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Abstract: Gd,Zr,0,(GZ0) has a stable phase structure until its melting point and has low thermal conductivity. It is one
of the most potential materials to replace ytiria-stabilized zirconia (YSZ) as the ceramic layer of thermal barrier coatings
(TBCs). However, the low fracture toughness restricts the engineering application of GZO. In order to achieve long life
span GZO-TBCs, this study prepared YSZ+GZO double layer TBCs and investigated the influence of sintering-induced
hardening on failure mechanism. The results show that the thermal cycle life of YSZ+GZO double layer TBCs is 12 times
higher than that of GZO single layer TBCs. GZO coating has no phase transformation after thermal cycle. After 100 hours of
heat exposure at 1250 C and 1450 °C, its apparent porosity
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decreased by 46. 0% and 59. 8% respectively, and its hardness
increased by 79. 0% and 123. 8%, which changed rapidly in the

early stage of heat exposure and gradually slowed down in the

BIMEE . 2275, B, 1989 4, AIAEE, ML, later stage. By observing the healing behavior of longitudinal
Email: ligrong@xjtu. edu. cn cracks in the layer, unbound areas between layers and spherical
DOl 10.7502/j. issn. 1674-3962. 202203011 pores in high temperature heat exposure, it is found that the mi-
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cro defects of the coating gradually heal, resulting in the increase of density and gradual hardening of the coating, which is

one of the main reasons for the failure of the coating.
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Fig. 1 SEM images of the Gd,Zr,0,(GZO) powder morphology: (a)

cross-section, (b) surface
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Table 1  Process parameters of atmospheric plasma spraying

(APS) spraying ceramic coating

Parameters GZ0 YSZ

Arc power/kW 39 42

Plasma gas (Ar) flow/ (L -min™") 45 50

Plasma gas (H,) flow/(L +min~") 6.0 7.0

Torch traverse speed/(mm +s™') 600 800

Spray distance /mm 80 80

x2 BEFERNEBRHEHEREIZSH
Table 2 Process parameters of high velocity oxy-fuel spray spra-
ying bond coating

Powder feeding  Torch traverse Spray
Kerosene/  Oxygen/ as(N,) flow/ speed/ dist v
GPH scPH ST 2 peec” ance
SLM (mm -s™) mm
5.5 1800 13 1000 380
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Fig. 2 Indentation of GZO coating section during hardness measurement
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Fig. 3 Thermal cyclic life of single GZO layer (SCL) and YSZ+
GZO0 double ceramic layer (DCL) coatings at 1050 °C
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U (a) BIVRAS SCL, (b) BERZ DCL, (¢) R34 SCL,
(d) 2R3 DCL
Fig. 4 Macroscopic morphologies of SCL and DCL before and after
thermal cycling test: (a) as-sprayed SCL, (b) as-sprayed
DCL, (c) failed SCL, (d) failed DCL
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Fig. 5 Phase structure of GZO coating before and after thermal cycles
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Fig. 6 SEM images of the evolution of polished cross-section morpholo-

gy of GZO coating under thermal exposure
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Fig. 7 Changes in porosities of GZO coatings as a function of thermal

exposure
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Fig. 8 Changes in GZO coating microhardness at different thermal

exposure temperatures

o IR T IRR MBS & B EALBUA W T A
1] ELIE LB LB A A e, FLBRAS BT A 25 R U
JRNFRECE R, RPN RIS IBE T BT, RIAER
WLRUEE 1 2 B A 2R K
3.4 BRHMERELIE

15 APS SRR, WETRBY A S5 B AU R
RS Tl o 94 £ T R A, A B el b
RERC UURRR 2 G e 2 e, 212 Z2EENTRE,
P T FUAE F4 i 20 3 8 1 UK 1) S BRI, 7 APS TR
JZATRMELLEE S 3t BRAL B, SEE S, APS PR IR )Z
NIRE AR 9 By 3 A FHFLERSS 2 Ml
T e SR U 2 3 T S 5 4 SR TS RIHRE T T B F) BROIR AL
Bi; @ FASBEIE B [] RS A L 72 )16 446
DR T 28 | LN A 25 DR 2 T2 JS P A 1 )2 [ L BT
@ FAIERRLT 208 7 ARV B N T, =2 30 %
RO B BT ) B3R 7 AN R, XA R
T L S ARG 16 392 ) LB . L A6 o S o DA 11
JrEEMRAL TS TR AR IR Z MR RE Y, TR
JEPAAAEE BORALEL . JZ LB B RE, BEA13LRE
P IRIZ N Z LA, TR TRZ R TPERE .

K19 APS GZO tRJZ T ALERGH SEM B A
Fig. 9 SEM image of porous structure in APS GZO coating
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Fig. 10 High temperature evolution of spherical pores in GZO coating
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Fig. 11 High temperature evolution of larger interlayer pores in GZO

coating
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Fig. 13 High temperature evolution of surface crack in GZO coating
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