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1.0 Abstract

This report describes the laboratory development of a continuous

solvent extraction process for the separation of enriched uranium

from fission products. The need for such a chemical process arises

from the proposed operation of the Materials Testing Reactor vhich

employs U-235 as fuel.

BOTE: In this report hexone refers to methyl isobutyl ketone produced
by Shell, unless otherwise indicated.
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2.0 Introduction

The operation of nuclear reactors requires an attendant chemi

cal process for the separation of fissionable material from associated,

neutron absorbing fission products. Such a chemical process has been

developed at Oak Ridge National Laboratory for the recovery of the

U-235 which is to be employed as fuel in the Materials Testing Reactor^ ',

The requirements of this chemical process are that uranium re

covery be at least 99•9$ and that fission products be decontaminated
Q

by a factor of 10 . However, the removal of fission products by a

factor of 10^ is sufficient to permit further purification of the

uranium behind light shielding in laboratory equipment and this degree

of separation has been the minimum requirement in the development

of a remotely controlled process.

A number of batch processes were previously conceived for the

separation of reactor fuels from fission products'2) (3) (4). m these

processes, repeated application of solvent extraction; scavenging,

by-product precipitations; and product precipitation ultimately yielded

a product which was sufficiently purged from fission products. The

number of steps required, however, was always large and product losses

were high, necessitating uranium recovery operations on a large number

of waste solutions. In the interest of obtaining a simplified process,
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Introduction (continued)

which would give high yields and adequate decontamination, the de

velopment of a continuous solvent extraction recovery scheme was under

taken.

In the process which has been chosen, the irradiated fuel rods, in

the form, of an aluminum - U-235 alloy, are dissolved in nitric acid con

taining mercury catalyst. The solution is then filtered and the feed

solution containing U-235, fission products, and aluminum nitrate salt

ing agent enter a packed tower at a point near the middle and flow

countercurrently to an organic solvent which is introduced at the bottom

of the tower. In this section, uranium transfers to the organic phase

while the bulk of the fission products remains in the aqueous stream.

In the top section of the column, the hexone phase containing uranium and

some fission products, flows countercurrently to a fresh aluminum nitrate

solution. Additional fission products are removed from the solvent

phase in this stage. The organic phase then flows to a second tower

where the uranium is removed by equilibration of the solvent with a

dilute nitric acid solution. This solution is next salted with aluminum

nitrate and put through a second extraction cycle.

Such a scheme for separating the heavy metals from fission products

underwent extensive development and demonstration in the Redox process
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Introduction (continued)

at Argonne National Laboratories, where hexone was found to be a satis

factory solvent. Although batch data which were obtained at Oak Ridge

National Laboratory indicated the choice of dibutyl cellosolve as

solvent, it was decided that the major effort should be devoted to

utilizing hexone stoce this solvent had been proved.

In addition to the establishment of a high neutron flux, the

Materials Testing Reactor offers a unique source of heretofore relatively

unavailable transuranics Np23?, pu238, and Pu2la. The recovery and

decontamination of these materials is also desired; with the provision,

however, that they be obtained with little additional expense and

with no sacrifice in process effectiveness.

Throughout this report the term distribution ratio is employed to

indicate the ratio of the concentration of extractable material in

solvent phase to that in the aqueous phase.
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3.0 Summary

A continuous solvent extraction process has been developed for

the recovery and decontamination of the U-235 which is employed as fuel

in the Materials Testing Reactor. The process consists of the follow

ing steps: dissolution of the U-235-aluminum alloy in nitric acid; fil

tration of the solution to remove solid foreign matter; and finally,

effecting the separation of uranium from aluminum and fission products

by continuous solvent extraction, using hexone as solvent.

The optimum conditions for obtaining the maximum separation of

uranium from fission products were found to be hexone extraction from a

0.2 Macid deficient solution and the employment of sufficiently strong

aluminum nitrate (1.6 M) in the feed to permit column operation with

equal volumes of aqueous and extractant solutions. A dilute solution

of aluminum nitrate (1.0 M), one-fourth the volume of the feed solution,

was found most effective for scrubbing. Dilute nitric acid (0.05 M)

satisfactorily stripped the uranium from the solvent. Neptunium and

Plutonium are associated with the fission products in the waste stream.

The second solvent extraction cycle is similar to the first except

that ferrous sulfamate (0.05 M) is included.

Laboratory batch tests of this process, employing irradiated U-235

as starting material, indicated a decontamination factor of 5x10^ for
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S.ummary (continued)

gamma activity on a level about 10$ of that anticipated in the final

process.

On pilot plant scale verification runs, this process separated

uranium from gross gamma emitting fission products by a factor of

1.5x10 in two solvent extraction cycles. A uranium loss of 0.1$ in

filtration and 0.01$ in the solvent extraction cycles was obtained.

A batch extraction process employing di-isopropyl ether as solvent

was used for final product concentration and isolation. This reduced

the concentration of residual fission products to an undetectably low

level. Only barely detectable traces of other contaminants were

associated with the product.

4.0 Solvent Chemistry

Hexone and dibutyl cellosolve are the two solvents which have been

investigated most thoroughly for the solvent extraction recovery of

U-235. Methyl isobutyl ketone, commonly called hexone, is an organic

solvent with a boiling point of 116.8°C at 760 mm. pressure and has a

density of 0.8017 gms./cm3. It is soluble to the extent of 1-9$ by

volume in water. Dibutyl cellosolve, ethylene glycol dibutyl ether,

has aboiling point of 203°C at 760 mm. and a density of O.838 gms./cm3.

Water dissolves 0.2$ dibutyl cellosolve by volume.
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Solvent Chemistry (continued)

Hexone was originally used as a solvent in Redox development work

at Argonne National Laboratory and exhibited good operating characteris

tics and adequate decontaminating ability in fission product separations.

Early in the development work at Oak Ridge National Laboratory, it was

found that dibutyl cellosolve was inherently capable of accomplishing

higher separations of uranium from fission products than was hexone.

However, laboratory investigations which were conducted in small, packed

columns disclosed the fact that emulsion formation and cruds were often

associated with the utilization of this solvent. The height of packed

section equivalent to a theoretical stage in the dibutyl cellosolve

system also proved to be substantially greater than that in the hexone

system. Hexone was readily available and inexpensive, was not unusual

ly hazardous and toxic, and was stable with respect to radiation. For

these reasons, and because hexone operability had been proved and the

decontamination obtainable with it appeared adequate, the decision was

made to concentrate development work on the hexone system. In the light

of experience which has been gained in the use of larger packing in

solvent extraction processes, it now appears that the dibutyl cellosolve

system could be made operable. The advantages of employing this solvent

rather than hexone, however, are envisioned as being slight, if existent
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Solvent Chemistry (continued)

at all, and it is the present belief that hexone is the preferred

material for achieving the separation of uranium from fission products.

Both hexone and dibutyl cellosolve are obtainable as commercial

products and their purity, as obtained from the vendor, is often question

able. The presence of oxidizable substances, materials which influence

the distribution ratios of uranium and fission products in extraction,

methods for treating new solvent and recovering used material, and the

reactions of solvent with nitric acid are questions which bear on the

utilization of the material in a process. A more complete description

of hexone chemistry investigations at OREL is given in separate reports^ ^

4.1 Hexone

4.11 Effect of Impurities on Yield and Decontamination
•I'M • ' '"»••'• •' • 1 1 1. • 1 ., • ] • I • I ,_.i \ ... ,1 • I - Jl II I I I I. II .

Mesityl oxide, methyl isobutyl carbinol, and an aromatic,

possibly mesitylene, were found to be the most detrimental impurities

which are present in commerical hexone. Table 4.1-1 summarizes data on

the purity of commercial hexone. All of these materials in concentrations

as high as 2$ had a negligible effect on the distribution ratios of

either macro or micro concentrations of uranium. The effect of these

contaminants on the fission product distribution ratio was investigated
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Effect of Impurities on Yield and Decontamination (continued)

In two systems: one containing aluminum nitrate, nitric acid, water

and hexone; the other containing the above reagents plus sodium dichro-

mate. In a system containing no sodium dichromate, the presence of

as much as 1$ mesityl oxide, methyl isobutyl carbinol or mesitylene

did not increase the extraction of radio cerium, radio zirconium, and

gross beta activity. In the presence of sodium dichromate, these

materials increased markedly the extraction of cerium and zirconium-

Organic acids, possibly present because of hexone decomposition, lowered

gross beta decontamination by a factor of about two. It is not believed,

however, that organic acids in sufficient concentration to cause such

an effect occur in either virgin hexone or in hexone which has been used

and recovered.

4.12 Hexone Pretreatment

Since it was found that impurities which are capable of

effecting the efficiency of solvent extraction processes occur in new

and used solvent, the need arose for a method of removing these materials.

Also, from time to time, various agents, were added to the process to

aid in accomplishing either specific yield or decontamination objectives.

These materials included: hydrazine and its reaction products with hexone,
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Hexone Pretreatment (continued)

2-hexyl pyridine, and di-phenyl thiourea. Thus, solvent treatment

has three problems: (1) the removal of naturally occurring impurities,

(2) the removal of fission product activity which is associated with

used solvent, and (3) the elimination of solvent soluble process addi

tives.

The impurities which occur in new hexone are all mild reducing

agents and may be destroyed by agitating the hexone with an oxidizing

aqueous phase. This procedure consists of the following steps;

(1) stirring the hexone in contact with a 1/10 volume of 1 M NagCrpO.,-

1 M HNOo solution for two hours; (2) separating the phases; (3) stir

ring 30 minutes with a 1/10 volume of 0.5 M NaOH; (4) separating the

phases; (5) steam distillation of the hexone from a 0.5 M NaOH heel.

This pretreatment accomplishes three objectives: (1) it removes re

ducing substances, (2) it removes acids, and (3) it improves the color

of the hexone. This procedure is also adequate for removing fission

product contamination from hexone which has been employed in an extraction

process. It was not proved that so extensive a treatment is necessary

when a virgin solvent is to be used in a process not employing an oxi

dized feed. It is believed, however, that a more consistent, higher

quality solvent is obtained for experimental purposes by pretreating

before use.
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Hexone Pretreatment (continued)

The separation of hexone from its ketazine, a reaction product

of hexone and hydrazine, may be accomplished by either of two methods:

washing with two l/2 volume passes of 0.5 MKgCrpOy-O^ MHNOo followed

by awater wash; or by washing with two 1/2 volume passes of 6 N HgSO^,

followed by a water wash. In the latter method a white precipitate

forms.

Hexone containing 2$ by volume of 2-hexyl pyridine may be purified

by washing with two 1/10 volume passes of 8 M nitric acid. The solvent

is then washed with two 1/10 volume passes of water and finally dis

tilled from a 0.5 M sodium hydroxide heel. A simple steam distillation

does not effectively separate 2-hexyl pyridine from hexone.

Di-phenyl thiourea is a hexone soluble complexing agent for ruthenium.

Both diphenyl thiourea and ruthenium activity may be removed from hexone

by a steam distillation followed by a 1 M NagCTpO.,-! M HNOo wash and a

water wash. At this point, the hexone contains a slight coloring which

is removed by subsequent steam distillation.

4.13 Analytical

The principle criterion of hexone purity is Its reducing

normality, since the presence of either methyl isobutyl carbinol or

mesityl oxide is reflected in this value. The reducing normality of
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Analytical (continued)

hexone may be determined in the following manner: (1) adding 5 ml of

0.1 N potassium dichromate to a 20 ml aliquot of solvent; (2) adding

25 ml of 5 N nitric acid; (3) shaking for 15 seconds and allowing to

stand 5 minutes; (4) adding 15 ml of sulfuric acid and one drop of

ferroin indicatori and (5) titrating to the reddish-orange end point

with 0.1 N ferrous ammonium sulfate solution.

4.14 Reaction of Hexone with HEf0o

In order to operate a continuous extraction column

under conditions where there is no transfer of nitric acid, it is fre

quently necessary to acidify the organic phase. When appreciably high

nitric acid concentrations are required in the hexone phase, there is

a possibility of an uncontrollable reaction ensuing.

It was found that hexone as much as 12 R in nitric acid did not

explode at room temperatures. Heating resulted, however, in the copious

evolution of nitrogen oxides and the residue ignited when dryness was

reached. For each nitric acid concentration in hexone, there was a

minimum temperature at which a visible reaction characterized by boil

ing and the evolution of brown fumes was observed. This temperature was,

in general, inversely proportional to the nitric acid normality (Table 4.1-2),
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4.15 Radiation Stability of Hexone

The radiation stability of hexone was investigated

under the high acid, Argonne National Laboratory Redox flowsheet con

ditions and full Hanford fission product radiation level'''. These

chemical conditions specified higher concentrations of uranium and

nitric acid than those of the proposed 25 process. The radiation

levels, on a volume basis, are approximately equivalent in the two pro

cesses. The conditions of this test were undoubtedly more eondusive

to solvent decomposition than those of the proposed 25 recovery process

because of the high concentrations of nitric acid and uranium employed.

Therefore, it is felt that the data which were obtained present a more

pessimistic picture of hexone decomposition by radiation than will pre

vail under the proposed low nitric acid conditions of the 25 process.

The radiation stability of hexone was studied by equilibrating

organic solvent with an aqueous phase containing full Hanford radiation

level. The contact time of the two phases was varied and the distri

bution ratios prevailing in these steps was employed as a criterion of

solvent decomposition. Since gas evolution may influence the mechanical

operability of a continuous solvent extraction process, this aspect of

the problem was also investigated.
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Radiation Stability of Hexone (continued)

The investigation proved that hexone, exposed to W chemical

conditions and radiation levels for more than 50 times longer than the

contact anticipated in the proposed 25 Process, did not exhibit any

change in extractive properties for uranium and fission products in

extraction, scrubbing and stripping steps.

Under Redox chemical conditions and radiation levels, no gas

was evolved from hexone decomposition during an induction period of

about 70 hours, or 430 times the contact anticipated in the 25 Process.

On further exposure, gas was evolved, reaching a constant maximum rate

after a total of 120 hours exposure, or 720 times longer than the anti

cipated plant contact time. This maximum gas evolution rate was about

0.02 ml/sec/curie of beta radiation absorbed in the hexone. Since the

induction times necessary for gas evolution to occur were so much longer

than the anticipated plant contact times, it is concluded that gas evo

lution will not present a problem in the 25 Process. Furthermore, it

is felt that even after a long induction period has elapsed, the amount

of gas evolving is not sufficient to impair the operation of a continuous

extraction process.
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k.2 Dibutyl Cellosolve

The reducing normality of dibutyl cellosolve, as obtained

from the manufacturer, was found to be higher than that of hexone.

Several methods, outlined in Table 4.2-1, decreased the reducing normality

of 0.028 H, as received, to about 0.003 H. The principle impurities in

dibutyl cellosolve were tentatively identified as ethylene glycol mono-

methyl ether and ethyl glycol mono-n-butyl ether.

The effect of these materials on the dibutyl cellosolve extraction

of uranium was negligible. Their effect on fission product extraction

is not known.

The reaction of dibutyl cellosolve with nitric acid was qualita

tively similar to that of hexone, except for the fact that oxalic acid

was produced in appreciable quantities when 70$ nitric acid and dibutyl

cellosolve were mixed. On adding an equal volume of 70$ nitric acid

to cellosolve at room temperature and allowing the mixture to stand

several hours, a reaction occurred which yielded 20$ or more of oxalic

acid crystals. The minimum reaction temperatures of mixtures of di

butyl cellosolve and nitric acid are summarized in Table 4.2-2.

4.3 Tertiary Alcohols

A homologous series of tertiary alcohols was investigated

as extractants for uranium in separations involving ruthenium activity*. .
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Tertiary Alcohols (continued)

It was found that the solubility of both uranium and ruthenium acitvity

in the organic phase decreased as the length of the normal chain in

creased. The aleohols studied may be arranged as follows, in order of

decreasing effectiveness in ability to achieve the separation of

uranium from ruthenium activity: 2-methyl 2-pentanol, 2-methyl 2-hep-

tanol, 2-methyl 2-hexanol, tertiary amyl alcohol (Table 4-3-1)- How

ever, none of the alcohols showed as good selectivity in the extraction

of uranium from ruthenium activity as either hexone or dibutyl cello

solve. On the basis of these results, the use of tertiary alcohols as

extractants for uranium did not appear promising.

5.O The Chemistry of Specific Elements

5.1 neptunium

Neptunium with the mass assignment 237 will be formed in the

proposed pile by the following reaction:

U235 (n,7) U236 (n,7) U2^^m^l

It is estimated that the yearly production of Np23? at steady state will

be about 37 grams. This isotope is an alpha emitter with a half life

of 2.25 x106 years. Because of its relative nuclear stability, Np 37
is of considerable interest for studies of the transuranics.
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neptunium (continued)

Neptunium exhibits valence states of 3, 4, 5; and 6. In general,

its chemistry is similar to that of uranium, but it has a tendency

towards greater stability of the lower valence states, particularly

the pentavalent. Hexavalent neptunium is soluble in certain organic

solvents and an attempt was made to utilize this property as a basis

for a recovery process. The oxidation of neptunium by dichromate ion

may be represented by the following equation:

6 Hp02+ +14 H+ +Cx2Q-f±^ 6 Np02++ +2 Gr+++ +7HgO

This shows that the fraction of oxidized neptunium is markedly depen

dent on the hydrogen ion concentration. Early work indicated the de

sirability of operating a process under low acidity to obtain the

optimum separation of uranium from fission products. At that time, it

appeared that neptunium could not be effectively oxidized with Cr207= and

the major recovery effort was subsequently devoted to a separations

scheme based on the complexing of Np . It should be emphasized that

the oxidation of neptunium in an acid deficient system is not considered

hopeless, but rather that recovery of this material was not believed

sufficiently important to justify the expenditure of a major develop

ment effort. On the other hand, enough was known about the complexing

action of neptunium to make a process based on this effect appear
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Neptunium (continued)

immediately feasible. Should the reclaiming of neptunium be emphasized

in the future, it is felt that the possibility of employing an ozidized

system should be reinvestigated.

5*11 Preparation of Neptunium Tracer

In all of the work to be described, Np23^ formed by an

(n,7) reaction from U238 was employed. Fission product activity in

the pile irradiated uranium was minimized by utilizing uranium peroxide

which was depleted in U235 to the extent of 1 part of U23^ to 1250

parts of U23 . Irradiation and cooling times of about 16 hours each

were found to provide satisfactory yields of Np239 having little short

lived contamination. After the cooling period elapsed, the sample was

dissolved in nitric acid and a neptunium separation effected. Two

processes were employed for the preparation of neptunium tracer: one

based on precipitation of lanthanum fluoride, alternately from oxidized

and reduced solutions; and the other on hexone extraction of alternately

reduced and complexed systems containing aluminum nitrate salting agent.

The former method for preparing neptunium tracer was based on the

fact that tetravalent neptunium carried on lanthanum fluoride, while

hexavalent neptunium did not carry. After the dissolution of neutron
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Preparation of Neptunium Tracer (continued)

irradiated uranium peroxide in nitric acid, the solution was oxidized

with sodium dichromate and three lanthanum fluoride scavenging preci

pitations made. These steps removed chiefly rare earth activities.

The neptunium was next reduced with hydroxylamine hydrochloride and

carried on lanthanum fluoride. This step served to separate neptunium

from uranium.

If the presence of macro amounts of fluoride ion were objectionable

in subsequent operations, the lanthanum fluoride was metathesized with

sodium hydroxide and the neptunium found associated with the lanthanum

hydroxide precipitate.

A solvent extraction method was adopted in preference to that

previously described in order to obtain greater operational simplicity

in the preparation of tracer. After dissolution of uranium peroxide

in nitric acid, neptunium was reduced by adding urea and ferrous ion

to the solution. After a thirty minute reduction period at room tempera

ture, the solution was made 1.2 M in aluminum nitrate and the pH ad

justed to 0.3- Uranium and solvent extractable fission products were

subsequently removed by equilibrating the solution twice with equal

volume passes of hexone. The aqueous phase, containing neptunium,

was next made 0.1 M in hydrazine and digested for thirty minutes at 80°C.

An equal volume extraction was then made with hexone which was 0.1 M in
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Preparation of Neptunium Tracer (continued)

hydrazine nitrate. Finally, the neptunium was stripped from the

hexone with water. Although this method yielded a product of satis

factory radiochemical purity, uranium removal was incomplete, even

when as many as five hexone extractions of the uncomplexed solution

were made. For the purposes for which this tracer was employed, how-

ever, the presence of uranium was not objectionable.

5.12 Variables Affecting the Neptunium Distribution Co

efficient in Extraction Utilizing Hydrazine

It has been found that the extraction of heavy metals

by organic solvents is markedly dependent on the concentration of

nitrate ion in the solvent and that the nitrate salts of hexone soluble

bases may be added to the solvent to enhance the extraction of neptunium.

Hydrazine, which forms mono and dinitrates, both preferentially soluble

in the hexone phase, is such a material. Thus, it became possible to

base neptunium recovery on the extraction of the complexed, reduced

state and at the same time, take advantage of the lower hexone solubility

of the reduced states of fission products. The distribution ratio of

neptunium in the system hexone-aluminum nitrate-ferrous ammonium sulfate-

hydrazin©-water was effected by the following variables; nitric acid

concentration, hydrazine concentration, equilibration time, and the
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¥ariables Affecting the Neptunium Distribution Coefficient in Ex

traction Utilizing Hydrazine (continued)

digestion time of the hydrazine-hexone phase before use.

The distribution ratio of neptunium in hexone extractions em

ploying hydrazine was independent of pH in the range between 0.1 and

0.9 PH units. At pH's greater than 0.9, however, the neptunium distri

bution ratio fell off rapidly, until, at a pH of 1.2, it was only one-nine-

ti e t h that observed at a pi of 0.9. In 1.0 M aluminum nitrate con

taining 0.05 M ferrous ammonium sulfate and 0.5 M hydrazine, a nep

tunium distribution ratio of 28 was obtained at a pH of 0.9 in equal

volume extraction with hexone (Figure 5.1-1).

Increasing the total hydrazine concentration in a solution con

taining 1.0 M aluminum nitrate and 0.05 M ferrous ammonium sulfate,

enhanced the distribution ratio of neptunium in hexone extraction. On

increasing the hydrazine concentration from 0.043 M to 0.43 M, the nep

tunium distribution ratio was increased from 7.7 x 10"2 to 11. m the

same system containing ferrous ion, but no hydrazine, a neptunium dis

tribution ratio of 1»7 x 10"2 was observed (Table 5.1-1).

Increasing the agitation time of the aqueous and organic phases

increased the neptunium distribution ratio in hexone extraction from

aluminum nitrate solutions containing hydrazine, in general, extending
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Variables Affecting the Neptunium Distribution Coefficient in Ex

traction Utilizing Hydrazine (continued)

the agitation time from 2.5 minutes to 5 minutes approximately doubled

the neptunium distribution ratio (Table 5.1-2).

When hydrazine was added to hexone, and the digestion time before

use varied, it was observed that the neptunium distribution ratio in

subsequent extraction increased with increasing hydrazine-hexone digestion

times. Although the magnitude of this variation was slight, it never

theless indicated the desirability of allowing the hexone to stand for

at least an hour after hydrazine addition before use. For example,

hexone which was allowed to digest for 15 minutes after hydrazine addition

gave a neptunium ditribution ratio of 88 on extraction while solvent which

was digested for 1 hour yielded a neptunium distribution ratio of 103

(Table 5-1-3).

5-13 Oxidation of Neptunium

Preliminary data indicated that dichromate ion would

not oxidize neptunium to the solvent soluble, hexavalent state in solu

tions of low acidity because of the high pH dependence of the C^Oy" -Cr+3
couple. The oxidation potential of BrO^, on the other hand, should be

sufficiently negative to effect the oxidation of lp02+ to Hp02++ at the

proposed acidities. An attempt was made to utilize this reagent.
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Ozidation of geptunium (continued)

In 1.3 M aluminum nitrate containing 0.1 M potassium bromate, the

neptunium distribution ratio in hexone extraction fell to less than

unity at apH between 0.6 and 1.0,. and at apH between O.k and 0.6,

the distribution ratio became less than that of uranium in the same

system. At pH's below 0.4, hovever, the neptunium distribution ratio

was greater than that of uranium under the same conditions (Table 5-1-4)-

These data are interpreted as being Indicative of incomplete neptunium

ozidation, probably because of the short ozidation time, at room tempera

ture, which was employed.

5.2 Euthenium

Two ruthenium isotopes, Eu103 and Eu10 ,result from the

fission of 13235. Bu103 has a ^3 day half life and 0.3 Mev beta and

0.55 Mev gamma radiations. Eu106 has a1year half life and a3-6 Mev
beta radiation stemming from its 30 second rhodium daughter. Euthenium

activity constitutes h-% of the gross beta radiation in irradiated

uranium which has cooled 3-6 months.

In its solution chemistry, ruthenium is Isnown to occur in all

valence states from zero to eight. However, in acid solutions such

as those attendant to a uranium separation process, the 3> ^ and 8

valence states are the only stable ones. It might reasonably be felt
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Ruthenium (continued)

that the octavalent state would not be stable at all in the presence

of an organic solvent such as hexone. While this is undoubtedly true

in the case of macro quantities of ruthenium tetroxide, too little is

known at present about the behavior of trace amounts of ruthenium to

rule out the presence of this state in process solutions containing an

oxidizing agent.

Ruthenium is obtained commercially as a mixture of the tri and

tetravalent chlorides. In hydrochloric acid solution, chlorine oxi

dizes the material to ruthenium tetrachloride, while iodide, hydroxyla-

mine, hydrazine and sulfites reduce it to ruthenium trichloride. Treat

ment of either Ru+3 or Ru+^ with strong oxidizing agents such as per

chloric acid, sodium bismuthate and potassium permanganate yields vola

tile ruthenium tetroxide which may be collected in cold water, alkaline

solution, or a mixture of peroxide and nitric acid. In acid solution

ruthenium tetroxide decomposes to give a mixture of Ru+3 and RU+4. In

addition to the multiple valence states which ruthenium exhibits, its

chemistry is further complicated by the fact that the element forms a

great number of complexes with common anions and the behavior of parti

cular valence states is undoubtedly influenced by complex formation in

the solutions with which we are concerned.
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5.21 Observations on the Behavior of Ruthenium in Hexone

Extraction

Ruthenium proved to be one of the most difficult

fission products to separate from uranium by a continuous solvent ex

traction process. At the end of a single solvent extraction cycle,

under acid conditions, ruthenium activity comprised between 70 and 98$

of the gross beta activity remaining with the product. When reducing

agents were present, the separation from ruthenium was more complete,

and it then constituted from 40 to 70$ of the gross beta activity

associated with the product solution. The importance of ruthenium as

a contaminant may be decreased by the inclusion of specific reagents

aimed at the elimination of this element. However, the overall effective

ness of the acid deficient solvent extraction process which has been

developed was sufficient to make such an expedient unnecessary.

The difficulty encountered in separating ruthenium from uranium

results from the fact that once it has entered the solvent phase, it

does not scrub out on equilibration with fresh aqueous phase. For

example: an aqueous phase containing 1.3 M AltNO,).,, 0.05 M FefNB^SOg)^

0.05 M nitric acid deficiency and ruthenium tracer was contacted with

an equal volume of hexone. In this initial contact, a ruthenium distri

bution ratio of 0.040 was obtained. The organic extract was then con

tacted five times with equal volumes of fresh aqueous phase of the same
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Observations on the Behavior of Ruthenium in Hexone Extraction (continued)

composition as the above feed, except that ruthenium tracer was ab

sent. In these scrubbings, ruthenium distribution ratios of O.65, O.83,

l-5> 0-9> and 1.8 were observed. After the third scrubbing, the hexone

phase was allowed to stand for fifty hours before the fourth and fifth

contacts were made (Table 5.2-1). The results of this experiment, which

are typical of the behavior of ruthenium in solvent extraction, indicate

that on scrubbing a hexone phase, containing ruthenium, with fresh aqueous,

the ruthenium activity shows increasing organic solubility as more

scrubbing stages are added. Furthermore, there is evidence that the

organic soluble form of ruthenium reverts to a more aqueous soluble

form on long standing. The anamolous behavior of ruthenium is general

ly consistent with the assumption that either the material exists in

multiple, irreversible chemical forms which fractionate on solvent ex

traction, or that it is partially present as a radiocolloid which does

not exhibit normal behavior. Since the extraction characteristics of

ruthenium in several other solvents resemble those shown in hexone, it

must be assumed that this unusual behavior may not be explained in total

by postulating a reaction between hexone, or its decomposition products,

and ruthenium.
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5.211 Proposed Explanation of Ruthenium Extraction

In order to explain the conduct of radio-ruthenium

in solvent extraction, the Chemistry Division at Oak Ridge National Lab

oratory postulated the presence of four forms: RuA, RUg, RU,C, and Ru^,

each acting in a characteristic manner'"). Colloidal properties of

ruthenium appeared to play a prominent part in explaining the observed

data on ruthenium extraction.

The proposed theory postulates that the distribution ratios of

Eu., RUg, Ru ,and Ru. in hexone extraction are about 7.4, 0.05* 0.001,

and 15, respectively. When ruthenium tetroxide is allowed to stand in

dilute nitric acid for several days, it is believed that Ruc is obtained.

Ruthenium tetroxide decomposed In dilute nitric acid containing po

tassium permanganate forms Ru^. Strong oxidation of Ruc yields a material

possessing the extraction properties of Rup: conversely, the strong re

duction of Rup yields a form which resembles Ruc- From this it was in

ferred that Ruq represents a higher oxidation state than Ruc. On either

long standing in aluminum nitrate solutions containing nitric acid or

by treatment with nitrous acid, EuQ is converted to RuA or RUg. RuA and

RuB, in turn, may be reverted to Ruc by treatment with urea. Since

urea reacts with nitrous acid according to the following reaction*

00(1^)2 + 2 HN02 —*2 N2 + 3 B^O + C02

It was concluded that RuA and Rug are nitrosyl complexes of Ruc»
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Proposed Explanation of Ruthenium Extraction (continued)

Ruc was tentatively identified as trivalent ruthenium and RUp as

tetravalent ruthenium. By assuming ruthenium to be present in these

four forms, it became possible to explain quite satisfactorily the

solvent extraction of ruthenium. The original work on this subject

assigned equilibrium constants and reaction half times for the various

rutheniums present in both hexone and aqueous aluminum nitrate solutions.

5.212 Variables Affecting the Ruthenium Distribution

Coefficient in Extraction and Scrubbing

The concentrations of aluminum nitrate and nitric

acid were found to be important factors influencing the ruthenium dis

tribution ratio in the extraction and scrubbing steps. Increasing the

concentration of either of these materials enhanced the ruthenium dis

tribution in favor of the organic phase. In general, changes in the

concentration of nitric acid influenced the ruthenium distribution ratio

more than changes in the concentration of aluminum nitrate.

Aqueous phases 0.2 M in nitric acid, 0.1 M in potassium dichromate

and containing varying amounts of aluminum nitrate were contacted with

hexone in batch equilibrations simulating the extraction step in a

column process. The data show that the ruthenium distribution ratio

varied from 0.17 when the aqueous phase was 0.5 M in aluminum nitrate
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Variables Affecting the Ruthenium Distribution Coefficient in Extraction

and Scrubbing (continued)

to 2.3 when the aluminum nitrate concentration was 2.0 M. When the

aqueous phase contained no aluminum nitrate, a ruthenium distribution

ratio of O.O78 was observed (Figure 5-2-1).

The ruthenium distribution ratio in scrubbing was studied by

equilibrating hexone with an aluminum nitrate solution containing

ruthenium tracer. This hexone was then used to study the effect of

aluminum nitrate concentration on the scrubbing of ruthenium. Ruthenium

distribution ratios varied from 0.068 when the extract was equilibrated

with 0.5 M aluminum nitrate to 0.26 when 2.0 M aluminum nitrate was em

ployed (Figure 5.2-1).

In batch extractions of aqueous phases containing 0.1 M Na2Cr20y,

1.2 M Al(N0q), and 8 grams of u/liter, increasing the nitric acid con

centration from 0.2 M nitric acid deficient to 0.9 M increased the ru

thenium distribution ratio from 1.5 x 10"3 to 660 x 10-3 (Figure 5-2"2)-

The importance of maintaining a low nitric acid concentration in order

to obtain high ruthenium decontamination is clearly indicated.

Simulated scrubbing experiments employing O.75 M aluminum nitrate

and an organic extract containing ruthenium tracer showed a ruthenium

distribution ratio of 0.49 at a nitric acid concentration of 2.0 molar.
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Variables Affecting the Ruthenium Distribution Coefficient in Ex

traction and Scrubbing (continued)

When the acidity of the scrub solution was reduced to 0.3 molar, a

distribution ratio of 0.43 for ruthenium acidity was observed. Em

ploying a scrub solution that was 0.2 molar deficient in nitric acid

lowered the ruthenium distribution ratio to 0.049 (Figure 5.2-2).

For further information on the solvent extraction behavior of

ruthenium, see Section 6.3.

5.22 Ruthenium Complexing Agents

5.221 Diphenylthiourea

The use of s-diphenylthiourea to improve the

separation of uranium from ruthenium was investigated by Chemistry

Division at Oak Ridge National Laboratory' '.

Diphenylthiourea forms a stable complex with ruthenium. This com

plex is soluble in hexone and only very slightly soluble in aqueous

solutions. Consequently, it was suggested that diphenylthiourea, in

hexone solution, be added to the organic phase leaving the extraction

column to form the ruthenium complex, thereby providing further decon

tamination of uranium from ruthenium in the stripping column. Diphenyl

thiourea does not form stable complexes with uranium, neptunium, colum-

blum, or zirconium.
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Diphenylthiourea (continued)

The time and temperature of reaction and the concentration of di

phenylthiourea were found to be important factors in the formation of

the ruthenium-diphenylthiourea complex. At a diphenylthiourea concen

tration of 10 grams per liter, the complex formation had a reaction

half time of about 30 minutes at 25°C and a half time of about 1 minute

at 60°C Therefore, the satisfactory utilization of diphenylthiourea

required heating the organic extract at 60°C for about 10 minutes be

fore stripping. In the stripping step, aruthenium distribution ratio

of about 50 was obtained under simulated process conditions utilizing

diphenylthiourea.

5.222 Thiourea

Thiourea is a reagent which is employed in the

colorimetric determination of ruthenium. Since it is insoluble in

hexone and soluble in aqueous aluminum nitrate solutions, it presented

the possibility of rendering the ruthenium aqueous soluble and achieving

enhanced decontamination of uranium from ruthenium in the extraction

section of a continuous extraction column.

The utilization of thiourea was explored using ruthenium as

tracer in the hexone extraction of a 1.3 M aluminum nitrate solution

which was 0.05 M nitric acid deficient. Temperature and time of digestion
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Thiourea (continued)

were found to be important factors in forming the thiourea-ruthenium

complex. In 1.3 M aluminum nitrate at a pH of I.85, a ruthenium dis

tribution ratio of 3x 10~2 was observed. A solution of 1.3 M aluminum

nitrate at a pH of 0.1, containing 0.05 M thiourea and ruthenium tracer

was digested for one hour at 85°c, the pH adjusted to I.85 and the so

lution equilibrated with hexone. A ruthenium distribution ratio of
-4

4 x 10 was obtained, indicating the presence of an aqueous soluble

ruthenium-thiourea complex (Figure 5-2-3)- Thiourea did not effect

uranium extraction.

Although this work suggested that thiourea should be a valuable

reagent for effecting the elimination of ruthenium, subsequent experi

mentation employing the solution of an irradiated slug as tracer ex

hibited both poor reproducibility in ruthenium decontamination and the

occurrence of a precipitate on extraction. Scrubbing the hexone ex

tract resulting from the equilibration of an aqueous phase containing

thiourea showed that the material which extracted possessed a very high

distribution ratio, it was, therefore, concluded that thiourea was not

sufficiently promising to justify continuance of further development

work (Table 5.2-2 and 5.2-3).
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5»223 Ethylene Thiourea

Ethylene thiourea is a heterocyclic compound with

the structure: cHp_ - HBk
I ;c =S
CHg - SB/

It is soluble in water to the extent of 2$ at 30°c and %at 60°C

and is insoluble in hexone. It was considered concurrently with thiourea as

a means of aiding ruthenium decontamination. As in the case of thiourea,

time and temperature of digestion of the aqueous phase containing ethylene

thiourea were found to be important factors influencing the effective

ness of the reagent. Because of the limited solubility of ethylene

thiourea, the concentration of the material was not investigated as a

variable. Like thiourea, this material had no effect on uranium extraction.

In a 1.3 M aluminum nitrate solution at a pH of I.85 and containing

ruthenium tracer, a ruthenium distribution coefficient of 19.xl0~3 was

obtained in hexone extraction. When this solution was made 0.1 M in

ehtylene thiourea and digested for 1 hour at 55°C, a ruthenium distri

bution coefficient of 2.7x10"3 was obtained. Increasing the digestion

temperature to 75°c lowered the ruthenium distribution coefficient to

l.OxlO-3. The results are summarised in Table 5.2-4. The use of

ethylene thiourea was investigated in solutions containing sodium di-

chromate and similar results were obtained, although a darkening during

the oxidation step indicated that a side reaction occurred.
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Ethylene Thioruea (continued)

Ethylene thiourea was equally effective in complexing ruthenium

in the solution of an irradiated uranium slug. Results for extraction

and subsequent scrubbing steps are shown in Table 5-2-5-

While the proceeding data indicated considerable promise for

ethylene thiourea as a aid for achieving ruthenium decontamination,

it was not found operable. Laboratory extraction column runs employ

ing ethylene thiourea showed poor reproducibility in ruthenium decon

tamination and, in many cases, the formation of white amorphous precipi

tates was observed. Although work on both thiourea and ethylene thio

urea was abandoned, it is felt that they may be profitable fields for

future investigation.

5-224 Sulfanilamide

The mechanism of ruthenium extraction previously

proposed'^' postulates that hexone soluble ruthenium is present as a

nitrosyl complex. The possibility of employing a hexone soluble material

which reacts with nitrites, thereby destroying this complex and decreas

ing the organic solubility of ruthenium, presented itself. Sulfanila

mide was investigated with this in mind. Experimental results showed

no significant lowering in the distribution ratio for ruthenium in ex

traction and scrubbing steps when sulfanilamide was present in the
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Sulfanilamide (continued)

extracting solvent. Therefore, it was concluded that either ni

trosyl complexes are not entirely responsible for the hexone solubil

ity of ruthenium or that the nitrosyl complexes react very slowly, or

not at all, with sulfanilamide.

5-3 Zirconium and Columbium

Zirconium, with the mass assignment of 95, occurs with a 6$

yield from the fission of uranium. Zr°^ has ahalf life of 65 days

and possesses 0.42 Mev beta and 0.8 Mev gamma radiations. Columbium

with a mass of 95 occurs both from fission and by the decay of Zr^5.

It has a 35 day half life and 0.15 Mev beta and 0.8 Mev gamma radiations.

Zirconium and columbium are well known for their ease of colloid forma

tion and for their complexes with fluoride, oxalate, tartrate and sulfate

ions.

While ruthenium contributes the major portion of the beta activity

associated with uranium at the end of a solvent extraction cycle, zir

conium and columbium are responsible for a significant part of the gamma

activity.

The concentrations of aluminum nitrate and nitric acid are the

chief variables which were investigated in the hexone extraction of zir

conium and columbium. Some attempts were made to decrease the hexone solu

bility of zirconium and columbium by formation of the oxalate complexes

of these elements.
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Zirconium and Columbium (continued)

The results indicated, however, that the addition of oxalate ion to

solvent extraction systems was deleterious to the recovery of uranium

and did not aid appreciably in the decontamination of zirconium and

columbium.

The distribution ratio of an equilibrium mixture of zirconium and

columbium was studied as a function of aluminum nitrate concentration

in the system hexone, 0.25 M HN0-,, 0.1 M EkCrpO™. The distribution

ratios of zirconium and columbium ranged from 0.16 in a solution 2.0 M

in aluminum nitrate to less than 10"3 in a solution 0.25 M in aluminum

nitrate (Table 5.3-1). When the aluminum nitrate was held at 1.2 M

and the nitric acid concentration varied, the zirconium and columbium

distribution ratios varied from 1.3xl0~4 for a 0.1 M nitric acid de

ficient solution to 2.25 for a solution 0-9 M in nitric acid (Table 5-3-2)

5.4 Cerium

Two cerium isotopes with mass assignments of l4l and 144 arise

141
from uranium fission. Ce with a fission yield of 5.7$ has a 28 day

144
half life and 0.6 Mev beta and 0.22 Mev gamma radiations. Ce , appear

ing in 5$ fission yield, has a 275 day half life and a O.35 Mev beta

radiation. Trivalent cerium, behaving like the other rare earths in

solvent extraction processes, presents no problem. In the presence of
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Cerium (continued)

dichromate ion, small amounts of tetravalent cerium are formed and this

material has an appreciable solubility in organic solvents. It is be

lieved that the intermediate valence states of chromium play an im

portant role as catalysts Is. the oxidation of cerium. Cerium is a

much less important contaminant in U235 solvent extraction product so

lutions than ruthenium, zirconium, and columbium.

The hexone extraction of cerium as a function of aluminum nitrate

and nitric acid concentration was investigated. The cerium distribution

ratio in a solution containing 0.2 M nitric acid and 0.1 M potassium

dichromate was found to be 1.8xl0"3 when the aluminum nitrate concen

tration was 0.25 molar. In the same system, increasing the aluminum

nitrate concentration to 2.0 molar increased the cerium distribution

ratio to 0.25 (Figure 5.4-1). At an aluminum nitrate concentration of

1.0 molar, the cerium distribution ratio varied from 0.09 at 0.6 M nitric

acid to 1.0 at a concentration of 2.2 M nitric acid (Table 5-4-1).

5.5 Plutonium

Plutonium presents a serious hazard In the metallurgical

processing of uranium. Consequently, development effort was expended

to assure the elimination of this element with the fission products in

the process waste streams.
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Plutonium (continued)

In salt solutions containing appreciable quantities of nitric

acid, tetravalent plutonium extracts into hexone to about the same

degree as uranium, while hexavalent plutonium extracts more readily

than uranium. Trivalent plutonium does not extract appreciably into

hexone under these conditions, m very low acid, or acid deficient

solutions, hexavalent plutonium only is extractable. Therefore, in

order to obtain the maximum separation of uranium from plutonium, it

was clear that the solvent extraction process should be operated under

conditions favoring the lower plutonium valence states.

Ferrous sulfamate is the only reducing agent which was investi

gated in this program to improve plutonium elimination. In the system

1.4 M Al(N03)_-0.05 M M0_ deficiency - 20 grams of uranium per liter,

plutonium, added as tetravalent plutonium and digested for one hour

-2
at room temperature, exhibited a distribution ratio of 5x10 . The

same system with the addition of 0.05 M ferrous sulfamate yielded a

plutonium distribution ratio of 6.5x10 . The fact that ferrous sul

famate inclusion enables the attainment of high separation of uranium

from plutonium was verified by semi-works and pilot plant runs which

yielded plutonium decontamination factors of greater than 1000 in a

single cycle.
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6.0 Investigations of Process Steps

6.1 Crud Removal

Early development work on a liquid-liquid extraction process,

performed in packed columns, was aimed at employing small Fenske pack

ing in order to obtain optimum column performance. It was apparent that

the successful utilization of small packing required that all solutions

entering the column should contain an absolute minimum of solid material

in order to prevent column plugging. Filtration was selected as the

most satisfactory way of removing extraneous material from the feed so

lutions. Since all solutions of aluminum nitrate contain significant

quantities of silicious matter, It was felt necessary to employ a filter

aid to obtain adequate filtration rates. Manganese dioxide was selected

for this purpose. The choice of manganese dioxide was based, first on

its ready solubility in common reagents, thereby eliminating the disposal

of solid waste and, secondly, on the fact that the uranium associated

with this filter aid may be readily recovered. In addition, manganese

dioxide was shown to be an effective scavenger for colloidal zirconium,

columbium, and ruthenium'11' ' '. This work on the utilization of

manganese dioxide as filter aid in the 25 Process has been described

in detail elsewhere^ 3;, Both preformed and co-formed manganese dioxide

were investigated.
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Crud Eemoval (continued)

Co-formed manganese dioxide filter aid was found to give lower fil

tration rates than preformed material. For this reason, preformed

manganese dioxide was recommended over co-formed material. In pilot

plant practice, only filtration through a stainless steel element,

without filter aid was found necessary.

6.11 Preformed Manganese Dioxide as a Filter Aid

Preformed manganese dioxide was found to be the more

satisfactory filter aid for the 25 Process. Optimum filtration charac

teristics were obtained using commercial manganese dioxide in the 40-170

micron particle size range. The filter aid gave best results when add

ed both to the solution to be filtered and as a thin precoat on the fil

ter. The filtration rate was observed to be a function of the number

of small size particles of manganese dioxide present, indicating the

necessity of eliminating particles of less than 40 microns in diameter.

E grade Micro Metallic filter plate was found to be the preferred

support for the cake. This grade filter has a pore size of 40 microns.

The holdup of uranium on preformed manganese dioxide was investi

gated by the filtration of a solution of 1.3 M aluminum nitrate at a

pH of 1.1 containing 5 grams of uranium per liter. 14.8 grams of pre

formed manganese dioxide was used as a filter bed. After solution
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Preformed Manganese Dioxide As aFilter Aid (continued)

filtration, the cake was washed with five passes of hot 1.3 M aluminum

nitrate at apH of 1.1. Each wash volume was equal to the volume of

cake. At this point, the cake contained 0.16 milligrams of uranium

per gram of manganese dioxide. From this it was concluded that a

reasonable amount of washing of the filter cake reduced the uranium

content to a satisfactorily low level.

6.12 Co-formed Manganese Dioxide As a Filter Aid

It was found that the effectiveness of co-formed mangan

ese dioxide filter aid depended on the following factors: the pH of

the solution before the manganese dioxide precipitation; the amount of

manganous oxide formed; and the digestion time. The most satisfactory

filter aid was obtained when the precipitation was made at 90°C from

a solution having apH between 0.5 and 1.9, and by adding potassium

permanganate to the solution containing manganous nitrate. 4moles of
potassium permanganate were required per 11 moles of manganous nitrate.
After digesting, with agitation, for 1/2 hour at 90°C, the solution

was filtered at this temperature.

6.2 The Extraction Step

The laboratory work which was performed was aimed primarily

at obtaining the optimum solvent extraction process for the separation

of uranium from fission products. It might be well at this point to
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The Extraction Step (continued)

consider the variables which influence this separation and to define

the conditions which are necessary to obtain the required uranium re

covery. In a continuous extraction system, the loss of extractable
E-l

material is given by the expression, L = RB+l.i, where L = the ratio

of the weight of extractable material in the aqueous waste to the

weight in the feed stream, R = the distribution coefficient of the ex

tractable material times the ratio of the organic extractartb and aqueous

phase volumes; and n = tche number of theoretical extraction stages in

the extraction section of the column. The distribution coefficient is

defined as the ratio of the concentration of material in the oragnic

phase to that in the aqueous phase at equilibrium. In the case of

uranium extraction, in which R is >1, it is clear that L may be made as

small as possible, if n is sufficiently large. Knowing the permissible

values of product loss, the magnitude of R and n may be established.

From work which is to be described later, it develops that a satisfactory

value for n in this process is about 10. If a uranium loss ratio of 10"^

(0.01$ loss) is sought, then R must equal 2.5. In other words, the pro

duct of the uranium distribution coefficient and the ratio of the organic

and aqueous phase volumes must equal 2.5. It is apparent that any num

ber of conditions exist which give the required value of R.
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The Extraction Step (continued)

In the case of fission products, R is considerably less than 1

and the expression for L shows that the separation of uranium from fis

sion products is independent of the extraction column length. This

conclusion has been verified experimentally. Thus, the decontamination

which is obtained in the extraction section of a column may be approxi

mated by measuring the distribution ratio of fission products in a

single batch equilibration'of an aqueous and organic phase. It is clear

that the maximum separation of uranium from fission products is ob

tained when the uranium distribution ratio and fission product distri

bution ratio differ by a large amount. Process modifications which

either decrease the distribution ratio of fission products or increase

the distribution ratio or uranium thus enhance the separation of the

two materials. The development of this process included, therefore,

determining that set of circumstances which yielded the greatest separa

tion of uranium from fission products. This separation is influenced

by the concentrations of salting agent and nitric acid; by temperature;

by the presence of reducing agents or complexing agents; and by the

volumes of the organic and aqueous phases.

In order to simplify the problem of comparing various sets of

conditions, the following convention was used. Since the purpose of the

process is to obtain both uranium yield and decontamination, the
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The Extraction Step (continued)

effectiveness of a particular condition may be evaluated by inspection

of the ratio of the uranium distribution coefficient and the fission

product distribution coefficient. This ratio is called the separation

factor, S, and is numerically related in the following way to the de

contamination predicted in the extraction section of a continuous ex

traction column: decontamination factor = (s+l)i . The term decon-
R

tamination factor, in turn, is defined as

fission product activity/unit of uranium in feed stream
fission product activity/unit of uranium in product stream.

6.21 Variables Affecting the Distribution Ratio of Uranium

and Fission Products

The discussion which follows is taken from more complete

reports on the effects of variables on the hexone extraction of uranium

and fission products' ^ \^>\

6.211 Nitric Acid and Aluminum Nitrate Concentrations

Nitric acid and aluminum nitrate were both used as

salting agents in aqueous phases to increase the extraction of uranium

into hexone. The concentration of these two materials was found to be

the most iarportant variable influencing the effectiveness of solvent
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Nitric Acid and Aluminum Nitrate Concentrations (continued)

extraction as a means of separating uranium from fission products.

Qualitatively, uranium and fission products responded similarily to vari

ations in the concentrations of nitric acid and aluminum nitrate in hexone

extraction. However, it was found that the distributive behavior of

uranium into hexone was much less sensitive to changes in nitric acid con

centration than that of fission products. This effect is attributed to

the fact that fission products possess larger hydrolysis constants than

uranium and, consequently, at higher pH's they are present as non-ex-

tractable, hydrolyzed species. In the case of varying the concentration

of aluminum nitrate, it was found that the uranium extraction exhibited a

greater dependence than fission product extraction. These two characteris

tics provided extremely effective tools for obtaining high separation of

uranium from fission products by hexone extraction. For example, an early

semi-works column run employing 1.06 M aluminum nitrate and 0.3 M nitric

acid, in the feed solution, and hexone 0.5 M in nitric acid as solvent

yielded a gross gamma decontamination factor of 40. A later run made with

a feed solution 1.55 M aluminum nitrate and 0.2 M deficient in nitric acid

and employing neutral hexone as solvent showed a decontamination factor of

The logarithm of the distribution ratios of uranium and gross gamma

activity are plotted in Figure 6.2-1, as a function of aluminum nitrate

concentration, for various nitric acid concentrations. Figure 6.2-2

shows the separation factor obtainable, at various nitric acid



-51- 0RNL-343

Nitric Acid and Aluminum Nitrate Concentrations (continued)

concentrations, as a function of aluminum nitrate concentration.

These results indicate clearly that a continuous hexone extraction

process should employ a very low nitric acid concentration and a

reasonably high aluminum nitrate concentration in extraction in order

to achieve maximum efficiency. It must be borne in mind that lowering

the nitric acid concentration, to obtain improved decontamination, re

quires the addition of aluminum nitrate in order to maintain the

uranium distribution ratio which is required for realizing the de

sired product yield. Similarly, enhancing decontamination by raising

the aluminum nitrate concentration requires that the volume of organic

extractant employed be decreased to maintain a constant uranium ex

traction factor.

The data of Figure 6.2-1 have been put in the form of line co

ordinate charts, Figures 6.2-3 and 6.2-4, which are useful for pre

dicting the distribution ratios of uranium and gross gamma emitting

fission products in hexone extraction. The empirical equations which

describe the effect of aluminum nitrate concentration on the distri

bution ratios of uranium and fission products, at various nitric acid

concentrations, are shown in Table 6.2-1.
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6.212 Temperature

The effect of temperature on the distribution ratios

of uranium and fission products was investigated in the system: 1.25 M

Al(N03h-0.1 M Ha2Cr207 -0.45 M HN03 - 0.021 M U02(N03)2 - hexone (Fig

ure 6.2-5). Within the temperature range of 15°C to 55°C the distribution

ratio of uranium was described empirically by the equation, 7-58 (10 ),

and the distribution ratio of gross gamma activity by the equation,

0.020 (10 ' ). The results indicated that both uranium and gross gamma

fission product activity were influenced to the same extent by temperature

changes. Consequently, the degree of separation of uranium from fission

products which is achieved in hexone extraction is appreciably affected

by temperature. However, if a constant uranium distribution ratio is de

sired in a solvent extraction process, then temperature must be controlled.

Thus, If a 5$ variation in uranium distribution ratio is permissible,

temperature must be controlled to within 6$. In order to avoid the neces

sity of close temperature control, It is recommended that the extraction

conditions be chosen to yield the desired uranium distribution ratio under

the highest temperatures anticipated. It is apparent that the effect of

temperature on decontamination is slight.

6.213 Uranium Concentration

Since a uranium concentration gradient exists

in a continuous solvent extraction column, the effect of concentration

on the uranium distribution ratio was investigated. It was found that
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Uranium Concentration (continued)

the uranium distribution ratio in hexone extraction was independent of

uranium concentration in the range between 2 and 5 grams of uranium

per liter. At uranium concentrations below 2 grams per liter, there

was evidence that the distribution ratio increased significantly

(Figure 6.2-6).

6.214 Phase Contact Time

In continuous, liquid-liquid, extraction column

operation, the aqueous phase, saturated with hexone and containing

fission products, is in contact for a relatively long time with the

extracting solvent. It was felt that under these conditions, solvent

decomposition, which might impair decontamination, could occur. In

order to investigate this possibility, an aqueous phase containing

1.1 MA1(N03)3, 0.03 MHN03, 0.1 MNa2Cr20?, 5grams of uranium per
liter and fission products was contacted with an equal volume of hexone

and samples removed after agitation times varying from five minutes

to seventeen hours. This study showed that the extraction of fission

products is independent of phase contact time.
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6.22 Column Studies

6.221 Variables Affecting the HETS in Extraction

In determining the optimum conditions for the

separation of uranium from fission products by solvent extraction,

consideration must be given not only to the distribution ratios of

uranium and fission products prevailing under a given set of conditions,

but also to the height of a theoretical stage (SETS) which is obtained

in a packed column run under these conditions. The magnitude of the

HETS determines the number of theoretical stages in a given length of

packed section and accordingly determines the uranium loss obtained

under these conditions. It is known that the efficiency of a packed

column depends on such factors as the size and type of packing employed,

the viscosity and interfacial tension of the solutions, flow rates,

position of the interface, temperature and properties of the material

which is transferring. The most important variables: aluminum nitrate

concentration, flow rates, interface position and temperature were in

vestigated. These data were obtained in a one inch diameter glass column,

packed with 3/lo inch Fenske rings. Extraction and scrub section

packed heights were 46 and 13 inches, respectively. This work has been

covered more completely in a separate report(17).
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6.2211 Aluminum Njtrate and Nitric Acid Concentration

The HETS varied directly with aluminum ni

trate and nitric acid concentration. At ah aluminum nitrate concen

tration of 1.24 molar, an HETS of O.87 feet was observed with 3/l6 inch

Fenske rings. Increasing the aluminum nitrate concentration to 1.8 molar,

raised the HETS to 5-3 feet (Figure 6.2-7).

6.2212 Flow Rates

The HETS was found to vary directly with

flow rate. Thus, at a flowrate of 50 milliliters per minute, an HETS

of O.87 feet was observed, while at a flow rate of 90 milliliters per

minute, the HETS was 2.1 feet. This effect was observed at both alumi

num nitrate concentrations studied and was independent of the position

of the Interface and phase flow rate ratio (Figure 6.2-8).

6.2213 Phase Flow Ratio

With the interface at the top, increasing

the phase flow rate ratio (organic/aqueous) decreased the HETS. With

the interface at the bottom, increasing the phase flow ratio increased

the HETS. This was true at both aluminum nitrate concentrations in

vestigated (Figure 6.2-9).
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6.2214 interface Position

The effect of interface position on the

HETS varied with the phase flow rate ratio, in general, if the phase

flow rate ratio (organic/aqueous) was greater than 1, then the HETS

was less with the interface at the top of the column than with the

interface at the bottom. Conversely, when the flow rate ratio was

less than 1, the smaller HETS was obtained with the interface at the

bottom of the column. These results indicate that maximum column

efficiency is obtained when the phase having the lower flow rate is

continuous and occupies the bulk of the column volume.

6.2215 Temperature

The effect of temperature on the efficiency

of continuous extraction was investigated in the system 1.2 M Al(ff03)3-

0.1 MIfc^Cr^-O.l M HN03- 0.02 MUO^NO^-^O-hexone. A1 inch di

ameter, jacketed column having a four foot section packed with 3/l6 inch

Fenske rings was employed. This study showed the HETS to vary inverse

ly with temperature and the uranium loss to vary directly with temper

ature (Figure 6.2-10). The data obtained in these runs were used to

calculate the column height necessary to acheive 99.9$ recovery of

uranium in this system and it was found that the required column height

was relatively independent of temperature within the range of 7.5°C to

20°C. Above this range the column height required to obtain the

desi re d uranium recovery increased from 12 feet at 20°c to
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Temperature (continued)

14-5 feet at 31°C This increase in column height required to ob

tain the desired uranium yield is small and it is proposed that a

factor of safety be provided in column height rather than including

temperature control equipment in the process.

^*222 Determination of Optimum Extraction Section

Length

Employing the data previously presented, it be

came possible to make a recommendation concerning the number of ex

traction stages, and, therefore, extraction section length, required

to obtain the most effective separation of uranium from fission pro

ducts. It was shown that the decontamination factor obtained in the

extraction section of a column was independent of the number of theoreti

cal stages, n, other conditions being held constant. However, when

the uranium loss was held constant and the combinations of n and uranium

distribution ratios which satisfy this condition were examined, it was

found that the decontamination factor varied directly with n. This

follows from the fact that when n was made small, the uranium distri

bution ratio had to be large in order to attain the desired yield.

All of the methods known for increasing the uranium distribution ratio

also increase the fission product distribution ratio, thereby decreasing
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Determination of Optimum Extraction Section Length (continued)

the decontamination factor. Conversely, increasing n permits column

operation in regions where the uranium and fission product distribution

ratios are smaller.

Table 6.2-2 shows the decontamination factors which are predicted

for various values of n, assuming that auranium loss of 0.01$ is de

sired. This study showed that decontamination increased with n until

a value of 9 stages was reached. Beyond this point, the decontamination

factor became relatively independent of n. From these considerations,

it was concluded that this process may be operated effectively in a

column containing 9 theoretical extraction stages. The following re

strictions were applied in making this analysis: the uranium loss was

fixed at 0.01$; the organic and aqueous flow rates were equalj uranium

distribution ratios were altered by changing the aluminum nitrate con

centration? the aqueous phase was 0.05 M deficient in nitric acid.

A nomograph, Figure 6.2-11, was drawn up to facilitate repeated

solution of the loss ratio equation.

6.223 The Extraction of Nitric Acid

It is known that nitric acid, when it is present

to the extent of greater than 0.1 molar in the aqueous feed, transfers

to the organic phase in about the same degree as uranium. This transfer
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The Extraction of Nitric Acid (continued)

leaves the aqueous phase at the bottom of the extraction column less

highly salted than that at the feed plate. Under these conditions, the

uranium distribution ratio at the bottom of the column is significantly

less than it is at the feed plate, unless nitric acid is added in the

equilibrium amount to the solvent to correct for this transfer.

An investigation was initiated to determine the extraction be

havior of nitric acid in continuous extraction columns employing acid

deficient feed solutions. The effect of aluminum nitrate concentration

and nitric acid concentration on nitric acid extraction were studied.

It was found that the amount of nitric acid extracted from neutral

solutions increased with increasing aluminum nitrate concentration.

Increasing the acid deficiency of the feed solution decreased the

amount of nitric acid transferred to the organic phase and it was found

that no nitric acid transferred to the organic phase when the acid de

ficiency was 0.05 molar or greater (Table 6.2-3). From this study it

was concluded that it was not necessary to add nitric acid to the organic

extractant employed with aqueous feeds having 0.05 molar or greater acid

deficiency.
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6-3 The Scrubbing Step

In the scrubbing section of a continuous extraction column,

the transfer of material is opposite that in the extraction section,

and in defining the extraction factor,distribution ratios are written

as the ratio of the concentration of material in the aqueous phase to

that in the organic. The amount of uranium refluxed to the scrubbing

section is independent of the number of stages, while the fission pro

duct reflux is dependent on the number of stages. The true behavior

of fission product activity in scrubbing is, however, anomalous and

the distribution coefficients increase as the organic phase approaches

the top of the column. As a result, the amount of decontamination

effected in the scrubbing section is very modest compared to that which

is calculated employing the distribution ratios prevailing in the ex

traction section. Nevertheless, it is possible to employ the scrub

bing section both effectively and efficiently.

6.31 countercurrent Batch Extraction Analysis of the Scrub

bing Step

The use of a countercurrent batch extraction apparatus

has proved very useful in laboratory studies of liquid-liquid extraction

systems. Although not a truly continuous countercurrent operation, a

close correlation exists between results obtained with this apparatus
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Countercurrent Batch Extraction Analysis of the Scrubbing Step (continued)

and those obtained using pilot plant and semi-works scale extraction

columns. This technique has several obvious advantages over columns

for laboratory investigations: simplicity of construction and opera

tion; a run may be made in 3-4 hours; the whole assembly Is small enough

to fit on a laboratory bench or in a hood; relatively small volumes of

feed solutions are required, and at the end of a run, it is possible

to obtain samples from either liquid phase in any or all stages.

The two liquid phases are equilibrated in a series of cylinders

made by cutting off the top of cylindrical separatory funnels. Equili

bration is accomplished by interface stirrers driven by either electric

or air motors. Each cylinder then corresponds to a theoretical stage

in a column. Any reasonable number of stages may be used and chemical

conditions and phase flows varied at will. The equipment is shown in

Figure 6.3-1.

The assembly most often used in the laboratory consists of six ex

traction and four scrub stages to simulate the first column of the 25

Process. For purposes of illustration, the cylinders may be indicated

diagramatically from left to right as follows:

Organic Extractant Aqueous Feed Scrub Feed

E-l E-2 E-3 E-4 E-5 E-6 S-l S-2 S-3 S-4
1 *Aqueous Organic
Raffinate Product
^ •Aqueous Phase { ~
———————— ^ Organic Phase — 7
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Countercurrent Batch Extraction Anlaysis of the Scrubbing Step (continued)

The organic extractant is introduced at E-l and flows to the right,

countercurrently to the aqueous feed which is introduced at E-6. The

organic extract passes into the scrub section where it flows counter-

currently to the scrub solution which is introduced into S-4. Since

each phase in all stages may be sampled at the end of a run, it is

possible to calculate distribution coefficients in each stage, fraction

of material refluxed in the scrub section, and extraction and scrub de

contamination factors.

6.32 The Effect of Aluminum Nitrate Concentration on De

contamination

It was shown previously that the distribution ratios of

both uranium and fission products varied directly with aluminum nitrate

concentration. Therefore, in order to obtain optimum removal of fission

products from the solvent in the scrub section, it was apparent that

a low aluminum nitrate concentration should be employed. Under these

conditions, the transfer of uranium to the aqueous phase was also in

creased. The refluxed uranium was returned to the extraction section

where its extraction factor was greater than unity and it was then re-

extracted into the solvent.
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The Effect of Aluminum Nitrate Concentration on Decontamination (continued)

A series of column runs was made in order to determine the optimum

salting agent concentration in the scrub section of the 25 Process.

In this study, the aluminum nitrate concentration in the scrub solution

was varied and its effect on uranium reflux and gross beta decontami

nation was noted. In each case, the aluminum nitrate concentration in

the feed solution was adjusted to maintain a constant value in the ex

traction section.

This investigation showed that the gross beta decontamination ob

tained in the scrub section of a continuous extraction column was in

creased two fold by lowering the aluminum nitrate concentration from

1.3 M to 0.75 M (Table 6.3-1). As a result of this work, 1.0 M aluminum

nitrate is recommended as the scrub solution in the 25 Process. This

is the lowest aluminum nitrate concentration at which the uranium re

flux is independent of scrub section length.

6.33 The Effect of Scrub Section Length on Decontamination

The number of scrub section stages, which is proportional

to the scrub section length, enters as a power in the expression which

yields the decontamination factor attainable in scrubbing. Scrub section

length is, therefore, a very important variable influencing the effectiveness
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The Effect of Scrub Section Length on Decontamination (continued)

of continuous solvent extraction processes. This variable would be

more important but for the fact that certain fission species, parti

cularly ruthenium, exhibit irreversible extractibility in the scrub

bing step. Consequently, after a certain amount of contacting in the

scrub section, the fission products remaining in the extractant dis

play distribution ratios approaching those of uranium and further

separation is no longer possible on subsequent scrubbing. The fol

lowing investigation had the goal of determining just how much of the

scrub section is utilized effectively.

A countercurrent batch extraction, consisting of one extraction

stage and five scrubbing stages, was made to study the distribution of

fission products in scrubbing. This study showed that ruthenium was

the predominant fission product remaining in the solvent after a very

few scrubbing stages (Table 6.3-2). These data proposed a simple method

for determining the height of a theoretical stage in the scrubbing

section of a packed column; namely, by comparing the decontamination

effected in a known scrub section length with that obtained in a given

number of batch extraction stages. When this was done, the height of

a theoretical stage in scrubbing was found to be approximately the same

as that determined by conventional methods for the extraction section.
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The Effect of Scrub Section Length on Decontamination (continued)

Thus, a given packed length of scrub section contains roughly the

same number of theoretical stages as the same length of extraction

section.

Column runs were made, varying the scrub section length, in order

to establish the proper conditions for optimum decontamination. This

study showed that the gross decontamination factors obtained in scrub

bing and stripping were functions of the scrub section length. On going

from zero to three feet of scrub section, the decontamination achieved

in stripping increased by a factor of about 1.5, and remained constant

for scrub section lengths greater than three feet. This implied that

the scrubbing operation removed a small amount of activity which other

wise would transfer with uranium in the stripping step. The decontami

nation effected in the scrubbing step, and overall decontamination, in

creased with increasing scrub section length until 12 feet of scrub

section were employed. Beyond this point decontamination was independ

ent of scrub section length. These data are shown in Figure 6.3-2.

Figure 6.3-3 shows the behavior of specific fission products in scrub

bing.

On the basis of this work, between 10 and 15 feet of scrub section

was selected as the maximum length which was effective in increasing

decontamination.
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6'34 The Effect of Scrub Volume on Decontamination

Examination of the equation which defines the effective

ness of the scrub section for separating uranium from fission products

shows that increasing the ratio of scrub to organic extractant should

result in enhanced decontamination. Three studies were made in a

packed column run under conditions where the organic to scrub flow rate

ratio was 10, 6, and 3 (Table 6.3-3). No significant difference was

noted in decontamination.

On the basis of these results, a small scrub volume is recommended

in order to minimize the waste problem associated with the process.

6*35 Alternate Salting Agents in Scrubbing

It was reported by Argonne National Laboratories that

replacing ammonium nitrate with aluminum nitrate as a salting agent in

the Redox process resulted in five to ten fold increased decontamination.

This fact suggested the possible application of salts other than aluminum

nitrate in the scrubbing operation of the 25 Process. Aluminum nitrate,

ammonium nitrate, calcium nitrate and sodium nitrate were compared in

scrubbing efficiency. All salts were employed at reagent acidity and

under concentration conditions selected to give comparable uranium

distribution ratios in hexone extraction. Ammonium nitrate was found

to be about twice as effective as aluminum nitrate, calcium nitrate
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Alternate Salting Agents in Scrubbing (continued)

and sodium nitrate were about equal in effectiveness, and intermediate

between ammonium nitrate and aluminum nitrate (Table 6.3-4). None

of these materials appeared to be sufficiently attractive to warrant

their substitution in place of aluminum nitrate in the 25 Process.

6.4 The stripping step

In the packed column in which the stripping step was per

formed, hexone containing uranium was introduced at the bottom and

flowed countercurrently to a dilute nitric acid solution which was in

troduced at the top. m this tower, the distribution of uranium favor

ed the aqueous phase. The distribution ratio of uranium was found to

vary directly with uranium concentration and nitric acid concentration

and was described by the following expression:

log y = 0.31 z - 1.9 x-0.44 xz - 0.49

where:

y = the uranium distribution ratio (organic/aqueous)

x = the uranium concentration (total uranium expressed as

grams per liter of aqueous phase)

z = the nitric acid molarity (total nitric acid expressed as

moles per liter of aqueous phase)
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The Stripping step (continued)

This expression was valid for uranium concentrations between 10

and 110 grams/liter and for nitric acid molarities between 0 and 0.9

molar. The experimental data from which this expression was derived

were obtained by equilibrating five volumes of organic phase with two

volumes of aqueous. It was found to be fairly accurate for phase

ratios (organic/aqueous) ranging from 0.5 to 10.

While both the extraction and scrubbing operations accomplish

sizeable separation of uranium from fission products, little or no de

contamination is achieved in the stripping step. The reason for this

is that stripping is performed under conditions which favor fission

product concentration In the aqueous phase. This step then appears

to be a relatively unexplored field, subject to future development

aimed at improving the effectiveness of solvent extraction processes.

6*5 Final Product Purification

A batch solvent extraction process, developed originally

for the concentration and purification of 1^33, pr0ved to be equally

adaptable to the final purification of ^35(19). ^±B process cori_

sists of the following steps:

(1) The second cycle strip product is evaporated to dryness and

dissolved in 2.5 M aluminum nitrate.



"69_ ORHL-343

Final Product Purification (continued)

(2) Eight to ten successive, equal volume batch extractions

are made at 20°C using diisopropyl ether as solvent.

(3) The aqueous and organic phases are drawn through a coarse

sintered glass filter, settled, and separated.

(4) The diisopropyl ether extract is stripped of 25 using four

one-quarter volume passes of 2$ nitric acid.

(5) The material is calcined. Calcination is carried out by

either of two methods (a) precipitation of ammonium di-

uranate and firing at 1000°c to UoOg, with aloss of 0.1$

or (b) by heating the uranyl nitrate at 250°C for one hour,

converting to U03 anc finally firing at 1000°C to U^Oo with
a loss of 0.05$.

Processing of U23-^ by this procedure demonstrated an average

uranium loss of 0.03$ and beta and gamma decontamination factors of

10 and 103, respectively. Salts other than uranium were reduced to

a level just barely detectable by spectrograph!c techniques.

6.6 Irradiated U-235 Demonstration Runs

A series of batch extractions were made on U235 which had

been irradiated in the Oak Ridge National Laboratory pile* . The

purpose of these experiments was to demonstrate consistency between the
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Irradiated U-235 Demonstration Runs (continued)

the decontamination data obtained at tracer levels and the results ob

tained on highly radioactive solutions.

Foils of ir35 aluminum alloy; containing about 17$ ^35 y^g ir_

radiated in the OENL pile for 30 days at 90$ of the maximum pile flux.

The total average irradiation was about 2x10° kilowatt hours. After

30 day cooling, the samples contained about 10$ of the fission product

concentration anticipated in the high flux pile. These samples were

placed in glass vessels behind shielding, dissolved in nitric acid and

the solutions employed in the following extraction study. About 35

milliliters of aqueous feed containing 250 mgs of ^35 were employed

in each experiment. Gross beta and gamma disentigrations per minute

per gram of uranium in the feed solution were about 3X1011 and IxlO10,

respectively. Table 6.6-1 shows the chemical conditions employed in

these runs.

These laboratory batch studies indicated that a two cycle gamma

decontamination factor of about 5x10^ may be expected in the hexone

extraction of irradiated U^ (Table 6.6-2). Gross beta decontamination

factors averaged two to three fold higher. These values are, in general,

slightly higher than the separation predicted from low level work. This

difference may be attributed to higher analytical accuracy at the in

creased activity level. Of all the fission elements, only ruthenium,
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Irradiated U235 Demonstration Runs (continued)

zirconium, columbium, and the total rare earths were found in appreci

able amounts in the final product (Table 6.6-3). Ruthenium was the

most important contaminant, contributing from 49-85$ of the gross beta

activity (Table 6.6-4). -While appreciable amounts of iodine were

found to extract, this element, because of its short half life, does

not present a serious problem in dealing with material which has been

cooled for longer periods.

7«0 Process Additives

7*1 Ferrous Sulfamate

Ferrous sulfamate, Fe(NH2S03)2, was suggested as a reducing

agent for inclusion in the 25 Process. This reagent is especially

valuable because of its stability in process solutions and because the

sulfamate ion does not complex uranium or fission products.

Ferrous sulfamate may be prepared by the reaction between iron

and sulfamic acid.

Fe + 2 NH2S03H-» Fe(E^S03)2 + ^

Sulfamate ion, which reacts with nitrites as follows**

SO NB^" + N02"—} N2 + H^O + SOj^

serves to stabilize ferrous ion in aluminum nitrate solutions.
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Ferrous Sulfamate (continued)

Ferrous sulfamate decomposes on heating, with resulting oxidation

of iron by air or nitrites present in process solutions.

The concentration of ferrous sulfamate, reduction time, and re

duction temperature were investigated as variables affecting the dis

tribution ratio of fission products in subsequent hexone extraction.

The effectiveness of this reagent was found to be relatively insensi

tive to concentration and reduction time. Arbitrarily, a concentration

of 0.05 molar and a reduction time of one hour were arrived at for

process utilization. Under these conditions, the use of ferrous sul

famate increased gross beta and gamma decontamination two fold. By

performing the reduction with ferrous sulfamate at 85°c instead of

room temperature, a slightly greater effect was obtained. However, be

cause of the instability of the reagent, this was not considered practic

able. Heating with ammonium sulfamate, rather than ferrous sulfamate,

produced an effect of the same magnitude, suggesting that the predomi

nant mechanism of this reaction is nitrite destruction rather than re

duction of fission products to inextractible valence states. Additional

evidence of this rests in the fact that ferrous sulfamate was found to

influence primarily the distribution ratio of ruthenium and affected

the extraction of the other fission products little or not at all. The

ability of ruthenium to form solvent soluble nitrite complexes is well

known.
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Ferrous Sulfamate (continued)

The beneficial influence of ferrous sulfamate was observed only

in the extraction step and was not reflected in the behavior of fission

products in subsequent scrubbing.

The distribution ratio of ferrous sulfamate was found to be 2x10

(organic/aqueous) in the system 1.3 MAl(N03)--0.05 MHNO-s deficiency-

0.04 M FefNH^SQ-^-HgO-hexone. There was evidence that the presence of

5 grams of uranium per liter increased this value about three fold.

in the proposed 25 recovery process, the addition of 0.05 M fer

rous sulfamate lowered the plutonium distribution ratio from 5xl0"2 to
-46.5x10 \

Ferrous sulfamate forms an insoluble compound with mercury and,

consequently, may be employed only in the second cycle of the 25 Process.

7-2 Complexing Agents

Since hydrazine and certain organic bases which are soluble

in hexone have the ability of increasing the distribution ratio of

uranium in favor of the solvent, the possibility of employing them to

obtain increased decontamination was recognized. The realization of

this hope depended upon the selection of conditions under which the

process additive increased the extraction of uranium into the solvent

more than it increased the extraction of fission products. Then, the
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Complexing Agents (continued)

volume of organic extractant required to attain the desired recovery

of uranium could be decreased with a corresponding increase in de

contamination. None of the complexing agents investigated, however,

yielded appreciably increased decontamination under acid deficient

conditions in solutions more than 1.0 molar in aluminum nitrate. The

advantages to be gained from employing complexing agents were found

to be:

(1) Fission product decontamination became relatively independent

of nitric acid concentration.

(2) An appreciable saving in organic extractant volume was

effected.

(3) If it were desired to operate a process at low aluminum

nitrate concentrations, there was some advantage to be gained

by the utilization of complexing agents.

In this work, hydrazine, tri-n-butylamine, 2-hexylpyridine, and

dibenzoyl-methane were studied as possible complexing agents for

uranium. Figure 7-2-1 shows the relative effectiveness of these three

complexing agents to be hydrazine, tri-n-butylamine, and 2-hexylpyridine

in order of decreasing effectiveness. Dibenzoylmethane provided no

measurable increase in the separation of uranium from fission products.
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7-2l Hydrazine

Hydrazine, in conjunction with ferrous ammonium sul

fate, was considered as a possible reducing agent in the feed for the

second cycle of the 25 recovery process. It was discarded in favor

of ferrous sulfamate because of the fact that hydrazine forms hexone

soluble complexes with uranium and fission products, is toxic and

relatively unstable. The following studies evaluated the use of hydra

zine as a uranium complexing agent.

7.211 The Stability of Hydrazine

The stability of hydrazine in the contemplated

second cycle feed system 1.0 MAl(N03)~-0.2 M HN03~0.05 M Fe(NH],)2(S01,) -

0.1 M N2H^.HN03-0.2 M NH^NO^ 10 gms. u/liter was investigated at room

temperature, at 75°C; and at the boiling point. Hydrazine solutions

proved to be moderately stable at room temperature, only 8$ of the original

material decomposing in 15 days. At 75°C, 9$ of the hydrazine decomposed

on two hours standing. Boiling the simulated second cycle feed resulted

in an uncontrolled reaction taking place after about 30 minutes. Analysis

of the residual solution at this point showed that no hydrazine remained.

Table 7.2-1 summarizes the data on hydrazine stability.
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7°212 The Distribution Coefficients of Uranium and Fission

Products in Extractions Employing Hydrazine

The distribution ratio of uranium as a function

of sltfminum nitrate and nitric acid concentration In hexone ex

traction of solutions containing hydrazine is represented by aline

coordinate chart in Figure 7-2-2. These data show that the log of the

uranium distribution ratio is linear with respect to aluminum nitrate con

centration at all of the acidities investigated.

Reduction time and temperature, hydrazine concentration and equili

bration time were found to be the most important variables affecting the

separation of uranium from fission products in hexone extraction utiliz

ing hydrazine. Increasing the digestion time in the presence of hydrazine

lowered the gross gamma distribution ratio. The presence of ferrous ion

and digestion at elevated temperature accelerated the reaction by which

the fission product distribution was decreased (Figure 7.2-3).

Fission product analysis indicated that heating with hydrazine lowered

the ruthenium and columbium distribution ratios ten fold and the zirconium

distribution ratios five fold under those prevailing in an unheated system.

Since zirconium and columbium have only one valence state, the reason

for hydrazine's influence on them is not understood. On the basis of these

results, subsequent work with hydrazine was accompanied by digestion of

the feed for one hour at 85°c.
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The Distribution Coefficients of Uranium and Fission Products in Extraction

Employing Hydrazine (continued)

The addition of hydrazine to 0.3 molar to the system 1.3 MA1(N03)3-

10 gms. u/lIter-0.05 M deficient in HN03-0.05 MFe(ll), followed by di

gestion at 85°c for 1 hour, increased the uranium distribution ratio in

subsequent hexone extraction nine fold while the gross gamma distribution

ratio remained essentially unchanged. The separation factor was in

creased ten fold, suggesting that the addition of hydrazine to the 25

process should yield approximately ten fold improvement in decontamin

ation (Table 7.2-2).

The chief determent to the use of hydrazine in a continuous solvent

extraction process was the fact that the uranium distribution ratio pre

vailing in hexone extractions containing hydrazine is time dependent.

This may be explained in part by the fact that the reaction between hexone

and hydrazine to form ketazine is time dependent. In a continuous solvent

extraction process, one has very little control over the time of contact

between the organic and aqueous phases, and these times are, in general,

too short to fully utilize the effect of hydrazine predicted in batch

tests. Table 7«2"3 summarizes this data, indicating that increasing the

phase equilibration time from 5 to 60 minutes enhanced the uranium dis

tribution ratio 150 fold. Because of this effect, hydrazine was* accused

in the process.
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7.22 Tri-n-Butylamine

Tri-n-butylamine, (fyHc;)3 N, and its salt with nitric acid

are soluble in hexone, resulting in increased distribution ratios for

uranium and fission products. Under conditions of low aluminum nitrate

and high nitric acid concentration the utilization of tri-n-butylamine

offered promise of substantially increasing the separation of uranium

from fission products in hexone extraction. Under acid deficient pro

cess conditions, however, the inclusion of tri-n-butylamine did not re

sult in significantly improved decontamination (Table 7.2-4).

Although the use of tri-n-butylamine did not improve the separation

of uranium from fission products, it offered the possibility of operating

a continuous extraction process with very small organic extractant volumes.

Countercurrent batch extraction runs were made to test the feasibility of

this and to compare the decontamination achieved under these conditions

with that obtained with the basic flowsheet. The results (Table 7.2-5)

show that the use of tri-n-butylamine is actually deleterious to the ex

traction process.
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7-23 2-Hexyl Pyridine

2-Hexyl pyridine was investigated less thoroughly than

hydrazine and tri-n-butylamine as a uranium complexing agent because

preliminary work indicated it to be the least effective of the three

(Table 7.2-6).

7-24 Dibenzoylmethane

Dlbenzoylmethane forms an organic solvent soluble com

plex with uranyl ion. A study was made of the extraction of uranium

and fission products by hexone containing dibenzoyihnethane and it was

found that this material complexed uranium and fission products to about

the same extent. Consequently, no further effort was made to utilize it.

8.0 Appendix

8.1 Physical State of Dissolver Solution

The amount of radio colloids in a solution of irradiated uranium

was determined by dialysing the solution and counting the dialysate, the

residue, and the dissolved membrane for beta and gamma activity and analy

sing £or uranium.

The solution was placed in a dialysis cell having a cellophane mem

brane about one inch in diameter. Water was passed over the other side

of the membrane at about 2.5 ml. per hour. At the end of the experiment,
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Physical State of Dissolver Solution (continued)

the solution was drained from the cell and the membrane dissolved in sul

furic acid and nitric acid.

The dissolved membrane contained 13-5$ of the beta activity, 47.6$

of the gamma activity and 0.8$ of the uranium. The dialysis residue

contained 4.1$ of the beta activity, 19-2$ of the gamma activity and 5.4$

of the uranium (Table 8.1-1).

Assuming that all activity in the ionic state followed the uranium

in the dialysis, then 16.5$ of the beta and 62$ of the gamma activities

appeared to be in a colloidal state. However, a large portion of this

may be ions adsorbed on the surface of the membrane. This may be par

ticularly true of the ruthenium activity.

A feed solution was dialysed through a cellophane membrane into a

simulated feed not containing fission products. Each 24 hours the sim

ulated feed was replaced by new solution until four changes were effected.

Equal volume hexone extractions were made on both the dialysate and the

residue. The decontamination factors using the two solutions indicated

the presence of colloidal gamma activity which lowered decontamination

in hexone extraction (Table 8.1-2).
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8.2 Nitric Acid Neutralization by Urea Hydrolysis

In the 25 process the first cycle product solution, which

is 0.07 M in nitric acid and contains 30 gms. of uranium per liter, is

reduced in volume by a factor of five before being introduced into the

second cycle. During this volume reduction, the acidity of the solution

increased to 0.35 M nitric acid while a neutral solution was desired for

introduction to the second cycle. This acid could be neutralized by

the addition of base; however, if this was done, a uranium precipitate

formed which redissolved very slowly. In order to circumvent this dif

ficulty, it was suggested that the acid be neutralized by hydrolyzing

urea during the volume reduction step.

The reaction between urea and nitric acid is given by the equation,

C0(NH2)2+2HN03+H20-^2 BHjHO^COg.

In dilute nitric acid solutions, the reaction is first order having a

velocity constant, k, equal to 0.00133 min."1 in 0.06 Mnitric acid.
From this value of k, it develops that the hydrolysis of urea should

proceed to approximately 99$ completion in the 24 hour boil down employed.

A Laboratory run was made in which asolution 0.07 M in nitric acid and

containing 30 grams of uranium per liter was volume reduced five fold in

the presence of urea. This run indicated kto have a value of 0.00122

ain."1 and the hydrolysis of urea to be 95$ complete at the end of 24 hours,

in this and subsequent work there was no indication that precipitation of

uranium occurred during the hydrolysis of urea.
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8.3 Crud Formation in Solvent Extraction

8.3I Hexone System

In early semi-works runs, where sodium dichromate was

included in the feed solutions, foreign matter often deposited on the

column packing or at the interface. In general this solid matter fell

into one of two qualitative classifications, according to color: black

material and orange material. The black crud was the more serious and

capable of rendering a column process inoperable, while the orange crud

did not Interfere with column operation (Table 8.3-1)-

Several samples of black crud were obtained from the packing of

laboratory and semi-works columns. This material proved to be insoluble

in water and nitric acid and only slightly soluble in hydrochloric acid.

Spectrographs analysis showed the samples to contain gross amounts of

aluminum, calcium and iron; appreciable amounts of chromium, magnesium,

manganese and silicon and a moderate amount of uranium. The analyses

of several samples differed widely and attempts to duplicate this crud

in the laboratory were unsuccessful. Wet crud samples were examined

miscroscopically and found to be hexone-aqueous emulsions with the hexone

phase discontinuous. It is believed that this type of crud entered the

system as dirt, rather than as a result of chemical reaction and was

deleterious chiefly through its ability to stabilize emulsions in the

process. It was found subsequently that systems employing scrupulously

clean feed solutions did not develop this type of crudding.
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Hexone System (continued)

The second crud, the yellow type, was slightly soluble in water and

readily soluble in dilute nitric acid. This material was found both in

the feed tanks and in the packing. It has been identified as (NH^)2(TJ02)2

(Cr0|,)-.6 HpO, a crystalline solid which forms in solutions of high pH.

The formation of this compound is effectively prevented by neutralizing

feed solutions with sodium hydroxide rather than with ammonium hydroxide

or urea. Since the use of sodium dichromate was discontinued in the 25

process, this crud is of no importance.

8.32 Dibutyl Cellosolve System

Dibutyl cellosolve was investigated as an alternate sol

vent for the continuous extraction of uranium. However, it was shown

that after several hours operation, the column became inoperable because

of a grey emulsion which formed and plugged the column. This condition

persisted even when filtered feeds and solvent which was purified by

passage through an alumina absorption column were employed. This emul

sion was not successfully duplicated in the laboratory nor its cause

determined.
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8.4 The Extraction of Uranium and Fission Products by Dibutyl Cellosolve

The effects of nitric acid concentration, aluminum nitrate con

centration, uranium concentration and temperature on the extraction of

uranium and fission products were investigated employing dibutyl cello

solve as solvent. For a given set of conditions in the aqueous phase,

the distribution ratio of uranium and fission products in extraction was

considerably lower when dibutyl cellosolve was employed than when hexone

was employed.

Increasing the nitric acid concentration caused the fission product

distribution ratio to increase rapidly at about 0.1 M higher acid concen

tration for dibutyl cellosolve than for hexone (Figure 8.4-1).

With dibutyl cellosolve, the uranium distribution ratio displayed

the predicted behavior as the aluminum nitrate concentration was increased,

but the fission product distribution ratio increased only until a strength

of 1 M aluminum nitrate was reached, in the salting range between 1 M

and 2.75 M, the gamma activity distribution coefficient was almost con

stant (Figure 8.4-2). These data indicate that solvent extractions em

ploying dibutyl cellosolve should permit appreciable volume reduction in

solvent, with a corresponding increase in decontamination.

Within the uranium concentration range between one and five grams

per liter, the uranium distribution ratio exhibited a dependence very

similar to that reported for hexone (Figure 8.4-3).
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The Extraction of Uranium and Fission Products by Dibutyl Cello

solve (continued)

The effect of temperature on the distribution ratio of uranium was

found to be more marked than was the case with hexone; a temperature in

crease from 15°C to 55°C decreasing the distribution ratio by a factor

of about 5. This is shown in Figure 8.4-4.

8.5 The Determination of Aluminum Nitrate and Nitric Acid by

Measurement of Specific Gravity and pH

Previous work indicated the dependence of uranium and fission

product distribution ratios on the concentrations of aluminum nitrate and

nitric acid salting agents. In order to make close control of these

variables possible, a program was initiated to establish a correlation

between aluminum nitrate concentration, nitric acid concentration, specific

gravity, and pH. This resulted in a simple and accurate method for estab

lishing the concentration of these constituents.

8.51 Aluminum Nitrate Determination

Aluminum nitrate concentration was studied as a function

of specific gravity and temperature in the system A1(N03)3"HN03(or NH^OH)-

U02(10^) -NHhNO -^0, by observing the effect produced on the specific

gravity by a single variable at several values of each of the other variables.
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Aluminum Nitrate Determination (continued)

As one would expect, a linear relationship was found between specific

gravity and the concentration of each of the variables. The slope of

the expression representing the effect of a single variable was independent

of the other variables and it was found that the aluminum nitrate molarity

could be represented by the following expressions:

A1(N03)3 Molarity =6.592Z -0.00834y +0.00322 +- 0.171A -O.I65C-
6.672, for solutions containing nitric acid; and,

A1(N03)3 Molarity =6.592X -0.00834y + 0.00322t +0.040b -O.I65C-

6.672 for solutions containing an acid deficiency.

In these equations, X = the observed specific gravity referred to

water at 25 C, with an assumed density of 1.000.

y = the uranium concentration in grams/liter

t = the temperature in °C

a = the nitric acid concentration in moles/liter

b = the acid deficiency in moles/liter

and c = the ammonium nitrate concentration in moles/liter.

For all practical purposes, the effect of acid'" deficiency is so

small that it may be neglected and the first equation, for solutions con

taining nitric acid, employed by setting the nitric acid concentration

equal to zero. In Figure 8.5-1, a nomograph is shown which facilitates
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Aluminum Nitrate Determination (continued)

the solution of this equation. When the concentration of U02(N03)2,

HN03, and NHi^N03 are sufficiently low, Figure 8.5-2 may be employed to

determine the A1(N0_)_ molarity.

8.52 Nitric Acid Determination

In the system A1(N03)3-U02(N03)2-HN03 (or HBK>3 deficiency)

NHjjNO^BgO, the pH was found to be a function of the concentrations of

aluminum nitrate, uranyl nitrate and nitric acid (or nitric acid deficiency)

While the mathematical relationship between these variables is not known

at present, sufficient data were obtained to construct line coordinate

charts which correlate these variables. These charts, Figures 8.5-3 and

8-5-4, yield an accurate value for the nitric acid concentration in pro

cess solutions whose aluminum nitrate and uranyl nitrate concentration

are known. Two examples of the use of these charts follow.
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Nitric Acid Determination (continued)

Example A. A solution containing 20 grams of uranium per liter

is I.55 M in A1(N0_) and has a pH of 1.42. What is the nitric acid

molarity?

1. Neglecting the uranium in the solution, Figure 9«5-3> indicates

that the nitric acid concentration should be -0.03 M. By employing this

approximate nitric acid concentration, Figure 8.5-4 shows that 20 grams

of uranium/liter lowers the pH by approximately 0.15 pH units. The ap

proximate pH, corrected for 20 grams of uranium/liter, then is obtained

by subtracting 0.15 pH units from the originally observed value. This

corrected pH is I.27.

2. From Figure 8.5-3, the corrected pH value predicts a nitric acid

concentration of -0.018 M. Using this value, a more accurate correction

of 0.16 pH units is ascribed to the presence of uranium. The observed

pH less 0.16 pH units corresponds to a nitric acid concentration of

-0.017 M, which is very close to the second approximation and accurate

enough for general use.

Example B. A solution is to be made up 1.2 M in A1(N03)3, 0.05 M In

HN©3, and to contain 30 grams of uranium per liter. What will the pH of

the final solution be?
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Nitric Acid Determination (continued)

1. From Figure 8.5-3, a 1.2 M aluminum nitrate solution which is

0.05 M in nitric acid is found to have a pH of 0.51.

2. From Figure 8.5-4, the presence of 30 grams of uranium per liter

in a solution which is 0.05 M In nitric acid is seen to lower the pH by

0.06 pH units. The pH of a 1.2 M aluminum nitrate solution which contains

30 grams of uranium per liter will then be O.45.

The longevity of electrode life in simulated process solutions was

studied, it was found that the life of a Beckman #1190 glass electrode

immersed continuously in a highly salted, simulated process solution was

about 20 hours. The life of a Beckman #1170 calomel electrode under the

same conditions was about 50 hours. Electrode deterioration was evidenced

by drifting of the indicating needle.

8.6 The Effect of Solvents and Decontaminating Solutions on Plastic

Gasketing Materials (21)(22)

Plastics are valuable materials of construction for plants

processing radioactive materials. Many, however, decompose on prolonged

contact with organic solvents; absorb excessive amounts of fission product

activity from the contacting solvent; or decompose in the presence of the

solutions which are employed to decontaminate them. This study was aimed

at determining the effect of various solvents of process significance on
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The Effect of Solvents and Decontaminating Solutions on Plastic

Gasketing Materials(21)^22^

several plastics; the amount of activity absorbed from the solvent by

the plastic; and the effectiveness of several washing procedures for

removing contamination. The solvents which were investigated were of

Interest in the chemical processing of U-235, IT-233 and protoactinium.

These tests were conducted by contacting samples of plastics for

nine days with solvent containing uranium and fission products. The

sample was then removed, washed with water and counted for beta activity.

This was followed by another water wash and finally by a 1 M nitric acid

wash. Decontamination factors were calculated as the ratio of activity

on one face of the sample, before washing, to the activity on that face

after washing. The samples of plastics were approximately 2.0 centi

meters in diameter and ranged from 0.5 to 2.2 cubic centimeters in volume

The average surface exposed to the solvent was about 6.5 square centimeters.

The results of these experiments may be summarized as follows:

1. In hexone, dibutyl cellosolve, di-isopropyl carbinol, and

di-isopropyl ether solutions; teflon, polythene, and saran

showed excellent resistance to the decomposing action of the

solvent.
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The Effect of Solvents and Decontaminating Solutions on Plastic

(21)(22)
Gasketing Materials

2. In the four solvent solutions used: neoprene, ankorite,

blue african, and the two types of koroseal were decom

posed by the solvents to the extent that they were very

easily broken. They also adsorbed so much activity that

no accurate determination of the amount could be made.

3. Teflon, polythene, and saran adsorbed radioactivity in

amounts varying from 0.03$ of the original activity in

contact with the material for teflon in di-isopropyl

carbinol to 6.2$ for saran in hexone. The average percent

of original activity adsorbed for these three was 2$-3$.

Decontamination factors for these three materials ran from

2-4, in general; one notable exception being a decontamination

factor of 18 for saran in dibutyl cellosolve (Tables 8.6-1,

2, 3, and 4).

In addition, the decontaminatability of polythene, teflon and saran

which were contacted with hexone containing fission products was further

studied using special decontaminating solutions. The decontaminating

solutions employed were: H2O at 100°C, 20$ HN03 at 104°C, 6$ HN03 at

100°C, 20$ HN03 -1$ HF at 60°C-70°C, and 50$ NaOH at 100°C.
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The Effects of Solvents and Decontaminating Solutions on Plastic

(21)(22)
Gasketing Materials v M ' (continued)

15 to 20 minute digestion was used for decontaminating in each case.

From these experiments, the following conclusions were drawn:

1. Decontamination with 20$ HN03 or 20$ HN03-1$ HF gave the best

results of the solutions used.

2. Polythene was decontaminated better by these solutions than

either teflon or saran (Table 8.6-5).

3. None of the gasketing material showed any change in physical

appearance or volume in the solutions at elevated temperatures.



Impurity

MH0**

Mesityl Oxide

Water

Aromatic***

-93-

Table 4.1-1

Impurities in Commercial Hexone*

$ by Wt.

0.2-0.3

0.2-0.7

0.03-0.08

ca. 0.05

B.P.(°C)

131.8

130.

100.

164.8

$ Impurity
in water

Azeotrope

55.6

65.2

ORNL-343

Azeotrope
B.P.(QC)

94.3

91.8

* Data received for Shell hexone from Shell Chemical Corporation.
** Methyl isobutyl Carbinol
*** An aromatic hydrocarbon - possibly mesitylene

Table 4.1-2

Minimum Reaction Temperatures of Hexone-BNO^ Mixtures

HN03 Normality

1

2

3

5

7

9

11

13

15

Reaction Temperature

(°0

125.

83.

84.

82.

80

74.

76.

78.

74.
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Table 4.2-1

Effect of Various Treatments on the Reducing

Normality of Dibutyl Cellosolve

Treatment Reducing
Normality

0.028None-Untreated cellosolve

Fractionation - 1st 2$ of distillate >0.10

Fractionation-residue after 5$ distilled off 0.011

6 hr. agitation with l/lO volume of O.IM KoCrgOy- 0.006

1M HN03 plus water wash

Passed through alumina absorption column 0.002

Eight l/2 volume washes with water at 50-60°C 0.002

Table 4.2-2

Minimum Reaction Temperature of Dibutyl Cellosolve - HN03 M:Lxtures

Acid Normality Reaction Temperature (°C)

1 110.

3 99-

5 84.

7 79.

9 74.

11 69-

13 62.

w
56.
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Table 4.3-1

The Extraction of Uranium and Radio-Ruthenium by Tertiary Alcohols

Aqueous: Al(NOo)3, 0.2 M 2N03, 10 gms. u/liter, Ru tracer
Solvents: As indicated (Volume equal to aqueous phase volume)

Solvent

A1(N03)3
Concentration

(moles/liter)
U Distribution Ratio

(organic/aqueous)
Ru Distribution Ratio

(organic/aqueous)
Separation*

Factor

Tertiary Amyl
Alcohol

0.5
1.0

1.5
2.0

0.19
1.2

8.5
35-

0.46
1.4
2.4
3.6

0.41
0.86

3.5

9-7

2-Methyl
2-Pentanol

0.5
1.0

1.5
2.0

0.050

0.55
5.4

22.

0.14
0.56
1.3

2.7

O.36
O.98
4.2
8.2

2-Methyl
2-Hexanol

0.5
1.0

1.5
2.0

0.028
0.32

2.9
16.

0.084

0.33
0.8

2.0

0.33
0.97
3.6
8.0

2-Methyl
2-Heptanol

0.5
1.0

1.5
2.0

0.026
0.29

1-3
14.

0.055
0.22

0.68
2.1

0.47
1.3
1.9

6.7

Hexone 0.5
1.0

1.5
2.0

0.10

1.0

8.5
35.

0.049
0.088

2.0

11.

Dibutyl
Cellosolve

0.5
1.0

1.5
2.0

0.014

0.13
1.1

4.9
-

*The separation factor is the uranium distribution ratio divided by the fission
product distribution ratio. It equals the decontamination predicted in the ex
traction section of a continuous, countercurrent column operated with an extraction
factor of one.
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Table 5»1-1

The Effect of NoS Concentration on the Neptunium
Distribution Coefficient in Hexone Extraction '

5tteouf: 1,() £^w3h' °-°5 I ^(H%)p(SQL)9
? !?„ : He2one (Tolumg equal to aqueous phase volume)
Equilibration Time: 5 minutes

The pH of the aqueous phase after equilibration was 1.03.

Total N2% Molarity
(Aqueous + Organic)

0.00

0.004

0.043

0.43

Neptunium Distribution Ratio
(Organic/Aqueous)

1-7 x 10"2

1.7 x 10"2

7.7 x 10"2

iX.JL o
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Table 5.1-2

The Effect of Equilibration Time on the Neptunium
Distribution Ratio in Hexone Extractions ContainingIfrdrazine

Aqueous: 1.0 M A1(N03)3, 0.05 M FeOSE^^SOi^
Organic: Hexone (Volume equal to aqueous volume)

Total NpHfr, Oonoentration: 0.48 M

Equilibration Time
(Minutes)

pH of Aqueous Phase
After Equilibration

Neptunium Distribution Ratio
(Organic/Aqueous)

2.5 O.67 26.

5 O.67 57.

10. 0.70 79.

2-5 0.84 7-

5 0.84 17.

10. 0.88 108.

10. 1.0 43.

20 1.0

1
102.
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Table 5«l-3

The Effect of Hexone-Hydrazine Digestion Time on the Neptunium
Distribution Ratio in Subsequent Extraction""

Aqueous: 1.0 M A1(N0?)3, 0.05 M Fe(NHt,)P(S0i, )2, 0.1 M NPHk>
pH of O.87 ifier equilibration " *

Organic: Hexone O.38 M ^H^ (Volume equal to aqueous phase volume)
Agitation time; 10 minutes

Disgestion Time
Hours

Neptunium Distribution Ratic
(organic/aqueous)

0.25 88.

0.5 92.

1 103.

3 103

5 103.

24 117.

46 116.
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Table 5.1-4

The Distribution of Neptunium as a Function of pH

Aqueous: 1.3 MA1(N03)3, 0.1 M KBrOg, 5 gms. u/liter, oxidized
1/2 hour at room temperature at the indicated pH.

Organic: Hexone (Volume equal to aqueous phase volume)

PH

O.36

0.57

0.97

1.73

1.92

HNOo Cone*

M

0.10

0.05

0.00

-0.05

-0.10

Neptunium Distribution Ratio
(Organic/Aqueous)

7.1

1.4

0.37

0.15

0.06

U Distribution Ratio

(Organic/Aqueous

2.9

2.5

1.0

1.4

1.2

* Negative HN03 concentrations indicate a solution which is deficient in
acid. 3
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Table 5.2-1

The Distribution Ratio of Ruthenium Activity in
Successive Batch Extraction and Scrubbing

ORNL-343

Aqueous Feed:

Solvent:

Scrub Solution:

nitric

hour
1.3 M A1(N03)3, 0.05 M Fe(NH2S03)2, 0.05 M n:
acid"*deficient, ruthenium tracer. Reduced 1
at room temperature.

Hexone (Volume equal to aqueous phase volume)

1

acid

.3 MA1(N03)3, 0.05 MFe(NH2S03)2, 0.05 M
cid deficient.

nitric

Operation
Distribution Ratio (Organic/Aqueous)

1 2 3 4

'Extraction 0.040 0.027 ' 0.020 0.016

0.65 0.84 0.81 0.77

O.83 1.10 1.10 1.37

1.5 1.90 2.5 3.1

**Scrabbing (A 50 hour perioc , elapsed)

0.9 1.1 1'7 1.9

1.8 1.0 1.0 2.0

* The extraction values shown represent the distribution ratio obtained on
successive equilibrations of the same aqueous phase with fresh hexone.

**The scrubbing values shown in column 1 are the ruthenium distribution ratios
obtained when the hexone phase from the extraction step of column 1 was equili
brated successively with fresh portions of scrub solution. The same applies to
columns 2, 3, and 4 except that the hexone phase which was scrubbed came from
the extraction equilibration of the column in question.
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Table 5.2-2

The Effect of Digestion Time on Gross Fission Product Distribution Eatios
In the Presence of Thiourea

Aqueous: 1.3 MAl(n0-)3, 5 gms. u/liter, 0.05 M (K^)2 OS,
solution of^irradiated slug, digested at 650c at a pH
of 1.0. The pH vas adjusted to I.85 before equili
bration.

Thiourea

Concentration

Digestion
Time

Gross Beta

Distribution Ratio

(Organic/Aqueous) (xlO3)

Gross Gamma

Distribution Eatio

(Organic/Aqueous) fxlo3)

none 60 min. 13.

15 min. 3.2 1.8

30 min. 2.7 1.7

45 min. 1.8 1.2

60 min. 1.9 1.0

120 min. 2.5 0.5
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Table 5.2-3

The Effect of Thiourea Concentration on Gross Fission Product
Activity Distribution Ratios' ~

'A^eous: 1.3 MAI(HO,)*, 5 gms. u/liter, (Ha,)p CS,
digested at 65°C for 1 hour at a pifb? 1.0.
The pH vas adjusted to i.85 before equilibration.

Organic: Hexone (Volume equal to aqueous phase volume)

Thiourea

Concentration

Hone

0.05 H

0.10 M

0.25 M

0.50 M

1.0 M

Gross Beta

Distribution Ratio
(Organic/Aqueous) fxlp3)

13.

1.9

0.5

0.6

0.5

0.6
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Table 5.2-4

The Effect of Disgestion Time and Temperature on the Buthenlum
Distribution Batlo in a Solution Containing Ethylene Thiourea

Aqueous: 1.3 M A1(H03)3, 0.1 H ethylene thiourea, ruthenium
tracer, digested at pH 1.0. The pH vas adjusted to
I.85 before equilibration.

Organict Hexone (Volume equal to aqueous phase volume)

Digestion Time
(Hours)

Digestion Temperature
(°c)

Buthenlum Distribution Batio
(Organic/Aqueous) (xl03)

Ho Ethylene Thioui*ea 19.

1/2 55 5.6

1 2.7

2 1.6

k 0.90

1/2 75 1.9

1 1.0

2 0.90

k O.85
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Table 5«2-5

The Effect of Ethylene Thiourea on Gross Beta Decontamination
Extraction and Scrubbing

Aqueous: 1.3 M A1(H03)3, 5 gms. u/liter, solution of an
irradiated Slug, digested 2 hours at 75°c.

Solvent: Hexone (Volume equal to aqueous phase volume)

Feed
Gross Beta Decontamination Factor

Extraction First Scrub Second Scrub
Ho Ethylene

Thiourea
0.1 M Ethylene

Thiourea
Ho Ethylene

Thiourea
0.1 M Ethylene

Thiourea

Eo Ethylene
Thiourea

0.1 M Ethylem
Thiourea

222.

593.

1.4

3-9

1.6 1.1

1.4

1.2

1-9
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Table 5.3-1

- j-3 Concentrati „
Batiosof Zirconium and Columbium

The Effect of AKhOq), Concentration on the Distribution
oS ol

OBHL-343

Aqueous: 0.1 M KpCrgO-, 0.25 M HH03, Zr-Cb spike.
Digested 1 hour at room temperature.

Organic: Hexone (Volume equal to aqueous phase volume)

A1(H03)3 Molarity

2.0

1.5

1.0

0.5

0.25

Zirconium-Columbium
Distribution Ratio

(Organic/Aqueous) (xlO^)

1600.

560.

180.

11.

5.2
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Table 5.3-2

The Effect of HNO- Concentration on the Zlrconium-Columblum
Distribution in Solvent Extraction

Aqueous: 0.1 M Ha2Cr20?, 1.2 MA1(H03)3, 8 gms. u/liter,
irradiated Slug solution, oxidized 1 hour at
room temperature.

.^uw.1. «x^ vjnj_M.ouwo ^uiaao VUJ.UUK5. J

HH03 Molarity* Distribution Ratio
(Organic/Aqueous) (xKrh

-0.1 1.3

0.0 2.2

0.1 22.

0.2 111.

0.3 236.

0.5 1180.

0.7 3660.

0.9 22500.

* negative EJTCU concentrations indicate the solution to be
deficient in BH03.
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Table 5.4-1

The Effect of BH0-? Concentration on the Hexone Extraction of
Cerium

Aqueous: 1.0 MAl(H0o)3, 0.1 M K^Cr207, HH03 cerium tracer
Digested 1 hour at room temperature.

Organic: Hexone (Volume equal to aqueous phase volume)

HHO Molarity

0.6

1.2

1-7

2.2

Distribution Ratio

(Organic/Aqueous) (xlO2)

8.8

38.

67.

100.
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Table 6.2-1

Concentration Effect on the Uranium and Fission ProductExpression of the Al

Distribution Batio in Hexone Extraction at Various HH0? Concentrations

Total HH03 Concentration
(Moles/Liter)*

'** - 0.20

** - 0.10

0.00

0.10

0.20

0.30

0.40

Empirical Equation ***

Uranium

y =I.78 x 10"3(10?,17x)

y =2.42 x 10"3(102*10x)

y=8.77 x10'3(101,80x)
y=I.63 x10-2(101#?4x)
y =2.41 x 10-2(101#70x)

y=2.92 x10"2(101,66x)
y=2.36 x10"2(101,78x)

Gross Gamma Activity

y = 6.1 x 10-5(io°'79x

y =8.7 x 10"5(10°-T5x

y=8.6 x10^(10°'59x

y=4.6 x10"3(100-62x

y «2.8 x lO-^lO0*90*

y-4.4 x10"3(10°*85x

y =2.5 x 10"3(10:i-17x

*Arbitrarily, all the HN0, is considered as located in the aqueous phase.
The total EHO3 is the sum of that in the aqueous phase plus that in the
organic and is expressed as moles of HH03 per liter of aqueous phase.

** This represents a solution vhich is deficient in M0o. However, because
of A1(H03)3 hydrolysis, it has a pH of less than 7. °

*** y is the uranium (or fission product) distribution ratio, organic/aqueous
and x is the molar concentration of Al(N0o)o.
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Table 6.2-2

The Effect of Humber of Extraction Stages on Fission Product Decon-
tamination Under Conditions of 99.99^ Uranium Becoverji;

Humber of

Extraction Stages

5

7

9

11

13

15

Uranium Distribution Ratio
(Organic/Aqueous)

6.1

3.6

2.7

2.2

1.9

1-7

*Al(H0o)3
Molarity

I.67

1.51

1.46

1.41

1.38

1.35

* These values vere obtained from Figures 6.2-3 and 6.2-4.

*Gross Gamma

Decontamination

Factor

330

430.

480.

490.

500.

510.
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Table 6.2-3

The Distribution of Hitrlc Acid in the Extraction of Acid

Deficient Aluminum Nitrate

Feed: Al(N03)3
Organic: Hexone
Scrub: Same composition as feed: scrub flow rate = l/4 the

feed flow rate

Column: 1 inch diameter glass column packed with 3/l6 inch
Fenske rings: extraction height 46 inches, scrub
height 13 inches

Feed
Flow Ratio

(organic/aqueous)

HEKh Cone. (M) in the Aqueous Phase at

Feed Plate Raffinate Outlet

Top of
Scrub

Section

HNO3
Molarity*

A1(H03)3
Molarity

-0.008

-0.008

-0.009

1.0 0.5
1.0

2.0

-0.009
-0.008
-0.008

-0.010

-0.010

-0.012

-0.008
-0.008

-0.009

-0.008

-0.008
-0.008

1.3 0.5
1.0

2.0

-0.012

-0.013
-0.012

-0.016
-0.020

-0.022

-0.012

-0.012

-0.012

-0.014

-0.009
-0.009

1.8 0.5
1.0

2.0

-0.010

-0.012

-0.015

-0.018
-0.024
-0.041

-0.009
-0.011

-0.012

-0.10

-0.10

-0.10

1.2 0.5
1.0

2.0

-0.10

-0.10

-0.10

-0.10

-0.10

-0.10

-0.10

-0.10

-0.10

* Negative acid concentrations indicate nitric acid deficiency.
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Table 6.3-1

Effect of A1(H03)3 Concentration On Decontamination
In Scrubbing

Feed: 5gms U/liter, 0.05 MHH03 deficient, Al(H03)3 con
centration as indicated.

Scrub; 0.05 M HNO3 deficient, Al(N03)3 concentration as indicated,
Extractant; Hexone

Column; 1" diameter glass pipe packed with 3/l6" Fenske rings.
4' extraction section, 2 Bcrub section.

A1(N03)3 Molarity Relative Phase Volume U

Reflux

(*)

Gross p Decontamination
Scrub Feed Scrub Feed Extractant Extraction

(X10-2)
Scrub Overall

(xlO-3)

1.30 1.30 1. 4. 10. 2. 3.6 4. 1.5

1.02 1.36 1. 4. 10. 12. 2.7 8. 2.2

0.75 1.48 1. 4. 10. 63. 3.8 9. 3.4

1.22 1.36 2.5 2.5 10. 8. 3-3 5. 1.7

1.02 I.56 2.5 2.5 10. 29. 2.0 10. 2.0

0.86 1.75 2.5 2.5 10. 80. 4.3 9- 3.8
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Table 6.3-2

The Distribution Of Fission Products In Extraction And Scrubbing

Feed: (4 volumes): 1.3 M Al^HO,),, 0.05 M HNO3
deficient, 6.5 grams u/liter

Scrub (1 volume):: 1.3 M Al(N03)3, 0.05 M HNO3 deficient
Solvent (10 volumes): Hexone

Gross 0 Distribution
Ratio (Organic/Aqueous)

Ruthenium Distribution
Ratio (Organic/Aqueous)

Overall Decontamination
Factor

Extraction

Stage

0.001

0.017
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Table 6.3-3

The Effect Of Scrub Volume On Decontamination

Feed: 1.3 MAl(H03)3, 0.05 MHNO3 deficient, 5^ gms. u/liter
ScTub: 1.3~M A1(N03*)3, 0.05 M HHO3 deficient

nSumnf ^diameter glass pipe packed with 3/16" Fenske rings,
4 feet of extraction and 2 feet of scrub

Relative Flow Rate
Gross 6 Decontamination Factor

Scrubbing; I Overall
Scrub

1.0

1.7

3.3

Feed

4.0

3.3

1.7

Solvent

10

10

10

Extraction

510.

535-

450.

3.0

3.5

3.6

1530.

1870.

1610.
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Table 6.3-4

The Use of Alternate Salting AgentB In Scrubbing

Feed (4 volumes): 1.3 MAl(m^)^, 0.05 MM03 deficient,
5 ©as* u/liter

Scrub (l volume): as indicated
Solvent (10 volumes): Hexone
Countercurrent batch extraction 2 extraction and 3 scrub stages

Scrub

Solution

0.8 MAl(N03)3

3.1 M HaH03

1.7 M Ca(H03)2

4 M HH4NO3

pH

1.6

5.3

5.3

5.1

Uranium Distribution

Ratio in Scrubbing
(Organic/Aqueous

0.3

0.3

0.4

0.3

Gross p Decontamination Factor

Extraction Scrubbing Overall

720.

850.

400.

1200.

5.1 3700.

5.4 4600.

11. 4500.

7.3 7700.



First

Cycle
Second

Cycle
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Table 6.6-1

Chemical Conditions for Irradiated U-gt5 Extractions

HNO, Molarity
Al(N03)3 Molarit

HNOo Molarity
Al(N03)3 Molarity
HH4HO3 Molarity

Table 6.6-2

pwmp ^contamination Factors In Irradiated U-2^5 Extraction

Run No.

Beta

Gflttmift

Beta

flarnma.

120.

_21Qt

750.

.150*,

1200.

440.

320.

24Q«,

1400.

960.
1200..

1.3xl0j
6.0xl05

Overall

Beta

Gamma

~9.4xl0j"
3.5x10**

3.8x10^
l.lxlO5

9200.
TUX).

460.
260.

4.3x10°
8.6xl05

ORHL-3^3



Run

1

2

3

4
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Table 6.6-3

Two Cycle. Fission Product Decontamination
Factors In Irradiated U-235 Extractions

Dennntamination Factor

Table 6.6-4

Beta Radiochemical Composition of Final Product
From Irradiated U-235 Extractions

Ru.

62.

85.

49.

31.

%of Gross Beta Contributed By

OBNL-3^3
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Table 7.2-1

The Stability of Hydrazine In Simulated Second Cycle Feed Solutions

Composition: 1.0 M Al(N03)3, 0.2 M HNO3
0.05 M Fe(N%)2(S0^)2, 0.1 M NgH^HM^,
0.2 M~NH\N03, 10 gms. U/liter

Time
Temperature Hydrazine Decomposed {$>)

0.7 days 25°C 0.

4.4 " 25°C 8.

5.7 " 25°C 9-

6.8 " 25°C 9-

15. " 25°C 8.

1.1 hours 75°C 0.

2.2 " 75°C 9.

3.4 " 75°C 10.

4.4 " 75°C 14.

5.8 " 75°0 24.

6.8 " 75°C 29.

5. minutes 110°C 7.

10. 110°C 13.

15.
110°C 19.

20. UjO°C 28.

30. 110°C 58.

33.
110°C 100.*

-

* Avigorous reaction, evolving the oxides of nitrogen occurred at
this point.
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ORHL-343

Table 7*2-2

The Distribution Coefficients of Uranium and Gross Gamma Activity as
Functions of N0Hk •HNO3 Concentration

Aqueous: 1.3M Al(N03)3, 10 gms. u/l; 0.05M deficient in HNO3
0.05MFe(2) - Digested 1 hour at 85°C.

Solvent; Hexone (equal volume extraction, 10 min. equilibration)
Extraction made at room temperature

N2BVHNO3
Concentration (M)

0.00

0.05

0.10

0.20

0.30

Uranium Distribution
Ratio

(Organic/Aqueous)

2.0

1.7

2.3

6.0

18.0

Fission Product
Distribution Ratio

(Organic/Aqueous )x!0'5

2.0

1.8

1.7

1.5

1.8

♦Separation

Factor

98O.

983.

13^0.

4080.

10,040.

* The separation factor is the uranium distribution ratio divided by
the rission product distribution ratio. It equals the decontamination
predicted in the extraction section of a continuous, countercurren.
extraction column operated with an extraction factor of one.
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Table 7.2-3

Effect of Equilibration Time on the Uranium Distribution Ratio
In Hexone Extraction Containing HrJBi|

Aqueous: l.W Al(H03)3; 10 grams U/literj 0.05M acid deficient
total N2H^ -0.39M (added to aqueous phase)

Solvent: Hexone (volume equal to aqueous volume)

Equilibration Time

5 minutes

15 minutes

30 minutes

60 minutes

Uranium Distribution Ratio
Ho Hydrazine Hydrazine Present

0.90

3.1

13.

138.

0.82

0.75

0.78

0.81
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Table 7.2-4

The Effect of Tri-n-Butylamine on the Hexone Extraction of
Uranium and Fisaion Products

Solvent: Hexone {Volume equal to aqueous phase volnaae)

Aqueous
Tri-n-Butylamine

Concentration

Distrfbutdv®. Ratio {aquecusT Separation
FactorUrssiiun?" Gross Gamaa(xlC^)

0.00M 6.0 33.

0.8M A1(N03)3 0.02M 0.96 14. 70.

0.02M HNO„ C.C5M 2.0 26. 77-

10 grams U/l 0.10M 6.5 39- 170.

0.20M 52. 330.

0.40M 39. 71. 550.

0.60M 77- 79- 980.

0.80M 110. 91. 1200.

0.C0M 1.9 -«••J i4oo.

1.3M A1(H03)3 0.05M 8.3 c ^
• 0 1600.

0.05M HHO

Deficient3
0.10M 25. Til 180G.

10 grams U/l 0.20M ICO. 30. 3200.

0.30M 190. 48. 4000.
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Table 7.2-5

The Effect of Tri-n-Butylamine on Decontamination Under Basic Flowsheet
Conditions

Aqueous Feed; 1.3M Al(N03)oj 0.05M deficient in HNO^J
10 grams of u/liter

Scrub: 1.3M A1(N03)3, 0.05M deficient in HNO3
Solvent; A-Hexone

B-Hexone, 0.5M in (C^HpUH'WlOo
Phase Volumes: A-Feed;Scrub:Hexone = 4:1:10

B-Feed:Scrub:Hexone = 10:5:1

Stage
Humber

Distribution Ratio (Organic/Aqueous) Decontamination Factor
Uranium Gross Gamma

A B A B A ' B

Extraction

1*

2

2.8

3.0

7.2

11.

2.3xlO"3
-4

8.3x10

8xl0"2

6.8xl0~2

320. 130.

Scrubbing

1

2

3*

5.8

6.1

13.

15.

23.

30.

5.8xlO"3

2.0xl0-2

2.5xl0-2

1.6

2.3

1.7

3.8 2.7

Overall Decontamination 1200 350

♦Feed point
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Table 7.2-6

The Effect of 2-Hexyl Pyridine on the Hexone Extraction of Uranium
and Fission Products

Solvent: Hexone (Volume equal to aqueous phase volume).

Aqueous 2-Hexyl Pyridine
Concentration

Distribut:

/organ!Ci |
on Ratio aqueous J Separation

Uranium Gross Gamma

(x!03)
Factor

0.8M A1(N0 )

0.02M HHO3
10 grams u/l

0.0M

0.05M

0.20

1.4

6.0

18.

33.

75.

0.10M 2.9 29. 100.

0.15M 4.4 35- 130.

0.20M 6*6 44. 150.

0.30M 12. 58. 200.

0.40M 16. 67. 250.

0.0M 1.8 2.0 900

1.3M A1(H03)3 0.05M 4.4 11. 400

0.05M deficient 0.10M 8.4 21. 400

iL HHO-
3

0.20M 20. 4l. 490

10 grams U/l 0.30M 38. 61. 610
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Table 8.1-1

The Composition of Dialvsate from the Dialysis of a Uranium Solution
Containing Fission Products

Aqueous: 3 gms. U/liter, 0.6 M HHO

Yomm (m.) % Beta Activity %Gamma Activity % U

7.6 29.4 6.8 28.3

15-0 57.6 14.6 52.4

34.4 70.0 27.I 81.6

^9-3 80.3 31.9 92.4

53-1 82.4 33-2 93.8
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Table 8.1-2

The Hexone Extraction of a Dialyzed Solution

Aqueous: IM ^(^3)3, 0.6M HHO3, 3gms. u/liter

Organic: Hexone, 0.5M in HNO3 (Volume equal to aqueous phase volume)

Beta Decontamination Factor

Gamma Decontamination Factor

Dialysate

5^

16

Residue

103

8



•125- OENL-3^3

Table 8.3-1

Spectrographic Analysis of Column Cruds

Aqueous: 1.1 M Al(N03)3, 0.1 M HagCrjoOy, 10 grams
U/liter, 0.05 M HNO3 deficient except where noted

Solvent: Hexone

Crud Source
Constituent*

Fe Cr Al Si Ca Mr Mn

(l) Remoire^ from interphase
and packing of run made
0.1 M HNO3 deficient

* # * # * * *

(2) As in (1) except 0.07
M HNO3 deficient

* *

(3) Removed from bottom of
aqueous feed tank

* *

(4) Removed from bottom
of hexone feed tank

* # * * *

(5) Removed from inter
phase of column after
run 0.04 M HNO3
deficient

* *

* Elements whose presence was indicated strong by spectrographic
analysis.
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Table 8.6-1

The Effect of Hexone Containing Fission Products on Plastic Gasketlng Materials

Conditions -Hexonej 3g. u/liter, 0.5M HHO3, 1.3xl04 pc/m/ml.
9 days contact

Remarks

OBHL-3^3

Excellent Resistance to solvent action.

Very poor resistance to solvent action.

Very poor resistance to solvent action.

HNO-, wash apparently brought more

Blue African

activity to the surface. Poor re

sistance to solvent action.

Very poor resistance to solvent action.

High activity absorption.

Split apart into 4 pieces.

Split apart into 2 pieces.

Amber

Koroseal

Black

Koroseal



-127-

Table 8.6-2

ORHL-343

The Effect of Dibutyl Cellosolve Containing Fission Products on Plastic Gasketing
Materials

Conditions: Dibutyl Cellosolve; 3gms. U/liter.j 0.1 MHN03> 2.5x10^ pc/m/ml
9 days contacts

Remarks

Excellent Resistance to solvent action.

Excellent resistance to solvent action.

Excellent resistance to solvent action.

Badly decomposed by solvent

Activity too great for accurate count.

Badly decomposed by solvent.

Activity too great for accurate count.

Poor resistance solvent action.

Almost completely dissolved in the
solvent

Solvent causes shrinkage.
I Activity too high to count accurately.

Solvent causes shrinkage.
Activity too high to count accurately.
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Table 8.6-3

The Effect of Di-isopropyl Carbinol Containing Fission Products on Plastic Gasketing
' ™ Materials

Conditions: Di-isopropyl Carbinoli 2.73M HNO3, 2.25xl04 pc/m/ml.
9 day contact.

p - r $ Vol. I
Increase 1

<t> Original
Activity
Absorbed

Decontamination Factor '

RemarksPlastic J HgO I IM HHO 1
Wash Wash i

Overall

Teflon 11.0 0.03 1.0 1.3 1.3 Excellent resistance to solvent
action.

Saran Vol. decreased

2.2#
0.05 1.1

r

1.2 1.3 Excellent resistance to solvent
action.

Polythene Vol. decreased

5-5#
0.05 1.8 1.8 3.3 Excellent resistance to solvent

action.

Neoprene -
-

-
- -

Badly decomposed

Ankorite 75.3 -
-

-- —

Garlock 47.2 2*5 . -
- -

Hardened

Blue

African -
- -

- -
Badly decomposed

Amber

Koroseal 18.2 0.5 - -
-

Hardened and blistered.

Black

Koroseal 3-9 1.0 -
- -

Hardened and blistered.



Plastic

Teflon

Saran

Polythene

Heoprene

Ankorite

Garlock
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Table 8.6-4

Effect of Di-Isopropyl Ether Containing Fission Products On Plastic Gasketing Materials

Conditions: Di-Isopropyl Etherj O.IM HNO3J 2x103 beta c/m/ml. 9days contact

# Vol. -
Increase

Original

Activity
Absorbed

Decontamination Factor

HgO
Wash I Wash

Overall Remarks

OBNL-3^3

1.5

3-1

12.7

7.9

7.8

17.8

2.7

2.2

1.9

28.5

1.7

1.2

1-7

1.2

3.2

1.2

Excellent resistance to solvent

action.

Blue African

Amber Koroseal -

Black n

9.2

12.1

Poor

Became soft and spongy.
Poor resistance to solvent action.

Became soft and spongy.

Poor resistance to solvent action.

Became soft and spongy.

Split apart into two pieces. Badly
decomposed.

Hardened and blistered.

Hardened and blistered.
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Table 8.6-5

ORHL-343

Effect of Decontaminating Solutions at Elevated Temperatures on Plastic Gasketing Materials,__; __ , . ^

Conditions: Contaminating Solution - Hexone containing 3 gms. U/liter, 1*5x10
beta c/m/mloj 8 days contact. Decontaminating time - 15 -20 min.
Diameter of piece - 2 cm.% Area - 10 cm2.| Volume - 1.9 cmP.

• " P* _*__*_ 1 1 - —— 1 " "**~~^~—MMMMMMMmma^—^——

* Ratio of second shelf beta count as determined on one surface to the +.nt.«.i in the 20 ml. of test solution,
** Samples were thicker and were closer to counter window, thereby increasing the geometry. ^^^^^m»
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0.1 0.3

pH ©f Aqueous Phase
After EqalliPratloa

0.10

Q,k0
0.65
0.90
1.00
1.10

1.13
1.19
li2fc
1.25
1.50

• 0.5 • 0.T • '®>9 • io1
pH of Aqueous Fk&se After sqnlllbrlim

USHHE 5.1-1

ghe Effect of vE on the Distribiatloa Ratio of
Septum ia-HiB3Btee Brtractloa

Agueougj 1.0 MAl(H03>3, 0.05 I Fe(H^.)2 (S0%)2
Solteatj Hexoae (Volume equal to aqueous phas© toIusbs)
fotal IpHj, Coaceatratioas 0.5 M
Equllbratlon tiaes 5 aisates

1.3 1.5

Wepttiaium Distribotloa Ratio
(cYjgsalc/a^aeous)

2?.5
27.5
27.5
27.5
5.5
6.2
1.^

1.0

0.3
0.1
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I

1

CQ

3

o

HP
m
•H

0t006

0.004

0.003

0.0021-

She Effect of HBOr
Ruthenium in Extraction and Scrubbing

Extraction
Aqueous: 0.1 H HagCr^Oj* 1.2'K A1(B0q)q*8 gas; u/liter

irradiated slug solution oxidized 1 hr. at room temp.

Solvents Hexoae (volume equal to aqueous phase volume).
Scrubbing -

Aqueous: 0*75 H AlfHOg)^
Solvent: Hexoae which had previously been equilibrated with
:~ aqueous Al(10^)r containing ruthenium tracer

Distribution Ratio (Organic/

HH0o Molarity

fTGOKE 5.2-2

Coaceatratloa oa the Bfstributida-Satio of

2.0

HHO3 Molarity-

*=0.2

-0.1

0.0

0.1

0.2

0.3
0.5

0.7

0.9
1.6
2.0

Aqueous) (x 1q3|t Extraction
1,5
1.3

19
310
460
390

370
690
££jx
OOO

Distribution Ratio (Organic/
Aqueous) Scrubbing

0.-049

0*43

0.53
0.56
0.49

* Negative HNO3 coaceatratioas indicate a deficiency of HH03
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Digestion Temperature (

FIOTBE 5.2-3

The Effect of Digestion Temperature on the Ruthenium Distribution

Aqueous;

Solvents

Ratio in the Presence of Thiourea
106

1.3. A1(H03)3, PH-0.1, 0.05 M 0B%)2 CS> Eu"
digested for 1 hour at indicated teaperature.
adjusted to 1.8 and extracted.

Hexoae (volume equal to aqueous phase volume)

tracer -

pH

Digestion Temperature ( C) Ruthenium Distribution Ratio
(Organic/Aqueous) (X 10*)

25

45

65

85

60

15

5

4



0 0.2 0.4 0.6 0.8 1.0 1.2

A1(H03)3 Molarity

FIGCIBE 5.4-1

1.4 1.6

The Effect of A1(1KU)~ Concentration on the Hexone
Extraction of Cerium

Aoueousi 0.2 MHH03, 0.1 MKgCr^ Al(i03)3, cerium tracer.
Digested 1 hour at room temperature.

Organic: Hexone (Yolume equal to aqueous phase volume)

A1(H03)3
Molarity

Distribution Ratio
(Orgaaic/Aqueous)

(x IIP)

0*25

0*50

1*0

1*5

2.0

1*8

5*5

27.

200*

250.

2.0
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10
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A1(HD3)3 Coneentratioa (Moles/Liter)

FIGBEE 6.2-1

The Effect cff-AlCPg) Coaceatratloa oa the Dlstributioa CoeffleieBts
of Praaiua and Fission Products la Hexone Extraction at

Varies Bireu Coaceaatratloas

Uranium

Flssloa

Products
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* Moles of HJKb ia the organic phase
plus moles ox HB03 in the aqueous
phase, expressed as molar 'concern-
tratioa in the aqueous phase.

FIG0HE 6.2-3
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Moles of BSO3 in the organic phase
plus moles of BUO„ ia the aqueous phase

expressed as molar concentration in the
aqueous phase.

She value obtained from the chart should
he divided "by the organic to aqueous feed
ratio to give the decontamination factor.

FIGURE 6.2-4

She Gamma Emitting Fission product Digtrlbutioa
Coefflciaajria Hexone Extraction As A

Function of AifSD^Vj and HHO^
Concentrations

to
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20 30

Temperature ( c)

FIGURE 6.2-5

40

The Effect of Temperature on the Distribution

Coefficients of ITraaium and Fission Products

50

Aqueous: 1.25 HAl^O^U, 0.1 HBaoCrg07j 0.45 MWO^p
5 Gms. U/Lit«r.

Organic? Hexoae
HMMMHMM ... - •- ...

Oxidized 1 hr. at Boom Temperature^ 6 Wfc. Old Activity
Source

60
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1 2 3 4

Uranium Concentration (Grams/Liter)

FIGURE 6.2-6

Effect of tfranium Concentration on

the Uranium Distribution Coefficient
In Equal Volume Bjexcooe Extraction at 30°C

Aaueousj 1MAl(HO~)y 0.2 M HEFO3
Organic; Hexonej 0.25 M ia HHO3

5
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/
0.05 M HBO

1.0
>.04 M Basic
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A1(H03) Molarity

FIGURE 6.2-7

The Effect of AlClfO..) Coaceatration and Acidity
On H.E.T.S. In First Cycle Extraction

Conditions:

Aqueous Feeds A1(B03)3 (variable cone.)
BB03 (variable), 0.1 MH&gC^Q-

Organic Feed: Hexoae - Pretreated

Flow Bates: 25 ec/min for each phase
Temperature: 20° C

Column: Glass, 1 inch la diameter, packed with
3-/16-iach Feaske rings.
Interface at top

/

1.8
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1.24 MAl(3803)3 Buns 1.8 MAl(H0-)3 Buns

Code:

±

(VD

(2/1)

a—o Interface at top

x—Klhterface at hottom
( ) llow Batio (Org/Aq)

4. 4. -L

1 2 3 4 5 6

H.E.T.S. (feet)

FIGURE 6.2-8

H.E.T.S. Versus Total Throughput at Various Flow Batios

Aqueous Feed: 1.24 or 1.8 MAl^U, 0.1 MKa2Cr0„,
0.04 M acid deficient? ~ '

Organic Feed: Hexone — (Pretreated and neutral)
Temperature: 20° C

Column: Glass, 1 iach in diameter, packed with 3/l6-inch
Fenske rings



10

o

d
1.0

I

0.1

-144-

1.24 MAltBO^)^ Buns

(75^AA (50)

1.8 MA1(H0^)3 Buns

(50)A \ //

Code: Interface at top
* Baterface at hottTm

J L

( ) Total throughput
(ml/mla)

_L

1.0 2.0 3.0 4.0 5.0

H.E.T.S. (feet)

FIGURE 6.2-9

M75)

I \l

The Effect oa the H.E.T.S. of Flow Batlo aad Interface

Position at Various Total 'Wvrotudrouts

Conditions (First Cycle Extractioa):

Aqueous Feed: 1*24 or 1.8 M A1(S0-,), 0.1 M Ha Cr 0_,
0.04M basic"" 2 2 f

Organic Feed: Hexone — (Pretreated aad Heutral)
Temperature: 20° e

Column: Glass, 1 iach ia diameter, packed with 3/l6-inch
Fenske rings

8,0
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FIGURE 6.2-10

The Effect of Temperature oa Column Extractioa

Aqueous Feed: 1.2 M A1(H03)3
0.1 M Ha2Cr20,
0.1 M HH03

Organic Feed: Pretreated hexone, made 0.1 M in I2IC-,

Column: Glass, 1 inch in diameter, packed
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- Total Bare Earths

10
J L

4 6 8

Scrub Section Length

FIGURE 6.3-3

• ' I L

10

et)

12 24

The overall Decontamination of Specific Fission

Products as a Function of Scrub Section Length

Feed (4 -volumes): 1.3 M A1(S03)3, 0.05 M BHOg deficient,
7 gms. U/liter

Scrub (1 volume): 1.3 MA1(H03)3, 0.05 MHB03 deficient
Column: ! 1® diameter glass pipe packed with

3/16" diameter Fenske ringsi 10 feet
of extraction.

Solvent (10 volumes): Hexone
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Complexing Agent Molarity

FIGURE 7.2-1

The Separation Factor as a Function
of Complexing Affent Concentration

Aqueous: 1.3 MA1(H03) J0.05 MBB03 deficient

Solvent: Hexone (Volume equal to aqueous phase
volume)
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100 1000 10000

Seduction Time (Hautes)

FIGURE 7.2-3

The Effect of Seduction Time on the Distribution Batlo of Fission

Products in the Hexone Extraction of Solutions Containing Hydrazine

Aqueous: A-1*3 MA1(B03) J10 gms. u/liter$ 0.5 MHgH^-HNO^
0.05 MHH03 deficient.. Digested at 85° C.

B-1.0 MAl(H03Lj 10 gms. U/liter; 0.5 MH^.HHO^
0.05 M BSD- deficient! Digestion at Boom Temperature

C - Same as in B except 0.05 M in Fe (2)
Solvent: Hexone (Equal volume extraction, 10 minutes equilibration)

Digestion
Time

Gross Gamma Distribution (org/aq.) x 103
Seduction at Boom Temperature

Seduction at 850 C*Ho Fe (2) 0.05 HFe (2)

10 minutes 49 40 _»-

30 minutes 44 36 2.1
1 hour 50 31 1.8
2 hours 37 28 3.1
4 hours 31 28 2.2

6 hours „„„ 1.4
24 hours 14 6.0 1.4
96 hours 7.7 4.1 —

creased "by about 30$ in going from 1.0 M̂ (103)3 to 1.3 MA1(B03)3«
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Uranium-

Gross Gamma

4- ± _L

-0„20 -OolO 0.0 OolO 0.20

HN03 Concentration (Moles/liter)

FIGURE 8.4-1

The Effect of BBOo Concentration on the Uranium aad Gross

Gamma Distribution Batlo in Dlfagfcyl Cellosolve Extraction

Aqueous: 2Jf A1(HG ),0.1 MW^Cs^, 5 gms. U/liter.
One hour oxidation at 25° c»

0.30
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10

Fission Products -

o

0 0*5 1.0 io5 200 2,5 3.0

A1(B0 ) Concentration (Moles/liter)

FIGURE 8,4=2

The Effect of AlflsaJ Concentration on the Uranium and

Fission Product Distribution Batios ia D&utyl Cellosolve Extraction

Aqueous: 0.2 MHKO ,0.1 MHa2Cr2cy 5gms. U/liter. Oxidized 1
hour at room temperature.
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FIGUBE 8.4-3

The Effect of Uranium Concentration on ymyitnw

Distribution Coefficient la Dlfottyl Cellosolve Extraction

Aqueous: 2 M

0.1 H BHO.

Solvent: Dilutyl Cellosolve, 0.17 M In HHO.
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Temperature (° Centigrade)

figure 8;4-4

50 55 6o

Effect of Temperature on the Uranium Distribution

Coefficient ia Equal Volume DlButyl Cellosolve
Extraction

Aqueous: 2 MAl(BP3)3, 0.1 mHSrc>3
Solveat: DlButyl Cellosolve 0.17 Min EUDo
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