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In this paper, we examined the tribological characteristics of hexadecane lubricants at around the melting point 
of the lubricant. An atomic-force microscopy (AFM) was used to measure the friction force dependent on 
temperature under loads of 2.0 nN. It was found that friction force deceased with increasing scan speed for the 
temperatures below the melting point of hexadecane owing to condensed water from the atmospheric air. For 
surface temperatures around the melting point, the friction force increased at higher scan speed and 
hydrodynamic lubrication was observed because friction heating at higher scan speeds melted hexadecane and 
the viscosity of hexadecane is higher than condensed water.  
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1. Introduction 

At present, there are many industrial machines in our 
society. These machines have sliding parts, resulting in 
friction and wear. Reduction of friction and wear is 
important for improving energy efficiency and durability. 
Tribological product design requires consideration of 
tribological characteristics over a wide range of 
temperatures and environments to reflect what we see in 
nature. It is especially necessary to know tribological 
characteristics under low temperatures that correspond 
with the melting points of lubricants at micro- and 
nanoscopic scales. 
In this study, we used hexadecane, which has a melting 
point in the room temperature range, as a lubricant. The 
tribological characteristics of temperature dependences 
were measured under a micro load using atomic-force 
microscopy (AFM). 

2. Experimental methods 

An AFM (Hitachi AFM5100N) was used to measure the 
friction force. The temperature of a sample surface was 
controlled using a Peltier element by adjusting the 
voltage and current. Silicon carbide (SiC) single-crystal 
substrates with lubricant oil (hexadecane) spin-coated 
onto their surfaces were used as test samples. The amount 
of hexadecane dropped was 4 µL and the rotation speed 
of the spin coater was 1,000 rpm for 2 min during all tests. 
Table 1 lists the experimental conditions.  
 

 

Table 1: Experimental conditions 

Cantilever 
Olympus OMCL-

AC240TS-R3 

Surface temperature 16 ~ 30 [°C] 
Scan area 0.1 ~ 10 [µm2] 

Scan frequency 0.02 ~ 50 [Hz] 
Scan speed 0.004 ~ 1000 [µm/sec] 

Load 2.0 [nN] 

3. Results and discussion 

Error! Reference source not found. shows how friction 
depends upon temperature at several scan speeds. For the 
surface temperatures lower than the melting point of 
hexadecane (18°C), the friction decreased with increasing 
scan speed because of condensation of water in the air on 
the frozen hexadecane.  
At the melting point of surface temperatures, friction 
increased at higher scan speed and hydrodynamic 
lubrication were observed because friction heating at 
higher scan speeds melted hexadecane and the viscosity of 
hexadecane is higher than condensation of water in the air. 

 
Figure 1: Dependence of friction force upon scan-speed 
at various temperatures. 

4. Conclusion 

We have made the following conclusions: 
1. Viscosity of lubricant on the sliding surface impacted 

on friction force with a micro load. 
2. At the melting point of hexadecane, hydrodynamic 

lubrication was confirmed because of friction heating 
at higher scan speeds. 
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