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To improve the slip resistance of shoes on a wet floor, it is important to remove water between an outer sole 
and a floor. Because non-uniform wettability promotes the water elimination, the high friction is expected by 
setting air bubbles on the interface. Here, adding sodium chloride particles to rubber would induce dimples 
which can be air pockets, since the sodium chloride dissolves in water. As a result, the increased friction by 
adding sodium chloride was confirmed, especially when the sodium chloride content was 3.0 vol%. This high 
friction effect was significant for the case of soft rubber. 
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1. Introduction 

The slip resistance of shoes can be decreased on wet 
floors due to the water intervention. To ensure large real 
contact area, it is meaningful to design rubber 
composition and tread patterns. Focusing on the rubber 
composition, the real contact formation and the friction 
behavior are sensitive to wettability, and non-uniform 
distribution of wettability can enhance the friction force 
[1]. When there are some air bubbles between a rubber 
and a floor in water, the wettability distribution would be 
non-uniform Here, air bubbles can be inserted by adding 
dimples on rubber surface, because the dimples could be 
filled with air in water. The dimples would be formed by 
adding sodium chloride particles to rubber, because the 
sodium chloride particles on rubber surface dissolve in 
water. The aim in this study is to clarify the influence of 
sodium chloride addition on the friction behaviors of 
rubbers with different hardness and sodium chloride 
content for a water-lubricated condition. 

2. Methods 

Isoprene rubber sheets with different hardness and 
sodium chloride content were prepared. The initial elastic 
modulus and sodium chloride content were set at 5.6–
17.4 MPa and 0.0–5.0 vol%, respectively. The friction 
force between an alumina ball ( = 9.50 mm) and the 

rubber sheets was measured for a water-lubricated 
condition. The normal force and sliding velocity were set 
at 4.91 N and 10.0 mm/s, respectively. Before the friction 
test, the sodium chloride on rubber sheets was completely 
removed by rinsing in water. 

3. Results 

Figure 1(a) indicates the static and dynamic friction 
coefficients plotted against the sodium chloride content. 
With the increase of sodium chloride content, the static 
and dynamic friction coefficients increased at 0.0–3.0 
vol% and slightly decreased 3.0–5.0 vol%. This result 
indicates the high friction effect by adding sodium 
chloride to rubber. Figure 1(b) shows the influence of 
initial elastic modulus on static and dynamic friction 
coefficients when the sodium chloride was added at 0.0 

and 3.0 vol%. Regardless of sodium chloride content. 
static and dynamic friction coefficients decreased with 
the initial elastic modulus, indicating that the high 
friction effect of sodium chloride is high for soft rubber. 
 

 
Figure 1: Influence of sodium chloride content and initial 

elastic modulus on static and dynamic friction 

coefficients for a water-lubricated condition. 

4. Discussion 

It has been reported that real contacts thermodynamically 
expand based on the balance between surface and strain 
energies [1]. This effect is promoted for a non-uniform 
wettability distribution, which explains the high friction 
effect of sodium chloride addition. Considering no real 
contact area on the dimples foamed by sodium chloride 
particles, it is reasonable that the friction coefficients 
were the highest at 3.0 vol% in Figure 1(a). The theory 
also explains that the real contact formation is accelerated 
with the decrease of elastic modulus, which corresponds 
to the fact that the high friction effect decreased with the 
initial elastic modulus as shown in figure 1(b). 

5. Conclusions 

The static and dynamic friction coefficients increased by 
adding sodium chloride to rubber. The softer rubber, the 
higher effect. 
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