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The influence of americium oxide inclusions on the thermal conductivity
of inert-matrix fuel
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Abstract

The thermal conductivities of heterogeneous mixtures of americium oxides and inert-matrix materials are computed. In the case of
americium-oxide inclusions with a random shape the Finite Element Method (FEM) has been used and in the case of inclusions with a
spherical shape an analytical equation has been used. The influence of fission product-induced damage to the inert matrix on the
temperature distribution and on the overall thermal conductivity has been modelled for various sizes of the fissile particles.  1998
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1. Introduction limits of the overall thermal conductivity of heterogeneous
fuels are estimated.

Partitioning and transmutation of actinides is presently The thermal conductivity of CERCER fuels decreases
being studied as a complementary option in the manage- during irradiation, which is partially due to the influence of
ment of nuclear waste. It involves the separation of the fission products on the microstructure of the inert-matrix
actinides from spent fuel and subsequent re-radiation in material. Fission products, that are formed by fission of
nuclear reactors. Heterogeneous ceramic–ceramic americium or its transmutation products are likely to cause
(CERCER) mixtures of americium oxide in a support a decrease of the thermal conductivity of the fuel material
material, such as MgAl O or MgO, are fuel concepts that due to two reasons. Firstly, they induce irradiation damage2 4

are studied extensively at present [1]. The thermal con- in the material, such as dislocations and eventually poly-
ductivity of CERCER mixtures is an important property gonization. Secondly, they form gas bubbles, precipitates
since it determines the power that can be generated in a or are incorporated in the lattice of the AmO particles orx

fuel rod that contains americium oxide. At present no data the matrix. Irradiation in a nuclear reactor of MgAl O [4]2 4

is available on the thermal conductivity of CERCER fuels or ZrO /CaO matrices [5] containing UO particles2 2

that contain americium oxide. Also, data for the pure showed that fission products induce damage to a layer
americium oxides are limited. The only experimental (thickness several microns) of the inert matrix around the
thermal conductivity (l) data are reported by Schmidt [2]. UO particles. As a result of this damage the thermal2

However, these data for freshly annealed AmO (l(333 conductivity locally decreases, which influences the tem-2

K)50.69 W/mK) and Am O (l(333 K)50.82 W/mK) perature distribution in the fuel. The lower thermal con-2 3

are extremely low compared to the other actinide dioxides. ductivity of the damaged layer increases the temperature
Schmidt et al. [3] observed that the conductivity of freshly difference between the centre of the fissile particle and the
annealed AmO and Am O , strongly decreases due to outside of the damaged layer. Moreover, the overall2 2 3

a-decay. Moreover, the uncertainty of the thermal con- conductivity of the fuel decreases and consequently the
ductivity of AmO is enlarged by burn-up effects. Hence, central temperature of the fuel increases. Since the size ofx

the thermal conductivity of AmO is treated as a variable the AmO -inclusions influences the distribution of thex x

in the present approach, in which the upper and lower damaged matrix layers, it is an important parameter. The
size of the actinide-oxide particles in a matrix depends
strongly on the preparation technique used, as has been
shown for mixtures of MgAl O and UO [6]. The2 4 2
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Fig. 1. Micrographs showing the microstructure of a UO pellet prepared with the (a) powder mixing technique, and (b) coprecipitation.2

diameter smaller than 1 mm, while powder mixing yields Spherical inclusions have the smallest influence on the
spherical UO particles with a diameter of up to 150 mm overall thermal conductivity of all inclusion shapes [9]. Eq.2

(Fig. 1). (1) describes the overall thermal conductivity of a material
In this paper the influence of the shape and the size of containing randomly distributed spherical inclusions [9].

AmO -inclusions and the influence of fission products onx
1 / 3l 2 l lthe thermal conductivity of the fuel and the central D C M

]]] ]1 2 c 5 (1)S DDtemperature of the fuel are discussed. l 2 l lD M C

where l , l and l represent the thermal conductivity ofM D C

2. Inclusion shape the matrix material, the actinide oxide and the mixture,
respectively. c (0#c #1) represents the concentration ofD D

The Finite Element Method (FEM) is a useful technique inclusions.
to compute a lower limit and a best estimate value of the Fig. 2 shows the results of FEM thermal conductivity
thermal conductivity of heterogenous materials. The FEM computations on an AmO –MgO mixture containing 14.4x

has been used to compute the thermal conductivity of a vol% AmO and 2% porosity, as described in [7]. Thex

MgO–AmO mixture [7], using a micrograph of this thermal conductivity of the AmO –MgO mixture is com-x x

material [8] to model the microstructure. Details of these puted for various ratios of the thermal conductivity of
computations can be found in [7]. AmO and MgO. The thermal conductivity of a AmO –x x
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MgAl O matrix that is within 10 mm of an AmO -2 4 x

inclusion, the thermal conductivity is decreased by a factor
of 2 compared to unirradiated MgAl O . This is a rough2 4

estimation, since the amount of damage varies over this 10
mm layer and the actual decrease of the thermal con-
ductivity due to fission products is unknown and will
depend on temperature and burn-up. The thermal con-
ductivity of AmO is assumed to be 0.6 W/mK, alsox

independent of burn-up and temperature. The influence of
the temperature gradient that exists between the centre and
the edge of the fuel is not taken into account in these
calculations. The temperature calculations were performed
for a pellet diameter of 7.14 mm, a linear heat generation
rate of 20 kW/m, an AmO content of 14.4 vol% (in-x

Fig. 2. A lower limit (n) and a best estimate value (s) of the thermal dependent of inclusion size) and an outer temperature of
conductivity of AmO inclusions in a MgO-matrix, using the micro-x the pellet of 9008C.
structure described in [7], computed with the FEM for various ratio’s of

The temperature difference (DT between the centrespherethe thermal conductivity of AmO and MgO. The thermal conductivityx
and the edge of the AmO particles, shown in Table 1, is(h) of spherical AmO inclusions in a MgO-matrix, as computed with xx

obtained from the following equation [10]:Eq. (1), is shown as a comparison. The AmO content (14.4 vol%) andx

the porosity (2%) for all three curves are equal. The lines serve as a guide 2q999rto the eye.
]]DT 5 (2)sphere 6l

MgO mixture containing spherical (3D) AmO inclusions where q- is the power density and r is the radius of thex

(14.4 vol%) and spherical pores (2%) in a MgO-matrix AmO particle. DT is added to the temperaturex sphere

(Eq. (1)) is shown as a comparison. Fig. 2 shows that difference over the boundary layer of damaged MgAl O2 4

spherical inclusions induce a considerably smaller decrease and this sum (DT ) is shown in Table 1. The resultssum

of the overall conductivity compared with the inclusions in show that the temperature difference between the outside
the MgO–AmO mixture used in the FEM computations. It of the damaged MgAl O layer and the centre of thex 2 4

should be taken into account that the porosity in the AmO particle increases approximately quadratically withx

AmO /MgO material is 2%, which causes the conductivity the radius of the inclusion and is 10 K for a radius of 200x

ratio of the mixture to be slightly less than 1.0 for a mm.
conductivity ratio AmO /MgO of 1.0. Next, the Finite Element Method (FEM) has been usedx

to compute the overall conductivity of the fuel for four
inclusion sizes (20 mm, 50 mm, 100 mm and 200 mm). The

3. Inclusion size FEM computations have been performed in a cylindrical
symmetry. Finally, the overall thermal conductivity has

The influence of the size of the AmO particles on the been used to calculate the central temperature of the fuelx

temperature distribution in a MgAl O matrix is discussed (in a non-damaged MgAl O region), which is shown in2 4 2 4

in this section. In the present computations the thermal Table 1 together with the vol% of MgAl O that is2 4

conductivity of MgAl O is considered constant (7 W/ damaged by fission products. These computations were2 4

mK) in the temperature range of the present study (1150– also performed for the case when no damage is induced in
1750 K). It is further assumed that the thermal con- the MgAl O lattice, allowing a comparison of the results.2 4

ductivity of the matrix is not changed by b-, g- and The percentage of damaged MgAl O depends strongly2 4

neutron-irradiation. In order to approximate the influence on the size of the inclusion, which is reflected in the
of fission products, it is assumed that in the volume of the overall thermal conductivity and the central temperature of

Table 1
The influence of inclusion size on various parameters and properties

Inclusion DT DT Overall therm. cond. Damaged MgAl O Fuel central temperaturesphere sum 2 4

(mm) W/mK (%) (K)

20 0.1 0.1 2.9 100 1720
50 0.6 0.7 4.7 29 1514

100 2.4 2.6 5.3 12 1477
200 9.6 9.9 5.5 6 1464

a aNo damage 5.7 0 1453
a This depends on the sphere size, which has not defined for this case.
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