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1. Introduction 

Recently years, as a part of resolution corresponding to the global environmental problem and the energy resource issue, use of 

carbon-neutral vegetable oils has been tried. The bio lubricating oils based on vegetable fat and oil have properties such as high 

biodegradable, nontoxic to human body and environment and so on. Especially, in aquatic, mountain, agricultural and forest 

environments, consideration for environmental risks is needed, and so the application of the vegetable oils has become one of the 

effective options. Among the vegetable oils, rice bran oil refined from rice bran shows excellent heat-resistant property, and is the 

only vegetable fat and oil of which raw material can be sufficiently provided within domestic country. However, the performance 

evaluation of the rice bran oil as the bio lubricating oil has hardly been carried out. 

In order to grasp the high pressure physical properties and lubricating performance of the rice bran oil, the experiments of high 

pressure viscosity and high pressure density were performed, and the elastohydrodynamic lubrication (EHL) oil films under the 

impact loading were observed. Furthermore, the test results were compared to those obtained by a mineral oil with the same 

viscosity grade as the rice bran oil. 

 

2. Test lubricants and these physical properties 

Test lubricating oil is a rice bran oil refined from rice bran. Test oil density and kinematic viscosity in the atmosphere are ρ= 

0.915 g/cm3 at the temperature of 288 K, ν=36.3 mm2/s at 313 K and ν=9.50 mm2/s at 373 K, respectively. The viscosity index of 

test lubricant is VI=170. A mineral oil with the same viscosity grade (corresponding to ISO VG32) as the rice bran oil was also 

employed. The density of the mineral oil without any extreme pressure additives is ρ= 0.888 g/cm3 at the temperature of 288 K, 

and the values of kinematic viscosity at the temperatures of 313K and 373K are ν=29.4 mm2/s and ν=5.22 mm2/s, respectively. 

Viscosity index of the mineral oil is VI=109. 

 

3. Experimental results and discussion 

3.1. High pressure viscosity property of test oil 

High pressure viscosity of the rice bran oil has been measured using the unique viscometer of falling-ball type designed in Saga 

University [1-2]. Test temperatures were settled to 293 K, 313 K and 333 K. Each load of 14.7 kN, 19.6 kN or 29.4 kN was applied. 

The pressure p to each load becomes 0.13 GPa, 0.17 GPa or 0.25 GPa, respectively. Figure 1 shows the experimental results in the 

rice bran oil. In the tests at the temperature T of 293 K, when the pressure of 0.25 GPa was applied, light quantity through the 

sapphire observation window rapidly decreased and consequently the value of viscosity was not able to be obtained. Therefore the 

substitute tests at the pressures of 0.08 GPa and 0.21 GPa were carried out. Pressure viscosity coefficient α at each test temperature 

was calculated based on the experimental results of high pressure viscosity. The value at each test temperature became α=16.8 GPa-1 

at 293 K, 15.9 GPa-1 at 313 K or 13.5 GPa-1 at 333 K, and is almost the same as that obtained by the comparative mineral oil (α=18.0 

GPa-1 at 293 K, 15.7 GPa-1 at 313 K, 13.9 GPa-1 at 333 K). Moreover, the solid lines in the figure are approximation straight lines 

drawn by applying the pressure viscosity coefficient to the Barus equation. 

 

 
Fig. 1  High pressure viscosity of rice bran oil 

 
Fig. 2  High pressure density of rice bran oil 
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3.2. High pressure density property of test oil 

In order to measure high pressure density of test oil, the high pressure densitometer of plunger type designed in Saga University 

[1-2] was used. Two milliliters of test oil was poured into the pressure vessel of the high-pressure densitometer. While the load in 

the range from 4.9 kN to 147 kN was continuously applied to the test oil, pushing depth of the plunger was measured at every load 

increase of 4.9 kN. From the pushing depth volume and density of test oil were calculated, and then the relations of these values 

with the pressure were examined. Test temperatures were 283 K, 293 K, 303 K and 313 K. The relations between pressure and 

density of the rice bran oil are shown in Fig. 2. The density tends to increase with rise in the pressure. In the tests at temperatures 

of 283K and 293 K, the rapid increases in the density were observed at the pressures of 0.27 GPa and 0.54 GPa, respectively. 

3.3. EHL oil film observation experiment under impact loading 

Using the impact loading testing machine combining interference type film thickness measuring device, EHL oil film has been 

observed [3]. Steel ball with a diameter of 23.8 mm has been impacted on a glass plate with a diameter of 15 mm and thickness of 

5 mm. Young modulus and Poisson's ratio of the glass are 63.7 GPa and 0.2, respectively. Chromium coating with thickness of 50 nm 

has been deposited on contact side of the glass surface. Gap between the steel ball and the glass is 60 μm. Wavelength of light source 

through the red filter is 0.6 μm. The reflection factor of the rice bran oil is the same as that of the comparative mineral oil and is 1.47. 

So the interference fringes of both test oils appear at intervals of film thickness of about 0.2 μm. In the present experiment, the load of 

73.4 N was applied. Mean Hertzian pressure is 0.43 GPa in a stationary state, and test temperature is settled at 293 K. 

 

   

   
Fig. 3  Interference fringes under impact contact 

 

 

 

Fig. 4  Oil film shapes until 90 s from impact contact 

Figure 3 shows the results of the interference fringe observation tests in the range from 1s to 90 s. In the figure, hc means the 

film thickness at the central part. Figure 4 indicates the oil film shapes on the cross section of X-X' after 1 s and 90 s from applying the 

impact load. In the case of the rice bran oil, the lubricant parameter αη0 [4] governing the ability of oil film formation (α: pressure 

viscosity coefficient, η0: atmospheric viscosity) is 0.9×10-9. Its difference from the mineral oil with αη0=1.2×10-9 is small and it seems 

that both of the test oils have the equivalent ability of the oil film formation. But, it was found that the time variations of the trapped 

oil film are affected by the kinds of lubricating oil. The product αPm of the pressure viscosity coefficient and the mean Hertzian 

pressure is a parameter to evaluate the phase transition of lubricating oil. Its values of the rice bran oil and the mineral oil are 7.2 

and 7.7, respectively and on the inside of the trapped oil films the liquid behavior is dominant. So, in the case of mineral oil, the 

oil films were quickly disappeared. On the other hand, in the case of the rice bran oil including plenty of unsaturated fatty acids, 

the trapped oil film with thickness of about 70 nm on the slightly smaller region than the Hertzian contact circle was observed after 

1 s from impact loading. Thereafter it was confirmed that the oil films are remained until 90 s. 

 

4. Conclusions 

It was found that the rice bran oil has roughly equivalent pressure viscosity coefficient to the mineral oil with the same viscosity 

grade. In addition, until 90 s after impact contact, the entrapped oil films with thickness of about 70 nm were observed. And it was 

suggested that the residual of the oil film is related to unsaturated fatty acids constituting the rice bran oil. 
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