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Effect of vacuum heat treatment on
microstructure and property of NiCrAlY coating
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(1. School of Mechanical Engineering, Hunan Institute of Engineering, Xiangtan 411101, China;

2.School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: NiCrAlY coating was deposited on TC4 titanium alloy by arc ion plating (AIP). The effect of vacuum heat

treatment on the microstructure and properties of NiCrAlY coating were studied by SEM, TEM, EDS, XRD and Vickers

hardness test. The results show that, during the vacuum heat treatment, the deposition residual stress of the coating can be

released effectually. The average grain size of the coating increases from 200 nm for the as-deposited state to 500 nm for

the vacuum heat-treated state at 950 C. f—y'—y phase transformation happens during the vacuum heat treatment. y’

phase distributes along the f grain boundaries or in the y grains. The fine and dispersing y’' phase in the y grains is

coherent with the substrate, which is able to strengthen the coating substrate. The best precipitation hardening effect for

NiCrAlY coating can be obtained after vacuum heat treatment at 700—750 C.
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1.1 MHRERBEH &

EFE TC4 (Ti-6A1-4V, JRETEL %)k & 4L
BAE A AREGEA, SRR I TR 15 mm X 10
mmXx2.5 mm FI/h . SRR e e At LB, &
PREETEANY), SR HKIRAER . 281K s vE, &
JE A I BT R RS VR, TS R T ORI A

KL T (AIP) B AR AE TC4 HARK TR
4 NiCrAlY vz, 50 LA Ni30Cr12AITY (J5t
HAHL %)o VIBULESEN T Jehh 2% 5x10°
Pa, {EPURRIZRTEAT IS, & kiR 600~800
V, iR 120~140 A, A4 5~10 min, JURA
JEI, I TR R 160~180 V, TAFHLH A 120~140
A, PURRITE A 120 min.

1.2 EFHE

TR IF NiCrAlY ¥R 2 MRFEE T 20, il
HAZE 1.33X107 Pa, FHEZEIREERE, FHEE %/
T8 C/min. EAF KBS H T - HAb B JE A 650,
750, 870 F11950 'C, fiifh 3 h J5ai v 2 =k,

1.3 Hi4H

K H Rigaku D/Max 2500 %Y X-ray 5O B24%
A PR S BREAH A SEAT 20T, B Cu Ky
Wk, K 0.154 056 nm, JigHL R 36 kV, HL¥E 30
mA, FHIE 4 (°)/min, D% 0.02°; KH] Sirion200
My Rk 471 4 L B (SEM) W 8% G204 3 T A AR T O T
$io KH TecnaiG*20 A7 5 v B0 23 FAKL B iy i
NiCrAlY WRZHOWIE AT G, FIH A7 S e
BEMA R, FAEHE A 200 KV, BHHRFE AN
R SOk 2 30 pum 5, M d 3 mm A, Tk
ATE 18 . AT SHIMADZU HMV—-2 4k [ A i i
A LS BARH T R NiCrALY ¥ )2 1) S i 1,
I N 0.245 N, IR 15 s, HAEH HV F£oR.

2 FHR51R

2.1 AREBIHEERK

h TR LA B B NICrALY ¥4k J2AH 20 B 1 5%
Wi, b FLAR AL S VR 2 R IEAT XRD 43#T. Kl 1
BRI AN A PR BR RS R AR 3 h JE i
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Fig. 1 XRD patterns of NiCrAlY coating before vacuum heat
treatment and after vacuum heat treatment at different

temperatures for 3 h
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Fig. 2 Microstructures of as-deposited

NiCrAlY coating: (a) Surface SEM image
of coating surface; (b) Cross-section BSE
image of coating cross section; (c)
Bright-field TEM image and SAD pattern

of coating

B3 2750 C. 3h IS HULER S NiCrALY 2 TEM W5 SO X A7 4 (SAD)BE A
Fig. 3 Bright-field TEM images and respective SAD patterns of NiCrAlY after vacuum heat treatment at 750 ‘C for 3 h: (a)
Polycrystalline region; (b) Part of coating grains; (¢) Grain A; (d) Grain B
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KU {111} A THICL12) 7 7] FRIATS B R SR C Ay

B4 £ 950 C. 3 h HABALIGE NiCrAlY ¥z TEM W75 S BT (SAD)BE 5 (4 1))
Fig. 4 Bright-field TEM images and corresponding SAD patterns (Insert) of NiCrAlY after vacuum heat treatment at 950 “C for 3 h:

(a) Polycrystalline region; (b) Part of coating grains and SAD patterns of grain A; (¢) Grain B; (d) Grain C
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Fig. 5 Effect of vacuum heat treatment on microhardness of

NiCrAlY coating
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