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Overview

ULTEM™AMBO9085F filament by SABIC is a high temperature, amorphous polyetherimide
thermoplastic blend. It consists of a polyetherimide (PEI) with a polycarbonate copolymer
blend incorporated for improved flow.

It belongs to the category of high performance technopolymers, or superpolymers, as it has
resistance to hydrolysis and acid solutions, advanced thermal performances (supporting
repeated cycles in autoclaves) and strong mechanical characteristics. ULTEM™AM9085F
also has good electrical properties, which remain stable over a wide range of temperatures
and frequencies (including microwaves).

This, along with its good UV-light resistance and weatherability, is why it is one of few
polymers that can be used on the outside of a spacecraft.

It offers the ability to create parts with excellent properties at elevated temperatures due to
a high glass transition temperature (177°C, 367°F) and provides high heat resistance (HDT is
175°C at 1.82 MPaq, 347°F at 264 psi) and mechanical strength with low toxicity, smoke, and
flame evolution (UL94-V0 at 1.5 mm and 3 mm, 0.059 in and 0.118 in).

Overall, Sabic's ULTEM™AM9085F combines mechanical properties and process capability,
giving engineers exceptional flexibility and process freedom.

Applications

ULTEM™AMO085F is widely used in the aerospace industry because it has been certified for
several aerospace applications with FAR 25.853 and OSU 55/55 certifications. ULTEM™
9085F is approved for use in aerospace for components like brackets, vents, electrical
housings, air filter boxes, and ducts. It is also certified for space applications; this aspects is
unusual for polymers as this environment is particularly harmful to plastics due to the
presence of extreme temperatures, vacuum, and radiations.

ULTEM™AMOO085F is also used in automotive duct work thanks to its good resistance to
automotive fluids, hydrocarbons, alcohols, and aqueous solutions. Generally, it is perfect for
lightweight applications that require a high mechanical resistance at high temperature.

Design phase

The preparation of the samples and the execution of the individual tests followed the
guidelines imposed by the associated regulations.

1 Although data measured in a controlled environment can provide an indication of the chemical/physical and mechanical properties of the material and thus enable
comparison between different materials, the results of these tests may not be the same as those observed in the final component.

This phenomenon may be caused by the presence of geometric features or manufacturing conditions that may contribute to modifying the material behaviour. Furthermore,
the properties of polymeric materials are a function of both temperature and environmental factors (solar radiation, humidity, etc.), which is why the effect of these variables
should also be considered during the design phase, both in the case of short-term and long-term exposure.

In view of the above, it is recommended that a prototype be made in advance during the design phase to empirically verify its properties in the operating conditions required
by the specific application.
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Manufacturing Process

Specimens were manufactured on a Roboze ARGO 500, fed with a filament having a 1.75 +
0.05 mm diameter. This thermoplastic flament was subsequently extruded through a 0.6
mm diameter nozzle. To minimize the concentration of water molecules adsorbed and
absorbed by the filament due to exposure to the atmospheric environment, before starting
the printing process, the ULTEM™AM9085F spools were subjected to a drying cycle at a
temperature of 100°C for 12 hours in the HT Dryer.

The temperature of the working chamber was set at 180°C. To allow isothermal conditions
within the heated chamber, it was necessary to wait two hours before starting the printing
process.

The printing parameters for the following data are:

+ Chamber Temperature = 180°C
+ Extrusion Temperature = 380°C
« Printing Speed = 2200 mm/min
+ Layer Height = 0.3 mm

« Infill Percentage = 100%

» 2Shells

At the end of the printing process the samples are subjected to the phase of manual
removal of the supports.

The additive manufacturing technology produces intrinsically anisotropic components. As
the orientation of the component on the printing plate changes, it will be possible to observe
variations in terms of both the properties of the final article and the productivity of the
printing process. Keeping in mind what has been written above, it is possible to identify three
different orientations on the building plate that are named as follows:

+ Flat (or XY)
+ OnEdge (orXz)
- Upright (or zX)

UPRIGHT

ON EDGE

Figure 1 Example of On Edge, Upright and Flat orientation on the building plate
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Summary of the ULTEM™AMOO85F properties

MECHANICAL PROPERTIES

ORIENTATION

crenarie, =

Tensile Strength 25°C MPa 98 87 56 77 ASTM D638
Young Modulus 25°C GPa 2.9 2.6 25 2.6 ASTM D638
Strain at Tensile Strength 25°C % 5.2 5.3 25 5.2 ASTM D638
Flexural strength 25°C MPa 62.5 57 48 ASTM D695
Flexural modulus 25°C GPa 2.3 2.3 1.4 ASTM D695
Flexural strain at break 25°C % no break | no break 4 ASTM D695
Compressive strength 25°C MPa 93 98 ASTM D790
Izod impact, notched 25°C GPa 100 104 33 ASTM D256
Izod impact, un-notched 25°C % 1003 763 120 ASTM D4812
Poisson’s ratio 25°C MPa 0.37 ASTM D638

PHYSICAL PROPERTIES

ORIENTATION

e B,

Xy #45°|  2X  |ppocesseD
Density glcm? 1.27 ASTM D792
Glass Transition Temperature °C 177 DSC
Heat Deflection Temperature 1.82 MPa °C 175 175 165 ASTM D648
Coefficient of Thermal Expansion Flow 108 K™ 60.6 57 62.1 ASTM E831
Coefficient of Thermal Expansion X-Flow 106 K 61.1 58.3 62.9 ASTM E831
Thermal Conductivity 250°C W/m-K 0.21 ASTM E1952
Volume Resistivity Qecm 1. 10" 1. 10" ASTM D257
Dielectic Constant 100 MHz 2.73 2.54 ASTM D150
Dielectic Constant 500 MHz 2.72 2.53 ASTM D150
Dielectic Constant 1000 MHz 271 252 ASTM D150
Dissipation factor 100 MHz 0.003 0.00233 ASTM D150
Dissipation factor 500 MHz 0.00567 0.005 ASTM D150
Dissipation factor 1000 MHz 0.004 0.004 ASTM D150
Flammability Test FAA 1.5 mm PASSED FAR 25.853
Heat Release Rate — Test OSU 2 minute test 1.5 mm KW-min/m? 44 FAR 25.853
Heat Release Rate — Test OSU 5 minute test 1.5 mm KW-min/m? 45 FAR 25.853
Color Beige
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Mlechanical Properties

Poisson’s Ratio

Poisson's ratio, also known as transverse contraction coefficient, is a parameter that
expresses the ability of the material to contract or expand along the transverse direction
when the component is subjected to a one-way longitudinal stress. In the case of
homogeneous, isotropic materials in a linear elastic field, the Poisson’s coefficient (v) can
be defined as the negative ratio between the strain in transverse direction (smsv) and that in
longitudinal direction (e, ).

trasv
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The Poisson's coefficient can assume values between -1 (auxetic materials) and 0.5
(materials that do not undergo volume change under uniaxial tensile loading). In most
cases, polymeric materials have Poisson's coefficient of about 0.4, a higher value
compared to ceramics (about 0.2) and metals (about 0.3). In the case of materials with v
between 0 and 0.5, tensile stress will observe a small volume contraction in the direction
transverse to the load. However, this volume contraction is not able to compensate for the
volume change given by the elongation, thus causing an increase in volume and therefore
a reduction in density. The smaller the Poisson's coefficient, the smaller the transverse
contraction and consequently the greater the volume change. ASTM D638 type 1 specimens
were used to determine the Poisson's ratio. The orientation of the specimen is in the XY
direction while the infill is at £45°. The values obtained are shown in Table 1.

Table 1 ULTEM™AM9O85F Posson’s Ratio

ORIENTATION INFILL DIRECTION VALUE
XY + 45° 0.37

Tensile Properties

The tensile test is a destructive test useful to characterize the properties of materials when
subjected to uniaxial tensile loads. A specimen of standard dimensions, having a "dogbone”
geometry, is clamped by means of appropriate clamps to two crossbeams.

The movable crossbeam can move upwards, thus bringing the specimen into a tensile state.
Once the displacement speed of the crossbar has been set, the load applied and the
deformation undergone by the sample are monitored during the test.

In output the system is able to provide a Cartesian graph where the ordinates represent the
stress (o), i.e. the ratio between the force applied to move the mobile crosshead at constant
speed and the minimum section of the "dogbone” test specimen; while the

abscissae report the strain (¢), i.e. the percentage ratio between the variation of length

of the test specimen with respect to its initial dimensions (A¢) and its nominal length before
the start of the test (¢,).

The stress-strain curve will be a function of the nature of the material. The characteristic
parameters that can be derived from this curve are: tensile strength (o,,), Young’s modulus
(E) and elongation at break (g,).




vRoboze VERSION 1.0 _ REVISION DATE 10/12/2021
]

TECHNICAL DATA SHEET

Roboze ULTEM™ AM9085F

100

o (MPa)

€ (%)

Figure 2 Stress-strain curve for different printing orientations

The initial section of the curve shows a region of linear elastic deformation. In this region
(also called the Hookean region of the material), the material undergoes an instantaneous
and reversible strain linearly dependent on the applied stress.

The angular coefficient of the tangent line to the linear elastic region is defined as Young's
Modulus, which is the constant of proportionality between the strain undergone by the
material and the applied stress. The Young's modulus is generally measured from the
stresses at 0.05% and 0.25% strain.

The standard followed to perform the characterization of the samples was ASTM D638. A
speed of 1 mm/min was used to calculate the tensile modulus, thereafter, the speed was
increased up to 50 mm/min until the specimen failed.

It should be remembered that the results of the tensile test are a function of the set test

speed, which is why for a correct comparison between different materials it is important to
know in advance the speed with which the test was performed.

Table 2 Tensile properties of ULTEM™MAM9O85F measured at 25°C for different specimen orientations

TENSILE TEST ASTM D638 ORIENTATION

UNITS Xz XY +£45° ZX
Tensile Strength MPa 98 87 56
Strain at Tensile Strength % 5.2 5.3 2.5
Young’'s Modulus GPa 2.9 2.6 2.5
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The specimens printed in the ZX direction were examined in order to compare the effect of
the pattern manufacturing mode on the tensile test data. Two sample fabrication methods
were used: (1) printing the dog-bone specimen; (2) milling the specimen from a solid block
produced through FFF Additive Manufacturing. The empirical analysis showed differences in
the results of the tensile tests, highlighting a 37% increase in intra-layer adhesion properties
after the milling process.

Table 3 Comparison between "as printed” specimens and specimens obtained by milling

TENSILE TEST ASTM D638 ORIENTATION
UNITS ZX — as printed ZX - processed
Tensile Strength MPa 56 77
Strain at Tensile Strength % 2.5 5.2
Young’s Modulus GPa 25 2.6

Flexural Properties

During the design phase, the knowledge of the bending behaviour of a material, results to
be an essential key parameter for the correct structural dimensioning of the component.
Assuming to consider a bar of material supported in two points at the end and loaded with
a load in a direction perpendicular to the center, it is possible to demonstrate how the
stresses originating inside the body have an axial distribution of stresses of a linear type:
the stress reaches maximum values in module and opposite sign at the extremes of the
section and is zero on the neutral axis.

This is the reason why the points below the neutral axis (and therefore the surface on which
the applied load rests) will be in a state of compression, while the points above the neutral
axis (and therefore belonging to the free surface from the action of the load) will present a
state of traction.

y Tension

——
—
L,

Neutral

Axis Stress

N
I

Compression

(b) R

>

Figure 3 Stress variation along the cross section of a beam subjected to flexural loads
(e}

The flexural behavior of ULTEM was evaluated according to ASTM D790. The samples are
bars with dimensions 127mm x 12.7mm x 3.2mm.
The testing speed was set at 1.35 mm/min and the support span was 50.8 mm.

If the sample does not undergo fracture during the test, the load at 5% deformation is
assumed as the flexural strength value. The modulus is calculated with the tangent
method.
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Table 4 ULTEM™AM9085F Flexural Properties

ORIENTATION E. (MPa) o.(MPa) £.(%)
XZ 23 62.5 no break
XY £45° 23 57 no break
ZX 1.4 48.0 4

Compression Properties

Compressive stresses are inherently present in many engineering systems either due to the
application of a compressive load directly on the component or due to the application of
impact or bending loads. Another phenomenon directly related to compressive loads is
buckling, which severely limits the efficiency of systems leading to an underutilization of the
real properties of the material.

The reference standard used for the determination of the compression properties of ULTEM
™AM9O085F was ASTM D695. The specimens used to determine the compressive strength of
the material are cylinders with the following dimensions:

« Diameter: 12.7mm
+ Height: 25.4mm

The testing speed was set at 1,3 mm/min

Table 5 ULTEM™AM9085F compressive strength at 25°C

ORIENTATION o,,(MPa)

XZ 62.5

ZX 48.0
Impact Test

The characterization of the behavior of materials when subjected to the action of an
impulsive phenomenon can be performed by subjecting the sample under examination to
the Izod test.

This test is performed by releasing a pendulum starting from a predefined height and
making it collide with the specimen, in order to bring it to break. The difference between the
release angle (departure) and the ascent angle (arrival) is proportional to the energy
absorbed by the specimen during the impact, less friction. The amount of energy lost
during the test is reported as the I1zod impact resistance, which is expressed in Joule units
per meter of sample thickness.

The reference standard for a specimen without a notch is ASTM D4812 while the reference
test for a specimen with a notch is ASTM D256.
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Table 6 Notched Izod Impact values of ULTEMAM9O85F

PROPERTY Xz XYx 45 ZX
NOTCHED I1ZOD IMPACT TEST AsTMD256| J/m 100 104 33
UNOTCHED IZOD IMPACT TEST ASTMD256 | J/m 1003 763 120

Chemical Compatibility

ULTEM™AMSO085F, is an amorphous thermoplastic that has high resistance to acids and
hydrolysis, as well as excellent strength properties and excellent resistance to a wide range
of chemicals such as automotive and hydrocarbons and alcohols.

It resists basic solutions and weak acids, however it is sensitive to attacks by alkyl halides.

RESISTANCE

CHEMICAL

EXCELLENT LIMITED

Acetone X
Acids with pH <3 X
Acids with pH 3:6 X
Alcohols X
Alkyl halides X
Antifreeze X
Bases with pH >10 X
Bases with pH 8:10 X
Benzene X

Brake system fluid X
Butane X
Butanone X
Demineralized water X
Ethanol
Ester
Methane
Mineral oil

X[ X | X[ X

Petroleum fuels X
Petroleum greases X
Phenols X
Propane X
Silicone greases/oils X
Transmission fluids X
Windshield washer fluid X
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Thermal Properties

Glass Transition Temperature

Unlike thermosetting polymers, when heated, thermoplastic polymers undergo a progressive
softening process until they reach complete melting. The energy supplied through heat
irradiation can weaken and progressively break the Van der Walls bonds between the various
polymer chains.

This phenomenon involves a reduction in the stiffness of the polymer, which ends behaving as
an elastic solid and begins to assume the typical behaviour of a viscoelastic material.

The higher the temperature, the greater the viscous component will be compared to the
elastic one. The Glass transition temperature (T ) is described as the temperature at which
30-50 carbon chains of the amorphous region start to move. As the temperature rises, the
energy supplied to the system increases, allowing the progressive dissolution of the crystalline
domains. The temperature at which this phenomenon occurs is called melting temperature

(T.)-

Since ULTEM™AMO9085F is an amorphous polymer, it is not possible to define a melting
temperature.

Table 7 Glass transition temperature (Tg) of an ULTEM™AM9O85F sample

T T

9 m

177°C Non definable

Coefficient of Thermal Expansion (a,)

When a material in the solid state is subjected to cooling and/or heating cycles it has a
tendency to contract/expand. The phenomenon of expansion of bodies is directly related to
the atomic bond force. In fact, by supplying heat to the system, the increase of the vibration
amplitude of the atomic bond is favored, thus causing the expansion of the body. The
greater the bond force, the lesser the expansion of the material.

The linear coefficient of thermal expansivity (a,) is the length change for an infinitesimally
narrow temperature range, at any temperature T, and is defined as follows:

1 (dL)
a,=— | —
T Ly dT
T

Where L is the length of the sample, T its temperature, and L, its initial length. The
coefficient of thermal expansion therefore represents the correlation coefficient between
the deformation undergone by the material and the temperature variation.

The information on the coefficient of thermal expansion provides the quantitative
characterization of the expansion properties, which is an important design phase index of
the composite structure. The lower a, offers a stability advantage during the printing phase
or when using the process in high temperature environments.
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Table 8 Comparison between thermal expansion in parallel and perpendicular direction to
the material flow

PROPERTY DIRECTION UNIT XZ XY ZX TEST
METHOD

CLTE FLOW 106 K™ 60.6 57 62.1 ASTM E831

CLTE X-FLOW 1076 K™ 58.3 58.3 62.9 | ASTMES83I

Heat Deflection Temperature

The Heat Deflection Temperature (HDT) allows to empirically define the ability of a material
to resist a constant stress when exposed to a heated environment.

The reference standard used for this analysis is ASTM D648. This standard requires the use
of a rectangular geometry specimen (127 mm x 13 mm x 3.2 mm) placed sideways on two
supports at the center of which a constant load of 1.8 MPa is applied.

The specimen is heated by immersing it in a heated fluid according to a temperature
range set at 120°C/h. The temperature at which a deflection of 0.25mm occurs is defined as
HDT.

Table 9 Heat Deflection Temperature for ULTEMYAN9O85F specimens printed in different orientations

ORIENTATION TEST CONDITIONS VALUE (°C)
XY 1.82 MPa 175
XZ 1.82 MPa 175
ZX 1.82 MPa 165

Self-extinguishing properties

The Heat Release Rate (OSU) test is used by the aerospace | aviation industry to determine
the rate of heat release of cabin compartment materials when exposed to radiant heat.
During this test, the specimen is placed inside a chamber in which a constant flow of air is
flowed over time.

Following exposure of the sample surface to a source of radiant thermal energy, the
specimen releases volatile species, whose temperature is monitored throughout the test
period. Starting from the analysis of these parameters, it will be possible to determine the
Heat Release Rate and therefore assess the compliance of the material under analysis with
the CFR 25.853 regulation of the Federal Aviation Administration (FAA).

ULTEM™AM9085F complies with these regulations and the results of the OSU test for a
predefined sample thickness are summarized in the table.

Table 10 ULTEM™AM9085F Flame Behavior Properties

PROPERTY - TEST TEST CONDITION RESULT TEST METHOD
Flammability - FAA 1.6 mm PASSED FAR 25.853
Heat Release Rate - OSU 2min 1.5 mm 44 kW-min/m? | FAR 25.853
Heat Release Rate - OSU 5 min 1.5 mm 45 kW-min/m? | FAR 25.853
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Thermal Conductivity

The ASTM E1952 standard describes the method of carrying out the test in order to
empirically determine the thermal conductivity by means of Temperature-Modulated
Differential Scanning Calorimetry.

This technique involves the application of an oscillatory temperature program on a
specimen, thus inducing a periodic heat flow inside the sample. The relationship between
the amplitude of the resulting heat flow and the amplitude of the temperature oscillation
that induces it, allows you to calculate the heat capacity of the sample. Once the specific
heat capacity is known, obtained by normalizing the heat capacity to the mass of the
specimen, dimensions and mass of the sample, it is possible to proceed with the
determination of the thermal conductivity of the sample.

Table 11 Thermal Conductivity of ULTEM™AM9O85F

THERMAL CONDUCTIVITY @ 25°C ‘ W/m-K 0.32

Electrical Properties

Volume Resistivity

Dielectric materials are used to isolate components of an electrical system from each
other, as well as to provide mechanical support to design components. For this purpose it is
generally desirable to have the highest possible insulation resistance, compatibly with
acceptable mechanical, chemical and heat resistance properties.

Volume resistivity (pV) is defined as the inverse of electrical conductivity, and is a physical
parameter that shows the ability of a material to resist the passage of electrical charges.
The higher this value, the higher the ability of the dielectric component to perform its
insulating function.

The ASTM D-257 standard provides that the volume resistivity is determined by measuring
the current that passes through the material when the latter is inserted between two
electrodes, at the ends of which a suitable potential difference is applied by measuring an
electrometer.

By determining the electrical resistance offered by the specimen and knowing the

geometry of the sample, it is possible to subsequently calculate the volumetric electrical
resistivity of the material.

Table 12 Volume resistivity of ULTEM™AM9O85F

ORIENTATION TEST METHOD VALUE (Q - cm)

Xz ASTM D257 1.10%

XY ASTM D257 1.10%
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Electrical Permittivity and dissipation factor

The ASTM D150 standard provides the fundamental guidelines for the empirical
determination of the electrical permittivity (also known as the dielectric constant) and the
dissipation factor of insulating materials in a wide spectrum of frequencies (from less than 1
Hz up to hundreds of megahertz).

In the presence of electric fields, the characteristic electronic distribution of the atoms and
molecules making up the material tends to be perturbed, thus inducing a certain degree of
polarization and therefore an additional electric field in the material. The electrical
permittivity, therefore, is a physical quantity that quantifies the tendency of the material to
contrast the intensity of the electric field present inside it.

It can be defined as a ratio where the capacitance of a capacitor having the material
under study as dielectric appears in the numerator and the capacitance of the same
capacitor with vacuum as dielectric appears in the denominator. If the component is to be
used as a capacitor, it is preferable to have a high dielectric constant, as this would allow
the miniaturization of the component, however, low electrical permittivity is required in the
event that the final application provides for the insulation of components present at the
inside an electrical circuit.

The dissipation factor (also known as tan &) is a measure of the thermal energy dissipated
by a dielectric when exposed to an alternating electric field. In general, as the dissipation
factor decreases, the dielectric efficiency increases. The dielectric constants and
dissipation factors measured at different frequencies of the ULTEM™AM9085F are shown in
the table below.

Table 13 Dielectric constant and dissipation factor for ULTEMVAMOO85F measured at different frequencies

FREQUENCY | ORIENTATION DIELECTRIC CONSTANT DISSIPATION FACTOR
100 MHz XZ 2.73 0.003
500 MHZ XZ 2.72 0.005
1000 MHz XZ 27 0.004
100 MHz XY 254 0.002
500 MHz XY 2.53 0.005
1000 MHz XY 2.52 0.004




