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Abstract o T

Extended duration solid lubrication of rolling/sliding contacts, typical of gear teeth, comprised of self-mated steel at high temperature (540
°C) by carbon deposits continuously replenished through pyrolysis of acetylene feed gases, has been confirmed using a WAM-1 test machine.
Adequate lubrication, denoted by a low traction coefficient (. <0.05), depends on a sufficient rate of solid lubricant deposition relative to
the removal rate (due to wear). In the absence of lubrication, high traction coefficients (p>0.25) and scuffing will occur. Through tests
initiated under adequate lubrication conditions, the balance of rates of deposition and removal is found to be adversely affected by decreased
temperature or precursor gas feed rate, or by increased normal load or sliding speed. Gradual excursions in the controlled test variables produce

transitions to inadequate lubrication and scuffing as demarcated by rapid increases in traction coefficient.  © 1997 Elsevier Science S.A.
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1. Introduction

The limited range of thermal stability of liquid lubricants,
and the difficulty in replenishing solid lubricants as they inev-
itably wear away, leaves vapor and gas phase lubrication as
promising methodologies for numerous high temperature
bearing applications. Vapor phase lubrication has been suc-
cessfully applied to wide range of materials, as recently sur-
veyed by Rao [1]. Graham and Klaus [2] have employed
tricresyl phosphate and tributyl phosphate vapors to generate
lubricous polymeric films on steel sliding surfaces at temper-
atures of 370 °C. Hanyaloglu and Graham [3] expanded this
work to temperatures of 600 °C for SiAION/SIAION and
SiAION/cast iron sliding interfaces at contact pressures of
less than 1 MPa. Smith et al. [4] successfully lubricated
concentrated sliding contacts of self-mated alumina through
tribopolymerization of vinyl octadecyl ether, diallyl phthalate
and lauryl methacrylate monomers at 145 °C. The ability to
provide and continuously replenish carbon deposits from
directed hydrocarbon feed streams, drastically reducing both
sliding friction and wear, has been successfully demonstrated
by Lauer and coworkers [5,6] in concentrated contacts at
temperatures to 600 °C. Barnick et al. [7] demonstrated the
applicability of this lubrication technique to a broad range of
ceramics, nickel superalloys, and steels in self-mated high
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temperature sliding contacts through decomposition of acet-
ylene (C,H,) feed gases.

Previous research [8.9] has shown that the carbonaceous
gas decomposition lubrication approach depends upon a
favorable balance on the tribosurfaces of the rates of solid
carbon lubricant deposition and removal of these deposits
through wear. Adequate lubrication, which requires a rate of
deposition that equals or exceeds the rate of removal, often
results in reductions in friction of ten-fold or greater when
compared to friction coefficients measured in the absence of
any lubrication. Lubricant deposition is thermally activated,
with preliminary results suggesting an Arrhenius rate
dependence. These preliminary results also suggest a linear
relationship between deposition rate and precursor gas supply
rate, as well as a linear relationship between removal rate
and normal load. The rate of removal (per unit time) of
carbon deposits would also be expected to increase monoton-
ically with increased sliding speed, perhaps approximating
linearity.

In a previous study by Sawyer et al. [9], simulated rich-
burn turbine engine exhaust gas mixtures were observed to
provide no lubricating benefit to sliding contacts. However,
the same gas mixtures provided up to ten-fold wearreductions
in rolling contacts when compared to tests run in nitrogen
alone. This phenomenon is thought to be caused by the de-
position of solid carbon from CO and CO, species in the gas







