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Experiment Study on Adhesion between Rough Surfaces

CHEN Rongyu, HUANG Ping’

(School of Mechanical and Automotive Engineering, South China University of Technology,
Guangdong Guangzhou 510640, China)

Abstract: The geometric properties of surface asperities have important effects on surface adhesion and friction in
tribological systems. In order to study the effect of roughness on adhesion, etching of the silicon wafers using KOH
solution was performed to get eight samples with different roughness. In this paper, the effect of RMS on adhesion was
studied by using atomic force microscope (AFM). Two AFM probes were used to simulate different contact geometry.
The one had a flat with a diameter ~ 2 um and the other one had a sharp tip. The experiments were performed under the
ambient condition and in the glove box. Then 15 points were selected for measuring the adhesion force and 50
measurements were performed on each point, and the average adhesion force and standard deviation of the sample were
determined according to the calculated values. Finally, comparison on the experiment value to the calculated results from
Rabinovich model was made. The results show that in case of relative small RMS, the adhesion force decreased sharply
with increasing RMS, and the trends fitted the Robinovich model well, as the RMS was large, the adhesion force
unobviously increased with increasing RMS, and a larger difference was found to Rabinovich model.
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Fig. 1 SEM micrographs of etched silicon in 10% KOH solution
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Fig. 2 SEM micrographs of etched silicon in 25% KOH solution
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Fig. 3 Topographic AFM images of all the samples
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Fig. 4 A typical force-displacement curve
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Fig. 5 SEM images of sharp probe and plateau probe
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Table 1 Roughness analysis of the samples

Number Sample Ry/nm R,/nm
1 a 1.08 0.735
2 b 5.27 3.46
3 c 13.8 11
4 d 24.9 19.7
5 e 355 28.1
6 f 53.9 36.2
7 g 145 105
8 h 231 178

S00.nm

Fig. 6 SEM micrograph of unworn and worn sharp probes
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Fig. 7 Adhesion force versus root mean square
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Fig. 8 Contact geometry between probe and sample
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Fig. 9 Adhesion force versus root mean square with plateau
probe
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