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Fig. 2 Oxidation kinetics curves of alloy and coating samples at
different temperatures for 300 h
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Fig. 3 XRD patterns of alloy sample at 900 °C and coating sample at 1 000 °C after being oxidized for 300 h
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Fig. 4 Surface morphology of alloy sample at 900 °C and coating sample at 1 000 °C after being oxidized for 300 h
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Fig. 5 Cross sectional morphology and element distribution of alloy sample after being oxidized for 300 h at 900 “C
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Fig. 6 Cross sectional morphology and element distribution of coating sample after being oxidized for 300 h at 1 000 “C



F

Vol.70 No.10 2021

sH [y ——
{EE Founory TGRS

3 e
BEMNEREMTHESEETERREEX, B
55 R8 W EMEN IR ERRER S HET B HEE
EEX, B EESPE12.44%Cri14.36%Al, XFES
EREF K E—RICr,O,ZRALOANIIREPTFRAIGETT IR
FE16%F110%"° ", FHIt, SMHNEEEhTESKIE
SHERYIIEERER S HEITE R EREDS
HORKRERNWRN, 1RIE (TNDHRNDZFMR) M
HEXFIRAITES SR EERERSHETEHA
BEEZITF L. HELITF, EEFITRAIFTI0 CHTS
OTEMFENHIMTEEFHMITER, EE6E+TEER
WHYEMTTE, TSN EBEERAETRAILSE R
FHMEMALO,, WATEMENNF &2 RIRIEER
1H4E . BEEPFAITTERREA B HAE—RIALOSR
s, AttESPITECHFITHRIER D F FIBRR
RESMRMNERKCHLOMTIO,, E2FXEEMT RS
SUME, EEEUNHNZHEZIZEHT. BESR
Wi, EEEEENEETERABEENERE, &
HiERUESNEERETTEAEXNREEIN, Hm
KESHRN, BNEEEEF TERNECDEEE
FEBRMAEREZREMAY, W: CrTi,0s. NiCr,0,.
CoSi0 %, FRMNWENEERE T ARIEN,
B TERENAENNERREBIZER, XEMELY
BREERAND; SiaER—RITEBEIENE
IR REVEIRE, RS, SUYEFRIREENY
BNEKEYIE, SHEMYESEERR. T
2. FE, EEEAILRE, ESahEiskFrRrEnnk
MBI RFLE, NMENNZHMESLERI. B
=, SUMERERFR, ATSF0FENENE
HREXGEEFERHETER, SEEHTEIENY
BINO, 56 FAETRKIEANEFMERERM R
ERENY, NMEEEBRAEREIRE, BEA M
TEUDEIEE, HE—SREFENRE; Eit,
S EEMIEENSUNBERERZ T, SN
NEREZIEENEETRIEZLN,
TETIEGESNaYtakEREyT &, &
BREgTaEHPEMITE, BEANBEREEN
YMIBHRE, SSEATETINSSR/NHS, £
TiO,, MEMAHIT, ¥ HESESETEAITRTI—EBDE
BESNERE, S—ioBdatEQIN B, Tt

KEEMEENALO,FTBRERIE, MEZHRIK
BHTIO,FFBRERR, FHitEGE+HMTiITESTE
EEMNTIOEZEUCMNEEF BN BFHEESNR
R, &pETiO,, EEENMEEEIEM, BETIORE
RERTEBEREA=ANRER . §2IEFRENITETI
WEMAERRLDE, GEFA NHEaEAEITETIE
REBENRTaEaEERAEYT 8, AT TETIESN
MHHIEIBREATEESSFTHIIBRE, HULLE
SUETHEEREIN T TETINR WX, WESe
PETELETR . ETITTERMNR WX AWTTECHNAIRYREE
WS, BT EENEHNTECHIAIHEENEE
EREY B Y BT HITRCr. AIS0, /8180,
A R4ETTERCr, AIFNERERSENL . HAOZFEICHY)
[RAEE/RSfRERE mEgN (1) ™,

A Gy= A G-RTInp,, (1)

TEAEWEP., D EERIXE, HF AG a0,
<A G, cro5r WAGH a0, <A Gy, cro, BLLENEREIES
SREMNER T ALOHIREA .

HRZER, STT=Cr. AIBNSREKRER, HBTECr
FIAIRERSLL X F4RT, WEREFRBEEMCrO.EMK
PIEM, LT ECHNAINREL/NTF48T, NiREER
ALOMIEMNMIE . AiXIIREFITTERCHIAINREL
793.87, INF4, EIRENERALOERE . iRER
BHERPKRED, REFESHRUMA/N . RERE
X BAHYERZ, FEFRETSESEENIRE
Rs, HIEBNTREFSESHT MEH, THRIR
B RETEREMEERSNAITTEHEG S NG
SEFRENYT BIRE, BETATTRERERE AL
ELALOJEMIGFIKRE . tINKEFIRIIATTERCIK
YR LAFE R EE = o=, (RiREREEMALO,
f&; EEITERTaf Y, SJiBETEAIREME, B3
ALOAERY, MMILALOEHL, EHINALOSAMWIRAIEBIER:
ALO|NESERAIRLMIE . AL, SAMERREIRL
FEEMEERELFIP AL SIS, EibahHhE
HRRIBE, MESAHTRELEREALOENY
EEEARRIGIN, Be T RENEMAMNE, FEA
NEMEZBTEE. B9, BRANEIER, P20,
HREERBENSRRBEEHNRE, HSRERD
RIAIRE 2 N AE R ALO NS

F1 |UWTEO0 CHIFRAEEER &M H T H HAE

Table 1 Standard molar Gibbs free energy of oxide formation at 900 °C kJ/mol
A G‘:\, “2”3 A (;nm, Cry05 A G:\, Siy03 A (;(r:w NiyO5 A G‘:\, CoO A (;?n. Ti0y A C?n, NiCry0, A (;nm, CoSi04
-1296 -814 ~702 -132 -145 -728 -43 -23




20214 51088/56705
SA
4 £518

(1) £900 CEMIEE, RESBREEIIFIE
EREWR, SHBEaEEATNEaMREREZE R
7, hhEHES2REXTN. aEWDES A=
B, WE&WrrYMEERNTIO,. Cr,0,, FEESEML
FEZENALO;. Si0,, RENXMEANTMEEN
Al,O,,

s A ﬁ '- ‘i
IS Founorw [T =

(2) CoNiCrAITaY R ERBYNERESEE S
AN IERE, 7£1 000 CRMAE, REEBERE
IR, IRERERREZIELALOLRIFE, BEAMA
HABNFHEETFE. RERAEWYIRS I
B, SNERFEIELRALOSMIIR, RERERMM
IIRAIALONEIDZE -

SEE:
[1] WSk, X, BREL, £ 7 EEEXIBNISITRIFIDDATIRES S REABRRITNG [J]. FEZBMHSTIZ, 2020, 49 (12) .
4348-4349,

[21 BRBR, RMFR, XS, T —MEESEESESSNEMNTH ] S, 2014, 63 (1) : 62-63.

[3] TEXIER D, MONCEAU D, HERVIER Z, et al. Effect of interdiffusion on mechanical and thermal expansion properties at high temperature of a
MCrAIY coated Ni-based superalloy [J]. Surface and Coatings Technology, 2016, 307: 81-82.

[4] CHANGJ X, WANG D, ZHANG G, etal. Interaction of Ta and Cr on Type-| hot corrosion resistance of single crystal Ni-base superalloys
[J]. Corrosion Science, 2017, 117: 35-36.

[5] SHIL, XINL, WANG XY, etal. Influences of MCrAlY coatings on oxidation resisitance of single crystal superalloy DD98M and their
inter-diffusion behaviors [J]. Journal of Alloys and Compounds, 2015, 649: 515-516.

[6] CAOJD, ZHANGJS, HUAY Q, etal. Microstructures and isothermal oxidation behaviors of CoCrAlY TaSi coating prepared by plasma
spraying on the Ni-based superalloy GH202 [J]. Surface and Coatings Technology, 2017, 311: 19-20.

[71 RENP, ZHU S L, WANG F H. TEM study of the evolution of sputtered Ni+CrAl'YSiHfN nanocomposite coating with an AIN diffusion
barrier at high temperature [J]. Surface and Coating Technology, 2016, 286: 262-263.

[8] WANGJL, CHENMH, ZHUSL, etal. Taeffect on oxidation of a nickel-based single-crystal superalloy and its sputtered nanocrystalline
coating at 900-1 100 °C [J]. Applied Surface Science, 2015, 345: 201-202.

[91 LINRQ, FUC, LIU M, etal. Microstructure and oxidation behavior of Al+Cr co-deposited coatings on nickel-based superalloys [J].
Surface and Coating Technology, 2017, 310: 275-276.

[10] ZHANGJS, HU ZQ, MURATAY, et al. Design and development of hot corrosion-resistant nickel-base single-crystal superalloys by the
d-electrons alloy design theory: Part I1. Effects of refractory metals Ti, Ta, and Nb on microstructures and properties [J]. Metallurgical
Transactions A, 1993, 24A: 2451-2452.

[11] 2%, FHEE. THWIRDFEIEFM [M]. L. FILKFHARE, 1993: 499-502.

[12] #3E=E. Of5ese, FBAR. SRNEEGSTELS0 CH950 CHIRVEMITH [J]. EHAMESHE, 2015, 36 (10) : 220-221.

[13] A%, HES, BFE, & SHEESSBAMRRENERIRFIRNENTNAMRLIT AR . BESEHEIE, 2014,
43 (1) : 82-83.

[14] WANG X Y, XIN L, WANG F H, et al. Influence of sputtered nanocrystalline coating on oxidation and hot corrosion of a nickel-based
superalloy M951 [J]. Journal of Materials Science and Technology, 2014, 30 (9) . 873-874.



F

‘i —
{EE Founory 113G 5T Vol.70 No.10 2021

Influence of Sputtered CoNiCrAITaY Coating on Oxidation Behavior of
Ni-Based Superalloy

LU Xu-dong, YANG Cheng, GUO Ce-an
(School of Equipment Engineering, Shenyang Ligong University, Shenyang 110159, Liaoning, China)

Abstract:

CoNiCrAITaY nanocrystalline coatings with mean grain size less than 100 nm were deposited on Ni-base
superalloy substrate by magnetro sputtering.By means of microstructure observation and measurement of the
isothermal oxidation mass change curves, the high temperature oxidation characteristic of Ni-base superalloy
at 900 °C and CoNiCrAlTaY nanocrystalline coatings at 1 000 °C. were investigated. The results show that obvious
surface oxidation and internal oxidation for the Ni-based superalloy occur at 900 °C , and its oxidation kinetics
curve has a wavy change; there are three layers in the oxidation region of Ni-base superalloy, the outer layer
consists of TiO,, Cr,0, phases, the middle layer consists of Al,O,, SiO, phases, and internal oxidation layer
consists of AlLO, phase.The sputtered CoNiCrAlITaY nanocrystalline coating may effectively improve the
oxidation resistance of the alloy, and the kinetic curve of the coated sample tested at 1 000 °C obeys the parabolic
rate law; no spalling of Al,O; films could be detected on the coating surface, and just a few internal oxidation
(Al,O,) appears inside the coating.
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Ni-based superalloy; CoNiCrAlTaY coating; high temperature oxidation; nanocrystalline
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