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RECOVERY OF ENRICHED URANIUM (20% U-235) FROM WASTES
QBTAINED IN THE PREPARATION OF FUEL ELEMENTS FOR
ARGONAUT TYPE REACTORS
by

URIARTE, A. ,

RAMOS, L. ,

ESTRADA, J. ,

DEL VAL, J. L.*

1. URANIUM RECOVERY BY ION EXCHANGE FROM MOTHER LIQUQRS
QF PRECIPITATION OF AMMONIUM DIURANATE (ADU) OF URANYI,
FLUORIDE SOLUTIONS.

1. 1

Introduction

The preparation process of enriched U3Og (20%) from UF¿ of the same
enrichment, presents, among others, the problem o£ recovering the uraniurn
present in mother liquors resulting from the precipitation of ammoniurn
di.uranate (ADU) out of UO2F9 solutions. This recovery is important both
for the high valué of the product to be recovered and for the danger involved
by the presence of U-235, for which, according to present regulations, its
concentration in liquids exposed to human consumption is limited to 0. 17 mg
U(2 0%)/ml, equivalent to an activity of 2. 10"6 jic/ml (1).
In this precipitation the mother liquors usually remain with a concentra,!;
ion ranging between 0. 35-0.86 gr U^On/l depending on the initial concentración and the excess of NH^OH used (0. 16-0. 56M); fo.r this reason, it is
important to treat the wastes until their activity is under the permissible
activity level before their disposal.
1. 2.

Application of ion exchange

The difficulty to obtain a complete precipitation of uranium present in
UO2F2 solutions is due to the high contení of fluorides, because, in the
División de Materiales.

hydrolysis of U F , , 4 mols of HF are obtained by each mol of UO2F2 formed.
This excess of fluoride ion tends to complex the Uranium and crystallized
salts such as UC^F^ , UO 2 F^ 3 and UO 2 F¿ 4 have been encountered, the
formation of which depends, arnong other causes, on the amounts of components
present in the solution .
To acquire sufficient information on the uranium recovery from this
solutions by means of ion exchange, several tests were carried out with
solutions obtained by the same method with natural uranium hexafluoride.
These preliminary tests were carried out on laboratory columns containing
a bed of 100 mi IR-120 and IRA-400 Amberlite resins.
1. 2. L

Loading phase

In a first series of tests a unit consisting of a column containing RI-120
Amberlite was used to recover the uranium eventually present in the solution
as catión complexes and two additional columns filied with IRA-400 Amberlite
to fix the uranium in anión form (2). The concentration of the influent soluticn
in the first tests was 0. 299 gr UjOg/l at a pH of 10. The control was rnade
by alfa counting of the effluents of the different columns of the cycle and of
the influent solution.
The loading curves corre sponding to a cycle of this unit are shown in
Fig. 1. It can be seen that the loading of uranium by the catión resin is practically nuil, because from the very beginning the counting of effluent and
influent solutions remains the same, the deviations being due to the error of
the method ( _ 10%). On the other hand, the loading curves of anión resins
are the usual found in ion exchange, presenting a well defined breakthrough
point. The contact time used in this phase was 4 minutes and the average
concentration of the effluent solution of the third column of the cycle was.
0. 001 gr U-jOg/l which means a recovery of 99. 67%. This percentage is higher
than the valué given in the literature for this type of solutions (3).
After these preliminary test, the catión resin was replaced by anión resin,
so that the unit was formed by three columns in series, each containing a bed of
100 mi of Amberlite. Under the new conditions a new series of tests was
conducted with a solution of similar composition, but with a concentration of
0. 164 gr UoOn/l. Similar results were obtained, with an average recovery of
99,6%. As in the previous cases the breakthrough point of the first column of
the cycle was quickly attained, which shows that loading capacities of uranium
are rather low.
A third series of tests was carried out to check the influence of the pH of
the influent solution, by adjusting it to a valué of 7 and neutralizing the excess
of NH4OH with H2SO4. The solution whose uranium concentration was 0. 154
gr U-^Og/l, had a final sulphate concentration of 38.30 gr SO4/I. Fig. 2 shows
the loading curves obtained for this solution. As in the first series, the
loading of uranium by the resin is nuil because inlet and outlet concentrations
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Fig.

1. - Loading curves of a 3 column system using catión
and anión re sins

Fig. 2. - Loading curves of a 3 column system for a solution
at PH 7, 3 8,3 g S O | / l and 0, 154 g U 3 O 8 /l.

are identical. The exchange between re sin and solution íor different anions
depends upon their valence a:id size and on the strength of the corresponding
acid. The hydroxide ion in the anionic equilibrium is in a similar position to
the hydrogen ion in the cationic equilibrium. The facility with which the
hydroxide ion can replace or can be replaced by other ions. varies according
to the basicity of the anión resin, For strong anión resins the hydroxide ion
shows a very low exchange potential. while for weak anión resins the exchange
potential is high.
Exchange potentials for other ions depend more on the nature of the ion
than on the resin. For a weak anión resin the order of exchange potentials
is : OH" > SO4 ^ F~ . For strong anión resins the series of exchange
potentials'i s SO5" > F~ > OH . However, the se order s are not constant
wi.thin a large range of concentrations and pH,
Whiie in the first series the capacity was low due to the high contení of
free F" and OH* in the solution ; the adjustment at 7 of the solution pH
removes partly one ion, OH . but introduces another ion in the solution -SO 4 with a higher affinity for the resin,
1, 2. 2 Elution phase
A contact time of 20 minutes was used, 1, IN NH4NO3 - 0 . 8N NH4NO3- 0. 3N HNO3 and 0. 6N NH4NO3 - 0, 5N HNO3 solutions were used as eluent
to avoid the introduction of foreign ions in the t^Og obtained when calcining
(NH4)2U2O7 at 800 °C.
The 1, IN NH/NOo solution couid not be considered as eluent because it
increased the pH of the eluate during the elution of the hydroxide ions absorbed
in the resin, in spite of its elution velocity and efficiency being acceptable,
This pHincrease might cause a precipitation of uranium in the resin bed, with
the corresponding danger of blocking the pores of the resin.
The elution characteristincs of the 0 , 8N NH4NO3 - 0, 3N HNO3 solution
are similar to the previous solution as far as efficiency and elution velocity
is concerned; however, there is no precipitation of uranium in the first
fractions of the eluate.
Fig. 3 shows a typical elution curve for this eiuent. The capacity of the
resin for uranium is very low, 19. 4 gr "U^Og/l, with an average concentración
of the eluate to be precipitated (3 volumes of bed) of 6.31 gr U^Og/l. The
same figure shows also the elution curve of 0. 6N NH4 NO3 - 0. 5N HNO3 with
the same concentration of nitrates as the previous one. but with a higher
nitric acidity. Its characteristics as to elution efficiency are the same, but
it is different in elution velocity. inasmuch as half a volume less than the
previous case is necessary to produce the complete elution of the absorbed
uranium. For this reason, the eluate to be precipitated is more concentrated
and the obtained valué is 8. 12 gr Ü3Og/l. On the other hand . its use is correct
because its higher acidity helps to dissolve the ammonium diuranate partióles

Fig. 3, - Effect of the type oí eluent.

carried over by the mother liqúors and retained by thé re sin bed. However.
there is the difficulty of the HF formed within the column at the expense of
absorbed fluorides in the first moments of elütion.
The presence of gas bubbles within the bed is dangerous because they
modify the characteristics of the bed by varyiiig its porosity and causing
the formation of channels and so decreasing the recovery efficiency. To
remove the gas in the bed, it is necessary to make an ascendent washing
with the eluent solution, which means a cúuntercurrent elution during a
short period of time.
1. 3 Description of the unit and results obtáined.
According to the results given above , an ion exchange unit was designed
and mounted for the treatment of the mother liquors produced in the
precipitation of enriched ammonium diuranate out of solutións of uranyl
fluoride.
This unit consists of 4 Plexiglás columns each containing 1 liter of
Amberlite IRA-400 resin, supported by CaF£ , with a capacity of 6 liter of
solution/hour. The feed is kept in 6 liter containers. The unit as a whole
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is critically safe and is contained within a glove box with independent ventilation (Fig. 4).
The total volume treated in this unit was 1336 liters with a total contení:
of 140. 88 gr U3O,,. The uranium not retained by the resin was 2. 44 gr of
UOOQ and therefore the total recovery war 98.28%.
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- RECOVERY OF ENRICHED URANIUM (20% U-235) FROM

METÁLLUR-

GICAL WASTES OF ARGONAUT TYPE FUEL ELEMENT FABRICATION.
The preparation of fuels for Argonaut type reactors using 20% enriched
Uranium produces several wastes which require to be duly treated to recover
the highly valuéd U-235 and to remo-ve at the same time the activity of the
wastes for an easy disposal.,
Among the wastes to be treated the most important are the fuel elementa
already manufactured that do not neet the necessary requirements.
The general procedure for this recovery consists in dissolving them
with nitric acid in the presence of Hg(NO3)2 and to clarify the resulting
solution. The separation of the Uranium contained in these solution is carried
out by liquid-liquid extraction using tributyl phosphate diluted in kerosene as
solvent, re-extraction with mildly acid demiheralized water, precipitation of
ammonium diuranate and drying and calcination of this compound to obtain
U3OO ready to be used again for the manufacture of new fuel píates.
2. 1 Dis solution
2. 1. 1 Fuel element characteristics.
The fuel elements consist of a mixture of ^ O g powder (53%) and
Aluminium powder (47%) sandwiched between two plates of aluminium alloy
(Earlite).
2. 1. 2 Fuel processing
The reaction of 4M nitric acid (3) with aluminium in the presence of Hg
) follows the equation.
Hg++
Al + 3. 75 HNO3 ~
» A1(NO3)3 + 0. 22 5 NO + 0. 15 NZC

+ 0. 112 5 N2 + 1.87 5H 2 O

A H = - 190 Kcals/mol Al

The Hg' '
ion acts as a catalyst of the reaction avoiding the formation of an aluminium oxide coating which protects the aluminium of a further
attack. The concentration of 5. 10~^M (3) (4) (5) for the mercuric nitrate is
admitted as optimum. The presence of uranium does not apparently change
the reaction to be expected for puré aluminium (5).
To avoid the losses of nitric acid caused by the reléase of nitrogen
gases, it is necessary to oxidize them by introducing oxigen in the reactor,
to absorb them countercurrentwise with condensed water and to return them
later to the dissolution tank.
After having established the conditions of treatment according to the
information of the literature, a series of 16 tests with natural uranium
oxide fuel elements were carried out in a stainless steel reactor, of a total
capacity of 10 liters and provided with an external jacket either for steam
heating or for water cooling. The latter is used at the beginning of the
dissolution and the former later on.
Each test was carried out with samples of 108 gr and 4 1. of soluíion
4M in HNO3 and 5. 10~^M in Hg(NÜ3)2- The optimum reaction temperatura
ranged between 100 and 104 °C. The clarification of the solution wa.s improved
by adding 0. 1 gr gelatin/liter as 1% solution and boiling for 10 minutes
before clarifying through a sintered glass filter. The recovery obtained in
these series of preliminary tests ranged between 97. 6 and 100% referred
to U 3 O 8 .
2. 1, 3 Description of the unit and results obtained.
The unit designed and mounted for the dissolution of fuels for Argonauí
type reactors consists of a dissolution tank of stainless steel, pot type. with
two sections, one of 200 mm diameter and other of 400 mm diameter, none
of which are geometricaly safe to avoid critical accidents (7), so that it is
necessary to fulfill the condition that the mass of U-235 contained would not
be over 350 gr.
For this reason, only a fuel element píate was dissolved in each batch,
which means to treat 118 gr of U3OO, or about 20 gr of U-235. The heating
of the reactor is made by two adjustable electric resistances, and the total
volume of reactor, is 150 liter which means three times the volume occupied
by the solution in order to avoid entrainment of the liquid by the gases
produced (Fig. 5),
The gas recovery system consists of a condenser and an absorption
column of stainless steel packed with "rasching" rings, where non-condensed
gases (nitrogen oxides) circuíate upwards and the condensed water flows by
gravity. The HNO3 formed returns to the reactor through an U tube and the
unabsorbed gases are passed over NaOH solutions contained in scrubbers
before their reléase to the at:iiosphere.

)
)
)
)
)
)
)
)

DISS0UJT10N TANK
CCHÜENSER
A3S0RPTI0N COUJMN
TRAP
NITROU5 GASES ABSCHBER
NíTFllC ACtO TANK
OXYGEN BUBSLER
OXYGEN BOTTLE

Fig. 5. - FLOWSHEET RECOVERY OF ENRICHED URANIUM
DISSOLUTION AND CLARIFICA!1 ION
1) Dissolution tank
2) Condenser
3) Absorption column
4) Trap
5) Nitrous gases absorber
6) Nitric acid tank
7) Oxygen bubbler
S) Oxygen bottle

9)
10)'

Glass filtering píate s

The clarification system for the solution obtained in dissolving the
plates consists of four sintered glass filters. The filtering is done upwards
and the filters can be washed with cold water from top to bottom.
Both the dissolution and the clarification system s are contained in a
glove box with independent ventilation (Fig. 6).
After commisioning the unit was started up with natural uranium wastes,
After testing the unit was used for the dissolution of four fuel element plates
and various types ofwastes (papers, rags, etc) produced in the process.

!
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The dissolution of these wastes with 4M HNO3 was made in four batches
with a practically total recovery of uranium.
2. 2 Solvent extraction
2.2. 1 Characteristics of liquors and solvent.
The aqueous nitric solution to be treated contains from 2 to 4 gr
3 ° 8 / 1 a n d i s a PP r oximately 1M in aluminium with a concentration of free
nitric acid lower than 1M.
U

The solvent consists of tributyl phosphate (TBP) diluted with kerosene.
Some experimenta were carried out with concentrations of 5% and 10% of
TBP in order to take into account the low uranium concentration of the
liquids from waste dissolution. It was decided to employ the 10% concentration in TBP so as not to use an excessive number of extraction stages. In
this way the saturation percentage in the solvent is adequate.
2.2.2

Discontinuous Tests

2. 2. 2. 1 Contact time. Fig. 7a represents graphically the influence of
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contact time on the effluent concentrations from an extraction stage. The
concentration of aqueous feed was 2. 75 gr l ^ O g / l , the solvent TBP 10%
in kerosene and the phase ratio aq/org 0. 9/2 and 1/2. As can be seen one
minute of hand-shaking is sufficient to get stationary conditions.
Fig. 7b refers to similar experiments in which the uranium contained
in the organic solvent was reextracted with demineralized water with a phase
ratio aq/org l / l and 2 / l .
2. 2. 2. 2 Distribution isotherms
Fig. 8 gives the extraction isotherms. The upper curve corresponds
to a TBP solution at 10% in kerosene and the lower at 5%. The concentration of aqueous solution used for obtaining these curves was 2. 67 gr U3O-,/].,

Fig. 8. - EXTRACTION ISOTH.SRMS

Both curves of Fig. 9 correspond to the isotherms obtained by stripping
the organic extract (TBP at 1%) with a concent ratio-i of 27. 22 gr U3Q3/I
demineralized water at 25 °C (lower curve) and at 50 °C (upper cur^e). T e
difference being not very important, it was decidecl .0 carry out th= reex.Lraction at room tempsrature.
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Fig-, 9.- REEXTRACTION ISOTHERMS (TBP 10% v/v)

Because of the uncertainty invoived in the graphical determination of
the necessary r.umber of stages, both in extraction as in reextraction, this
determination was made with separatory funnels, simulating a countercurrent
flowsheet. Results obtained are shown in Table I.
T A B L E

I

EXTRACTION
Aqueous feed :

2.75 gr

Organic feed :

TBP 10%

Phase ratio :

Ac/org = 5. 8/1

Raf fínate
Con cent ration

0. 001 gr U 3 O 8 /1

Extract
Con cent ration

17. 1 gr U 3 O 8 /1

No. of stages

5-6
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T A B L A

I (Continua tion)

REEXTRA CTIOM
Organic feed :

14. 84 gr U 3 O¿/l TBP (10%)

Aqaeous feed :

Den ineralized water

Phase ratio :

-Aq/org = 2 / l

Raffmate
Concentration :

0. 001 gr U3C\¿/1

Extract
Concentration :

7. 06 grs U3O-./I

I\5? of stages 3-4

2. 2. 2. 3 Solvent washing
The organic solvent leaving the reextraction system contaras practically
no uraniuin and, before its recycling to the extraction stage. it is washed
with a 5% Na2CO3 solution to clean up the organic phase of degradation
producís (mainly acid batyl phosphates) which decrease its extracting capacity.
Then the solvent is washed with 1M HNO3 to acidify the organic phase and
neutralize soné entramed sodium carbonate.
2.2.3

Continuous bench scale tests

In view of the above results, a series of countercurrent continuous
experiments were conducted in a unit of glass external ~nixe r-settler s , with
a -nixing and settler capacity of 60 cm and 130 cm , respectively. The
organic phase flowed from stage to stage by gravity along the installation.
the aqueous phase being pumped by airlifts.
Results obtained are shown in Table II. In every test the mixers worked
with a phase ratio org/aq = 2-3 with the organic phase continuous. Under
the se conditions the separation of both phase s is sharp and it is favored, at
the same time , by using demine ralized water slightly acidulated with HNO3.
The efficiency of the unit wa s 93% and an 99 ,9% uranium recovery in
the extraction section was obtained.
The flowsheet of this installation is given in Figs. 10 and 11. The unit
consists of two box type mixer-settlers (Fig. 12) made of polymethyl
metacrylate and similar in several features to the unit described by Copian
(8). The first of them contams 6 extraction stages and the othe r 4reextraction
stages and two washing stages. This model of mixer-settler presents the

15
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Fig. 10. - FLOWSHEET OF THE IKSTALLATION FOR ENRICHED
URANIUM RECOVERY

Fig. 1 1 . - FLOWSHEET OF THE EXTRACTION INSTALLATIOK
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Fig. 12. -BOX TYPE MDCER-SETTLER SCHEMATIC VIEW

advantage that it does not require inte rmediate pumps for the tran sport of
solutions, because the stirrer accomplishes this work.
All the elements oí the installation are of such sizes and are disposed
in such a way that no criticality accident can take place. The unit is
contained in a glove box, duly ventilated (Fig. 13).
Liquids obtained in dissolution stage (2. 1. 5) we re treated in this
installation. The flow rate of the aqueous feed was 20 ml/min and the organic
flow rate was adjusted to produce an extract concentration of 15-2 0 gr
U3O-/I. Similarly the volume used of demineralized water (slightly acidulated)
was such that its concentration when leaving the 7th stage was 10 grs U3O¿/l.
The washing stages worked with the same ratio used in previous tests (Table II).
The aqueous extract, effluent of the 7th stage. was sent to precipitation,
drying and calcination of the ammonium diuranate to obtain U3Og able to be
used again in the manufacture of fuel elements.
Aqueous raffinates had a concentration below 0. 001 gr U-jOg/l and
were suitably diluted for disposal. Therefore, recovery obtained in this
extraction phase was of 9 9. 9%.
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13. - SOLYENT EXTRACTION UNIT

T A B L E
Continuous

a) Extraction
Expe ri
Aqueous Feed
ment.
gr U 3 O 3 / 1 ml/min

1
2
3
4
00

5

2 , 78
3,01
2,87
3,43
3,67

14,7
14,4
14,7
11,2
11 ,0

Mixing
time
min.

1,2
1,4
1,6
1,8
1,4

II

bench scale test

Phase ratio Ac/Org
Feed
Mixers

5,65
5,75
5,65
4,3 1
4,23

1/2,5
1/2

1/2,5
1/2
1/3

b) Reextraction and washing
Expe ri
ment.

Organic Feed
ml/min
grU3O8/l

1
2

14,33

2,6

19,4

3
4
5

20,2
2 1,03
17,8
13,3

2,5
2,6
2,6
2,6
2,6

6

n9 of
Dennineralized water
ml/min
stages
Extract
Concentration
gr U3Oo
4,1
4,0
4,0
4,0
4,0
3,6

8,87
12,3
10,3
11,0
10,9
10,0

6
6
6
6
4
4

Raffinate
Concentra
ti orí.
gr U 3 O 8 / 1
0,001
0,001
0,001
0,001
0,002

Extract
Concentration
grU 3 O 8 /l
14,33

19,4
20,2
21,03
17,8

%

Recove ry.

N2 of
stages

99,96
99,97
99,97
99,97
99,95

6
6
6
6
6

—

Washing
Washing Na2CC3 5% HNO3 2,5M
Raffinate
Concentrat. ml/min
N° of
N5 of
mi/
grU3Og/l
stage s
stages min.

0,001 .
0,001
0,001
0,001
0, 00 1
0,001

2,0

1,5
1,0
1,0
1,0
1,0

1
1
1
1
1
1

2,0
1,5
1,0
1,0
1,0
1,0

1
1
1
1
1
1
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Junta de Energía Nuclear, División de Materiales, Madrid
" R e c u p e r a c i ó n de u r a n i o e n r i q u e c i d o (20%
U - 2 3 5) de r e s i d u o s obtenidos en la p r e p a r a c i ó n de
elementos combustibles para reactores tipo Argonaut."
URIARTE, A., RAMOS, L , ESTRADA, J . y DEL VAL, J-L, (1962) 19 pp. 13 figs.
2 tabls. 9 reís.
Se indica l a puesta a punto y los resultados obtenidos en las instaladores
siguientes de recuperación de uranio enriquecido (20$ U-235) de residuos obtenidos en l a preparación de elementos combustibles para reactores tipo Argonaut:
1»- Instalación de cambio de ion para recuperar el uranio en solución de las
aguas madres procedentes de l a precipitación de cliuranato amónico (ADU) a
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Junta de Energía Nuclear, División de Materiales, Madrid
" R e c u p e r a c i ó n d e u r a n i o e n r i q u e c i d o (20%
U-235) de r e s i d u o s o b t e n i d o s en la p r e p a r a c i ó n de
elementos combustibles para reactores tipo Argo:, L, RAMOS, Lo, ESTRADA, J . y DEL VAL, J-L. (1962) 19 pp. 13 f i g s .
2 tabls. 9'refs»
Se indica l a puesta a punto y los resultados obtenidos en las instalaciones
siguientes de recuperación de uranio enriquecido {20% U-235) de residuos obtenidos en l a preparación de elementos combustibles para reactores tipo Argonaut:
1»~ Instalación de cambio de ion para, recuperar el uranio en solución de las
aguas madres procedentes de l a precipitación de diuranato amónico (ADU) a
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Junta de Energía Nuclear, División de Materiales, Madrid
" R e c u p e r a c i ó n d e u r a n i o e n r i q u e c i d o (20%
U-235) de r e s i d u o s obtenidos en la p r e p a r a c i ó n de
elementos combustibles para reactores tipo Argonaut."
URIARTE, A., RAHOS, L., ESTRADA, J . y DEL VAL, J.L. (1962) 19 pp. 13 f i g s .
2 tabls. 9 refs.
Se indica l a puesta a punto y los resultados obtenidos en las instalaciones
siguientes de recuperación de uranio enriquecido (20$ U-235) de residuos obtenidos en l a preparación de elementos combustibles para reactores tipo Argonaut:
1 , - Instalación de cambio de ion para recuperar el uranio en solución de las
aguas madres procedentes de l a precipitación de diuranato amónico (ADU) a •
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" R e c u p e r a c i ó n de u r a n i o e n r i q u e c i d o (20%
U-235) de r e s i d u o s obtenidos en la p r e p a r a c i ó n de
elementos combustibles para reactores tipo Argonaut. "
URIARTE, A., RAMOS, L , ESTRADA, J . y DEL VAL, J.L. (-|962) 19 pp. 13 f i g s .
2 tablso 9 refs.
Se indica l a puesta a plinto y los resultados obtenidos en las instalaciones
siguientes de recuperación de uranio enriquecido {20% U-235) de residuos obtenidos en l a preparación de elementos combustibles para reactores tipo Argonaut:
1 , - Instalación de cambio de ion para recuperar el uranio en solución de las
aguas madres procedentes de l a precipitación de diuranato amónico (ADU) a

partir de. soluciones de
^
2.- Instalación de recuperación de urajiio a partir de residuos sólidos del
proceso de fabricación de elementos.combustibles que consta de : a) disolución
de los residuos; b:). extracción del uranio con TBP al 1Q$.

partir de soluciones dq
^
2.j-_ Instalación de recuperación de uranio a partir de residuos sólidos del
proceso de fabricación de elementos combustibles que consta de : a) disolución
de los residuos; b) extracción del uranio con TEP al 10%.

partir de soluciones d e - y ^
2.- Instalación de recuperación de uranio a partir de residuos sólidos del.
proceso de fabricación de elementos combustibles que consta.de- : a) disolución
de los residuos; b) extracción del uranio con TBP al 1.($.

partir de soluciones de g g
2,- Instalación de recuperación de uranio a partir de residuos sólidos del.
proceso de fabricación de elementos combustibles que consta de : a) disolución
de los residuos; b) extracción del uranio con TBP al 1 $ .

