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High Temperature Thermophysical Properties of

Perovskite-type Oxides
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High temperature thermophysical properties of perovskite-type oxides such as specific

heat capacity, thermal expansion, phase transition, thermal conductivity and vapor pressures, have

been summarized. The recent results on the model calculations of thermal expansion coefficient
and the enthalpy of formation, and isotope effect of transition temperature are also given.
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Fig.1 The crystal structure of ideal (cubic) perovskite.
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Fig.2 Classification of A2*B4+O;-type compounds
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Fig.3 Classification of A2*B4Os;-type compounds

according to the constituent ionic radius.?
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Fig.4 Heat capacity curves of perovskite-type
oxides.4®

EBIVIVE-bKREV, AV AL FHFELER TBY
4 MFTI3+, V3+, M3+ & & | (RIBETHEERT 254
%<, BYA FAFedt, Cod+D b & FINABEHET
BB T 55 0% v, BMEBIERSE (R —ViEE)
TABOBRERERELRT (TRER), RO07AH A M
AL ORMEIEB 1 4 VOB OAHEFOR L TFHE,
BOs NEROMHM, A L0 F7213B &0 LAY,
B-O-B#AHM L EEAL LI Lo TRET 5, Figd o
{{LaFeO; DB ZR L7280, RFeOsid 2 —VEMUTF TIEFE T
BOMEEIL L O FOEHIEARTH Y, BB DFe3+-02--
Fe’3 B ERO - OEB S8 2 b, 5—IVET
Fe-O-Fe &0 L 2 HETEADSEM S B IR X 2,

3. MR
WHEDOTPHBBREHID T oORTRINL,

— 1(L(T,)—L(T,)j o l(V<T2)—V(T_1))
» P

7 N YTvap\l -1
(3)

T, BEEAT=T,-T1 202E 3D a, av 24
TEEIRRY (REORE) IR,

w=ma - (%),

a, =limga, =
v AT-»0 v

A

v\
@)

ZHIBFREOMSTLH 5, BEEBET IEEORE
IZEoTh LS, il 298K) IRRERALTLES
BB, Table 1 ICHERBE SN TVEZRTTAH A M
Bt OBBIROES10 23T 5,

AT—0

£
’

94

Table 1 The average thermal expansion coefficient (&)
of perovskite-type oxides.%14)

. 10%a, | 10°a,
oxides T /K and symmetry /K K
KTaO, 298 - 600 (cubic) 6.8 20.4

NaNbO; | 293 — 473 (orthorhombic) 11* 33
a) 168
CaTiOs | 293 - 1173 (orthorhombic) |b | 7.50 38.7
c| 144
SrTiO; 300 ~ 2000 (cubic) 10.8 323
PbTIOs 300 - 763 (tetragonal) -16**
763 — 808 {cubic) 25
a 151
CaZrO; | 298 - 1675 (orthorhombic) |b| 4.9 31.2
10.9
BaZrO; 298 - 1675 (cubic) 7.5 22.7

T Y T T

15}F

10}

106 / K-t

0 i 1 i A
0 400 800 1200 1600
T/K

Fig.5 The differential thermal expansion coefficient

(a1) of perovskite-type oxides.!5.16)
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Fig.6 The comparison between experimental and
calculated linear thermal expansion coefficients

of various perovskite-type oxides.!”
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Fig.7 The relation between average linear thermal
expansion coefficient (@) and melting point
(Tm).20

Tabel 2 Transition temperature (T) and the mechanism.

I, /K

oxides mechanism ref.
navo, | GRS |
CaTiOs 138;, éSZU N
BaCeOs 563,52, Sl 173 2
LaCrO, 28:{,.5847 2
PralO; 135, 187252593S 1223 24, 25)

(S : Structural, F : Ferroelectric, M : Magnclic)
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Table 3 The isotope effect of transition temperature.26)

enriched—samples Atomic Mass (Ba + Ti ) §/K
3Ba*®Ti0, 182.45 +27
%B2%Ti0, 183.94 +11
#Ba*Ti0; 186.44 - 10

Table 4 The relation between Debye temperature
(6p)39-32 and melting point (Ty).20

s
oxides | 6,/K T,/ K VT My
/ Kl/zg*l/zm- 1
KTa0; | 449 1643 73.49
BaTiO, | 508 1883 83.94
SITio, | 627 2353 110.5
L2AI0, | 720 2383 1117
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Fig.10 Vapor pressure over perovskite-type oxides.38-42
1 : Ba (g) over BaMoOs (s)

: BaO (g) over BaCeOs (s) + CeO; (s)

: BaO (g) over BaZrO; (s) + ZrO, (s)

: Sr (g) over SrPuO; (s) + PuO; (s)

: PuO (g) over SrPuQ; (s) + PuO; (s)
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Table § The caluculated and experimental value38-40). 45).
49-53) of the standaed enthalpy of formation.

oxides AtH298%a1. AgH296%xp. method
/kJ mol 7! /kJ mol ~ ¥

NaUOs —1610 — 1490 solution calorimetry
CaZrOs — 1786 —1700 electromotive force
BaPuO; — 1627 — 1656 solution calorimetry
SrPrO; — 1609 —1588.4 | solution calorimetry
SrPuQ; - 1685 —1728 vapor pressure
BaCeOs — 1749 —1716 vapor pressure
BaTiOs — 1643 — 1660 estimated
BaMoO; | —1397 —1258 vapor pressure
BaThO; — 1846 — 1800 estimated
BaZrOs — 1749 — 1747 vapor pressure

Table 6 The ionic radius (Rm) of M** and the enthalpy
of formation from binary oxides.

oxides 1-¢ Rm /nm AH | k) mol™
BaTiO; -0.0621 0.061 -162
BaMoO; -0.0379 0.065 -116
BaZrO; —0.00685 0.072 —96
BaPuO; 0.0582 0.086 —80
BaCeO4 0.0624 0.087 -74
BalUO; 0.0706 0.089 -57
BaThO; 0.0904 0.094 220

4

-100

AH, / kJ mol !

-150

-200

Fig.11 The enthalpy of formation of perovskite-type
oxides from binary oxides.4®
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