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1. Introduction: about molten salt electrorefining
* Principle

Rare earth deposit

Molten salt bath |:> Current flow between at the cathode

+ rare earth oxide anode and cathode

(neodymium, dysprosium...) Oxide gas evolution at

the anode

i
Anode = ° Q ~ Cathode
-

Reactions:
-Cathode : RE**+ 3e” = RE( o,

‘ RE(s)0) -Anode : C + 0% = CO +2e-
RE3* C+20% > CO, + 4e”

Molten salt + RE,0,
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1. Introductlon about molten salt electrorefining

* Modeling of electrorefining processes: what for?

- Prediction of the local reaction rates at the electrodes:
Presence of preferential active zones? of undesirable side reactions?

- Prediction of the temperature throughout the reactor/in the electrolyte,
as a function of the Current/Voltage specifications

- Optimizing: cell design, operating conditions (current, voltage), electrolyte composition...
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1. Introduction: about molten salt electrorefining

* Modeling of electrorefining processes: physical interactions

Convection

Mass transport

<
electrolytic species concentrations
A
Bubbles
Species Concentration formation Natural .
. . . . Forced convection
consumption/production overpotentials Bubble convection
=f (current) overpotentials
v

Charge transport = f (T)

\ Heat tranfert

temperature

Charge transport

electric and ionic potential >

Joule heating
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1. Introduction: about molten salt electrorefining

* Modeling of electrorefining processes: physical interactions

Charge transport
electric and ionic potential




-~ Nur rical modeling ... "g
/,1‘:.'0 . ’g that predicts, optimi«es and INnnovates
2. Electrical model implementations

* The 3 current approaches

Primary current Secondary current
No reaction overpotentials Activation overpotentials

Tertiary current
Activation + concentration
overpotentials
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2. Electrical model implementations

* The primary current distribution

Normal current

}

V=(|)+EOan V=¢+E0ca

/

Electrolyte \

] = Current density (A.m?)

E = Electric field (V.m1)

| k,o = Conductivities (S.m™)
¢,V = Potentials (V)

V

<« |l

0

@
> aNd INnovates



2. Electrical model |mplementatlons

* The secondary current distribution

0,5F _0,5F

Normal current 7.1 =i,(eRT RT " — ¢ RT 77) V=0
' e withm=V-¢ - E° AN i
/ Electrolyte \
V.ij=0
J = - Cathodic process (fast):
J=—KkV¢ ioc = 1A/cm?

J = Current density (A.m?)
E = Electric field (V.m)
k,0 = Conductivities (S.m™)
¢,V = Potentials (V)

Anodic process (slow):
iopa = 0.001 A/cm?
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2. Electrical model impleméntations

* Model geometry
Mesh details

Overall geometry of Elementary unit implemented for
the electro-refiner simulations

d s

OV, SIS STV,

7 Anodes (gas evolution)

Cathode
(metal deposition)

AYAYAN AT ATATAVAVATAVAVAY,

»
b
K
5
P

170 mm

SYAVAVAYAY,

Molten salt electrolyte

o

AN N A AT ATAYAY,
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3. Results

* Primary vs. secondary current density

Primary distribution (A/cm?) Secondary distribution (A/cm?)

I
|
[
Anodes Cathode I - \ Anodes Cathode
A526 ! i NI o A 363 A4s55
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3. Results

* Primary vs. secondary current density

£

+ 0.6 (cathodic)

Decomposition : Activation Overall cell voltage
Current model voltage (V) Ohmic drops (V) overpotentials 1 (V) V)
Primary distribution 1.7 6.3 0 8
Secondary distribution 1.7 6.5 1.5 (anodic) 10.3
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. Results

 Effect of the current prescribed (secondary model)

Current deviation from the
500 A 1000 A 2000 A average value (j/j,verage)

Anodes Cathode
1.8

s Anodes Cathodes
e e | A | Neose | et
L 115 o 1000A '\l\/I/II:XO32f I\I\/I/Ile's?x03961
12| 20a | WRAS | Ve

1.1

More heterogeneous current distributio

L 4
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4. Conclusion

2 simple current models for describing electro-refining cells: primary or secondary approaches

Primary current: only Ohmic drops

Secondary current: activation overpotentials of reaction taken into account

More uniform reaction rate distribution obtained with the secondary approach

Increase of the total current applied to the cell 2 heterogeneization of the current distribution

Secondary model = more appropriate for simulating electro-refining processes.

- simple tool for optimizing the electrode design, the applied current...
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Thanks for your attention ...and your questions!

Alexandre OURY
alexandre.oury@simtecsolution.fr
0033(0)953514560
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