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Wear Properties of Vegetable QOils Formulated
with Some Antiwear Additives

U.S. Choi, B.G. Ahn, Y.J. Chun* and O.K. Kwon

Div. of Mechnical-Control, KIST, Seoul, Korea
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Abstract—There has been a growing concern for the use of mineral oil based lubricants because
of the worldwide interest in environmental issues. This has prompted the use of vegetable oils as
more environmentally acceptable base fluids. In view of this, four-ball wear test was carried out to
investigate the tribological behavior of selected vegetable oils blended with ZDDP, TCP and DBP
under high speed and temperate conditions. Of the additive evaluated, the new additive, DBP has
provided antiwear performance superior to the two other additives more commonly used. This su-
perior performance by DBP is probably caused by different wear mechanism. This wear mechan-
ism has been evidenced by the surface analysis of worn balls conducted using optical microscope
and EDAX.
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Table 1. Physical properties of vegetable oils
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Table 2. Composition of fatty acid of vegetable oils

Veg. oils | Castor Olive Soybean  Test

Test T~ oil oil oil method
(cSt) 100°C 1934 8372 8426 2014(90)

- KS M
200 325 -17. -22.
e 2 175 25 2016(90)

KS M

ol g3 (°'C : 3 3
218131 (°C) 308 312 % 010 (94)
29x7} 84 84 118 KS M
713} 7HmgKOH/g) | 180 191 190 0065 (92)

Veg. oils
Castor oil  Olive oil  Soybean oil

Faity Acid

C,, Lauric 0.1 o8} 0.1 o3} 0.1 o3}
C,, Myristic 0.1 ]38} 0.1 o]} 0.1 o]3}
C, Palmitic 0.7 7.3 9.9
Cy Stearic 0.6 27 3.0
Cigy Oleic 2.6 60.7 18.9
C,y., Linoleic 4.0 4.4 42.3
Cx Linolenic 0.5 0.5 55
C,.,+H Rincinoleic 70.5 5.5 24
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Fig. 1. Effect of antiwear additive concentration on an-
tiwear performance under castor oil: ®—@ TCP, A—
A DBP, B—R ZDDP. Test conditions: time, 1h; load,
392N; sliding velocity, 40 cm/s; bulk oil temperature,
75°C.
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Fig. 2. Effect of antiwear additive concentration on an-
tiwear performance under olive oil: @—@ TCP, A—
A DBP, B—B ZDDP. Test conditions as for Fig. 1.
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Fig. 3. Effect of antiwear additive concentration on an-
tiwear performance under soybean oil: ®—® TCP, A
—aA DBP, B—HN ZDDP. Test conditions as for Fig. 1.
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Fig. 4. Effect of sliding velocitiy on antiwear per-
formance under castor oil: ¢—4¢ non-additive, ®—@®
TCP, A—A DBP, B—M ZDDP. Test conditions: con-
centration, 1.0 wt%, time, 1h; load, 392N; bulk oil tem-
perature, 150°C.
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Fig. 5. Effect of sliding velocitiy on antiwear per-
formance under olive oil: ¢—¢ non-additive, ®—@®
TCP, A—A DBP, B—M® ZDDP. Test conditions
Fig. 4.
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Fig. 6. Effect of sliding velocitiy on antiwear per-
formance under soybean oil: ¢—4 non-additive, @—
® TCP, A—aA DBP, B—MW ZDDP. Test conditions
Fig. 4.
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Fig. 7. Effect of atomic concentration of formed on
worn surface on antiwear performance with increase
of sliding velocity : olive oil+1.0 wt% ZDDP, ®—@
Sulfur, A—A Phosphorous. Test conditions Fig. 5.
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Fig. 8. Effect of phosphorous concentration of formed
on worn surface on antiwear performance with in-
crease of sliding velocity : A—A olive oil+1.0 wt%
DBP, A—A olive 0il+1.0 wt% TCP. Test conditions
Fig. 5.
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