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Research Status of Low-friction Coatings in Wide Temperature Range

SONG Fulei PU lJibin
(Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences,
Ningbo 315201, China)

Abstract: Antifriction and wear-resistant coatings are the key material for reliable operation of transmission mechanism in high-end
equipment. How to reduce the friction and wear of the motion pair under the conditions of large temperature changes has always
restricted the development of high-end equipment technology. Therefore, there is an urgent need to explore low-friction coatings in a
wide temperature range for the rapid development of modern industrial technology. This paper reviews the current research status of
low-friction coatings in wide temperature range, summarizes the composition, structure, tribological properties and lubricating
mechanism of three kinds of low-friction coatings in wide temperature range, including metal composite coating, nitride coating and
oxide coating. It is difficult to obtain a solid lubricating coatings with a single structure to meet the development needs. Technical
routes such as preparation of multi-layer coatings and pretreatment (texturing, pre-oxidation, etc.) are proposed to achieve good
tribological properties of the motion pair, which solves the problem of temperature sensitivity of conventional solid lubricating
coatings, and provides a new idea for the related research and development of low-friction coatings in a wide temperature range.
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Table 1 Physical properties and tribological properties of fluoride solid lubricants
Fluoride Density / (g + cm™) Melting point/ C Hardness / GPa Friction factor
CaF, 3.18 1418 4.0 0.2-0.4 (25-900 C)
BaF, 4.78 1353 3.0 0.2-0.4 (25-900 C)
62wt.% BaF,-38wt.% CaF, 4.01 1022 - 0.15-0.2
CeF; 4.50 1437 4.5 0.2-0.5 (25-1000 C)
LaF; 4.50 1490 4.5 0.4-0.7 (25-1000 C)
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Fig. 1 Tribological properties of NizAl-BaF,/ CaF,-Ag-based coating at different temperatures
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Table 2 Composition and tribological properties of PS/ PM series solid lubricating materials

Material Binder phase/ wt./% Hard phase / wt./% Solid lubricating phase / wt.% Friction factor
16.5CaF 024 (25 C)
PS100 67Ni - Dary 0.19 (540 C)
16.5glass .
0.23 (870 C)
L0A 037 (25 C)
. g .
PS/PM200 60NiAl 20Cr,C; 10BaF,/ CaF," 0.40 (500 GC)
0.30 (650 C)
10A 023 (25 C)
. g .
PS/PM300 60NiCr 20Cr,04 10BaF, / CaF, 0.29 (500 GC)
0.31 (650 C)
SA 0.80 (25 C)
. g .
PS400 70NiMoAl 20Cr,04 SBaF, / CaF, 0.16 (500 GC)
0.21 (650 C)

1. Composition of glass(wt.%): 58 wt.% SiO,, 21 wt.% BaO, 8 wt.% CaO,
2. Composition of BaF,/ CaF,(wt.%): 62 wt.%BaF,-38 wt.% CaF,

13 wt.% K,0
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