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Abstract Thermal barrier systems have been widely investigated over the past decades, in order to enhance
reliability and efficiency of gas turbines at higher temperatures. Yttria-stabilized zirconia (YSZ) is one of the most
leading materials as the thermal barriers due to its low thermal conductivity, thermodynamic stability, and thermal
compatibility with metal substrates. In this work, rare-earth oxides with pyrochlore phases for thermal barrier sys-
tems were investigated. Pyrochlore phases were successfully formed via solid-state reactions started from rare-
earth oxide powders. For the heat-treated samples, thermo-physical properties were examined. These rare-oxide
oxides showed thermal expansion of 9~12x107%/K and thermal conductivity of 1.2~2.4 W/mK, which is com-

parable with the thermal properties of YSZ.
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Fig. 1. SEM micrographs of starting powders; (a) La,0;, (b) Gd,0;, (¢) ZrO, and (d) CeO,.
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Table 1. Compositions of rare-earth oxides used in this study

R R ERE T L

Weight percent for a batch (%)

Apparent density after heat

# 1D target composition 3
La,0, Gd,0, 7rO, CeO, treatment (g/cm’)
Lz 56.9 43.1 La,Zr,0, 522
LzC 52.5 19.8 27.7 La,(Zr,sCe,5),0, 6.07
3 GLZ 27.6 30.7 41.7 (La, sGd,s),Z1,0, 5.83
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Fig. 2. (a) The unit cell of fluorite structure and (b) One-
eighth of the unit cell of the pyrochlore, A,B,O, structure,
where the largest spheres are oxygen ions and the others
are rare-earth cations|3].
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Fig. 3. Comparison of XRD patterns between mixed pow-
ders and heat-treated samples for (a) La,Zr,0, (LZ), (b)
La,(Zr,Ce,),0, (LZC) and (c) (La,sGd,s),Zr,0, (GLZ).
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Fig. 4. SEM micorgraphs of (a) La,Zr,0, (LZ), (b)
Lay(ZrysCe,5),0; (LZC), and (c) (La,5Gd,),Zr,0, (GLZ)
heat-treated at 1600°C for 2hrs.
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Fig. 5. Coefficients of thermal expansion of rare-earth
oxides with temperature.

Journal of Korean Powder Metallurgy Institute

R R ERE T L

o2

ubdel] #|o]#] Z&4]9 (Laser flash analysis)2 3
e dEhk=e] A9 54 AL AlEs B3 4
o] A ARRe2RE SAEEE dUo2REe o
Tk AE712e] APt FEEES AHE £

N

o

—e— L7
—A—LZC
1.0+ ; GLZ

A Ak
" . A .

0.6}
04 ; 1 " i s i z i i
0 200 400 600 800 1000
Temperature( C)
(a)
Ry ez
§ —ah— L7C
g oL GLZ
£
Z 08
E
£ o6 L
A ‘--x:"""'---‘
® 04L e i T
E “‘-‘—\f"*'-tt;"
@ 02 :
Loz
=
00 i ! . : ,
0 200 400 600 800 1000
o
Temperature( C)
(b)
Q 30
< ol —e—L7
.5 = —A—LZC
= 26f
= = GLZ
z 24F
= 22f
= 18 E - ]
g :i ‘.._‘__‘_ ‘__...A\\‘
O 14f o \/l: ~a
= .
g 12f i i -
E 1.0L 7
= 00

0 200 400 600 800 1000 1200
Temperature(o(?)
()
Fig. 6. Thermo-physical properties of rare-earth oxides
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