FmFEAR ES1E 12
- 82 - SURFACE TECHNOLOGY 2022 412 A

I P EAYE MG 5l & CrN BRI BB E S

EE®E, ER, ENRC, KEF", M’

(1.EZNEBITKRS BEAEEeTBORAN ISBNBERERELZE, =N 730050;
2. PERZR=INCZYIBHRYN BINEBERERLNE, =N 730000)

WE: Bt AT AS., RA2HAFET ON RENRAEERE BNATH ., Fik KA RLEIRSFHEAR
A (100) Buaey P A2 KR ER& T CIN B E, #I A LE XM (TDS ), %A SHiats &1 M4
(FESEM ), 2% #3% (Raman ), X H&A74 (XRD) %uiaé%%%iﬁﬁ% ( SEM ) YA B An % 64 st 354L (EDS )
SERIEG ik, PR T ERRIRE TREQRAEEME BMHATH, &R EALTE K, TDS &R AW CiN %
EHe N 1 664 CALET4BK, £RELF 1000 CrB XL R, MAEREDT 900 CHBikik Ffl
AEFAERE LA, AR 930 T A FE(E, AmadfE sy, RE T CN 483985 A CrN 48,
FEBELE] 1 000 CH, TAHEA CrSi, M, EXARET, HiBEAF 700 Cr, hEFHMEANL, &
EFREART —EL 136 nm B K ELANE, BIHERNETH ERT — & CtON, (#TEE, St HRE
L HEILT Cr0; 8935 %% %;ﬁ&fﬁu 800 ‘CHE, Cr,0; B35 B FabT 4Pty 3 B A3 F B E 5,
AR ER B A RGEEME LT AT S, FALEHMEIER, I, R BERHK KR, ALE
B EX e IR ik 3] 850 CI'H‘ EALE B K F] 429 nm, BIBEZHT 700 CrF, CIN & E L EBE 76
HAETHBATAZ O AZHGAY #A N, Cr L E @ 3, SFEBR N ERMETH G 4E, H&EA
Bk, & CONARBEEAT PHHABEMAE 000 CAL, ERATFTHRMBTHE 700 CLEL, XA
P EE W Cry03 BALEM T AT O L EM @ AP A= N, Cr L Z e @ shy 3 A RAFag rass 15 R . BALZ
03X AP FLASAE R SR B0 MR RPER, BE T REH—F RN, XZ CN R ERE T HE
R A

KR CIN R E; REEIEMAT; RAE M, BT A B s

RESES: TG174.442 XHEERIAEE: A XEHS: 1001-3660(2022)12-0082-09

DOI: 10.16490/j.cnki.issn.1001-3660.2022.12.007

W E: 2021-09-07; fEITHH: 2022-04-27

Received: 2021-09-07; Revised: 2022-04-27

E€UH: BRAAMAFAS (51865028); BRXAARFAFALFFANA (52005483)

Fund: National Natural Science Foundation of China (51865028); National Natural Science Foundation of China Youth Project (52005483)
EERN: 22 (1971—), %, W, 83k, T2MRFT QAR ELEAL O ERBERR R,

Biography: JIN Yu-hua (1971-), Female, Doctor, Associate professor, Research focus: friction welding technology for non-ferrous metals and
their alloys.

BIRAEE: T8 (1978—), F, W4, SRR, TLMAHS GARERRETER S G HFHRATA,

Corresponding author: WANG Peng (1978-), Male, Doctor, Researcher, Research focus: service behavior of lubricating and protective
materials under irradiation environment.

BIXHEK: 22, Rk, AR, F. R EEIERSH & CrN R E 6 HASHE[T]. A@HE K, 2022, 51(12): 82-90

JIN Yu-hua, CHENG Rong, CHAI Li-qiang, et al. Thermal Stability of CrN Coatings Prepared by Reactive Magnetron Sputtering[J]. Surface
Technology, 2022, 51(12): 82-90.



Bs51E Bzl EEA, Fo RIS & CoN IR IR E TR +83 -

Thermal Stability of CrN Coatings Prepared by
Reactive Magnetron Sputtering

JIN Yu-hua', CHENG Rong"?, CHAI Li-giang?, ZHANG Xue-xi%, WANG Peng?
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Province , Lanzhou University of Technology, Lanzhou 730050, China; 2. State Key Laboratory of Solid Lubrication,
Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

ABSTRACT: In this work, the thermal stability and oxidation behavior of CrN coating were studied in vacuum and atmosphere.
The composition and structure changes of CrN coating in different environments at high temperature were investigated. Then,
the influence of such composition and structure changes on the performance of the coating was study. These results can provide
experimental and theoretical basis for the development of multiple coatings with higher thermal stability in the future, and
ultimately improve the performance of CrN coating at high temperature. The CrN coatings were prepared by reactive magnetron
sputtering on (100) oriented P-type monocrystalline silicon substrate. The vacuum thermal desorption spectroscopy (TDS), field
emission scanning electron microscopy (FESEM), Raman spectroscopy (Raman), X-ray diffraction (XRD), scanning electron
microscopy (SEM) and energy dispersive spectroscopy (EDS) were used to characterize the thermal stability and oxidation
behavior of the CrN coating at different temperatures. The release of N from CrN coating begins at about 664 ‘C and that ends
at about 1 000 C. Once the temperature is higher than 900 ‘C, the release rate of N increases rapidly and that increases to
maximum when the temperature rises to 930 ‘C. During the heating process, the crystal structure of the coating partially changes
from CrN to Cr,N. It should be noted that it completely transforms into CrSi, phase when the temperature reaches 1 000 ‘C. The
formation of CrSi, can be attributed to the release of N, leading to the coating loose. Further, a lot of vacancies generates in the
coating, which provide a diffusion channel for the element of Si in the substrate. Thus, the Si in the substrate diffuses to the
inside of the coating under the thermal driving effect, and forms a CrSi, phase by bonding with Cr in the coating. In the
atmosphere, the coating begins to oxidize when the temperature increases to 700 C, and a dense oxide layer with a thickness of
136 nm is formed on the coating surface. Besides, a transition layer of CrO,N;_y is formed below the oxide layer, and the peak of
Cr,0; appears in the Raman spectra. When the temperature reaches 800 C, the number and intensity of Raman and diffraction
peaks of Cr,O; oxide increase significantly, which means that there are lots of oxide formed on the coating surface and the
crystallinity of coating increase. In addition, the oxide particles gradually grow and the oxide layer thickness increases with the
increase of temperature. The thickness of oxide layer increases to 429 nm at 850 ‘C. When the temperature is higher than
700 C, the element diffusion behavior of CrN coating along the thickness direction is the inward diffusion of O element and the
outward diffusion of N and Cr element. Note that the released N is enriched below the oxide layer and that not released from the
coating. The CrN coating is stable when the temperature is lower than 900 ‘C in vacuum, and that is stable when the
temperature is lower than 700 ‘C in atmosphere. The formation of dense Cr,0; oxide layer in the atmosphere has a diffusion
blocking effect for the inward diffusion of O elements and the outward diffusion of N and Cr elements. This blocking effect of
the oxide layer protects the interior of the coating and delays the further oxidation of the coating during heating. This is the mean
reason for the better thermal stability of CrN coating. The density of Cr,O3 oxide layer formed at high temperature is very
important for improving the thermal stability of inner nitride coatings and the oxidation resistance. So, it is possible to further
improve the thermal stability and oxidation resistance of binary nitride coatings by adding elements such as chromium, giving
rise to a dense oxide layer formed in the binary nitride coatings.

KEY WORDS: CrN coating; reactive magnetron sputtering; thermal stability; oxidation behavior; release; diffusion barrier
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Fig.1 Thermal desorption spectra of CrN coatings
during annealing at 800 ‘C in vacuum
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Fig.2 Thermal desorption spectra of CrN coatings
during annealed at different temperatures in vacuum
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Fig.3 X-ray diffraction patterns of CrN thin
coatings annealed at different
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Fig.4 Surface morphology of CrN coatings annealed at different temperatures in air: a) as-dep;
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Fig.5 Cross-sectional morphology of CrN coatings annealed at different temperatures in air: a) as-dep;
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Fig.6 Raman spectra of CrN coatings annealed
at different temperatures in air
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Fig.8 The cross-sectional morphology of CrN coatings annealed at different temperatures and the corresponding
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Fig.9 The cross-sectional morphology and corresponding element surface distribution of CrN
coatings annealed at different temperatures were obtained: a) as-dep;
b) 700 C;c) 750 C;d) 800 C;e)850 C
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Fig.10 Oxidation mechanism diagram of CrN coating
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