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Conceptual flowsheet of the CARBEX process used for reprocessing of voloxidized uranium
oxide SIMFUEL

Deep purification of uranium from impurities of all fission products (FPs) is an important task in the spent
nuclear fuel (SNF) reprocessing technology. In recent decades, there has been an increase in worldwide
interest in developing alternative non-acidic hydro-chemical approaches for the SNF processing. In most of
these approaches, the transition from nitric acid media to carbonate or carbonate-alkaline media is
contemplated. One of the options for SNF reprocessing in carbonate media is CARBEX (CARbonate
EXtraction) process in which it is proposed to use of solvent extraction technique for separation and
purification of uranium/plutonium from FPs impurities. The solvent extraction stage in the CARBEX process
with usage of methyltrioctylammonium (MTOA) carbonate as an extractant, involves two successive cycles:
(1) extraction/partial purification of U/Pu from impurities and (i1) deep purification of U/Pu from impurities.
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Research purpose: 3

Development of a scheme for the solvent extraction separation and
purification of uranium from impurities of fission products 1n
carbonate solutions using methyltrioctylammonium carbonate as an

extractant.

Tasks:

1. Prepare a multicomponent carbonate solution of uranium(VI) and surrogates of
fission products for research.

2. Carry out of laboratory tests to purification of uranium(VI) from impurities on a
multi-stage countercurrent extraction cascade.

3. Determine values of uranium purification factors from all impurities in studied

systems.



Composition of the initial carbonate solution 4

_____
1,16 0,01

C, mg/l 94000 0,03
-_“__
C, mg/l 0,049 2,93 3,52 57,3
-_“__
C, mg/l 1,17 0,05 0,001 0,06 1,13
C, mg/l 0,115 0,0355 0,572 0,511 4,42

Carbonate solution was obtained by oxidative

leaching of uranium oxide spent fuel surrogate 1n
1,0mol/L Na,CO; - 0,5mol/L H,O, at 25°C.



Operational scheme of solvent extraction separation and purification of 5
U(VI) from carbonate solution by MTOA carbonate

Ist solvent extraction cycle (exhaustive extraction of U(VI)) At all stages, the aqueous to organic

phase volume ratio was 1. The contact

Nay[UO2(0,)(CO3),] in 1.0 mol/L Na,CO3

Cuvi=96 g/L Wash liquor Strip liquor was 15 min. The delamination time of
- 0.1 mol/L Na,CO; 10 mol/L (NH4),COs the aqueous and organic phases was 15
f * * ‘ min.
EXTRACTION | WASHING N STRIPPING
0.7 mol/L (MTOA),CO; Aqueous phase Loaded strip liquor
. y  pulpof (NH).[UOx(COy)s]

Filtration and
re-dissolution in
0.5 mol/L (NH4)2CO3-05 mol/L H202

IInd solvent extraction cycle (deep purification of U(VI)) v
- Laboratory test Ne 1: Re-dissolution
Initia(lNlIJ{()V[II}g??;gi ?qlution of (NH,),JUO,(CO;);] in 0,5 mol/L
4)4 2(V 3)2] 1IN Wash li Strip li
Raffinate 0.5 mol/L (NH,),CO3 01 m_q_ofa/i (II\IIIJJEC@ 10 m—u—ogi (11\11111:))2 o, (NH4).2CO3 — 0,5 mol/L H,O, (shown on
? CU(V[):*Sg.O g/L * * the Sllde)
Laboratory test Ne 2: Re-dissolution
EXTRACTION | WASHING | STRIPPING of (NH,),[UO,CO,),] in 1,0 mol/L
n=6 n=1 n=1 (NH,),CO,;.
0.7 mol/L (MTOA),COj Aqueous phase Loaded strip liquor
8 1 pulp of (NH).[UOL(CO,);]

Filtration.

n — number of steps (Obtaining of U;0y)



Results and discussion 6

Laboratory test Ne 1 (exhaustive cascade)

phases

CIgJ;{D’ 0012 0027 0035 0042 04 45,00

Organic
phases

CU(VD’ 0,005 0,015 0,027 0,031

0,7 1,1 1,5 4,0 39,00 84,00

Aqueous A1-A10 and O1-O10: aqueous and organic phases at
phases the extraction,;

A11-O11: aqueous and organic phases at the washing;
A12-A14 and O12-0O14: aqueous and organic phases at

CU(VI)’ 1,1 0,028 0,0 0,004
Orgamc the stripping.

phases

CU;ED’ 82,85 0,2 0,008 0,001 Uranium losses:

Extraction: 0,1%;
Washing: 1,4%;
Stripping: 0,6%.

Degree of uranium recovery:
Extraction: 99,9%;

Stripping (precipitating mode): 99,4%;
Uranium recovery yield into the crystals of ammonium uranyltricarbonate (AUC): 99,7%.



Results and discussion

Laboratory test Ne 1 (purification cascade)

phases

Cg/(}il)’ 0,016 0,105 0,694 0,245 0,323 0,314 0,062

phases

g/(}:l)’ 0,150 0,208 1,277 14,34 26,88 100,04 99,793 0,514 0,289 0,136

Al1-A6 and O1-06: aqueous and organic phases at the Uranium losses:
extraction; Extraction: 0,1%;
A7, O7: aqueous and organic phase at the washing; Washing: 0,3%;
A8-A10 and O8-0O10: aqueous and organic phases at the Stripping: 0,5%.
stripping.

Degree of uranium recovery:

Extraction: 99,9%;

Stripping (precipitating mode): 99,5%;

Uranium recovery yield into the crystals of AUC: 99,7%.
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Laboratory test Ne 2 (exhaustive cascade)

phases

Cg/(il)’ 0,011 0,022 0,033 0,041 0,4 47,00

Organic
phases

CU(VD’ 0,007 0,017 0,028 0,032 0,731 1,125 1,5 5,0 40,00 85,00

Aqueous A1-A10 and O1-O10: aqueous and organic phases at the
phases extraction;

All, O11: aqueous and organic phase at the washing;

Cg}il)’ 0,022 0,016 0,004 A12-Al14 and O12-O14: aqueous and organic phases at
the stripping.
i
phases ---- .
Uranium losses:
Cg;{lr 02 0007 0004 Extraction: 0,1%;

Washing: 1,4%;
Stripping: 0,4%.

Degree of uranium recovery:
Extraction: 99,9%;

Stripping (precipitating mode): 99,6%;
Uranium recovery yield into the crystals of AUC: 99,8%



Results and discussion 9

Laboratory test Ne 2 (purification cascade)

--
phases

CU(VI)’ 0,025 0,086 0,153 0415 2,0 0,1
g/L

phases

0,040 0,008

Cuvy 0,065 0,132 0,394

0,241 0,120 0,050

g/L 9 ,
A1-A6 and O1-06: aqueous and organic phases at the extraction; Uranium losses:
A7; O7: aqueous and organic phase at the washing; Extraction: 0,1%:
A8-A10 and O8-0O10: aqueous and organic phases at the stripping. Washing: 0,9%:

Stripping: 0,5%.

Degree of uranium recovery:

Extraction: 99,9%;

Stripping (precipitating mode): 99,5%;

Uranium recovery yield into the crystals of AUC: 99,8%.



The values of purification factors of uranium from impurities of fission products surrogates

10

Purification factor *109
Laboratory test Ne 1
Impurity Na Al Cr Mn Cu Sr Y Zr Mo Sn
Exhaustive cascade - 0,01 0,1 0,1 0,04 0,1 0,01 0,1 0,03 0,001
Purification cascade 0,1 0,01 0,1 2,0 0,04 0,4 0,01 0,1 0,1 0,01
Impurity Sb Te Cs Ba La Ce Nd Sm Eu Re
Exhaustive cascade 0,1 0,001 0,001 0,02 0,08 0,01 0,0 0,08 0,01 0,01
Purification cascade 0,8 0,001 0,01 0,4 0,3 0,8 0,2 0,4 0,1 0,03
Laboratory test Ne 2
Impurity Na Al Cr Mn Cu Sr Y Zr Mo Sn
Exhaustive cascade - 0,01 0,07 1,9 0,04 0,04 0,01 0,1 0,07 0,01
Purification cascade | 0,01 0,01 0,07 2,0 0,04 0,4 0,01 0,1 0,1 0,01
Impurity Sb Te Cs Ba La Ce Nd Sm Eu Re
Exhaustive cascade | 0,07 0,007 0,003 0,1 0,06 0,5 0,1 0,4 0,1 0,01
Purification cascade 0,7 0,007 0,02 0,8 0,6 5,2 1,2 4.4 1,3 0,03




Conclusions —

1. Carrying out modeling of multistage solvent extraction process on
a laboratory @ cascade in  various options and 1n
extraction/washing/stripping mode, allowed to reach values of
uranium purification factors from impurities of some FPs surrogates
(Mo, Cs, Sr, Sn, Ba, Al, Cr, Cu, Sb, Re, Te, Mn, Zr, REEs) and also
from sodium at value level 10°-10°. The obtained results are close to
those of the industrial PUREX technology.

2. On the basis of the carried out studies, a scheme of solvent
extraction reprocessing of multicomponent carbonate solutions
containing of FPs surrogates was developed and optimized. This
scheme showed a high efficiency of the solvent extraction technique
for fractionating of the fission products in the CARBEX process.
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