W52% 2 HBEERMBSIE Vol.52,  No.2
2023 4F 2 A RARE METAL MATERIALS AND ENGINEERING February 2023
P H- ik B 3T : N =
1 Ce IKSSTFI(AICTNDTIVCe)N & E Y
= B8 ;|:;|:1;""‘.‘—‘l.,|\ N
Snm PR F Mg
WA, FERE L, R, BEES, &2 Y
(1. WA RS ML TR, MR J%FH 471003)
(2. FFEENE T KBS RAEE S LIS, W B 471003)
(3. ¥&PFH LYC SR B R AR Wi/ E K EmsLi =, Wi % 471023)
(4. FEFIFE T 208, W mF0 473004)
W E: WA 7L Ce 5 AICINDTIV Bl & & RIS (AICINDTIVCe)N 2 500 C NI B MR, K HHE
M EME (SEM) « X HEATH (XRD) « X HEEH 7RI (XPS) RIAERZEHIREIL. By MMM
T K E IR A BREL 0B BE B IGHLA A6 T3 = e SO IR 2 B 1 A M e R BE R 22 Mk e . 25 SRR W R I

PR H AR AT DA 2% P B8 R 489 (AICTNDTIVCe)N ¥R )Z, Ce BIGIANBE ViR 2 WOR AR AL, B9 1 IR EROEEE,
e ViR E KT ASTE R S PR A T RE . E T IR JE BA RIF R BRI R RE . FE I T (AICTNDTIVCe)N
YR 0 PR IR AN B 40 3 55 R 8 Ce 1 (AICTNDTIV)N 3423 A B 22 52 25 96 1K, JHC B8 0L o) D e 10 B o 403 AR 5 S 453 5
#£500 C'F (AICTNbTIVCe)N ¥ )2 B A ELE R F B ARH BB I, KBS LA B o L, R T iR R
CeOy, HH| T BHIRZFEEMERERIME M . RS LZ P 5IN Ce Juz, AT LASRIG BEE A M RE IR R A (AICTNDTiVCe)N

Wz

KRB WAEWAT: MR RS ERE: Ml BEEEAER

FEGENSES: TG174.444 HERFRIRED: A

X EHS: 1002-185X(2023)02-0527-08

BEE N TR B ARNKRE, VUSRS
Fl . T EERESE R A R T, G X b R S S
PERIPERESR T MR . N T ARIE AT 2 2 46 1 IR A
AEEVE, A RCET R SR T e R T R A R AL
feah i B AT 4y BB 7 A, 3 i i el Ak 2y ik
TE LA 2 T8I o) 2 v B P T v A R T 3 A P 1 0 2
fide e v e G T 2 A B R AR T ) R R A RS
Bo ERIVHERTT, LESBEEMDGRETHT
PUBE B3P 42, AR B R B R AR A, W TING CrN
BIZTE 500 CULERSEAML. Bfif5 2 H 18w
La. Hf. Si %5 0%, FFREX La-Ti/WS,. CrHfN. CrSiN
Z TR B GNK 5 E 5 2 1P E A R ek JBE it S
SRR, BRI, AT R R R g B b et
ZHBTEFH RN THRM TR, FREZ ik
JESZIR. [ 2004 4 Yeh MR T &4 (HEA)
SR, BEMEETRUFHEEESFLIRES,
W BA LG G 4Tk e s i B . it B R

It HEA: 2022-08-24

7 1 JES e P AR B G AR A 1) B A AR, SR 2
B & 1ok FF AR RWE, mla &% ERNE
L 5 v A B R AR ALK 7 2 R0 W B A A v
Re, BV BT &SRR, R
B AN A 22 1% VIR

AR, RTEBESRENHIRHRIRN, RE
(45 7% WE LA WG T, B 2 B Rtk Re )
RALID U 2 A RT3, 72 s A O Y g
T 4% (1 (AISITICINDVB)N 142 B T 0 377 45
AR s Xu 25 POV e oot 2 Mk oo 4% 0 o) 45 11
(AICITIVZI)N ¥ 2Tl ik 48.3 GPa; Huang 251MS%
WIS #1451 (AICINDSITIVIN 382 B BRI 5
Pk e MRS M Cui 252 A I S o %
(AICITIZrHF)N IR JZ B A G5 18 7 2V e R0 BE 45 2 14 R
Lo 211t 57 g5 S (AICTNDSITIMO)N 4 52 14 25 i il
e EE AR 2 VR RE R T AR A TETE M MoOs 12 T
THWZRIEESERE . 7L, SIS SRR E R R

E&WB: ExEAHATLR (2021YFB3400401); B4 RHEBCIHE (202102210073)
TEEET: oM, 53, 1979 454k, LA, IR KA R TR, M %P 471003, E-mail: nycwh2009@163.com



+ 528 » WA SRR T2

52 3%

FLA G5 PRGN R A7 T B A 2 AR R RE, B
S VRBE B N 1) 5 oK, R I R 0 AR SR A T
(1) I FH 90 ] o T B — 3 2 A R e D S A v i 1 ik R
TR, A TRV SR Y B LA . B A E
SR AL TR L T 0 £ el B 7 s 1418

o AE iR TR S A — s T P R,
KR H T L& RENY N T BRI R R, H
EAUVER G, Sl A B R BRI CeO, 4R
SRR, ATERE I B RO B R ok E
CeO,-Ni60 £ < 7£ 500 “C T i B 2 B 451 14 e [Kl CeO, 1
VERIT 3 2 520, FERER Ik NDN i 3] N Ce
TRE, LSRR M R e FLTR AR TR, i
Sefft 7T R B CeO, 1£ AR A2 IR 1F 1 3R T 48U 1) T
B, FEREAEER R A E SRR e, PRRERE ). Wt
JLE Ce WA TEAK K (0.1824 nm) , JA TXf 42
BT RWE 0K, HEA KRR B, R
T TR AR P . FH 52 1) 5 8 AT 2 R

R EEREN S TS EEEROLIEE . A
o7 SRR % bl 5 D bl NP B S I T - (AN
JERE R | L A A T SR s 2 B AT
Kk, RN P SIAR TR Ce, 5654
AICINDTIV FEPTAR, 7 B3RS m il EE R S P re L R 1)
WIALURE o R, SR FH BG4 DB S 1) 4% (AICTNDTiVCe)N
W=, FEWEIL Ce XTIk )Z v il B HE Mk B 52 ) (1) AH DGR
WA N, ASERA CeAl A 41 AICINDTIV
B LA L S ) 45 (AICTNDTIVCe)N iR )E,
TEHAOMSE R . i ERE R BE 22 MERE, 0T Ce X
T vl P A P A B ) ST

1 X @

KR ARG 4 L 20 & S5 BE R LUK AICTNDTIV &
e bt o MU T @50 mm>3 mm KI#EHE, [
Jiikf 4 CeAl & &M, Him g 1. KR
F 9Cr18 WA Si v Ak, MKk ZE MO . 7
SRR AN EEHEVERE o SR HRORHSE T BE R AR R 1
BERFS RGHSIRE, ZRGAHETS RS, [%
AR REA SR R, M ZRERTE T, TH%
BFu e T/EG B BEERT, R SiC R
oCr18 4, FAEWNE. LEEHEAE. YiF 15 min
) Cr dERELIREIRENEELS S . AT R
2 ANIRETSE RIS TAE, A& LA 20 r/min [
¥, FEmikvold 2 MRS R SRR FELTE
ZH . RIRESE N 5.0x<10* Pa, AAME R E
4 20 mL/min, YRR EE 300 °C, YUARI Ay 180 min,
HEWMSHNE 2.

®1 BHOKERS

Table1 Chemical composition of targets (at%o)

Target Al Cr Nb Ti \Y
AICINbTIV 19.1 19.6 20.3 20.8 20.2
CeAl 50 50
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Table 2 Deposition parameters of coating samples
AICINDbTIV ~ CeAl

. Deposition
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Fig.1 Surface (a, ¢) and cross-section (b, d) morphologies of M1 (a, b) and M2 (c, d) coatings and EDS element distribution of

M2 coating (e)
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Table3 Composition of M1 and M2 coatings (at%)

Coating Al Cr Nb Ti \% N Ce

M1 1338 141 1146 892 8.62 4352 0
M2 19.47 1215 8.7 794 747 40.02 4.25

*:fcc (NaCl-type)

v:Ce (hcp) *200
+:Substrate v101
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Fig.2 XRD patterns of M1 and M2 coatings
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Table 4 H, E, H/E and H¥E?value of M1 and M2 coating samples

Sample H/GPa E/GPa H/E (HYE))IGPa
M1 23.9 250.9 0.095 0.217
M2 30.6 272.2 0.112 0.388
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Fig.3 Variation curves of friction factor (a) and wear rate (b) of M1 and M2 coatings at RT and 500 C
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SEM images of the wear scar on M1 and M2 coatings: (a, ¢) wear at room temperature and (b, d) wear at 500 C
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Fig.5 XPS spectra of M1 and M2 coatings after wear at 500 ‘C
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High-Temperature Tribological Properties of (AICrNbTiVCe)N Coating Deposited by
Co-sputtering Rare Earth Ce

Chang Weihang"%*, Lei Xianging®, Cai Haichao®, Xue Yujun*?®, Li Hang"?
(1. School of Mechatronics Engineering, Henan University of Science and Technology, Luoyang 471003, China)
(2. Henan Key Laboratory for Machinery Design and Transmission System, Henan University of Science and Technology,
Luoyang 471003, China)
(3. State Key Laboratory of Aviation Precision Bearing, Luoyang LYC Bearing Corporation, Luoyang 471023, China)
(4. Nanyang Institute of Technology, Nanyang 473004, China)

Abstract: Tribological properties of (AICrNbTiVCe)N coating at 500 °C fabricated by co-sputtering of Ce and AICrNbTiV alloy were
investigated. Scanning electron microscopy (SEM), X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS) were used to
characterize the microstructure, composition and crystal structure of the coatings. The mechanical properties and tribological properties of the
coatings were tested by nano indentation, tribometer and white light interfering profilometer. The results show that the (AICrNbTiVCe)N coatings
were perfectly prepared by magnetron sputtering. The addition of Ce can improve the structure, and makes grains refined. Meanwhile, the addition
of Ce markedly increases the hardness of coatings, which makes the coatings have excellent resistance to plastic deformation and elastic
deformation, leading to considerable enhancement of the friction and wear properties of the coating. The friction coefficient and wear rate of
(AICrNbTiVCe)N coating are significantly lower than those of free Ce (AICrNbTiV)N coating at room temperature, and the wear mechanism is
slight abrasive wear and adhesive wear. The friction coefficient of (AICrNbTiVCe)N coating at 500 °C is lower than that at room temperature, and
wear mechanism is mainly oxidation wear. It is indicated that the introduction of Ce contributes to the formation of CeO, on the coating surface,
and thus improves the tribological properties of (AICrNbTiVVCe)N coatings.
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