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High-Temperature Antioxidant Property of NiCoCrAlY/AISiY Composite
Coating on the Surface of GH907 High-Temperature Alloy by Arc Ion Plating
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Abstract To improve the high-temperature oxidation resistance of GH907 high-temperature alloy at 750°C,
NiCoCrAlY/AISiY composite coatings were prepared on the surface of GH907 alloy by arc ion plating (AIP)
technique. We systematically studied the high-temperature antioxidant behaviors and mechanisms of composite
coatings. Micro-scale analytical characterization methods such as XRD, SEM and EDS were used to
comprehensively analyze the physical phase structural characteristics, oxidation product compositions, and
surface/cross-section topographic features during the oxidation process. Tests showed that after oxidation at 750°C
for 500 h, the oxide layer (FeO, Fe,0;) of GH907 high-temperature alloy sprouted a large number of cracks, and the
oxide layer occurred a large area of spalling. The substrate showed a tendency to rapidly oxidize and gain weight,
with a mass gain value of 22.38 mg/cm’ for 500 h. In contrast, NiCoCrAlY/AISiY composite coating in the
oxidation experiment, due to the formation of continuous and dense Al,O, barrier layer, the internal diffusion of
oxygen was effectively inhibited, reducing the oxidation reaction impact of GH907 high-temperature alloy. The
mass gain of oxidation 80 h was 6.37 mg/cm’, then the mass gain rate tended to stabilize, and the mass gain of 500 h
composite coating was only 7.68 mg/cm’. In conclusion, it showed that the NiCoCrAlY/AISiY composite coating
can significantly improve the high-temperature oxidation resistance of GH907 high-temperature alloy.
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Tab. 1 GH907 high-temperature alloy composition (mass frac-

tion %)

JLE C Ni Co Ti Fe Nb+Ta  Si
BUEAMEL 006 40 16 18 52 0.35
JLR Al B Mn Cu Cr S P
BiisE 02 0012 1.0 05 1 0.015  0.015

1.2 NiCoCrAlY/AISiY E&4 2 EHI&

K HL IR FHE (AIP) 30 R, 78 31K b i &
NiCoCrAlY/AISIY & Gk, TR Lo a3k 2 s .
g T2 FEAHG: ()RR ATOK CEEGERD)
PEFTRE A P Pk 15 min, X T )5 FE A (2)NiCoCrAlY
K252 10 F 2 48 T 2 S804 DURET R B 5
Bk 130 mm, 38 AR IR E SRS 1.0 Pa,
fRE—150 V, HLHREL T 80 A, HLJE 18 V, JRLEEF 200°C,
PEAT MO B T8 50 min, JUFRI 2 Il AT
SR EZS 2SR 1.0 Pa, HLE 20 V, fiJE—100 V,
FLIERL IR 100 A, J3 s AT LAY 130 min &, FEIR 2
100°C BHE Y5 (3)AISITY IRZR EZH & T 235
ALAE: DURL T PR L R LB R 130 mm, 38 A H
S E S EEEHI R 1.0 Pa, , M H—150 V, HL IR HL 7
80 A, HLJE 19 V, JRLEE 280°C, HEAT ¥ Gk v 85 115
Uk 50 min, VTR TRJZBEE A G SR B EA1E
A7 1.0 Pa, HLJE 18 V, fii E—100 V, 545 b 60%, HLIR
HLR 80 A, Jii sh B4 UL 60 min Ji7, FEIR E 120°C
BHE . (4) £ 58 UG XHE R AT 650°C E2s iR
K Ah AR, SCEGARE A G WK 3.

% 2 NiCoCrAlY/AISiY E&RENKERS (REHE)

Tab.2 Chemical composition of NiCoCrAlY/AISiY compos-

ite coatings (mass fraction %)

kL Ni Co Cr Al Y Si
NiCoCrAY 31 Ahr 245 6.5 0.4 —

AISiY — — — 89 1 10
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Tab.3 High temperature oxidation sample number

Samples Coatings
Ml Substrate
M2 NiCoCrAlY/AISiY

1.3 &K A

FI R R, B R ML 5 M2 AR
febERE. S0 B AL

(D¥ M1 5 M2 A = iR S 36 4, DA
10°C/min [ A RN E 750°C, 43 51 i A Ak
200 h 1 500 h J5HCH, #E4T R ARKI;

(2)M1 F1 M2 353 0 B = A [ 28 A PR B
B IR D FR g eh, DL 10°C/min B9 HAGHE 2 An i &
750°C, EEF% 40 h, FIKGEE A 10 g A9 KRR, AR
o i AR A A R R A AR T A 4 4R AE
s i g . B AU AL B B (AM) 4% B S
(1) 5

nmy; —m,
AM = ——— 1
5 (1)

K (1) e my TR LK 5 R R FH A, PR mg;
m, 7R LB AR B T &, HL07 mg; S KR IR R
(RS TR AN SR ATS T R o e % € E2 = e L
EIWIE i
14 FRIEFHZE

K >R FH o 2% 28 7] A4 72 9 X Pert Powder % X-
FHLRTHHMY (X-ray diffraction, XRD), k&5 #f 2 7 5246
it B 2 T AR A, B A A B R 10°~90°,
L E A 10°/min. SR FHEE ]2 /) B 44 L Sl ik
5% (SEM, Zeiss YIGMA HD) E47 WLIAE & 2 i A K
TR AE S 50 117 I SHOURTE S0 28 AL R, ] B 1) R4 il e
il E 1Y AE HE HOGIE X (EDS), X4 5 0 R 2H Ik
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AISiY E /%2,
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Fig. 1 Original XRD pattern of sample M2
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HARTNERETY 8, FEQRERE LA E
HERFL o B S A v T R R A A O 1

cross section
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Fig.2 Scanning electron microscope images of the original surface and cross-section of the M2 sample with EDS regional analysis.

(a) EDS regional analysis, (b) original surface, (c¢) original cross-section
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Fig. 3 Oxidation kinetic curves of M1 and M2 samples
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Fig. 4 Macroscopic morphology of M1 and M2 samples after

500 h of pristine and oxidisation. (a) M1 original macro-
scopic morphology, (b) M2 macroscopic morphology,
(c) M1 500 h macroscopic morphology, (d) M2 500 h

macroscopic morphology
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Fig. 5 XRD patterns of coatings on M1 and M2 samples after oxidation test at 750°C. (a) 200 h, (b) 500 h
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Fig. 6 SEM morphology and corresponding EDS patterns of the surfaces of M1 and M2 after oxidation test for 200 h. (a)-(c) M1, (d)-
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Fig. 7 SEM morphology and corresponding EDS patterns of the surfaces of M1 and M2 samples after oxidation test for 500 h. (a)-(c)
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Fig. 8 SEM morphology and corresponding EDS patterns of
cross sections after 200 h and 500 h of M1 oxidation
tests. (a)-(b) 200 h, (c)-(d) 500 h
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Fig. 9 SEM morphology and corresponding EDS patterns of
cross sections after 200 h and 500 h of M2 oxidation
tests. (a)-(b) 200 h, (c)-(d) 500 h
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Fig. 10 Reaction mechanism diagram of the oxidation test of samples M1 and M2



174 H o= B

o 44 3%

FOE AR, A L i & e e SRR N AR
i ALO,. BifE Si TG 5 E LA A Sio,, A
(LNFANAR

4A1+ 30, =2A1,04 (6)

Si+0, = Si0, (7)

B 25 S AL (B A E K, P 0 J2 3R SR A A

MRk REAFE 22 5, A RBORZE A, (HHERE

REAAERNE ALZ, RN (6) SFEEAE K ALO;,

BERIZFT= AL, DL )2 10 808 v
S

3 4ig

Z 4 1Y WF5Y NiCoCrAlY/AISIY B & & 2 *t
GH907 @i & 4 16 B IR A BT T A AT T 0 Mg i i
SEPERIFE IR, FELEIR T

(1)FE 750°C 385 F, GHO07 =il &4 AN H &
KA AL, 17 NiCoCrAlY/AISIY & 4420l LA
AT GHOOT =il & 4 i m iR b E e tEdE .

(2)GH907 & it & 4 75 AL 50 w40, e 4k
i CoFe,O, A ALIZ I SEIR . Bl #r A ALl i 2E 1T,
Fe LR M AN B Co TLE MNY 1L, BEAMZE
KA SIS, R Co LR MR, 2wt
AN LR YE ) FeO 5 Fe 050

(3)NiCoCrAlY/AISiY & & 1% 21 i i Atk it
TP R E R B ALO, Rl )2 . Afkid
555 W, B TN A R R EUR A2 A AL
S5ELIHE, (HR 2 E AL 27600 X 88 w5 1
ALO;, #E— M A M NP

& % X W
[1] Sun X, Yang Z, Wang X. Effect of fan outlet guide vane
on the acoustic treatment design in aeroengine nacelle[J].
Journal of Sound & Vibration, 2007, 302(1-2): 287312
[2] Tian H, Huang Z, Wang C, et al. Optimal design of aero-
engine turbine disc based on kriging surrogate models[J].
Computers & structures, 2011
[3] Zhao Chuandong, Li Jinyan, Zhang Huan. Research on
application of high temperature materials in aero-
engine[J]. Internal Combustion Engine & Parts, 2021(18):
55-56 GEAAE 7R, 25 e, sk, il il A e A 25 K 3l
HL B R WS (9], N A PL S B AR, 2021(18):
55-56(in chinese) )
[4] LiuPS, Liang K M, Gu S R. High-temperature oxidation

behavior of aluminide coatings on a new cobalt-base su-

[5]

[6]

[7]

(8]

9]

f10]

[11]

peralloy in air[J]. Corrosion Science, 2001, 43(7):
1217-1226

Xu Fang, Yue Peiwen, Li Hansong, et al. Study on the
high temperature oxidation behaviour and mechanism of
second-generation nickel-based single-crystal high-tem-
perature alloys[J]. CHINESE JOURNAL OF RARE
METALS, 2023, 47(04): 493-501 (1% 75, ‘Riili %, 229€
iy, A B AR B L B el A T B bIL
WHE [J]. ¥ 42Ji., 2023, 47(04): 493-501(in chinese) )
Yang Lianghui, Lu Yi, Wu Yongan, et al. Study on forg-
ing process of GH907 ring forgings[J]. Forging& Metal-
forming, 2019(23): 60—63 (# & 2%, F4H, Rk, 5.
GHO07 3 JE M 14 48 i T £ WF 5T [0). Mk 5 wh K,
2019(23): 6063 (in chinese) )

Han Guangwei, Deng Bo, Yang Yujun, et al. Comparison
and research on corrosion resistance behavior of various
low thermal expansion superalloys under simulated ma-
rine environment[J]. Journal of Iron and Steel Research,
2011, 23(S2): 21-24 (¥, XBkE, M £ %, 45 HEF3H
S5 A TR IR M v 1 < M8 e 0 3 Y LRI (0],
BRFSE 244, 2011, 23(S2): 21-24(in chinese) )

Liu Jin, Zhao Zhiyi. Residual stress distribution of elec-
tron beam welded dissimilar superalloy sheet joints after-
heat treatment[J]. Transactions of Materials and Heat
Treatment, 2016, 37(02): 245-248 (XI3#, & &%, 7
ol s T A 4 MUBA P, RO R A B S AR AR L D R
HE [J7. M RFAAE BE2E3R, 2016, 37(02): 245—248(in chi-
nese) )

Pervaiz S, Rashid A, Deiab I, et al. Influence of tool ma-
terials on machinability of titanium- and nickel-based al-
loys: a review[J].
2014,29(3): 219-252

Dong Zemin, Chen Wei, Liu Lulu, et al. Dynamic consti-

Advanced Manufacturing Processes,

tutive relationship and failure relationship of GH907 su-
peralloy based on J-C model[J]. Materials for Mechanical
Engineering, 2021, 45(10): 4349 (FF R, Mrds, XI5
B, % BT J-C B GHOOT ik G & sh BAM KR
RRBGRE (] WU T AR, 2021, 45(10): 43-49(in
chinese) )

Tang Xiaohui, Yang Shulin, Zang Dechang, et al. Analy-
sis and improvement of mixed crystal microstructure of
GHO07 alloy free forging ring parts[J]. Hot Working
Technology, 2015, 44(07): 141-144 (JEIEHE, 470k,
AR S, 55, GHO07 &4 A th SRME R Fh2H 2L 73-Hr
I ke [7]. I T2, 2015, 44(07): 141-144(in chi-

nese) )


https://doi.org/10.1016/S0010-938X(00)00137-2

s

2 1

AoV S GHOOT il G 4 F2 18 HL 9IS T8 NiCoCrAlY/AISIY & &k 2 M Eii b A PERERT T

175

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Zhao Honglu, Wang Li, Han Zhenyu, et al. Study on cor-
rosion resistance performance of protective coatings for
GH907 alloy[J]. Aeroengine, 2011, 37(02): 43—46 (%%
B, TR ¥R, 55, GHOOT & & By ik 2 & it e
W% [9]. filias & 381, 2011, 37(02): 43-46(in chinese) )
Li Min, Cheng Yuxian. Progress in research on high tem-
perature protective coatings for aero-engines[J]. China
Surface Engineering, 2012, 25(01): 1621 (ZR, & &
Wt itz R U R IR B A SRR ST R (0], v R
T72,2012,25(01): 16-21(in chinese))

Li CJ, Li W Y. Effect of sprayed powder particle size on
the oxidation behavior of MCrAlY materials during high
velocity oxygen-fuel deposition[J]. Surface & Coatings
Technology, 2003, 162(1 ):31-41

Zhou Huihui. Study on oxidation
Al/AISi/AISIY diffused DZ125 coatings for high tempera-
ture Ni-base superalloy[J]. Paint & Coatings Industry,
2020, 50(11): 16-20 (Jf 2 2. B 2 @ il 5 & A
AISVAISIY 7% JZ 4 g i S AL PERE B 52 [J]. TR Tl
2020, 50(11): 16-20(in chinese) )

resistance of

Cao Yuxiao. Oxidation resistance of high velocity oxy-
gen fuel sprayed NiCoCrAlY/AlO; composite coating[J].
Heat Treatment of Metals, 2015, 40(08): 88—91 (¥ L&,
35 T OB NiCoCrAlY/ALO, & AR 2 AL
PERE [7]. &R #ALEFE, 2015, 40(08): 88-91(in chinese))
Jia Qiangian, Li Deyuan, Li Bo, et al. Reaction mecha-
nism and oxidation resistance of modified Al/NiCr com-
posite coating on Ti[J]. Surface Technology, 2020,
49(12): 311-318+329 (BIfifiF, ZEfoT, 25, 7F. B
T} AUNICr &2 5 U J2 ok S R HLER Kt S AR vk B [0].
FEFA, 2020, 49(12): 311-318+329(in chinese) )
Seyring M, Wanierke F, Kaaden T, et al. Influence of nat-
ural oxide layers at Ni/NiAl interfaceson Ni;Al phase for-
mation[J]. Materials Characterization, 2021, 174: 111032
Schmidt J, Merkle A, Brendel R, et al. Surface passiva-
tion of high - efficiency silicon solar cellsby atomic - lay-
er - deposited Al,O,[J]. Progress in Photovoltaics: Re-
search and Applications, 2008, 16(6)

Wang Z, Liu X, Lv M, et al. Preparation of one-dimen-
sional CoFe,0, nanostructures and their magnetic proper-
ties[J]. The Journal of Physical Chemistry C, 2008,
112(39)

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Zhang K, Ning S, Ren C, et al. Improvement of oxidation
resistance of spatial-network Al,O,/YSZ composite coat-
ings by chemical densification[J]. Surface and Coatings
Technology, 2015, 266: 105—112

Dillon A C, Ott A W, Way J D, et al. Surface chemistry
of Al,O, deposition using AI(CH;); and H,O in a binary
reaction sequence[J]. SurfaceScience, 2016, 322(1-3):
230-242

Zhou Lixun, Zhu Jun, Huang Wen, et al. Growth and in-
terfacial strain of BaTiO,/CoFe,0,/BaTiO; magnetoelec-
tric multilayers[J]. Chinese Journal of Vacuum Science
and Technology, 2007(05): 386-390 (J& sz ih, KR, B
3, % BaTi0,/CoFe,0,/BaTiO, % &l F ik AF K K i
FIWRFE (1], H 25 Bh 2 5 45 R 22 4, 2007(05): 386~
390(in chinese))

Zhu Fulong, Yu Qingchun, Yang Bin, et al. Behavior of
Fe,0; in Al extraction by alumina carbothermic reduction-
chlorination in vacuums[J]. Chinese Journal of Vacuum
Science and Technology, 2011, 31(04): 485-489 (4 &
Je, iE A&, Wik, 5. Fe,0, 7ERLIRBRIUL -5 10k
PRER R AT AT [J]. AR HHORER, 2011,
31(04): 485-489(inchinese) )

Renusch D, Schorr M, M. Schiitze. The role that bond
coat depletion of aluminum has on the lifetime of APS -

TBC under oxidizing conditions[J]. Materials and Corro-
sion, 2008, 59(7)

Berman R G. Internally-consistent thermodynamic data
for minerals in the system Na,O-K,0-CaO-MgO-FeO-
Fe,0;-A1,05-Si0,-Ti0,-H,0-CO,[J]. Journal of Petrology,
1988(2): 445-522

Liu G Y, Liu J, Liu B, et al. Ketjen black carbon support-
ed [emailprotected] NC nanochains as an efficient electro-
catalyst for oxygen evolution[J]. International Journal of
Hydrogen Energy, 2018, 43(51): 22942-22948

Ozkan W U S. Preparation of nanostructured nitrogen-
containing carbon catalysts for the oxygen reduction reac-
tion from SiO” and MgO-supported metal particles[J].
Journal of Catalysis, 2006

Tang F, Ajdelsztajn L, Kim G E, et al. Effects of surface
oxidation during HVOF processing on the primary stage
oxidation of a CoNiCrAlY coating[J]. Surface and Coat-
ings Technology, 2004, 185(2-3): 228-233


https://doi.org/10.12020/j.issn.0253-4312.2020.11.16
https://doi.org/10.12020/j.issn.0253-4312.2020.11.16
https://doi.org/10.1016/j.matchar.2021.111032
https://doi.org/10.1016/j.surfcoat.2015.02.020
https://doi.org/10.1016/j.surfcoat.2015.02.020
https://doi.org/10.3969/j.issn.1672-7126.2007.05.006
https://doi.org/10.3969/j.issn.1672-7126.2007.05.006
https://doi.org/10.3969/j.issn.1672-7126.2007.05.006
https://doi.org/10.3969/j.issn.1672-7126.2011.04.20
https://doi.org/10.3969/j.issn.1672-7126.2011.04.20
https://doi.org/10.3969/j.issn.1672-7126.2011.04.20
https://doi.org/10.1016/j.ijhydene.2018.10.142
https://doi.org/10.1016/j.ijhydene.2018.10.142
https://doi.org/10.1016/j.surfcoat.2003.11.020
https://doi.org/10.1016/j.surfcoat.2003.11.020
https://doi.org/10.1016/j.surfcoat.2003.11.020

	1 试验方法
	1.1 基体材料
	1.2 NiCoCrAlY/AlSiY复合涂层制备
	1.3 性能测试方法
	1.4 表征方法

	2 结果与讨论
	2.1 涂层制备态组织结构
	2.2 氧化动力学分析
	2.3 表面宏观形貌分析
	2.4 XRD物相分析
	2.5 表面微观组织形貌与EDS元素分析
	2.6 截面微观组织形貌与EDS元素分析

	3 结论
	参考文献

