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ABSTRACT

the solid residue that remalns when the solutions
are concentrated by evaporation after treatment with
thlocarbanilide and thiocacetamide.

|
|
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Ruthenium in uranyl nitrate solutlions 1s adscorbed by i
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SCAVENGING OF RUTHENIUM FROM PUREX URANYL NITRATE SOLUTION

INTRODUCTION

When uranium is recovered from irradlated nuclear fuel by the Purex
process‘lj, the 1nitial product is a dilute aqueous solution of uranyl nitrate;
this sclutleon 1s subsequently concentrated by evaporation. £ Ruthenium, zirconium,
and nioblum are the prinecipal contaminants that remain in the recovered uranyl
nitrate. Zirconium and niobium can be removed from the concentrated uranyl
nitrate solution by adsorption on silica gel at 90°c{22), Ruthenlum can be
removed from dllute solutlons of uranyl nitrate by adsorption on carboxylic acid
ion exchange resin, after heating the solutions with thiourea.!?3)

In previous work on the lon exchange adsorption of ruthenium, it was
observed that when certaln compounds of sulfur were added to dilute uranyl nitrate
solutions, precipitates formed which carried ruthenium‘3’. The purpese of this
investligation was to develop a similar method for scavenging ruthenlum from
concentrated uranyl nitrate solutlons. Such a method, combilned with the silica
gel treatment for removing zirconium and niobilum, might provide an integrated
process to remove all three contaminants.

SUMMARY

Laboratory tests showed that ruthenium 1s effectively scavenged from
the uranyl nltrate product of the Purex process by the following procedure.
Thiocarbanilide and thiloacetamide, 0.04% weight per cent each, are added to the
dilute uranium product stream. The treated solution 18 then concentrated by
evaporation. A sclid resldue remains in the uranyl nitrate solution durlng and
after the evaporation step. The ruthenium is adsorbed on this solid material,
and 13 removed from the solution by filtering.

Ruthenlum decontamination factors greater than 35 were observed in the
laboratory. Uranyl nitrate from which ruthenium had been scavenged by thils method
showed normal denltration behavicr In laboratory tests and the resulting oxide
preducts were normal in composition and functional behavier, 1l.e., "reactivity"
durlng reduction and hydroflucorination.

The amounts of chemlcals used were not eritical. Significant ruthenium
decontamination factors were observed when the amount of each chemical added was
as small as 0.007 weight per cent. The presence of organic solvent in excess of
1ts solubllity 1n the unevaporated solution Interfered with the ruthenium
adscrption; 1t was not established whether this interference would be eliminated
1f the excess solvent were completely volatlllized or decomposed durlng the
evaporation.




DISCUSSION

FEED SOLUTIONS

The feeds for all experiments were solutlons of irradiated uranium which
had been treated by one or two cycles of a Purex solvent extractlion process. For
the early experiments, these solutlons had been concentrated by evapcration and
contained approximately 1.7M uranyl nitrate and 0.3M nitric acid. The feed
golutions for some later experiments were taken directly from the dilute uranlium
product stream of a Purex process and contained approximately 0.2M uranyl nitrate
and 0.01M nitric aclid. The actlvity levels in the feed solutions variead
considerably, but were of the order of a few thousand scintillation gamma counts
per minute per milliliter. The amounts of ruthenlum and zirconium-nloblum were
approximately equal; no other activity was present in significant quantitiles.

EXPERIMENTAL PROCEDURE

Feed solutilons that had been previcusly concentrated by evaporation were
treated with the scavenging materlals, diluted with distilled water, evaporated to
thelr original volume on a hot plate, cooled, and filtered. Whatman No. 1 fillter
paper was normally used, but a bed of fine sand two inches thick also served as a
satisfactory filter. Ruthenlum analyses of the feed and product solutlons were
made with a gamma pulse height analyzer. The results of the tests are reported
as ruthenium decontamination factors (Ru DF), calculated by dividing the ruthenium
concentrations 1n the orlginal uranyl nitrate solutlons by the ruthenlium concen-
trations in the filtrates. When dilute Purex endstreams were used directly as
feed soclutlons, the evaporation and scavenglng steps were combined. Many of the
scavenglng materials used are 1nsoluble in water, and there was usually solld
material on the surface of the uranyl nitrate solution before and durlng the
evaporatlon step, as well as after the evaporation was complete.

RESULTS

The chemicals that had been effective in the previous study were added
to concentrated {1.7M) uranyl nitrate solutions which were then dlluted by a
factor of 2 and reconcentrated to theilr origlnal volumes, to simulate an
evaporation step. The results of these experiments (Table I) show that the
ruthenium decontamination factors are very much less when the treatments are
applied to concentrated sclutions. Substantilal improvements were obtalned,
however, by two modifications: (1) by increasing the dilution of the feed to
approximately the original volume of the Purex effluent, the Ru DF for the
thiocarbanilide treatment was increased from 1.9 to 4.4, and (2) when thioclacetlc
ac1ld and thiocarbanilide were added simultaneously to concentrated uranyl nitrate
solution, the Ru DF was lncreased to 17.

Because of the significant increase in the Ru DF when treatments with
thiolacetlc acid and thiccarbanilide were combined, other combinatlons of
chemicals were investigated in tests in which the favorable (7-fold) dilution of
the concentrated feed was also adopted. The results are summarized in Table II.
The ccombinations which gave the best ruthenium decontamination factors were
thiccarbanilide and thioacetamide (Ru DF = 26), thilocarbanilide and sodium
sulfide (Ru DF = 10), and thlolacetlic acld and thioacetanilide (Ru DF = 17).
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In the experiments summarized in Table II, significant Ru DF's were
observed only when cne of the added chemlcals contalned an lonlzable sulfur atom.
Thiolacetic acid and thiloacetamlde are soluble in water, and hydrolyze 1In acldlc
solutlons to glve acetic acid and a bisulfide ion (HS~). In the next serles of
tests (Table III) useful Ru DF's were observed when thlocarbanilide was combined
with any of four chemicals which ylelded bisulfide long. Smaller, but significant
Ru DF's were obtalned when thloacetanllide was used instead of thlocarbanilide.

The amounts of chemicals used were not critical. Tables IV and V
summarlze the effects of varylng the amount of either chemlcal. The process was
equally effectlve whether the feed was concentrated uranyl nltrate solution which
had been diluted with dilstilled water (Table IV), or dilute uranyl nitrate solution
which had not been previously concentrated and diluted (Table V).

Significant ruthenium adsorption was observed wlth both types of dilute
feed, provided that no organic solvent was present on the surface of the feed
solution. Dllute uranyl nitrate solution taken directly from a Purex proccess
occaslonally included a small amount of organilic solvent, and thils sclvent
interfered with the ruthenium adsorptlon by dissolvlng the thiocarbanillde.

Uranyl nltrate from which ruthenium had been scavenged by thls method
showed normal behavior durlng converslon to uranium trloxide. Four of the
treated and flltered sclutlons were evaporated to dryness. The resulting samples
of uranyl nltrate were drled at 110°C and denitrated at 270°C. Behavior during
heatlng and denltraticn was ldentical with that of reagenti-grade uranyl nltrate.
The samples of U0z obtalned from the denltratlons were tested In the laboratory
for "reactivity ratlo"* and sulfur content. The results showed the samples to be
normal. The reactivity ratios ranged from 0.82 to 0.99; reslidual sulfur was
below the limlt of detectiocon.

The mechanism of thls ruthenium adsorption 1s obscure, but the HS™ lon
seems to be necessary. Many combinatlons of chemlcals were fried, but unless a
compound contalning an lonigzable sulfur atom wasg present, the Bu DF was small.
In all cases where a sighlificant Ru DF was observed, a flnely divided precipitate,
presumably sulfur, was formed at the beginning of the evaporatlon. By the end
of the evaporation, all of the sulfur had been ccagulated or oxldized.

The role of the second constituent is not at all clear. A large number
of substituted amlnes and amldes were added to concentrated uranyl nitrate
solutlion In combination with thlolacetle acid or thiocacetamide. The Ru DF's
observed are summarlzed in Taple VI. Thicearbanlllde consistently gave the
highest values, but carbanilide, diphenylamlne, and thicacetanilide also
preduced significant adsorption of ruthenium. These chemicals are all 1nsoluble
in water, and remaln on the surface of the uranyl nltrate solution durlng the
evaporation. Thlocarbanilide and other derlvatives of thiourea form complexes
with ruthenium which are only very slightly soluble in water!*’3),  Since only
tracer quantities of .ruthenium were 1lnvolved, 1t 1s not possible from the data

* UO0gs 18 subsequently reduced by Hp to U0z and hydroflucrinated to UF,. The
yield through these reactlons 1s taken as a measure of the reactivity of the
U05. The "reactivity ratio" 1s the ratio of the yleld from any sample of UOg4
to the yield from "standard" UQ0s, under carefully controlled conditions.
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obtained 1n thils study to tell whether any of these complexes are involved 1n the
adsorpticon mechanism. Thlourea forms a water soluble complex wlth ruthenium‘s),
and no ruthenlum adsorption was observed when thilourea and sodium sulfide were
added tc concentrated uranyl nitrate solutlion. Indeed, the Ru DF of 18 observed
when diphenylamline and thiclacetlc acld were added to this uranyl nitrate solutlon
decreased to 1.9 when thiourea was added along with these two chemicals. Ruthenlum
forms many water soluble complexes wlth ammonila, amines, and substituted amlnes,
and presumably such a complex would be formed with diphenylamine. It 1s not known
whether ruthenium forms any complexes with carbanililde.

(AN cleanton

C. A. Prohasksa
Separations Chemistry Division
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TABLE I

Ruthenium Decontamination Factors Obeerved when
Various Chemicals were Added to Uranyl Nitrate Solutions

0.2 gm of indicated chemlcal
added to 100 ml of indicated solutlon

Ru DF when Treated Solutlon was

0.2M Uranyl 1.7M Uranyl
Chemical Added Nitrate ?) nitrate!?)

Benzenethlol 2.6 nane
p-Toluenethiol 2.5 1.1
Mercaptosucelnie acld - 1.1
Thiolacetic Acid 27 1.5
Thlcacetamlde 21 none
Thicacetanilide L5 none
Thiobenzanillde 131 none
Thiccarbanllide ‘ 3.9 . 1.9
Thiccarbanillde 4_4(0)
Thicurea nene nene
Carbon disulfide saturated wlth ) 7 (d)

sulfur none 1.2
Sodium sulfide (Na,S.9HZ0) 93 1.3
Thiocarbanilide and thiolacetle

acld : - 17

(2)
(o)
{c)
(a)

Data from DP-291, Table VII. Dilute uranyl nitrate product solutlcn from
a Purex process was treated, slmmered one hour, cocled, and filtered.
Concentrated uranyl nitrate product sclution was treated, dlluted to 0.85M
U, evaporated to original volume, cocled, and flltered.

For this test only, treated solution was dlluted to 0.24M U, before
evaporatlion as in (b).

For this test only, treated solutlon was stirred at room temperature
instead of simmered.
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TABLE II

Ruthenium Decontamination Factors Observed when
Thiolacetlic Acid or Thiocarbanllide were Combined with (a)
Various Other Chemlcals and Added to Uranyl Nitrate Scluticns

Chemical "A" Ru DF when Chemical "B'" was
Thiclacetic Acid Thiocarbanilide
Thicacetamlde - 26
p-Toluenethlol - 3.7
Bengenethiol - 3.3
Mercaptosucclnile acld - 1.6
Thicacetanililde 17 -
Thichenzanllide 3.0 -
Sodium suifide {NazS+9Hz0) 2.9 10

Carbon disulfide saturated wilth
sulfur 2.6 1.8

(a) Uranyl nitrate product solution from a Purex process, evaporated te 1.7M U,
was used as feed., 100-ml samples of the feed were treated with 0.2 gm of
each of the specified chemicals "A" and "B," diluted 7-fold to 0.24M U,
evaporated to orlglnal volume, cooled, and filtered.

TABLE IIT

Ruthenium Decontsmination Factors Observed when
Thioccarbanilide or Thioacetanilide were Combined with Variou?
Sources of Bisulfide Ion and Added to Uranyl Nitrate Solutions a)

Chemical "I" Ru DF when Chemieal "II" was
(Source of Bisulfide Ion) Thiccarbanillde Thicacetanlillde
Sodtum sulfide, (NapS+<9H0) 10 13
(b)
Hydrogen sulflde 10 5.5
Thicacetamlde 26 -
Thiolacetic acld 52 17

(a) Uranyl nitrate preduct solutlon from a Purex process, evaporated to 1.7TM U,
was used as feed. 100-ml samples of the feed were treated with 0.2 gm of
each of the specified chemicals "I" and "II," diluted 7-fold to 0.24M U,
evaporated to original volume, cooled, and filtered.

{b) Hydrogen sulflde gas bubbled through diluted solutlon for ten minutes.
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Thiccarbanilide Added per 100 ml
of 1.7M Uranyl Nitrate Before

Ruthenium Decontamlnation Factors Observed wlth Various
Amounts of Chemicals Added 5o Preconcentrated Purex Effluent

TABLE IV

Dilution!a)

0.01 gm

0.4

{a)

Thlocarbanllide Added per, 700 ml

Uranyl nitrate product solution from a Purex process,

U, was used as feed.

thiocacetamide, diluted to 0.24M U,

and filtered.

Ru DF when Quantity of Thiolacetic

Acld or Thicacetamide was

0,05 gm

2.6
2.7
9.1
61
14

TABLE V

0.1 gnm

21
18
14

Ruthenium Decontamination Pactors Observed wlth

Various Amounts of Chemilcals Added to Normal Purex Effluent

of 0.2M Uranyl Nitrate'?

0.05 gm

0.1

(a)

(v)

Ru DF when Quantity of Thiolacetic
Acid or Thiloacetamlde was

0.2 gm

8.8
13
26
28

evaporated to 1.7M
100-ml samples of the feed were treated wlith the
specified quantities of thioccarbanilide and elther thiolacetic acld or

evapcrated to orlginal volume, cooled,

0.05 gm

0.4 gm

2.3(®)

2.7

Uranyl nitrate product solution (0.24M U) from a Purex process was treated
with the specified quantities of chemicals, evaporated to one-seventh of

orliglnal vclume, cooled, and flltered.
Organic solvent was present on surface of feed and concentrated product.
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TABLE VI

Ruthenium Decontamlnation Factorsg Obsgerved

when Various Chemicals were Added to Uranyl
Nitrate Solutlions in Combinatlon with Blsulfide Icn

Chemlicals Added

Thiocarbanilide
Diphenylamine and urea
Carbanllide
Thicacetanilide and urea
Diphenylamine
Thicacetanilide
Thiobenzanllide and urea
N, N-dimethylanillne and urea
Aniline

Bengzanilide

N, N-dimethylanlline
Triethylamine
Triphenylamine

Uprea

(a)

Ru DR

52
36
2l
19
18
17

9.1

7.2

6.8

5.8

5.6

5.3

5.2

3.2

2 réw__,:_‘.,
T ORE
(a)
Chemlcals Added Ru DF
Thiobenzanlilide 3.0
Ethylamine {(70% in H0) 2.8
Diethylamine 2.8
Benzamide 2.5
Benzylamine 2.3
n-Butylamine 2.3
Formamlde 2.1
2-Phenylethylamine 2.0
Benzamlde 1.9
Diphenylamine and thiourea 1.9
“Dowex" A-1 resin none
Thicurea none

The source of the bisulfide 1on was thilolacetic

acld or thloacetamlde.

Uranyl nitrate product sclution from a Purex process, evapcrated-to 1.7M U,

was used as feed.

100-ml samples of the feed were treated wilth Q.2 gm of

the specified chemicals, diluted to 0.24M U, evaporated to orlginal veclume

and filltered.
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Structural formulas of some organic chemlcals tested 1n this study:

Bengzamide

Benzanllide

Benzylamine

Carbanlilide

Diphenylamine

Meréaptosuccinic acld

Thicacetamide

Thicacetanllide

Thiobenzanllide

Thiccarbanilide

Thioclacetic aciad

Thicurea
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