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Abstract

The thermal diffusivities of near-stoichiometric (U, Ce)$dlid solutions containing Ceup to 22 mol% were investigated in the temperature
range of 298-1273 K using the laser flash method. Also, linear thermal expansion measurements were performed in the temperature rang
298-1673 K using a thermomechanical analysis. The thermal conductivities were determined by a calculation of the thermal diffusivity, the den:
and the specific heat. The thermal conductivities of the tested samples could be expressed as a function of the temperature by the phonon condi
equationk = (A + BT)~*. The thermal conductivity decreased gradually with an increasing Ce content. This was attributable to the increasing lattic
defect thermal resistance caused by thg Qe and G~ ions as phonon scattering centers.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The thermal conductivity of nuclear fuel materials is the most
important property to evaluate the fuel performance in a nuclear
In the investigation on nuclear reactor materials, the imporyeactor, because this property affects the fuel centerline temper-
tance of cerium and cerium oxide is emphasized as one of thre, operating power efficiency, safety, release of the fission
major fission products produced in a nuclear fuel under nuclegsoduct, etc. The thermal conductivity of oxide fuel materials
reactor operation. Further, cerium oxide has often been usegbcreases with the fission product forming a solid solution, the
as a simulating material for plutonium oxide. Although cerium pertyrbation of the stoichiometry for the fuel element, increas-
oxide cannot duplicate the behaviors of plutonium oxide exactly,ng burnup, etc. In this regard, the thermal conductivities 0pUO
it has been used owing to its similar tendency of the chemzng various doped-Ughave been intensively studied by many
ical/thermodynamic behaviors and a convenience in ha”d"nﬁwestigators{S—lS].
[1-3]. In the present work, the thermal diffusivities of near-
In the research of mixed oxide fuel (MOX) using cerium ggichiometric (U, Ce)@solid solutions containing CeQip to
oxide, 20-30 mol% Cefxontents are mainly used to simulate 22 mol96 were measured in the temperature range of 298—1273 K
a fast breeder reactor (FBR) fuel composition, while (U, Ge)O ysing the laser flash method. Also, the linear thermal expansion
properties data for a low content (below 20 mol%) are requiregneasurements for the samples were performed in the tempera-
in the relevant research of a MOX fuel for a pressurized watefyre range of 298-1673 K. The coefficient of the linear thermal
reactor (PWR]4]. expansion (CTE) and the density were calculated from the mea-
sured thermal expansion data. The thermal conductivities were
mpondmg author. Tel.: +82 42 868 8867: fax: +82 42 868 8868. determined b.y.a calculation of the density, the thermal diffusivity
E-mail address: dikim@kaeri.re.kr (D.-J. Kim). and the specific heat.
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2. Experimental i T.L. Markin (1970) [18]

R.C. Brown (1974) [18]
H. Tagawa (1981) [19]
D.1.R. Norris (1983) [18]

0.547 g
Various contents of CeD(Aldrich, 99.9%) powders were 0545— \\Q
added to Integrated Dry-Route YU@IDR-UQOy), supplied by ' .

mAYXAQDP>OD

= L K. Nagarajan (1985) [29]| -
British Nuclear Fuel plc. (BNFL), and mixed using a Turbifa £ 0.545 K. Yamada (1997) [19]
mixer for 1 h. The powder mixtures were milled using an attrition g Present study
mill for 4 h. Green pellets for the milled powder mixture were R 7Y I A R e S S B
formed by a pressing at about 300 MPa using a small amoun'g

of lubricant (Zn stearate). The pellets were sintered at 2023K ¢ 0.543 s e
for 4h in a flowing H atmosphergl5]. The sizes of the sin- . | Vegardslawline: \D\A =
tered pellets were about 8.5 mm in diameter and 12-13 mm in— 0.542 : '
height. i \. 1

For the purpose of an observation on the formation of the solid ~ 0-541 [ ‘ L ]
solution, and a calculation of the theoretical densities, the X-ray 00 02 o4 o086  o0s 10
diffraction peak of a sample was measured by X-ray diffractome- Cel(U+Ce)
try (XRD, Mac Science, MAC-M0O3XHF) from@= 10" to 120
at room temperature using a CuxKarget. The step scanning
method was used (counting taw 5 s,step width =0.05).

In the temperature range of 298-1673 K, the axial directional
length changes of the pellets —initial length was about 12—13 mrf0, although the O/M ratio of the samples was not measured
— were measured under a flowing argon atmosphere usingia this study, it can be considered that the deviation from stoi-
Thermo-Mechanical Analyzer (TMA, SETARAM, TMA92), chiometric in this sample composition range is assumed to be
and a heating rate of 5 K/min, according to the ASTM designahegligible.
tion[16]. The density was calculated using the measured thermal
expansion data. 3.1. Linear thermal expansion measurements

Samples for the thermal diffusivity measurement were cut to
0.9-1.1 mm in thickness and 6 mm in diameter from a sintered For the sample of ({.,Ce)O, (0 <y <0.22), the length
pellet and polished. In the temperature range of 298-1273 Kshanges of the sintered pellet were measured using TMA from
the thermal diffusivity was measured using a Laser Flash Apparoom temperature to 1673 K in a flowing argon atmosphere. The
ratus (Netzsch, LFA-427). The measurements of the thermainear thermal expansions of a sample forming a solid solution
diffusivity were carried out three times at every test temperincreased with an increasing Ce contekig( 2). This trend can
ature step in a vacuum (16Pa to 10°Pa). The thermal be correlated with the higher density and melting point ob,UO
conductivities were calculated from the density, the therma(10.96 g/cmi, 3100 K) as compared to that of Ce(@.65 g/cnd,
diffusivity and the specific heat which was calculated by the2673 K). The measured linear thermal expansion was fitted as
Neumann—Kopp’s law using the literature dataorla@d CeQ  a function of the temperature using a cubic polynomial regres-

Latti

Fig. 1. The measured lattice parameters and literature data of (U,Gs)@
function of the Ce contents.

[17-22] sion (AL/L (%) =a + bT + cT? + dT®), with the fitting parameters
given inTable 1, whereT is an absolute temperature (K) afigl
3. Results and discussion is 298 K.
Itwas observed that Cefin the UG, matrix was fully formed 20 —— : : :
as a solid solution in this composition range using the X-ray 18l —o—vo, v ]
diffraction. The lattice parameters were obtained using the mea N e (VA oA o } v A
sured peak datf23]. Fig. 1 shows that the lattice parameter & ' [| =4 (Uy44,,C8, 40, T véﬁ e
linearly decreased with an increasing Ce content. Based on thg 14 | V= (UyCo0®, o ‘/9’ 4 e
fact that the data points are on a straight line, i.e. the meaa 4[|~ UG, (MATPRO [29], T,=298K) e ,m/g
sured data follow the Vegard's law, it can be considered thal§ ol _//sff
the oxygen-to-metal (O/M) ratio for these samples is the stoi-% : v«%y
chiometric or the near-stoichiometric state. g 08 ‘ /X//‘é,ﬂ “““
Even if oxygen vacancies were formed at a high temper-£ 0.6 fpo -,--,'4 ““““
ature, an oxygen pick-up during storage in air could fill the § ¢.4 :
oxygen vacancies since the solid solution containing an oxyger5 S I - A T R
deficiency is very susceptive to oxidatifitd]. That is to say, L ;
although the samples were sintered ingatimosphere, the O/M el i T I S S SO S S
ratio changed to be the near-stoichiometric state (2.00-1.99). 200 400 600 800 1000 1200 1400 1600 1800
By many investigator$10,13,25-28] hypo-stoichiometric Temperature (K)

(U, Ln)Oz-, has been reported to OX!dI;e eas!ly In-arr, e_V_enFig.z. Measured linear thermal expansion using the TMA method for (U, £e)O
at room temperature, to almost a stoichiometric compositionas a function of the Ce content.
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