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ABSTRACT: This work aims to investigate the effects of annealing duration on low infraed emissivity property of ceramic
layer/metallic layer/ceramic layer composite coatings, and analyze its effective operating temperature. The AICrN/Cr/AICrN and
AICrSiN/Cr/AlICrSiN compsite coatings were prepared by multi-arc ion plating technology on Ni-based K424 alloy substrate.
The microstructure, chemical composition and surface radiation characteristics of the samples were analyzed by X-ray
diffractometer, field emission high resolution transmission electron microscope, X-ray photoelectron spectrometer, electron
probe microanalyzer, glow discharge mass spectrometer and Fourier transform infrared spectrometer. The oxidation resistance
and diffusion resistance of samples were compared by modeling and calculating its oxidation activation energy and diffusion
coefficient. The ceramic layer presented a nanocrystalline-amouphous characteristic, and the nanocrystalline in AICrN and
AICrSiN ceramic layers were hep-CroN and hep-AIN, respectively. Amorphous AICrN matrix would crystallize into
face-centered cubic phase Cr(AI)N at 750 ‘C. The addition of Si elements could increase the crystallization temperature to 850 C.
In the early oxidation stage, Cr rich and Al richoxides was formed on the surface of AICtN and AICrSiN ceramic layer,
respectively, which was due to the difference of nanocrystals. Then, a mixed oxide layer of aluminum and chromium was
observed on the surface of the sample, which resulted from the formation of fcc-Cr(Al)N and the extremely high solubility
between chromium oxide and alumina. When amorphous AICrN media crystallized, the further penetration of O element through
crystal boundaries led to a sharp increase in the infrared emissivity, resulting in the failure of its low emissivity property.
Meanwhile, after the crystallization of ceramic layer, its oxidation activation energy decreased, and the diffusion coefficient of
Ni element increased. Nanocrystalline-amorphous ceramic layer showed more excellent oxidation resistance and diffusion
resistance. The addition of Si elements could improve the oxidation resistance of the sample. The AlCrSiN/Cr/AlICrSiN
composite coating could be applied for low infrared emissivity applications under the temperature of 850 C.

KEY WORDS: CAIP; composite coating; AICrN; Ni-based K424 alloy; infrared emissivity; oxidation resistance; diffusion resistance
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Tab.1 Chemical composition of K424 Ni-based superalloy substrate
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Fig.1 (a) XRD patterns of AICrN/Cr/AICtN and AlCrSiN/Cr/AlICrSiN composite coatings,
(b) and (c) cross-sectional morphologies of samples
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Tab.3 Chemical composition of single AICrN and AICrSiN layers

at.%
Samples Al Cr Si N Al/Cr
AICrN 37.33 21.10 41.57 1.77

AICrSiN  38.92 17.08 5.78 38.22 2.28
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at different temperatures: (a) K424/A1CrN/Cr/AICrN,
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Fig.3 Corresponding SAED patterns, HR-TEM microstructure images and FTT images of samples
before and after vacuum annealing: (a) as-deposited AICrN layer, (b) as-deposited AICrSiN layer,
(c) AICrN layer annealed in vacuum at 750 “C, (d) AICrSiN layer annealed in vacuum at 850 C
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Tab.4 Oxidation activation energy of samples

K424/A1CrN/Cr/AICIN K424/A1CrSiN/Cr/AlCrSiN
Temperature/  Activation Temperature Activation
C energy (kJ-mol™) /C energy/(kJ-mol™")
700~750 383.34 800~850 393.71
750~800 185.30 850~900 192.54
¢, -C _ X
G, =erf(f) erf[zﬁj (8)

K Co AYEAMMITREIKRE; erf(B)NIRER
o, HAEEE A RSN PR x=5x10"m (&
6 1 450 nm A4b ), PHIEHE] =3.6x10%s, AL RN
5PN, EHAB R —@ER, VAN D S5IRE T
) 22 07 AR T B AR 21t il 2 10 24 A2 A I )
mn- AR A B AR BT, R4 AICIN i
AICrSiN Fi ¥ )2 7E 750 CHI 850 ‘CIRE R/, Ni
TLENY WA K 12.74x107'2 m%s Fl 25.81x
107" m¥/s, WiSEPRTHE S D (Hig s THEHE,
Ui IG5 b 45 Fa ) A S AR T AR N TR
Pk, FEYOKM-AEMEE T, JoM SR ALY HoE E
AT LR e B A T IO P e 22
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Tab.5 Relevant parameters of Ni diffusion

Samples Temperature/’C Cy  C  erf(f) D/(x107"nm’s™)

700 0.56 0.27 0.5179 6.94
AICIN 750 0.56 0.31 0.4464 9.84
800 0.62 0.39 0.3710 15.02
800 0.69 0.39 0.4348 10.33
AICrSiN 850 0.68 0.45 0.3382 18.07
900 0.62 0.51 0.1774 67.82
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