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[57] ABSTRACT

Concentrated anion-deficient salt solutions are pre-
pared of the actinide oxides, PuQ,, UQO,, UQO., and
U,Oy by dissolving one or more oxides in an aqueous
solution of thorium nitrate at a concentration of 4
molar or greater and at a temperature of 60° C. or
more. Anion-deficient salt solutions of actinide metals
sO produced are useful as starting materials for the
manufacture of ceramic nuclear fuel particles by the
sol-gel process.

2 Claims, No Drawings
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METHOD FOR THE PREPARATION OF
CONCENTRATED ANION-DEFICIENT SALT
SOLUTIONS

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This 1s a division of application Ser. No. 106,922,
filed Jan. 15, 1971, now abandoned.

BACKGROUND OF THE INVENTION

The invention relates to the preparation of concen-
trated anton-deficient salt solutions.

Anion-deficient salt solutions are for instance suit-
able for the preparation of solid oxide and carbide
particles.

For the preparation of spherical particles of ceramic
nuclear tuel an anion-deficient solution of uranylnitrate
can successfully be used as a starting material.

In the prior art these solutions have been prepared
according to the following methods:

(1) By dissolving UQ, in concentrated uranyl nitrate
solutions,

(2) By the extraction of nitric acid from stoichiomet-
ric, possibly shightly acid uranyl nitrate solutions.

These methods show, however, the following draw-
backs.

For the purpose of the first method it is necessary to
have at one’s disposal a UQ, of such a texture that this
substance easily dissolves in the uranyl nitrate solution.

As to the second method it is observed that extrac-
tion, whereby nitric acid is withdrawn from a stoichio-
metric or weakly acid uranyl nitrate solution, can only
be applied to dilute uranyl nitrate solutions. Moreover,
a special installation.is needed for this. After removal
of the nitric acid the solution obtained has to be
brought to the required degree of concentration, e.g.
by evaporation.

The invention aims at giving improved methods for
the preparation of an anion-deficient uranyl nitrate
solution. Besides it appeared that anion-deficient acti-
nide salt-solutions could be prepared according to sev-
eral more methods than was formerly possible.

DETAILED DESCRIPTION OF THE INVENTION

According to the invention one or more actinide
oxides as PuQ,, UQO; or lower uranium oxides than UQO,
are dissolved in a small volume of an acid reacting
liquid. The acid reacting liquid consists of a small
amount of a strong acid such as a small amount of
concentrated HNO;, HCI or H,SO, or an aqueous solu-
tion of an actinide salt of a strong acid as for instance
UQO2(NO;3), or Th(NO;),.

Mixtures of the above-mentioned liquids can be used
too. |
With a small amount of liquid is meant that in case of
an amon-deficient uranyl nitrate solution the uranium
concentration is at least 2 molar.

[t 1s possible to incorporate during the preparation or
thereafter small amounts of compounds of other ele-
ments in the anion-deficient actinide salt solution in
order to improve the properties of nuclear fuel material
prepared from this solution.

By other compounds are méant water soluble boron,
yttrium, rare earth metals and zirconium compounds.
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Examples of the preparation of mixed anion-deficient
actinide salt solutions are the dissolving of PuQ, in
uranyl nitrate solution and of UQ; in thorium nitrate
solution.

It has surprisingly been found that anion-deficient
solutions of the required nmitrate/actinide metal ratio
can be obtained by causing lower oxides than UQO; to
react with strong nitric acid, uranyl nitrite solution,
thorium nitrate solution or mixtures of these substances
in the quantities calculated on the basis of the require-
ments. |

The use of lower urantum oxides than UQ, has the
advantage of better solubility in acid solutions than
UQO,. The difficulty of preparing a UO; with a suitable
texture namely can be avoided.

Lower uranium oxides than UQO;y are the compounds
U.Oy and UQ,. These oxides, along with uranyl nitrate,
are the forms in which uranium is obtainable as a basic
matenal. They are also the forms in which uranium s
preferably conveyed.

It 1s therefore of importance to convert these oxides
in the eatest possible manner into the solution required
for the process to be employed.

The required anion-deficient uranyl nitrate solution
may be characterized as follows:

[U] about 3 M
INO. |
(L]

about 1.5

It 1s observed that this uranium concentration is
higher than that of the saturated stoichiometric uranyl
nitrate solution.

For the preparation of ceramic fissile material a solu-
tion of this kind is first mixed with ammonia-liberating
agent and then sohidified by being dispersed in a phase
of sufficiently high temperature, non-miscible with
water. With this method it is of great importance to
start with highly concentrated uranium solutions.

In order to make the rate of solution of the uranium
oxide in nitric acid as high as possible, it is important to
prepare the UzOy by heating in an oxidizing atmo-
sphere, such as air or oxygen, at temperatures between
600° and 900° C. At these temperatures the most vola-
tile and/or combustible impurities are removed and the
texture of the material is still conducive to solution.

Dntticultly soluble UQO,; i1s likewise converted by this
thermal processing into easily soluble U,O,.

Very difficultly soluble UQ, is converted into U,Oy
by being sintered in air at 700° C. The cubic lattice of
UO:; 18 thereby changed into he othorhombic lattice of
U304. As the molecular volume of U, is greater than
that of UQ,, since UQ, is of higher density than U,0,,
the particles are completely crumbled. The high spe-
cific surface areas of the U0 obtained in this way has
the effect that it can now be readily dissolved in HNO,,

The preparation of U;O4 as described above is the
ideal method of utilizing waste obtained in the prepara-
tion of the ceramic fissile material. For this purpose the
waste may consist either of unsintered waste material,
possibly containing organic filter material, or of sin-
tered final product composed of UQ,.

In accordance with the undermentioned gross equa-
tions (1) and (2), the quantities of nitric acid used can
be determined by calculation.

EU()E "+' SHN(}“ N ————- / /H

2 [UO_?{ NO;;]IH\‘.( (}H }li..ﬁ] + EHJ(} + N(-]‘+ No_! ( l }



Re. 28,894

3

-continued

2.0, + 1 ITHN(Q), = A2
6[ UOLUNO,), s(OH),; |+ 4H,O + NO+NO,

(2)

The invention 1s further elucidated below by refer-
ence to a number of examples.

Example 1 deals with the preparation of an anon-
deficient uranyl nitrate solution by dissolving UO, pow-
der in mitric acid.

Exuample Il deals with the processing of spherical
particles of unsintered UOQO,.

Example 1T deals with the conversion of waste mate-
rial from spherical particles of UQO, sintered at high

4

i)

4
The HNQO./U.O, ratio used=2300/415=5.5. Accord-
ing to the gross equation (2) an NO3'/U ratio € 1.5 may
be reckoned with.
Analysis of the solution obtained gave the following

results:

NGO,
| U]

|44, [UJ = 3.14 M.

density 1.965 g./cm.” (20.6° C.).

The solution tests were repeated with two quantities
of spherical particles of UO; with a-20% and 40% en-
richment respectively, after they had first been con-
verted into U, O,.

iemperatures, | | ‘ !> The results obtained in this way are set forth below in
Ex;.}mples 1V tzelutes to the dissolving of U,Oy 1n ura- Table A
nyl mitrate solution. It was observed that by operating in a three-necked
EXAMPLE | flask with a reflux cooler the nitrous vapors had re-
formed a quantity of HNQO,,.
TABLE A
(U]
Depree of Dcensity,
enrigh- L, O, (. muol M HNOY,, Mol HNQO)./ H.O. g.jem.y, Meas-  Caleu- | NOY, )/

ment Lriams L1, (), |4 3 M maol U0, ml. 21°C. urcd lated {U]

2% 770, 0917 350 5.50 SO0) |.866 282 242 1.76

30% 6223 0.743 270) 5.25 300) |.904 295 297 .58

20 EXAMPLE Il

A solution test was carried out with natural UO, 644 .1 grams of spherical particles of UO, (sintered at
powder in nitric acid with the undermentioned quanti- 1400° C. in an atmosphere containing hydrogen), were
ties of UQO, and HNQO,,. slowly heated to 750° C. and then kept tfor tour hours at
this temperature. In this way 662.5 grams of U0, were
Weighed-out 35 obtained, which could readily be passed into solution

L0, 114854 g = 425 mmol of UO, according to the method indicated in Example ll.

HNO), Ix 425 = 1275 mmol of HNO,,
EXAMPLE 1V
diluted with water to 100 ml. In this example UQO, was 40 In this example a quantity of 116 g. of

added in portions to the hot (~80° C.) HNO; solution.
On account of the fact that during solution in an open
beaker some losses of nitric acid occurred, slightly
more nitric acid was used than was equivalent to
equation (1).
The solution obtained was found to have an NO,"/U
ratio of 1.6.

EXAMPLE Il

A quantity of spherical particles of UQ; was heated
slowly in air to 700° C. and then kept at this tempera-
ture for another four hours. The following was ob-
tained:

349 .8
K42

249 K g of U, or 1O = 4158 mmol of L;0,

This quantity was added in portions to a heated
HNOQO, solution consisting of 160 ml. of concentrated
HNO. (14.4 M) and 258 ml. of water in a beaker. The
total volume amounted to 1604+258=418 ml., so that
after solution the uranium concentration is about 3 M.
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was dissolved in 72 ml. of water and then boiled under
reflux with 13.7 g. of U0, for 2% hours.

The clear solution obtained had a 2.49 molar content
of uranium and an NO,'/U ratio of 1.62.

What is claimed 1s:

1. A method for preparing a concentrated anion-defi-
cient actinide salt solution containing at least one acti-
nide oxide selected from the group consisting of PuQ,,
UQO,, UO, and U,O,, said method including dissolving
at a temperature of at least 60° C., said [ salt J oxide in
an aqueous solution of thortum nitrate having a con-
centration of at least 4 molar.

2. A method for the preparation of a concentrated
anion-defictent actinide nitrate solution wherein at
least one member selected from the group consisting of
uranium dioxide, uranmium trioxide and U,Og, 15 dis-

solved by stirring in a heated thorium nitrate solution of

a temperature of at least 60° C., and of a concentration
of at least 4 molar, and the solution thus obtained 1s

thereafter diluted with water.
* * L %k *
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