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Thermal properties of plasma-sprayed yttria-stabilized
zirconia thermal barrier coating on Ti-6Al-4V alloy
analyzed by scanning thermal microscopy
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Abstract: Using nano-structure ytlria-stablilized ZrO, powder, yttria-stabilized zirconia coatings were deposited on
Ti-6Al-4V substrate by plasma spraying. The microstructure and thermal properties of the as-sprayed coating were
characterized by scanning electronic microscopy (SEM) and scanning thermal microscopy (SThM). The analyses show
that, the thickness and dimensions of the defects in coatings estimated by this method are in good agreement with those
obtained using other analysis methods. Based on the experiments, the thermal probe was calibrated and thermal
conductivities of the coating and substrate were estimated. The results and thermal conductivity estimation demonstrate
that SThM analyses can be used as a potential tool for the thermal property and microstructure analysis of plasma-sprayed
thermal barrier coating.
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Table 1 Plasma spraying parameters for yttria-stabilized

zirconia coatings investigated
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Fig.2 Set-up of resistive thermal element
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Fig.3 Schematic diagram of bridge circuit used to maintain
probe tip at constant temperature.(Reonmo 1S chosen to control

operating probe tip temperature)
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Fig.6 Crosss-sectional SThM thermal image (a) and
crosss-sectional SThM topographical image (b)
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Fig.7 Crosss-sectional SThM thermal conductivity image (a)
and correspondingly thermal conductivity distribution across

line ae (b)
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Fig.8 (a) Crosss-sectional SThM thermal conductivity image

and (b) thermal conductivity distribution across ae indicated in
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Fig.8 Heat flow Q; as function of thermal conductivity « for
some materials with known thermal conductivities (The solid

line is a least-squares fitting line).

HIE 9 W, O i G R I 73 A W 43 %
FHGERNT 57 Wm "K' (K, 00690 5+
0.030 4 xy: X T TR KK MK, O
1.217 0+0.004 9 x.

h T AT RIR 2 SR G, KA SR UER
FESERARR AR AR SR 2R 4, ISRk
PER B A AT 708 . TSR 51
AR AR EUR EPIME . TSR SR 2 1A
SR PNFEE TR CRY 20 W-m KT,
MR 2R 0,~0.690 5+0.030 4 #5)

KX PTG 51 Ti-6AL-4V & 4G Rk
4% 166 Wm "K', RIZMMFHE KL N 42
Wm K,

K IR T 205 H (R AR i 2 I v T 3
Bk e BRI a5 R CGE R EERh 7.3
Wm K, RERIGEERY 2.5 Wem LK,
XA e AR A B S A G

RGEREW], SThM & — Bl AR T2 1
RAT T, XA TR AR R A A . (X



282 PR R AR

2007 4F2 A

(UDRFA LR SRR e (e N N B E 1P S S S AP IR i
ATTRE AR - RN, SRR ERE S MO ATk
MBI IBREE . SRR SR Ol s AEAH K
NE AR, IR R B AR S AR B R T
e AESEPRIE T, ARAEES PRI R X 7 TRk
Wk, AR R bR, A% BT ER
NCOLTEN e

4 ZHg

=

1) SThM FA B G W T AR T #4522 1R 40 K
R, WL RERAGEIRZ MR, eI as SR
e INEA R8s R —3

2) WX SThM FREF AR E , If LA R AEAR 5Tk
JEG R VAT O, HASRRR BN R
P AL N

REFERENCES

[1]  Polmear I J. Light Alloys[M]. Landon: Edward Arnold, 1989:
211-271.

[2]  Gell M. Applying nanost ructured materials to future gas turbine
engines[J] . JOM , 1994, 8(2): 30—34.

[3] Lee C H, Kim H K, Choi H S, Ahn H S. Phase transformation
and bond coat oxidation behavior of plasma sprayed zirconia
thermal barrier coating [J]. Surface and Coatings Technology,
2000, 124(2): 1-12.

[4] Miller R A. Current status of thermal barrier coatings—an
overview[J]. Surf Coat Technol., 1987, 30: 1-11.

[5] Qian L H, Wang S C, Zhao Y H, Lu K. Microstrain effect on

thermal properties of nanocrystalline Cu[J]. Acta Mater, 2002, 50:

3425-3434.
[6] Yang H S, Bai G R, Thompson L J, Eastman J A. Interfacial
thermal resistance in nanocrystalline yttria-stabilized zirconia[J].

Acta Mater, 2002, 50: 2309-2317.

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[16]

Khor K A, Gu Y W. Thermal properties of plasma-sprayed
functionally graded thermal barrier coatings[J]. Thin Solid Films,
2000, 372: 104—-113.

Chen H, Zhou X M, Ding C X. Investigation of the
thermomechanical properties of a plasma-sprayed nanostructured
zirconia coating[J]. J Euro Ceram Soc, 2003, 23: 1449—1455.
LiJ Q, Zeng X R, Tang J N, Xiao P. Fabrication and thermal
properties of a YSZ-NiCr joint with an interlayer of YSZ-NiCr
functionally graded material[J]. J Euro Ceram Soc, 2003, 23:
1847-1853.

Klemens P G, Gell M. Thermal conductivity of thermal barrier
coatings[J]. Mater Sci Eng A, 1998, A245: 143—149.
Schwingel D, Taylor R, Haubold T, Wigren J, Gualco C.
Mechanical and thermophysical properties of thick PYSZ
thermal barrier coating: correlation with microstructure and
spraying parameters[J]. Surf Coat Technol, 1998, 108-109,
99-106.

Dinwiddle R B, Pylkki R J, West P E. Thermal conductivity
contrast imaging with a scanning thermal microscope[A]. Tong T
W. Thermal conductivity 22[C]. Technomic Publishing Co.,
Lancaster, 1994: 668—677.

Gomes S, Trannoy N, Grossel P. DC thermal microscopy: study
of the thermal exchange between a probe and a sample[J]. Meas
Sci Technol, 1999, 10: 805-811.

Goldsmith A, Waterman T E, Hirschhorn H J. Handbook of
Thermophysical of Solid Materials(Vol.1)[M].
Revised ed. New York: Macmillan, 1961: 654—673.

Properties

Ezugwu E O, Wang Z M. Titanium alloys and their
machinability—a review[]. ] Mater Process Technol, 1997, 68:
262-274.

Hasselman D P H, Johnson L F, Bentsen L D, Syed R, Lee H L,
Swain M. Thermal diffusivity and conductivity of dense
polycrystalline ZrO, ceramics: a survey[J]. Am Ceram Soc Bull,
1987, 66(5): 799—806.

(%miE  RIRHF)



	REFERENCES

