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Abstract: The high temperature oxidation resistance NiCrAlY Si coating was deposited on nickel-based superalloy DZ22B by
arc ion plating. The microstructure, phase and element distribution of the coating were analyzed by SEM, XRD, EDS and
electronic probe, respectively. The oxidation behavior of the coating and the substrate were separately investigated at 1 050°C
for 200 h. Results show that the coatings are dense and uniform without obvious holes and other defects. After heat treatment,
the transition of B-NiAl to y'-NizAl occurs and the main phases are y'-Ni3zAl/y-Ni, a-Cr and B-NiAl. The average oxidation rate
of coated samples and the substrate alloy are 0.034 0g/(m?-h) and 0.096 7g/(m*-h) respectively after 200 h oxidation at a
constant temperature of 1 050°C,which indicates that the coatings significantly improve of high temperature oxidation
resistance of the substrate. At the early stage of the oxidation, a uniform and dense a-Al2O3 protective layer is formed,

preventing the diffusion of oxygen into the interior, thus, greatly improves the oxidation resistance. During the process of the
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oxidation, the element inter-diffusion occurs at the interface between the coating and the substrate, including the internal

diffusion of Cr from the coating to the substrate, and the outward diffusion of Co, W and Y from the matrix to the coating.

Keywords: arc ion plating; protect coating; high temperature oxidation resistance; nickel-based superalloy; inter-diffusion
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Table | Main elements of DZ22B alloy (W/%)
Element C Cr Co w Ni
Content 0.12-0.14  8-10 9-11 11.5-12.5 Bal.
Element Al Ti Nb Hf

Content 4.75-5.25 1.75-2.25 0.75-1.25 0.8-1.1
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Table 2 Nominal composition of the NiCrAlYSi target  (w/%)

Element Ni Cr Al Y Si
Content 59-69  20-25 10-14 0.5-1.0 0.5-1.0

1.2 BEHI&

RS R, SexRRE TR, . L
T AL B, SR AST00 25T Bl 23 B A 5
U, BZEEL N 60~70 um, RIERIHIE T
2B IER-100 V, JRFN 110 A, BN
ZSFER 1 Pao ARG HF DB A URE AT # b 2
RIS F: 1080 C Sl HL 4 h, 870 C HI &L
AbEE 32 h,



1 A, 4. RIS T8 NiCrAlYSi 8 BP e A T h 83

1.3 RGN

% Nova NanoSEM 430 B H Hi, 7 i i e
% U J2 2% TR T OW AL BUR B R H
Smartlab OkW B 533 X AT TR 2 &
LRI G I PIFILLAL ;s I Bruker BETEAL A IXA-
8100 7l FE 4R i fU5i 73BT NiCrAlY Si Hit i i 46
TRV 2 A2 B TR 45 TG R A A A FLEE

14 EERSEMHRAE

i B HB5258-2000 ¥ A i 4 i Ak
PR E I 7k ), TEAACH Y HEfT 1050 <C
H R4 4L 200 h AR5

IRFE—XF—JCA 10 mL NI E R, I
SRR, Bk s HE R, AR K
W, FELE, R BS224S B T REFERR =
e, AEEIEE R 1x10% g, MEEHRE R 3 A~ F17
RE ALY E T ME

(a) Surface

2 HRSWE

2.1 HMACERIERENRNELSYES T

& 1 HUTERZS NiCrAlYSi )2 1Y 2 i K
B, MEFTR, WERECHEE, A RN
KW, BRI B Y5150 40 (B 1(a)). W
AR, RIRZEFHSIEE, B B
ANFLIR SRR b . TRIZIRE LN 60~70 um, IR
JZH MBS K%, B AR R T B
(B 1(b))o #ALbFRSS , )22 Fohs AR 15 5 i &
% (K 2()), WIE5HARME R T HIT G AR 1545
B, ULEHIRZRMA TR TR AT BEYH, A
AIE I BB HUZ (B 2(b) RIZ A
VEZ 5 A/N IR “BES”, 22 EDS 4br, &
Cr &8 (BB 80) M 89%, HisE M Cr A, JLik
MRS A A Wi (80 M 63.84%,
JE WM.

)‘

NGNS coting

(b) Cross section

[# 1 PIARZS NiCrAlYSi 132 3w MR IE SR

Fig.1 Surface and cross section morphologies of as-deposited NiCrAlYSi coating
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Fig.2 Surface and cross section morphologies of NiCrAlYSi coating after heat treatment
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Fig.4 Oxidation kinetic curves of NiCrAlYSi coating and DZ22B
substrate at 1 050 °C for 100 h
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Fig.5 Surface and cross section morphologies of NiCrAlYSi coating at different oxidation time
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