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Over-based calcium sulfonates, dibenzyldisulfide and tricresyl phosphates were employed as additives by

multi- or single use. It was found that reduction of wear and increase of friction at the same time, which is
desirable for CVT fluids, can be achieved by adequate formulation of additives. TOF-SIMS analysis of the
wear track was conducted to understand the chemical composition of the boundary lubrication film generated
by the tribochemical reactions of the additives. The depth profile of the boundary lubrication film was also
acquired by an etching technique. The analysis revealed that the profile of the boundary lubrication film
depends on the film precursors, the additive(s). It was suggested that wear and friction can be controlled
independently by designing the boundary lubrication film, which derived from additive(s).
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TOF-SIMS Analysis of Boundary Lubrication Film Derived From Multi-Additives (Part 2)
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Table 1 Conditions of tribo-test

Sliding velocity, m/s 0.5
Load, N 1127
Qil temperature, “C 110
Time, min 20
Contact pressure, GPa 0.3
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Fig. I Chemical structure of additives
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Table 2 Chemical components of lubricant

Sample code OBCS DBDS TCP DBDS+OBCS | TCP+OBCS
Mineral oil 150N, mass% 99.0 99.8 99.7 98.8 98.7
Overbased calcium sulfonate, mass% 1.0 1.0 1.0
Dibenzyl disulfide, mass% 0.2 0.2

Tricresyl phosphate, mass% 0.3 0.3
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Table 3 Conditions of TOF-SIMS measurement

Primary ion source Ga
Primary ion beam energy, keV 15
Area of analysis, micron square 25, 180
Area of etching, micron square 80

Etching rate (in Si/Mo conversion), 03
nnvs
Depth, nm 0-750
Mass range of acquiring 0-3000
Secondary ion polarity :Z:;iv:;
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Fig. 2 Relationship between friction and wear
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Fig. 3 TOF-SIMS spectra of samples (m/z 0-80, wear track, 25 micron meters)
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Fig. 4 Chemical images obtained by TOF-SIMS
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Fig. 5 Depth profiles of Fe* ion
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Fig. 6 Depth profiles of CaO* ion
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Fig. 7 Depth profiles of FeS- ion
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Fig. 9 Model structures of boundary lubrication film
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