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Abstract High-temperature alloys have excellent high-temperature thermal strength and are suitable for
applications such as aerospace industries, which suffer high loads and temperatures. High-temperature-alloy based
components require a wide temperature range protection by self-lubricating materials. Traditional self-lubricating
coating such as MoN suffers poor oxidation resistance and low service temperatures. The introduction of the CrN
interlayer suppresses the fast oxidation of the Mo components thus improving the resistance of the MoN to oxidation
and high-temperature wear. Therefore, this work designed and prepared MoN/CrN multilayer coatings on the
surface of the high-temperature alloy substrates. The wear resistance and high-temperature oxidation resistance of
the MoN coatings were improved by introducing the CrN interlayers. This work investigated the wear and oxidation
resistance of the MoN and the MoN/CrN coatings at elevated temperatures. The results show that the MoN/CrN
multilayer coatings have excellent wear resistance and high-temperature oxidation resistance. The friction
coefficient and wear rate at 600°C. are 0.466 and 1.59x10 ° m*/(N-m), respectively.
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Fig. 1 Schematic diagram of the structure of magnetron sput-

tering coating equipment!”’
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Tab. 1 Friction coefficients of different coatings and tempera-

tures
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600°C 0.681 0.623 0.466 0.427
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Fig. 2 Friction coefficients of four coatings at four temperatures (25°C, 200°C, 400°C, 600°C). (a) GH5188 substrate, (b) Molybde-

num nitride coating, (c) Modulation period of 12 nm molybdenum nitride/chromium nitride nano multilayer coating, (d) Modu-

lation period of 26 nm molybdenum nitride/chromium nitride nano multilayer coating
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Tab.2 Wear rates of different coatings and temperatures

BEII/x 107 mm’/(N-m)

vH

i [ MoN/CrN, MoN/CrN,
GHS188 MoN A=121m A=26nm
25C 794.5 62.2 94.6 383
200°C 119.6 101.6 0.29 20.4
400°C 260.8 30.3 1.36 25.7
600°C 247.8 742 10.4 1.59

H S 51 5 S0 U /N B 32 T 4G K 4 7 F (BR MoN/CIN
(4=260m)Z ZEIETE 600°C T REfHZR), X &
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T % W A AR IR 3, S SO R B LT
MoN/CiN(/4 = 26 nm) £ JZ & )2 600°C 11 JB5 451 % (&
R 5 IR AT BE S AE 25°C 2 400°C Ay BE 18 h ik )2
G218 A4k, & 600°C B S IR rh ) oK o8 4 AL Y
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Fig. 3 SEM cross-sectional images of MoN coating after 2 hours of oxidation at (a) 25°C, (b) 200°C, and (c) 400°C;; SEM cross-sec-

tional images of MoN/CrN multilayer coatings (4 = 12 nm) after oxidation at (d) 25°C, (e) 200°C, (f) 400°C, and (g) 600°C for
2 hours; SEM cross-sectional images of MoN/CrN multilayer coatings (4 = 26 nm) after oxidation at (h) 25°C, (i) 200C,
(4) 400°C, and (k) 600°C for 2 hours
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Fig. 4 Wear scar images of molybdenum nitride coating at (a) 25°C, (b) 200°C, (c) 400°C, and (d) 600°C. Wear scar images of molyb-
denum nitride/chromium nitride multilayer coatings with a modulation period of 12 nm at (¢) 25°C, (f) 200°C, (g) 400°C, and

(h) 600°C; Wear scar images of molybdenum nitride/chromium nitride multilayer coatings with a modulation period of 26 nm

at (i) 25°C, (j) 200°C, (k) 400°C, and (1) 600°C.
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Fig. 5 SEM images of wear marks on molybdenum nitride coatings at (a) 25°C, (b) 200°C, (c) 400°C, and (d) 600°C; SEM images of
wear marks on molybdenum nitride/chromium nitride multilayer coatings with a modulation period of 12 nm at (e) 25C,
(f) 200°C, (g) 400°C, and (h) 600°C; SEM images of wear marks on molybdenum nitride/chromium nitride multilayer coatings
with a modulation period of 26 nm at (i) 25°C, (j) 200°C, (k) 400°C, and (1) 600°C
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Fig. 6 GIXRD images of molybdenum nitride coating after
friction and wear tests at 25°C and 400°C
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Fig. 7 GIXRD analysis of friction and wear tests of molybde-

num nitride/chromium nitride multilayer coating (4 =

12 nm) and molybdenum nitride/chromium nitride mul-

tilayer coating (4 = 26 nm) at different temperatures
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