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Overview
Poly(ether ether ketone) (PEEK) is a technopolymer with outstanding performance 
characteristics such as high temperature resistance, excellent chemical inertness, 
self-lubricating properties and excellent mechanical properties. For this reason, it is widely 
used in various sectors of the chemical, mechanical, aeronautical, electronic, and nuclear 
industries. However, under certain severe application conditions, much higher properties 
are required. To meet these higher requirements in terms of mechanical performance, PEEK 
is commonly enhanced by adding a reinforcing second phases (filler), such as in PEEK 
polymer matrix composites reinforced with short carbon fibres (CF) or glass fibres (GF). 

In Roboze HeliosTMPEEK 2005, short fibres of a special technical ceramic are added to the 
poly(ether ether ketone) (PEEK) matrix in order to develop a high performance 
thermoplastic composite. The mechanical properties of polymeric composites reinforced 
with a dispersed phase are mainly  affected by the aspect ratio of the reinforcing fibres, the 
strength of the interfacial bond between the matrix and the dispersed phase, and the 
homogeneity and uniformity of the dispersion. It is possible to demonstrate with theoretical 
calculations that as the aspect ratio of the reinforcing phase and its stiffness increase, 
composites with much higher mechanical properties can be obtained. In the case of 
Roboze HeliosTMPEEK 2005, the combination of the high specific contact area offered by the 
ceramic phase, the uniform dispersion of the filler in the matrix, and the strong 
adhesion force between the reinforcement and the matrix, allow an effective transfer of 
stresses between the matrix and the dispersed phase, thus guaranteeing the achievement 
of excellent mechanical resistance values. The ceramic phase provides twice the room 
temperature stiffness of the unreinforced matrix and 10% and 20% higher tensile and 
compressive strength respectively.

The ceramic phase is smaller in size than the more common carbon and glass fibres, which 
makes the composite materials to which it is added ideal for the construction of 
components of complex geometry characterised by thin walls and high surface finish. 
Furthermore, its monocrystalline nature allows the elimination of grain boundaries and the 
minimisation of crystallographic defects, features that maximise the reinforcing 
effectiveness of this ceramic phase.
Thanks to the inherent low thermal conductivity of the ceramic phase, Roboze HeliosTMPEEK 
2005 has high thermal insulation properties even when exposed to high operating tempe-
ratures. The reinforcing ceramic phase allows to improve the ability to withstand the appli-
cation of loads in high temperature environments, resulting in a 6% increase in HDT during 
the test at 1.8 MPa.
Unlike carbon fibres, the technical ceramic used as a dispersed phase has a very low 
electrical conductivity, a property that improves the electrical insulation properties of these 
composites when compared to a carbon fibre filled equivalent.
Furthermore, the addition of ceramic filler in the PEEK matrix makes it easier to remove the 
printed parts from the substrate. 
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Applications
Possessing an excellent printability, low shrink rate, and high smoothness, Helios™PEEK 2005 
is an ideal material when there is need of mechanical strength, chemical resistance, 
electrical isolation, and dimensional stability at high temperatures. It finds use in many 
sectors such as Energy, Motorsport, and Manufacturing.

Examples of applications for this material include high performance tooling, electrical 
casings, acoustic liners, and bushings. Since it can be smoothed to a high degree, Helios™
PEEK 2005 can be used to manufacture parts for aerodynamic testing and automotive 
housings. Given its great chemical and thermal resistance it can be used in harsh 
environments with aggressive chemicals and high temperatures such as in oil wells.

Design phase

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.

Manufacturing Process
Specimen were manufactured on a Roboze ARGO 500 fed with a filament with a diameter of 
1.75 ± 0.05 mm. This thermoplastic filament 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, Roboze HeliosTMPEEK 2005 spools were subjected to a drying cycle at a 
temperature of 100°C for 12 hours in HT Dryer.

The temperature of the working chamber was set to 160°C.  To allow isothermal conditions 
within the hot chamber, 2 hours was waited before starting the printing process.

Printing  conditions for  following data tables were:

• Chamber Temperature = 160°C
• Extrusion Temperature = 440°C
• Printing Speed = 1440 mm/min
• Layer Height = 0.2-0.3 mm
• Infill Percentage = 100%
• 2 Shells

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

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.

The preparation of the samples and the execution of the individual tests followed the 
guidelines imposed by the associated regulations.1
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Summary of the Helios™PEEK 2005 properties 

Tensile Strength

Young Modulus

Elongation at Tensile Strength

Flexural strength

Flexural modulus

Strain at Flexural strength
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Figure 1 Example of On Edge, Upright and Flat orientation on the building plate

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)
•   On Edge  (or XZ)
•   Upright (or  ZX)
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PROPRIETÀ UNITÀ

ORIENTAMENTO
METODO
DI PROVA

CONDIZIONI 
DI ESERCIZIO

Melting Temperature

Glass transition Temperature 

Heat Deflection Temperature

Coefficient of Thermal Expansion

Thermal conductivity

Thermal conductivity

Degradation Temperature

Degradation Temperature

Flash point 

Comparative Tracking Index

Surface Resistivity 
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PROPERTY UNITS VALUE
TEST
METHOD

OPERATING CONDITIONS

GENERAL

Specific gravity 

Water Content

Melt Flow Index

Color

ISO 1183

Loss on Drying

ISO 1133

120°C x 6h

2,1 Kg, 390°C

g/cm3

g/10min

1.45

< 0,15 % weight

2.6 : 2.7

Milky white

Mechanical Properties
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 (σ), 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 (ε), 
i.e. the percentage ratio between the variation of length of the test specimen with respect to 
its initial dimensions (∆ℓ) and its nominal length before the start of the test (ℓ0).

±
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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 (σM), Young’s modulus 
(E) and strain at tensile strength (εM). 

Figure 2 Comparison between tensile test behaviour of Helios™PEEK 2005 samples built 
in different orientations

130

120

110

100

90

80

70

60

50

40

30

20

10

0
         0.5          1           1.5          2          2.5          3           3.5          4          4.5          5

σ 
(M

Pa
)

XY 0

XY ± 45°

XZ

ZX

ε (%)

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. 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 proper comparison between different materials it is important to know in 
advance the speed at which the test was performed.

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.

HeliosTMPEEK 2005 shows the typical behavior of a brittle material in XZ,ZX and XY at 0° raster 
angle orientations. Analyzing the graph it is possible to observe a linear elastic behavior 
and then the fracture of the specimen without any plastic deformation. In the case of 
specimens printed with XY orientation and raster angle of +/- 45° the material reaches 
higher tensile strength values and higher fracture toughness.

Components manufactured by additive manufacturing show anisotropic mechanical 
properties. Since the aim of the additive manufacturing process is often to create parts of 
arbitrarily complex geometry, it is very difficult to align the sample in the direction that 
maximizes its mechanical properties. For this reason, the mechanical properties of samples 
printed with different orientations on the building plate were analysed.
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Table 1 Tensile properties of Helios™PEEK 2005 measured at 25°C for different specimen orientations

TENSILE TEST ASTM D638                                    ORIENTATION                      
                                                           UNITS                     XZ                  XY 0°          XY ±45°        ZX
Tensile Strength                            MPa                       107    116           125                 45
Elongation at maximum stress      %                       1.5                  1.7           3.3                  1.2
Young’s Modulus                          GPa                       8.8    8.8           5.9                 4.2 

Figure 3 Stress variation along the cross section of a beam subjected to flexural loads
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The flexural behavior of HeliosTMPEEK 2005 was evaluated according to ASTM D790. The 
samples are bars with dimensions 12.7mm x 127mm x 3.2mm.

The testing speed was set to 1.35 mm/min and the support span was 50.8 mm.

Flexural Properties
During the design phase, the knowledge of the bending behaviour of a material, results to 
be a key parameter for the correct structural dimensioning of the component. As shown in 
Figure 3, considering a bar of material fixed at both ends, and with a vertical load applied to 
its middle point, it is possible to demonstrate how the stresses originating inside the body 
present a linear axial distribution: the stress σ reaches maximum absolute values , although 
opposite in sign, at the extremes of the section, while it is zero at the neutral axis. The reason 
for this is that the points below the neutral axis (therefore below the surface on which the 
load is applied load) will be in a state of compression, while the points above the neutral 
axis ( therefore belonging to the surface free from the action of the load) will present a 
state of traction.

Table 2 HeliosTMPEEK 2005 Flexural Properties

ORIENTATION                                      EF (MPa)                                                σF(MPa)            

XZ               6.1                           124   

XY ±45°                                          8.6                                                     164                                   

ZX                                                             3.5                                                               39                                

The stress-strain curve for the three different printing orientations is shown below.
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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 ASTM D695 standard was used for the determination of the compression properties of 
HeliosTMPEEK 2005. Dimensions of cylindrical specimens are as follows:

•   Diameter: 12.7mm 
•   Height:  25.4mm

The testing speed was set at 1.3 mm/min. The compressive strength values for two different 
spatial orientations are summarized in the following table:
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Figure 4 Stress-strain curves for HeliosTMPEEK 2005 specimens printed in different orientations 

ORIENTATION                                                                                            σM(MPa)                     

XZ                                                                      145    

ZX                                                                                                                    163                                   

Table 3 Compressive strength values of HeliosTMPEEK 2005 at 25°C

Hardness Test
The hardness is a numerical value that indicates the characteristics of plastic deformability 
of a material and allow to determine the resistance offered by a material to be penetrated 
by another (penetrator).
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•   Applied load: 10 N 
•   Track radius: 15 mm
•   Sliding speed: 20 cm/s 
•   Sliding distance: 1000 m

Figure 5 Variation in coefficient of friction as a function of sliding distance

The evolution of the friction coefficient can be observed. Initially, an increase in friction 
coefficient associated with the initial running-in period was observed than it stabilizes 
around values of 0,25 – 0,28. 

Coefficient  of  friction
Study on tribological properties of HeliosTMPEEK 2005 were performed on a pin-on-disc 
tribometer.The methodology of the test consists in fixing the HeliosTMPEEK 2005 disc on a 
rotating plate and  the steel pin (counterpart) is pushed against the disc with 10 N load. The 
pin stays on the disc with two degrees of freedom: one vertical, which allows its direct 
contact with the surface of the disc, and the other horizontal, which is responsible for the 
friction contact. The counterpart is a 100Cr6 steel sphere with a diameter of 6 mm. Before 
each test, the sphere was washed with acetone to remove any residue and contamination
The test conditions were as follows:
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The test of hardness used to characterize the behavior of PEEK is the ASTM D2240 Shore D 
test method. In this test, the specimen is first placed on a hard flat surface. Then the inden-
ter is pressed into the specimen making sure that it is parallel to the surface and finally the 
hardness is read within a certain amount of time of firm contact with the specimen.

SHORE  D  HARDNESS                   ASTM D2240                       85

Table 4 Shore D Hardness values of HeliosTMPEEK 2005
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PROPERTY

Table 5 Synthesis of experimental data for pin on disc test

PARAMETER                                                             VALUE

Coefficient of friction

Specific wear rate - sample

Specific wear rate - counterpart

6 ∙ 10-6 mm3 / (N∙m)

Chemical Compatibility
PEEK is known for its excellent chemical resistance to many organic and inorganic 
chemicals and for its exceptionally good resistance to hydrolysis in hot water. The aryl rings 
in PEEK are linked via ketone and ether groups  in “para” position (i.e. placed at opposite 
ends of the ring). The resonance-stabilized chemical structure of PEEK results in 
delocalization of higher orbital electrons along the entire macromolecule, making it excep-
tionally unreactive and intrinsically resistant to chemical degradation.

A list of some of the most common industrial solvents to which HeliosTMPEEK 2005 shows 
chemical inertia is summarized in the following table:

CHART CODES

R - Resistant

LR - Limited Resistance

NR - Not Recommended

ND - No Data

CHEMICAL
RESISTANCE

20°C/68°F 60°C/140°F 100°C/212°F

Acetaldehyde
Acetone
Acetylene
Acid fumes
Alcohols
Aliphatic esters
Ammonia, aqueous
Aromatic solvents
Benzene
Carbonic acid
Caustic soda & potash
Chlorobenzene

NR
R
R
R
R
R
R
R
R
R
R
R

R
R
R
R
R
R
R
R
R
R
R
R

NR
R
R
R
R
R
R
R
R
R
R
R

0.25 -  0.28

0.8 ∙ 10-7 mm3 / (N∙m)
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Copper salts (most)
Cyclohexane
Detergents, synthetic
Ether
Fatty acids (>C6)
Ferric chloride
Formaldehyde (40%)
Glycol, ethylene
Hydrochloric acid (10%)
Hydrochloric acid (conc.)
Hydrocyanic acid
Hydrogen peroxide (30%)
Hydrogen peroxide (30 - 90%)
Hydrogen sulphide
Hypochlorites (Na 12-14%)
Lactic acid (90%)
Mercury
Methanol
Milk products
Moist air
Napthalene
Nickel salts
Nitric acid (<25%)
Nitric acid (50%)
Nitric acid (90%)
Nitric acid (fuming)
Oils, diesel
Oils, essential
Oils, mineral
Oils, vegetable and animal
Ozone
Phosphoric acid (20%)
Phosphoric acid (50%)
Phosphoric acid (95%)
Sea water
Silicone fluids
Silver nitrate
Sodium carbonate
Sulphates (Na, K, Mg, Ca)
Sulphites
Sulphuric acid (<50%)
Sulphuric acid (70%)
Sulphuric acid (95%)
Urea (30%)
Water, distilled
Water, soft
Water, hard

R
R
R
R
R
R
R
R
R
R
R
R
R
R

NR
R
R
R
R
R
R
R
R
R

NR
NR
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

NR
R
R
R
R

R
R
R
R
R
R
R
R
R

ND
R
R

ND
R

NR
R
R
R
R
R
R
R
R
R

NR
NR
R
R
R
R
R
R
R
R
R
R
R
R
R
R

ND
R

NR
R
R
R
R

R
R
R
R
R
R
R
R
R
R
R
R
R
R

NR
R
R
R
R
R
R
R
R
R

NR
NR
R
R
R
R
R
R
R
R
R
R
R
R
R
R

ND
R

NR
R
R
R
R
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As concern reinforcing phase,  the chemical stability of the ceramic filler is good: It is not  
affected at room temperature by concentrated hydrochloric, sulfuric, and nitric acids. In  
addition, after exposure for seven days to boiling 5% hydrochloric acid, the ceramic phase 
showed slight but definite signs of attack; and after exposure for the same time to boiling 
5% sodium hydroxide, there was very slight evidence of fiber damage. 

Thermal Properties
Glass Transition and melting temperature
Unlike thermosetting polymers, when heated thermoplastic polymers undergo a progressi-
ve 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. Glass transition temperature (Tg) 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 (Tm). 

The characteristic temperature of HeliosTMPEEK 2005 are given in the following table:

PROPERTY                                                                                        TEMPERATURE (°C)

GLASS TRANSITION TEMPERATURE                               143

MELTING TEMPERATURE      343

Table 6 Summary table of melting and glass transition temperatures of HeliosTMPEEK 2005

Coefficient of Thermal Expansion (αT)
When a material in the solid state is subjected to cooling and/or heating cycles it has a 
tendency to contract/dilate. 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 favoured, thus causing the dilation of the body. The grea-
ter the bond force, the lesser the expansion of the material.

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

Where L is the length of the sample, T its temperature, and L0 its initial length. The coefficient 
of thermal expansion therefore represents the correlation coefficient between the 
deformation undergone by the material and the temperature variation. 

𝛼 =
1
𝐿

 
𝑑 𝐿

𝑇
𝑇 0 (  )𝑑 T
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Info about coefficient of linear thermal expansion provides quantitative characterization of 
expansion properties, which is an important designing index of the composite structure. 
The smaller αT gives an advantage of stability during the printing phase or using process in 
high temperature environments. 

Materials shows temperature dependence in their coefficient of thermal expansivity,
especially above Tg. Therefore, a single reported number for CLTE will not accurately reflect 
the expansion behavior, except below Tg where α changes little. Nonetheless, it is 
customary to select a representative value of CLTE for comparison purposes. 
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Figure 6 Variation of the linear thermal expansion coefficient with temperature

Heat Deflection Temperature
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 sample (127 mm x 13 mm x 3.2 
mm) positioned edgewise on two supports 101.6 mm apart (Method A) 

The specimen is subsequently loaded with a constant stress of 1.8 MPa. The heating of the 
specimen is achieved by immersing it inside a heated fluid bath according to a rate of 
temperature increase fixed at 120°C/h. The temperature at which a deflection of 0.25 mm 
occurs is defined as HDT.

Table 7 HeliosTMPEEK 2005 Deflection Temperature

PROPERTY                                           TEST CONDITIONS       ORIENTATION      VALUE     TEST METHOD
HEAT DEFLECTION TEMPERATURE       1.8 MPa          XY ± 45                   171             ASTM D648        
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Figure 7 DMTA plot of HeliosTMPEEK 2005 from -40 to 260 °C

In the temperature range of -50 - 120°C, the material has a relatively high storage modulus 
and a low loss modulus. This results from the fact that in this temperature range the chains 
are locked in a rigid network. In the range 120-170°C, there is a marked drop in the storage 
modulus, which is accompanied by a peak in the loss modulus; in this region the polymer 
chains acquire greater mobility, and the polymer undergoes a progressive phase transition 
from the condition of a rigid glassy material to that of a viscous fluid. Finally, in the range 
180-250°C, a rubbery plateau like behaviour can be observed in which both moduli remain 
almost  stable. Here, the translational movements occurring in the liquid state are limited 
by the entanglements of the macromolecules acting as temporary crosslinks.

Dynamic Mechanical Thermal Analysis (DMTA)
Dynamic mechanical thermal analysis (DMTA) was performed in a double cantilever 
configuration. A temperature range of -50°C to 300ºC, a heating rate of 3ºC/min, a 
frequency of 1 Hz and 0.05% oscillation amplitude were set (the test was performed in strain 
controlled mode). DMTA measurements are used to assess the polymer stiffness and 
mobility of macromolecules under dynamic conditions. The dynamic mechanical beha-
viour of HeliosTMPEEK 2005 samples has been studied and the following figure shows the 
variation of the storage (E') and loss (E'') moduli, and tan Delta with temperature.

Thermal conductivity
Among the main thermophysical parameters to characterize the heat transfer properties of 
a material we find Thermal Conductivity.

To determine thermal conductivity, it is important to record thermal diffusivity and specific 
heat capacity. Thermal diffusivity was measured by laser flash method. Laser heat pulse 
was irradiated on the front side of cylindrical specimen (Ø12.5 × 3 mm), the heat is 
transmitted through the sample thickness direction and the resulting temperature rise at 
the sample’s rear face is recorded as a function of time. 

The higher the thermal diffusivity of the sample, the shorter the time needed to heat the 
opposite side of the sample.
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Specific heat capacity was measured by differential scanning calorimeter. Thermal 
conductivity and can be obtained from following equation:

where k is thermal conductivity, α is thermal diffusivity, Cp is heat capacity and ρ is density. 

The thermal conductivity of a semi-crystalline polymer can be described by means of the 
modified Maxwell model, which assumes that a semicrystalline polymer is made up of 
anisotropic spherical crystallites imbedded in an isotropic amorphous matrix. The thermal 
conductivity will therefore be a function not only of temperature but also of the percentage 
of crystallinity of the polymer.

𝑘 =    C  ρ𝛼 𝑝  

THERMAL CONDUCTIVITY @ 25°C       W/m-K                            0.300

Table 8 HeliosTMPEEK 2005 Thermal Conductivity 

THERMAL CONDUCTIVITY @ 250°C       W/m-K                            0.248

Thermogravimetric analysis (TGA)
PEEK matrix has flame retardant properties and high thermal stability. TGA is an efficient 
method of studying the thermal decomposition temperatures of a material using a few 
tens of milligrams of the sample itself. By heating the material in a controlled atmosphere 
(pyrolytic conditions), temperature is the only factor influencing the decomposition of the 
material. However, in a fire scenario, the influence of oxygen on decomposition and 
combustion behaviour should also be considered. In this case, the material is subject to 
thermo-oxidative degradation. It is therefore equally important to determine the thermal 
stability of the material in air. Therefore, the sample was analysed in both inert and 
oxidising atmospheres.

In an inert atmosphere, the temperature of onset of thermal decomposition of HeliosTM PEEK 
2005. (T5% ) was evaluated at 560°C. At higher temperatures, the recorded mass loss is 
minimal. In fact, the final residual mass of HeliosTM PEEK 2005. at 1000°C under nitrogen is 60%.

Figure 8 TGA Plot of HeliosTMPEEK 2005 of sample
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From this it can be deduced that the product formed during the pyrolysis of HeliosTM PEEK 
2005 is quite stable in an inert atmosphere and at this temperature. It is known from the 
literature that PEEK is a polymer that tends to form carbon structures when subjected to 
pyrolysis. This suggests that during decomposition in nitrogen, the reaction that occurs 
leads to a thermodynamically stable carbonaceous structure. 

When testing the sample in an oxidising atmosphere, the TG graph does not show any 
obvious temperature changes at the start of decomposition. This is evidenced by the 
temperature at which the sample records a 5% mass loss, which is similar to the previous 
case. From this, therefore, it can be deduced that the oxidative nature of the atmosphere in 
which HeliosTM PEEK 2005 is heated has little effect on the temperature at which it begins to 
decompose. 

However, the TG graph also shows that the presence of an oxidising atmosphere modifies 
the decomposition mechanism which occurs at temperatures above 600°C. 
This also suggests that the thermo-oxidative degradation of HeliosTM PEEK 2005 is at least a 
two-step process, one occurring at the beginning of decomposition, which involves the 
formation of a carbonaceous residue, followed by the slow oxidation of this 
carbonaceous residue at high temperatures. 

Furthermore, it is interesting to note that at 1000°C, the TG graph of HeliosTM PEEK 2005 in 
nitrogen shows a higher residual mass compared  to TG analysis in air. This means that the 
carbonised structure formed during the initial phase of thermal decomposition in the 
presence of oxygen tends to be completely oxidised into a volatile phase (carbon dioxide) 
at oxygen concentrations of 22%. 

Volume and surface resistivity
The tendency of a material to let easily flow electrons can be expressed through the con-
cept of resistivity. The volume resistivity of a material is the electrical resistance of a unit 
cube of material while the surface resistivity is defined as the electrical resistance of the 
surface of an insulating material.
Both properties are measured using a three-terminal electrode test during  which a known 
voltage is  applied and resulting  current was measured. A voltage of 300 V and 
electrification time  of 60 seconds were used.   

Table 9 Surface and Bulk resistivity of HeliosTM PEEK 2005 

Electrical Properties

SURFACE RESISTIVITY                                     300 V 60”                            1.8 ∙ 1013 Ω              

BULK RESISTIVITY                                    300 V 60”                            2.7 ∙ 1015  Ω ∙ cm  


