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Structure and High Temperature Thermophysical Properties of
Pyrochlore-type Oxides
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Structure and thermophysical properties at high temperature of pyrochlore-type oxides
(A;B20¢0") have been reviewed. The pyrochlore structure can be described as an anion deficient
fluorite unit cell and as interpenetrating networks of BOs octahedra and A20’ chains or so. As
the local structures of the pyrochlore compounds studied by the means of XAFS spectroscopy,
the cluster models, which are a part of the pyrochlore structure in the region of the fluorite
phase are proposed. Some of the pyrochlore compounds undergo order-disorder transition from
pyrochlore to defect fluorite, of which presence and the transition temperature depend on the
size of their cations. Some of the pyrochlore compounds indicate oxygen ionic, oxygen ionic-
electrical mixed or protonic conductivity. The temperature tendencies of high temperature heat
capacity of Ln,Hf207 (Ln = Eu and Gd) and La,Hf,0; are different due to that in the formation
enthalpy of defects. The linear thermal expansion coefficients are discussed by the Madelung
energy related to the oxygen positional parameter. The thermal conductivity of La,Zr,O; and
Gd,Zr,0O7 was also discussed by phonon scattering.
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Fig.1 Pyrochlore structure as derived from the fluorite

structure.
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Fig.2 Projection of a part of pyrochlore structure based
on corner-shared BOs octahedra. The center of
the hexagons contains overlapping projection

of A cation and two O’ anions.
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Fig.3 (a) A part of the pyrochlore structure. V stands
for oxygen vacancy in the normal site in the
fundamental fluorite structure. Oxygen ions
are omitted for simplicity. (b) One of the possible
cluster models where two Gd ions share the sites
© and @ of (a), Gd(1)-Gd(2), in the fluorite
phase 0.15= x= 0.33.
surrounded by four Zr ions and two Gd ions
are neighbored to the Zr tetrahedron. Three
clusters, Gd(1)-Gd(2), Gd(1)-Gd(3) and Gd(1)-
Gd(4), are possible.
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Fig.11 Variation of Madelung energy as function of the
48f oxygen parameter (x) in A»By+0;.
Eimer = interaction energy between the B2Os and

A0’ networks.
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Table 1 Thermal expansion coefficients of pyrochlore-
type Ln,Ti207 42 and LnyHf207 43, and 48f
oxygen positional parameters.

Ln,Ti,0, Ln,Hf,0,

Ln x a X10¢/K* @ X108/K1
(293-1073K) (293-1173K)

La — — 7.85

Nd — — 9.27

Sm 0.327 10.16 10.60

Eu 0.327 10.70 10.82

Gd 0.322 10.29 —

Dy 0.323 10.31 —

Er 0.331 10.66 —

Y 0.328 10.46 —

Table 2 Thermal expansion coefficients of some
pyrochlore-type oxides.

Pyrochlore Temperature range / K & X 10°/K™! reference
LasSn0) —353 13 e
CesnO —3rican 535 Chopman
gy B wat
Bi;,ZnSb;,0; 293-923 792 Mergeneral®®

FNVEF—PRELBDLDOT, GdZr07 & GdHf,0, TIEB
A P FRFE (Ze+=0.72A, H%=0.71A; 6 L) 4V
DINEVGAHEH0 DL DS RBRERE TR T I L1k 5,
Table 112Ln,Tiz07, LnHf20: DFERBBRFHOME
2T W ODPDTI RICOWTIIBEENE (T A~ —
DELFE LT TIRBIUHIR/S4 07 07 ORERY I
%#-‘2“9" A% Ln=Sm3B LBy TLnTHhO DESRENITZH A
L HE0; DEBER L D/AS WA, ZHIETIC D4 4 v 3F
0.605 A; 6EI) 40 HHf DA F v FFL DBV E
Mo, BIFERREEEZFICLoCHBTEL, T/,
LnoTi0; DEEERIZOWT AL &, anfERxDERICIE
LMo Teb0Whhb, DI &b, £l
Bcido s oy o TR B T3 RBRE L BRI
BRI A —OHEEBEELBEGDLEERON S,
Table 2220407384 0 7 0 7 BEA L O TFHBERER
BOELTT . BIZFABOEZ FICL > TRE S OMERD
BEAACE B,
3.3 Mzl
EhoiEHI SR LB L {, BTREBOFRMAL
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Fig.12 Thermal conductivity data for LaZr,O; and
Gd,Zr207.
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