Multifunctional
Hybrid Foams
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Fig. 1. The researchers developed new technologies for interpenetrating (left) and particulate hybrid foams (right) (figures except Fig. 2: Fraunhofer ICT)

New Applications. Today, foamed materials are crucial to many everyday products.

Innovative hybrid foam solutions open up possibilities for significantly increasing

the applications scope of this class of materials.
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weight; they also often have many

technically interesting properties,
such as a high specific stiffness and good
energy absorption capacity. Steadily
growing technical and legal requirements
mean that foamed monomaterials, for ex-
ample when used as crash elements in
cars, are reaching their limits. As part of
a research project, the Fraunhofer Insti-
tute for Chemical Technology (ICT), over
many years of working together with four
partner institutes (Table 1), developed hy-
brid foams that significantly extend the
application limits of foams. The success-
ful material combination in each case is
not only implemented at part level, but
already at the material level.

F oamed materials are not only light-
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For this purpose, the researchers devel-
oped new technologies for interpenetrat-
ing and particulate hybrid foams (Fig. 1).
Besides metal/ceramic hybrid foams,
polymer-based hybrid foams are also
gaining in potential when it is necessary
to satisfy requirements that are already
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fairly contradictory — for example the
combination of plastic and elastic de-
formability at very different energy lev-
els. The particulate hybrid foams that are
described here permit this functional in-
tegration with hardly any constraints on
the geometrical formability.

Fig. 2. The foamed
aluminum particles
(APM) are encapsu-
lated with polymer
foam (photo: Fraunhofer
IFAM)
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Combinations of Metal, Ceramic
and Polymer Foams

The basis of the particulate hybrid foams
is the particle foam technology that is
currently familiar primarily from pro-
cessing expanded polystyrene (EPS) and
expanded polypropylene (EPP). Prod-
ucts made from these monomaterial
foams are predominantly used in ther-
mal insulation (e.g. building insulation
and insulated packaging) and in mechan-
ical shock absorption (e.g. motorbike
crash helmets, bumpers, packaging tech-
nology). Such applications exploit the
special advantages of these materials,
such as
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B low weight,
B good 3-D formability,
m high specific mechanical properties,
m good thermal insulation, and
B good mechanical damping capability.
As a result of the joint research project,
technologies are available for combining
the aforementioned advantages of the
polymer foams at material level with the
properties of foams from other material
classes in a multicomponent material.
Thus, with a highly developed process-
ing technology, polymer foams can be
supplemented with very varied proper-
ties, such as the greater strength and en-
ergy absorption of metals or the high
thermal resistance and stiffness of ceram-
ics by combining EPS or EPP with ceram-
ic and metal particle foam structures.
The combination of metal and poly-
mer foam particles de-
scribed in greater detail
below is most impressive
for its properties. The two
together, because of their
material-specific stiffness-
es, combine a very differ-
ent energy absorption ca-
pacity at two different
force levels in one compo-
nent. Besides traditional foamed PP par-
ticles (EPP), the material combination is
also based on metal particle foams, in-
cluding advanced pore morphology
(APM) (Fig. 2).

Material [-]

Diameter [mm]
Bulk density [kg/m3]

Table 2. These two materials were processed into a polymer/
metal hybrid foam using a modified automatic molding machine

Fig. 3. The hybrid
foam materials APM
and EPP are stored
separately in silos
and only mixed to-
gether during the
feeding process

Metering and Feed Equipment
for Particulate Hybrid Foams

To combine the two materials together,

the project partners have refined a mold-

ing process that is currently used for the

industrial production of EPP/EPS parts.

The specific challenges in combining

metal and polymer foam particles are pri-

marily the result of

B their widely differing densities and the
resulting sedimentation phenomena
during mold filling,

B their different flow and filling behav-
iors,

m the stiffness of the metal particles
(problems of bridging),

m wear of the filling equipment, and

m surface adhesion of the material class-
es to one another (plastic/metal).

Manufacturer [-]

- Fraunhofer IFAM

PP AISi7
~3 ~7
65-75 350-370

The key points of the development work
were the analysis and optimization of the
filling behavior and the process control
during part manufacture on an automat-
ic molding machine used for the studies
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Metal foams and material simulation

Testing and simulation

Ceramic foam

Polymer foams and project coordination

Table 1. Five Fraun-
hofer Institutes are
working hand-in-
hand on this project

Interface modification

(manufacturer: Erlenbach GmbH, Laut-
ert, Germany). The foams used for man-
ufacturing particulate foams (EPP and
APM, Table 2, Fig. 3) are stored separately
in silos on the modified line and only
mixed together during the feed process.
The aim of the development was to opti-
mize the mix and filling processes in or-
der to reproducibly manufacture partic-
ulate hybrid foams.

As a central element, novel metering
equipment was developed for generat-
ing homogeneous mixtures with a pre-
cisely preset ratio between the polymer
and metal particles. Additionally, the fill-
ing injector of the pneumatic feed sys-
tem was adapted to permit a stable
process, even with large (up to 10 mm
diameter), non-elastic aluminum foam
particles.

As a result, the enhanced hybrid foam
process was suitable for achieving a par-
ticular morphology and defined mechan-
ical and physical properties. The poten-
tial of the process can be illustrated using
crash parts made of particulate hybrid
foamsbonded by injection-molded semi-
encapsulation (Fig. 4).

Optimized Particle Adhesion
The adhesion between polymer and met-
al foam particles requires particular at-

tention. Besides the integration of the
metal particles by encapsulation with
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Fig. 4. The crash demonstrator consists of particulate EPP-APM hybrid foam bonded with an injec-
tion-molded semi-encapsulation

polymer foam (interlocking adhesion),
the interfacial adhesion between the two
materials in the project was optimized
and thereby the fixing of the metal parti-
cles in the formed part was increased,
which leads to improved part integrity,
particularly under strong part deforma-
tion.

Consequently, a new process technol-
ogy for applying polymer adhesion coat-
ings to the aluminum particles was devel-
oped. The adhesion promoters that were
applied permit significantly easier pro-
cessing and, most of all, better integration
of the functional metal particles.

Simulation of Hybrid Foams

In many end applications, particularly au-
tomotive engineering, predictability of
the part properties by structural simula-
tion is an important prerequisite for the
industrial introduction of new materials.
The project participants took account of
this by extending the existing tools for
predicting the “effective” macroscopic
properties of foams with a prediction
model for simulating hybrid foams. Based
on a homogenized structure of the mono-
materials involved, numerical determina-
tion of the macroscopic mechanical and
physical properties is possible over a wide
mixing range of the material components
involved.

The quality of the simulation was
demonstrated by comparing the simula-
tion results with the part properties actu-
ally obtained. The tools that were devel-
oped are of course also suitable for pre-
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dicting the properties of monomaterial
foams.

Applications in Multifunctional
Crash Elements

Using the new processing technique de-
scribed above, the foam core of a crash el-
ement could be produced with a largely
homogeneous mixture of metal and poly-
mer foam particles (Fig. 4). This technolo-
gy demonstrator provides an excellent ex-
ample of the advantages of particulate hy-
brid foams. It combines elastically flexi-
ble deformability at a material level and
plastic energy absorption at high forces
(Fig. 5). The elastic deformation of the EPP
particles elastically and reversibly ab-
sorbs, e.g., the forces of a light impact
during parking a car. The deformation
only takes place in the polymer foam
component.

In the case of a higher-energy crash
(Fig. 5, lower two loading cases), the met-
al particles come into contact as a result
of the more severe deformation. Due to
the supporting function of the surround-
ing injection molded shell, the signifi-
cantly stiffer metal particles can no longer
slide over one another under this strain,
and absorb alarge proportion of the crash
energy through their deformation. The
resulting shape change is plastic and
therefore irreversible. In this high-ener-
gy crash case, the polymer foam only per-
forms a shape-giving role and prevents
the crash element from falling apart after
the external load is removed (central
crashed element in Fig. 4).
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The deformation behavior of the par-
ticulate metal/polymer hybrid foam in
this low-compression area is similar to
that of a pure polymer foam (Fig. 6), is this
case made of expanded polypropylene
(EPP). Only when the deformation dis-
placement that is available in the EPP vol-
ume component has been largely used up
does the force level increase significant-
ly. In cases with a 50:50 mixture with
metal particle foam (APM), this transi-
tion takes place at about 40 % total de-
formation, since the polymer foam com-
ponent is already approximately 80 %
compressed here — the deformation at
which a further compression of the pure
polymer component already presuppos-
es high forces and, primarily, the metal
particles begin to come into contact with
one another, and thereby the second
phase of the metal particle deformation
begins.

If such a hybrid foam continues to
compress, the force level increases strong-
ly. A large degree of energy is absorbed by
the initial plastic deformation of the met-
al particles. For example, the force level at
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Fig. 5. Schematic two-stage deformation behav-
ior of particulate hybrid foams. Elastically flexi-
ble deformability at a material level is com-
bined with plastic energy absorption at a high
force level
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Fig. 6. Stress-compression diagram of the hybrid foams of different APM contents in the compression
test. Only when the deformation displacement that is available in the EPP volume component has
been largely used up does the force level increase

60 % total deformation lies at approxi-  elisonlyat 1.4 times that level, which par-
mately six times the level of pure EPP ticularly illustrates the multistage energy
foam. At 20 % deformation, the forcelev-  absorption of the hybrid foams.

Summary

The hybrid foam variants presented here
open up completely new application ar-
eas. Varying the material composition al-
lows the deformation behavior to be ad-
justed within a wide range. The particu-
late polymer/metal hybrid foams that
have been developed thus offer large po-
tential for smart, multi-stage energy ab-
sorption in crash applications. ®
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