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ABSTRACT – We developed the in-situ measurement 

method of surface energy in friction area during friction 

to clarify low friction mechanism in ESEM 

(Environmental Scanning Electron Microscope) chamber 

by measurement of contact angles of condensed liquid 

micro droplets of water and diiodemethane. We 

confirmed that surface energy of local friction area and 

friction coefficient could be estimated well in the 

chamber of ESEM.  

 

1. INTRODUCTION 

One of the important phenomena for the friction is 

adhesion. Adhesion should be affected by surface energy 

of both friction surfaces. M. E. Sikorski reported that 

friction coefficient between metals depended on the 

adhesion coefficient [1]. Santner and Czichos [2] showed 

that adhesion works between various polymer materials 

showed strong effect for friction works. Traditionally 

surface energy has been measured by a liquid droplet 

method that estimate the dispersion force term and 

hydrogen bond term of surface energy of solid surface by 

the contact angles of two liquid drop lets as water and 

diiodemethane [3]. However the liquid droplet method is 

just the average value of surface energy of the measured 

contact area of droplets as about 1 mm diameter circle 

area. In order to know the effect of surface area on the 

friction, we should measure the surface energy of local 

friction area as a few mm diameter circle area.  

In order to overcome this problem, we introduced 

new method for the evaluation of surface energy of 

minute local area on friction scar with Friction tester 

installed ESEM. After repeated oscillating friction, 

condensed micro liquid droplets were produced by the 

cooling of the friction truck in ESEM chamber. From the 

contact angle of micro liquid droplets in various types as 

water and diiodemethane, surface energy of local area on 

the friction scar can be estimated just after friction test 

without any evacuations to the outside from the chamber. 

In this paper, the possibility and effectiveness of the new 

novel method of surface energy estimation for local 

friction area with in-situ friction tester in ESEM is 

introduced.  

 

2. PROPOSAL OF NOBLE METHOD OF 

SURFACE ENERGY ESTIMATION FOR 

LOCAL FRICTION AREA WITH IN-SITU 

FRICTION TESTER IN ESEM 

Figure 1 shows the schematics of the developed 

surface energy friction measurement systems. The 

oscillating type pin-on-plate friction tester is in the 

chamber of the ESEM. The ESEM can observe the 

specimen even if the chamber is filled the gas which is 

up to 10 Torr. So we can fill the water and diiodemethan 

gases to make the micro droplets. In order to cool the 

friction plate specimen, friction specimen is fixed on an 

electric cooling stage which is installed in the oscillating 

type friction tester.  

Repeated sliding was applied by the oscillating 

motion of the plate specimen. After the repeated sliding 

up to a certain cycles, the plate was moved to the center 

of the ESEM observation area. And then, the cooling of 

the plate specimen was started to grow the liquid droplet 

of water. After the water, cooling stage was heated. After 

the evaporation of the water droplet, a diiodemethane gas 

was introduced to the chamber for the droplets of the 

diiodemethane.  During the cooling of the plate, the 

growth of the diiodemethane droplets could be observed 

with ESEM. Contact angles of water and diiodemethane 

droplets could be measured from the videos of the growth 

of both droplets. 

 

 
Figure 1 Schematics of the developed surface energy 

friction measurement systems. 

 

3. COMPAIRING BETWEEN SURFCAE 

ENERGIES BY DIFFERENT METHDS AS 

CONVENTIONAL LARGE DROPLET 

METHOD AND THIS NEW MICRO 

DROPLET METHOD WITH ESEM  

Figure 2 and 3 shows the observed water and 

diiodemethan micro droplets on the Si (100) surface in 

ESEM, respectively. From these contact angles of these 

figures, Hydrogen bonding components and Dispersion 

force components were estimated as shown in Figure 4. 

In Fiure 4, Kawai’s report [4] shows the results obtained 

by the conventional macro droplets method. Figure 4 

shows that our new method can provide the proper values 

of each components of surface energy. 
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Figure 2 Observed water micro droplets on the Si (100) 

surface. 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 3 Observed diiodemetahne micro droplets on the 

Si (100) surface. 

 

 
Figure 4 Comparison between estimation results by 

conventional macro droplet method (Kawai’s report [4]) 

and this new micro droplet ESEM method. 

 

4. RELATIONSHIP BETWEEN SURFCAE 

ENERGY AND FRICTION FOR POLYMER 

MATERILAS  

In order to confirm if our in-situ friction tester can 

measure the friction and surface energy both, friction 

force under repeated sliding in ESEM chamber was done 

for polymer plates as POM, PE and PTFE.. Figure 5 

shows the variation of friction coefficient of 3 polymers 

with repeated friction cycles. Friction coefficients of all 

3 polymer are quite stable under different repeated 

friction cycles. Figure 6 shows the relationship between 

friction coefficient and surface energy. It can be seen that 

friction coefficient of polymer is proportional to the 

surface energy well. 

 

 

 
Figure 5 Variation of friction coefficient of polymers 

materials with repeated friction cycles. 

 

 
Figure 6 Relationship between friction coefficient after 

5000 cycles and surface energy of Polymer materials. 

 

5. CONCLUSION 

We developed the in-situ measurement method of 

surface energy in friction area during friction to clarify 

low friction mechanism in ESEM (Environmental 

Scanning Electron Microscope) chamber by 

measurement of contact angles of condensed liquid micro 

droplets of water and diiodemethane. We confirmed that 

surface energy of local friction area could be estimated 

well in the chamber of ESEM. Also friction coefficient of 

polymers showed proportional relationship to surface 

energy. From these results, we confirmed that this new 

method can obtain the in-situ relationship between 

surface energy and friction coefficient just after sliding 

well. 
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