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ABSTRACT – Ni-P plating reinforced with SiC 

particles have been growing in importance owing to its 

high hardness and beater anti-wear properties. In this 

work, the effects of SiC particles on the friction 

property of Ni-P-SiC/Ni-P-SiC system in water were 

investigated. The friction tests were performed by a 

reciprocating friction mode. As the results, the Ni-P-

SiC/Ni-P-SiC systems with the surfaces where SiC 

particles were appeared in clumps had the low friction 

coefficient around 0.1 in water.  

 

1. INTRODUCTION 

Ni-P-SiC composite plating has the excellent anti-

wear properties [1], and it has been used for mechanical 

sliding parts such as cylinders and pistons. This is 

because that the film is reinforced by SiC particles with 

high hardness. 

It is known that SiC has not only the high wear 

resistance but also generates very low friction when 

sliding against itself under water lubrication. Wang et al. 

mentioned that the reason for this phenomenon is tribo-

chemical reaction; the reaction products SiO2 dissolved 

in water as silicic acid which acts as a lubricant, and the 

contact surfaces become very smooth by tribo-chemical 

wear [2].   

The result has expanded the applications of 

SiC/SiC system to sliding bearings and seals. Since Ni-

P-SiC plating is very low cost, it can impact to 

industrial applications if it is possible to reduce the 

friction of the plating in water.  

In this study, friction tests were conducted to 

examine whether the similar effects with SiC/SiC 

system can be obtained in Ni-P-SiC/Ni-P-SiC system 

under water lubrication. The friction and wear 

characteristics were evaluated by a ball-on-plate type 

reciprocating friction tester.  

 

2. MATERIAL AND METHOD 

2.1  Experimental apparatus 

Figure 1 shows the reciprocating friction tester 

used in this study. In this device, the ball is pressed 

against the plate by a weight. The plate is fixed in a 

water pool on the stage. The frictional force is measured 

by a beam load cell.  

 

 

 

2.2  Test pieces 

Figure 2 shows balls and plates used in the 

experiments. Nickel plating and Ni-P-SiC plating were 

formed on copper test pieces by the electroless plating 

method.  

 

 
Figure 1 Reciprocating friction tester. 

 

 
Figure 2 Test pieces used in this study 

 

3. RESULTS AND DISCUSSION 

3.1  SiC ball vs Ni-P plate, Ni-P-SiC plate, SiC plate 

Figure 3 shows the results of the friction tests 

when the three kind of plates were slid on the SiC ball. 

When the SiC plate was used, the coefficeint of friction 

was stable and decreased to around μ=0.08. On the other 

hand, when the Ni-P plate or Ni-P-SiC plate was used, 

the coefficient of friction was about μ=0.3. It is 

considered that since SiC ball had very high hardness 

compared with these plating films as shown in Fig. 2, 

the films were abraded severely and the new surfaces 

was always rubbed. However, the friction behavior of 

Ni-P-SiC film was very stable.   
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Figure 3 History of frictional coefficient SiC/SiC, 

SiC/Ni-P-SiC, and SiC/Ni-P plates. 

 

3.2  Ni-P Ball, Ni-P-SiC ball vs Ni-P plate 

Figure 4 shows the results of the friction tests 

when the Ni-P ball or Ni-P-SiC ball was rubbed on the 

Ni-P plate. It was considered that when the Ni-P plate 

was slid on the Ni-P ball, meaning Ni-P/Ni-P system, 

the plate and the ball induced the adhesion and the 

friction coefficient was increased. Especially, the 

friction behavior was very unstable over 30000 times. 

On the other hand, the friction coefficient gradually 

decreased in Ni-P/Ni-P-SiC system. As shown in Figure 

5, the wear track of Ni-P/Ni-P-SiC system was narrow. 

It is considered that SiC particles reduced the friction 

under water lubrication.  

 

 
Figure 4 History of friction coefficient on Ni-P/Ni-P and 

Ni-P/Ni-P-SiC system. 

 

 
Figure 5 Wear track on Ni-P plate after friction tests. 

 

 

 

3.3  Ni-P-SiC ball vs Ni-P-SiC plate 

Figure 6 shows the results of the friction test in Ni-

P-SiC/Ni-P-SiC system. As it can be seen in Figure 6, 

there were two cases in the history of friction: decreased 

case and increased case. When the coefficient of friction 

increased, the wear track was large as shown in Figure 

7, like that of Ni-P/Ni-P system shown in Figure 5. 

Therefore, it can be considered that in this case, Ni 

matrixes were rubbed each other.  On the other hand, 

when the confficient of friction decreased, the wear 

track was narrow. It is considered that SiC particles in 

the ball and plate were rubbed each other and it brought 

the good friction properties under water lubrication.  

 

 
Figure 6 History of frictional coefficient Ni-P-SiC /Ni-

P-SiC system. 

 

 
Figure 7 Wear track on Ni-P-SiC plate after friction test: 

(a) In case that the frictional coefficient increases, (b) In 

case that the frictional coefficient decreases. 

 

4. CONCLUSION 

In this study, the friction characteristics of Ni-P-

SiC film were investigated under water lubrication. As 

similar with the SiC/SiC system, it was confirmed that 

SiC particles contained in the film reduced the friction 

in water.  
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