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ABSTRACT

A simple procedure was developed for the preparation
of uranium(IV) nitrate solutions in dilute nitric
acild. Zinc metal was used as a reduclng agent for
uranium(VI) in dilute sulfuric acid. The uranium(IV)
was precipitated as the hydrated oxide and dissolved
in nitric acid. Uranium(IV) nitrate solutions were
prepared at a maximum concentration of 100 g/l1. The
uranium(VI) content was less than 2% of the
uranium(IV).
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PREPARATION OF URANIUM(IV) NITRATE SOLUTIONS
INTRODUCTION

Ferrous sulfamate is used as a reductant for plutonium in the Purex
process for the recovery of plutonium and uranium from irradiated
natural uranium(l). The ferrous ion 1s oxidlized to the ferric state
and the sulfamate lon, in the presence of nitric acid and nitrous
acld, decomposes and i1s oxidized to sulfate, nitrlc oxide, and nitrogen.
The ferric and sulfate lons thus produced are contained in the low
activity waste stream. Concentration of this stream by evaporation
prior to storage 1s limited by the presence of salts, primarily ferric
sulfate. A conslderable saving in storage costs would be realized if
ferrous sulfamate were replaced by a reductant that did not contribute
to the waste volume.

Uranium(IV) nitrate is a possible attractive reductant in place of
ferrous sulfamate for the partltioning of uranium and plutonium.
Regnaut, et al.(Z) have used uranous sulfate that was prepared by
electrolytic reduction in sulfuric acid as a reductant for plutonium

in a pilot plant Purex process. Although uranous sulfate was as
effective as ferrous sulfamate over a wlder range of acld concentrations,
uranium(IV) sulfate would add a significant volume of waste because of
the sulfate present. Jenkins and Streeton!3) have considered the use of
uranium(IV) in nitrate-sulfamate media and have glven some data on
uranium distribution for their solvent extraction process. When their
sStock uranium(IV) sulfamate solutions were diluted with nitric acid to
0.02M uranium(IV), 0.1M sulfamic acid, and 0.5M nitric acid, 4% of the
uranium(IV) concentration was oxidized in 6% hours.

Uranium(IV) has been prepared by the electrolytic reduction of uranyl
sulfate(2) anda uranyl sulfamate(3)., It also has been prepared by
photochemical reduction in the presence of water-soluble organic
reductants 4}, by reduction of uranium(VI) with chromous or titanous
ions, or by reduction with any of eight different metals‘®).
Electrolytic reduction of either uranyl sulfate or sulfamate will
produce a reagent that adds to the volume of waste. Photochemical
reduction was not successful in producing either rapid or quantitative
reducticn to uranium(IV). In nitrate systems, excessive amounts of
chromous or tltanous ions are consumed; 1in a more sultable media, such
as sulfurilc acid, both the excess reducing agent and its oxidized
species would have to be separated from the uranium(IV) produced.

Reduction of uranium(VI) to uranium(IV) with zinc or lead in sulfuric
acid, as ccmmonly used 1n analyses with the Jones reductor, followed
by conversion of the uranium(IV) sulfate to nitrate, was selected as
a potentially simple method of preparation.

Since this work was started Hanford has reported on a similar approach
to this method of preparation.(s)




SUMMARY

A simple method was developed for the preparation of uranium(IV) at a
yield of 98% in nitric acid solution. Uranium(VI) in 1M sulfuric acid
was reduced with granulated zinc and the uranium(IV) was precipitated
as the hydrated oxide with sodium or ammonlum hydroxide. The hydrated
oxide of uranium was dissolved in nitric acid that contained hydrazine
as a holding reductant. The product solutions were suitable for
testing as an alternative for ferrous sulfamate reductant in the Purex
process.

DiSCUSSION

REDUCTION

Sulfuric acid was chosen as a suitable media for the reduction of
uranyl ion. Hydrochloric acid was unsatisfactory because of the
possiblility that chloride lon would be present in the final product
and would attack mixer-settler equipment. Direct reduction of
uranium(VI) in a nitric acid - hydrazine media is impractical because
the reaction between zinc and nitrate would rapidly consume the
hydrazine. This method of preparation would also requlre the removal
of zinec lons from the uranium(IV) solution to avoid addition of solids
to the waste str anm.

The simplest method of reduction 1s the addition of a relatively
inexpensive metal to a stirred solution. The metals most commonly
used for uranyl lon reduction are usually amalgamated for more rapid
reduction,(S) but mercury ions would be difficult to remove from the
product uranium(IV) solution. Among the metals, only lead and zinc
are inexpensive and effectlve reductants iIn the absence of mercury.
These metals have the added advantage that thelr amphoteric properties
permit them to be readily separated from the uranium(IV) oxide hydrate.

For milligram quantities, the reduction of uranium(VI) to uranium(IV)
in sulfuric acid with a lead reductor was rapld and quantitative;
however, for larger quantities of uranium the metal surfaces became
coated and the column became lneffective.

Reduction of uranium(VI) to uranium(IV) in sulfuric acid media with
untreated zinc metal was rapid. The reductions were performed on
solutions that were prepared by dissolving uranium oxide from the
Savannah River Plant in dilute sulfuric acid untll a concentration of
0.5M uranium was obtained. Rates of reduction are shown graphically
in Figure 1. 1In each case, 13 grams of uranium were reduced with a
50% stolchiometric excess of zinc added to a stirred solution.
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FIG. 1 RATE OF REDUCTION OF URANIUM (V1)
TO URANIUM(IV) IN SULFURIC ACID

Reduction of uranium(VI) was >99% complete for granular and powdered
zinc in <30 minutes (Figure 1). Reduction with mossy zinc was slower.
The initial reaction with zinc powder was the most rapld, but after

1 minute of reaction, the powder began to agglomerate and the reaction
rate decreased.

The optimum aclidity of the solution of uranyl sulfate was 1 to 3M.
Above thls upper limit, more than a 50% stolchiometrlc excess of zinc
had to be added to obtain complete reduction to uranium(IV). Also,
the solution became heated to >100°C because of the exothermic
dissolution of zinc. High final acid concentrations increased the
rate of alr oxidation of a uranium(IV) solution. Too low an initial
acld concentration resulted in incomplete reduction.

From the above information, conditions were selected for a reduction
that was performed with one mol of uranium. A 50% stolchiometric
excess of granular zinc was added rapidly to a stirred solution 0.5M
in uranium sulfate and 1M in sulfuric acid. Reduction of the
uranium(VI) to uranium(IV) was complete in 21 minutes. The final
sulfuric acid concentration was O.4M.




Solutions of uranium(IV) in 0.1 to 0.5M sulfuric acid have <2% of the
uranium oxidized to uranium(VI) over a period of 24 hours when the
solutions were maintained at 20 to 25°C in an Erlenmeyer flask open to
the air. This observation was 1ln agreement wilith data previously
reported.(7) The stability of these solutlons was due to the low acid
concentration and the presence of uranium(IV) sulfate complexes. ®)

SEPARATION

Uranium(IV) was precipitated by adding the sulfate solution to an
excess of either 1M ammonium hydroxide or 1M sodium hydroxide. The
choice of base had no effect on the appearance or filtering
characteristics of the precipitate, but sodium hydroxide precipitated
zinc when the hydroxyl ion concentration was reduced to 0.2M. However,
ammonium hydroxide at a concentration of 0.2M did not precipitate zinc
because of the formation of a zinc ammonlia complex.

The hydrated uranium(IV) oxide precipitate, U0s+2H,0!®), was initially
light green and gelatinous; then it gradually became dark green. When
the precipltate was washed with water to remove excess base and sulfate
salts, its color changed to a dark gray-green. The precipitate of
U05*2H,0 oxidized readlly in air. After filtering and washing, attempts
to dry the precipitate either by heating 1t in an oven or washing it
with alcohol and drying it under vacuum caused 52% of the uranium(IV)

to be oxlidized. The color of the precipltate after elther of these
treatments was gray.

The washed precipitate dissolved rapldly and completely 1n dilute
solutions of sulfuric, nitric, or hydrochloric acids. Oxidation of
the uranium(IV) was very rapid in all concentrations of nitric acid.
To prevent this rapld oxidatlion, various concentrations of hydrazine
were used as a holding reductant. The hydrazine was added to the
nitric acid prior to the dissolution of the UOp:2H,0. After the
dissolution in nitric acid the uranium(VI) concentration was <2%.

STABILITY OF SOLUTIONS

Three solutions of uranium(IV) nitrate with different nitric acid
and hydrazine concentrations, were tested for stabllity. The
solutions were stored both 1in brown and c¢clear glass bottles. Table I
glves the test data.

Although the excluslion of 1light by the brown glass container had

little or no influence on the stabllity of the uranium(IV) in solution C,
an average loss of 33% of the uranium (IV) in solutions A and B

occurred 1n the clear glass bottles. Thus 1t appears to be desirable

to store the solutions of uranium(IV) in opaque contailners.



TABLE I

Storage of Uranium(IV) Nitrate Solutions in Glass Bottles

U(IV) Concentration

Initial Composition after 14 Days
HNOgz, NoH,, Total U, U(IV), U(IV) in Brown U(IV) in Clear
Solution M M M _ M Bottles, M Bottles, M
A 0.5 0.2 0.25 0.22 0.20 0.13
B 0.8 0.1 0.16 0.13 0.13 0.10
C 0.9 0.02 0.17 0.13 0.12 0.12

The concentration of hydrazine as a holding reductant dild not appear to
be critical if the solution was not exposed to light during storage.
Since 0.02M hydrazine appears to be adequate in a solutlon that 1s
approximately 1M in nitric acid, this concentration was chosen as a
lower 1limit. When the solution 1s to be stored for longer than two
weeks, the hydrazine concentration should be increased to about 0.1M.

The oxldation of uranium(IV) was determined periodically in one
solution typlcal of that which would be sultable for plant tests. The
initial concentrations were: U (total), 34.6 g/l as the nitrate;
HNOgz, 0.63M; NpH,, 0.1M;U(IV), 30.5 g/l1. During a period of 90 days
the solution was stored in a brown bottle on a laboratory bench top,
and the uranium(IV) concentration was analyzed four times. The
hydrazine was also determlned, and the concentration was increased as
needed so that it varied from 0.04 to 0.19M.

Flgure 2 shows that the decrease in uranium(IV) concentration was
linear and, under the above conditions, was 0.5% per day. This value
1s in agreement with the data presented 1n the table that shows an
average decrease of 6% 1n the uranium(IV) concentration over a period
of 14 days, or 0.43% per day.

The decrease in hydrazine concentration was rather erratic. However,
to maintain the initial hydrazine concentration of 0.1M, 0.05 mol of
hydrazine had to be added every 30 days to each liter of uranium(IV)
nitrate solution.

RS O g
R. S. Ondréjcin
Analytical Chemlstry Division
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FIG. 2 RATE OF OXIDATION OF URANIUM(IV) IN NITRIC ACID
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