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a b s t r a c t

This work presents the results of laboratory scale tests of the CARBOFLUOREX (CARBOnate FLUORide
EXtraction) process e a novel technology for the recovery of U and Pu from the solid fluorides residue
(fluorination ash) of Fluoride Volatility Method (FVM) reprocessing of spent nuclear fuel (SNF). To study
the oxidative leaching of U from the fluorination ash (FA) by Na2CO3 or Na2CO3eH2O2 solutions followed
by solvent extraction by methyltrioctylammonium carbonate in toluene and purification of U from the
fission products (FPs) impurities we used a surrogate of FA consisting of UF4 or UO2F2, and FPs fluorides
with stable isotopes of Ce, Zr, Sr, Ba, Cs, Fe, Cr, Ni, La, Nd, Pr, Sm. Purification factors of U from impurities
at the solvent extraction refining stage reached the values of 104e105, and up to 106 upon the completion
of the processing cycle. Obtained results showed a high efficiency of the CARBOFLUOREX process for
recovery and separating of U from FPs contained in FA, which allows completing of the FVM cycle with
recovery of U and Pu from hardly processed FA.
© 2019 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

During the reprocessing of spent uranium oxide fuel by Fluoride
Volatility Method (FVM), uranium is extracted as UF6 after
highetemperature fluorination, which purifies it from volatile FPs
such as: NpF6, MoF6, IF7, TeF6, SeF6, SbF5, NbF5, RuF5 and after
conversion to UO2 can be used again as a nuclear fuel [1,2].
Radioactivewastes of FVM are solid fluorides residue (in the form of
powders or ashes), which form at the stage of highetemperature
fluorination of SNF. This residue e fluorination ash (FA) contains
a mixture of nonevolatile fluorides of U and Pu in the form of UF4,
UO2F2, PuF4, fluorides of minor actinides (NpF3, AmF3, CmF3) and
fluorides of FPs (ZrF4, CsF, RbF, SrF2, LnF3) with high radioactivity.
FVM reprocessing of SNF produced by thermal nuclear reactors
allows converting 97e99.5% of uranium to the volatile UF6. Thus,
the amount of processed SNF is reduced by more than 10 times.
ity of Сhemical Technology of
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by Elsevier Korea LLC. This is an
Residual U and Pu, as well as FPs in the form of nonevolatile
fluorides, concentrate in FA, which could contain 30e77% of UF4
[2e4]. Recovery of U and Pu from FA by FVM is not economically
feasible.

The most welleknown and welledescribed process of SNF
reprocessing includes a combination of the FVM and the PUREX
process for the solvent extraction (SE) separation of U, Pu and FPs in
nitric acid media is the FLUOREX developed in Japan [2,5]. On the
one hand, in FLUOREX process there is a decrease the volume of
liquid radioactivewaste at the SE stage by the factor of 10 compared
to the conventional PUREX process [5], since the main part of U is
removed as UF6 during fluorination. On the other hand, due to
incomplete conversion of alkalineeearth and lanthanide metals’
fluorides to oxides, F� ions are being transferred to the solution
during subsequent leaching by HNO3, resulting in the formation of
insoluble PuF4. Another negative effect of presence of F� ions in
HNO3 solutions is formation of HF, which is highly corrosive for the
processing equipment and accelerates the degradation of the
extractant. To prevent the formation of PuF4 precipitates and the
aggressive HF, it has been proposed to bind F� ions into insoluble
compounds, for example, with Ln [2]. The purification factors of U
from FPs impurities in the FLUOREX process is 107.
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1.1. Concept of the CARBOFLUOREX process

CARBEX process, previously developed for the reprocessing of
uranium oxide SNF in aqueous carbonate media [6], can be also
used to recovery of U, Pu and, potentially, minor actinides from FA.
In combination with FVM this process represents the hybrid
method including fluoride volatile and solvent extraction method
for SNF reprocessing. At the stage of dissolution of U, Pu and FPs
fluorides in carbonate solutions, there is a formation of
fluoroecarbonate species, which further undertake solvent
extraction purification from carbonateefluoride media. On this
basis, the method was called the CARBOFLUOREX process, or sol-
vent extraction from carbonateefluoride solutions.

The reprocessing of FA in aqueous carbonateefluoride media
has important advantages compared to nitric acid media:
carbonateefluoride solutions do not possess aggressive chemical
impact on materials of the equipment. Another point is that com-
ponents of an extraction system are less aggressive for the envi-
ronment and personnel. At the stage of U and Pu leaching from FA
by carbonate solution, FPs impurities, which are insoluble in
carbonateefluoride media are selectively separated [6]. CARBO-
FLUOREX process does not require the conversion of fluorides ob-
tained from FA to oxides before the leaching stage, as it needed in
the FLUOREX process.

Thus, the advantages of the CARBOFLUOREX process in com-
parisonwith SE from nitric acid solutions are following: 1) decrease
in corrosive and oxidative activity of F� ions in carbonate solutions,
which are in contact with the processing equipment and extrac-
tant; 2) process does not require preetreatment of U and other
components from fluorine; 3) possibility of obtaining pure car-
bonate compounds of U and Pu directly after the SE stage; 4)
relatively simple route for reprocessing of FA. The main stages of
the FA reprocessing in the CARBOFLUOREX process are presented
on Fig. 1.

Process of UO2F2 dissolution in carbonate solutions, involves
formation of soluble carbonate [UO2(CO3)3]4e and mixed
fluoroecarbonate complexes [UO2(CO3)F2]2e, [UO2(CO3)F3]3e,
[UO2(CO3)F4]4e, [UO2(CO3)2F2]4e [7e9]. Concentration of U in
carbonateefluoride solutions can reach up to 20e90 gU L�1,
depending on the processing conditions and composition of the
initial solution. To dissolve UF4 in Na2CO3 solutions, U(IV) should be
oxidized to U(VI). The most suitable oxidizing agent for this process
is H2O2, which not only oxidizes U, but also forms mixed
peroxoecarbonate complexes corresponding to the general for-
mula [UO2(O2)x(CO3)y](2�2x�2y) (where x ¼ 1e3, y ¼ 3ex) [10],
when added to solutions containing Na2CO3.

Due to low solubility of oxides and fluorides of Ln, Ba, Sr, Zr and
other metals in solutions of Na2CO3 or Na2CO3eH2O2(NaF), most of
them remain in the insoluble residue, which allows to separate U
Fig. 1. Flow sheet of the FA reprocessin
from some insoluble FPs at the FA leaching stage. Nonetheless, we
should expect a complete transition of Cs and part of Ln in the
Uecontaining solution at the FA leaching stage.

For further separation and purification of U and Pu from soluble
FPs in carbonateefluoride solutions in CARBOFLUOREX process, it
is proposed to carry out solvent extraction refining using quater-
nary ammonium compounds (QACs), in particular, methyl-
trioctylammonium carbonate or fluoride (further (R4N)2CO3 and
R4NF, where R4Nþ is a quaternary ammonium cation).

During the solvent extraction separation of U(VI), Ce(IV) and
Ln(III) from carbonateefluoride solutions of (R4N)2CO3 in toluene,
the separation factor (b) for U(VI) and Ln(III) ranges from 1.5 to 15.5,
b(Ce(IV)/Ln(III)) is 2.3e3.8 [11], b(U(VI)/Pu(IV)) is 0.5e84.5 and
b(U(VI)/Am(III)) is 1.4e5.4 [12] depending on the conditions of
process and the composition of the carbonateefluoride solution.
When Pu(IV) is oxidized to Pu(VI) in Na2CO3 solutions, for example,
in presence of persulfate ions [13] it leads to formation of
Na4[PuO2(CO3)3] [14], extractability of which by (R4N)2CO3 is
comparable with Na4[UO2(CO3)3] [15]. Varying the conditions of
the SE stage of CARBOFLUOREX process makes it possible to
develop options for both separate and collective SE of U(VI) and
Pu(IV)/Pu(VI). Solvent extraction refining is a main stage of U and
Pu purification.

Obtaining extracts containing 50e80 gU L�1 allows to remove U
in the form of crystalline ammonium uranyl carbonate (AUC) [16] at
the stage of reeextraction, using concentrated (NH4)2CO3 solutions
(solidephase reeextraction). In the case of collective SE processing
of U and Pu, mixed carbonate precipitates are formed. Calcination
of obtained carbonates leads to formation of the mixed UO2 and
PuO2 powders, which can be used for MOX fuel fabrication. After
filtration of AUC, unspent (NH4)2CO3 could be further regenerated
from the carbonate solution by distilling the gaseous NH3 and CO2,
for the preparation of (NH4)2CO3. The remaining extremely low
volume of the solution, containing FPs could can be solidified,
immobilized and finally sent to nuclear waste disposal.

The goal of this studywas to verify and optimize themain stages
of the CARBOFLUOREX process on a laboratory scalee leaching of U
from FA and its further purification by solvent extraction from FPs
in carbonateefluoride solutions using the FA surrogate.

2. Experimental

Solid salts Na2CO3, NaF and 35% aqueous solution of H2O2 of the
analytical grade were used. Carbonate of MTOA e (R4N)2СО3 was
synthesized according to the work [17]. Toluene of the analytical
grade was used for dissolving of (R4N)2СО3.

We used the FA surrogate based on mixture powders of UF4,
UO2F2, UO2F2$nH2Owhere n¼ 1.5 and 2 with the natural content of
isotopes 235U and 238U, as well as simulated FPs in the form of
g in the CARBOFLUOREX process.



Table 1
Composition of the FA surrogate based on UF4 (N�1) and based on UO2F2/
UO2F2,1.5H2O/UO2F2,2H2O (N�2).

Component UF4 (N�1); UO2F2/
UO2F2,nH2O (N�2)

CsF SrF2 BaF2 FeF3,3H2O

u, % (N�1) 49.5 0.74 0.74 e 8.91
u, % (N�2) 45.8 0.76 0.76 2.29 9.16

Component CrF3,3H2O NiF2,2H2O ZrF4 LaF3 CeF3 PrF3 NdF3 SmF3

u, % (N�1) 2.23 8.91 18.94 1.49 2.23 1.34 3.71 1.26
u, % (N�2) 2.29 9.16 19.47 1.53 2.29 1.37 3.82 1.3
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fluorides of stable isotopes: CsF, SrF2, BaF2, FeF3,3H2O, CrF3,3H2O,
NiF2,2H2O, ZrF4, LaF3, CeF3, PrF3, NdF3, SmF3 (Table 1) of the
analytical grade. The composition of the FA surrogate was chosen
according to the published data [3,4]. Anhydrous UF4 was
obtained by treating a UF4$2.5H2O with gaseous HF at a tempera-
ture of 500 �C. UF4$2.5H2O was precipitated from a solution of
U(SO4)2 by HF. UO2F2 was obtained by precipitation from 70%
UO2(NO3)2,6H2O aqueous solution with concentrated NH4F
aqueous solution [9]. The composition of the synthesized UF4 and
UO2F2 powders was confirmed by Xeray diffraction (XRD). Phase
composition of obtained powder mixture included anhydrous UF4
and anhydrous UO2F2 mixed with hydrates e UO2F2,1.5H2O,
UO2F2,2H2O (Fig. 2).

The concentrations of metals in liquid and solid samples were
analyzed with the ICPeMS method by an iCAPТМ Q. The concen-
trations of Na2CO3 and (NH4)2CO3 in solutions were analyzed by the
potentiometric titration of a samples by 100.00 mM water solution
of HCl, with a glass P13/BNC electrode using a digital pH/mV/
temperature meter Elite pH Meter 3320. The concentration of H2O2

in solutions was analyzed by titrationwith 20.00mMKMnO4 water
solution. The concentration of NaF in solutions were analyzed by
the titration of a samples by 100.00mMwater solution of LaF3, with
a selective fluoride ion electrode ELISe131 F and reference elec-
trode ESre10101 using a digital ionometer Ekoniks EХPERTe001.

The absorption spectra and spectral curve of the secondeorder
derivative were measured using UVevis HP Diode Array Spectro-
photometer 8452 A with a 1e10 mm quartz cuvette. Data was
Fig. 2. XRD patterns of UF4 (A) and UO2F2 (B) powders, used for surrogate mixtures
preparation.
obtained in a singleebeam mode at 2 nm resolution.
The phase content of the powders was established from the XRD

of the samples. The XRD spectra were obtained with a D2 PHASER
Bruker. The spectra were read and the phase content was estab-
lished using the JCPDSeICDD database and TOPAS structural
refinement software.

The degree of extraction (a) of each element was calculated by
the following equation:

a(%)¼(WM/WM,i),100 (1)

where WM,i is the initial quantity of the metal and WM is the
quantity contained in the filtered solution after leaching.

The purification factor (KPUR) of U from impurities were calcu-
lated according to the equation:

KPUR ¼ [(WU)/(WM)]/[(WU,i)/(WM,i)] (2)

where WU,i and WM,i are the masses of U and impurities in the
initial samplewhileWU andWM are themasses after the treatment.
In case of oxidative leaching of the surrogate powder, the calcula-
tion of WU and WM was carried out using concentration of metal
and volume of the carbonateefluoride solution after filtration.

3. Results and discussion

3.1. Leaching of uranium from the fluorination ash surrogate

CARBOFLUOREX process involves leaching of U from the FA by
0.5e1.0 M Na2CO3 aqueous solutions. Leaching of U from a
UO2F2ebased surrogate is based upon dissolution of uranyl fluoride
in Na2CO3 solutions. Dissolution rate of UO2F2 is low: only 41e60%
of U was dissolved (concentration of U in solution equal 20e55 gU
L�1) in 4 h (Table 2). Higher temperature increases a(U), and an
increase in the Na2CO3 concentration from 0.5 M to 1.0 M has
almost no effect on the leaching of UO2F2 from surrogate powder.

For dissolution of UF4 in carbonate solution, it is necessary to
oxidize U(IV) to U(VI). For present study we used 0.5e1.0 M H2O2 as
an oxidizing agent in carbonate solution. Leaching of UF4 from a
surrogate powder by 1.0 M Na2CO3 in the absence of H2O2 proceeds
rather slowly, after the 240 min of reaction, concentration of U in
the carbonate solution was 4 gU L�1, which to a(U) ¼ 13%.

UVevis spectrum of the solution, obtained after leaching shows
absorption in the region of 300e600 nm with peaks at 394 nm,
404 nm, 414 nm. The most prominent characteristic peaks were
found at 424 nm, 434 nm, 448 nm and 462 nm (Fig. 3). This data
corresponds to the spectrum of the Na4[UO2(CO3)3] aqueous solu-
tion, and is in agreement with the literature [18]. UVevis spectrum
Table 2
Leaching of U from FA surrogate powders by Na2CO3 and Na2CO3eH2O2 solutions.
L:S e mass ratio to liquid and solid phases.

Solution t, �C L:S a(U), % Concentration, M

U(VI) СО3
2e F�

UF4ebased surrogate powder
1.0 M Na2CO3 25 5 13.0 0.02 e 1.20
0.5 M Na2CO3e0.5 M H2O2 25 5 84.0 0.10 e 0.10
1.0 M Na2CO3e0.5 M H2O2 25 5 92.0 0.12 e 0.19
2.0 M Na2CO3e0.5 M H2O2 25 5 96.0 0.12 e 0.21
0.5 M Na2CO3e0.75 M H2O2 25 3 28.3 0.19 0.45 2.20
UO2F2ebased surrogate powder
0.5 M Na2CO3 50 10 46.4 0.10 e 0.39
1.0 M Na2CO3 50 10 41.6 0.08 e 0.49
0.5 M Na2CO3 25 5 27.8 0.11 0.37 0.35
0.5 M Na2CO3 50 5 60.0 0.23 0.37 1.50



Fig. 3. UVevis spectra of the Na4[UO2(CO3)3], UO2F2 aqueous solutions, and the typical UVevis spectra of solutions obtained after dissolving UF4 or UO2F2 in Na2CO3 and
Na2CO3eH2O2 solutions.
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of the same range of 300e600 nm for UO2F2 solution in 1.0 M
Na2CO3 was also obtained. Spectrum of the UO2F2 aqueous solution
had characteristic peaks at 364 nm, 374 nm, 388 nm, 398 nm,
430 nm, 448 nm in the region of 300e600 nm, shoulders at
456e464 nm, 472e476 nm, 490e496 nm, and a prominent peaks at
408 nm and 420 nm. Structure of this spectrum significantly
differed from the spectrum of Na4[UO2(CO3)3] in the considered
absorption region.

In the presence of 0.5 M of H2O2, the degree of extraction of U
from UF4ebased surrogate increased up to 96%, while the leaching
time is reduced by factor of 4. It should be noted that during the
leaching of U by carbonate solutions, the O2

2� ions plays the role of
both the oxidizing agent and the ligand as it forms the mixed
peroxoecarbonate species of U(VI) in the carbonate solutions. The
U(VI)econtaining solutions obtained after leaching of UF4 in the
presence of H2O2 have a characteristic redebrown color. The
UVevis spectra of these solution has a nearly featureless peak (from
300 to 600 nm), containing a peak at approximately 340 nm and
shoulder at 400e420 nm, which corresponds to the formation of
mixed peroxoecarbonate species of U(VI) e [UO2(O2)(CO3)2]4e

[19e21]. On the spectral curve of the secondeorder derivative there
is a minimum at 340 nm and two minima at 408 nm and 422 nm
correspond to the shoulder at 400e420 nm on the absorbance
spectrum. The most characteristic feature of a secondeorder de-
rivative is a negative band with minimum at the same wavelength
as the maximum on the zeroeorder band (absorbance spectrum)
[22]. The secondeorder derivative of the absorption spectrum
allowed us to determine hidden peaks, thus, the minimum
observed at 356 nm has previously been attributed to absorption of
[UO2(O2)(CO3)2]4e [21].

Cs, Sr and Ln jointly with U dissolve in the carbonate solution.
The value of a(Сs) during leaching of the UO2F2ebased surrogate by
0.5e1.0 M Na2CO3 solutions was 49e50%. With an increase in the
concentration of Na2CO3 from 0.5 to 1.0 M, the value of a(Sr) de-
creases from 1.5% to 0.2%, a(Ce) from 5.2% to 0.8%, a(Pr) from 0.6% to
0.4%.

Thus, the leaching of UF4 and UO2F2 from the FA surrogates by
Na2CO3 solutions proceeds with the formation of Na4[UO2(CO3)3],
in the presence of NaF, the formation of U(VI) fluoroecarbonate
species occurs [7e9]. Leaching of UF4 by Na2CO3eH2O2 solutions
occurs more intensively with the formation of Na4[UO2(O2)(CO3)2].
FPs’ fluoride surrogates (Ba, Sr, Zr and Ln) partially dissolve in
carbonate solution. CsF has the highest solubility in studied sys-
tems. At the leaching stage of the FA surrogates by Na2CO3 solution,
U is being purified from Ln, Ba, Sr, Zr. Purification from Cs does not
occur at this stage. Obtained carbonate solutions of U(VI) and im-
purities of soluble FPs surrogates after filtration from the insoluble
fluorides residue were further purified by SE using (R4N)2СО3 in
toluene.

3.2. Solvent extraction refining of uranium from
carbonateefluoride solutions

Purification of U from impurities by SE was performed using
0.4e0.5 M solution of (R4N)2CO3 in toluene. The SE refining stage
consisted of 3e5 steps of counterecurrent mode, one step of
washing and 1e2 steps of reeextraction. Organic phases (extracts
of U) was washed by 0.5 M Na2CO3, and the reeextraction was
performed by 2.0 M (NH4)2CO3.

Solution obtained after leaching of the UO2F2ebased surrogate
by Na2CO3 contained 24.3 gU L�1 along with FPs impurities. This
solution was later processing by SE in accordance with the oper-
ating scheme (Fig. 4) in two different variants.

According to first variant, three steps of SE were carried out at
volume ratio of aqueous to organic phases (A:O) equals two. The
extraction yield of U from the carbonateefluoride solution was



Fig. 4. Operating scheme of the SE processing of U(VI) carbonateefluoride solution after leaching UO2F2ebased surrogate. A:О e volume ratio of aqueous to organic phases; t e

agitation time; n e number of steps.

Table 3
The KPUR values of U purification from impurities after leaching of U from UO2F2ebased surrogate and SE stages.

Stage КPUR , 103

Се Nd Pr Sm La Zr Ba Sr Cs Fe Cr Ni

Leaching 0.008 e 0.077 e e e e 0.027 0.001 e e e

3 steps of SE 310 e 18 e e e e 160 720 e e e

4 steps of SE 44 26 73 77 65 9.8 110 160 330 30 130 27
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99.8%. Concentration of U in organic phase was 46.2 gU L�1. The
residual concentration of U in the aqueous phase at equilibrium
was 0.042 gU L�1. The reeextraction yield of U after the two steps
was 96.8%. The final yield of U in the form of carbonate precipitate
was 91.8%.

According to second variant, four steps of SE were carried out at
A:O ¼ 4. The extraction yield of U from the carbonateefluoride
solution was 77.3%. Concentration of U in organic phase was 54.2
gU L�1. The residual concentration of U in the aqueous phase at
equilibrium was 5.3 gU L�1. The reeextraction yield of U after the
one stage was 88%. Final yield of U in the form of carbonate pre-
cipitate was 74.8%.

The AUC precipitates obtained at the reeextraction stage, were
washed on a filter with 5% (NH4)2CO3 solution, dried in air, and
calcined at 800�С for 2 h to form U3O8. The KPUR values of purifi-
cation of U from impurities calculated for the obtained U3O8 sam-
ples are presented in Table 3.

The KPUR values for all FPs impurities at the SE stage reached
values of 104e105. Calculated total KPUR values for leaching and SE
purification stages of U from Сs, Sr, Ce and Pr were 7.6$105, 4.3$106,
2.6$106 and 1.4$106, respectively. This allows us to consider the
CARBOFLUOREX process as an effective method of U purifying from
FPs, comparable with conventional SE of U from nitric acid solu-
tions by trienebutyl phosphate in the PUREX process.

Solvent extraction processing of the carbonate solution obtained
after leaching of UF4ebased surrogate in the presence of H2O2,
containing 42.5 gU L�1, and impurities was also carried out in
accordance with the operating scheme shown in Fig. 4. The
extraction yield of U from the carbonate solution after five steps of
counterecurrent SE was 99.8%. Concentration of U in organic phase
was 73.4 gU L�1. The residual concentration of U in the aqueous
Table 4
The KPUR values of U purification from impurities after SE processing of carbonate solutio

КPUR , 105

Се Nd Pr Sm La Zr
2.2 3.7 1.4 1.3 1.5 0.1
phase at equilibriumwas 0.092 gU L�1. The reeextraction yield of U
by 2.0 M (NH4)2CO3 at A:O ¼ 1 after two steps was 88.1%. The final
yield of U in the form of carbonate precipitate was 81.4%.

The calculated KPUR values (Table 4) for all impurities except Cs
are equal to 104e105, that indicates the possibility of carrying out
effective purification of U in peroxideecarbonate solutions along
with carbonateefluoride solutions for the studied systems.

Present study has shown feasibility of solid phase reeextraction
of U from organic phases, saturated by fluoroecarbonate and
peroxoecarbonate U(VI) species, to produce crystalline carbonate
precipitates, mainly AUC. The fluorine content in such precipitates
was 0.036e0.054%. Thus, SE processing of solutions after leaching
of FA containing fluoroecarbonate and peroxoecarbonate U(VI)
species allows to separate not only FPs impurities, but also fluorine,
which is perspective for obtaining pure UO2 suitable for fabrication
of nuclear fuel of ceramic quality.

4. Conclusions

The present study of oxidative leaching of fluorination ash sur-
rogates by carbonate solutions has shown that after oxidation by
H2O2, more than 95% of UF4 dissolves in carbonate solution and
could be purified from admixtures by solvent extraction, using
(R4N)2CO3 in toluene. At the leaching stage of the fluorination ash
surrogate, FPs' fluoride impurities and F� ions partially dissolve in
carbonate solutions. However, they practically don't have a corro-
sive effect on the materials of the reactor (pH ¼ 10e11). The
dissolution of fluorination ash in Na2CO3 solutions was carried out
in a glass reactor for several hours at high temperatures, without
any sign of corrosion of glass.

Studies on the solvent extraction of U from carbonateefluoride
n produced by leaching of the UF4ebased surrogate.

Sr Cs Fe Cr Ni
2.5 0.01 0.32 0.41 2.3
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and peroxideecarbonate solutions for the processing of fluorina-
tion ash surrogates have shown the high efficiency of the CARBO-
FLUOREX process for extracting U and purifying it from impurities,
including fluorine. Ammonium uranyl carbonate precipitates after
solidephase reeextraction could be easily converted to U3O8 or
UO2 after calcination in a reducing atmosphere. Achieved purifi-
cation factors of U from FPs impurities at the solvent extraction
refining stage reached values of 105, and up to 106 throughout the
processing scheme. This data is comparable to the purification
factors of UF6 from FPs (106e109) during the processing of uranium
oxide SNF by FVM.

Developed fluorination ash reprocessing scheme in carbonate
systems makes it possible to carry out a full cycle of FVM for the
reprocessing of SNF and the management of waste generated by
this process.
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