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Analyses on thermal barrier effects of
zirconia based thermal barrier coatings

ZHOU Hong, LI Fei, HE Bo, LU Yan-ling, WANG Jun, SUN Bao-de

(State Key Laboratory of Metal Matrix Composites, Shanghai Jiao Tong University, Shanghai 200030, China)

Abstract: Different zirconia based thermal barrier coatings (TBCs) were fabricated by air plasma spraying including the
conventional TBCs, the nanostructured TBCs from the reconstituted nanoparticles (the nano-coatings) and the special
TBCs from the hollow spherical powder (the HSP coatings). The microstructures and properties of the different coatings
were studied by transmission electron microscopy (TEM), scanning electron microscopy (SEM) and mercury intrusion
porosimetry (MIP). Laser flash technique was used to examine the thermophysical properties of the different coatings.
Thermal barrier effects for all the specimens were tested by a self-made device under the same conditions. The results
reveal that the nanostructured TBC with the smallest micropores has the lowest porosity, whereas the HSP coatings show
a relatively looser microstructure with the largest porosity and thinnest splats. Both the conventional coatings and the
nano-coatings present a typical bimodal pore size distribution. In general, the thermal conductivities of all the coatings
increase slightly with increasing temperatures. The conventional coating has the highest thermal conductivity among all
the coatings. The thermal conductivity of the HSP coatings is similar to that of the nano-coatings. The nano-coatings
show the best thermal barrier effect and the HSP coatings also present a good thermal barrier effect. The thermal barrier
effect is proportional to the TBC’s thickness. With the increasing thickness of coatings, the thermal barrier effect
increases more for the coatings with low thermal conductivity than that with high thermal conductivity.
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Table 1 Plasma spraying parameters for coatings

K d 25 mmX10 mm [F%5KE 4 F 7 (Ti-6.6Al-
3.61Mo-1.69Zr-0.28Si, %) NIkl KAEEF
WEARAT, RFER AT WIS AL BE(ALOs, KifE: 0.125
mm, 0.6 MPa), K5 AEdER, A EEYE. iRz
PR Ni-20Cr-6 ALY $y AR ELAR BB R T 5T,
B S AU R 10~100 pm; BB B ZE g A o
N ZrOr-8%Y,05(HH BUR BBt R a5 ), ®E 3 F
B, ABEHK N K (Conventional YSZ), HLE 4045
4 38.5~63 um;  GKHIER¥ K(Nano-YSZ), KK
(PRI EEZ R 20 nm, 14128 J5 v HBURL (18 5 53
A A 20~75 pm; A5 LB ARK(HSP-YSZ), KiREorAu A
38.5~63 um. K FH DH-80 K55 & 1 WHidk 1 5 A
FEAS BIHARJEEE A 0.1 mm (1 ] MR 43 1
0.2, 0.3 F1 0.4 mm FRZFEME. F 7B T E
ZHBNTE 1.
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Primary Primary  Secondary =~ Powder  Torch traverse  Substrate Stand off
Current/  Voltage/ . . .
Parameter A v gas, Ar/ gas, No/ gas, Hy/  feeding rate/ speed/ rotation speed/ distance/
(L'min)  (Lmin") (Lmin") (gmin") (mms ") (rmin ") mm
NiCrAlY 480 65 37 5 50 10 126 100
Conventional 5, 75 37 5 15 6 126 60
YSZ
HSP-YSZ 480 75 37 5 25 6 126 60
Nano-YSZ 480 75 37 2 15 6 126 60
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Fig.1 Device for thermal barrier test
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Fig.2 SEM morphologies of different coatings: (a), (c), (¢) Polished cross sections; (b), (d), (f) Fractured cross sections; (a), (b)

Conventional coatings; (c), (d) HSP coatings; (e), (f) Nano-coatings
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Fig.3 Microstructures of nanostructured coatings: (a) TEM image of initial nanostructure; (b) Equiaxed grains; (¢) Columnar grains
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Fig.4  Porosity distributions of different coatings: (a)
Conventional coatings; (b) HSP coatings; (c) Nanostructured

coatings
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Fig.5 Thermal diffusivity (a) and thermal conductivity (b) of

different coatings as function of temperature
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Fig.6 Thermal barrier effects of different coatings:

(a) Variations of temperatures in substrates with time during

heating; (b) Curves of thermal barrier effects with time;

(c) Curves of thermal barrier effects with coating thickness
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