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Bonding Property of High—thickness Gradient NiCoCrAlY/YSZ
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Abstract: The thermal insulation property of thermal barrier coatings (TBCs) can be significantly improved with increasing
the coating thickness. However, the increase in thickness leads to a lower interfacial bond inside, which severely restricts
the reliability and service life of TBCs. A series of NiCoCrAlY/YSZ gradient thermal barrier coatings with millimeter
thickness were deposited on the substrate by a novel and efficient supersonic plasma synchronous dual powder feeding
method. The bond strength of the coating was tested by tensile method, and the influence of coating thickness and
microstructure on the bond strength was discussed. At the same time, the finite element simulation method was used to
verify the relationship between the internal residual stress and the bonding strength of TBCs. The results show that when
the thickness of the coating increases from 1 000 pm to 2 500 pm, the bonding strength of the coating gradually decreases
from 44.5 MPa to 29.4 MPa. The decrease of the bonding strength is due to the accumulation of residual stress in the
deposition process of the coating. The fracture site is gradually transferred from the adhesive layer to the gradient transition
zone due to the different accumulation positions of the residual stress. Finally, fracture occurs inside the ceramic layer.

Key words: high-thickness gradient coating; synchronous feeding; plasma spraying; bonding strength; finite element
simulation
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Fig.1 Original feedstock powder, synchronous dual powder inlets, and the powder feeding rate as a function of spraying time
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Fig.2 Cross-sectional SEM images of gradient NiCoCrAlY/YSZ coating with various thickness
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Fig.3 Relationship between fracture morphology and residual stress of coatings after tensile test
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Tab.1 Bonding strengths of TBCs from different studies
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Fig.4 Finite element simulation of stress concentration of gradient coatings with various thickness

HEGREARFELWR, HR)ZEEZ#ED 1000 pm
i, LAFEBF S P A5 B 45 5 3 AR XMEIA 3] 45 MPa, 5
FLAt B T LR, AR AT 5 R () 25 XK B 2 A ol 2
B BE TR B RRE R 2=, P T U6 R I W £ B L PR IR
I S B T S I RS [ SR R e A A
RS, I 26 77 1k L2 T NiCoCrAlY i id BE &
AN YSZ 15 A AS 1L B Tr) R, 5545 19 Fob A 37 7 A 75
{8 oy FE MR R AR R R A e T il A B T R
4N R BE I 22 JZ R E5 K (I 2a) , 2 2 4540 1Y It
R AR T TIRERS SR,

3 #Hit

(1)% B T W5% NiCoCrAlY/YSZ %K 4% & i
JE R UR 2 0 45 A 0 B X R 1 AR T M R
2 B BRI 2 R R 1000 wm PRS2 45 A
58 B F] 44 MPa, JEFEN 2 500 pum $RE IR 2 B 45
A iRBEY R 30 MPa,

(2)KE#E NiCoCrAlY/YSZ % & # i )2 5 /Y
B, EREE R Z AR RN S, R8BS
58 B BRI

)Y HMBEREEE M 1000 um H fn
2 500 wm B, FERAN S E P ALE AR, R
AL ZEE AR E M E R TR KA EREEN
TR AW,

*

SE

[1] SCHULZ U, LEYENS C, FRITSCHER K, et al. Some recent

trends in research and technology of advanced thermal barrier coat-
ings[J]. Aerospace Science Technology, 2003, 7: 73-80.

[2] KARADGE M, ZHAO X, PREUSS M, et al. Microtexture of the
thermally grown alumina in commercial thermal barrier coatings
[J]. Scripta Materialia, 2006, 54(4): 639-644.

[3] PORTINHAA A, TEIXEIRAA V, CARNEIROA J, et al. Charac-
terization of thermal barrier coatings with a gradient in porosity[J].
Surface and Coatings Technology, 2005, 195(2-3): 245-51.

[4] WANG L, WANG Y, SUN X G, et al. Finite element simulation of
residual stress of double-ceramic-layer La,Zr,0,/8YSZ thermal bar-
rier coatings using birth and death element technique[J]. Computa-
tional Materials Science, 2012, 53(1): 117-127.

[5] WANG L, WANG Y, SUN X G, et al. Thermal shock behavior of
8YSZ and double-ceramic-layer La,Zr,0,/8YSZ thermal barrier
coatings fabricated by atmospheric plasma spraying [J]. Ceramics
International, 2012, 38(5): 3595-3606.

[6] HK¥k,m TOF, DA, 4. TR B B O 2 9 BF 58 3R 4 4 [CY/
5575 Jm PR O [ PR A i 42 B AR LR 2 E IR E 2 db et
oh [E R W TR P4 ,2013:82-90.

[7] 5KZE. 4K ZrO, JEWR 2l 4, 450 5 P RERF 5T [D]. I . I
T K2, 2008.

[8] PENG Y, ZHANG C, ZHOU H, et al. On the bonding strength in
thermally sprayed Fe-based amorphous coatings [J]. Surface and
Coatings Technology, 2013, 218: 17-22.

[9] QIN J, CHEN G, DU Z M, et al. Study on Performance of 8YSZ
Thick Gradient TBC [J]. Applied Mechanics and Materials, 2014,
607: 43-46.

[10] CEN H, LIU Y, GAO Y, et al. Design, preparation, and characteri-
zation of graded YSZ/La,Zr,0, thermal barrier coatings[J]. Journal
of the American Ceramic Society, 2010, 93(6): 1732-1740.

[11] FANG X, ZHANG G, FENG X. Performance of TBCs system due

(F#255 564 )



“564 -

FOUNDRY TECHNOLOGY

Vol.42 No.07
Jul. 2021

TNV PV S 8
3 #it

()% & Mg-Sr-Ag-La & 4 41 21 8L #Y () &
ERASH, K A a-Mg R LA K 5 A 7 R
s [E] B o 9 2R R ORLIR AN HORR % — RIVERR
WA A . A 4 A a-Mg Mg;Sr, il
Mg;La, LA &2 AgMg,.

Q) A MEBFES Mg-4Sr-2Ag-6La £ 4 i i &
¥yt , 43914 83.9 HV; Al 106.7 HV,, Mg-Sr-Ag-La
B & B HE PR B 00 3R B 4R bR 28 AB K BN B Y kB
6 b5, AT LA R 1 e B, BT R RE L (1 B i =
K, La RS EMES, AR ThMmEr#E,
Mg-4Sr-2Ag-6La & & M T f7 58 & & K, ik F|
344.5 MPa,

(3)Mg-4Sr-2Ag-6La & & B J& h {7 e &
Mg-4Sr-4Ag-2La 15 & P A B KM A 8 bl A7 /)
B HL R DL R RS o R, R X F
Mg-Sr-Ag-La & &1 &, @& &cEmARRE
14 o B B AR BT

B2 K .
(] E—I|, 580, 0500 % BE 364 IR 15 H B F1HLA BE R 00 BF 5%
BEBL[T]. 2R 0 B 2 L F 26 3K, 2018,5(32): 39-40,42.

[2]

(3]

[4]

(3]

(6]

(7]

[8]

[9]

MEW, Rawh dEZEF PO ERESRME [J]. &85,
2017, 53(3): 257-297.

Khurram Munir, LIN J X, WEN C, et al. Mechanical, corrosion,
and biocompatibility properties of Mg-Zr-Sr-Sc alloys for
biodegradable implant applications [J]. Acta Biomaterialia, 2020,
102: 493-507.

Mark P Staiger, Alexis M Pictak, Jerawala Huadmai, et al. Magne-
sium and its alloys as orthopedic biomaterials: a review[J]. Bioma-
terials, 2006, 27(9): 1728-1734.
FFE.TRERAEYEMRESSMEMPIRER J). A aRER
5848, 2019, 40(04): 5-8.

TANG H Y, WANG F, LI D, et al. Mechanical properties, degrada-
tion behaviors and biocompatibility of micro-alloyed Mg-Sr-RE al-
loys for stent applications[J]. Materials Letters, 2020, 264: 127285.
ZHANG J, HIROMOTO S, YAMAZAKI T, et al. Macrophage
phagocytosis of biomedical Mg alloy degradation products pre-
pared by electrochemical method [J]. Materials Science and Engi-
neering C. 2017, 75: 1178-1183.

BRAR H S, WONG J, MANUEL M V. Investigation of the me-
chanical and degradation properties of Mg-Sr and Mg-Zn-Sr alloys
for use as potential biodegradable implant materials [J]. Journal of
the Mechanical Behavior of Biomedical Materials. 2012, 7 (3):
87-95.

LU W U, PAN F S, YANG M B, et al. As-cast microstructure and
Sr-containing phases of AZ31 magnesium alloys with high Sr con-
tents [J]. Transactions of Nonferrous Metals Society of China,
2011, 21(4): 784-789.

(_E$E5 559 51)

to the different thicknesses of top ceramic layer[J]. Ceramics Inter-
national, 2015, 41(2): 2840-2846.

[12] BAI'Y, FAN W, LIU K, et al. Gradient La,Ce,O/YSZ thermal bar-
rier coatings tailored by synchronous dual powder feeding system
[J]. Materials Letters, 2018, 219: 55-58.

[13) REARME, @A (Eatat, 5. B F W3R W2 h sk & 0 1 4 7 D).
KM HA, 2004, 33(1):15-17.

[14] KB RE L, W 55 DB M EE W2 IR AR 1 ()], HLK
T4k, 2006, 42(1):18-22.

[15] #BBE, R4 1E ANSYS rh U0 BE B B A4 kL (4 7 3 BF 5[]
of [ R %, 2014(1):37-38.

[16] SCHMITT M P, RAI A K, BHATTACHARYA R, et al. Multilay-

er thermal barrier coating (TBC) architectures utilizing rare earth

doped YSZ and rare earth pyrochlores [J]. Surface and Coatings

Technology, 2014, 251: 56-63.

STOKES J, LOONET L. Residual stress in HVOF thermally

sprayed thick deposits[J]. Surface and Coatings Technology, 2004,

177-178: 18-23.

[17]

[18]

(19]

[20]

[21]

[22]

WANG J, SUN J, ZHANG H, et al. Effect of spraying power on
microstructure and property of nanostructured YSZ thermal barrier
coatings [J]. Journal of Alloys and Compounds, 2018, 730:
471-482.

SCHLICHING K W, VAIDYANATHAN K, SOHN Y H, et al. Ap-
plication of Cr3+ photoluminescence piezo-spectroscopy to plas-
ma-sprayed thermal barrier coatings for residual stress measure-
ment[J]. 2000, 291(1-2): 68-77.

DOKUR M M, GOLLER G. Processing and characterization of
CYSZ/ALLO; and CYSZ/ALOs+YSZ multilayered thermal barrier
coatings[J]. Surface Coating Technology, 2014, 258: 804-813.
KHOR K A, GU Y W, DONG Z L. Plasma spraying of functionally
graded yttria stabilized zirconia/NiCoCrAlY coating system using
composite powders [J]. Journal of Thermal Spray Technology,
2000, 9: 245-249.

GHASEMI R, VAKILIFARD H. Plasma-sprayed nanostructured
YSZ thermal barrier coatings: Thermal insulation capability and
adhesion strength[J]. Ceramics International, 2017, 43: 8556-8563.



