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Corrosion behavior of NiCrAlY coatings under alternating salt spray and

high temperature environment

DING Hang', WU Xudong', HUANG Ting’, XIN Lipo’, FU Yong’, XIE Yun'

(1. School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China; 2. Liyang Aero Power
Co., Ltd., AECC, Guiyang 550014, China)

Abstract: Corrosion problem resulting from alternating ambient salt spray and high temperature oxidation poses a great threat to
the safe service of aircraft engine during frequent start-stop in marine environment. In the present study, Ni25Cr5AlY coating is
prepared on top of GH4169 superalloy substrate by direct-current(DC) magnetron sputtering. Corrosion behavior of the

Ni25Cr5AlY coating is systematically studied by designing three different test conditions: high temperature oxidation at 1000 °C,
ambient salt spray, and alternating ambient salt spray and high temperature oxidation. The phase constitution and morphology of the
corrosion products are analyzed by X-ray diffraction( XRD ) and scanning electron microscopy ( SEM ). The results indicate that after
168 h oxidation at 1000 °C, the coating forms a dense and continuous Al,O; scale which resists well against the oxidizing
environment, while the coating suffers from pitting locally after 168 h salt spray test. After 168 h exposure to alternating ambient salt
spray and high temperature oxidation test, the Al,O5 scale formed on the coating is damaged owing to the chlorine induced active
oxidation mechanism, eventually resulting in Cr,0; scale formation. In addition, the Cr,0j; scale is porous and cracks locally, which
causes accelerated corrosion of the coating and internal oxidation of the coating and substrate. The corrosion degradation of the
coating is accelerated under the synergistic effect of salt spray and high temperature oxidation. The GH4169 superalloy without the
coating experiences severe scale spallation after 168 h exposure to the alternating test, featured by forming a poorly protective NiO

scale with prevalent internal oxidation.
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Table 1 Details of test design

Sample Material Test condition

S1 Ni25Cr5AlY High temperature oxidation for 168 h

S2 Ni25Cr5AlY Salt spray test for 168 h

S3 Ni25Cr5AlY Alternating salt spray and high
temperature oxidation tests for 7 cycles

S4 GH4169 Alternating salt spray and high

temperature oxidation tests for 7 cycles
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Fig. 1 Cross-sectional morphology(a) and XRD pattern(b) of as-prepared coatings

15 =

g 0= \.\.“\‘\‘82

g S3

5151

©

g -30

2]

(%]

©

=45t S4
0 24 48 72 96 120 144 168

Time/h

B2 AR sl 2 2k

Fig. 2 Corrosion kinetic curves of different test samples

MR 25 I T e R I R AR ik, (H £R 55 -
e il B PR R VE AU 2E T Ni25CrSALY W)= 2R 1
J& b = R MR A K, [RIES 5 & T T ok g B )
F T FRAL, DRAFE FIRRAR, S 350 5 2R 1w 3
HH 3 A A o
2.4 XRD ¥IBAER DT

Kl 42k 25 B i 28 R [A) 55 538 25 10 8 il )5 /Y
XRD i, MEITT UL, #E850 ST F 2RI E] Tk A
FEAR A iy A], T ALO, R Y R AL TS, U
Ni25CrSALY ¥ )2 7 (= il P45 2 88 1) % AR 48k
N, HA U ALO; BREASH; #E 4 S2 (AN 3 15



56 it

F
=2

At i o 44 %

El 3 ik RmEMIES  (a)S1; (b)S2; (¢)S3; (d)S4

Fig. 3 Surface macroscopic morphologies of samples
(a)S1; (b)S2; (¢)S3; (d)s4

PRy iy, IEAAG IR E ALY, VEITE SR 55 A5
t Ni25Cr5 ALY i 2 it b M R4F, J8 ik A 6
XRD M DL 00 3] 4 Ak 55 A i S3 Al 1) 45 2
Cr,03, 1M NiCr,0, Fll ALO; 5 B 4555, 1% B AE L
-SSR T, WRE T AL TR IS AEA R

HeFE KT ALO; IR SLE FBUR M, i i
YRR, SEORZ T NI fI e E R R A,
H 1 TiO, M GH4169 &4 3R ) Ti JeRE
PR IR U 2 R W & AR R RE S4 R AR
fL I 32 E ly NiO . TiO, . NiCr,0, Fll Cr,O5 40T, ¥t
B AT Ni25CrSALY 1R)Z 0571 GH4169 &4 & /E
TE AR, FEEA T NI Cr f1 T TR
PR AL
25 BrEMRERIR RS 5T

P 5 R 45 S B 5 S IR E IE S . A
K 5Ca) n] 0L, 25 i i A AL JE R i ST 36 Th 3
B, SRR, SR B IER, ST REIER T
—JZIE 2 0.8 um Y345 22808 AL, 68154 HT
FMHIZ AL RS K - 0 50.9, Al 39.6, Cr 3.2, Ni
3.3, Y 2.7URF550%) , X IR 2R EIE R T —
2 ALO; I, iZ 45 R 5 XRD 43 #r 45 S — B (F
4(a)). M ALO; HA B BT 2R AR
R R, AT LU S b e R A e v
DL ST BESL A AL 80 h UG B AR fb /N, i 2 fr
o B 5(b) R Zead & I R 55 I Tl AR
S2 FE i AF A HURE AN, LRy A7 B AR T B T A5 ikt
Hio MIE 5Cc) ()T LIWEEE], 285 $h 55 - iR
BRI A RE S S3 FI S4B Tl 5 b T I, PR Y
KA T W B N AEAE, MORRE 2 T A SR ATV Y
TRy 929 J9 37 um A1 88 pm, H. S4 R 5 F 1 1)

(a) s1 1 1yl 2:ALO,

1

2 ) o

(b) s2 1 Toyly

20 30 40 50 60 70 80
20/(°)

20 30 40 50 60 70 80
20/(°)

(c) S3 1yl 2:ALO,
3:Cr,0, 4:NiCr,0,
5: TiO,
2
3 33 14

6 1y 2:ALO,

3:Cr,0, 4:NiCr,0,
5: TiO,

6: NiO

20 30 40 50 60 70 80
20/(°)

K4 AFEHCEER L5605 19 XRD 1
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