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1.0 Absgtract
This report describes a method for the recovery of 37 year Cesium;37
from ORNL waste solutions by co-crystallization with potassium aluminum

sulfate.
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2.0 TIntroduction

Alkaline radiochemical waste solutions containing the fission products,
37 yeaxr 05137 and 1.0 year Bu106, represent the starting solution for the ex-
periments descrlibed here.

It is found in the following decay chain:

7e'37  1min 137 205 4 o137 3-9m cst37 37y, Bald7(i.t.)

B 2 ) ) ) stable

65137 emits a 0,52 Mev beta particle which is essentially in equilibrium with
a 0.66 Mev gamms formed by the internal transition of Bal37 with a half-1life
of 158 seconds.(l)

A process was developed for concentrating Cesimn137 activity by volume
reduction and crystallization of the bulk solids from methanol solutions.(e)
This procedure was effective in removing solids and ylelded a solution con-
taining about 80% of the cesium, but necessitated complicated operational
facilities.

The possibility of using a carrying technique based on the low solublility
of cesium alum, especially in the presence of high concentrations of the
lighter alksli-alums was suggested(3) and this report presents a simple cesium
recovery process based on this principle. The process described has not as
yet been extended to the production of carrier-free tracer. However, prelimi-
nary scouting experiments indicate that cesium can be separated from aluminum

and alkali metal contaminants by ion exchange methods.
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3.0 Sumary

A process has been demonstrated on a one liter scale for the recovery
of 03137 from ORNL alkaline radiochemical wastes. The process involves
co-crystalli;zation, or carrylng, of cesium on potassrium alum at a pH of
4.5, Yields of 95-100% have been obtained. t

It is recommended that the process be developed further as an initial
gtep in the production of carrier-free tracer or as a method for removing

Cs from waste solutions before storage.

4.0 Experimental
4.1 Neutralization of the Alkaline Waste with Sulfuric Acid

Concentrated sulfuric acid was added to the alkaline solution to
neutralize the sodium hydroxide and destroy carbonates. An amorphous pre-
cipitate formed at about pH 6.0 but redissolved at pH 4,5. This was the
optimm pH for the crystallization. Crystallization of the potassium alum
at a higher pH resulted in contemination of the crystals by the precipitate.
It was found that 50 milliliters of 98% HQSO}_]. per liter of supernatant liquid

were necessary to attain this pH.

k.2 Crystallization of Potassium Alum for Cesium Cerrying

The neutralized solution was heated to 60°C, 350 grams KAL(SO)),.
o4Ho0/liter were added, and the solution was agitated umtil the salt dis-
solved. On cooling, crystallization began at about 32°C, and at 25°C about
one-half of the salt had recrystallized and was found to carry 95-100% of

the cesium presemt. Only about 5% of the Ru106 carried with the crystals.
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4.3 Continuous Recrystallization Studies

By replenishing the potassium alum in amounts equal to its
solubility in a single batch of the alkaline waste, it was found that
salt could be used repeatedly to carry cesium from several batches of
supernatant. By this meens a very high concentration of cesium was
effected and the quantity of reagent required reduced by a factor of
tvo. Losses were not increased significantly.

Using one liter batches of the neutralized waste solutions, ten
successive runs were made to determine the feasibility of this continu-
ous concentration method. The first run was made using 350 gm KAl(SOh)e-
QhHQO/liter, and the supernatant liquor was decanted and analyzed. Then
200 grams of potassium alum was added to the crystals from the first run
and another liter of alkaline waste, at 60°C, was used to dissolve the
crystals. After cooling to 25°C, it was again observed that the crystals
carried essentially all of the cesium from the two batches. This proced-
ure was followed through eight additional runs employing the same quantity
of KAl(SOh)g-ehHQO. Analysis of the decanted supernatant indicated less

than 5% cesium loss.

5.0 Recommendations and Procedure

This procedure is recommended for scavenging cesiuml3T from waste
solutions and thereby provides a source of relatively high specific acti-

vity for carrier-free tracer production. TIon exchange is recommended for
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further purificat;on of the tracer. It has been demonstrated that alnminum
and alkall metal contaminants can be separated from cesium using ﬁowex 50
resin(h)(s).

Tt is proposed that further work be carried out using commercial
grade dehydrated potessium alum if large;scale development 1s desired. TUse
of an inexpensive reagent 1s important on a production scale because of the
relatively lerge amounts required; Use of refrigeration to obtain temper-
atures below 25°C reduces the amount of alum necessary, although this does
not seem to be economical (Table I).

The wide varilation in composition of different waste solutions may be-
mand small changes in the procedure; but, in general, the process 1s as
follows:

(1) Neutra}ize the alkaline waste solution with 98% ]S{'?_,SOI'L to a pH

of 4,0-k.5.

(2) To the neutralized supermatant, at 60°C, add an amount of
KAl(SOh)evehHQO equivalent to twice its solubility at 25°C.

(3) Cool, with agitation, to 25°C to allow crystallization; discard
the supernatant liguor.

(4) Add to the crystals an amount of KAl(SQ)QthHEO equivalent to
that soluble in the previous batch; add a fresh volume of super;
natant solution, heat to 60°C, and again crystallize.

(5) Repeat this procedure on as many batches as are required for the

concentration desired.



-9~ ORNL-T42

Table I

Solubility Data for Alkalil Alums(é)

emp . Solubility, (% by weight in water)
(deg.C) Potassium ATum | Rubidium Alum | Cesium Al
0 2.87 0.715 0.21
15 4.80 1.25 0.35
30 ToTH 2.15 0.60
45 12.48 3.85 1.0k
60 19.85 6.89 1.96
80 - 17.77 5.21
100 - - 18.60
M.B. Sh.U5 58.5 62.0
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Table II

ORNL-T42

Various Concentrations of Sodium Alum at 25°C (6)

Solubility (% by weight of each component)

Sodium Alum Potagsium Alum
4.8 7.8
10.0 6.1
12.1 5.7
15.4 5.3
21.1 b7
33.7 3.8
556 2.7
76.7 1.7
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