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Polytetrafluoroethylene (PTFE) is a thermoplastic polymeric material that is chemically inert, 

vacuum compatible, has a low surface energy, and has a large operating temperature range due to 

its high melting temperature. PTFE is also the lowest friction bulk polymer, which has led to its use 

as a solid lubricant in a wide variety of application spaces including, but not limited to, friction 

modifiers in oils and greases and in low friction coatings. However, PTFE suffers from extremely 

high wear rates, which limits its ability to be used as a bulk solid lubricant material. The addition of 

filler materials to bulk PTFE has resulted in wear rates that are 10-10,000x lower than PTFE alone. 

There are several wear reducing mechanisms for PTFE composite materials that have been 

developed in previous studies, including: 1) the prevention of crack propagation and delamination 

of PTFE, 2) the mechanochemical alteration of the material at the sliding interface, and 3) the 

modification of the sliding interface through filler accumulation and inclusion, which reinforces the 

material at the sliding interface. This work seeks to further understand the wear reducing 

mechanisms for ultralow wear PTFE composite materials under varying contact conditions, and to 

develop process-structure-property relationships for a new multi-polymer composite material, 

PTFE filled with poly ether ketone ketone (PEKK), and link these relationships to fundamental wear 

mechanisms. 

In this work, a new composite material is developed – PTFE filled with poly ether ketone ketone 

(PEKK). PEKK is a thermoplastic polymeric material with excellent mechanical, thermal, and 

chemical properties but suffers from high friction and moderate wear. It is found that PTFE-PEKK 

composite materials can result in wear rates which are 1,000 – 10,000x lower than the wear rates of 

bulk PTFE, and low wear behavior can be produced at high weight percent loadings of filler. The 

wear and friction behaviors along with the mechanical and thermal properties of the composites 

are found to be dependent on the weight percent filler content. The environmental sensitivity of the 

material was investigated, demonstrating that the wear reducing mechanisms of the composite do 

not depend as heavily on mechanochemically developed species at the interface that many other 

low wear PTFE composite materials rely on, but require the accumulation of filler material at the 



sliding interface. This PTFE-PEKK composite material’s structure and properties can be changed 

significantly through the thermal processing conditions that the material undergoes, which is found 

to be due in large part to a thermal degradation mechanism present in PEKK at processing 

temperatures necessary for PTFE and PEKK composite materials. Thermal degradation of the PEKK 

in the composites and subsequent crosslinking of the material leads to an increase in storage 

modulus of the composite, and a decrease in the viscous response of the composite with 

increasing temperature. Wear rate and friction coefficient are found to decrease with increasing 

thermal degradation of the PEKK in the composite.  

Other filler materials are investigated, including alumina particles and poly ether ether ketone 

(PEEK), which is a thermoplastic material within the same family of polyaryletherketones as PEKK. 

Wear and friction measurements, along with chemical analysis of the sliding interface using 

infrared spectroscopy, are performed on composites comprised of PTFE filled with PEEK and PTFE 

filled with alumina. Through the variation of sliding contact conditions and contacting materials, it 

is found that the PTFE-alumina composite requires a high surface energy gradient and hard sliding 

countersurface to initiate the filler particle breakdown and reincorporation into the tribofilm that 

leads to the development of tribochemical species and the low wear behavior. In contrast, PTFE-

PEEK composites achieve ultralow wear through the accumulation of filler at the interface but do 

not need a hard countersurface to achieve this, and benefit from contacting surfaces which are 

conformal, do not abrade the material, and have similar surface energies.  

 


