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This invention relates to uranium-carbon com-
pounds and more particularly to uranium-carbon
alloys having a low carbon content. More spe-
cifically, the invention is concerned with the for-
mation of uranium monocarbide,

Broadly stated, it is well-known in the art that
when uranium and carbon are heated in contact
with each other at an elevated temeprature for
a sufficient period of time, a compound or alloy
may be formed having a uranium-carbon com-
position. The structural composition of the alloy
or compound thus formed is dependent upon the
stoichiometric amounts of carbon and uranium
present and upon the temperature at which the
alloying ocecurs.

When the uranium-carbon alloy is heated to g
temperature in excess of 2300° C., approaching
2400° C., there is formed an alloy, uranium
sesquicarbide (U2C3) which will disproportionsate
upon cooling to uranium dicarbide (UCs2). The
art does not reveal the existence of any other
characteristic alloy of the uranium-carbon sys-
tem, other than uranium dicarbide and uranium
sesquicarbide,

In accordance with a specific embodiment of
this invention, it is herein contemplated t6 form
uraninm monocarbide (UC) in distinet propor-
tions from uranium dicarbide (UC2) and uranium
sesquicarbide (UaCs).

Other objects and advantages of this invention
will be readily apparent from the following de-
scription of the preferred embodiments of this
- invention. )

It has been found in accordance with the
method of this invention that specific yranium
compounds or alloys containing carbon may be
prepared by heating uranium metal in contact
with methane at an elevated temperature.

The solubility of carbon in comminuted wura-
nium metal is extremsly low when the uranium
is in the beta state having a temperature he-
tween 660 and 770° C. The solubility of the car-
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bon in the beta-uranium is of the order of ap- -

proximately 0.03% (0.6 atom percent) C. while
in the uranium-alpha phase, less than 660° C, the
solubility is of the order of 0.01% (0.2 atom per-
cent) C. As the temperature of the uranium
metal is increased, the solubility of the carbon
approaches a maximum in the liquid uranium
phase, greater than 1125° C. It shall be noted
that carbon is slightly soluble in uranium metsl
when the uranium metal is in the alpha phase,
and that a slight solubility of carbon even occurs
when the uranium meta] is heated at a tempera-
ture of about 400° C.

‘Inexamining the existence of uranium-carbon
alloys over a temperature range from about 400°
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C. to a temperature in excess of about 2375° C.,
there is evidence for the existence of g high tem-
perature uranium-carbon alloy having the
structural formula of U2Cs. Upon cooling, this
compound (U:C;3) disproportionates into ura-
nium-carbon compounds, primarily UC2. In or-
der to form uranium-carbon compounds having
at least two atoms of carbon per one atom of
uranium, it is found that the carbon content
must exceed 4.8% by weight and that the tem-
perature must be in excess of the melting point
of the uranium metal at about 1125° C. In ad-
dition, it is found that by increasing the tempera-
ture to about 1800° C., a greater proportion of
uranium dicarbide is formed.

In examining the carbon-uranium system, the
broportion of carbon to uranium must exceed
4.8% by weight to form the dicarbide and less
than 4.8% carbon to form the uranium mono-
carbide.

Uranium-carbon alloys may be prepared by
contacting a hydrocarbon gas, such as methane,
with comminuted uranium metal and allowing
the methane gas to be in continuous contact with
the uranium in an amount proportional to a
stolchiometric amount to form the desired ura-
nium-carbon alloy. In addition, it is noted that
after forming the uranium-carbon alloys, pri-
marily uranium dicarbide at an elevated tempera-
ture, the alloy may be quenched to a temperature
less than the melting point of the uranium metal,
less than 1125° C., so that uranium-carbon alloy
thus formed disproportionates into another spe-
cific uranium-carbon alloy, primarily uranium
monocarbide. The uranium-carbon alloy pro-
duced by quenching exhibited a dendritic struc-
ture identifying a preponderance of uranium
monocarbide. The uranium monoecarbide thus
produced did not exhibit an extremely high
burity, since a small percentage of uranium di-
carbide was still present; another method for
producing uranium monocarbide was therefore
devised.

In accordance with another embodiment of the
invention uranium monocarbide of high purity
may be prepared by reacting a hydrocarbon, such

. &8 methane, in contact with uranium metal at
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a temperature less than the melting point of the
uranium metal. In this mode of preparation the
tendency foward the formation of uranium-car-
bon alloys other than uranium monocarbide is
considerably reduced. In addition, by introduc-
Ing the carbon content, by means of methane,
and the uranium content in stoichiometric rela-
tionships, the tendency to specifically form ura-
nium monocarbide is increased.

As an example, uranium monocarbide may be
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formed by contacting comminuted uranium
metal of high purity in an enclosed vessel with
hydrocarbon gas, such as methane, of high purity,
and then increaging the reaction temperature to
a temperature in excess of about 400° C. The
reaction takes place as shown in the following
formula.:

U-+CH4»UC-2Hs

The preferred mode of operation embodles the.
use of a continuous flow system wherein purified
methane is allowed to flow and contact a heated
comminuted uranium mass in a stoichiometric
amount wherein the amount of carbon supplied
by the methane gas shall not be in excess of ap-
proximately 4.8% by weight. The operating tem-
perature for forming the uranium monocarbide,
in this particular process; is considered to be be-
tween 400° and the melting point of uranium

which is about 1125° €.; although the preferred o

operating temperature was found to be about
900° C.

As another example of the invention, uranium
monocarbide may be prepared by contacting
purified methane in a dynamic flow system with
uranium hydride at a temperature in excess of
the decomposition temperature of the uranium
hydride which is at about 435° C,

In this process a very reactive form of powdered
uranium is probably formed in the first decom-
position reaction wherein uranium hydride may
be decomposed by heat to uranium and hydrogen.
The reaction may be considered as follows:

) AH
2UH: + heat ~—— 2U + 3Hs

o > 435° C.

The uranium metal then reduces the methane
and combines with the carbon of the methane,
and this may be illustrated by the following
equation:
@

AH
—

> 400° C.

The combined reaction may be illustrated.in the
following manner:

®

U + CH, 2UC + 2H;

H
—D
> 400° C.
The reaction shown in Equation 3 is considered to
be exothermic; and although the initial decom-
position temperature may be approximately
435° C. there will be a rise in temperature pro-

portional to the heat of reaction.

It has been found that a relatively high pro-
portion of uranium monocarbide is formed when
the amount of reactants is held to the required
stoichiometric proprotions relative to the amounts
required to form uranium monocarbide and when
the temperature of the reaction is maintained
at about 900° C. X

It shall be also noted that uranium carbon
alloys may be formed by using this process where-
in the stoichiometric amount of carbon exceeds
the 4.8% relationship to the uranium content and
when the temperature exceeds the melting point
of the uranium metal. It has been found that
in using this mode of reaction the uranium car-
bon alloys having an atomic carbon content
greater than one will disproportionate upon cool-
ing or quenching to form uranium monocarbide.
This method does not  produce relatively pure
uranium monoearbide but produces a mixture of
dendrites including uranium monocarbide and
uranium dicarbide.

Thus, I have been able by following the process

2UHs 4- 2CHy 2UC. + 7THz

=t
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described and claimed herein to consistently pro-
duce a mass of uranium monocarbide having a
predetermined carbon content proportional to the
stoichiometric amount required to form the ura-
nium monocarbide.

While the foregoing embodiments of the in-
vention have been discussed as performed at at-
mospheric pressure in a dynamic system involv-
ing the continuous flow of methane through the
reactive mass of uranium or uranium hydride, a
bateh process has also been found suitable where-
in stoichiometric. amounts of uranium and car-
bon have been introduced into the system and the
reaction carried out in a similar manner. Al-
though methane is preferred, particularly for ob-
taining uranium monocarbide, it shall be noted
that the invention shall not be limited to methane
and that other compounds may be used to in-
troduce the carbon content; such compounds may
be ethane, propane, and other similar hydrocar-
bon compounds.

Numerous variations and modifications in the
preferred methods and examples described will
be readily. apparent and may be made without
departing from the spirit and scope of the inven-
tion as defined in the following claims.

The composition, uranium monocarbide, and
a process of manufacturing it by the reduction of
uranium oxide with carbon, are the subject mat-
ter of the Patent No. 2,448,479 granted to Iarley
A. Wilhelm and Adrian H. Daane on August 31,
1948, '

What is claimed is:

1. A process for producing uranium monocar-
bide which comprises heating uranium metal in
contact with methane in stoichiometric amounts
at a temperature about 400° C. and less than
1125° C. wherein the carbon content thus intro-

- duced is equal to about 4.8% to the uranium
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metal content.

2. A method of preparing uranium moncecar-
bide, comprising heating stoichiometric quanti-
ties of uranium with methane at substantially
900° C.

3. A process. for producing uranium monocar-
bide, which comprises heating uranium metal in
contact with a quantity of aliphatic hydrocarbon
corresponding to about 4.8% carbon with regard
to the uranium metal at a temperature above
400° C. and less than 1125° C.
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