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Thermodynamic Propertiesand Thermal Cycling Lifetimes of
LaMeAl101/YSZ Thermal Barrier Coatings
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(State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, Wuhan 430070, China)

Abstract: LaMeAl;;0,, ceramics is a kind of thermal barrier coating (TBC) material with promising application
prospect due to its unique crystal structure, excellent thermodynamic properties, low thermal conductivity, and high
temperature phase stability. Here, LaMeAl;;0;o/YSZ (Me=Mg, Cu, Zn) thermal barrier coatings were prepared by
atmospheric plasma spraying (APS). Failure analysis of the coating was carried out by burner rig test and other
analysis techniques. The results show that LaMgAl;;O,9 (LMA), LaZnAl;;O9 (LZA) and LaCuAl;;0;9 (LCA)
powders are decomposed during the plasma spraying, resulting in different contents of magnetoplumbite phase in
the coatings, which may be an important factor responsible for their distinction of thermal cycling lifetimes. The
LaMeAl;;0,9 layer is delaminated upon YSZ layer due to mismatch of thermal expansion coefficient between
LaMeAl;;0y9 layer and YSZ layer and volume shrinkage caused by recrystallization of amorphous phase. Then the

YSZ layer is exposed high temperature, accelerating sintering and TGO growth, and promoting the delamination of
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the YSZ layer from the bond coat. At low temperature, with the increase of the atomic number of the divalent Me*,

the thermal conductivity of the LaMeAl;;O;y decreases. At high temperature, LCA coating has better infrared

emissivity (0.88, 600 C) than both LMA and LZA, which weakens the contribution of photon conduction to

thermal conductivity and leads to the reduction of thermal conductivity. Therefore, LCA coating has potential

application in high temperature infrared radiation coating.

Key words:. thermal barrier coating; magnetite rare earth hexaaluminate; flame thermal cycling; thermodynamic

property
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Tablel Chemical reagentsfor main experiments

Chemical reagent  Purity Manufacturer
La,03 99.9%  Beijing Chemical Works
Jiangsu Hanos Chemical
0,
MgO 99.9% Co.. LTD
Shanghai Chemetall
0,
ALO; 99.9% " Chemicals Co., LTD
Hubei Longma Chemical
V)
ZnO 99.9% Co.. LTD
Nanjing Xincai Chemical
V)
CuO 99.9% Co.. LTD
Nanjing Xincai Chemical
V)
CaO 99.9% Co.. LTD
Metallographic Wuxi Hua;heng
cold inlay — Metallurgical Technology
Co., LTD
Gumacabic AR Shanghai Sinopharm Group
powder Chemical Reagent Co. LTD
Ammonium

citrate tribasic AR Beijing Chemical Works




512 W

IR, Z5: LaMeAl; 0,0/YSZ B i 2 34 7 21t BE A G 38 75 i 1261

SFOC-16 BYM: 55 1 R AL BK B J5 IR A I kT i1&
FLAG 23 S AN IR R, FE RS 32~125 um Fi
BUEEMMARENES FRORAM K. XA
Multicoat 1 APS Wik & 4t il 25 Wi 8 A B 17540
IR Eh I iR 2 o AR A 55 (50 mmx50 mmx5 mm).
AN GBO mmx15 mmx3 mm) fl 8 HE SR E &
(30 mmx3 mm). WEIRKY R EHDIR S A S5k F
29500 um 5, AT IR . NiCrAlY B
DU BN FAEAREE )2, JREZ08 100 pum,
SRJE YSZ FIWTIRAM R UTARTE NiCrAlY FAEN
V&2, EEA) 100 pm. PAASEE 0y F Ak 1
LaMeAl;;019/YSZ #FEIREH TR . DI
Fe I B G B A ) B R 2 T KA B R
HEETHHRM SR 2 fis.
1.3 NIGIHRMEIRNK

K H KT-15 BY5E &l K 6 B 30 BRI AGEHEAT K
JEFER I, WSS iR E R TR E 1300 °C
RIE 5 min(T EBFEHILE 1100 CLLR). #IEIHRLT
YEZ % kSRR 0.34 L/min, /<& 13.7 L/min,
BRI 15%. IEHRIERE 20%F 1Ha5, 1§
RN R 2 75 1
14 SrthAnRAE

f#i /] Smart Lab SE BYHLHE X G L ATHH
BHEATYIA %52 500, FRVERE 20=20°~80°,
fHE N 8 (°)/min. il QUANTA FEG-450 %117
R PR A T R S R 2 1 3R T RN T
4G EDS #HATREE AT, (EH IR-2 B4R G
SR E ARG EAE = E 600 Cyu [ 20 40 k5t
., [ DIL 402C R HAZAK OO &R EE =R S
1400 °C i BBl I IZ K R 5. A R DI RIPLEI %) LA
BONFLR LaMeAl 010 IR E, B M R)Z,
il £ 15 3 R~ 20 mm=5 mmx5 mm K7 745
T ERE MR . ] LFA427 ROk b4
R ENAY AL, WK NEAAR, BE
JHENERE 1000 C, 200 CH— AL IA]

xR2 EBETEHRANSH
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Spraying distance/mm 100 100
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SLPM=standard litter per minute
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Fig. 1 XRD patterns of three kinds of coatings
(a) As-sprayed; (b) After failure
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Fig. 2 Thermal expansion curves of freestanding coatings
(a) LMA; (b) LZA; (c) LCA
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Fig. 3 (a) Thermal conductivity and (b) single band (3—5 um)
infrared emissivity of freestanding coatings at different
temperatures
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Fig. 6 SEM images of cross-sections and top surfaces of as-sprayed coatings
(a, a', b) LMA/YSZ; (c, ¢', d) LZA/YSZ; (e, e', £) LCA/YSZ

G e G s T o DU LU Y SUPTI S

Bl 7 B RRUGE =Rk BRI B T SEM B Sz H oo 3 4 A K
Fig. 7 SEM images of cross-sections and elemental mappings of failed coatings at different positions
(a) LMA/YSZ at the center; (b) LMA/YSZ at the edge; (c) LZA/YSZ at the edge; (d) LZA/YSZ at the center;
(e) LCA/YSZ at the edge; (f) LCA/YSZ at the center
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