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Nitric-hydrofluoric acid solutions are used in several areas of nuclear
production and research to dissolve Puog.l-h In the present work, the results
of an investigation into the effects of metal ion impurities on PuO2 dissolu~
tion in 8.0 M HI\TOB--O.l M IF solutions are reported.

The experimental tests for this work were conducted by digesting 0.10 g

of Pul microspheress in 5.0 ml of 8.0 M HNO,--0.10 M I'F with added 0.10 M

2 3 :
meta;_l. ion impurity. The PuO2 microspheres had a bulk density of 11.0 g/cm3
and a surfac.e area of 0.012 mz/g. The digestions were made in 30-ml poly-
ethylene sample bottles, with attached polyethylene air condensers, immersed
directly in boiling (100°C) water. After digestion for 1 hr, the samples
were allowed to stand at room temperature for 24 hr and were then filtered
through Whatman No. 5 filter paper. The filtrates were analyzed for plutonium
by gross alpha and alpha pulse-height analyses.

Table 1 lists the metal ion impurities investigated, along with the
éoncentra.tions of plutonium dissolved in 1.0 hr and the first stability
constants for the fluoride complexes6 of the metal ion impurities. The data
show that, in general, there is 2 trend toward lower concentrations of
dissolved plutonium with increase in the magnitude of the first stability
constants of the metal ion fluoride camplexes present. Chromic and ferric
ions, for reasons unexplained at this time, are exceptions to the trend in
that thes= ions, which form fluoride complexes with relatively large stability
constants, produced a negligible effect on the Pu.O2 dissolution.

The logarithm of the molar concentration of the plutonium dissolved
with separate 0.1 M concentrations of Cu2+, HgZ+, Zn2+, La.3+, Ce3+, Al3+,
Tth, or Zrh+ as metal ion impurities can be predicted with & 0.96 coefficient
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of determination by either of two empirical egquations:

log Cp, = -0.32 log K - 1.53 {1)
or

log Cp, = =0.5 Zz/d - 1.11. . (2)
In the above equations cPu’ KF’ Z, and d, respectively, denote molar concen-
tration of dissolved plutonium at 1.0 hr, first stability constant for the
wr:l'l‘:y metal ion fluoride complex,6 ionic charge for the impurity metal
ion, and sum of impurity metal ion and fluoride ion ionic radii in angstroms.
The Zz/d values.6 for the metal ion impurities are listed in Table 1.

One in'l::erpretatior of the effects of metal ion impurities on Pan
dissolution in HNO3-HF-H20 solutions which is consistent with thfa above
findings is that the impurities serve to complex the free fluoride iomns in
solution and to decrease their effectiveness as dissolution catalyst. The
results also tend to substantiate that individual effects of a number of
metal ion impurities on Puo2 dissolution in m\ro3-H.E‘-H20 solutions can be
mathematically and systematically defined. However, the data obtained with

Cr3+ and Fe3+ impurities show that caution should be exercised in applying

such defini*ions to untested impurities.
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Table I. Effects of metal ion intpurities‘ on Pucz dissolution in

!mO-HI-‘—HzOb solutions at 100°C

Metal ion Dissolved plutonium Fluoride metal z¢/a"
{impurity concentration at 1 hr ion stebility .
M) constant® (A-1)
cu’* 8.7 x 1073 17 1.7
gt 8.7 x 107 36 1.67
0%t 5.7 x 1073 18 1.82
La3* 3.0 x 1073 3.6 x 10° .7
ced* 1.7 x 1073 9.8 x 105 3.76
a3t 3.0 x 207% 1.0 x 107 572
m 5.0 x 10”7 4.5 x 10° 6.50
et 8.3 x 10° 6.3 x 10° 7.51
et 7.3 x 1073 1.6 x 10° 5.45
Fe3* 1.2 x 1072 1.1 x 16° .43
None 9.7 x 1073 - -

BInitial metal ion impurity concentration in each sample was 0.10 M.
bAcid concentrations in each Jample were 8.0 M H!@OB--O.J. M HF.
CStability constant values from A. D. Paul report (Ref. 6].

clZ denotes ionic charge;d denotes sum of metal and fluoride fon radii

in angstroms.
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