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Suppressing Oil Autoxidation Reaction Using the Radical Trapping Effect of Fullerenes
Wataru YAGI' and Tomomi HONDA**

Autoxidation is a chain reaction that occurs in oil when it is in the presence of free radicals (oxidants) that can be stopped by
adding another substance to trap the radicals. To accomplish this, radical scavengers called antioxidants are commonly added to
lubricating oils. Zinc dialkyl dithiophosphate (ZnDTP), which provides both good antioxidation performance and wear resistance,
has been used for that purpose in the past, but because it contains phosphorus, zinc and sulfur, which cause catalyst poisoning,
alternative additives are currently being sought. Fullerenes, which have recently attracted significant interest due to their ability to
reduce friction and wear, are now being explored due to their oil antioxidant capabilities. Furthermore, some studies have
indicated that static electricity spark discharges resulting from electrification flows could promote oil oxidation. In the present
study, we conducted experiments on oil containing 0.1 wt% fullerenes by attempting to promote oxidation of the oil using an in-
house fabricated electrostatic discharge generator. These samples were then heated at 80 °C and maintained at that temperature for
four weeks during which they were analyzed by FT-IR once each week. Since our obtained results found that no oxidation
occurred in the oil to which fullerenes had been added, we conclude that fullerenes effectively suppress oil autoxidation by

trapping both alkyl and peroxy radicals, while conventional antioxidants target only peroxy radicals.

Key Words : fullerenes, autoxidation reaction, radical trapping effect, radical scavengers, electrostatic discharge, condition monitoring
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Fig. 1 Autoxidation reaction [t : 3k 1))
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Table 1 Specification of the discharge-generator

equipment
Frequency, Hz 5—3000
Maximum displacement, mm 30
Working distance of Z stage, mm +5
Movement precision of Z stage, um 2.5
Voltage of insulation tester, kV 400

Electrode material Steel (SUJ2)

Electrode

Metal

6V
|I ) Shaft

Function generator — Amplifier

Shaft
holder

container I

-

\

Shaft
holder

Laser displacement meter

Fig. 2 Schematic of discharge-generator equipment
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Table 2 Definition of sample oils
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Path A

R .
Alkyl radical
RO - ROOH

+ OH }
Hydroxyl radical j

Path C

Typical antioxidants

Fig. 4 Mechanism of oxidation of oil and reaction of each radical scavenger (il @ 3CHik 1, 10))
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