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Japanese Lacquer called “Urushi” is a natural resin material. It has been used since ancient times for a coating 

material of Japanese tableware. In this study, we have experimentally investigated the tribological performance 

of the Urushi and Urushi containing solid lubricant under dry and water lubricated condition by a ring on plate 

type friction testing equipment. It was consequently found that the Urushi containing solid lubricant has superior 

friction and wear properties compared with the Urushi under dry condition and water lubricated condition. 
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1. Introduction 

Resin plain bearings are widely used to support rotating 

parts and reciprocating parts of machines under oil-less 

or oil-free conditions. These resin plain bearings are 

generally manufactured by using a thermoplastic resin or 

thermosetting resin as the base material and mixing it 

with solid lubricants. Jotaki et al.[1] focused on the 

Japanese lacquer “Urushi”, which is a natural resin 

material with high hardness and excellent chemical 

resistance, as the base material of the resin plain bearings, 

and proposed a new resin plain bearing in which a solid 

lubricant (PTFE) was added to the Japanese lacquer 

“Urushi”. They evaluated the tribological performances 

of the proposed resin plain bearing under dry conditions. 

In this study, the tribological performances of this resin 

plain bearing were evaluated under both dry and water 

lubricated conditions, and the results are reported. 

2. Experimental method 

2.1. Test specimen 

Figure 1 shows the photo images of the test specimens in 

this study. The Japanese lacquer "Urushi" is a cured sap 

(Raw Urushi) of lacquer tree and is a natural 

thermosetting resin. In this study, mixture of the Raw 

Urushi and PTFE powder were used as coating materials 

on the brass substrate. After coating the mixture, the ring 

specimens were cured by heating in an electric oven at 

423 K for 5 hours. Two types of PTFE powder were 

prepared. Their average particle sizes are 10µm (10N) 

and less than 5µm (8N), respectively.  

2.2. Experimental conditions 

The sliding tests were conducted by using the ring-on-

plate type friction tester. Figure 2 shows the schematic of 

the friction tester. Stainless steel,SUS420J2(X33CrS13) 

was used as the mating material. The experimental 

parameters for the sliding tests were a temperature of 

25 °C, a load of 50 N(contact pressure 0.5MPa), a sliding 

distance of 125 m, a sliding speed of 25mm/s, and 

lubricants of dry and water. 

3. Results and discussions 

Figure 3 shows the friction coefficient calculated from 

the last 5 min and the wear scar depth formed under each 

lubrication. The pure Japanese lacquer showed high 

friction coefficient under both lubrications. On the other 

hand, the pure PTFE showed large wear scar depth. From 

these results, the pure resin shows poor lubricating 

performance. However, the mixed resin exhibited low 

friction coefficient and small wear scar depth. These 

results indicated the synergy effect of both resins was 

achieved. However, the mixed resin under water 

lubrication showed higher friction coefficient and larger 

wear scar depth than that under dry lubrication. A remove 

of tribo-layer derived from PTFE posed low lubricating 

performances lubricated with water. 
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Figure 1: photo images of the test specimen. 

 

 

 

 

 

 

 

 

 

Figure 2: Schematic views of the friction tester. 

 

 

 

 

 

 

 

 

Figure 3: Lubricating performances of the test specimens. 
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