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[57] ABSTRACT 
This invention is directed to an improved crucible for 
molten uranium. The crucible or crucible liner is 
formed of aluminum titanate which essentially elimi-
nates contamination of uranium and uranium alloys 
during molten states thereof. 

4 Claims, No Drawings 
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ALUMINUM TITANATE CRUCIBLE FOR MQLTEN 
URANIUM 

This invention was made in the course of, or under, 
a contract with the U.S. Atomic Energy Commission. 

The present invention relates generally to a container 
for use in uranium metallurgical processes, and more 
particularly to a crucible or crucible liner of aluminum 
titanate for inhibiting contamination of molten ura-
nium or uranium alloys. 

The metallurgical processes involving uranium and 
uranium alloys are often required to melt the uranium 
such as in metal refining techniques, preparation of al-
loys and the formation of suitable ingots for subsequent 
fabrications. The melting or fusing of uranium is 
achieved at a temperature in the range of about 1,350° 
to 1,400°C. in crucibles of graphite, tungsten and other 
electrically conductive materials or in a nonconductive 
crucible such as formed of tantalum wherein arc melt-
ing procedures would be practiced. Inasmuch as these 
crucibles are of materials highly reactive with molten 
uranium they are coated or lined with a suitable ce-
ramic such as magnesium zirconate, alumina, magnesia 
or zirconium. The ceramic crucibles have met with 
only partial success in that these crucibles or crucible 
liners have high coefficients of thermal expansion 
which make them particularly susceptible to thermal 
shock which may result in small fissures and cracks in 
the crucible. The presence of such a crack or fissure in 
a uranium melting operation permits diffusion of impu-
rities from the underlying crucible holder into the ura-
nium so as to contaminate the latter. This is particularly 
undesirable where the crucible is formed of graphite 
since the carbon oxides in the graphite are readily dif-
fused into the molten uranium. Magnesia crucibles are 
somewhat satisfactory at temperatures below about 
1,400° but above about 1,450°C. the molten uranium 
reduces the magnesia crucibles with a violent boiling of 
magnesium. Another shortcoming of the known cruci-
bles and crucible liners is that molten uranium tends to 
wet the lining materials so as to cause the removal of 
the uranium from the crucible to be somewhat difficult. 
Such wetting and cracking of crucibles and crucible lin-
ers cause the liners to have a relatively short life in an 
uranium melting operation. Another shortcoming of 
previous ceramic crucibles and crucible liners is due to 
a reaction between the molten uranium or uranium 
alloy and the ceramic which contaminates the uranium 
or uranium alloy. 

It is the primary aim or goal of the present invention 
to overcome the above and other shortcomings and 
drawbacks of the previously known crucibles and cru-
cible liners employed in metallurgical processes involv-
ing molten uranium and uranium alloys. This goal is 
achieved by the method of melting uranium and ura-
nium alloys in a crucible or crucible liner formed of 
aluminum titanate (Al2Ti05 or A l 20 3Ti0 2 ) . The cruci-
ble or crucible liner formed of Al2TiOs is non-wetting 
and essentially non-reactive with respect to molten ura-
nium and remains effectively intact during melting op-
erations so as to inhibit the contamination of the mol-
ten uranium with materials in the crucible. 

Other and further objects of the invention will be ob-
vious upon an understanding of the illustrative method 
about to be described, or will be indicated in the ap-
pended claims, and various advantages not referred to 
herein will occur to one skilled in the art upon employ-
ment of the invention in practice. 
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Described generally, the crucibles of the present in-
vention are formed of sinterable Al2TiOs. The crucibles 
may be employed alone or used as liners for conven-
tional crucibles or crucible holders as known previ-

5 ously, such as those formed of graphite and other well-
known materials. Alternatively, the present invention 
may be employed as a crucible liner in combination 
with a metal such as tungsten wherein the crucible liner 
is formed by pressing and sintering the Al2TiOs powder. 

10 Tungsten powder is then placed about the outside of 
the crucible and cold- or hot-pressed into place so as 
to form a laminated structure with the entire outer sur-
face of the Al2TiOs liner being in contact with the tung-
sten receptacle. 

The particular Al2Ti05 powder employed in the pres-
ent invention is prepared in accordance with the teach-
ings in assignee's copending application Ser. No. 
288,228, filed Sept. 11, 1972, now U.S. Pat. No. 

2 o 3,825,653, and entitled "Sinterable Aluminum Tita-
nate Powder." The sinterable powder of Al2Ti05 as de-
scribed in this application is provided by the steps of 
preparing solutions containing equimolar portions of 
an aluminum compound in the +3 ion or valent state 

22 and a titanium compound in the +4 ion or valent state, 
coprecipitating the aluminum and titanium as a hydrox-
ide, collecting the precipitate, filtering and drying the 
precipitate and then calcining the resulting hydrated 
powder in air at a temperature of 700°-800°C. for a du-

3q ration of 5-40 hours. The successful coprecipitation of 
the sinterable Al2Ti05 powder can be achieved by the 
synthesis of a 50—50 mole percent aluminum oxide -
titanium oxide mix involving the hydrolysis of the metal 
alkoxides in a suitable hydrocarbon diluent. The alumi-

35 num and titanium alkoxides suitable for employment in 
this solution include isopropylates, ethylates, butylates 
and tert-amylates. The hydrocarbon diluents for the al-
koxides include benzene, toluene, hexane and xylene. 
The powder and products formed from the Al2Ti05 

40 powder prepared from equimolar portions of aluminum 
and titanium alkoxides in accordance with the teach-
ings in assignee's copending application are character-
ized by an average linear coefficient of expansion of 
less than 1 X 10-6 in/in°C. over a temperature range of 

45 about 25°-1000°C. Crucibles and crucible liners, which 
are preferably fabricated by isostatically pressing Al2. 
TiOs powders in a size range of 10 to 70 microns at a 
pressure in the range of 15,000 to 50,000 psi and a tem-
perature in the range of 1,300° to 1,700°C. in an inert 

50 atmosphere such as argon, are particularly suitable for 
melting uranium of high purity. However, if desired, 
the crucibles may also be formed by employing a slip 
casting and sintering operation. Thin-walled (% to 3/16 
of an inch wall thickness) crucibles prepared by isostat-

5 5 ically hot-pressing these powders have an average com-
pressive strength of 5,000 psi and a density greater than 
85 percent of theoretical (3.73 grams per cc). Since the 
uranium does not wet the Al2TiOa surface so as to allow 

^ for the molten uranium to readily flow from the cruci-
ble the molten uranium is subjected to very slight con-
tamination with the Al2TiOs materials so as to essen-
tially eliminate any contamination of the uranium dur-
ing melting operations. The crucible or crucible liners 
of the present invention do not display the extent of 
brittleness normally associated with ceramics. The sub-
ject crucible liner can readily be used in an electrically 
conductive receptacle so as to form a strong, tempera-
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ture-stable container for induction-heated uranium and 
uranium alloy melting operations. 

The use and success of Al2TiOs for the preparation 
of crucibles and crucible liners useful in uranium melt-
ing operations were not expected in view of the proper- 5 
ties of aluminum oxide and titanium oxide. For exam-
ple, aluminum oxide and titanium oxide each react with 
uranium at a relatively low temperature of 1,200°C. 
with the heat of reactions being —24 and —42 k cal for 
the aluminum oxide and titanium oxide, respectively. 10 
Further, the near zero expansion coefficient of the Al2. 
TiOs would appear to render the use of such a material 
undesirable for crucible fabrication since it has been a 
normal practice to match materials having closer ther-
mal expansion coefficients so as to inhibit cracking and 15 
undesirable thermal stresses. The Al2TiOs crucible and 
crucible liners are useful for melting uranium for refin-
ing purposes, forming ingots and preparing or melting 
commonly-known alloys such as identified in the publi-
cation Uranium Metallurgy, Vol. 2, "Uranium Corro- 20 
sion and Alloys," by W. D. Wilkinson, 1962, John 
Wiley & Sons, N.Y. 

In order to provide a more facile understanding of 
the present invention examples are set forth below re-
lating to the preparation of Al2Ti05 crucibles and cru- 25 
cible liners. 

EXAMPLE I 
Aluminum titanate powder prepared as described 

above was isostatically pressed and sintered into a cru- 30 
cible. The crucible was about 1 inch in diameter and 
1.75 inches in height with a nominal wall thickness of 
0.2 inch. The powder was pressed and sintered in argon 
at a pressure of 30,000 psi and a temperature of 
1,550°C. A uranium coupon weighing 8.2 grams was 35 
melted in the crucible at a temperature of 1,450°C. in 
an argon atmosphere. A spectrographic analysis indi-
cated the melted uranium coupon contained 20 ppm 
aluminum and less than 4 ppm titanium as compared to 
a 5 ppm aluminum and 6 ppm titanium content in the 40 
uranium coupon prior to the melting operation. 

EXAMPLE I I 
A crucible with an inner layer of aluminum titanate 

and an outer layer of tungsten was prepared for use in 45 
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induction-heated, melting operations. First, the alumi-
num titanate layer was formed by isostatically pressing 
and sintering the powder in argon at 30,000 psi and 
1,550°C. in an inert atmosphere. Tungsten metal pow-
der was placed around the formed aluminate titanate 
layer, then isostatically pressed and sintered at 30,000 
psi and 1,500°C. in an argon atmosphere. The tungsten 
and aluminum titanate crucible was subjected to a 
1,500°C. temperature cycle for melting a coupon of 
uranium metal weighing about 7.5 grams. Spectro-
graphic analysis of the coupon indicated the uranium 
contained 18 ppm aluminum and less than 4 ppm tita-
nium after the melting operation as compared to 5 ppm 
of aluminum and 6 ppm of titanium prior to the melting 
operation. 

It will be seen that the present invention affords a 
method of melting uranium and uranium alloys without 
suffering the attendant contamination and crucible 
wetting problems heretofore suffered. 

What is claimed is:. 
1. A method of limiting adverse contamination of 

uranium and uranium alloys during molten states 
thereof by the step of melting the uranium alone or 
with uranium alloying metals in a crucible or crucible 
liner composed of aluminum titanate. 

2. The method of claim 1, wherein the aluminum-
titanate crucible or crucible liner is characterized by a 
wall thickness in the range of Vs to 3/16 of an inch, an 
average coefficient of thermal expansion of less than 1 
X 10™° over a temperature range of 25° to 1,000°C., 
and a density greater than 85 per cent theoretical. 

3. The method of claim 2, wherein the aluminum-
titanate crucible or crucible liner is prepared by hot-
isostatically pressing aluminum-titanate powder of a 
size in the range of 10 to 70 microns at a pressure in the 
range of 15,000 to 50,000 pounds per square inch and 
a temperature in the range of 1,300° to 1,700°C. 

4. A method for treating uranium and uranium alloys 
comprising the steps of contacting a crucible or cruci-
ble liner composed of aluminum titanate with a charge 
consisting of uranium alone or with uranium alloying 
metals, heating the charge to a temperature adequate 
to fuse the charge, and thereafter removing the fused 
charge from the crucible or crucible liner. 

* * * * * 
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