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Investigation of frictional and wear properties by phosphorus and sulfur-based additives
in nitrogen atmosphere
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Table 1 Sliding test conditions

Load Air or N2
Stroke 1.0 mm
Reciprocating Frequency 50 Hz
Normal Load 50 N
Exhaust Maximum contact pressure 1.5 GPa
Temperature 80°C
24 )?;a;s mm Lubricant Test duration 1800 s

Figure 1 Schematic images of sliding tester
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Fig. 2 Friction coefficient against oxygen content
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Fig. 3 Wear volume against oxygen content
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PAO4
Oxygen content Fe C (o] P S
21 406 132 46.2
5 57.0 37.0 6.0
ol 57.7 368 586
Sulfurized olefin (high reactivity)
Oxygen content Fe C (8] P S
29 54.4 9.9 6.7 29.0
5 61.0 14.5 5.0 19.5
ol 595 17.0 48 187
Sulfurized olefin (low reactivity)
Oxygen content Fe C 6] P S
21 48.3 15.5 10.9 253
5 499 93 5.1 35.7
0 58.2 16.7 5.0 20.1
Acid phosphorus ester amine salts
Oxygen content Fe C [0} P S
21 50.0 76 353 71
5 68.3 103 18.3 32
0l 728 106 14.9 1.7
Neutral phosphate ester
Oxygen content Fe C 0 P S
29 35.1 6.6 47.6 10.7
5 428 6.3 407 102
0l 432 6.1 40.4 10.3

Fig. 4 Atomic concentration of tribofilm
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with each lubricant
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