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In running-in process, initial microscopic morphology affects the tribological properties because friction is 

dominantly contributed by adhesion of single asperities. In order to reveal the mechanism how initial 

morphology affects the formation of tribofilms and consequent tribological properties, it is necessary to apply 

a high-resolution analysis technique enabling the observation of tribofilm growth process. Therefore, we tried 

to use in-situ measurements using atomic force microscopy (AFM) and investigated the effects of surface 

roughness. The result shows rough surface promote the growth of tribofilms compared to smooth surface. 
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1. Introduction 

Initial microscopic morphology of surfaces plays an 

important role in friction and wear properties during 

running-in process [1]. In boundary lubrication, friction 

phenomenon is dominantly affected by the contact of 

single asperities with nano / sub-micron radius between 

two sliding substrates. Recently, Gosvami et al. revealed 

the growth process of the tribofilm formed by zinc 

dialkyldithiophosphate (ZDDP) at the contacts of single 

asperities by a novel in-situ AFM method, and suggested 

that increasing contact pressure promoted the growth of 

ZDDP tribofilms, which started at scratch marks [2, 3]. 

Based on above, we considered that the growth amount 

of tribofilms can be controlled by changing the surface 

roughness. In this study, the purpose is to understand the 

effect of initial surface roughness on the growth process 

of ZDDP tribofilm.  

2. Experiments details 

2.1. Lubricant and materials 

Poly-α-olefin 4 (PAO-4) and a ZDDP, which has alkyl-

structure of secondary C-3 & C-6 mixed, were used as 

base oil and a lubricant additive, respectively. The 

lubricants were formulated so that phosphorus content is 

0.08 mass%. Bearing steel (AISI 52100 with a hardness 

of 700 HV) was used as sliding substrate material. To 

investigate the effect of initial surface roughness, 

surfaces with two different roughness of smooth (Sa = 

1.4 nm) and rough (Sa = 2.2 nm) were evaluated.  

2.2. In situ observation of ZDDP tribofilm growth 

The film growth tests and the observation were 

performed by a commercial AFM (Nano Navi，Hitachi 

High-Tech，JP) with a silicon pyramidal tip (SI-DF40, 

Hitachi High-Tech, JP), which has a nominal tip radius of 

10 nm and a spring constant of 51 N/m. The growth tests 

of tribofilms were conducted by imaging of contact mode 

under the following conditions; the force of 2.0 µN, 

sliding velocity of 20 Hz, temperature of 120 ℃, and the 

AFM image range of 3.0 µm × 3.0 µm until 1200 cycles. 

3. Results and Discussion 

Figure 1 and 2 show AFM images after 1200 sliding 

cycles and volume of ZDDP tribofilms with sliding 

cycles, respectively. These results show that the rough 

surface promotes the growth of ZDDP tribofilm 

compared to the smooth surface, and the growth rates of 

ZDDP tribifilms is clearly changed after 500 cycles 

between the smooth and rough surfaces. This difference 

is considered to be due to the increase in contact pressure 

by decreasing the radius of single asperities. 

  
Figure 1: AFM images of ZDDP tribifilm on (a) smooth 

and (b) rough surfaces after 1200 sliding cycles. 

 
Figure 2: Volume of ZDDP tribofilm on the smooth and 

rough surfaces. 
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