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RECOVERY OF CESIUM FROM PUREX ALKALINE WASTE WITH A SYNTHETIC ZEOLITE

L.

INTRODUCTION

The recovery of cesium from Purex
rrocess alkaline wastes using an
inorganic exchange resin (DECALSOG%
has been studied. The results of
laboratory studies using synthetic
wastes and hot cell studies using
full level wastes are described in
this report.

Fission product wastes from the
Purex Separations Facility at Hanford
are concentrated, treated with excess
caustic, and stored in underground
mild steel tanks, Most of the fis-
sion products precipitate and drop
to the bottom of the tanks leaving
cesium and sodium in solution. The
radioisotope 137Cs, found in this so-
lution, is a gamma emitter (0.66 MeV)
with a half life of about 30 years.

137Cs from these wastes,

Recovery of
to provide gamma-ray sources for
teletherapy, radiography, and irradi-
ation units, etc,, has been continu-
ing since 1961. The recovery is made
possible by passing the alkaline su-
pernate directly through a bed of
aluminosilicate gel ion exchange ma-
terial (DECALSO). The cesium is then
shipped by rail to Oak Ridge National
Laboratory for elution, further puri-
fication, and encapsulation. Approx-
imately 3 MCi of 137Cs have been
shipped on DECALSO to ORNL during

the last seven years.

Initial Laboratory Investigation -

In May of 1960, a brief study, com-
L (1,2)

was aimed at testing the feasibility

pleted by Bray and Van Tuy

Bray

of a scheme proposed by Oak Ridge for
the safe shipment of 137Cs in an ORNL
shielded transfer tank (STT, Model II)
filled with DECALSO. This first hot
experiment was designed to simulate the
proposed loading and elution cycles.

A small volume of resin was treated
with successive volumes of full-level
tank 103-C supernate.

The supernate contained ~8M Na* and

16 ci 137
At the completion of the loading cy-

Cs per liter of solution.

cle, the absorbent was water washed
and eluted with successive volumes
of 10& NH ,NO,. DECALSO was loaded

473
to over 80 Ci 137

Cs per gallon of
resin at 50% breakthrough, and over
95% of the cesium was eluted from

the resin in 4 bed volumes of NH4N03.
Since the STT cask held 400 gal of
resin, it was predicted that 32,000

Ci 137Cs could be shipped.

Cesium Load-Out and Recovery Fa-

cilities - The Fission Product Recov-
ery Program was initiated at Hanford
in August of 1960 to recover 137Cs.
Cesium was first recovered at Purex
Head-End for rail shipment to ORNL.
A cesium load-out facility was con-
structed at "C" tank farm to allow
cesium recovery to proceed indepen-

dently of the Purex operation.

Previous Laboratory Investigations -
In 1961, L. L. Ames, Jr., and J. L.

Nelson reported their findings for

comparative cesium loadings on
DECALSO, linde 4A, and clinoptilolite



columns.(3’4) Work on the recovery
of cesium by precipitation methods
was aimed at reducing the sodium to
cesium mole ratio prior to loading
onto DECALSO.(S) Laboratory work
with DECALSO, (®) a description of the
SST loading cask, and the purifica-
tion of 137Cs by the alum process(7)
were reported in 1965-66.

The initial work in our laboratory
was completed in 1960. Changing feed
compositions has required continued
support. The principal objectives
of this extended work were:

e To increase cesium loading

e To study feeds containing aluminum

® To characterize the loading be-
havior of cesium from various

tanks,

SUMMARY

The findings concerning the vari-
ables that affect the loading char-
acteristics of DECALSO are summarized.
Five variables were considered:

® Sodium to cesium mole ratio

e pH

e Temperature

e Flow-rate of the influent solution
® Resin pretreatment,

The loading of cesium was depen-
dent on the sodium to cesium mole
ratio. Loadings of 200 g of cesium
per liter of exchanger were obtained
in the absence of sodium, while load-
ings were only 0.8 g/liter at a mole
ratio of 10,000,

The Purex alkaline supernate con-
tains a sodium to cesium mole ratio
At these
levels it was found that the tempera-

of approximately 10,000.

ture of the influent solution rep-
resented a major variable. A decrease

in temperature from 50 °C to 25 °C
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increased the loading by 70%, and a
decrease from 50 °C to 6 °C increased
the loading by 190%.

ing capacity is essential for an

Therefore cool-

efficient large-scale cesium recovery
facility.

The pH of the alkaline supernate
waste also affects the loading of
cesium. A pH increase from 10.8 to
12, 12.5, or 13 decreased the cesium
loading by 8.5, 27 or 42%
Below a pH of 12, the loss

, respec-
tively.
of loading was slight, but above it
the change in cesium loading was
significant.

The cesium loading on the Na*-form
""as received'" resin was compared with
resin treated with 1M NaOH, NaNO3 or
NH4NO3 for a period of 24 hours. The
cesium retained varied from 97% for
NaOH, 122% for NaNO to 130% for
NH,NO..

473
Four Purex waste tanks were sam-

3’

pled, and the composition of each
alkaline supernate was determined.
The composition varied in sodium to
cesium mole ratio, pH, and aluminum
concentration. The cesium loading
capacity was determined for each so-
lution by use of DECALSO sampled from
an ORNL shielded transfer tank (STT).
The loadings varied as predicted with
the above findings. From this infor-
mation, Tank 101-A was selected to
provide feed for rail shipments for
the next several years.

Aluminum salts dropped out of so-
lution and plugged the DECALSO resin

bed under certain pH, aluminum con-

centration, and temperature conditions.

However, a 5/1 feed to water dilution
effectively prevented subsequent
precipitation.



EXPERIMENTAL
DECALSO is a sodium alumino-
silicate gel (Na,0-AL(OH),-6Si(OH) -
6H,0]

2
The resin was purchased from Ionic

inorganic cation exchanger.

Chemical Company, a division of
Pfaudler Permutit Incorporated,
Birmingham, N.J. The exchanger par-

ticle size was 20 to 50 mesh and the

packed density was 0.66 g/cm3 (dry
weight).
The 137Cs tracer level activities

in the influent (Co)} and the effluent
(C) solutions were measured by gamma

The four, full-level
experiments were carried out in the High

spectroscopy.

Level Radiochemistry Facility, and
were also measured by an in-cell

(8)

The synthetic loading results were

gamma spectrometer.

plotted on log-probability paper to
determine the instantaneous percent
breakthrough (C/Co x 102) as a function
of the column volume., A column vol-
ume (cv) is defined as the volume
occupied by the dry resin. The cesium
retained on DECALSO (milligrams of
cesium per gram of resin) as a func-
tion of several variables was deter-
mined at 0.5C/Co.

The 137
were conducted with a synthetic feed
(Table 1),

influent solution was controlled with

Cs trace loading experiments

and the temperature of the

a jacketed column and water bath.

TABLE I. Synthetic Supernatant
Feed Solution

Constituent Concentration, M
Na*t 4.6

Cs* 2.1 x 107*

NO% 1.3

NO; 2.1

POz 0.01

Co% 0.5

S03 0.035

pH 10.8-13
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RESULTS AND DISCUSSION
Between 1960 and 1965, shipments
of 137Cs loaded onto DECALSO were
routinely sent between Hanford and
ORNL without incident. In late 1965,

we were requested to determine how

the feed (103-C) supernate was affec-
ted when coating waste, containing
aluminum, was added to the feed tank.
Because a quantity of unaltered super-
nate was stored in our High Level
Radiochemistry Facility, we were able
to compare process characteristics of
supernates almost identical in compo-
sition except for the addition of
coating waste. During the investiga-
tion, two other tanks of supernate were
also analyzed (105-C and 101-A). In
addition, studies using synthetic
wastes were completed to predict re-
quirements for selecting future feeds

and loading procedures.

CESIUM RETAINED AS:

A Function of Sodium to Cesium Mole

Ratio

(5)

onstrated that the ratio of sodium to

Previous experiments have dem-
cesium would limit the amount of ces-
ium loaded onto DECALSO.

can be used to determine either the

Figure 1

maximum loading attainable with a
given sodium to cesium mole ratio,
or the maximum permissible sodium to
cesium ratio for achieving a given
cesium loading. The experiments

were performed at a pH of 10.5, at

25 °C, and with a flow rate of 6 cv/
hr (for a majority of the points).
From this study, it was predicted
and later verified that the loss in
cesium capacity could be directly re-

lated to an increase in the sodium to



When the feed

supernate (103-C) composition was al-

cesium mole ratio.

tered by the addition of coating

waste, the Na/Cs ratio changed from
9,400 to 11,740, the pH remained con-
stant, and the Al+3 concentration in-
creased from 1.6 to 5,9 g/1 (Table II).
A loss in cesium loading of 13% was pre-
dicted from Figure 1 as compared to

33% in actual Hanford STT loadings.
This variance between predicted and
actual loading indicated that variables
other than the sodium to cesium ratio

must also be evaluated.

A Function of Temperature

At high fixed sodium to cesium
ratios, the most important variable
affecting cesium loadings was deter-
mined to be the influent feed tempera-
ture. The alkaline supernate cur-
rently being processed ranges in tem-
perature from 40 to 60 °C in the stor-
age tank; therefore, cooling of the
influent feed is required to obtain
high cesium loading. A lowering of
the temperature from 50 °C to 25 or
6 °C will increase the cesium loading
by 70 or 190%, respectively. Figure 2
shows the percent breakthrough (C/Co x
102) for the synthetic cesium alkaline
supernate (Table I) as a function of
the number of column volumes passed
through the column. The cesium load-
ing (mg/gram of DECALSO) at 0.5 C/Co
25 and 50 °C

0.77,

for feed temperatures of 6,

was determined to be 1.31, and
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0.45, The logarithm of

the cesium retained was found to be a

respectively.

straight line function when plotted
against the influent temperature
(Figure 6).

A Function of the Influent pH

In earlier DECALSO work, (°) no
change in cesium loading due to pH was
found below 12.
tank samples (105-C, 103-C with coat-
101-A and 103-C) were
checked for pH, it was found that they
ranged from pH 10.85 to 13 (Table II1).

To determine if pH was a variable

When the four process

ing waste,

above 12, synthetic alkaline supernate
solutions (Table I) were adjusted to
pH 10.8, 12, 12,5 and 13.
centration was held constant by adding
The
cesium loading at 0.5 C/Co was deter-
mined to be 1.52, 1.39, 1.11 and 0,88
mg/g, respectively (Figure 3),

The Na* con-

NaNO;-NaOH in varying ratios,

There-
fore, a pH increase from 10.8 to 12,
12.5, or 13 will decrease the cesium
27, or 42%,

loading by 8.5, respectively.

A Function of Flow Rate

Cesium loadings on DECALSO increased
with decreasing flow rate (cv/hr).
Figure 4 shows similar results as

(9)

are nearly

those obtained on other resins.
The breakthrough curves
straight lines (above 0.02 C/Co) on
The

linear when

logarithmic-probability paper.
loading at 0.5 C/Co was

TABLE IT.

Constituent 101-A Tank 105-C Tank
13765 ci/gal 12.6 8.9
Na't, g/liter 138 106
Al*3, g/liter 0.6 2.3
pH 10. 85 13.0
Na/Cs Mole Ratio 8400 9100

Analysis of the Supernatant Solution from four Tanks

103-C Tank 103-C Tank(with coating waste)
B 8.2 7.2

101 113

1.6 5.9

12.8 12.9

9400 11,740




plotted against cv/hr on semilogarith-
mic paper (Figure 5) and show that a
flow rate decrease from 11.4 to 0.59
cv/hr increased the loading by 40%.

A Function of Resin Pretreatment
Normally, DECALSO is pretreated

with NH4NO3 before being used. The

cesium is also eluted with 5M NH4NO

3

and, therefore, the resin is usually

in the NH4+-form after each loading-
elution cycle. A series of tests were
completed to determine the effect of
several different pretreatments. The
cesium loading for the Na*-form "as
received'" resin was compared with
resin that had been treated with 1M
NaOH, NaNOS, or NH4NO3 for a period of
24 hours, The cesium retention varied
from 97% for NaOH, to 122% for NaNO,,
and to 130% for NH4NO3 (Figure 6). It
was also determined that the initial
loading on DECALSO in the NHj—form
was always larger than subsequent
loadings, and that subsequent loadings
corresponded to the NaNO; pretreatment

experiment.

HOT CELL EXPERIMENTS

Four alkaline supernate solutions

were obtained from 103-C (with coating
waste), 103-C, 105-C, and 101-A tanks
for cesium loading evaluation. The
solutions were first analyzed to obtain
values for their sodium to cesium mole

137Cs activities, A1*3 concen-

ratios,
trations, and pH values (Table II).
Each solution was then passed through
a small bed of DECALSO, and cesium
breakthrough curves were obtained as a
function of the number of column vol-
umes of effluent (Figure 7). Tank

101-A, which had the lowest Na/Cs mole

BNWL-288

ratio, pH value, and aluminum concentra-
tion, gave the highest cesium loading
on DECALSO.

ALUMINUM PRECIPITATION
Alkaline supernate solutions and

alkaline coating wastes are stored in
separate underground tanks. Alkaline
supernate solutions contain low (1 to
3 g/liter) concentrations of aluminum,
while coating wastes contain large
concentrations in the form of sodium
aluminate (NaAlOZ). In this form, the
aluminum is soluble in excess caustic
but will precipitate from solution as
the pH is lowered (<pH 11).

It was determined that when 103-C
alkaline supernate (1.6 g arts per
liter) was passed through the NH4+—form
DECALSO resin, the original pH of 12.8
dropped to 8.3 in the first column
volume of effluent and then increased
to 9.2, 9.9, 10.3, 10.7, 11.5, 12.3,
12.7, and 12.8 with each additional
column volume, respectively. The cause
of the initial drop in pH was due to
the NH,* ion being removed by the high
concentration of sodium in the influent.
Undoubtedly, aluminum precipitated on
the resin during these first few column
volumes, but enough interstitial space
remained to allow additional supernate
to pass through the bed, remove the re-
maining NH4+ ion, increase the pH, and
redissolve the aluminum precipitate.
However, when additional aluminum was
added to the 103-C supernate (5.8 g/
liter) via coating waste additions, the
interstitial space was exceeded and
the shipping casks began to plug.

This was demonstrated by first convert-
ing the NH4
the Na'-form with 1M NaOH. The loading

*_form resin in the STT to



was then completed by using 103-C
(with coating waste) supernate without
plugging.

When the 101-A tank alkaline super-
nate was selected to replace the alumi-

num contaminated 103-C tank, a second

aluminum precipitation problem developed.

Although the aluminum concentration in
this solution was lower than in the 103-
C tank (0.6 g/liter versus 1.6 g/liter),
so was the pH (10.85 versus 12.8).
Therefore, when the tank temperature of
60 °C was lowered to 25 °C (to increase
the cesium loading capacity), the max-
imum solubility of sodium aluminate was
exceeded, and aluminum precipitation
occurred prior to contact with the
DECALSO resin.

this precipitation were developed:

Two methods to prevent

(1)
the influent alkaline supernate can be

held above 40 °C (which also lowers

the maximum cesium loading), or (2) the
alkaline supernate can be diluted prior
A 5/1 feed to H,0 ratio

was found to prevent precipitation at

to cooling.

temperatures as low as 6 °C.
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