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A Review of the Thermal Expansion of Ceramic Fuels
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Abstract

Published experimental data relating to the thermal expansion of UQO:, UOs.x and

mixed (U, Pu) oxides is reviewed and recommendation put forward for the lattice

parameter and the thermal expansion of these materials. The theoretical density at

room temperature is calculated using the lattice parameter. The density variation

calculated using the thermal expansion model is recommended. The lattice parameter

and the theoretical density of UO: at 293 K is 0.54703 nm and 10.955 g/cc,

respectively.
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Fig. 1 Potential Energy versus Interatomic Distance
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ARG e A F PHNE Yotk s macroscopicdt W OE AlE 9] 2
Lo wE Ao E ZAH3= AolH, thE d}= microscopicd WH o E XA
X-rayE ©]&3lo] 22450 wWE AX A5 (lattice parameter) & S 3F= 0|t} o]
Aoz Ax 9 F40] o] Wz FAET 42 A9 s vEkd Aol o=
A daAe @x Axpujde] v4 S wbS ZA3FaL, thermal vancancy®] Aol
o)k WAL aeletA @7] wWiolth AXGTFE SAHSE HHS B4 1F9 dUAE
S AT F Jdon, doHgE SA4she WS AlEUS-9 defect, BTE 59 I
o] wtdd dHA-ES =H4HEY 4 v Eshelby [1]1& ¢]&4 22, Balluffi®} Simmons [2]
= A¥F o=z bhulk expansion, 417 ¥ lattice expansion, da/a?] =}o]E ¥wra Wit} =,

k
cubic crystalol Al @A o= e Schottky defects”h F7HH AWFe] FolF Yo
t} 43 5= o 2oz YEd 4 gt

AN/N = 3(Al/1 - Aa/a)

3 Boltzmann A 2o 2] 3]

AN/N = VB exp (-W/kT) (5)
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Table 1. List of reviewed data

(U, PwOs,,

Researcher Material Method Temp. K Remark
L.P. of UO2 diminish with increasing
oxygen content up to UOs2zs
Gronvold [3] U0 ~Us0s XRD 203~1219 o = 054704 nm (293 K)
a = 10.8x10° K™ (20~946 )
Burdick [4] U0, 300~1533
Lambertson [5] U0z 201 ~1223
Conway [6] U0, Micrometer | 1273~2523
Ferguson [7] UQOo2235 XRD ~1300
U208, U224
Roth [8] PuOs,, XRD ~1473




Table 1. List of reviewed data(continued)

Spent Fuel

Researcher Material Method Temp. K Remark
= 054704 nm (296 K)
UO1901, 6 -1 .
Baldock [9] UOwss: XRD 293~2573 = 10.8x10° K (20~2300 C)
' a = 10.4x10° K" (20~900 )
Tokar [10] PuQ; Bulk 298 ~1693
(U,PwO1930
Lorenzelli [11]| (UPu)O10s4 Bulk 298 ~1573
(U,PWO19%
Albinati [12] U0 Neutron 293~1733 |a = 05471 nm (293 K)
Hutchings [13]1| UO,, ThO- Neutron 203~2930 |a = 0.5470 nm (293 K)
U0y, UOn Recommened eq. f.or UO2 may be
Martin [141 | (UPWO,, Review | 273~31g0 CTPioved to describe the thermal
(U PO expansion in UQsx and (U,Pu)O2
' a=10.38x(1+3.98x)
UOs, UOzx L.P. of UQ: 054704 nm at 273 K
Harding [15] (U PWO,, Review 273~3120 |pof U0z 10.963 Mg/m® at 273 K
(U,PWO2« a of UQzx 0.54691-0.0112 x
(UQx*F.P.) = decrease the L.P.
(UO»+Ln203) = increase the C.T.E
= reduce bonding E
. UO.+F P, (UOQ"’LI’IQOg‘*’Zl’Og‘*’MO)
Momin [16] (U, Th)Os+F.P. XRD 291 ~1223 = decrease the C.T.E
= Increase bonding E
a = 05469 nm (293 K)
a = 10.8x10° K'(25~1327 )
The C.T.E of actinide dioxides are
Vamashita [17] ThOg, UOq, XRD 1300 in inverse r'elat'ior'l to their MP
NpOsz, PuOo, T.E. of UO: is similar to that of PuO2
a = 054699 nm (293 K)
Yamashita [18]] NpyU1,UOy XRD ~1273
. . Recommend eq. by Slagle in 1981
Fink [19] U0 Review 1473 Recommend eq. by Martin in 1981
Anthonysamy |y o, XRD ~1973
[20]
. ThOs,
Tyaggi [21] ThOw-296U0s XRD ~1473
Popov [22] U0, MOX Review Recommend eq. by Martin
UO2, U2+
Carbajo [23] (U PWO,, Review Recommend eq. by Martin
(UPW0O2«
Kang [24] UQO2, Simulated Neutron 9031973 = 0.54719 (293 K)

10.47x10° K (298 ~1273 K)




3.1 ARG

7} U098 ARG
U022l AAA4+= Gronvold [3], Baldoock [9], Albinati [12], Hutchings [13],
Momin [16], Yamashita [17] ¥ Kang [24] S| 9&] 75 Act F 19 w29 293 K
NAl AAGFE 7 Aol FA3 Fhg sk Ay 054703 nm=E UERRTE 2 A
Ao HA4A4xet At o] Hu AA=E oF 0.02% ARl B9 A= @ HEe A
o] o]Fo] A Aoz vetutt}l wEld 293 Ko xolA AxgeE vy o] 3
[e]

Lattice Parameter of UO2 at 293 > 0.54703 nm (R-1)
29 2 Lo ©E Agse] WMEE Ye Aelth o 1700 K 7XE olg d7d
7 vk A vEepd oy 1o o]Ake] %o A= Hutchings?] dlo]¥H 2} Gronvolde] dl
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=
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avos = 0.54476+7.85795x10 °T-2.682x10°T*+9.6918 x10 *T° +4.9892x10™* (R-2)
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Quozex = 0.54528+5.0442x10°°T+3.799x10 1°T°-3.24184x10 °T°+3.105x10%  (R-4)
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0.575 1 Gronvold Lattice Parameter of UO, I‘ 0.5584 U0, ,, by Gronvold
O Baldock © UO,, by Gronvold
0.570 4 Albinati Uo, ,, by Gronvold
vV Hutchings 05554 V Uo, ,, by Gronvold
E < Momin g < UO,,,, by Ferguson
~ 05659 & vamashita g T = UO, ,, by Roth
% Kang P ® 05524 ¥ UO,, byRoth K
E 0.560 - Recommendation Vy g E — U0, Recommendatlon ’ &
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Fig. 2. Lattice parameters of UO; as a Fig. 3. Lattice parameters of UO2.x as a
function of temperature. function of temperature.
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a = 0.54662 — 7.469x107° ¢ * 1.75414 x10”*, nm (R-5)
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59 AE &= Stoichiometry Z=7do] HAHo At} webs 2 Ao A+= Lucuta 52 #
BE o83l dand wE AAGS W

a = 0.54706 — 1.08482x107'B + 3.56457x10°B° + 1.0356x107° (R-7)
o] 714 BE AA%(at%)E eI

| 7@ exol BE QAR 20 a%e] mel AgFARe] AR g
thoemel wE Ax gl WE AR FEse] Kang 5

a = 0.54578+2.45728 10 °T+3.96164x10 °T°-1.34114 x10 T’ (R-8)
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Fig. 4. Lattice parameters of PuO: as a Fig. 5. Lattice parameters of PuO: as a
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U022l d=ydol] 33t A5= Gronvold [3], Burdick [4], Lambertson [5], Conway
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dL/Lo, % = —0.35735+0.00123T-2.89486 x10 "T*+1.29937x10 °T° + 0.07611  (R-9)

. U028 E¥8%
UOqio] da o] 3 A& Gronvold [3], Ferguson [7] 2 Roth [8] %o <3
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a=1038 (1 + 3.98 x)

o] 7] 4 xi= stoichiometric¥}2]
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dL/Lo, % = —0.2094+6.1586 x10 *T+3.5083x10 "T°~-4.9195x10 " T° + 0.01924 (R-12)

Thermal Expansion, %

Fig.

Thermal Expansion, %

Fig.

5
o ' Gronvold | j j j j 20 ! T T
o Burdick 0O Uo,,, by Gronvold
Baldock © UOQ,,, by Gronvold
41 v Abinat b U0, by Gronvold
< Hutching ° 1541 v , 205 DY Ferguson 7
I Momin °\_ & , .. by Roth
34 > Yamashita b 5 # UO,, by Roth
i Conway (bulk) ® Martin for UO,
> Lambertson (bulk) § 107 - - -This study for UO,
2~ - - -Martin - & This study for UO, .,
recomnmendation E
©
£ 0.5
14 b 5}
e
=
0 b 0.0
T T T T T T T T T
500 1000 1500 2000 2500 3000 400 800 1200 1600
Temperature, K Temperature, K
8. Thermal expansion of UO; as a Fig. 9. Thermal expansion of UOq.x as a
function of temperature function of temperature
20 T T T T T T 25 T T T T T T T
B Tokar Martin
® Breft v o uo,,
Lorenzelli, PuO, ,,, 204 © U0, E
151 Lorenzelli, PuO, ,,, 7 R UO,-5wt% PuO,
4 Lorenzelli, PuO, ,,, BN v UO,-12.5Wt% PuO,
- - 0,
*  Yamashita 5 154 uo; ZOWtoA’ Puo,
1.0+ Recommendation 4 ® < UO,-35wt% PuO,
. S UO,-50wt% PuO,
2 O UO,-80wt% PuO,
E 104 * PuO, prepared by oxalate
0.5 4 g O PuO, prepared by hydroxi
@ O
< *
= i 4
0.5 i e
0.0 4 B
T T T T T T 0.0 T T T T T T T
300 600 900 1200 1500 1800 200 400 600 800 1000 1200 1400 1600 1800
Temperature, K Temperature, K
10. Thermal expansion of PuO: as a Fig. 11. Thermal expansion of (U, Pu)O2

function of temperature

as a function of temperature



3 S} B 4% 9ol AsEaARY dagel o 3
A GERE. ol Uoalel 3188 452 Qs AFHe] 2olEy] Wroz A%H
th o) A gFAAnY AgFe Tge Jow g 5 g

dL/Lo, % = —0.193+4.494x10 *T+7.245x10 "T"-2.453x10 "°T° +0.0045 (R-13)
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for UO.

pr = 11.09092-4.69672x10 "T+1.59223x10 "T’-5.49055x10 "' T° +1.40474x10* (R-15)

for UOo:x

pr = 11.06106-3.06967 <10 "T—1.74435x10 "T?+9.73995x10 " T°+1.0213x10 7 (R-16)

for PuO-

pr = 11.76418-2.91434x10 "T-4.32419x10 5T°+8.13469x10 >T°+7.76034x10°° (R-17)
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