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ABSTRACT – Thermoplastic based polymer materials 

are already represented in many tribological applications 

due to their good dry sliding behaviour, though high 

temperatures drastically limit the possible loads. This 

study investigates a filler material whose action is 

triggered by the heat development in the contact 

interface. The resulting chemical transformation of the 

filler actively counteracts surface interactions that would 

otherwise lead to excessive wear. The tribological tests 

clearly show the potential of this type of filler to broaden 

the range of application of polymer based compounds. 

 

1. INTRODUCTION 

Using thermoplastic based compounds for 

tribological systems bears many advantages. Self-

lubrication, corrosion resistance and low density make 

them an optimal choice for most applications. However, 

the friction induced heat in the contact interface is an 

obvious challenge for material developers, that could not 

yet be eliminated. There are numerous examples of use 

cases in which plastics are rejected purely due to their 

temperature sensitivity. Not only ambient conditions play 

a major role in that choice; the external load has a strong 

influence as well. Especially in the case of an 

unintentional overload and a resulting temperature 

excursion the material might melt and the whole system 

fail. 

A previous study [1] examined a special type of 

filler that is entirely new in the field of polymer tribology 

and promises a solution to the long-standing heat 

problem. The authors used a flame retardant featuring an 

endothermic chemical reaction, triggered very localized 

by high temperatures in the contact area, to counteract the 

heat development and keep the polymer in a normal 

operational state. The results not only prove that the 

concept is working well on a polyamide 66, but also 

indicate that products of the chemical transformation 

might have a positive effect on the tribological behaviour 

as well. 

However, the study only covers unreinforced 

compounds which by implication are not suitable for 

industrial systems subjected to high load. Therefore, this 

paper focusses on the applicability of the fundamental 

concept in the case of fibre reinforced polymers. 

 

2. METHODOLOGY 

2.1 Materials and sample preparation 

Two carbon fiber reinforced compounds based on 

polyamide 66 were prepared in analogy to the previous 

study [1]: One version contained only carbon fibres, 

another version additionally contained 30 wt.-% 

magnesium hydroxide (MH), provided by TER 

Chemicals (Germany) [2]: 
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The fibre content was held constant at 10 wt.-% for 

both compounds. The materials were manufactured using 

a co-rotating twin-screw extruder and utilizing a multi-

step Masterbatch routine according to [3]. After extrusion 

the granules were injection molded into plates from 

which the specimens were cut out mechanically. 

 

2.2 Tribological tests 

The tribological properties of the compounds were 

tested on a self-constructed pin-on-disk (PoD)-

Tribometer under dry sliding conditions. Wear was 

defined as the change in length -. of the sample pin, 

which was continuously monitored and recorded with a 

confocal distance sensor. The specific wear rate in the 

steady state phase could therefore be determined using 

following formula: 

23 = 67/(89 : -;) = '. : <> (89 : ? : -@)A     (2) 

The temperatures of sample and counterbody were 

measured using infrared sensors. The point of 

measurement on the pin surface was located 1.5 mm 

away from the contact interface. 

To minimize the experimental effort for testing a 

broad load spectrum as well as to provide insight into the 

systems reaction to a sudden increase of the external load, 

load increasing tests on the basis of [4] were performed. 

The contact pressure was increased incrementally from B 

= 1 MPa to 5 MPa with a step size of  ! = 0.5 MPa, the 

sliding velocity was set to 4 m/s. 

After the tribological tests, the worn surfaces were 

investigated via 3D profilometer. 

 

3. RESULTS AND DISCUSSION 

To investigate the change in the tribological 

behaviour of the compounds over a broad range of 

external load, the specific wear rate (2) in the steady state 

was plotted against the contact pressure (Figure 1). 

Because the values were taken only from the steady state 

phases, changes due to compression, softening and 

thermal expansion are not disturbing the wear rate 

calculations. 

During low load, both compounds show very 

similar values. At 2 MPa, the wear rate of the unfilled 

compound begins to increase drastically whereas the MH 

filled material demonstrates only little variation over the 

entire load spectrum. The rate of the former increases 

further with each load increment so that at 5 MPa, the 

value is almost five times higher compared to the filled 
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compound. This is an indication that, at medium and high 

loads, the filler shows a significant effect on the 

tribological behaviour by reducing mechanisms that 

normally lead to excessive wear. One of the effects 

involved is the production of a metal oxide layer on the 

surface which accumulates in front of fibre ends and 

prevents pieces from being broken off and furrowing the 

polymer surface [4]. 

 

 
Figure 1 Specific wear rate. 

 

Looking at the coefficient of friction, apart from a 

slight increase in the mid load segments the unfilled 

version demonstrates a rather constant value of 0.4 

during the tests. A decrease above 4 MPa can be 

explained by the local melting of the samples in that load 

region (see picture in figure 1) and the resulting reduction 

of its shear strength. The MH filled version demonstrates 

a comparatively high coefficient of friction of around 

0.55 in the beginning. This could be a result of an overall 

more brittle behaviour or of the interface temperature not 

yet being high enough to trigger the transformation of the 

filler [1]. The value is then decreasing rapidly to 0.3 

during the moderate load phases, followed by a slight 

incline towards the end. The reduction can be explained 

by the chemical reaction of the filler and the water 

released during that reaction: The water forms a steam 

cushion between the surfaces and hence reduces the 

probability of abrasive as well as adhesive interactions 

[1]. In addition, the produced metal oxide could form a 

particle layer on the surface similar to nano particles, 

creating a rolling effect and thus reducing the sliding 

resistance [4]. 

This layer is clearly visible when comparing the 3D 

profilometer pictures of the worn surfaces of the two 

compounds (Figure 2). The unfilled version shows signs 

of melting, illustrated by the smooth channel. Broken 

fibre pieces are lying on the surface and grooves are 

visible, which indicates abrasive action. The surface of 

the MH filled compound on the other hand is almost 

completely covered by a smooth layer; magnesium oxide. 

 

 
Figure 2 3D profilometer pictures. 

 

4. CONCLUSIONS 

Without doubt, the results show the potential of this 

new type of filler for polymer based tribocompounds. It 

was found that rather than the energy absorption, the 

released products during the chemical reaction of the 

filler seem to have a strong positive impact on the 

tribological behaviour of fibre reinforced plastics. They 

act similar to nanoparticles but are only released when 

necessary — during high loads — and in the location 

where it’s relevant — in high tension areas. 

Further study of the effects will evidently lead to a 

systematic use and, as a result, to safer, more cost 

efficient and overall better solutions for tribological 

applications. 
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