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EXEMPLARY CLAIM 
A process for dissolving a nuclear fuel composition 
consisting of 1. A sintered mass containing beryllia, a 
nuclear fuel selected from uranium and plutonium and 
a stabilizing agent, sintered at a temperature of at least 
1500°C. to a density of about 2.7 grams/cc which 
comprises contacting said sintered mass with a stoi-
chiometric excess of lithium oxide dissolved or dis-
persed in a carrier selected from lithium hydroxide, 
sodium hydroxide or sodium nitrate at a temperature 
in the range 750°C-850°C. to convert the berryllia to 
lithium beryllate and thereafter recovering the nuclear 
fuel content of said mass, 

4 Claims, No Drawings 
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METHOD FOR DISSOLVING CERAMIC BERYLLIA 

The present invention relates to a method for dis-
solving ceramic beryllia. More particularly, it relates to 
a method for dissolving nuclear fuel elements contain-
ing ceramic beryllia and uranium or plutonium in such 
a manner as to permit recovery of the uranium or plu-
tonium as an aqueous solution thereof. 

The refractory oxide, beryllia, is used as a matrix ma-
terial or as a cladding in the fabrication of nuclear fuel 
elements designed to function at temperatures in ex-
cess of 700°C. Nuclear fuels are dispersed in a matrix 
to increase thermal conductivity of the element, to di-
lute enriched fuel, to strengthen the element mechani-
cally and to impart an increased measure of corrosion 
resistance to the elements. The function of the cladding 
is to prevent fuel and fission product diffusion, and to 
protect the fuel from corrosive atmospheres. Beryllia is 
an excellent high temperature fuel e lement material for 
use in thermal reactors because of its low absorption 
cross-section, high thermal conductivity, mechanical 
strength, chemical inertness, resistance to radiation 
and relative ease of fabrication. 

While the physical and chemical characteristics of 
beryllia-containing fuels are largely determined by the 
constituents of the finally formed element, the fabrica-
tion of such fuels also has a direct effect on the strength 
and corrosion resistance of the finally formed element. 
Thus, in the preparation of nuclear fuel elements to 
which the process of this invention is directed, a pow-
dered mixture of beryllia and a refractory uranium 
compound such as U 0 2 , UC, UC2 , a uranium silicide or 
nitride, together with a stabilizing agent and an organic 
binder are blended in paste form, dried, and sintered at 
a temperature in excess of 1,500°C. to a density of at 
least 2.7 grams/cc. The stabilizing agent is added to de-
crease the sensitivity of beryllia to water vapor at ele-
vated temperatures and to impart an increased measure 
of mechanical strength to the formed element. Stabiliz-
ing agents which perform these functions may be se-
lected from the rare earth oxides such as yttria or a re-
fractory oxide of niobium, zirconium, and aluminum. 

It has been found that the combined effect o f t h e sta-
bilizing agent and the high sintering temperature con-
verts the finally formed beryllia-containing element 
into an extremely unreactive corrosion-resistant form 
— so much that it is not readily dissolved by chemical 
reagents which are known as effective dissolvents for 
beryllia. Thus, for example, boiling concentrated aque-
ous solutions of mineral acids such as sulfuric, hydro-
fluoric, nitric and aqua regia, fused salts and steam, all 
of which are known to dissolve beryllia in a relatively 
short time, are virtually unreactive with respect to ce-
ramic beryllia-containing fuel elements fabricated at a 
sintering temperature in excess of about 1,500°C. to a 
density of at least 2.7 grams/cc and containing a stabi-
lizing element of the character described. While the ex-
tremely unreactive character of such elements is desir-
able in a nuclear fuel, it introduces a severe problem in 
recovering uranium and/or plutonium f rom the irradi-
ated spent fuel and unirradiated scrap resulting f rom 
the fabrication of such elements. The scrap resulting 
from the fabrication of beryllia-containing fuel ele-
ments and the spent irradiated fuel charges contain suf-
ficient amounts of uranium to warrant its recovery if an 
economical and practical recovery process were avail-
able. It is, therefore, an object of the present invention 
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to provide a practical and economical process for re-
covering uranium or plutonium from beryllia-
containing fuel elements of the character described. 

The most practical way to recover the uranium or 
5 plutonium from such elements is to dissolve at least a 

portion of the beryllia and thus render the uranium or 
plutonium leachable by a mineral acid, preferably ni-
tric acid. Once a solution of uranyl or plutonyl nitrate 
solution is formed, it becomes a matter of standard op-

10 crational technique to recover the uranium or pluto-
nium in a highly purified form by either a selective pre-
cipitation process or by selective solvent extraction, or 
by a combination of both. 

In a practical dissolution process used as the first step 
15 in the economical recovery of a purified uranium or 

plutonium product, the fuel element to be treated must 
be dissolved in a minimum amount of time, at a rapid 
but controllable rate to produce a minimal liquid vol-
ume, and under such conditions as to enable the disso-

20 lution to take place in an available material of con-
struction to contain the reaction. The requirement for 
a minimal dissolution time is important because of its 
direct effect on the economics of the dissolution pro-
cess in terms of labor and equipment size. For example, 

25 a reaction requiring several days for completion is 
clearly impractical. This difficulty may sometimes be 
obviated by scaling up the size of equipment and 
amount of material treated, but for nuclear safety and 
economic reasons this avenue is not available in dealing 

3 0 with nuclear fuel recovery processes. It is, therefore, 
another object of this invention to provide a practical 
process for dissolving nuclear fuels of the character de-
scribed in a rapid and controllable manner to permit 
quantitative recovery of the uranium and/or plutonium 

^ 5 content of said fuel as an aqueous solution thereof. A 
fur ther object of this invention is to provide a universal 
dissolvent for high-fired densified beryllia compositions 
as herein described. Still another object is to provide a 
method for recovering beryllium from ceramic beryllia. 

4 0 According to this invention a nuclear fuel composi-
tion, containing beryllia, a selected nuclear fuel and a 
stabilizing agent, fabricated to a sintered density of at 
least 2.7 grams/cc at a sintering temperature in excess 
of 1,500°C. can be effectively dissolved by reacting said 

4 5 composition with lithium oxide (L i 2 0) dissolved or dis-
persed in a liquid carrier selected from lithium hydrox-
ide, sodium hydroxide and sodium nitrate at a tempera-
ture in the range 750°C.-850°C., and preferably at a 
temperature of about 800°C., to convert the beryllia to 
lithium beryllate. Once the beryllia has been converted 
to the beryllate, any uranium or plutonium in the origi-
nal element can be selectively separated and decon-
taminated to form a purified product reusable as a nu-
clear fuel or for other purposes. Upon contacting the 
beryllate with an aqueous solution of nitric acid, it will 
be converted to beryllium nitrate and the uranium to 
uranyl nitrate. The uranyl nitrate-beryllium nitrate so-
lution may be treated by standard selective solvent ex-

6 0 traction techniques to isolate purified uranyl nitrate. 
For example, it has been found that a uranyl nitrate-
beryllium nitrate solution containing a suitable salting-
out agent, such as magnesium nitrate, will be quantita-
tively stripped of its uranium nitrate content by coun-
tercurrent contact with dibutyl carbitol. A beryllium 
distribution coefficient (organic/aqueous) of the order 
of 0.009 and a uranium separation factor of the order 
of 200,000 can be achieved under these conditions. 
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The purif ied uranyl nitrate solution can be concen-
trated by evaporat ion, followed by conversion to ura-
nium oxide by heating in a denitrator or drum dryer. 

If ultra-purification is desired, the uranyl nitrate sep-
arated by extraction f rom most of the grass contami-
nants (such as beryllium nitrate, for example) can be 
treated to precipitate uranium peroxide f rom an acidic 
solution. Most impurities, including any remaining 
t races of beryllium will not precipitate f rom such acidic 
solution. 

To carry out the uranium peroxide precipitat ion 30 
percent hydrogen peroxide is slowly added to the ura-
nyl nitrate solution with the hydrogen ion concentra-
tion maintained at pH 2.0 ± 0 . 2 by the simultaneous ad-
dition of ammonium hydroxide. The precipitation is 
terminated when additional increments of hydrogen 
peroxide do not lower the pH. 

The active reagent deemed responsible for the disso-
lution of beryllia is lithium monoxide , L i 2 0 , and the 
controlling reactions are believed to be exemplified by 
the following equations: 

2 LiOH ^ L i 2 0 + H 2 0 

( l ) 

Li 2 0 + BeO ^ Li 2 Be0 2 

( 2 ) 

It will be seen that the lithium hydroxide actually serves 
a two-fold purpose in that it is, of itself, a source of the 
active reagent and since the active lithium monoxide 
reagent is soluble in fused lithium hydroxide, the lith-
ium hydroxide serves as a convenient liquid carrier. 
From equation 2 it appears that the stoichiometry re-
quires I mole of lithium oxide to dissolve 1 mole of be-
ryllia. However, in actual practice employing batch 
methods, little, if any, effective beryllia dissolution will 
take place until at least about a three-fold stoichiomet-
ric molar excess of LizO is used at a t empera tu re of at 
least 750°C. 

The reaction indicated by the second equation to 
form lithium beryllate may be carried out in a batch-
wise or cont inuous manner . In a batch-type process, a 
charge of ceramic beryllia, of the charac te r described, 
is placed in a suitable corrosion resistant vessel, mixed 
with a stoichiometric cxcess of lithium oxide and 
heated to a tempera ture in the range 750°C.-850°C. , 
preferably in an inert a tmosphere . The use of an inert 
a tmosphere is desirable primarily to reduce corrosion 
at the air-melt interface. Water vapor fo rmed by the re-
action (2 ) should be continuously removed, and if a 
sweep of dry inert gas is employed, this will reduce cor-
rosion of the melt-containing vessel at the air-melt in-
terface. A higher dissolution tempera ture introduces 
severe corrosion to the conta iner material and should 
thus be avoided. A suitable material of construct ion for 
the react ion vessel may be, in the order of preference , 
Inconel, Monel or stainless steel 304-L. The time nec-
essary to effect dissolution of at least 90 percent o f t h e 
ceramic beryllia e lements will usually require f rom 3 to 
8 hours ' heating at t empera tures depending upon the 
composition of the elements . At the end of the heating 
period, the reaction vessel and its conten ts are cooled 
to a t empera ture below about 100°C. and then rinsed 
with a dilute solution of nitric acid to solubilize the ni-
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trie acid-soluble consti tuents. Alternatively, the fused 
mass is cautiously permit ted to flow slowly into water , 
forming a slurry. Addition of 60% nitric acid to the 
slurry will ef fect comple te solution. The resultant ura-

5 nyl nitrate-beryllium nitrate solution may then be 
t reated by the aforement ioned selective precipitation 
process if fur ther purification is required. 

The method of this invention may also be carried out 
on a cont inuous basis by stacking a bed of the ceramic 

1 0 fuel e lements in a columnar vessel and flowing a liquid 
composit ion consisting of lithium oxide dissolved or 
dispersed in a molten liquid carrier such as sodium hy-
droxide or sodium nitrate through the said packed co-
lumnar vessel at a tempera ture of about 800°C. In such 
a process, the lithium hydroxide, together with the re-
quired propor t ion of sodium hydroxide or sodium ni-
trate may be melted and dehydrated in a separate melt-
ing pot and the molten mixture then introduced into 
the before-ment ioned co lumnar vessel at a controlled 

2 0 rate through a high tempera ture valve. The molten mix-
ture then flows upward through the packed ceramic el-
ements and out of the columnar vessel through an over-
flow connect ion near the top. Addition of a small flow 
of inert gas at the bot tom of the column is desirable. 

2 5 The resulting melt of lithium beryllate and sodium hy-
droxide is discharged into a vessel in which water is 
rapidly recirculating resulting in the formation of an 
aqueous slurry of lithium beryllate. A cont inuous 
stream o f t h e slurry flows next into a vessel wherein 60 
percent nitric acid is added, with heat supplied, thus 
dissolving the lithium beryllate to form lithium nitrate. 

In o rder to delineate the parameters involved in ef-
fecting dissolution of ceramic beryllia elements, a sum-
mary of dissolution data is provided in the following 
table in which separate charges of a highly densified ce-
ramic beryllia-uranium dioxide sintered fuel e lement 
rods and tubes were dissolved in a batch-wise manner 
in accordance with the above-described procedure . 
The elements consisted of a dispersion of uranium di-
oxide in a matrix of beryllia and including yttria as .a 
stabilizing agent. The elements were fabricated by mix-
ing f rom 70 -90 percent (by weight) powdered beryllia 
with f rom 5 - 1 5 percent uranium dioxide, a stabilizing 

4 5 agent and a binder to form a paste. The paste was then 
extruded into rods and tubes of varying lengths, a f te r 
which said rods and tubes were sintered at t empera-
tures in the range 1,500°C. to about 2,300°C. 

To demonst ra te the extreme corrosion resistance of 
5 q these elements , a t tempts were made to dissolve them in 

concentra ted solutions of nitric acid; sulfuric acid; hy-
drofluoric acid; aqua regia mixtures of nitric acid and 
hydrochloric acid, and hydrofluoric acid mixed with 
ammonium fluoride at temperatures up to the refluxing 

5 5 t empera tures of these respective solutions. In all cases 
it was found that , even after extended residence t imes 

. in such solutions up to over 24 hours, the elements had 
not dissolved to any appreciable extent. Moreover , in 
cases where residence times were prolonged for several 

6 0 days to determine the extent of dissolution, it was 
found that complete beryllia or uranium dissolution 
could not be obtained. Attempts , as taught by the liter-
ature, to convert the beryllia to the water soluble beryl-
lium fluoride by treating the elements with anhydrous 
hydrogen fluoride at temperatures of 280°, 600°, 700°, 
and 750°C. were completely unsuccessful. 
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TABLE 

Weight of Reagent 
Run 
No. 

Charge 
(grams) Type2 

Weight 
(grams) 

Mole 
Ratio 

Temperature 
<°C) 

Time 
(hrs) 

Dissolution' 
m 

1 25 NaOH 232 5.8:1 650 3 8 
2 150 NaOH 480 2:1 800 9 18 
3 25 NaOH 80 2:1 800 3 4 

NaNO., 170 2:1 
4 25 LiOH 245 5.8:1 650 3 12 
5 50 LiOH 500 6:1 650 6 15 
6 50 LiOH 254 3:1 800 6 86 
7 50 LiOH 340 4:1 800 6 100 
8 25 LiOH 250 6:1 800 3 92 
9 25 LiOH 250 6:1 800 6 100 

10 25 LiOH 250 6:1 800 6 97 
1 1 50 LiOH 500 6:1 800 6 100 
12 150 LiOH 252 1:1 700 X 3.3 

NaOH n o 0.5:1 
13 25 LiOH 420 10:1 800 12 98 

NaOH 200 5:1 
14 50 LiOH 336 4:1 800 5 88 
15 25 LiOH 168 4:1 800 6 80 

NaOH 40 1:1 
16 25 LiOH 168 4:1 800 6 74 

NaOH 40 1.5:1 
17 25 LiOH 168 4:1 800 6 70 

NaOH 80 2:1 
18 150 LiOH 252 1:1 800 12 52.7 

NaOH 160 0.67:1 

dissolution = 
weight of original sample — weight of undissolved sample 

weight of original sample 
^Although the active reactant is LiaO, reagent weights and ratios given 

in this table are based on the starting material. LiOH. 

0< 100 

The tabulated data clearly show that complete disso-
lution of the ceramic beryllia-containing fuel charge 
can be effected with the active reactant lithium oxide 
at a temperature of 800°C. using, in batch processing, 
three times the stoichiometric requirement of the ac-
tive reagent within a 6 hour reaction time. By keeping 
other parameters constant, time may be reduced and 
still achieve approximately 90 percent dissolution. 
Also, by keeping other parameters constant, the ratio 
of reactant may be reduced and still achieve 90 percent 
dissolution. In batch processing, a residue amounting to 
only 10 percent may be economically recylced to the 
next starting charge of material. Also, when 90 percent 
dissolution is achieved, somewhat more than 90 per-
cent recovery of the original uranium content may re-
sult af ter acid leaching of the residue. 

The tabulated data also shown (Run No. 18) that 
when the active reactant (mixed with a carrier agent 
such as sodium hydroxide) is present to the extent o f : 

only 50 percent of the stoichiometrical requirement, 
complete reaction of the active reactant is achieved. 
This is the condition that is experienced in the continu-
ous flow alternative of the process where the molten 
reagent is passed up through a column packed with ce-
ramic elements at a temperature of 800°C. 

In such a continuous process only theoretical con-
sumption of lithium oxide is required thus reducing the 
reagent cost normally associated with the excess re-
quirements for a batch process. Acid required for reac-
tion with the slurry is also less because of the lower re-
quirement for acidification and the density of the final 
solution will be higher for the same reason — a condi-
tion more favorable for subsequent processing. 

It should be pointed out that while the process of this 

invention has been shown to have particular utility in 
effecting dissolution of an extremely corrosion resistant 
beryllia-containing composition of the character de-

35 scribed, it is by no means limited to such use. As previ-
ously pointed out, the corrosion resistance of a beryllia-
containing composition depends upon the constituents 
of said composition and its prior fabrication history. It 
should be understood that many beryllia compositions 

40 are readily dissolved by the mineral acid and other dis-
solving reagents previously referred to. The unique ad-
vantage of using lithium monoxide is that it is a univer-
sal dissolvent for all ceramic beryllia-containing com-
positions regardless of composition or prior fabrication 

45 history. In all cases, substantially complete dissolution 
of the beryllia and conversion to lithium beryllate will 
be effected in batch processing, with at least a three-
fold stoichiometric excess of the active reagent at a 
temperature of at least 750°C. to convert the beryllia 

50 to the acid-soluble lithium beryllate while simulta-
neously rendering the uranium available for leaching to 
form a uranyl nitrate solution. A still fur ther advantage 
of lithium oxide is that it can effect complete dissolu-
tion of beryllia and leave no insoluble residues as is the 

55 case with many of the known mineral acid dissolvents 
for beryllia. It has been the experience of of prior work-
ers in this field that while mineral acid or mineral acid 
combinations will readily dissolve beryllia-containing 
compositions, complete dissolution may not be ef-

60 fected. Small but significant uranium-containing acid 
insoluble residues remain even after extended leaching 
at reflux temperatures. This is not the case with lithium 
oxide. Furthermore, in a continuous process, the same 
results can be achieved with the use of only the stoi-

6 5 chiometrical requirements of the active reactant, lith-
ium oxide, when mixed with a carrier agent such as so-
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dium hydroxide. In addition to the dissolution process 
being of value in the recovery of uranium or plutonium, 
the beryllium matrix of the elements can be recovered 
from the nitric acid solution ( raf f ina te) following ura-
nium or plutonium extract ion. This can be done by pre-
cipitation of the beryllium as hydroxide by the addition 
of an alkali, such as sodium hydroxide, with fur ther pu-
rification in accordance with the known art. Beryllium 
hydroxide can be conver ted to bervllium oxide (beryl-
lia) by heating to 500°C. 

It should also be unders tood that while the dissolu-
tion process was illustrated with uranium-containing 
samples, it is equally effective for use in dissolving plu-
tonium f rom beryllia-containing composi t ions of the 
charac te r described. 

Having thus described my invention, I claim: 
1. A process for dissolving a nuclear fuel composit ion 

consisting of a sintered mass containing beryllia, a nu-
clear fuel selected f rom uranium and plutonium and a 
stabilizing agent, sintered at a t empera ture of at least 
1500°C. to a density of about 2.7 grams/cc which com-
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prises contact ing said sintered mass with a stoichiomet-
ric excess of lithium oxide dissolved or dispersed in a 
carrier selected f rom lithium hydroxide, sodium hy-
droxide or sodium nitrate at a tempera ture in the range 

5 750°C-850°C. to conver t the beryllia to lithium beryl-
late and thereaf te r recovering the nuclear fuel content 
of said mass. 

2. The process according to claim 1 wherein the sta-
bilizing agent is selected f rom a rare earth oxide, zirco-

1 0 nia, niobia, and aluminia. 
3. The process according to claim 1 wherein the Li-

2 0 / B e 0 molar ratio is maintained at a value of at least 
about 3. 

4. A process for dissolving beryllium values f rom a 
sintered beryllia composition which comprises contact-
ing said composition with at least a three-fold stoichio-
metric excess of lithium oxide dissolved or dispersed in 
a carrier selected f rom LiOH, NaOH and NaNO,3 at a 

2() tempera ture of at least 750°C. 
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