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The principal material to he recovered from the reactor after its 
use is U-235. The other materials contained are either of relatively lit
tle value compared to the difficulty of their recovery (such as Be or BeO) 
or will themselves "be so radioactive that their handling after recovery 
would constitute a serious problem in itself. Columibium and zirconium 
fall into this class. Platinum may he recoverable, but is a secondary 
problem. 

The best method of U-235 recovery is undoubtedly that which consists 
of extracting the U-235 into an organic solvent, such as methyl isobutyl , 
ketone. This operation is carried out in counterciirrent extraction columns. 
The U-235 goes quantitatively into the solvent, leaving the fission prod
ucts in the aqueous phase. The organic solvent containing the U-235 is 
then passed counterctirrent to water in another extraction column and the 
U-235 transfers to the water quantitatively. This aqueous solution is 
again extracted, the raffinate discarded and the extract again stripped 
with water. The extract from this stripping contains 99-9^ of the U-235, 
and only about 10"° of the original fission activity. This process has 
been operated on a pilot-plant scale at Oak Ridge for about 9 months in 
connection with work on the proposed high-fltix pile, and is extraordinarily 
effective. Therefore, in considering recovery of U-235 from an aircraft 
;^wer plajgt one may safely assume that, if certain preliminary steps can 
be carried out, the main process is developed and needs only to be taken 
from pilot plant to full-plant scale, "feie preliminary steps'̂ !mentioned 
are these: 

1. The U-235 fission-product mixture should be allowed to decay for 
a period of about 5 months. This cooling-off period is desirable for two 
reasons: 

(a) It permits decay of certain fission products (mainly 1-̂ 31) 
which are not easily decontaminated by the process outlined above. 
This is more a convenience than a necessity, since the process could 
probably be altered to injjrove its performance in this respect. 

(b) It permits the gamma-emitting U-237 formed during operation 
of the pile to decay (to Np-237 which is largely removed with the 
fission products in the ensuing solvent extraction). U-237 is formed 
by the reactions 

U-235 (^ Y) U-236 

u-236 (n Y) U-237 
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Its half-life is 6.8 days, and cooling period of 5 months' 
duration allows the U-237 "to decay to a value so small that the 
product, after decontamination, can be handled without radiation 
protection for the operators. This is very desirable in view of 
the coi^lex series of operations to which U-235 will be subjected 
in being refabricated into fuel tubes for the pile. The chemical 
process, of cottrse, effects no separation between the U-237 and U-235, 

2. The U-235 must be brought into a nitric acid solution. The pos
sibility that the pile will consist of BeO or carbon moderator may cause 
some difficulty here, since the method of choice for dissolving the U-235 
would be to dissolve sinniltaneously all other parts of the pile as well, 
thus avoiding the difficult task of disassembling the highly radioactive 
pile bit-by-bit by remote control. Unfortioaately BeO or carbon do not 
readily dissolve in HNO3, and the reagents which might be used instead 
interfere in the subsequent extraction process. The various metals in 
the pile will not seriously interfere with the process, and in fact 
Be(N03)2 is a powerful salting-out agent, driving the U02(N03)2 into the 
solvent and thus Improving the separation. Sulfates, phosphates and 
chlorides, on the other hand, are definitely detrimental, making extrac
tion of the iiranium very difficult. Here there is evidently a problem 
in chemistry and chemical engineering, of a moderately difficult type; 
but one can predict with confidence that the problem can be solved, and 
much more easily than maiay reactor problems. The effort required should 
not be large. Probably about I/5 the technical effort of the Osik Ridge 
National Laboratory would solve the problem, through pilot plant, in 
2 years. 

^ h e problem of the cooling period is of a somewhat different kind, 
since its main aspect is a strategic rather than a technical one. To 
allow material to decay radioactively is one of the easier operations in 
radio-chemical engineering. However, while the material is cooling off 
it is not useful.J>The quantity of U-235 which may be tied up in this 
way is ""3 

Q - MM -

op 

where N » number of aircraft 
M « mass of U-235 required in each ateya£t 

Top - operating period of aircraft = tiSne between 
reprocessings of pile 

Tp m processing time = cooling time + time in actual 
processing r:=r 6 months. 

Twenty aircraft, each with 100 kg. of U-235 reprocessed once yearly, would 
tie up 1000 kg. of U-235' These assuorptions are not excessively pessi
mistic, and 1000 kg. seems a very ingjortant quantity of U-235. This is a 
question for further consideration by military authorities. 

This consideration points up the desirability of keeping small the 
quantity of fuel required for the pile. 

/ 
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If the quantity of U-235 in process and in cooling turns out to be 
of cnicial significance, it will probably be possible to reduce it substan
tially, so that Tp is, say, one month. This would require entirely new 
chemistry, and the development of "hot" metallurgical techniques. Such a 
program would keep busy a laboratory as large as or larger than ORNL (and 
of course different, in that more metallurgy and chemical engineering 
would be necessary) for 3 or 4 years. But it is a program in which 
eventual success would be a veiy strong probability. 

It may be that even a hold-up of one month for recovery would be un
desirable for strategic reasons, and that the hold-up time shoiold be re
duced to a few days. Such "rapid" recovery processes have been discussed 
in general terms over the past four years, and their development is very 
desirable in a breeding program, in order to increase the "Interest rate". 
A rapid recovery process would require more effort than the one-month 
process, but probably not greatly more, and would be of considerable 
long range value (see e.g., Mon. P-365) to the other phases of the work 
of the Atomic Energy Commission. 

It may be concluded that the recovery of materials from the piles 
can be developed rapidly enoii^ so that the recovery operation will not 
be a bottleneck in the program. 
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