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Abstract
Thermoplastic foams, made from polyetherimide (PEI) for example, combine low densities with excellent flame
retardant properties. Therefore, they provide an excellent choice for interior application in commercial aircrafts.
However, reduced densities cause low mechanical properties. Structural foams have a sandwich-like structure
with a dense surface and low-density foam core. They show increased mechanical properties compared to
thermoplastic foams and low part weights compared to solid parts. Thermoplastic foams can be transformed
into structural foams by using hot press processes. In such a process, polymer skins are produced on the foam
surface through compaction of foam cells at temperatures above glass transition temperature of the
amorphous polymer. This paper will present a new process to manufacture structural foams from thermoplastic
foams and investigate the effect of this transformation on mechanical properties.
1. INTRODUCTION

impact strength is discussed. First results of the
transformation of thermoplastic foams into structural foams
by using a variothermal hot press process have been
presented at 5th ITHEC [12]. Results for structural foams
manufactured with Diab Divinycell F40 and F50 will be
presented at Sampe Europe Conference 21 [13].

State of the art cabin parts, such as sidewall panels, are
built as a sandwich construction with glass fiber reinforced
face sheet and honeycomb cores. For thermal and acoustic
insulation purposes, glass wool packages are attached on
their backside. This design comes with many advantages
such as high weight specific mechanical properties and
excellent fire retardancy. However, curing of thermoset
resins leads to long cycle times during manufacturing and
limited options for repair in case of damage or recycling at
the end of product life. To overcome these challenges, a
new hot press process has been developed to transform
thermoplastic foams into structural foams. [1–3]
Thermoplastic foams allow manufacturing of low-weight
parts with densities as low as 3 % of the polymer density.
They are available in a wide range of polymers, such as
polyetherimide (PEI) with excellent flame retardancy and
certification according to FAR 25.853 [4, 5]. Thermoforming
these foams allows part manufacturing with low cycle times.
However, due to reduced densities, they show low
mechanical properties.
Thermoplastic structural foams have a sandwich-like
structure with a dense surface and a porous core and show
higher mechanical properties compared to foam parts as
well as lower part weights compared to solid parts. The
majority of reported approaches to create thermoplastic
structural foams are using foaming techniques in injection
molding processes. [6–10]. However, they are
manufactured to final part geometry in reaction injection
molding processes and reduction of part densities lower
than 75 % compared to solid parts is increasingly
difficult. [11]
Polymer foams made from amorphous thermoplastic
material show compression behavior that highly depends
on process temperature. This behavior can be used to
transform thermoplastic foams into structural foams through
localized compaction of foam cells. This paper presents a
hot press process to transform thermoplastic foams into
structural foams. Behavior of SABIC ULTEM XP foam in
this described process and influence of transformation into
structural foams on the bending properties and charpy
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2. THERMOPLASTIC FOAMS
Cellular materials with a three dimensional structure are
called foams. If the solid material is only contained in the
cell edges and struts, the foam can be classified as an open
cell foam. Many materials can be foamed, with polymers
being the most common. Relative density provides the most
important property of a polymer foam: [14, 15]
(1)

ϕ =

ρf
ρs

Here, ρf is the density of the foam and ρs the density of the
solid material. For mechanical properties of polymer foams,
a power law relationship is applicable in most cases: [15]
(2)

Xf
= ϕn
Xs

Xf represents the foam property and XS the property of the
solid material. Values of the exponent n usually lie between
1.0 < n < 2.0. If n = 1, this relation represents the rule of
linear mixture. Based on a review in literature, Gibson and
Ashby reported, that the correlation between relative
modulus and relative density of open cell foams can be
formulated as [14, 15]:
2

(3)
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5. RESULTS
Relative density in polymer skin

125%

Figure 7 shows the measured skin thickness plotted over
the compaction that was applied to manufacture the
polymer skin. At first glance, a clear correlation between
compaction and polymer skin could not be identified.
Measured skin thicknesses seem to be at an equal level,
independent of compaction. An increase in tool temperature
appears to have an impact on a thicker area from the
surface with an average of 118 µm at 225 °C and 128 µm
at 235 °C. However, if the measured skin thicknesses are
compared to the theoretical values, it can be assessed, how
far foam cells were compacted. The dotted lines in this plot
represent this theoretical relation between compaction and
skin formation for XP50 and XP110. The theoretical skin
thickness is achieved, when foam cells are completely
compacted and polymer density is reached. Especially for
small compactions, the measured skin thickness is much
higher than its theoretical counterpart. With increasing
compaction, this difference appears to decrease.
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Figure 7: Comparison of theoretical and measured skin
thickness
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As mentioned before, the density in the measured polymer
skin can be approximated, if the theoretical skin thickness
is divided by the measured skin thickness.
(9)
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For optimization of the process, it should be examined,
whether it is possible to further increase density for small
compactions.
Three point bending tests (see Figure 9) showed an
increase in bending modulus of more than 10 times with
increasing compaction for both materials. Bending modulus
in XP50 increased from 0.02 GPa up to 0.22 GPa. Bending
modulus in XP110 increased from 0.05 to 0.6 GPa. The
course of this increase, especially in structural foams made
from XP110, is progressive. In addition, this increase for
structural foams produced at 235 °C is higher than for
structural foams produced at 225°C.
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Figure 8: Estimated density in manufactured polymer skins
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Figure 9: Bending modulus of foam parts with different
thicknesses
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Figure 10 depicts in a similar manner that bending strength
in these structural foams increases 7 times in XP110 from
3.3 MPa to 23 MPa and 8 times in XP50 from 0.8 MPa to
6.5 MPa. Here, a higher increase in bending strength can
be observed with increasing temperature, especially in
parts made with XP110.

Figure 8 shows this relative density of the skin area over the
compaction that was applied during manufacturing. This
comparison reveals, that it is possible to achieve higher
density in the skin area, if apply higher compactions are
applied to the material. For compactions of 0.5 mm, it was
possible to achieve relative densities between 20 % and
30 % in the polymer skin area.
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Figure 10: Bending strength of foam parts with different
thicknesses
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As shown in Figure 14, charpy impact strength also
depends on part density. However, with structural foams it
is possible to achieve equal impact strengths compared to
the solid polymer, with relative densities being as low as
15% due to the porous structure of the foam core.
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Thermoplastic foams allow production of low weight parts,
but they also have low mechanical properties.
Thermoplastic foams can be transformed into structural
foams by using hot press processes. Polymer skins manufactured in these processes - can be analyzed using
optical methods to quantify their thicknesses and evaluate
the density increase. The mechanical properties of the
thermoplastic foams and the structural foams were
determined in three point bending tests and charpy impact
tests. It was shown, that mechanical properties can be
increased without changing the part weight by transforming
thermoplastic foams into structural foams by applying hot
press processes. The increase in bending modulus and
strength can be approximated using the relative part density
in a power-law relation. The increase in charpy impact
strength can be linked to the increase in density as well.
With these structural foams impact strengths of the solid
polymer can be reached at a fraction of its density.
As an outlook, promising topics relating to manufacturing
structural foams by using hot press processes are
presented in Figure 15 and Figure 16. By applying the
presented approach, it should be possible to produce
structural foam parts with specific geometries and local
differences in part and skin thickness.
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In Figure 12 the relative bending strength is plotted over the
relative part density. Again, the course of the power-law
relation with n = 1 and n = 2 enclose the measured values.
However, this time a power-law relation with n = 1.5 can be
applied to approximate the measured values.
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6. CONCLUSION AND OUTLOOK

Figure 11: Relation between relative bending modulus and
relative density of structural foams
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Figure 12: Relation between relative bending strength and
relative density of structural foams

Thermoplastic
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The last mechanical property to look at is charpy impact
strength (see Figure 13). Compared to the raw material,
charpy impact strength in XP50 increased by 2.3 times from
0.65 to 1.5 kJ/m² and in XP110 by 1.4 times from 3.8 to 5.4
kJ/m².
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Figure 14: Relation between density and charpy impact
strength of structural foam
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To further investigate this increase in bending modulus, the
relative bending modulus can be plotted over the relative
part density. The relative bending modulus and density are
the measured properties in relation to the solid polymer.
This allows a better representation of their correlation. The
plot shows two power-law relations as boundaries
enclosing the measured values, with n = 1 being the upper
boundary and n = 2 being the lower boundary. Using the
power-law relation with n = 1.35, it is possible to
approximate the measured bending modulus within an
acceptable range. However, with increasing relative
densities the exponent in the power law relation seems to
decrease.

Structural Foam
with varying Geometry
and Skin Thickness

Figure 15: Schematic for structural foam with varying
geometry and skin thickness
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Flat structural foam parts can be produced by using
continuous compression molding processes to increase
production efficiency. These flat parts can also be
transformed into a final part geometry by applying
thermoforming processes.
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Figure 13: Charpy impact strength of structural foam
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