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Friction and Wear Characteristics of Bonded Film Lubricants of
Organically Modified Hybrid Ceramic Binder Materials

Hung-Gu Han', Hosung Kong and Eui-Sung Yoon
Tribology Research Center, KIST

Abstract — In order to enhance the thermal stability of binder materials of bonded type solid lubricants, several
metal-alkoxide based sol-gel materials such as methyltrimethoxysilane (MTMOS), titaniumisopropoxide
(Ti(Opr'),), zirconiumisopropoxide (Zr(Opr'),) and aluminumbutoxide (Al(Obu'),) were modified chemically by
both epoxy and acrylic silane compounds. Friction and wear characteristics of the bonded solid lubricants, whose
binders were of several hybrid ceramic materials, were tested with a reciprocating tribo-tester. Wear life was eval-
uated with respect to the heat-curing temperature, friction temperature, type of supplement lubricants, and ratio
of binder materials. Test results showed that the Si-Zr hybrid ceramic materials modified by epoxy-silane com-
pounds had a higher wear life compared to others. Sb.Os was the most effective supplement lubricants in the high
temperature, and XPS analyses revealed that it was caused mainly by a strong anti-oxidation effect to MoS, par-
ticles. The higher heat-curing temperature resulted in the higher wear life, and the higher friction temperature

resulted in the lower wear life.

Keywords — sol-gel, friction, wear, organically modified ceramics, bonded lubricants, ceramic binder.
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Table 1. Tested organically modified hybrid ceramics
binders for MoS; bonded film lubricants

Metal alkoxides
No ID Si Organic  other metal
precursor silane alkoxide
1 ST-101 MTMOS GPTMS Ti(Opr),
2 ST-102 MTIMOS MEMOS  Ti(Opr),
3  §Z-101 MTMOS  GPTMS  Zr(Opr),
4 SZ-102 MIMOS  MEMOS  Zr(Opr),
5 SA-101 MTMOS GPTMS  Al(OBu');
6 SA-102 MTMOS MEMOS Al(OBu);
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Fig. 1. A schematic diagram of an oscillating tribo-tester
and test specimen.
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Fig. 2. The results of wear life tests for the MoS; bonded-
film lubricants with organically modified hybrid cera-
mics binders.
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Fig. 3. The results of wear life tests for the MoS,
bonded-film lubricants with contents of binders.
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Fig. 4. The test results showing coefficients of friction
and wear life with respect to the binder materials.
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Fig. 5. The results of wear life tests for the MoS,
bonded-film lubricants with various supplement solid
lubricants.
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Fig. 6. The results of XPS analysis of remained lubricant
film with supplement solid lubricants after the wear life
test.
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Fig. 8. The microscopic view of wear particles from MoS;,
film.
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