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I. JIFTRODUCTION

The rapid development of the nuclear reactor with the acoompanying
wvaste fission products has produced the problem of disposing of the
fission products without injury to the inhabitants of the surrounding
area. The fission products ere radioactive, giving off beta and gamma
radiations which can cause ionization in the cells of the human body.
This ionisation can lead to the following general types of injurys
(1) x-ray dermatitis, (2) induction of tumors, (3) leukopenia,
(4) 1leukemia, (5) anemia, (6) bYone necrosis, (7) glandular dys-
function, and (8) fetal injury.

Irradiated reactor fuels are chemically processed to reclaim the
unburned muclear fuel snd to recover the transmtation products, such
as uranium-233 and plutonium-239, from the fission préduots and inert
components of the fuel. At the present time, these are separcted by
solvent extraction. While the dissolution techniques vary with the type
of fuel being processed and the plant performing the operation, the
basic principles are the same. The solid fuels are stored 90 to 120
days following removal from the reactor to permit decay of the short-
lived fission product activities. These fuels are then dissolved in
nitrioc acid and the solution is fed %o an extraction system where the
process of sepsration is completed.

The Redox and Purex processes are in current use for processing
irradiated fuels. The Purex process utiliges tributyl phosphate (TBP)
in hydrocarbon as the solvent and nitric acid as a salting agent to
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separate natural ursnium and plutonium from the fission products.
Natural uranium and plutonium are separsted from the fission products
in the Redox process by using methyl isobutyl ketone (hexone) as the
solvent and aluminum nitrate as the salting agent. Approximately 1000
gallons of untreated high-activity waste is produced per metric ton of
uranium in each process.

Three types of irradiated fuels are currently being processed:

(1) natural ursnium, where plutonium and uranium are separated from fis=
sion produocts and from each other, (2) uranium=-235-aluminum alloys
where uranium=-235 is recovered and separated from fission products,

and (3) thorium, where uranium-233 and thorium are separated from fis-
sion products arid each other. The waste from the liquid-liquid extraction
of these fuels contain trace amounts of iron, nickel and 'ohromium,
present as products of corrosion of the stainless steel process equip=-
ment. Purex~type wastes are mainly fisiion products in approximately
one molar nitric acid solution. Hedox-type wastes contain significant
amounts of aluminum with some sodium, which is added in adjusting the
feed solution to an acid deficient condition, and some dichromate, which
i8s used to oxidize the plutonium to an extractable oxidation state.

In addition to the inert chemiocals, all wastes contain fission products
and lesser amounts of uraninm, plutonium, and other heavy elements.

Many methode of disposing of the fission products have been pro-
posed but only a few are in use todsy. The methods used ares (1) storage
in underground tenks, (2) direct disposal of low level products to
the ground or rivers, (3) fixing the fission products in ailiceous
materials for burial, and (4) packaging the fission products in concrete
for burial at sea.



Storage of the fission products is the method most utilized and
the most expensive method. A large number of tanks is required and
each tank must be provided with a continuous monitoring system to detect
leaks, heat exchange equipment to remove the heat generated during decay
of the fission products, and continuous maintainance. The cost of
msintaining this stornge system is approximately 300 million dollars
per year.

Disposal of the low level products to the ground or rivers can
lead to the contamination of ground water or pollution of streams. In
all cases, the amount of waste disposed of in this way must be kept
below tolerance levels.

Fixing of the fission products in siliceous materials faxr burial
i8 not used extensively. This method consists of fixing the fission
products on the material by base exchange, surface adsarption or inter=-
stitial precipitation.

Packaging the fission products in conorete for burial at sea is
used extensively in Great Britian because of the small land mass avail-
able. This method is effective for the present time but after a period
of time the concrete will become weakened due to errosion and the pres=
sure exerted by the water.

The growth of nuclear power will involve a large increase in
production of radioactive wastes. It is imposible to predict either
the rate and magnitude of such an increase or the characteristics of the
wvastes to be encountered. However, from an economic viewpoint, an in-
orease in e production of radiocactive wastes will prohibit the use of

present disposal methods.



The purpose of this investigation was: (1) search the literature
and review various methods investigated for the safe storage of radio-
active waste products, (2) study the possible methods for the recovery
of useful radioactive isotopes by selective adsorption, (3) perform
laboratory tests to determine the capacity of various adsorbents for
radioactive isotopes, (4) evaluate the data and correlate it with the
findings reported in the literature, (5) make recommendations of the
feasibility of using these adsorbents for removal or s@orage of the
radiocactive products, and (6) make recommendations for further in-
vestigations. The adsorption of radioactive zirconium, niobium, cesium
and barium on alumina, silica gel, and clays was investigated. The
adsorbents were contacted with aqueous solutions of the pure isotopes
for two hours. Tests at pH values from one through seven were made
for each adsorbent. The aotivitio. before and after adsorption were
determined and from these data the aotivit{es removed were calculated.
The data from the tests were tabulated so that a comparison of the ac=
tivity removed by each adsorbent could be made. The data from the tests
also enabled comparisons of the effect of pH on each adsorbent to be made.

The batch method using agitation was employed rather than a fixed
bed in a column, because it was believed that this method would give
hore thorough mixing and result in a better determination of adsorption

capacity.



II. LITERATURE REVIEW

This review is presented in two partss (1) the long-term aspect
of fission product disposal, and (2) a discussion of the methods under
study for the disposal of fiasion products.

Long-Term Aspect of Disposal

(36)
Radioactive wastes may be in liquid, gaseous, solid states,

or in some intermediate forme The kind and intensity of radiocactive
wastes are not detectable by human esenses. This characteristic makes
radiocactive wastes especially dangerous because they could be released
to the s0il. the air, or to the surface waterways without detection.
Inportant from the waste disposal po:int of view are the long
half-lives and known damaging properties to human tissues of certain
of the isotopes. Regardless of the chemical treatment or what use is

made of a radioisotope, it will continue to give off radiation at its
natural decay rate.
(12)

Glueckauf estimates that after one year, 99 per cent of the
beta and gamma radiation emitted by the fission products is due to
eight of the original 35 elements produced. He further states tha.lg
if the fission products of over one year of age would be accumlated
in one place vhere they would continue to decay and every year the waste
from 1000 tons of burned material would be added, the activity would
incroase until an equilidbrium condition is reached. The equilibrium level

of energy dissipated in Mev curies is shown in Figure 1. The quantities

All references are in bibliography.
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1. Equilibrium Activities of Fission Products Built

Up by the Annual Use of 1000 Tons of Fissile Material.

Glueckauf, E+«t Long-Term Aspect of Fission Product Disposal, Vol. 9,
Proceedings of the International Conferense on thé Peaceful Uses of
Atomic Energy, pps 3-8, United Nations, New York, N.Y. (1956).



are large by all known standards, but compared with the radiation from
potassium-40 in the oceans, it is seen that the total activity will not
exceed the activity of the potassium-40 if an annual production of 1000
tons is not exceeded.

After tweniy years storage, the fission products of one year or
less half-lifeﬁwill decay to an insignificant activity level. The
equilibrium activity distribution which would result is indicated by
the shaded portions of Figure 1. The activity from strontium-90 and
cesium-137 now completely dominate.

The quantitative removal of these two species would decrease the
activity of the bulk solutions by a factor of 1000. Figure 2 shows the
decay of biologically weighted activity for a solution batch without and
with the removal of cesium and strontium. It shows clearly that the
solution remains at a high ievel of toxioity for a very long time when
' strontium and cesium are present, vhile after the removal of cesium and
strontium, there is a rapid and continuing decrease of activity. This
is an important feature of fission product disposal.

Composition and Guantity o ssion duct Solutions. The com-

12
position of the fisasion products resulting from one ton of uranium=-

235 depends on the rate of burn-up and the time elapsed since their
removal from the reactor. An example is represented in Table I in which
the principle elements are ordered according to their position in the

periodic table.
The fission products are extracted in a recycling process and are,

therefore, mixed with a large quantity of chemicals which are derived
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Glueckauf, E.s Long-Term Aspect of Fission Product Disposal, Proceedings
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TABLE I

Quentities of Fission Products Derived from One Ton

of U233 (150 days irradiation, 30 days gooling)

Group Element kg
0 Kr + Xe 128
1 Rb 15

Cs 118

2 Sr 42
Ba 43

3 Rare earths + Y 317
4 Zr 125
5 Wb 5
6 Mo 92
Te 16

7 To 29
I 7

8 Ru, Rh, Pd 61

Glueckauf, E.s Long-Term Aspects of Fission Product
Disposal, Proceedings of the International Conference
on the Peaceful Uses of Atomic Energy, Vol. 9, pp. 3-8,
United Nations, New York, N.Y. 1956.
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from (1) 4impurities of the reactor fuel, (2) products of the interac-
tion of neutrons with the re:ctor fuel, (3) incompletely separated
reactor fuel, (4) incompletely removed canning or alloying material,

(5) ohemicals added during separation, and (6) ocorrosion products

from plant and storage vessels. The quantities of these will vary greatly
according to the reactor materials and to the extraction piocess employed.

An example of the type of fission products produced in a graphite=-
moderated reactor using slightly enriched uranium as fuel is shown in
Table II. Nitrioc acid has bdeen used as a salting-out agent in the sole
vent extraction process.
| Disposal at Sea. The complete and uniform dissipation of all
fission products in the sea would eventually reach the activity level
of potassium~-40, and the high toxicity of strontium=90 would result in
a higher toxiocity than is normally present due to potassium-40.

After removalh) of strontium-90 and cesium-137, an immediate and
uniform dissipation of the remaining fission products in the oceans
could be considered safe. However, uniform dissipation cannot be achieved
and storage of the remaining fission products for 13 years would be re-
quired before disposal in the oceans.

Disposal on Land. The fission product solutions will remein active
for 1000 years and will require completely deserted and inaccessible
areas for disposal, or else it will be necessary to turn the radioactive
materials into solid products from which the fission products cannot be

(10) (14)
leached, e.g., as glasses or ignited olays.

£ Stront d Cesiume Strontium and cesium need not
be disposed of until their activities have oonsiderably deceyed. These
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TABLE II

Quantities of Solutions Arising from the

Solvent Extraction of One Ton of y235

Before After
Concentration Concentration
Constituent Tons Tons
Total Volume of
Solution 510,000 m»’ 25 m>
HN05 N 1300 10.5
n(no,) 3 0.6
m(xro’)2 0.5
U0,(N03)2 143
Mixed Fission Products ’ 1.8

Glueckauf, E«3 Long=-Term Aspect of Fiasion Product Disposal,
Proceedings of the International Conference on the Feaceful
Uses of Atomic Energye Vol. 9y ppe J=8, United Nations, New
!ork, NeY. 1956.
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two materials can be of great value as sources of radiation especially
in the case of the gamma radiating cesium.

When the specific activity of these elements becomes too low for
economical use, disposal may be considered. The quantities for disposal
would be small and adazrgtion in silica bonded olay-(s) or in the mont-
morillonite greensands 4 followed by beking at 1000 degrees could be
employed. These greensands have the advantage that they are suitabdble
for column packing without special treatment. For this type of disposal,
it is not necessary to have expensive heat treatment equipment. The
heat generated by the decay of strontium and cesium raises the temper-
ature above 1000 degrees centigrade. Porring(23) has calculated the
diameters of the boreholes required for obtaining such temperatures.

The diameter depends on the exchange capacity of the adsorbing material
and the specific activity of the final product.

Decon ion of - Was ea.(BB) Conventional water
- treatment processes that have been investigated for the removal of radio-
active materials includes (1) ocoagulation, (2) sedimentation,

(3) filtration, (4) 1lime-soda ash softening, and (5) ion exchange.

Coagulation involves the formation of ohemical floocs that adsorbd,
entrap, or otherwise bring together suspended matter. The addition of
coagulating chemicals will result in the precipitation of some of the
soluble constituents in the waste as metal hydroxides.

Coagulation with settling has been studied extensively at the Oak
Ridge National Iaboratory.(BB The results of these studies show that

with the exception of most cations of valence three, four or five,

coagulation is not very effective for the removal of radioactive materials
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from water. Coagulation will be helpful in the removal of radiocactive
material attached to or adsorbed on the natural turbidity in surface
waters. Since coagulation will remove much of the turbidity, the
activity attached will also be taken oute.

Sand filtrations(jj) have not been effective for the removal of
radioactive materials. Their major function is to remove the radio-
activity previously incorporated in floc particles. Removals vary,
depending on the nature of the materials.

Sof tening with lime and soda ash has been studied, and under proper
oconditions, effbotiye removals of strontium, barium, cadmium, yttrium,
scandium, and sirconium-niobium were obtained. Removels of 95 to 99
per cent or better are possidle. For the most satisfactory removal of
strontium, inoreased amounts of both lime snd soda ash were required.(17)

Removal of radioective materials by ion exchange is feasible, and
for most effective removal, mixed resins in series is rscommended.(BB)
The results show that 99 per cent of the radiocelements can be removed
if mixed resins are utilized. The initial and operating costs may pro-
hibit wide spread usage until suitable regeneration techniques snre

developed.

Under S e 8pos ssion ¥ uct

The methods under study for the disposal of fission products include:
(1) adsorption on solids, (2) packaging in ceramic bodies, and (3)

calocination of solvent extraction wastes.
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(19)
Lacy reports that Conessauga shale will remove certasin resdio-

nuclides from effluent wastes by base exchange, surface adsorption, and
interstitial precipitation.

Cley, shale, end soil meterials, when moict, are charged electro-
negatively. What accounts for the exchenge cevecity in shale eres
(1) broken dends at the edges of the silica-slumina units, (2) sub-
stitution within the lattice structure of a trivalent for quadrivalent
jons resulting in unbalanced charges within the shale unit, and (3) re-
Placement of the hydrogen of exposed hydroxyl groups by a catigﬁ.)

The ocutside faces, edges and corners of the shale crystal ? have
associeted with them various cations. When the surface atoms are ioniszed,
the shale particle carries a negative ionic charge. The positive ioms
are contained in the ionic layer adjacent to this negative charge.
Thexrefore, the surface of a shale cr clay particle could adsort a wolecular
layer of the radiocactive material,

Laqy(19) also reports that precipitation of certein ions will take
place between the ghale particles if the solubility produoct is exceeded.
Removal of ions from the liquid phsse and their replaceﬁent with nilli-
equivelent amounts from the solid phase cen ceuse local preoipitation.

Grover(14) has reported that a process for the bonding of mont-
morillonite clay by mixing with hydrolysed ethyl silicate has dbeen
developed for the preparation of granules in the size range 10 to 30
B.S. mesh. The breakthrough capacity was determined to be 15 to 20
milliequivalents per 100 grams and the ultimate capacity was determined

as 25 t0 30 milliequivalents per 100 grams.
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(2)

Amphlett reports that radionuolides in waste solutions may be
fixed by mixing with suitable siliceous materials and firing to high
temperatures to produce a ceramic. Solutions ocontaining cesium=137,
cerium-144, strontium-90, and synthetic mixed fission products were
contacted with montmorillonite. This clay was chosen because of its
high exchange capacity. Adsorption of the activity followed by firing
at 1000 C for eigﬁt hours leads to fixation of the species cesiunm,
strontium, yttrium, cerium, barium, and mixed fission products. It
vas reported that approximately 99 per cent retention is obtained with
this method.

(2)

Leaching tests were made with sea water, distilled water, and
five normal nitric acid. Sea water and distilled water leaching had
almost no effect on the per cent retention. Nitric acid leached small
amounts of the activity from the fired material.

Cook and walkinson(g) have studied the removal of mixed fission
products by adsorption on inert sudbstances and adsorption on precipi-
tates. The adsorption was studied both by batch and column techniques.
An activity of 3000 counts/minute/ milliliter was used in dilute acid
solution. The columns consisted of glass tubes 13 centimeters long
and 2} centimeters in diameter. The adsorbing media were mixed with
glass helices to inorease the flow rate. In the batch experiments,
approximetely 5 grams of adsorbent was stirred with 50 milliliters of
effluent for one hours The results of these experiments are given in
Table III.

The adsorption of fission products from three normal nitric acid

solutions using the batch technique was also employed. The adsorbent
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TABLE III

Adsarp_’ tion of Fission Products by Various Adsorbents

Columm Batch
Activity Activity

Adsorbent Removed, % Removed, %
Fullers Earth 97 82
China Clay 98 74
Calcined Al203 99 ' 80
Harwell Soil 99-80 85-95
Charcoal 25
Barium Sulfate 51

Cook, GeBe and J. Wilkinsons The SBorption of Fission Product
Mixtures in Relation to Effluent Disposal, Atomic Energy Re-
search Establishment, Harwell, Englend, A.E.R.E. C/R-340, 1957.
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vas added to the acid solution and stirred for one hour. Parallel
experiments were also performed on the solutions first made alkaline
with caustio soda. These results are given in Table IV. The only
satisfactory adsorbent is calcium phosphato, in alkaline solution. This
may be attributed to the fact that a large number of elements form
phosphates insoluble in alkaline solution and are thus readily adsoxrbed.

The effect of flocoulent precipitates on the adsorption of fission
products was also investigated by Cook and w11kinson.(9) Solutions
such as ferrio chloride and aluminum sulphate were added with continuous
stirring to the effluent previously made alkaline with caustic soda.
Ferric hydroxide was the best settling precipitate removing 98 per cent
of the activity present. Experiments were performed to determine the
effect of pH on the adsorption capacity of the precipitete. The
results show that as high a pH as possibdle is advisable.

White and Lehaie(”) have investigated the adsorption properties
of bentonite, stoneware clay, and white art china clay. Experiments
were based upon the typical wastes expected from the TBP solvent
extraction process. For preliminary work, an inactive synthetic waste
solution was prepared. This solution was called S-1 and has the
analysis shown in Table V.

The olays were mixed by hand with solution Se1 and then were shaped
into balls 2 inches in diameter. The balls were dried at 100°C for 12
hours and then fired at 1250°C for 6 hours. After firing the clays
had a brick-like texture, were mechanically stable, but very porous.

Lower melting ocomponents such as a soft glass, a glaze, and nepheline
syenite were added to the clays to inorease the density of the final
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TABLE IV

Adsorption of Fission Products

£from Acid and Alkaling Solution
Activity Removed Activity Removed
from from Effluent Made

Adsorbent 3 N/HNO3 Solution, % Alkaline with NaOH, %
A1203 2 T8
China Clay 8 81
Fullers Earth 3 86
Calcium Phosphate Soluble 29
Harwell Soil 27 87

Cook, G.B. and J. Wilkinsons The Sorption of Fission Product Mixtures
in Relation to Effluent Disposal, Atomic Energy Research Establishment,

A.E.R.E. C/R=-340, 1957«
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TABLE V

Synthetic Waste Solution Concentrate-S-—1

Element . Parts Per Million
Aluminum , 100
Calcium 100
Copper 100
Iron 200
Magnesium 100
Lead 200
Silica 250
Strontium 100
Sodium | 200
Total 1350
Nitrioc Acid TN

white, JoM. and G. Lahaies Ultimate Fission Product
Disposal-The Disposal of Curie Quantities of Fission
Products in Siliceous Materials, Chalk River, Ontario,
CRCE-591, 1955.



product and deorease the firing temperature. The addition of the flux
reduced the fusion temperature by several hundred degrees, but was not
large enough to consider using this method for final disposal.

Nepheline Byenite(BS) has been investigated using S-1 solution
taged with various isotopes contained in the effluent waste. The ratio
of liquid to so0lid was chosen as 111 since gelation and volume change
on fusion were both satisfactory. The range of acidity over whioh
satisfactory gelling occured was very broad. The gel time varied from
30 minutes with 3 normal acid to less than one minute at 7 normal.

Thirty milliliters of solution were mixed with 30 grams of
nepheline syenite and allowed to gel. When geletion was completed,
the samples were heated and the vapors collected and condensed. Two
series of tests were conducted. One at 52500 and the other at 1225°C.
the fusion point of nepheline syenite. The resulte are given in Table
VI. The results indicate the feasibility of combining fission products
with nepheline syenite to form a glass. The only isotope which vaporized
to any extent was ruthenium. The addition of 12 per cent boron oxide
as a flux reduced the fusion point to 1000°C.

The relative oapacity(ZS) of 8 preformed adsorbents for ruthenium
and ziroonium have been determined by batoh wise experiments over the
pH range 1 to 11. The capacities of the adsorbents are nearly constant
over the pH range 3.5 to 10. The results of these experiments are
listed in Table VII. An initial activity of 1.9 x 10® counts/minute/
mi11111ter of ruthenium at & pH of 8.9 and 1.3 x 10% counts/minute/
milliliter of sziroonium at a pH of 6.1 was used. The experiment was

of the batch type using 0.17 grams/milliliter and a contact time of 20
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TABLE VI

Aotivity in Distillates

i 7 g ' <1225 Caeean s

Total Count Total Count % Activity Totel Count Total Count % Activity

in 4 wl of in 1 ml of in in 1 ol of in 1 &l of in
Solution Origionel Solution Distillate Distillate Origional Solution Distillate Distillate
8r90 3.3 x 105 8 0.001 3.3 x 10° Fone 0.001
Cat37 1.5 x 106 252 0402 1.5 x 106 Fone 0,001
cet44 4.4 x 10° 14 0.001 4.4 x 106 None 0,001
106 4.5 x 103 13110 =8 - - -
Mixed
FoP. 1.9 x 107 T4 x 104 0.4 1.9 x 107 452102 2.4

White, J.M. and G, Lahaies Ultimate Fission Product Disncsel=The Disposal of Curie (mentities of
Fiesion Products in Siliceous Materials, Chalk River, Ontario, CRCE=591, 1955.
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TABLE VII

Relsative Sorbing Capecities of Adsorbers

for Ruthenium-106 and Zirconium-95

: % Remaining % Remoining
Adsorber Ruthenium=106 Ziroonium=9%
Silica Gel 6.2 1.9
Activated Carbon 0.2 0.2
Aotivated Alumina 1.7 0.9
Manganese Dioxide 0.04 0.04
Super Filtrol FO 1.4 0.07
Attapultus Clay 1.9 0.05
Titanium Dioxide 0.3 Oed
Zirconium Dioxide - 0.8

Quarterly Report For Liquid Waste Disposal Research, Mound
Leboratories, AECD-4148 (1950).
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hours. The per cent activity remaining is inversely proportiomal to
the relative capaocity of the adsorbent for each element.

Additional investigations were made with Nuchar 000 to determine
the capacities as a function of the concentration of redioective material
and the amount of adsorbent used. The procedure used was to shake the
desired amount of adsorbent with a solution of pure isotope for 20 hours.
The maximum per cent removal of cesium was found to be 70 per cent at
a concentration of 1000 parts per million. One hundred per cent removal
of zirconium and cerium can be obtained by using 4000 and 5000 parts
per million respectively. In the presence of hydrogen sulfide, the
activity remaining can be reduced to sero.

A number of tests(BO) have been oonducted on Hanford type soils
to characterize the effect of various paremeters on the adsorption of
isotopes. The adsorption by soil of the studied isotopes from solutions

whose conocentrations varied from 10”2 to 1078

moles/liter is attributed

to ionic exchange becauses (1) the cetions so adsorbed are quentita-
tively recoverable by exchange with other added cations, (2) the
concentrations involved are in many cases less than the solubility

product, (3) electrophoresis tests have failed to show the presence

of radiocolloids, and (4) the adsorption on soils is non linear with
inoreasing concentration in solution of the cation being removed. The
equilibrium adsorption of redioisotopes from solutions is in the decreasing
orders plutonium, cerium, yttrium, cesium, end strontium.

Many radioactive waste solutions which are disposed to the

&round contain total salt concentrations up to four molar, and such
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concentrations of salts have a depressive effect on the ion exchange
at equilibrium.
(15)

Hamner and Haydon report that radioisotopes can be fixed in
oceramic bodies by sintering at a temperature below that at which a
glass i8 formed. They have found that the addition of limestone,
sodium carbonate, and shale to a solution of effluent wastes forms
a stiff gel. Firing of this gel to temperatures from 850 to 1750 C
fixes the radioisotopes in the gel. After leaching for 90 days, the
activity in the leach water was slightly radiocactive.

Incorporution of fission products into glass has been studied at
Chalk Rivor.(1o. 29) Feldspars and nepheline syenite which produce
durable glasses when fused are available at low cost. The mineral
nepheline, present in nepheline syenite, has the prpperty of forming
a silica gel when mixed with acid. This material when mixed in a 111
weight/volume ratio with fission product solution containing at least
two normal acid forms & firm gel which can be dried without appreciable
loes of fission products other than ruthenium. When the dried gel is
heated to 1300°C it fuses to an extremely viscous melt which on cooling
produces a durable glass.

(10)

Experiments have shown that practically all the ruthenium
distilis from the nitric acid containing gel during drying. This
will necessitate pretreatment of the solutions to remove ruthenium,
followed by a separate disposel. If nitric acid is not present,
ruthenium will not distill.

(10)

‘A8 a means of removing nitric acid, electrodialysis of fission

\Prodnotl has been investigated. This produces a precipitate which

i
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could be mixed with a siliceous material and fused to & glass. Another
advantage is that the long-lived strontium and cesium can be separated
from the remainder of the fission products.

Ion exchange of waste fission products on clays and subsequent
fixation by firing hac promising aspacts for permenent disposal. However,
wastes from aluminum and zirconium clad and alloyed fuels contain large
amounts of the multivalent ions of aluminum and girconium which are
preferentielly absorbed by the cleay. These ions mst be separated from
the fission products and this is done by caloination(1' 3¢ of the waste
solution and separation of the leachable fission products from the
insoluble aluminum and zirconium oxides.

Abriss, Reilly, and Tuthill(‘) have investigeted the calcination
of aluminum and zirconium wastes for the subsequent recovery of ocesium
end strontium. Calecination of the waste solutions was accomplished by
heating to 350°C in a low temperature kiln to decompose the nitrates
aend then heating to 550°C in a high temperature kiln where complete
conversion to the oxides was effectede The solid oxides are discharged
to a leaching tank.

Several types of lenching techniques were useds (1) non=-
ocontinuous agitated system, (2) oontinuoue non-agitated syetem, and
(3) oontinuous system with mixing. All leachings were carried out at
room temperature. The choice of leaching solutions is restricted by
the solubility of aluminum oxide and zirconium oxide. The optimum
leaching solutions were determined to be nitric aocid at a pH of 3 for
aluminum oxide and nitric acid at a pH of 1 for zirconium oxide. A

combination of the continuous non-agitation end non-continuous agitated
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seystems was found to be most suitable for the removal of strontium end
cesium oxides. The continuoue non-agitated system was employed for 10
days and then changed to the non-contimous agitated system for 60 days.
Eighty=five per cent of fhe cesium and atronéium oxides were removed.
A calciner pilot plant('s) has been developed at the Brookhavenlﬂational
Laboratory for carring out this process.

(2, 4, 6, 14, 19, 21, 35)

The methods for disposal of highly active
wastes in natural siliceous materials requires, in all cases, the firing
of the finished material at temperatures of 1000% or higher, so that
negligible activity is removed on leaching. The fired material ocan then
be stored in boreholes, underground tunnels or caverns, or beneath water.
Whatever form of storage is adopted, the solid wastes will tend to heat
up due to radioactive disintegration.

Amphlett and Warren(5) have studied the effect of heating a large
clay block at its center to determine the feasibility of self-fixation
of the fission products on the ¢lay. A furnace was placed in the
center of the block by means of a bérehole. Thermocouples were placed
at varying distances from the central axis to determine the rzdial
temperature distribution. Heating was begun with an input of 182 watts
and continued until sn input of 618 watts was obtained. The temperature
rise at 182 watts was small at first until the bulk of the moisture was
driven off. The temperature then rose rapidly from 80 to 230°C in one
day. Temperature increases in the outéf thermocouples followed a more
gradual oourse, but the seme result was noted. Considerable fissuring
ocoured extending from the furnace zone toward the outside of the blook.

The clay changed from a blue-gray appearance to a dull bdbrown, hard
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brick on baking to 1000°C. The temperature along the center plane falls

to one=hal1f the furnece temperature within two inches of the edge of

the heated zone. It 18 necessary to ensure that heeting is achieved

in lese time than that required for the acotivity to diffuse through this

distance.
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III. EXPERIMENTAL

Purpose of Investigation

The purpose of this investigation was to determine the adsorption
capacity of alumina, silica gel, and clays for zirconium, niobium,
cesium and barium at varying pH values.

P o

g

The experimental work consisted of the following stepss (1) pre=-
paration of aqueous solutions of the radioisotopes, (2) adjustment of
the pH of the solutions, (3) sampling the solution to determine the
activity, (4) weighing the required amount of solid adsorbent,

(5) mixing the adsorbent and solution, (6) ocontacting the adsorbent
with solution by agitation, (7) filtration or centrifugation as
required, (8) sampling the filtrate to determine the mctivity,

(9) recording the data, and (10) caloulation of the aotivity removed.

Mat a

The materials used in this investigation, their specifications
or composition, the manufacturer or supplier, and the use of the
material are listed.

Aluminum Oxide (Aoid). Activity grade 13 pid, 43 extractible

salts, less than 0.4%; filtration speed, 0.2 ml/min; specific gravity,
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0.9. Manufactured by M. Woelm-Eschwege, West Germany. Distributed by
Alupharm Chemicals, New Orleans, La. Used as an adsorbent for radio-
nuclides.

Aluminum Oxide (Baaic). Activity grade 13 pH, 103 extractable
salts, less than 0.2%; filtration time, 0.2 nl/min; specific gravity,
0.9. Manufactured by M. Woelm-Eschwege, West Germany. Distributed
by Alupharm Chemicals, New Orleans, La. Used as an adsorbent for
radionuclides.

Aluminum Oxide (Nggtra;). Aotivity grade 13 pH, T7.5; extractadle
salts, less than 0.2%; filtration time, 0.2 ml/m:l.n; specific gravity,
0.9 Monufactured by M. Woelm-Eachwege, West Germany. Distributed
by Alupharm Chemicals, New Orleans, La. Used as an adsorbent for
radionuclides.

Ammonium Hydroxide. U.S.P. Aqua Ammonia 26° Baume. Hamufaotured
and distributed by E.I. Du Pont De Remours and Co., Inc., Wilmington,
Del. Used to adjust pH of aqueous solutions.

Buffer Solution. Part No. 103-1-0-2, Leeds and Noxthrup Co.,
Philadelphia, Penn. Used to stendardise pH meter.

Clay, Burnt Refractory. Bureau of Standards sample No. 78,
powder form. Compositions Aluminum oxide (A1203), 69.9T%; silicon
oxide (S10,), 20.78%; titenium oxide (Ti02), 3.347% potesssium oxide
(K20), 2.9%; magnesium oxide (Mg0), 0.52%; calcium oxide (Ca0), 0.32%;
sodium oxide (Na20), 0.26%; zirconium oxide (Zr0z), 0.12%; lithium oxide
(Li,0), 0.03%. Obtained from the United States Bureau of Standards,
Washington, D.C. Used as a solid adsorbent.
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Cley, Feldspare Semple No. 14, powder form. Composition:
silicon oxide (5102), 69.99%; eluminum oxide (I\1203), 18.19%; iron
oxide (Fegoz,). 1.0% potassium oxide (K,0), 0.85%; magnesium oxide
(Mg0)y 0.75%; calcium oxide (Ca0), 0451%; sodium oxide (Nap0), Oe457.
Supplied by William Se Murrsy, Inc., Utice, N.Y. Used as en adsorbent
for radionuclides.

Clay, Kaoline Washed powder, lot No. 10241, chemical formule,
£1,03=2510,-2H0. Obtained from J.Te. Baker Chemical Co., Phillipsburg,
HeJe Used as an adsorbent for radiomiclides.

Clay, Soda-Foldspare Bureau of Standards sample No. 99, Powder
form. Compositions oilicon oxide, 68.65%; aluminum oxido, 19.064%;
sodium oxide, 10.73%j potassiun oxide, 0.41%; czlcium oxide, Q.367%;
iron oxide, 0.067%; magnesium oxide, 0.053%. Obtained from the United
S;atea Bureau of Standards, Washington, D.C. Used as an adsordbent for
radionuclides. _

Cley, Sofium-Bentonite (iyoming)e Powder form, chumical formula,
5A1205-2Mg0~245102=61120-{Naz0, Ca0)e Mamufactured by C. Volday Corpe.
Distributed by International.Minerals and Chemicals Corp., Skokie, Ill.
Used as an adsorbent for radionuclides. '

Good~rits (Microsil). Finely divided particles, high silica
content. Come No. 5450-0090, surface ares, 162 m2/gnm. Manufactured
by B.F. Goodrich Coe., Avon Lake, Ohio. Used as an adsorbent for
radionuolides.

~Ieo§ogg ‘Z;;ggnigg and Niobium}. Zx-Nb, 95=-P proocessed, carrier

free, batoh No. 43j chemical form, oxalate; concentration, 7T.80 mo/ml;



normality, O.3 acid. Obtained from the United States Atomic Energy

Commission, Ouk Ridge, Tenn. Used to prepare aqueous solutions of the

radionuclides.

Isotope (Cesium and Barium). Cs-Ba=P proocessed, ocarrier free,
batch No. 493 chemiocal formy, CsCl in hydrochloric acidj concentration,
6+.94 mo/ml; radiochemical purity, greater than 99%. Obtained from the
United States Atomic Energy Commission, Oak Ridge, Tenn. Used to prepare
aqueous solutions of the radiomuclides.

Nitric Acid. Meets ACS specifications, lot No. 90251; assay 69.0
to 71.0% HNOz3 specific gravity at 60/60°F, 1.416 to 1.424; residue
after ignition, 0.0004%; chloride (Cl), 0.00005% sulfate (SO4), 0.0001%;
arsenic (2s), 0.000001%; heavy metals (as Pb), 0.00002%; iron (Fe),
0.00002%; copper (Cu), 0.00005%; nickel (Ni), 0.00005%. Manufactured
and distributed by J.T. Baker Chemical Co., Phillipsburg, N.J. Used to
acidify and adjust pH of aqueous solutions.

Silice Cel. Laboratory product. FPrepared by a method similar to
the procedure outlined by Bartell and Fn.(S) Used as en adsorbent for
radionuclides.

Silicon Tetrmchloride (S1C1,). Technicel grade, 90 to 92%; formula
veight, 169.92; catalogue No. S=165. Manufactured by Fisher Scientific
Co., New York, K.Y. Used to prepare silica gel.

Water, Distilled. Obtained from distilled water %ap, Quantitative
Analyeis Laboratory, Room 306, Chemical Engineering Building, Missouri
School of Mines and Metallurgy, Rolla, Missouri. Used to prepere silica

€el and aqueous solutions of radionuclides.



Apparatus

The apparatus used in this investigation, the specifications for
usey the wactmr or supplier, and the use of the apparatus are
g&ivene.

Balance. Analytical, MSM property No. 13191, weighing range O to
100 grams, to nenrest O.1 mge. Hanufaétured by Williem Ainsworth and
Sons, Inc., Denver, Colorado. Used t§ weigh so0lid adsorbents.

Counter. Gei.ge:é-Muller radiation, ty;;e 100 NB, Ko. 29162, 900 v,
do, 3.5 mg/cm2 mica window,. Maxmfaotured.by NRD Instrument Co.,

St. Louis, Mo. Used to count radiation from sirconium and niobium.

Counter. Well sointillation, MSM propaﬁy Noe 21643, model
CS=600, tube No. 2=-T=825, Nal and anthracene crystals. Manufactured
by NRD Instrument Co., Ste Louis, Mo. Uaéd to count radiation from
cesium and barium.

Counting Dishes. Stainless steel, 1 inch diameter, 5/8 inch
deepe Manufactured by Radiation Counter Laboratories, Skokie, Ill.
Used to contain samples to be counted.

Dosimeters. Type 362. Manufactured by Victoreen Instrument Co.,
Cleveland, Ohio. Used to detect ra.d:l.ation dosage received by author.

Filter Paper. Blue ribbon, No. 589, 11 9&. Manmufactured by
Sohleicher and Schuell Co., Inc., New York, N.Y. Used to filter slurry
of adsorbent and radioactive solution.

Glassware. An assortment of glaseware was used which included;

50 ml shaking bottles, filter funnels, stirring rods, Erlenmeyer flasks,
and pipettes. Obtained from stock room, Chemical Engineering Building,
Missouri School of Mines and Metallurgy, Rolla, Missouri.



Heat Lampe. Infrared, type TA-N, 110 v, ac=do, 2 amp. Mamufactured
by Prometheus Electrio Corp., New York, N.Y. Used to dry liquid
samples.

Micro Centrifuge. MSM property Fo. 13866, model 496 E, 110 v,
ds, 60 cy. Mamufactured by Intematisonal Equipment Co., Boston, Mass.
Used to centrifuge slurry of adsorbent and radioactive solution.

Minometer. MSM property No. 22566, serial No. 287=3145, 100 to
125 v, 60 cy. Manufactured by Victoreen Instrument Co., Cleveland,
Ohioe Used to read Viotoreen dosimeters.

Oven. Drying, model No. 255, temperature range O to 100°C, 220 v,
do. Distributed by Eimer and Amend Laboratory Furnishers, New York,
N.Y. Used for drying silica gel.

Oven. Drying, model No. 1255, temperature range O to 200°C, 220 v,
60 oy, single phase, 800 watts. Manufactured by Precision Scientific
Co.s Chicago, I1l. Used to dry solid adsorbents.

PH Meter. Cat. No. 7664, 115 v, ac, 60 cy. Manufactured by
Leeds and Northrup Co., Philadelphis, Penn. Used to indicate pH of
aqueous solutions.

Scaler. MSM property No. 21630, Model B-1800R, 105 to 125 v, 50
to 60 oy, 206 watts. Manufactured by NRD Instrument Co., St. Louis,

Mo. Used to record activity of ssmples.

Soaler. MSM property No. 21631, model B=1602, 105 to 125 v, 50
to 60 cy, 100 watts. Mamufactured by NRD Instrument Co., St. Louis, Mo.
Used to record activity of samples.

Scaler. MsSM property No. 21640, model B=-1601, 105 to 135 v, 50
to 60 gy, 100 watts. Mamfactured by NRD Instrument Co.y St. Louis,

Mo. Used to record activity of samples.



Shokere Burton clinical modified, Model No. 1450, 110 Vy 80,
60 cy. Menufactured by Burton Manufaoturing Coey Los Angeles, Calif.
Used to agitate samples.

Shield. Lead counter, MSM property No. 21642. Manufectured by
NRD Instrument Co., St. Louis, Mo. Used to shield samples from atmo=
sphexric radiation.

Vials. Shell, 15 x 45 mm, short style. Manufactured by Kimble
Glass Co., Toledo, Ohios. Used to contain liquid samples for well

counter,

Method of Procedure

The method of procedure for this investigation has been divided
into nine parts. They ares (1) determining the efficiency of the
countery, (2) preparation of the aqueous solution of radioisotopes,
(3) adjustment of the pH of the solutions, (4) sampling the solu~
tion before adsorption, (5) weighing the solid adsorbent, (6) con-
tacting the adsorbent with solution, (7) filtz;ation or centrifugation
(8) sampling the filtrnte after adsorption, and (9) counting the
samples. Unleas otherwise specified, the ateps of the procedure are
applicable for each of the four radioisotopes investigated.

Efficiency of Counter. The efficiency of the counters were
determined by counting standard sources for one houre. The Geiger-
Maller counters and beta scintillation counters were standardized
against NeB.Se. radium D & E standard Noe. 3537 The gamma scintillation
counter was standardized against a 0.1 moc radium source. The efficien-

cies of the counters were calculated and recorded.



Preparation of Aquaous Solution. The solution containing sire

oconiun and niobium was prepared in a different manner than ths solution
containing cesium and barium. Therefore, they will be discussed

separatelye.

Zirconium-Niobium Solution. Two milliliters of the pure
isotope solution was transferrsd to a beaker by means of a pipette.
Ten milliliters of distilled water and a small amount of nitric
acid were added. The resulting solution was boiled to destroy
the oxalate. The solution was then transferred to a two liter
reagent bottle and diluted to approximately one liter with dis-
tilled water.

In aqueous solution, zirconium becomes colloidal at approx=-
imately a pH of 2 and adheres to the walls of the container. For
this reason, sufficient nitric acid was added to the solution
to obtain a pH of one.

Cesium~Barium Solution. One~half milliliter of the pure
isotope solution was pipetted into a one liter reagent bottle.
Distilled water was added until a volume of approximately one
liter was obtained.

Adjustment of pH. The reagent bottle containing the solution of
isotopes, was shaken by hand to ensure an even distribution of the
solution. Approximately 50 milliliters of the solution was trans-
ferred from the reagent bottle to a beaker. The electrodes of the pH
meter were immersed in the solution and nitric acid or ammonium hydroxide,
depending on the pH value desired, was added slowly with continuous

| stirring until the desired pH was obtained.



Senpling the Solution Befcere Adgzorpticis The procedure for re-

uwoving samples of the zirconium-niobium solution for counting differed
from tha procedure used for the cesium=barium sclution and will be

discussed separctely.

Zirconium-iilobium Solutione After adjustiment of the pH,
one milliliter of the solution was pipetted into a counting dish
and dried by a heat lampe The counting dishes were then cooled
and stared in a dry atmospheree.

Cesium-Berium Solutione After adjustment of the pH, one-
helf milliliter of the colution was pipetted into a cwunti g dish
and dried by a heat lamp. A second one~half milliliter sample was
pipetted into a glass viel and counted immediately in the well
scintillation counter.

Welghing the Solid Adscrbent. The required amount of adsorbent
waa weighed on en analytical balance and transferred to a 50 milli-
l{ter shaking bottle. The amount of solid used depended on the physical
nature of the adsorbent end the particular test under investigation.

Contecting the Adsorbent and Solution. Twenty-five milliliters
of the aqueous solution was trensferred from the beaker to the shaking
bottle containing the adsorbent. The shaking bottles were placed in
the holder on the clinical shaker and secured with wire. The caaker
was sterted and allowed to run for two hours. The shaker was then stopped
and the bottles removed from the holder.

Filtretion. The solution containing the adsorbent was filtered
using blue ribbon filter paper and standard filtration funnels. In
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some cases the adsorbent was suspended in the solution and it was

necessary to centrifuge the slurry to separate the adsorbent from the

solution.

Sempling the Filtreste After Adsorption. The procedure for sampling
the filtrate was identical to the procedure for sampling the solution
before adsorption.

Counting the Samples. The procedure for counting the zirconium-
niobium samples differed from the procedure used for cesium and barium
and each will be discussed separately.

Zirconium=-Niobiume Because of the short half-lives of
girconium and niobium, it was necessary to count the samples
taken before and after adsorption at the same time. A Geiger-
Muller radiation counter was used to count the beta radiation
from the samples.

A background count was made before counting the sanples.

The counting dishes were placed in the lead shields on the second

shelf. The same geometry was used for each sample counted. The

scalers were then turned on and the samples counted for one hour.

The number of counts was recorded and the dishes removed from the

lead shields.

Cegiume A scintillation counter with an anthracene crystal
was used to count the beta radiation from cesium. A Yackground
count was made before counting the samples.

The counting dish was placed on the segond shelf of the lead
shield and the scaler sterted. After counting for one hour, the
scaler was turned off and the sample removed from the lead shield.

The number of counts obtained was them recorded.
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Baxriwme. 4 scintillation well counter with a sodium iodide
cryotal was uzod to counit the gamma radiation fror barium. A
backgrournd count wos made before counting the samples.

The gluss vial conteining the scmple solution, was placed
in the wcll. Tha scalor wae started and allowed to run for one
hour. At the ond of the hour, the number of counts was recorded.
The zlaszs vial was then removed from the well.

It was necessary tc use a count rate meter to count port of the
cegium and dbarium samples. The procedure was similar to the procedure
given adbove except the semples were not counted for one hour. Sufficient
time was allowved for the meter to reach equilibrium before a reading
wvas made. The activity of the szmple was obtained directly from the
meter exprsssed in counts per second.

All dsta weres corrected for background and counting efficiency.
Since the sarples were almost weightless and the activities were
compared with refersnce semples, no corrections were mede for back-

scattering and seclf-adoorption.

Data and Results

The data snd results obtained by this investigation for the
different adsorbents have been grouped according to the radioisotopes
under investigation.

The results of the adsorption tests are presented in Figures 5
to 12. Thesa graphs were obtained by plotting the data from the ad-

sorption tests. The figures are presented in groups according to the



edsorbent used. The curves show the per cent removal of activity at
varying pH values. For better comparison of results, the curves for
the per cent removal of zirconium-aniobium, cesium and barium, for each
adsorbent, are shown on the same figuree.

The average deviation for the testa are shown by the symbols used
in Figures 3 to 12. In a few cases, the deviations were too large to
represent graphically. In all cases, the deviations are shown in
Tables VII to XXVI,

The standard deviation of the scalers was determined by counting
a sample for one hour 10 times. The data is presented in Table XXVII.

The ocount rate meter had a standard error of 2 per cente.



TABLE VIII

Removal of Zirconium and Niobium by Alumina (Acid)

Concentration
of
Adsorbent Initial Final Initial Activity Per Cent Average
ml pH pH ops Removed Deviation
- 004 1.7 39 81759 98.7
3.0 4.5 672.85 94.6
0.2
3.0 4.5 71539 94.9
o1 . ° 90.2
4 4.9 39793 o
41 4.8 390.30 89.6
" 8 10111 85.1
244 * 0.9
5e4 4.7 92,80 €34
0.02 1.5 1.8 1892.66 90.4 ‘o
145 1.9 1824.99 92,8
o 619.28 9845
2.8 4.0 1619 0.2
2.8 441 1183.84 98.8
41 4.5 888.05 943 .z
4.1 4.5 882.57 92,0
1112, 939
3¢5 4e5 2.7t 1.7

5.5 4.3 1150411 90.6




TABLE IX

Concentration
of
Adsorbent Initial Final Initial Activity Per Cent Average
&n/ml pH pH ops Removed Deviation
0.04 1.6 3¢9 1562.54 99.6 0.2
1.6 3.9 1574.76 99.9
53 6,9 1612.39 99.6
0.1
563 6.9 1492.37 99.4
0.02 1.6 2.4 863,06 98.3 0.9
1,6 2,5 846457 9645
’ . 824.96 98.1
53 Te3 4 -
5¢3 Te3 7681453 98.5




Removal of Zirconium and Niobium by Alumina (Neutral)

TABLIE X

Concentration
of
Adsorbent Initial Final - Initial Activity Per Cent Average
&n/ml pH pH ops Removal Deviation
0.04 1.6 4.2 1446.42 99.7 o
0
1.6 442 1411.71 . 99.7
5.6 Te1 1440.66 99.9
0.0
546 7.1 1334.93 99.9
0002 1.6 204 908.62 9801
0.2
1.6 2.6 861,92 97.8
8 o2 828.88 99.7
5 7.2 0.1
5.8 T.4 874.81 99.8
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TABLE XI

Removel of Zircondum and Niobium by Silica Cel

Concentration
of
Adsorbent Initial Final Initial Activity ©Per Cent Aversge
ml pH pH ops Removal Deviation
0.04 0.28 - 10,495.30 78.2
0.3
0028 - 10.843.93 9808
1.1 100 741 031 8904
1.2
1.1 0.9 72%.84 87.8
5.5 4.0 7946347 9841
0.2

55 4.2 79551452 977




TABLE XII

Removal of Zirconium and Niobium by Mierosil

Concentration
of
. Adsorbent Initiel Final Initial Activity Per Cent  Average
gn/ml pH pH ops Removal Deviation
0.01 17 1.6 2003.19 973 1.3
1.7 1.8 1963.68 94.8
. o1 1 2 98.6
2.7 3 354.23 ool
2.7 3.1 1498.51 99.3
. 2266, TT7.2
43 3¢9 40 20
43 3.9 2276.02 T3.2
. . 1224.14 63.0
57 4¢3 34

5T 4.2 1377.07 69.8




TABLE XIIX
Removal of Zirconium and Nigbium by Bentonite

Concentration
of
" Adsorbent Initial Final Initial Activity Per Cent Average
gm/ml pH pH ops Removal Deviation
146 1.8 2324.85 YT.5
2.8 6.5 2211.38 99.2
. 0.0
2.8 649 2198.21 9902
o . 22 002 99.1
4.2 7.2 70425 o
4.2 7.2 2123.45 98.7
PS .1 21 .00 9903
5.6 7 33 B
546 7.1 2170456 99.4




TABLE XIV
Removal of Zirconium and Niobium by Burnt Refractory
Concentration
of
Adsorbent Initial Final Initial Aotivity ©Per Cent  Average
m/ml pH pH ops Removal Deviation
0.04 107 2.1 2205.94 93.8 0.2
1.7 2.0 2214.32 9441
2.8 6.4 2288.63 993
0.0
2.8 6.4 2320.49 99.5
4.4 649 1402.84 99.0
C.0
4.4 6.9 1233%489 99.0
L) 60 1 1 080 99'5
59 9 T4 0.1

59 7.0 2223.20 99.6




TABLE XV
Removal of Zirconium and Niobium by Feldspaxr
Concentration
of
Adsorbent Initial Final Initial Activity Per Cent Average
&n/ml pH pH ops Removal Deviation
0.04 1.6 1.8 2663.89 T3.2 -
1.6 1.8 2759.66 76.7
2.8 4.8 2112.45 95.6
0.0
2.8 4.8 2117.32 . 9546
o 0 2060. 96.1
4.4 5 45 ot
4.4 53 1826.24 96.9
o . 2097.6 99.4
5.8 5¢3 97.67 o0

5.8 53 1849.48 99.4




TABLE XVI

Removal of Zirconium snd Niobium by Kaolin

Concentration
of
Adsorbent Initial Final 1Initiael Activity ©Per Cent Average
gn/ml pH pH cps Removal Deviation
0.04 1.8 2.0 2091.81 - 94.5
0.2
1.8 2.0 2082.95 95.2
2.8 2.9 1961.85 99.0
0.1
2.8 3.0 2175.01 98.8
4.5 3.6 2483.04 99.7 "
4.5 3.6 2282.17 99.8
5.8 4.6 2488.46 99.7 0.1

5.8 5.0 2338463 99,9
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Removal of Activity by Alumina (Acid)e.
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Removal of Activity by Alumina (Basic).



Per Cent Removed
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Figure 5. Removal of Activity by Alumina (Neutral).
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Figure 6.

Removal of Activity by Silica Gel.
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Removal of Activity by Microsil.
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Removal of Activity by a Wyoming Sodium-Bentonite.
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Figure 9 Removal of Acotivity by Burnt Refractorye.
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Figure 10. Removal of Activity by Feldspar
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Figure 1l. Removal of Activity by Kaolin.




Per Cent Removed

100

90

80

70

60

D CB 0004 8'[n/ml
D Ba 0.04 gm/ml

Figuro 12.

Removal of Activity by Soda=-Feldspare.



TABLE XVII

Removal of Cesjum and Barium by Alumina (Acid)

Concentration
of
Adsorbent Initial Final Initial Activity DPer Cent Average
ml pH pi ops Removal Deviation
0.04 1.8 5.7 163%436 2.2 e
' 1.8 3.7 o Ted
2.7 4.2 " 10.9
0.8
2.7 402 " 9‘3
. o " 20.5
bed 4.7 5.0
4.4 4.8 " 10.3
. .0 " 8.8
5.7 5 2.6

5.7 5.1 | " 13.9




TABLE XVIII

Renovel of Cesium end Barjum ky Alwmina (Basic)

D SRS R RN o <= § 31 S N g ———— Bariume--cacmmme e
Initial Final 1Initial Activity Per Cent Average Initial Activity Per Cent Average
pH pH cps Removed Deviation cp3 Removed Deviation
1.6 2.8 973 237 1336 19.9
0.5 0.7
1.6 2.8 " 2446 " 2143
6.0 T.7 " 15.3 " 1244
. 2.1 1.7
6.0 Te1 " 19.5 " 15.7




Removal of Cesium snd Barium

~61=

TABLE XIX

by Alumina (Neutral)

Cesium- R ~==e=Bariun -
Initial Final Initial Activity ©Per Cent Average Initial Activity Per Cent Average
pH pH cps Removed Deviation ops Removed Deviation
1.6 367 973 271 1386 2647
C.0 0.5
1.6 3.7 " 27.1 " 27.6
6.0 T.6 " 1847 " 17.3
0.9 1.1
600 7.6 " 20-4 " 19 04
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TABLE XX

Removal of Cesivm end Barium by Silica Gel

- Cesium DT LT 1 o (11 R OO
Initial Final Initial Activity Per Cent Aversge 1Initial Activity Per Cent Average
p pH cps Removed Deviation cps Removed Deviation
1.6 1.8 973 29.7 1386 3643
1.3 12
1.6 1.8 . 3242 " 3846
340 3.4 " 271 - 3349
1.3 1.8
30 3.4 " 29.7 " 375
4¢5 5.0 " 365 " 3446
0.4 0.2
4.5 4.8 " 373 " 3442
6.0 Sed i 3349 " 31.1
0.4 0.5
600 5.4 . 34.7 n 30.2
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TABLE XXI

Removal of Cesium end Barium by Microsil

Cesiunm Barium
Initial Final 3#nitial Activity ©Per Cent Average Initial Activity Per Cent Average
pH pH ops Removed Deviation cps Removed Deviation
%7 1.8 1227.28 0.0 1741.15 4.2
' 0.0 2.1
1.7 1.8 " 0.0 " 0.0
3.0 3.1 " 0.0 " 6.3
0.0 * 3.2

3,0 3.4 " 0.0 " 0.0




TABLE XXII

Removal of Cesium snd Barium by Bentonite

Cesium 3. L)
Initial Final Initial Aotivity Per Cent Aversge Initial Activity Per Cent Average
pH pH ops Removed Deviation ops Removed Deviation
17 2.1 1973.71 91.6 1931.63 75.3
0.6 1.7
1.7 2.1 " 90.4 " 78.6
3.0 5.2 " 92.4 " 82.8
0.2 0.6
. 3.0 5.8 » 92,0 " 84.0
4.3 7.0 " 62.2 1741416 84.8
114 ) 0.5
4.3 7.1 " 84.9 " 85.8
5.6 6.8 " T1.7 o 56.0
0.3 2.1
56 6.8 " T2.2 " 51.9
7.0 6.5 866,00 79.8 1370.00 8842
1.3 0.2

7.0 6.5 " 82.3 " 87.9
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TABLE XXIII

Removal of Cesium an< Barium by Burnt Refrzctory

e 4 3 (T L T ST Bariune--eccecmmncncaea
Initial Final Initial Activity Per Cent Averege Initinl Activity Per Cent Avergge
pd pi cps Removed Deviation cps Renoved Devietion
1.8 1.9 197371 23.6 2626.19 1.3
2.3 0.9
1.8 1.9 " 19.1 " 0.5
3.0 1.2 " 13.7 " 4.6
: 2.1 3e4
3.0 Te5 " 9.5 . 113
4.7 6.9 " 17.6 " 1
1.1 0.8
4.7 6.6 " 15.4 " 1.5
6.4 7.2 " 19.7 " 2.5
0.4 243

6.4 T3 " 18.9 " 7.1
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TABLE XXIV

——— Cesium Bariume—ceceeceaneeaa- -~
Initial Finel Initial Activity Per Cent Averzge Initial Activity ©Per Cent Average
pH pH cps Removed Deviation cps Remcved Deviation
1.7 2.1 1973.74 96.8 2626419 96.2
0.1 - Ot
1.7 2.1 i 9649 " 9643
}.0 508 . 8707 " 8606
0.7 0.5
3.0 5.8 . 89.1 " 87.7
4.5 6.5 " 81.5 o 80.0
0.3 0.9
4.5 6.5 - 82.1 ' " 81.7
7.0 6.9 " 20.6 " 24.0
1.5 2,0

1.0 6.9 " 25.6 " 20.1
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TABLE XXV

Removal of Cesivm and Barium by Kaolin

e ——— Cositimmenan e cnac cana ——n e eeBaTiUNerscemenn e

Initiel Finel TInitial Activity DPer Cent Aversge Initial fLotivity Per Cent  Average
poit pH cps Removed Deviation ops Removed Devialion
1.4 1e7 1376 63.4 1903 62.1

003 ) 11
1 04 1 07 " 6209 " 5909
3.0 340 " 1546 " 0.3

005 0'9
3.0 345 " 1641 " 18.6
40’8 50 5 N 22.8 n 18.8

1.2 0.7
4.8 Se4 " 25.1 » 20.2
6.6 6.3 " 26.9 o 2.9

1.5 0.2

6.6 643 " 2349 " 20.5




TABLE XXVI

Removal of Cesium end Tarium by Soda=Teldsnar

—— Cogiule mmmmemmunmannune m————— s A & (11 S
Initiel Final 1Initial Activity Per Cent Averege Initiel Activity DPer Cent  Average
pH pH cps Removed Deviation eps Removed Deviatiocn
1.5 146 | 1336 19.8 1987.45 1441
0.5 0.5
15 1.6 o 18.8 " 15.0
340 645 " 317 " 357
3e4 6.3
3.0 6.5 " 30.9 . 2301
4.9 6.7 - 25.3 2354449 2.2
1.0 2.1
4.9 6.7 N 27.2 . 2443
7.0 7.0 ¥ 173 % 12.8
1.9 1¢3

7.0 6.8 " 13.6 " 10.3




TABLZ XXVII

Data for Standard Deviation

Tect “:gity Deﬁg:::ﬁ o(x ) x2
1 24129 -3,13 9.7969
2 242400 =2442 5.8264
3 246.19 +1.77 3.1329
4 244476 +0434, 0.1156
5 244490 40448 0.2304
6 24470 +0428 0.0784
7 24517 +0.75 045625
8 244.86 +.44 0.1936
9 245434 +0.92 0.8464
10 24486 +0.53 0.2809

Total 2444 .16 11.06 21.0940
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Semple Calculations

Calculstion of Efficiency of Counters. The efficiency of the
ounters was calculeted in the following manner.

Efficien - Measured activity - Back und coun 100
i Correct aoctivity x

NeBeS. RaD & E source No. 3537 = 594 cps

Effioclency = 3298 = 0,22 85'9'40 22 x 100

- 8081‘,’4

Caloulation of the Activity Removede The activity removed by
each adsarbent was calculated in the following manner.

Per cont sctivit ining = Activity after adsorption 4 100
- oe Yy remalning = Jctivity before adsorption

1562.54

- 0.1%
Per cent activity removed = 100 = per cent activity remaining

e 100 « 0.1
= 99.9%

Calculation of the Aversge Deviation. The everage deviation

of the results was calculated for each adsorbent. All caloculations

were made in the following manner.

Average = Activity remov d, test ; ty removed, test 2
- 85,1 + 83,
2



Deviation from aversge = Average = Activity removed

84.25 = 83.4

= 0.85 (test 1)

84425 - 85.1

- 0.35 (test 2)

Average deviation = Deviation from averzatgg (test 1 + test 2)

= 0085

= 0.9 (rounded to nearest significant figure)

Calcuiation of Standard Deviation of Scalers. The data used for this

caloculation was tek2n from Table XXVII.

2
Standard deviation = X -
N =

where, X2 is the square of the algebraic deviation from the mean.

n is the number of readingse

Standard deviation = 21&%25

= 153 ops
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IV. DISCUSSION

The discussion is presented in three sections; (1) discussion

of results, (2) recommendnticns, and (3) 1limitations. -

Discugsion of Results

The results ere discussed in the same order as the data and
results were presented in the preceeding section.

Aluming ‘Aoid}. Figure 5 chows the per cent removal of activity
at varying pH values. 4 concentration of 0.04 gm/ml adsoxrbs 99 per
cent of the activity from zirconium and niobium at an initial pH of
1¢7+« The equilibrium pH volue of the solid-solution mixture was 3.9.

An initial pH of 2.8 was required for 99 per cent removal of
activity u-ing a concatration of 0.02 gm/ml. An observetion of
Table VIII shows an equilibrium pH value of 4.0. Therefore, it appears
that the removal of this amount of activity depends upon the equilibrium
pH velue and not on the concentration of adsorbent or the initial
PH value.

Figure 3 also shows that removal of the cesium and barium activity
18 not feasible. The maxirum removal was approximately 10 per c=znt
at a pH of 4.4 and levels off at this value with increasing pkH.

Alumina (Basic). Observation of Figure 4 shows that a con-
sentration of 0.04 gm/ml removee 99 per cent of the sctivity from
Ziroonium and niobium solutions. The initial and final pH seems to

have no effect on the adsorption capascity of the basis alumina.



-
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A concentration of 0.02 gm/ml removes approximately 98 per cent
of the activity. The per cent removal was almoet constant over the
entire pH range investigated and seems to indicate that the pH of the
solution has little or no effact c¢n the adsorption within this ransze.

As in the case of acid alumdna, removal of cesium and barium
was too low for commercial appliccztione The meximum removal was
approximately 25 per cent at a pH of 1.6 and decreasad with increasing
pH values.

Alumina (Neutrol)e. The removel of zirconium and niobium by
adsorpticin on neutral elumina wes constant at arproximately 100 per
cent over the entire pH renge investigeated. Observetion of Figure 5
and Table X show that the initial and final pH at a concen tration of
0.04 gn/ml had no ¢ffect on the per cent removal. Teble X indicetlss
that the final pH affects the removal when a concentration of 0.02 gn/ml
was used; the removal increased with increasing pH values.

Removal of cesiivm and barium from solution decreased with in-
creansing pid vilues. The raxirmum removal obtuined wee approximately
27 per cen: at a pH of 1l.6.

Silica Gel. Figure 6 shows that 99 per cent of the zirconium and
niobium wus removed at o pd of O.3e The per cent removal than rasses
through a minimum of €8 per cent at a pH of 1.1 and inoreasecs to
98 per cent as the pH increases to 5¢5e .

The maximum removal of barium was 37 per cente A pH of 1.5 or

lower was necessary to oblazin this removale As the pH increases, the

pPer cent removel decreases.
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At the low end of the pH range, the ver cent removal of cesium
was 30 per cent. As the pH incresses, the per cent removal increrses
to a maximum of 37 per cent at a pH of 5.0.

Microgil. Observation of Fisuro 7 indicates that nicrosil removes
99 per cent of the zirconium and niodium £t an initial pH of 2.7.
Above a pH of 3.0 the ner cent removal decreases with increasing pH
values. The most effective removal occurs in the pH range 2.5 to 3.0.

Table XXI indicates thet essentially none of the cesiwn or barium
was adsorbed by the solide. There was very little difference in the
initial and finsl pH of the solutions and this mey be the reason for
the low removale.

Bentonite. Iigure 8 indicates that above a pH of 2.8, 39 per cent
of the zirconium and niobium was removed from solution. Observution of
Table XIII shows that the final pI of the solutions was approximstiely
7.0, It hzs been reportad that at this pH, the ion exchange properties
of the clay are a maximum. The results scem to be in agreement with
this information.

The maximum removal of cesium was 92 per cent at an initial pH
of 3.0, Teble XXII indicates that more cesium than barium was ade
sorbed by the clay at this pH. Selection rules for icn exchange of
olays predict just the opnosite resulte The test at a pH of 7.0
shows that more barium than cesium was adsorbed but only at tiis pH

did this ococure. The maximum removal of barium from solution was 88

per cent at a pH of T.O.



Doudbling the concentration of solid increzsed the per cent removal
by 10 per cent at initial pH values of 3.0 and 4.3.

The only difficulty encountered during the tests was the filtration
speed of the clay. Bentonite becomes suspended in the solution and

wag very difficult to filter.

Purnt Refractory. The results in Table XIV and Figure 9 indicate

that zirconium and niobium were effectively removed from solution at
a pH of 3.0 or higher. The final pH of the solutions was near T.0O,
where the ion exchange provnerties are the greatest.

The removal of cesium and barium was fairly constant over the piH
range investigated. Cesium has a minimum of approximately 10 per ornt
at a pH of 3.0 as indicated in Figure 9.

Feldspar. The raesults of the tests are shown in Figure 10 and
Tables XV and XXIV. The per cent rewmoval of zirconium and niobium
increases from 76 per cent at a pH of 1.6 to 99 per cent at a pH
of 5.8,

Observation of Figure 10 shows that the removal of cesiun and
barium was epproximately the same over the entire pH range. The
meximum removal ocours at a pH of 1.7 and decreases as the pH increases.

Kaoline Figure 11 indicates that 99 per ceat of the zirconium
and niobium were removed from solution.above a pH of 2.8. The change
in the initizl pHA was small. This seems to indicate that the removal
was accomplished by surfeace adsorption rather than ion exchange.

Table XXV and Figure 11 show the results of the tests with cesium

and barium. The maximum removal ocours at & pH of 1.4 and decreases



to & minimum at a pH of 3.0, where the removel then levels off and remains
fairly constant over the remainder of the pH renge. Here, also, the
chenge in the initial pH was small and indicated that most of the
removel was eccomplished by surface adsorption.

Soda=Yeldspare The results are indicated in Figure 12 and Table
XXVI, The removal of c¢osium and barium was quite love A maxinmum
removal of 35 and 30 per cent was obtained at a pH of 3.0 for cesium
and barium respectively. The results indicate that the removael was
accomplished by surface adsorption rather than ion exchange because

more cesium than barium was removed from the solution.

Recominendsations

There are several weys in which this investigation could be
extended. The first way would be to carry out leaching tests on the
solids after edsorption to determine how strongly the radioisotopes
are bound %o the solids. If leaching removes appreciable amounts of
the activity, an investigation should be made to determine methods of
permanent fixation.

Another possible extension would be to study the adsorption of
other radicisotopes such as cerium and strontium, to determine the
feasibility of using clays for permanent disposal.

A third extension would be to study the adsorption of cesium and
barium on clays other than the ones used in this investigation.

It would also be of interest to extend the pH renge further

than the renge covered in this investigation.



Linmitations

There are three limitations in this investigation that could

have an important effect on the results. They are as follows:

Constant Activity of Zirconjum=-Niobium Stock Solution. To obtain

accurate comparisons of results, the activity of the stock t;olution
should be fairly constant. The activity of the zirconiumeniobium
stock solution decreased with time due to adsorption on the walls of
the container ‘and could not be kept constant. However, the activity
of the stock solution was determined for each experiment.

Sampling the Solutions. Samples teken for purposes of counting

the activity were removed by pipetting from the container to the
counting dish. The seme procedure was followed each time but acourate
reproduction of the volumes tsken for samples was arbject to error.

the S es. The liquid samples were dried using a heat
lamp. Uniform layers were impossible to.obtain. This could change
the resulis considerably since no correction for self-adsorption or

backscattering was made.
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V. CONCLUSIONS

Investigation of the adsorption capacity of alumina, silica gel,
and olays for szirconium, niobium, ocesium and barium has led to the

following conclusionss

Ae Alumina (Acid).
1e¢ 4irconium and niobium.

@+ A concentration of at least 0.04 gzn/ml of the alumina
vas necessary for effective removal of the zirconium-
niobium concentration studied.

be The pH of the solution should not be greaver than 1e7e

2¢ Cesium and bariume.

a. Cesium and barium were not effectively removed from

the solution.

Be Alumina (Basic)e
1« Zirconium and niobium.
ae The pH of the solution had no effect on the per cent
removale
be A concentration of 0.04 gm/ml was necessary to remove
the activity investigated.
2. Cesium and bariume
ae The maximum removal occured at low pH values.
be The commercial application of this method would not

be feasible, using this amount of alumina.



Ce Alumina (Neutral).
1. Zirconium ond niobium.

@« The pH of the solution did not effect the removal
when a concentration of 0.04 gn/ml of alumina was used.
b. pH values in the range 5.0 to 6.0 ware necessary for
good removel when a concentration of 0.02 gm/ml of
alumina was employede
2. Cesium and barium.
as Cesiun and barium were not effectively removed from

solutione.

De Silica Gel.
1. .Ziroonium and niobium.
a. The pH of the solution affects the removal.
be Maximum removal of activity ococured at pH values of
0e¢3 and 5.5.
2¢ Cesium and barium.
@e¢ The removal of cesium and barium was nearly constant
over the pH range investigatede The maximum removal

was 37 per cent.

Ee Microsile
1¢ Zirconium end niobiume.
a. Effective removal occured in the pH renge 2.5 to 3.0.
be A low ooncentration of adsorbent wus necessary beccuse
of the large surface area of the solid.
2, Cesium and barium.

ae Cesium and barium were not effectively removed from

solution.



Fe hntonit €e

1¢ 2Zirconium and niobium.

be

Ce

A pH of 2,8 or greater was necessary for the effactive
removal of the activity.

The solid was practicelly impermeable when filtration
was attempted.

Romoval was a maximum when the final pH of the solution

was near T.0.

2e Cesium.

- 99

The maximum removal occured at a pH of 3.0. At this
pH, H' ions are preferred for ion exchange. Therefare,
the removal must have been accomplished by surface

adsorption.

30 Bariume.

8e

The results indicate that the removal was accomplished
by ion exchange because the maximum removal ocoured at
a pH of 7.0. At this pH, the ion exchange capacity of

bentonite is a maximume

Ge Burnt Refractory.

1¢ Zirconium and niobium.

Qs

be

A pH of 2.8 or higher was necessary for the effective
removel of zirconium and niobium.

No definite conclusions can be made as to the mechanism

of adaoi'ption.



-01=~

2, Casium,
8¢ The maximum removal occured at a pE of 1.8. As in the
case of bentonite, this indicates that the removal was
acocomplished by surface adsorption.
3¢ Barium.

&« Bavium was not effectively removed from solutione.

He Feldspar.
1¢ Zirconium and niobium.
& A pH of 5.8 or higher was necessary for the removal of
gsirconium and niobiume
be The results indicate that removal was accomplished by
surfece adsorption because below a pH of.7.0, ing
ions are preferred for ion exchange.
2o Cesium and barium.
as A pH of 1.7 was necessary for the maximum removal of
cesium and barium. As in the case of zirconium and

niobium, this indicates that the mechanism of removel

was surface adsorption.

I. Kaolin.
fe 2Zirconium and niobium.
@e A pH of at least 2.8 was heoessaxy for the effective
removal of zirconium and bariume
be The mechanism of removal, as indicated by the low pH

value, was surface adsorption.



Je

eole

2. Oesium and barium.

@e The maximum removal occured at a PH of 1.4 and deoreased
with increasing pH values.

be The low pH value required for effective removal indicates

that removal was accomplished by surface adsorption.

Soda~Feldsparx.
1e Cesium and barium.
8¢ The maximum removal oocured at a PH of 3.0.

be The final pH was near 7.0 indicating ion exchange as
the mechanism of removal.

Three general conclusions may be drawn from the preceding itemized

conclusions. They are as followss

A.

B.

c.

Zirconium and niobium were effectively removed from solution by

all the adsorbents as long as the pH was 2,8 or higher.

Cesium and barium were effectively removed from solution by feldspax
and to a less extent by bentonite at low pH values. The low pH
value required for removal indiocates that removal was accomplished

by surface adsorption.

The only safe means of using alumina, silica gel and clay for
removal and storage of cesium and barium is to use very laxrge

quantities of adsorbent. This may not always be practical.
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VI. SUMMARY

The purpose of this investigation was to determine the adsorption
capaocity of alumina, silica gel and olays for zirconium, niobium, cesium
and barium et varying pH values.

The solution of radioisotopes and the solid adsorbent were agitated
for two hours by means of a clinical shaker. Preliminary tests showed
that the solutions reached equilibrium after two hours of contact time.
Samples of the radioactive solution were taken before and after adsorp=-
tion to determine the activity. From this data the per cent removal
vas calculated. The results of the tests were tabulated so that
comparisons could be made.

The investigation led to the following conclusionss

1. Feldspar was the only adsorbent that effectively removed cesium

and barium from solution.

2. Zirconium and niobium were effectively removed from solution

by all the adsorbents tested at pH values of 2.8 or higher.

3. The pH of the solutions affeots the removael of activity by

the adsorbents.
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Se
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Te
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9.

10.
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