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You know more about tribology than you might think. As infants we can feel the difference in textures between smooth 

glass and rough sandpaper; as children we “wear” our favorite clothes until they become threadbare; and as adults we can 

tell when we need new tires when the treads have visibly worn away. In fact, the damaging effects of friction and wear in 

the automobile industry alone (e.g. replacing brake pads) are estimated to cost millions of dollars every year. In an effort 

to better understand and solve these problems, the field of tribology was born. 

Tribology is the study of friction, lubrication, and wear of two surfaces 

sliding against one another. It is multidisciplinary in nature, because one must 

use knowledge of physics, chemistry, materials science, and mechanical 

engineering to properly understand this sliding interface. 

Tribology’s influence is everywhere. On Earth, we can use oils and greases to 

reduce friction at sliding interfaces. In space, however, oils and greases are 

difficult to contain and are not very effective in extreme temperatures. Solid 

lubricants (like graphite, found in standard pencils) are a class of materials 

that are well suited for the harsh conditions of outer space, because they able 

to maintain high performance in a wide range of temperatures and vacuum 

environments.  One solid lubricant, polytetrafluoroethylene (PTFE, also known 

as Teflon ®), is scientifically interesting due to its exceptionally low friction 

(µ~0.1), but its use in industry is limited because it wears away very quickly 

(k~4x10
-4

 mm
3
/(Nm)). Figure 1 illustrates how wear rates and friction 

coefficients are calculated.  

In the early 2000’s, it was discovered that when this material is mixed with a 

very small amount of alumina particles (~80 nm in diameter), this new material, 

a nanocomposite, is able to achieve ultra-low wear (k~7x10
-8

 mm
3
/(Nm)). This 

means that under engineering sliding conditions, this material could last up to a 

staggering 5,000 times longer than pure PTFE and could compete with the 

lowest wearing engineering plastics on the market. Figure 2 compares the wear 

rate of this nanocomposite to other materials under engineering sliding conditions.  

The underlying mechanisms responsible for this remarkable low wear nanocomposite are still not yet fully understood, 

and this is where my research begins. In the Tribology Laboratory at the University of Florida I have worked with my 

adviser, Prof. W. G. Sawyer, to design experiments to determine the practical 

limits of this ultra-low wearing nanocomposite.  

Our most recent experiments were conducted in a broad range of vacuum 

environments (from ambient pressure, 760 Torr, to low earth orbit conditions, 

~4x10
-6

 Torr) to understand how the wear and friction of this nanocomposite 

are affected by changes in vacuum chamber pressure. These experiments 

suggest a strong dependence of PTFE nanocomposite wear on environmental 

moisture during sliding. This is highly relevant for artificial satellites, which 

are first packaged in ambient conditions and then exposed to the vacuum of 

space as they unfold their solar arrays through mechanical joints (Fig. 3). 

Every moving component in this type of assembly must overcome unique 

tribological challenges despite extreme temperature fluctuations, micrometeoroid impacts, and radiation. It is very 

rewarding to be a part of this research, which may someday be used to design longer-lasting, more efficient, and more 

cost-effective sliding mechanisms for satellites and extraterrestrial vehicles.  

Figure 1 Friction coefficient and wear rate 

calculations and illustrative diagrams. 

Figure 2 Comparative wear rates. 

Figure 3 Hubble Space Telescope at moment 

of release, mission STS-3. Image courtesy of 

NASA (www.nasa.gov). 


