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Abstract. The thermoplastic elastomers-PEBAX (PA1074) and two grades of Arnitel (VT3108, VT7812) which are commonly 
used in a range of medical devices, were aged at temperatures of 40 -100℃ for a period of up-to 324 days, and at 60℃ with elevated 
humidity. Understanding the effects of ageing on the behaviour of these thermoplastic elastomers used commonly in safety medical 
applications is crucial. The samples were characterised during ageing via mechanical testing, TGA (Thermogravimetric analysis) 
and DSC (Differential scanning calorimetry). It was observed that the samples discoloured during ageing with greater changes 
being observed at the higher ageing temperatures. The materials also displayed an increase in brittleness as a result of ageing, with 
the PEBAX showing more pronounced changes compared to the two grades of Arnitel tested. 

 

INTRODUCTION 

PEBAX (poly ether block amide) and Arnitel are thermoplastic elastomer copolymers which display similar 
elasticity to natural rubber. These polymers can be easily processed using conventional processing techniques such as 
extrusion and injection moulding1. The block copolymer PEBAX consists of polyamide (PA) as the hard phase and a 
polyethylene oxide (PEO) which is poly ether, as the soft phase. The block copolymer Arnitel consists of polybutylene 
therephthalate (PBT) as the hard segment alternating with a soft segment on the polymer backbone. The presence of 
the soft segments in the copolymers make them inherently flexible. Both of these thermoplastic copolymers are used 
in various applications including permeable membranes, sportswear and power transmission belts1. These materials 
are also used in the medical industry for breathable tubes and in angioplasty catheter balloons.  

It is crucial to understand the ageing behaviour of materials that are to be used in critical medical parts. The medical 
device regulations (FDA and EU) also require data supporting the manufacturer’s claimed shelf life. It is not 
commercially realistic to do real time testing as it takes several years and isn’t cost effective. Therefore, accelerated 
ageing techniques are widely used industrially and are generally believed to be comparable to the natural ageing 
behavior1,2. Accelerated ageing techniques have the benefits of early product launch with minimal chances of 
premature product failure.  

The Arrhenius relationship is a common method used industrially, which is based on the rate of a chemical reaction 
increasing exponentially with temperature. If a reaction obeys the Arrhenius relationship, a linear relationship is 
observed between a log plot of the reaction rate versus the reciprocal of temperature1. The Arrhenius relationship may 
fail at higher temperatures, as different degradation mechanisms may dominate. It is suggested in FDA guidance 
document on the ageing of medical packaging that accelerated ageing should occur at maximum of 600C. It is also 
recommended that if the material is below the Tg at ambient temperature, that ageing should occur least 100C below 
Tg. Accelerated ageing of polymers should be carried out at a temperature under which the polymer is in the same 
physical state as at ambient temperature. At room temperature, thermoplastic copolymers like PEBAX are typically 
between the glass transition temperatures of the hard (PA) and soft (PEO) segments1. The accelerated ageing studies 
of these materials are typically carried out at temperatures of 45 to 550C which is above the Tg of the hard segment, 
increasing the likelihood of non-Arrhenius ageing behaviour. An alternative approach known as 100C rule, is 
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simplification of Arrhenius relationship, which is often used industrially. According to this rule, the rate of ageing 
reaction increases by a fixed factor for every 100C rise in temperature. This assumes a particular value for the activation 
energy and may produce an over optimistic shelf-life estimate1. 

In this study PEBAX, two Arnitel grades and a 50/50 (W/W, %) blend of the two Arnitel grades were aged at 
40℃, 50℃, 60℃, 80℃, 100℃ and with elevated moisture at 60℃. The samples were characterised via DSC 
(Differential scanning calorimetry), TGA (Thermogravimetric analysis), and mechanical testing. 

 

EXPERIMENTAL 

The materials used were PEBAX and two grades of Arnitel. The PEBAX (MV1074) material was supplied by 
Arkema France Ltd. in the form of pellets. The grades of Arnitel used were VT3108 and VT7812 which are referred 
here as AR3108 and AR7812 respectively. The Arnitel material was supplied by DSM Engineering materials Dutch 
Ltd. in the form of pellets. 

Rectangular samples (80×10×4mm) of PEBAX, the two grades of Arnitel (VT3108, VT7812) and a (50/50) 
blend of Arnitel were prepared using a Wittmann Battenfeld smart power 35 injection moulding machine. The 
injection moulding was carried out at a barrel temperature of 200°C and a pressure of 1000bar. The mould temperature 
was kept 30°C with a cooling time of 20s. 

The samples were aged at a temperature of 40℃ for 324days, 50℃ for 162days, 60℃ for 81days, 80℃ for 
21days, 100℃ for 6days and with elevated moisture at 60℃ for 81days in laboratory ovens. The ageing time used at 
various temperatures were selected according to the 100C rule and is equivalent to ~4 years at 20℃. Samples were 
taken out each month for characterisation via tensile testing, DSC, TGA, and FTIR. Photographs of the aged and 
unaged samples were also taken. 

Tensile testing was carried out in accordance with ISO 527-2 using Instron 5500R Universal testing machine 
fitted with a 2kN load cell at a crosshead speed of 50mm/min. Five specimens were tested for each interval and average 
is reported. 

DSC was carried out using TA instrument Q100 over a temperature range of -80°C to 180 °C in a flowing 
nitrogen atmosphere at 10°C/min heating rate with sample size of approximatively 5mg. 

TGA was carried out using TA instrument SDT600 over a temperature range of 25 °C to 600 °C with a heating 
rate of 20°C/min. 

 

RESULTS AND DISCUSSION 

Figure 1 shows the unaged samples and those aged at elevated temperatures. It is apparent from the figure that 
high temperature ageing resulted in discolouration of the samples. Giovanna et al also reported severe discolouration 
of unpigmented ABS samples after long-term ageing at elevated temperatures3. The samples at the higher temperatures 
showed more pronounced discolouration. The aged samples of PEBAX displayed a yellower/browner colour, while 
the Arnitel samples showed a pinker hue. The development of a yellow colour in aged PEBAX has previously been 
attributed to the build-up of low molecular weight fragments caused by chain scission1.  

Figure 2 (a), (b), (c) and (d) show the tensile strength of aged and unaged samples. A slight decrease in tensile 
strength was observed in the aged samples of Arnitel compared with unaged samples. The aged samples of PEBAX 
displayed more pronounced changes compared with the Arnitel samples. All the samples showed a slight increase in 
tensile modulus values consistent with embrittlement. However, the samples of Arnitel AR7812 and Arnitel blend 
showed a prominent drop in tensile modulus values when aged at elevated humidity. Arnitel AR7812 was observed 
to be absorbing water and this may be the reason for the drop-in modulus values. Compared to AR7812, Arnitel 
AR3108 was observed to display less significant changes in ageing behaviour with elevated humidity. A general trend 
of decreased elongation was also observed in all the aged samples.  

Figure 3 (a) and (b) depicts the DSC and TGA curves for the PEBAX material before and after ageing. The glass 
transitions of the PEO and PA segments of Grade 7033 PEBAX, have been previously reported at -61 and +31⁰C 
respectively, and are labelled on figure 3 (a)1. The development of a small new peak at ~100-110⁰C can be seen on 
the PEBAX samples aged at 60, 80 and 100⁰C. A similar feature was previously observed at ~112⁰C after ageing grade 
7033 PEBAX, and was attributed to the melting of α crystalline domains in the PA regions1.  A slight increase in Tm 
is also observed after ageing which may be as result of small amount of crosslinking. The TGA results also showed 
little significance difference in the thermal degradation behaviour of the aged and unaged samples. However, there is 
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some evidence of a decrease in the degradation onset temperature after ageing, which may be due to the build-up of 
low molecular weight fragments. 

 

 

Figure 1. Pictures of unaged and aged samples of PEBAX, AR 3108 (Arnitel VT3108), AR 7812 (Arnitel VT7812) and 50/50 
(wt./wt. %) blend of Arnitel grades at various temperatures. 

 
 

   

 
Figure 2. Tensile strength graphs of PEBAX, AR 3108 (Arnitel VT3108), AR 7812 (Arnitel VT7812) and 50/50 (wt./wt. %) 

blend of Arnitel grades at (a) 400C, (b) 500C, (c) 600C, and (d) 600C with elevated humidity. 
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Figure 3. (a) shows the DSC melting curves of PEBAX at a range of temperature and (b) shows the TGA graphs of PEBAX. 
 

CONCLUSIONS 

Samples of PEBAX, two grades of Arnitel, and a Arnitel blend were aged at a range of temperatures, and it was 
observed that ageing resulted in discoloration. This effect was most evident at the higher ageing temperatures. The 
tensile testing for all the samples revealed that ageing resulted in an increase brittleness, with pronounced changes 
being observed in the PEBAX samples. The thermal analysis carried out via DSC and TGA showed only slight changes 
in the melting and degradation behaviour as a result of ageing. It can be concluded that ageing has a pronounced effect 
on the colouration and mechanical behaviour of the materials. 
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