Anew powder memllurgy process for
production of metal fonms increases the -
application range of cellular materials.
It was first devel opedfor aluminum
foams nnd has recently been extended
to other metals and nlloys.
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£ etal foams are metallic cellular

_ materials that have a high porosity
- fraction, typically ranging from 40 to
_ ¥ 0w 90 voi%. Because of their high stitf-

nessand low specific weight, cellular iiiaterial sare
applied i nconstruction, packaging, insulation, noise
and vibration damping, and filtering. They arecon-
sidered by many tobea new class o engineering,
meateriai.

Typical foaming processes include casting,
poivder pressing, metallicdeposition, and sputter
deposition. Metal foams can be fabricated inava-
riety of different ways, and many attemyts have
heert madein the past to develnp good foamstruc-
ture. However, the choice frequently seemsto be
between high cost and poor quality.

Recently, a powder method for fabricating metal
foams wasinvented at the Fraunhofer Institute for
Applied Material sResearch (IFAM). This niethod
aliows for direct net-shape fabrication of foamed
partswith a relatively homogenecus pore struc-
ture. Metallicfoamsfabricated by thisapproach ex-
hibit a closed-cell microstructure with higher me-
chanical strength than open-cell foams. Thistype
o microstructure is particularly appropriatefor ap-
plications requiring reduced weight and energy-
absorption capabilities.

Thr powder metallurgy production method
makes it possibleto build metallicfoam parts that
have complex geometry. Sandwichstructures com-
posed o aporous metallicfoani coreard metallic
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_face sheets can also be pro-

foaming agent

\

duced, with options exploiting
combined materials and
shapes. These foams enlarge
the appiication raiige of cel-
lular materials because o their
excellent physical and e-
chanical properties, asweil as
their relativerecyclability.
This article describes the
process, microstructure, prop-
erties, and applicatioiis of 1
metallic toams produced by
the /M niethod.
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Metal powder process

The process is begun by
mixing metalpowders(eitlier
pre-alloyed metal powders or
powdcr blends) with a small
amount of foaming agrnt.
When thcagentisa metal hy-
dride, acontent of less than 1%
is generally sufficient. After

axial compaction

metal powder

b

mixing /

extrusion

FY

foamable 1
semi-finished

the foaming agent is uni-
formlv distributed within the
matrix powders, the mixture is compacted into a
dense, semi-finished product withno residua open
porosity (Fig. 1j. Typical compaction methods in-
clude uniaxial pressing, extrusion, and pewder
rolling. The foamahle material may be further
shaped through subsequent metalworking
processes such asrolling, swaging, or extrusion.

Followingthe metalworking steps, thefoamable
material isheated to temperatures near themelting
point o the matrix material. During heating, the
foaming agent decomposes, and the released gas
(hydrogen) forces the densified material toexpand
into a highly porous structure. The density o the
metal foams can be controlled by ad]ustmg the
amount and typed the foaming agent and several
other foammg parameters, suchas ’fempe: ature and
heating rate.

The most commeon aluminum alloys for foaming
arepure auriiinum, 2xxx alioys, and 6xxx aloys.
Aluminiim-silicon casting alloysare a so recom-
mended, because o their low melting points and
good foaming properties. However, the Fraunhofer
approach isalso suitable for other metals such as
tin, rinc, lead, bronze, and steel. Different alloys
can befoamed by selecting appropriatc foaming
agentsand processParameters.

The material may be foamed into complex

Fig. 1 — Preduction of nwtal foam.




The
materials

may be
foamed into

Fig 3 — Typical e:mmpk of alu’mff_t_ifirfrl_f(:)ammicrqsftr_zgctgre
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Fig. 4 — Loading curves of alumiviim arid polyethylene
foms. Note that although the shapes ave alniost identical, the
aluminun foam (ved) s about 5O timies stionger thawn the poly-
ethylene foarm (blue).

shapes by inserting the foamablematerial into a
hollow mald and expanding it through heating.
Figure 2shows anear-nel-shape part preparedin
thisway.

Sandwich panelsconsisting of afoamed metal
core and solid face sheets may be fabricated by
gluing theface sheets onto a foam core. If pure
metdlickonding is required, face sheetsand foam-
ablematerial can beroll-clad to makea sandwich
structure beforefoaming.

Microstructure and properties

The foamed aluminum parts produced by this
powder method feature a relatively homogeneous
closed-cell microstructure (Fig. 3) with a fractiona
density aslow as 20% of pure aluminum, whose
density is2.7 g/cm®. The density values of alu-
minum foarns usua]_ly rangefrom04t010 g/ cm?,

although valies downto02g/cm’ can beachieved
with some modifications to the materials and
processparameters. This typeof microstructure is
responsible for the high specific stiffness-to-weight
ratio (SWR) d thefoam. Localized cdi coiigpseand
rapid compaction energy dissipationprovide the
energy-absorptioncapability of the material.

Atypicd l oadii curve d metal foamsindicates
several stages, asshown in Fig. 4: initial, almost
linear deforrnation; plastic collapse; and final den-
gfication. It can be seen from the comparison be-
tween the stress-strain curve d an aluminum
{AlCu,) foam((initial fractional porosity 83%)and
the corresponding curve of a polyethylene (PE)
foam (initial fractiond porosity 87%), that the shapes
of thetwo loadingcurves are Smilar. However, the
stresslevel d the AlCu, foam isapproximately 30
times higher than that of the I'E foam. Because of
the special formof the compressive stress-strain
curve, foamed materia sare capable of absorbing
largeamountsof energy a# a relatively low stress.

Specific mechanica propertiescanbe achieved
by careful seectiond thefoamablematrix aloy.
By foaming age-hardenable alloys, thestrength of
the foamed alloy can @ sobe optimized during the
subsequentheat treatment.

Potential applications

Thefollowingisalist d applications currently
being investigated:

* Automotive industry: Light, stiff siructures made
of aluminum foam and foam sandwich panels
could help toreduceweight and increasestiffness.
Examples arehoods, trunk lids, and sliding roofs.
The German automaker Karmann recently worked
with Fraunhoferin devel oping three-dimensional
aluminum foam sandwichesin the Ghiaroadster
(Fig. 5). The resultant foam sandwich panel isabout
eight times Siffer than the original steel panedl, at a
2P0lower weight.

With regard to energy absorption, it is possible
to engineer controlled deformationinto the crash
zone o carsand trains with maximum impact-

e e B ront At protechon I
general, foamfilling leads to higher deformation
forces when profilesarebent and to higher energy
absorptionwhen profiles areaxialy crushed. Po-
tential applicationsinclude bumpers, underside
protectiond trucks, A- and B-pillars, and other
elementssubijected tolarge deformation.

Sound absorptionand heat insulation arealso
important propertiesin the automotiveindustry.
In many cases, sound-absorbing elements must also
be heat resistant. Existing polymer foamsor acom-
bination of materias, such as polymer foamsand
aluminum sheets, may not be acceptable because
d their poor hest resistance and poor recyclability.
However, aluminum foam may improve these
properties to meet thedesign criteria

o Aerospace industry: Metal foam sandwich panels
offer good potential to replace expensivehoney-
comb structiures i n the aerogpaceindustry. Theat-
tributes d metal foamsincludetheisotropy o the
foam material and fire retardation to maintainthe
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mtegrity o the structure. Roll cladding for direct
metallicbonding caii eliininate the need for adhe-
sivebondingin the sandwich panels.

e Building tndustry: Many construction applica-
tions require light, stiff, and fire-resistant elements,
or supportsfor such elements.

Foamed sandwich panels could help to reduce
the energy consumption for elevators by trimming

' the deck weight: Combining energy absorption arid.
high specific stiffness; the foamed saridwich panel
‘may be a good candidate for these applications.
other application o _
s into concrete' valls To fill the gap
: d the wall, the fgamable
ed into the gap and locally
able material will expand and fill .
pluvs, and the concrete wall,
promded the resuitant foam denslty is hxgh enough

capitalize.on thé prnperttes of foams made from
other tals. For example, lead and nickel foamq

ifying the p
wouild be'exceﬂent for 9evera1 apphcmom, Sl[L.h as

Fig. 5 — Karmana's concept
car bias glurninaom foam sandiich
panels. Inset — Mechanical defor-
mation of alumirien foamed sani-
wich structure with steel face
sheets will be used as well.

For more information: Dr. Chin-Jye(Mike) Yu is pro-
gram mnnager, metal foaming, Fraunhofer Resource
Center, 501 Wyoming Rd., Newark, DE 19716; tel:
2021269-6761; fax: 302/ 369-6752; Web sitel www.frc-
de.fraunhofer.com; e-mail: yu@tre-de fraunhofer.com.
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