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Thermodynamics of Non-stoichiometric Compounds
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(Received February 4, 2000, Accepted February 15, 2000)

Themodynamics of non-stoichiometric compounds, mainly having a fluorite type crystal

structure, is briefly reviewed in terms of phase diagram and defect structures at high temperature,

standard formation enthalpy and heat capacity, effect of lattice constants on chemical composition

of non-stoichiometric compounds doped with various cations, thermal expansion and mechanical

properties such as Debye temperature, Griineisen constant and adiabatic bulk modulus.
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Fig.1 Relation between oxygen partial pressure Po, and

O/M ratio at constant temperatures (7, >T)).
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Fig.2 Gibbs energy of non-stoichiometric compounds

MO, and MO, as a function of O/M ratio at

constant temperature.
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Fig.3 Relation between log Py, and O/U ratio in the
U-O system®
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Fig.5 Controllable oxygen partial pressure range using
Ar-O; and CO-CO; gas mixtures, where mixing
ratios of gases are assumed to be within the range
from 1/500 to 500.
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Fig.6 Dependence of the electrical conductivity (o)

on oxygen partial pressure (Po;) for PuQO, ; at
various temperatures!? @: 950 C; O: 1000 C;
+: 1050 C; & 1100 C (ref. 12),
(ref. 14).
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Table 1 Defect structures for UO2,; and (U

i

. M)O21 ¢ (M = metal).

1n'

phase Po, region xoc Pt o Py defect model neutrality conditions
n value n' value
U021 high 2 2 {2(070Vo)Y (h1=1{2(00Vo)}']
intermediate 12 12 {2030 72Vo}" [h]=50{2070%2V0}%]
low 2 very large {2020"2Vo}x [h1=[el
(U, La)024x high 2 2 {2(0i0Vo)}' [ 1=[{2(0}0VO)}']
intermediate 1 very large {2(020°Vo)} [k 1=[Lay ]
{2(VEVi00}
(U, La)O: « low —1~-2 very large m{2Vﬁ@20ﬁ' {h1=[Lay ]
high very large very lerge [{2070P2Vo) Ti4 )'] (A 1=({(200M2Vo)’Til ]
~Ti
(U, T)O2.x  intermediate 4 4 [{200%2Vo)'Tit }']  [h ]1=[{(200"2Vo)’ T }']
low 2 very large [{20002V0)*Ti* ] [k 1=[e']

Table 2 Enthalpies of formation (AH°) and melting
points(Tm) of lanthanide (Ln) and actinide (An)

dioxides.!”?

Ln AHP(LnOzx(c)) Tau(LnO2(c)) An AHP (AnO2c))T»(AnOx(c))

(k J mol1) © (k J mol1) T)

Ce —1089% 2341 Th —1226 3220
Pa (—1109)

Pr -958 (dec.) U - 1085 2840
Np -1074 2560
Pu —1056 2390
Am -932 (dec.)
Cm -911 (dec.)

Tb ~972 Bk (—1021) (dec.)
Cf (—858)
Es (—763)
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for the stoichiometric CeO2, ThO2, UO;, NpO:
and PuOo.
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al.?® Broken lines indicate the calculated values

using the regression equation obtained by Tayleri®
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Fig.15 Estimated specific heat capacities of the

stoichiometric UO; plotted against temperature.3»
(&) Eg. (21), (V) Eq. (24), (#) Eq.(25), (D)
Moore and Kelley?”? and (O) Fredrickson and
Chasanov.?®
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Fig.16 Estimated specific heat capacities of the
stoichiometric NpO; and Np,U; O3 solid solutions
plotted against temperature.’® [J: y=0.1. A:
y=0.3, O y=0.5, v: y=0.7, + NpO:2 by
Yamashita er al.3® ; O: UO; by Moore and
Kelley?” and (. NpO: by Arkhipov et al.32
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Fig.17 Estimated specific heat capacities of the

stoichiometric HfyCe; ,O: solid solutions plotted
against temperature. [1: y=0, O: y=0.03, Aty =
0.05, v: y=0.07, &y =0.10 by Mitani et al 2,
:Ce0y and :HfO, by MALT 2.40
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Fig.20 Dependence of Griineisen constant of the
stoichiometric Hf\Ce; ,O: solid solutions against

temperature. ¥
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