-Ing. Carolin Koemer
Friedrich-Alexander-University Erlangen-Nuremberg
Institute of Science and Technology of Metals
Martensstrale 5

91058 Erlangen, Germany

Phone: +49 9131 8527528

Fax: +49 9131 8527515

E-Mail: carolin.koerner@ww.uni-erlangen.de
Internet: http://www.wtm.uni-erlangen.de

A ENGINEERING
OF ADVANCED
MATERIALS
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CELLMAT 2010 - Conference
will be held in Dresden

The third International Conference on Cellular Mate-
rials for Structural and Functional Applications will be
held in Dresden, Germany, from October 27 until 29,
2010.

The aim of the conference is to support and promote
the applications of cellular materials based on
metals, ceramics and glasses.

At present, more than 100 contributions have been
sent to the organising committee. In reviewing the
abstracts, it becomes apparent that a broad range
of application related papers, such as for automo-
five, machine tool, aerospace, acoustics, machine
tool, biomedical and environmental have been
handed in.

An exhibition of cellular materials and related topics
will be organised during the event. Furthermore, an
extended poster show including a short oral poster
presentation will be offered.

The CELLMAT 2010 will be organized by the Deutsche
Gesellschaft fur Materialkunde e.V. in collaboration
with the Fraunhofer Institutes IFAM Dresden and IWU
Chemnitz,

For further information please contact:

Deutsche Gesellschaft fur Materialkunde e.V.
Mrs. Vera Hausen

Phone: +49 69 75306 758

Fax: +49 69 75306 733

E-Mail: cellmat@dgm.de

Internet: http://www.dgm.de/cellmat
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CELLMAT Awards for Excel-
lence in Cellular Materials

Cellular Materials have gained increasing interest in

the last decade due 1o their unigue combination of

properties like low weight, high specific stiffness, their

energy absorption as well as their damping and insu-

lating properties.

The CELLMAT Awards are granted to excellent results

in the application (serial parts/demonstrators) of

cellular materials.

Two awards will be launched:

* Award based on cellular metals

e Award based on cellular ceramics/glasses

Applications shall contain an explanatory statement

of maximum 2 pages of the candidate. They should

include evidence of:

- description of the part, technical dataq, field of
application

- innovation compared to the state of the art,
economic and ecological benefits

- a par, prototype, demonstrator has to be sent to
the judging committee

Selection and nofification of the CELLMAT Awards will

be caried out by the Award Committee consisting of

international representatives of industrial and acade-

mia experts in the field of cellular materials. The CELL-

MAT Awards will be presented during the conference

CELLMAT 2010, which will be held from October 27

until 29, 2010 at the Interational Congress Center,

Dresden, Germany.

The submission deadline for the CELLMAT Award is
August 31th, 2010.

For further information please contact:

Dr.-Ing. GUnter Stephani

Fraunhofer IFAM Dresden

Winterbergstrasse 28, 01277 Dresden, Germany
Phone: +49 351 2537 301

Fax: +49 351 2537 399

E-Mail: guenter.stephani@ifam-dd.fraunhofer.de
Internet: http://www.ifom-dd.fraunhofer.de

Welcome to CELLMAT 2010 in Dresden
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