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Polymer matrix Fillers (wt%) E-mod. (GPa) Tg* (°C) Tm* (°C) 

PPS 40% glass fiber (GF) 15,5 90 280 

PPS 30% glass fiber + PTFE 12,5 90 280 

PPA/PA66 50% glass fiber 18 70 260 

PPA/PA66** 50% glass fiber 18 130 325 

PA66 20% PTFE + silicone oil 2,7 65 260 

PEEK 30% carbon fiber (CF) + graphite + PTFE 12,5 143 343 

The benefits with polymer composites are many and the development is progressing 

steadily. Today there is a large variety in both polymer matrix and fillers, i.e. fibers for 

strength and PTFE for lubrication. Depending on application a compromise between 

mechanical strength and thermal properties often need to be considered. In addition, the 

tribological performance is also an important aspect to take into consideration when 

choosing polymers for an application. 

*For the polymer matrix.  

**High temperature type PPA/PA66. 

 Reciprocating ball-on-disc setup. 

 Ball bearing ball, 100Cr6. ø 10 mm 

 Three surface temperatures. 

 Room temperature (RT), 80 °C, 120 °C. 

 Contact load, 5 N and 15 N. 

 Number of cycles, 2 000 and 10 000. 

 Frequency, 3 Hz. 

 Internal lubrication of the polymers has a very strong effect on friction and wear.  

 The glass fiber reinforced PPS causes wear of the steel counter surface. 

Adding PTFE to the material reduces the wear. 

 For some materials a test temperature of 80 °C seem to give the best performance. 

 In this study, the PA66 material with PTFE and silicone oil shows the best, while the glass 

fiber reinforced PPS shows the worst friction and wear performances. 

Figure 2. The friction coefficient for the different materials, mean value over the last 100 cycles. 

 The polymers with only fiber reinforcement 
and the ones with internal lubrication shows 
different wear and surface damage behavior. 

 With only glass fiber the wear tracks are 
heavily damaged and rough. Fibers are 
exposed at the surface in the wear track. 

 With internal lubrication the wear tracks are 
smooth, often smoother than the unworn 
surfaces. Since there is two other internal 
lubricants, silicone oil and graphite, it is difficult 
so separate the specific effect of PTFE on the 
tribological behavior. 

 For all materials, a higher load resulted in 
wider wear tracks. 

Figure 1.  Wear tracks of a) PPS with GF, b) PPA/PA66 with GF, standard type, c) PPA/PA66 with GF, high temperature type, d) PPS with GF and PTFE, 
e) PA66 with PTFE and silicone oil and f) PEEK with CF, PTFE and graphite. The contact load is 5 N, number of cycles 2000 and room temperature, 
except for e) where the temperature is 80 °C. Arrow indicates sliding direction. 

Figure 4. PEEK with CF, PTFE and graphite at 80 °C, 
15 N contact load and 2 000 cycles. Areas that are 
lower appear. Arrow indicates sliding direction. 

Figure 3. a) Fibers are exposed and broken and b) exposed fibers in the whole wear track and wear particles around the 
wear track at 120 °C, 15 N contact load and 10 000 cycles. And c) tongues of sheared material at the turning point at RT, 
15 N contact load and 10 000 cycles. Arrow indicates sliding direction. 

Figure 5. Image of a) PPS with GF and b) the counter surface, 80 °C, 5 N contact load and 10 000 cycles. 
The counter surface  is heavily worn. The polymer is also damaged. Arrow indicates sliding direction. 

 From the friction coefficient  two behaviors can be seen; only glass fiber for 
reinforcement, µ ≈ 0.4-0.5, and internal lubrication, µ ≈ 0.05-0.15. 

 The influence of contact load, temperature and test duration is not clear. 

 For most materials a temperature of 80 °C gave best performance. 

 PTFE is distributed as particles 
in the matrix. 

 In the wear track these 
appears a bit lower than the 
matrix. This might indicate 
that the PTFE is spread over 
the entire wear track, giving 
low friction and protecting 
the matrix from wear. 

 For PPS with glass fiber, the 
wear tracks were rougher with 
increasing temperature. 

 Abrasive wear occurs after 
10 000 cycles, for both the 
polymer and counter surface. 

 Iron oxide were present in the 
wear tracks. 

 For all the polymers with only fiber 
reinforcement the fibers were exposed in the 
wear track. 

 The more fibers exposed, the greater 
possibility to find broken fibers. 

 In some tests fibers had come loose from the 
matrix. 

 The wear particles mostly consisted of rolled 
material for the PPA/PA66 composites.  

 At the turning points the worn material were 
sheared out from within the wear track due 
to repeated deformation. 

 For PPS these sheared pieces of material 
were present also on the sides of the wear 
track. 


