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Saving CO, Emissions with Bio-Based FRP Metal Components
Sustainable Lightweight Design
with Bio-Hybrids

Lightweight construction can reduce CO, emissions during the use phase of vehicles. However, the life cycle

assessment of the FRP metal components frequently applied for this purpose is often rather mediocre. This

can be improved by using bioplastics and natural fibers. So-called bio-hybrids show what is possible.

As a demonstrator for the bio-hybrid components, a composite beam with an integrated metal insert with an omega profile (left) was manufactured.

This was connected to the bio-FRP and a rib structure made from the bio-injection molding compound was molded on (right). © Fraunhofer IMws
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he implementation of sustainable

and resource-saving mobility con-
cepts is essentially based on the key
technology of lightweight construc-
tion. A combination of plastic or fiber-
reinforced plastic (FRP) and metal has
often proven to be suitable and is
already established [1]. According to
the current state of the art, mainly fossil
raw materials are used for the plastic or
FRP. However, current hybrid light-
weight construction products do not
meet the requirements for sustainabil-
ity and resource efficiency in the sense
of environmentally oriented light-
weight construction. In a joint research
project, the Fraunhofer Institute for

Microstructure of Materials and Sys-
tems IMWS and the Fraunhofer Insti-
tute for Machine Tools and Forming
Technology IWU are investigating the
concept of “bio-hybrids”. The aim of the
project is to produce hybrid compo-
nents based on sustainable raw materi-
als (biopolymers, natural fibers and
metal) for components.

Specifically, a metallic component is
reinforced with a natural fiber-rein-
forced (NF) plastic based on technical
biopolymers and natural fibers (bio-
FRP) and then functionalized in the
injection molding process. The result is
a more environmentally friendly hybrid
component that has significantly
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Fig. 1. Comparative life cycle assessment of the concept of “bio-hybrids” based on bio-based

polyamides and flax fibers with a conventional hybrid component made of petrochemical poly-

amides and carbon fibers. © Fraunhofer Iwu

greater sustainability and an improved
ecological balance compared to classic
components (Fig. 1). Load-appropriate
design of the novel bio-hybrid compo-
nent and the adaptation of the currently
available processes for processing the
novel material combination are the
challenges for implementation. A signifi-
cant reduction in CO, emissions and
energy requirements can also be achiev-
ed in the production of bio-hybrid com-
ponents using an intrinsic process ap-
proach. With this efficient process ap-
proach, the composite components are
joined in the same process step as the
component geometry is created. Overall,
this leads to the establishment of eco-
logical and sustainable high-perform-
ance lightweight components.

The target markets are primarily
applications in the field of micromobil-
ity, such as integral components in
e-scooters, e-bikes or e-cargo bikes.
This market is characterized by enor-
mous growth. According to a study by
McKinsey & Company, the expected
market potential in 2030 in Europe
alone is USD 150 billion [2]. Further
fields of application for the innovative
solution include small stationary wind
turbines, sports equipment and also
classic mobility.

Currently, almost exclusively fossil
raw materials are used to produce
fiber-reinforced plastics (FRP). In par-
ticular, the production of synthetic
reinforcing fibers made of glass or car-
bon is energy-intensive [3]. »
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Fig. 2. The developed bio-PA11/wood particle injection molding compound has a stiffness of 5500 MPa with a maximum fiber content of 50 % (left)

and can also be processed into complex components with long flow paths (right). © Fraunhofer IMws
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Fig. 3. The bio-UD tapes were made from bio-PA11 and flax fibers using foil impregnation (left). The resulting bio-FRPs have a fiber volume fraction of

33% (right). © Fraunhofer IMWS

The Advantage of Bio-Polyamides

In addition, the recycling of conven-
tional FRP is only possible to a limited
extent. Overall, this leads to a poor
ecological balance for these compo-
nents and consequently also for the
hybrid component. The “bio-hybrid”
approach pursued for this purpose is
based on the use of bio-based raw
materials. The idea is to use NF plastic
composites based on technical
biopolymers such as bio-based poly-
amides (bio-PA) [4]. The advantage of
bio-polyamides lies in their significantly
better mechanical properties and
higher operating temperature range
compared to other biopolymers such as

polylactide (PLA) [5]. The NF used for
reinforcement can be, for example,
hemp, bast or cellulose fibers.

Gentle Manufacturing Process

In the project, the two Fraunhofer
Institutes are concentrating on the
development and processing of
injection molding compounds and
continuous unidirectional fiber-rein-
forced semi-finished products (bio-UD
tape) based on bio-polyamide 11 (bio-
PA11), wood particles and flax fibers. A
gentle manufacturing process using a
twin screw was developed for the
injection molding compound, which
enables the incorporation of up to 50 %

wood fibers and thus a maximum mo-
dulus of elasticity of up to 5500 MPa
(Fig. 2). For the bio-UD tapes made of
bio-PA11 and flax fibers, a film impreg-
nation process was implemented using
a continuously operating double belt
press (Fig. 3). The resulting bio-FRPs
with a fiber volume fraction of 33 %
have an elastic modulus of 23,000 MPa
parallel to the fiber orientation, deter-
mined in the tensile test according to
ISO 527 (Fig. 4). Analogous to conven-
tional FRP based on UD tapes, the
anisotropy in the mechanical properties
that also occurs with bio-FRP can be
used through a targeted layer structure
to produce lightweight components
that are adapted to the load path.
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Efficient Processing in
Hybrid Injection Molding

The bio-hybrid components can be
manufactured using the hybrid injec-
tion molding process, which is already
established in many applications for
conventional hybrid components.
First, the bio-FRP inserts and the
already pre-formed metallic inserts are
heated in an oven. The heated metal-
licinsert and the heated bio-FRP
insert are then inserted into the
opened tool, the subsequent closing
process causes the forming and con-
nection to the metallic insert. In the
final step, the composite is over-
molded with the bio-based injection
molding compound and functional-
ized. With this process, even complex
component geometries can be pro-
duced in cycle times typical of injec-
tion molding.

To validate the concept, tests were
carried out to produce composite
support components with a rib struc-
ture, which consisted of a 0.5 mm

Parallel
Load direction to fiber orientation

Transverse

thick metallic insert made of Cr-Ni
steel 1.4016 with a pre-formed Omega
profile, a 1.5 mm thick bio-FRP insert
made of bio -UD tapes and a bio-
injection molding compound (Title
figure). The FRP insert with a length of
396 mm and a width of 120mm had a
symmetrical 0°-90° structure made of
bio-UD tapes based on bio-PA11 and
flax fibers. The organic injection mold-
ing compound consisted of a bio-
PAT1 with 30 % wood particles. The
bio-hybrid components were manu-
factured on an injection molding
machine with a maximum clamping
force of 2000 kN (type: KM200-1000
C2, manufacturer: KraussMaffei) and a
cycle time of 48s. As part of the pro-
ject, it was shown that corresponding
bio-hybrid components can be manu-
factured efficiently.

The combination of FRP and
metals in hybrid components can be
particularly advantageous for appli-
cations under high dynamic loads.
Due to the ductile failure behavior of
the metallic reinforcement compo-
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nent, energy dissipation is signifi-
cantly increased in the case of a crash
compared to pure FRP components
[6]. To evaluate the mechanical prop-
erties of the hybrid components,
dynamic 3-point bending tests were
carried out. The impact speed of the
bending punch was approx. 2.3 m/s.
In the studies, the three component
concepts bio-FRP hybrid, bio-FRP-
metal hybrid and bio-FRP-metal
hybrid with additional adhesion
promoter (HV) to improve the bond
between metal and plastic were com-
paratively examined (Fig. 5). The
metallic reinforcement component
can significantly increase both the
maximum force at first failure and the
dissipated energy compared to the
pure bio-FRP hybrid. If an adhesion
promoter is also used, the maximum
force can be further increased until
initial failure.

Outlook

The concept of bio-hybrid components
represents a sustainable alternative to
conventional hybrid components made
of FRP and metals and is intended to be
implemented in concrete applications
in the medium term. As a conclusion to
the joint research project between
Fraunhofer IMWS and Fraunhofer IWU,
the production of a hybrid child seat
shell made of bio-FRP and metal is
planned. The feasibility of an organic
child seat was already successfully
demonstrated in a previous project [7].
The new "bio-hybrid” concept is intend-
ed to improve the crash safety of the
component. m
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Fig. 5. Exemplary force-distance curves from the highly dynamic 3-point bending tests (left) and average maximum force as well as energy absorption
for the component concepts (right). © Fraunhofer WU
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