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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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DISTRIBUTION OF IMPUPIITES IN STEP II

I. INTRODUCTION

When uranivew is purified by the ether extraction method, black oxide is
dissolved in nitric acid and ether is added; an ether layer containing
uranium and an equeous layer containing uranium and impurities are obtained.
The distribution of some impurities between the two phases and the effect of
such impurities on the extraction process were studied.

II. DISCUSSION

The processing required in the preparation of purc uranyl nitrate might
be decreased if, instead of uranosic oxide, sodium diuranate were used as a
source of uranium. If it is assumed that uranosic oxide contains the same
amounts of impurities as sodium diuranate, with the exception of coda, the
extraction of soda by the wash of an ether soluticn of nitrate prepared
from diuranate would be the criterion of suitability of sodium diuranate,
The distribution and effect of sodium in the ext-zction process were there-
fore investigated, and the results are described in this report.

For various of the impurities, the distribution in the prccess and
the effect on uranium holdup in the insoluble cake w-re investigated.
Particular attention was given to the behavior of boron, venadium,
chromium, and molybdenum,.

111, EXPERIMENTAL

Starting with & sodium diurante containing 10% Na,0 and 85% UzOg, &
solution was made by dissolving in nitric acid and evaporating to the
hexahydrate. A saturated solution of the resulting solid in ekher was
washed several times with distilled water (in the preportion 150 cc.
ether layer to 5 cc. water)., Analysis of the ether layer showed the Naj0
content to be .05% (based on Uz0g). This amount of sodium was very soluble
in ether and could not be removed by washing. 3ince the sodium could have
been held up by organic matter, from the wood tanks used in previous pro-
cessing, three runs were made using untreated and calcined sodium diuranate
and a synthetic mixture of NaNOz and uranyl nitrate, These were then
treated as in the previous run. The following table gives the content of
Nag0 in uranyl nitrate obtained from the ether layer after various degrees
of purification.

Wash
Material 0 1 2 3 4 5 8 7
Blend 2A Untreated 0.03% 0,03% 0,03% 0.,04% 0,05% 0,04% 0.03% 0,01%
Blend 2A Untreated 0,015 0,012 - 0,0025 = 0.018 - 0.0016
Blend 2A Calcined 0.0072 0,0009 -~ 0.002 - nil - nil
Blend 2A Calcined - 0,002 - nil - - - -
U02(N03 ) 2+ 6Ho0//NaNO3 0,021 0,004 - nil nil - 0.001
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It can be coneluded that some impurity in the sodium diuranate prevents
complete removal of sodium with the limited number of washes which can be
used in the washing steps. If this contamination of 20 to 30 ppm. of soda
(in & 53% uranium material) is above specification for soda, it would be

necessary to calcine the sodium diursnate before dissolving in nitric acid,
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Several small scale ether extractions were made in the Proving Labora-
tory with mixtures of uranyl nitrate hexahydrate end sodium nitrate, cor-
responding to the sodium-uranium ratios in various grades of orange and
yellow varieties of sodium diuranate. No difficulty was experienced with
diuranates containing up to 10% Na;0. However, some solid sodium nitrate
remained when higher soda types were used. The nitrate crystals adhered to
the walls of the vessel and interfered with the separation and washing of the
ether layer, .

Since the purification ef uranyl nitrate depends on the extraction of
impurities from an ethereal solution of uranyl nitrate, it is essential
that the impurities be insoluble in ether or have a distribution coefficient
higher than uranyl nitrate, The purification was studied with particular
reference to boron, vanadium, chromium, and molybdenum, because they might
be introduced by theequipment or oree. Both vanadium and chromium had very
high distribution coefficients, since none could be found in the ether layer
when 1% (based on uranyl nitrate) was added. Attempts to determine the
numerical value of the distribution coefficient of boron were unsuccessful,
but it appears that boron has a higher distribution coefficient than uranium,
and can, therefore, be extracted by ,water washes. When sodium molybdate
equivalent to 1% of the urenium present was added to a saturated ether layer,
it was not possible to remove all the molybdenum by washing the ether layer
with water, but it was possible when & concentrated uranyl nitrate solution
was used instead of water. However, when uranium compounds containing 1%
molybdenum were carried through the processing steps which are used in the
Ceramics Plant and finally converted to uranyl nitrate, which was then dis-
solved in ether, the molybdenum was removed from the ether layer by several
washes with water, The difference is due to the filtration of the uranyl
nitrate hexshydrate just before ether purifications. An insoluble uranyl
molybdate is formed which is filtered off, thus removing the bulk of the
mo lybdenum,

When black oxide is dissolved in nitric acid, varying amounts of uranium
are retained in the nitric acid-insoluble portion. A correlation between the
uranium holdup and assay of the black oxide was noted, To check which impuri-
ties cause this holdup, seversl black oxides were prepared by calcining am-
mopium diuraenate, which had been precipitated from a solution containing
uranyl nitrate and the impurity to be studieds The blacks were dissolved
in nitric acid according to the procedure used in the Ceramies Plant, and
the solution filtered. The following table gives a correlation of data and
calculations:




’ , a , UNCLASS&E%Q}; -

& am.:‘ e wﬁ,x&«ﬁ sav;tw v

Composition of Black Fercert Foidup in Cake U=0 mMpurit
3 8/ y

Impurity Uz0y Impurity Uz0g T Impurity o Cake
Feo03 87.4% 2.62% 0.16% 44,6% NNk
Si0p 93,6 4.51 0.34 97.5 03
WOz 94.0 4.62 1,49 g2.2 3 S
Po0g 93 6 5,01 1549 47.4 5.8
MoOx 93 8 4,95 5.5 75,5 i.4
Sby03 98.8 3.17 6424 100 1.7
TeOp 9t.1 3.02 6435 [Rele} 1.8
Vo0g 95.1 3,01 4.9 100 15

Calcium, arsen"c¢ and boron were also tried bu. gcove no insolubls cake,

The ratios ol uranium to impurities in *hc as suble cakez indicatve that
phosphorus ~sus<~s the greatest holdup of uraaiur, snd, thirefcrz, 1c the
impurity which should be held %o the lowest limize Lo prevent escel:s v-anium
retention in the acid-insoluble cake,.

IV.e FJMMAERY

Sodium di-uranate was successfully purified ny the echer exiraction pro-
cesse High concentrations of sodium caused mechunicsl difficulties through
the precipitstion of sodium nitrate in the water laver. Processing and ex-
traction of the sodium salts, as produced in the procesc Tur tns treatmenti cl
domestic ores, was nct successful, because the soadimm was not completely re-
moved in the ether extraction. This was apparently c¢ue i> the formation of
organic salts.

A number of impurities were tested for their efrfect »n urenium holdup.
It was established that the presence of Pp05in the aranium oxide led to une
usually high uranium losses,
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