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High Temperature Heat Capacity of Fluorite Type Compounds
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High temperature heat capacity of fluorite compounds has been reviewed. The lambda-
type peak originating from the order-disorder transition of an anion sublattice has been found
in many fluorite compounds at high temperatures. By doping, two different changes of the tran-
sition temperature and/or the peak shape of the heat capacity were observed in the phase tran-
sition of fluorite halides. The onset temperature of UOa, at which heat capacity started to in-
crease rapidly, was observed to increase with dopant content.
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Fig.2

(110) plane of fluorite structure (In the case of

smallest radius-ratio limit.).
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Fig.3 Anomaly in the heat capacity lamdba transition
of fluorite and anti-fluorite hailides.
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Fig.4 Relative transition temperature (T / Tm) vs. ra-
tio of ionic radii.
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Fig.5 Entropy change (S at the transition tempera-

ture vs. ratio of ionic radii.
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Fig.6 Comparison of the experimental heat capacity
of PbF, with the calculated one.
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Table 1 Transition temperature (T,), formation energy
of Frenkel defect (Hy) and the resuiting val-
uesof 10ksTy/Hy. edksTi/q? is the value (y)

used in the process of calculation.

T /K HyleV 10ks T /Hy edkTirlq?
CaF, 1423 271 0.45 0.159
SrF; 1450 2.28 0.55 0.156
BaF; 1235 1.91 0.56 0.159
PbF, 705 1.0 0.61 0.363
SrCl, 993 1.70 0.50 0.191
uo, 2670 5.1 0.45 0.262

Y3t UCH, 12ke T, DB ETE L7-46R % Table 110777,
CDORDPOLPE LI WRIZE ST H, 12k5T, = 105K
NiLDo THOT &M Frenkel (AR T Y ¥ L ¥ — L ER
WELOMIC, HEBERYH LI L3R E o7, L
LeBORNOHODRIRICPbR BN TH B, it
PbF;, DHEBFENSREVLDOTH ) (PR, DFEFRIIMD 7
I AETH D) | ZOHEBRL I — DO U
HIERO o, ofb&Wi i~ CERRE TORMIER
MR Bz THA, B L7 Fig.d T PbF, DEif
RELMEORIET, /T, ~ 065 2->TEBY, ho#EE
Tk 3R L 2EY &5, TOREIZDVTBredig i
POFy DRMEASEN 2D ID L A LHBRDIBIAHE LT,

Tam 510 (FHFE 7 7 F = FEMEWHRO RGO ERE
HIAVE -5, ZORRRBELFML TV, K63
U0, DABIERIZDOVWTRDIDOIRENTT, HHI AL
F—FTEH L7,

I EBBRIIEFHI R O TiE Ay,
2 BAA L ERAA VEFORREEL S,
3. RGOHERT S VE—R, EBELY O —I241 5

7 HEEHEERT 5,

LCBL T, WIREIC L »Cid, EBFEF— EFLit
ERIZELB2LDTHLIREELIHL TV 5%, BLEL
7 7 F = FEMET3H L ThO, & BIL T, ThO, A EF
EREZEVICH 2D LT, U0, L FEBLEBSRORS
2, FOEBNOETHULESHLLVbDEEZ LR
b, P LERREIIBITARALAYOT L S LY —-D%
EOKEEDFEIZOWTIE, FRNEFHEEDENITL
ELDTHDLEARL LT,

BRI BREHI AV —1ERAO L) ILEIN L,
AGx = XoiAH; — XoiTAS +—12-vaAHx

(16)
~ L XU TAS, +AFpy ——L kT I W
2 No

Netsu Sokutei 24 (3) 1997

131

I I TXo (S TRIBRERE, X 37 7 v OEILEE TS
%o F72Z 2 Tid Frenkel KFEIZHIA T, Schottky REaD
ERT YN E—FILAHs b =0 P R ¥ —F{LASs b EE
ZART WS, AFpy3RBEE D LOMBEERI & ABHIEHE
T, I ZTidDebye-Hiickel D& ZER L TV 5, G0
BEOEIREL Y b OV —DETH B, /4T A~ 5 —
AHr, ASr, AHs, ASs\ZBS B AAL, ROFHEH

38Gu

o Xoi

S AG,,
o Xyy

(17)

75 Frenkel 315 & U Schottky REEDBE# KD T 5,
Bo N RIEEEISRET R L > TRO SRR |2
IRTAE LB o7z, Tam S I OFEFECIOWT, H
CETEBEET 2O ThH-T, KRR+
HIMMOEI AT 21035 THEE LTV A,
e RiRE LTE, 10 CBRLOEREGD I FSAY -2 &
THBNW, 2OI7ITRY—BRBBEIFLTEDL S %
EEYE2 5OPIIONTIE, JOMTECIHIETEY
Wi L Twab,

HEE I3UO, DBEEAEEIL, BEE Frenkel #HERIC &
L5DTHEHELTHERBL. LLEYS, EBRTHES
NERMBERT Y Z V=Y bu—0fFEss, BHE
E-HLBVIEEZUT, BT RIGIZEMZ SRFETIR
L, BLE 2 BEORTHIR T2 S0 EARMbER LT
WEDTIE VL LTwh, BHTFEIFICL-T, 2o
LABRMS TR —OFEEFROLNTEY |, RETH
FEMLEWC T ST ONCERE, FOV T AT —

{2 DoWTREILD,

P FEITIC & 2 RROEEIOFHE

4.1 HEENOF ALY 30T

Hutching & 4 X BIEFOHEGE a7 L (CaF,,
PbFy, SrCh) 123 LT, TPl T REOER 1T
ST bh, FOERTEILL 2 BHEOKTFHEF2SAT
3002, 4:1:3. 422, 918D E I LY IAY—DHELYR
WELTWA, ZITHAIEIR2 IRy -k, V(L
DD 1 RBFERETOR REBHSHEAS 408
ERL, 1D Frenkel AVER L, FOKFEBRI 4D
R H D 2D A VA% (111> HEIZEH X g
THIEIHEL T, SHIEFREFESD Q10
HENBELZbDTH B, FigTll3:12 7 5 A ¥ —DiE
KL TRT, EBRAERY Table 21R L7, 3:112 79 R Y
—ERT ABE, 12BOBRA 4 B3 EORAF VAE
BV BLrHNLOT, ERUENCHEALEA T VB
DEI25% & B —F 9182 T AT —DSERKT ABE,
ASEDREA A L PIANE A 4 N ERMBLENLDT,

4.



& cation
@ anion

Frenkel pair

[ vacancy
i} interstitial

Relaxed anion
QO vacancy

© interstitial

Fig.7 Schematic representation of the 3:1:2 cluster.

Table 2 Lattice constant {ao), the ratio ionic radii
(Fanion/ Feation), fraction of defective anions (n4),
the concentration of Frenkel defect (17 and
the comparison of the cluster size in these flu-

orite compounds.

crystal PbF, CaF; StCly
ag/nmfat 293K) 0.592  0.545 0.700
Fanion/ eation 1.13 1.37 1.60
na 25% 17% 15%
ny 3~8% 2~7% 1~5%
cluster size larger
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Table 3 Transition temperature (T,) and melting-point

(T.) for pure and doped fluorite compounds.

Compound T /K Tnl K
CaF, 1430 1633
CaF; +9mol% YFa ~ 1200
BaF; 1230 1550
BaF, +1.88mol% YF3 ~ 1170
SrCh 1000 1146
SrCla +4 mol% GdCla 950
SrCl; + 6.4 mol% GdCls 930
SrCl; + 8.8 mol% GdCl; 880
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Fig.11 Heat capacities of UO», ThO; and (Th,U) Os.
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Table4 Melting point ( Ty,), transition temperature (7T
and the ratio (Ty/Tm) of actinide oxides with

fluorite structure.

Oxide Tm/K Ty/K Tiu/Tw
U0, 3120 2670 0.86
Tho70U0.3002 3460 2900 0.84
Thos5U0.1502 3550 2950 0.83
Tho92U0.0s02 3590 2850 0.79
ThO, 3640 2950 0.81
T ¥ T T 1 T
14.2%
120} |
¥ 4
'3100 o
13
3
S
8o}
1 A i H

L 1 1
400 600 800 1000 1200 1400 1600
T/K

Fig.12 Heat capacities of (U, Gd) 0.
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Fig.13 The enthalpies of defect formation.
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Fig.14 Heat capacities of nominally stoichiometric UO2
in the solid {x) and liquid states (O) measured
by the laser autoclave technique above 2500 K
and those in the solid state (@) taken from a
critical review of literature data.
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