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INTRODUCTION

Study context

As part of the French Act of June 2006 on sustainable radioactive and waste
management:
== [NVvestigation to recover minor actinides from spent nuclear fuel for
heterogeneous recycling in Generation-1V reactors.

Americium is, after Pu, the main contributor to residual heat of long term radioactive
waste:
== Am recycling in future nuclear reactors would decrease toxicity and residual
heat which determines the waste density within geological repository.

The experimental demonstration of americium recycling is therefore a key aspect.

This demonstration is currently performed in a high-level shielded line called CBP in
the ATALANTE facility (CEA Marcoule — France) following different steps.
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THE DIFFERENT STEPS OF THE DEMONSTRATION

PUREX liquid-liquid PUREX raffinate concentration
extraction experiments by steam distillation

Dissolutin of spent
nuclear fuel and filtration

_ Americium selective
of the solution recovery

(U,Am)O, pellets

production U, Am coconversion Am production concentration
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PRESENTATION OF THE PROCESS SHIELDED LINE

CBP
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C2A 15t STEP: DISSOLUTION AND CLARIFICATION

Nature of the spent nuclear fuel

B 4kg (U+Pu) coming from different reactors of EDF’s French plant units.

B UOKx fuels (65% mass):
== Burnup between 30000 and 70000 MWd/t.
= Enrichment in the range 4-5% 235U.
== 3-10 years of cooling.

B MOX fuels (35% mass):
== Burnup between 50000 and 60000 MWd/t.
== PU enrichment in the range of 6-7 %.
== 3-5 years of cooling.

Operating conditions

B Dissolution in boiled nitric acid media with the following reactions.

U0, (s) + 3HNO; (I) <> UO,(NO,), (1) + 1/2NO (g) + 1/2NO, (g) + 3/2H,0
PuO, (s) + 4HNO, (I) < Pu(NO,), (1) + 2H,0
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15t STEP: DISSOLUTION AND CLARIFICATION

Compressed air Oxygen  Water Air e A Vent
Nitricacid ~ Soda GLOVE BOX o

%o $o %o %0 ;l_eo %o

| Condenser |

Cross-flow
filtration

CE41

@— C Packed column

for nitrous gases

i

o o e @ TANK TANK and |, treatment
(%)
| @ — Liquid circulation
. —l w (ml Cold water circulation
- @ | | // ~ Gascirculationand liquid
and/or gas reactives
TANK LI
) WASHING
Batches between DISSOLVER TANK
8and 16 L
Solution stirred
by compressed
Depression air and CEA | 10" OCTOBER 2016 | PAGE 6
conditions thermosiphon




15t STEP: DISSOLUTION AND CLARIFICATION

Monitoring of the process: 8°Kr emission

ke Endof PKr B Kris trapped into spent nuclear fuel.

Heating outflow  emission [ 2108409

1
eak ! .
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The 8Kr release, measured after gas
treatment devices, is controlled during the
dissolution.
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the reaction.
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Clarification of the dissolution solutions

§} @ Indispensable step prior to directing them to downstream operations
' (avoiding any risks of equipment plugging or solvent degradation).

Performed by tangential filtration through membrane.

Production of 21L of dissolution solution without fines.

[U+Pu] = 160 g/L; [H*] = 4.3 mol/L; [Am] ~ 0.16 g/L; [Cm] ~ 0.05 g/L.
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2"d STEP: PUREX LIQUID-LIQUID EXTRACTION

EXPERIMENTS
Principle of the process

M TBP is very sparingly soluble
Solvent [ U(VI), Pu(IV) with an aqueous phase.

(30%TBP/TPH) loaded solvent |
exTRACTION ' PU¢FP Ep scrub Eﬁ B The molecule exhibits much
bwﬂm higher affinity for elements in
6:' <:| oxidation states +VI (U) and +IV
al ﬁ (Pu) and extracts them in the
PUREX raffinate . ' Organic phase_
m(lll), Cm(lll), F.P] Nitric acid
P Ll B Extraction of minor actinides and

U(VI1), Pu(lV), Am(ll1), Cm(lll), F.P.

F.P. (+lll and +V) is limited.

B The extraction part, performed at 3-4 HNO;; mol/L, involves two unit operations.

B The scrubbing operation has the purpose of stripping the fission products occuring as
impurities in the organic phase.

B The organic phase’s preferential affinity for U(VI) and Pu(lV) only operates in the stage in
which the aqueous phase is introduced first. The scrubbing operation completes the
separation. U and Pu contained in the aqueous phase are sent back to extraction operation.
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2"d STEP: PUREX LIQUID-LIQUID EXTRACTION
ced S U QU QU CTIO

EXPERIMENTS

Process devices

B PMMA mixer-settler extractor batteries where the aqueous and the organic phases
flow countercurrently.

Aqueous
#° phase

=

@ Mixer = Organic phase flow
O Settler

@ Aqueous phase tank

4= Aqueous phase flow

B Solutions mixed by stainless steel perforated paddle impellers (2000 to 2200 rpm).

B Interphases in settler compartments adjusted with Teflon slides.

B Allreagents are introduced by rotary piston pumps located outside the confinement
barrier.

B Flow rate measurements are performed thanks to Coriolis mass flowmeter and
controlled by a specific supervision application.
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> _ )
ced 2% STEP: PUREX LIQUID-LIQUID EXTRACTION

— EXPERIMENTS

Analytical measurements

B On-line and in situ UV-visible spectrophotometric measurements implemented to follow
elements (U, Pu, Am...) concentrations in solution.
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> _ )
ced 2% STEP: PUREX LIQUID-LIQUID EXTRACTION

— EXPERIMENTS

Main results

— - B Monitoring of the system by U
.| —UV visible on line measurement | .
~CBA analysis | concentration measurement of the
1 | aqueous phase coming from F.P.
scrubbing mixer settler.

u(v (aiL)

B 24L of PUREX raffinate produced with
very low amounts of uranium and
plutonium.

3

Time (days)

(mg/L) | (mg/L) | (mol/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
155 18 3,9 740 156 29 38 69 405 290

Main analytical results of the PUREX raffinate

B The solution properties are consistent with the expected results.
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3'd STEP: PUREX RAFFINATE CONCENTRATION

Aim of the operation

B The EXAm_process, which allows the selective and quantitative recovery of
americium from a PUREX raffinate by liquid-liquid extraction, was already
demonstrated on a genuine PUREX raffinate [1].

B In order to reduce the compacity of the process and future plan associated, the current
objective is to adapt this process with a concentrated PUREX raffinate.

Concentration by steam distillation

B This technique has the advantage to increase the concentration of the different
elements (Am, Cm, Nd...) while keeping the acidity constant by the release of nitric
acid in the distillate.

B The operation is carried out at constant volume; the reactive inflows (PUREX raffinate,
water) compensate the distillate outflow (nitric acid).
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Cea 3'd STEP: PUREX RAFFINATE CONCENTRATION

Goals of the steam distillation

B Increase the salt concentrations by a factor of 6.
B Increase the nitric acid concentration around 8 M ([HNOg]ieeq <o = 3-9 M).

Principles

[ Heated Distillate

QDistiIlate
reactor
[H NOS] Distillate

Condenser

B Global mass balance: Heating rods

_ N
QFeed+ QWater - QDiStiHate
. . Measured in given
B Nitric acid mass balance: N 9
T > conditions
H™ |gistinate o .
Qreea = @pistitiatdX T, Initially adjust to 8M
ee J
Qfeed ar_]d Qwater
Results determination

B The final volume of the solution is around 4L. The final nitric acid concentration is
measured at 8.2 mol/L.
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4™ STEP: AMERICIUM SELECTIVE RECOVERY: THE

— EXAm PROCESS

Flowsheet of the process
B The separation process used for americium recovery in concentrated conditions was
already consolidated with inactive surrogate feed solution and also in alpha conditions with

small amounts of americium and curium [2].

DMDOHEMA Step 1
Solvating ext.
—— ; ;
HDEHP Am Extraction Cm Scrubbing
Acidic ext.
HNO; > 4M HNO; > 4M

. TEDGA
Feed solution HNO
PUREX raffinate 8

+ TEDGA
(0]

@)

/\NJ\/O\)LN/\
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[2] V. Vanel et al. “Consolidation of the EXAm process towards the reprocessing of a concentrated PUREX raffinate”, Procedia Chemistry, in press.



4™ STEP: AMERICIUM SELECTIVE RECOVERY: THE

EXAm PROCESS
Main results

DMDOHEMA Step 1 Step 2

Solvating ext.
HDEHP Am Extraction Cm Scrubbing
Acidic ext. HNOS Y HNO3 Y 1 pH >
TEDGA  Mo+Ru Citric
HNO, Acid
+ NaOH
+ TEDGA
Stel) 5
Solvent
e Step 4 Light L StED 3 A light L|
ight Ln m + light Ln
_ Ln stripping —’J Am selective stripping [(r—
pH2-3
o?agg:ea:id DTPA
B STEP 1
== Decontamination factor (Am/Cm) close to 50.
B STEP 2
== Very low americium leak in the Mo+Ru stripping raffinate (less than 0.1%).
B STEP 3

== Decontamination factor (Am/light Ln) equal to 2800 higher than expected (400).
== Production of 2.4 g of americium corresponding to 95.5% of the cations in
solution. Impurities are Cm (0.6%), Ln (1.7%) and Fe, Mo, Pd, Ru (2.2%)
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CONCLUSION AND PROSPECTS

B Successful demonstration of the americium recycling from spent nuclear fuel in the
CBP shielded line.

B After several steps, from spent nuclear fuel dissolution to liquid-liquid extraction
experiments (PUREX, EXAm), the aim to produce americium in a selective (without
uranium, plutonium, curium, lanthanides, fission products) and quantitative way is
attained.

B In order to conclude the demonstration, the americium solution is going to be
concentrated before the co-conversion step which will be carried out at the ATALANTE
facility.

B The objective of this step is to produce (U,Am)O, pellets for future irradiation
experiments.
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