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Abstract

With increase in demand for higher operating temperatures of gas turbines, extensive research efforts have
been carried out to enhance the performance of thermal barrier coatings (TBCs) in the field of coating pro-
cessing as well as materials. In this study, thermal barrier coatings in lanthanum/gadolinium zirconate system,
which is one of the most promising candidates for replacing yttira-stabilized zirconia (YSZ) in thermal barrier
coating applications, are fabricated via suspension plasma spray. Dense, 300 ~ 400 um thick coatings of fluorite-
phase zirconate with modest amount of segmented microstructures are obtained by using suspension plasma
spray with suspensions of planetary-milled mixture between lanthanum and/or gadolinium oxide and nano
zirconia. These coatings exhibit thermal conductivities of 1.6 ~ 1.7 W/mK at 1000°C, which is relatively lower
than that of YSZ.

Keywords : Thermal barrier coatings, Suspension plasma spray, Rare-earth zirconate, Phase formation, Ther-
mal conauctivity
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Table 1. Compositions of rare-earth zirconate oxides used in this study

# Materials Molecular weight (g/mol) Molar ratio Content (Wt%)
La,0; 325.8 1.00 56.9

1 La2Zr207
V4,0 1232 2.00 43.1
La,0; 325.8 0.50 27.6

2 (LaysGdys),Zr,0; Gd,0; 362.5 0.50 30.7
710, 123.2 2.00 41.7
Gd,04 362.5 1.00 59.5

3 GdzZr207
710, 123.2 2.00 40.5
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Table 2. Process parameters for suspension plasma
spray in this study.

Arc voltage 150 [V]
Arc current 220 [A]
Power 100 [KW]
Slurry feed rate 45 [mL/min]
Working distance 75 [mm)]
Atomizing gas Ar:H:He (7:2:1)
Feed rate of plasma gun Ipass/2 sec
Number of coating 1000 [pass]
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Fig. 1. A schematic of the experimental set-up for
suspension plasma spray.
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Fig. 2. X-ray diffraction patterns from powder mixtures
after planetary milling for 6 hrs: (a) La,Zr,O;,
(b) (LapsGdos).Zr,07, (c) GdzZr,0;.

A Y89 La,0:8F Gd,0; BEEE 6 A7t 54
T B3E WYPg Foll Dyol 742t 0.99) 1.4
UEhY XA 84320 ErEd

CIEREE]
2 DY FE Qe AEAH $AT 22 o
A BAETS A0S S Aot A 9o

MEE el 94975 UehdA &gttt

S
[o
fr
oMt
oft
r
e
il
(2
b
e
o
(@)
>

N
N

il

(]
-0,
Ho
ox
-
i

[

Aol XAl sdeidol. 29 29} Wi

E 240 988 B 5 gle
Uehgtom Ao Gd ¥l S7igel wel 3
0] Fo| A AT} dhehe £L
s™9 A7t olFatith. £l BiE dels A
23Ylo|EY ThEly A2IUo|Ee To|2I
°of £ FFeEolE AYF2E At ol
FRo| T2 EFIIE FxM FEE T
2 Z17F Fd3m (#227)%h Fm3m (#225)°] F7<
e A Adrxoln. so|RgRe] P&
SetolE pxot vlaste] 7P 2 Aol

Ayl

H

=
fru
Mo
b §
o Y ox O
o

o2 L to BN

(@)

1 " 1 1 1 M 1

(b) (Lay 5Gd, 5),Zr,0;,

©) . Gd,Zr,0,
< . i .
2 Q =
) e o £
o
A &
L L L L L L L
30 40 50 60

20

Fig. 3. X-ray diffraction patterns of (La.,Gd,),Zr,0;
coating samples after suspension plasma spray:
(@) LaxZr,0y, (b) (LagsGdos).Zr:07, (c) Gd.Zr,
O;. (F indicates a ‘fluorite’ phase.)
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(a) La,Zr,0,
(b) (Lay 5Gdy 5),Zr,0,
(©) Gd,Zr,0,
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Fig. 4. Raman spectra of (La;xGd,).Zr,O; coating sam-
ples after suspension plasma spray: (a) La,
Zr,0, (b) (LagsGdgs).Zr07, (€) GdoZry0O;.
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