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Fig. 2.2. Thermal expansion coefficient of U-Mo alloys. Line represents linear fit to data. Note
that all data except that of Klein represent mean values of expansion reported over a
temperature range. Data of Klein are ‘instantaneous’ values.

2.3 Density of U-Mo Alloys

The density of U-Mo alloys has been reported by McGeary [2] as a function of
composition for the composition range from 2.5 to 25 wt.% molybdenum. Klein [6] has reported
density as a function of temperature for U-10 wt.% molybdenum from 25-550°C. More recently
data have been reported by Lee [7] for ingots and Kim [8] for atomized powder. Data for U-Mo
alloys from reference [2] are listed in Table 2.2 along with recommended density values for
aluminum, uranium, and common fuel compound phases. The uranium density of the alloys falls
rapidly with increasing molybdenum content.

The density of y-phase U-Mo alloys is well represented by a molar rule of mixtures given by
Eq. (2.3).

Pu-mo = XwoPmo + U= Xyo) oy (2.3)

Here X,,, is the molar fraction of Mo in U-Mo alloy and p is the density. On the basis of molar

fraction, density values calculated using Eq. (2.3) are plotted with the density data from
Table 2.2 in Fig. 2.3. It can be seen from Fig. 2.3 that the data of McGeary and Klein are well
represented by the rule of mixtures formulation in the range of molybdenum contents from
11.5 at.% (5 wt.%) to at least 21.6 at.% (10 wt.%), encompassing nearly the entire range of

7



y-phase (meta) stability. The data of Lee and Kim fall below the predicted values. In the case of
Kim’s data for powder, the lower than expected values are likely due to porosity present as a
result of the powder atomization process. No analyzed chemical composition data are given in
reference [7], however approximately 3 wt.% of additional molybdenum would have to be
present for the data to fall on the calculated curve. Since it is unlikely that this is the case, no
explanation for this discrepancy is available.

Beyond 30 at.% molybdenum, the single set of measured density values published by [2] is
higher than those calculated from Eq. (2.3). In this compositional range, the ordered U,Mo
intermetallic phase forms, and Eq. (2.3) is not valid.
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Fig. 2.3. Measured and calculated density data for U-Mo alloys.



Table 2.2. Density data for common fuel compounds, U-Mo alloys, and aluminum.

Density Uranium
Material (g-em™) density (g-cm™)
Al 2.70 -
Mo 10.2 -
UAl, 5.7 3.7
UAl; 6.8 5.1
UAl 8.14 6.63
UAL' 6.4 4.6
U305 8.3 7.0
[§[62) 10.96 9.67
Us;Si, 12.2 11.3
UsSi 15.3 14.7
UgFe 17.4 16.7
U-25Mo 15.5 11.6
U-20Mo 16.0 12.8
U-15Mo 16.6 14.1
U-10Mo 17.2 15.5
U-7.5Mo 17.6 16.3
U-5Mo 18.0 17.1
U-2.5 Mo 18.3 17.8
U 19.05 19.05
" 10UAL+60UAL+30UAl,

2.4 Lattice Parameter

The variation of the lattice parameter of U-Mo alloys with composition has been
provided by Dwight [9] as follows:

a, =3.4808 —0.00314 x,,, (2.4)
where xy,, is the Mo content in U-Mo alloy in atom %.

Figure 2.4 shows the graph of lattice parameter of U-Mo alloys as represented by
Eq. (2.4).



