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This invention relates to a process of converting phL-
tonium oxalates to plutonium oxides by dry conversion
methods.

One of the most readily available pure plutonium com-
pounds is plutcmium oxalate. This oxalate is available
because it is an end product in a wet chemistry decon-
tamination of plutonium made by neutron irradiation of
uranium. On the other hand, plutonium dioxide (Pu02)
may be readily converted to plutonium salts or be used
for direct conversion to, or as intermediates in the pro-
duction of, pure pIutonium metal. Therefore, it is neces-
sary that it be obtained in a very pure state unmixed with
any other compound, such as plutonium carbonates or
other plutonium oxides, for example, plutonium sesqui-
oxide, which would decrease the efficiency of the pro-
duction of, and possibly the purity of, the final plutonium
metal. Thus, methods for converting the plutonium
oxalates to plutonium dioxide are especially desirable.

The primary object of this invention is, therefore, to
provide methods for converting plutonium oxalates to the
oxides under controlled conditions that minimize all dan-
ger of injury to personnel.

Another object of this invention is to provide methods
for converting the plutonium oxalate to plut~nium di-
oxide which is free of ali %npurities, such as other oxides
or carbonates of phrtoniu.rn.

A further object Of this invention is to provide meth-
ods for quickly and efficiently converting the plutonium
oxalates to pure phrtonium dioxide by the inethods of
dry chemistry with high yields and minimizing bf de-
crepitation.

Still further objects and advantages of this invention
will appear in the following description.

The objects of this invention are achieved by carefully
drying the lower valence plutonium oxaiate and then
heating to a temperature at which the plutonium oxalate
decomposes to green plutonium dioxide (Pu02) at a sub-
stantial rate.

In the drying operation it is desirable to increase the
temperature gradually in order to prevent splattering due
to the evolution of the carbon monoxide and dioxide, and
the decrepitation of the plutonium compound, which oc-
curs if the plutonium compound is heated too rapidly.
Both splattering and decrepitation must be avoided be-
cause they introduce a health hazard, require additional
time for cleaning and decontaminating the equipment,
and increase the time necessary to process a batch of the
oxalate. It is feasible to dry with a controlled gas flow
in order to sweep away the decomposition gases without
causing entrainment of the radioactive material and/or
toxic fumes which may be produced.—

After drying, the plutonium compound is heated to a
decomposition temperature for a period of time suffi-
ciently long to completely and efficiently convert the plu-
tonium oxalate to plutonium dioxide. In order to ob-
tain plutonium dioxide of the desired purity and in the
desired state, the rate of heating and the final reaction
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temperature should be controlled rather carefully. The
decomposition of the plutonium oxalate begins at about
250° C. and can be rapidly completed at 400” C. How-
ever, plutonium oxide which is formed by the rapid
heating of plutonium oxalate at a temperature of about
300” C. in either vacuo, in air, or in an atmosphere of
a gas such as carbon dioxide, gives a black oxide. This
black oxide tends to adhere to the vessel in which it is
ignited and is very difficult to process further. For
example, it is difficult to hydrofluorinate the black phr-
tonium oxide to plutonium tetrafluoride. This latter ma-
terial is very desirable as an intermediate product in
the production of pure plutonium, Consequently, if the
black oxide is not desired then it is swlvisable tb raise
the temperature sharply when the material reaches 300°
c.

It is particularly desirable to prepare the plutonium
dioxide by heating at a final temperature greater than
400° C. because complete conversion is more rapidly
effected at high temperatures up to the order of 800” C.

The extent to which the final reaction temperature can
be increased is limited, however, by the fact that when
the oxalate is heated substantially above a temperature
of 600” C., the resultant oxide is difficult to process fur-
ther. For example, such an oxide prepared by the heat-
ing of the oxalate substantially above 600” C., is also dif-
ficult to hydrofluorinate requiring about twice as long
for such conversion as plutonium dioxide prepared by
heating the oxalate to about 400° C. to 600° C. More-
over, as the temperature is increased, the vapor pressure
of the plutonium compounds naturally rise and the dan-
ger of the radioactive material and/or toxic fumes to
personnel consequently increases tremendously. For
these reasons a final reaction temperature of from 400°
C. to 600° C. is desirable and a temperature of about
600° C. is preferable.

As an example of the method of this invention, an em-
bodiment is presented in the following examples for the
purpase of illustrating the invention, but not for the
purpose of limiting its spirit or scope.

Example 1

About 150 grams of partially dried plutonium oxalate
are placed in a relatively thitt layer in a platinum-rho-
dium boat which is in a sub-atmospheric pressure hood
or dry box, The bctat is th~ti placed in a quartz tube
and exposed to the flow of put% dry air at 50 ❑ C. for
about three hours. When air or any gas is passed over
a phrtonium compound, a trap is placed in the exhaust
line to filter out any radioactive material and/or toxic
fumes which may be picked up. The pre-drying of the
plutonium oxalate with a stream of warm gas prevents
the splattering which occurs if the partially dry phr-
tonium oxalate is later heated too rapidly. Even at the
rather low temperature used, the drying proceeds rather
rapidly because of the low volubility of plutonium oxal ate
in water with the resultant essentially normal vapor
pressure of water in slurry. The platinum-rhodium boat
is then carefully loaded into the reaction unit and pure
dry air is passed over the compound while it is subjected
to a dry ignition program using a time-temperature cycle
as follows:

0.2 hour to 130° C.
3.0 hours at 130° C.
0.5 hour to 250° C.
1.8 hours to 300” C.
0.3 hour to 600° C.
0.4 hour at 600° C.
0.3 hour to 25° C.
6.5 hours total
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The conversion of plutonium oxalate, treated in ac-

cordance with this example, is substantially complete.
The plutonium dioiide (Pu02) formed contains no de-
tectable amount of impurities such as plutonium peroxide
or plutonium sesquioxide. The equation is throught to
be:

PUz(C204)S=2pU02+ 4CO+2COa

This plutonium dioxide is olive green in color, as dis-
tinguished from the black plutonium oxide prepared by
the heating of the oxalate at 300” C. as stated herein-
before. Both the black plutonium oxide and olive-green
plutonium dioxide appear to have the same crystalline
structure being face-centered cubic in form. The true
density of the olive-green plutonium dioxide produced
by the method of this invention is of the order of 11.4
grams per milliliter; the bulk density of this same kind
of oxide is much lower.

It is sometimes convenient to dehydrate the plutonium
oxalate by heating overnight to 200° C. If such dehy-
dration or complete removal of water is carried out, the
time for the reaction heating, described hereinbefore, is
of course decreased.

Although the example has been appIied to plutonium
trioxalate, the plutonium tetraoxalate can be similarly
treated to form the same product. In like manner it
may be readily seen that there are many other possible
embodiments of the method of this invention, such as,
modifying the time-temperature cycle or performing the
heating in vacuo or in the presence of a gas such as air,
oxygen or even carbon dioxide. For this reason it is
not intended to limit the spirit or scope of this inven-
tion except as indicated in the appended claims.

What is claimed is:
1. The process of converting PIUS three plutonium

oxalate to substantially pure, green plutonium dioxide
which comprises drying the plutonium oxalate with a
stream of warm air, and heating to an advanced tem-
perature of about 600” C., passing through the range
from 300° C. to 600° C. in about 0.3 of an hour.

2. The process of converting plus three plutonium
oxalate to substantially pure, green plutonium dioxide
which comprises drying the plutonium oxalate with a
stream of warm air, and forming the dioxide by heating
the dried oxalate, according to the following tempera-
ture cycle:

0.2 hour to 130” C.
3.0 hours at 130° C.
0.5 hour to 250° C.
1.8 hours to 300” C.
0.3 hour to 600° C.
0.4 hour at 600° C.
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3. The process of converting plus four plutonium

oxalate to substantially pure plutonium dioxide which
comprises drying the plutonium oxalate with a stream
of warm air, and heating to a temperature of about 600°
C., passing through the range from 300° C. to 600” C..
in about 0.3 hour.

4. The process of converting plus four plutonium
oxalate to substantially pure plutonium dioxide which
comprises drying the plutonium oxalate with a stream of
warm air, and forming the dioxide by heating the dried
oxalate according to the following temperature cycle:

0.2 hour to 130° C.
3.0 hours at 130° C.

15 0.5 hour to 250” C.
1.8 hours to 300” C.
0.3 hour to 600° C.
0.4 hour at 600° C.

5. The process of converting a plutonium compound
20 selected from the group consisting of plus three plutonium

oxalate and plus four plutonium oxalate to substantial-
ly pure plutonium dioxide which comprises drying- the
plutonium oxalate with a stream of warm air, and heat-
ing to a temperature within the range from 400” C. to

z~ 6000 c.. ~assing through the range from 300° C. to the
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