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High-temperature Tribological Propertiesof Ti3SiC,-Ni Based
Self-lubricating Composite Coatings Prepared on
304 Sainless Steel by Laser Cladding

OUYANG Chun-sheng", L1U Xiu-bo*?, LUO Ying-she®, LIANG Jue', MENG Yuan*, WANG Yue-ming®*

(1.Hunan Province Key Laboratory of Materials Surface/Interface Science & Technology, Central South University of Forestry
& Technology, Changsha 410004, China; 2.State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000, China; 3.Hunan Institute of Traffic Engineering, Hengyang 421000, China;
4.Hunan University of Science and Technology, Xiangtan 411201, China)

ABSTRACT: The work aims to improve the wear resistance and friction reduction performance of the 304 stainless steel. The
Ti3SiC,-Ni based self-lubricating wear-resistant composite coatings with three different ratios were prepared by LDM-8060
semiconductor laser processing system. XRD, SEM and built-in EDS were adopted to characterize 304 stainless steel and
Ti3SiC,-Ni based coatings, and their tribological properties and wear mechanisms at room temperature and 600 ‘C were
analyzed systematically. The composite coatings were mainly composed of Cry9Feq7Nig; solid solution, hard phase Fe,C,
Cr;,C; and TiC as well as lubricating phase Ti;SiC,. The average microhardness of the coatings was 451.14, 419.33 and
359.92HV, 5 respectively, significantly higher than those of 304 stainless steel (238.91HV5). At room temperature (RT), the
average coefficient of friction (ACOF) of Ti3SiC,-Ni based composite coatings was 0.41, 0.46 and 0.48, respectively, wear rate
was 6.37x107°, 16.52x107° and 4.16x10™> mm*/(N-m), respectively, which were lower than those of 304 stainless steel (0.56,
46.35%107° mm3/(N~m)). At 600 C, the ACOF of the Ti;SiC,-Ni based composite coatings was 0.38, 0.43 and 0.41,
respectively, wear rate was 12.51x107°, 7.58x107 and 7.79x10"°> mm®/(N-m), respectively, which were also lower than those of
304 stainless steel (0.66, 24.25x107° mm’/(N-m)). At room temperature and 600 C, Ti3SiC,-Ni based composite coatings can
effectively improve the micro-hardness of 304 stainless steel, and then improve the tribological properties. The Ti;SiC,-Ni based
composite coating with 10% Ti;SiC, shows the best wear resistance at 600 ‘C, while the Ti;SiC,-Ni based composite coating
with 5% Ti;SiC, shows the best friction reduction performance at RT and 600 C.

KEY WORDS: 304 stainless steel; laser cladding; Ti;SiC,; self-lubricating; wear-resistant composite coating; high temperature
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Tab.1 Chemical components of Ni60 powder and 304 stainless steel

Element content/wt.%

Materials
Si P B Fe Cr C S Ni Mn
Ni60 4.47 — 3.29 5.97 15.97 0.87 — Bal. —
304 stainless steel 0.56 0.029 — Bal. 17.92 0.051 0.009 8.77 0.79
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Tab.2 Parameters of wear experiments
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Fig.10 Wear and wear debris morphology of 304 stainless steel and Ti;SiC,-Ni based composite coating at room temperature: a)
wear morphology of substrate; b) wear morphology of N1 coating; ¢) wear morphology of N2 coating; d) wear morphology of N3
coating; e) wear debris morphology of substrate; f) wear debris morphology of N1 coating; g) wear debris morphology of N2

coating; h) wear debris morphology of N3 coating
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Fig.11 Wear and wear debris morphology of 304 stainless steel and Ti3SiC,-Ni based composite coating at 600 ‘C: a) wear
morphology of substrate; b) wear morphology of N1 coating; c) wear morphology of N2 coating; d) wear morphology of N3
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coating; h) wear debris morphology of N3 coating
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Tab.4 EDS analysis of wear debris of Ti;SiC,-Ni based composite coatings at room temperature

Element content/at.%

Specimens

Ti Fe Cr C Si Ni (0]
N1 Coating 1.24 41.33 14.90 3.08 3.48 32.16 3.81
N2 Coating 1.78 37.23 14.27 15.37 4.03 23.26 4.06
N3 Coating 0.82 13.74 23.61 3.95 0.38 52.63 4.87

R 5 TiSICo-Ni HEEARKRETE 600 CTHEE EDS ST 4R
Tab.5 EDS analysis of wear debris of TisSiC,-Ni based composite coatings at 600 C
. Element content/at.%

Specimens

Ti Fe Cr C Si Ni (0]

304 Stainless steel — 32.67 12.44 — — 2.36 52.53

N1 Coating 2.17 24.34 12.55 1.43 1.01 11.41 47.09
N2 Coating 6.06 22.98 3.32 5.85 1.23 4.75 55.81

N3 Coating 0.90 18.20 6.95 18.91 1.29 8.38 45.37
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Tab.6 EDS analysis of different regionsin Fig.11
. Element content/at.%
Regions
Ti Fe Cr C Si Ni O

A 1.68 19.02 10.63 0.96 2.42 22.18 43.11

B 1.27 17.38 14.89 58.65 0.20 5.39 2.22

C 2.10 24.34 11.46 3.61 2.63 15.31 40.55

D 1.41 17.85 6.85 19.68 1.51 9.98 42.72
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