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Abstract: Al layer and NiCrAlY coating were sequentially deposited on the surface of Ti-6A1-4V alloy substrate by multi-arc
ion plating. The microstructure variation and high temperature corrosion resistance of Ti-6Al-4V alloy and NiCrAlY/Al
composite coating were also comparatively investigated during the high temperature corrosion (500 °C, 30 h). NiCrAlY/Al
composite coating was composed of the inner layer of Al and the NiCrAlY with the thickness of about 270 nm and 3.8 um,
respectively. Results of high temperature corrosion test show that the surface of the Ti-6AI1-4V alloy exhibits cracks around
pitting corrosion areas, exhibiting the severe high temperature corrosion. Conversely, NiCrAlY/Al composite coating is intact
and no obvious cracks and coating peeling are observed. In the process of high temperature corrosion, NiCrAlY/Al composite
coating can self-form Al2O3 and Cr203 film with thickness of about 43 nm, which can inhibit the penetration of oxygen and
thereby avoid substrate corrosion. Thus, the high temperature corrosion resistance of Ti-6A1-4V alloy is significantly improved
by NiCrAlY/Al composite coating.
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1.1 #REE
i LA RN BT Ti-6A1-4V k&4

EAERGT A 20 mmx30 mmx3 mm, HALA# R0
1o BRI ET RS IR SeAE U LB A I K B b
BRATEER 1.25 pm, G)E AR5 51 A A
FEIEVEHLAE IR, £ T S5 50 0k ARk A 7
B, THUEALRE 15 min, FEAEVE 2 KU L, H
RSN IE, TREE TUURBRSE

#F 1 NiCrAlY AEMIRASH

Table 1 Deposition parameters of the NiCrAlY coating

Parameters Valus
Bias voltage / V =50
Flow of Ar/(L'min™") 400
Arc current / A 60
Deposition time / min 60
Background pressure / MPa 6x107°
Chamber temperature / “C 200

K £ R B 185 £ R¥E Hauzer Flexicoat 850
Z Y Re TABUTREE & il 4 NiCrAlY/AL B 5%
2, HaE MR AEZS 2 6x107° Pa, A RE4EH
(B 99.99%) . HERERTX Ti-6Al-4V & 41T
BT 2B, H 2 BRI R A A2 A
JeZ W IS R G T, 20 Pl G e R AR
900 V., 1100 V i1 1200 V, F:RZIphEtE] A 2 min,
Bl J5 7E Ti-6A1-4V & 4 R ER XTI AL JZH
NiCrAlY $J2 . UUR AL Z A AL #4605 Ky
99.99%, 270 nm [ Al JZLA 0.45 nm/s B3 KL
ARG &R,

Y NiCrAlY &4 24 SO o (543
B N 57%Ni, 30 %Cr, 12%Al il 1%Y, Ui
NiCrAlY iRZ20 T 2S804 2 Fis.

F 2 Ti-6AI4V KEEHWHER S
Table 2 Chemical composition of Ti-6Al-4V alloy (w/%)

Element Fe C N (¢} H Al \%
Content <0.30 <0.10 <0.05 <0.2 <0.015 5.5-6.8 3.5-4.5

DRSS, FL2s AR FARBRIR , IR =
100 C AN FI R . #245E)IE Ti-6A1-4V &4
FINICrAlY/Al £ 5 IR)ZTE 500 C #4175 il
SR R e D Dl L NG SR I T v
BAFARA, HERAEDIRY AT LS C/min
BARTHEZE 500 °C, £ 30 h, NiCrAlY/Al &4
TR SRR S B s B RN E 1R
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Fig.l Schematic illustration of preparation and high temperature
hot corrosion test of NiCrAlY/Al composite coating
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(a) Low magnification image
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(c) EDS of dotted contrast
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Fig.2 Surface SEM images and EDS spectrum of NiCrAlY/Al composite coating
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Fig.3 Cross-sectional SEM images of NiCrAlY/Al composite
coating
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Fig.4 Optical photographies of Ti-6A1-4V alloy and NiCrAlY/Al composite coating during high temperature corrosion at 500 °C
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(a) Surface image of Ti-6Al-4V alloy

(b) Surface image of NiCrAlY/Al coating

K5 500 °C HEJE T 30 h 5 Ti-6A1-4V &4 NiCrAlY/Al & 7R)Z 10351 SEM JE4R
Fig.5 Surface SEM images of the Ti-6Al-4V alloy and NiCrAlY/Al composite coating after high temperature corrosion for 30 h at 500 °C

HIJE ) XRD EEUNE 7 iR, il %25 NiCrAlY/Al
BAWZETEM y-NizAL3RIEM, »-Ni M, a-Cr
B AR /b B ALFHALAL . BT NiCrAlY/Al &
WEWEEAE 4.07 um, X LS B85 G552
W Ti-6A1-4V £G5S 5 RIE . TRIZZ)T5 500 °C
FERJE T 30 h 5 XRD 45 5 5 BB R LT b ) i
B, XER\EGRZEPYMA KA, B
T AR o A% R 4 53 B ST BT A B
FPERERAE) B 45 H NiALFI CraOs F1 ALOs 25357
FH, oy fy FHERT ST INGR , FER IR/ NS .

5 2 S

50 um

W o R R Hh O 25 3R T A AR 35 R TR B ) AR Ak S
N, HOBrAARIE] TR A TR MY . Bk
HH Cra0s A1 ALOs Z5HEU%, J&him iR tEREfL
S AR

R 1 M SR SR S R R b
) Al203 Fil Cr203, FIH XPS XJURZHHATRAE,
& 8 S NiCrAlY/Al B & IRIZ4 500 °C =i iE ih
30 h J5 1 Cr-2p. Al-2p fil O-1s XPS I§, Cr-2p #§
i 7E 576.8 F 586.3 eV ZL4r HIXF I 2p3/ Hl
2p12 W, Cr2p3n i AITE 576.8 eV ALHELG 2 NI,

- 50/um

50 um 50 pm

6 500 °C it 30 h JF NiCrAIY/Al ¥J2 00316 SEM JE 5 & EDS i3 &l
Fig.6 Surface SEM images and corresponding EDS mapping of NiCrAlY/Al coating after high temperature corrosion for 30 h at 500 °C
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Fig.7 XRD patterns of NiCrAlY/Al composite coating after high
temperature corrosion for 30 h at 500 C
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Fig.8 XPS spectra of NiCrAlY/Al composite coatings after high temperature corrosion for 30 h at 500 °C
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Fig.9 Cross-sectional TEM images of NiCrAlY/Al composite
coating after high temperature corrosion for 30 h at 500 °C
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Fig.10 Cross-sectional TEM images and corresponding EDS mapping of NiCrAlY/Al composite coating after high temperature corrosion for

30 hat 500 C
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