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@ Introduction ,




Electrolytic Reduction Process for UO,

® Anode 202" = O, + 4e~ (Pt)
C +20% = CO, + 4e (C)
® Cathode: 4L + 4e” = 4L

UO, + 4Li = U + 2Li,0
® 650°C, 1 wt% Li,O-LiCl molten salt




Encountered Problems of Pt & C Anodes

Plat inum Graphite
anode anode

Anodic
dissolution;

® Replacement of Pt with graphite & not a good option




Carbon Deposition on the Cathode
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® Removing 100% of CO, 2 0.K. (possible?) -
® No CO, & 0.K. (But, 650°C enough to burn graphite)



Boron Doped Diamond (BDD)

Replacement of Pt () Stat::]%l'tr]erl;'égl;l—'c'

N\

Carbon structure but B D D No byproduct from the
no CO, (< 600°C) reaction with Li,O

\ /

Non-consumable and
stable O, electrode




BDD as a semiconductor

Y

Boron: 0.37 eV above VB
acceptor

Band gap: ~5.45 e

pd

* Diamond: insulator
* BDD: p-type semiconductor

[A. Kraft, 2007]



@ Experimental Approach ,




Characteristics and Operation Temperature

® Substrate: polysilicon
IcmWx10cmLx0.3cmT) 1.4

® Dopant conc.: 5,000 ppm

® Film thickness: 2~3 ym 1.2

® Method: CVD

Weight / mg
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[Kado et al., 2009]

{*2* Operation temperature < 600°C } Tignition ©f Diamond, °C (K)

¢ 550°C in thisstudy 720~800 (993~1073) (O,)
850~1000 (1123~1273) (Air)




Salt Selection (Mixture of LiCl and KCI)
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a. 100:0, b. 90:10, c. 75:25, d. 58.5:41.5. [Kado €t al., 2008]

{oz» 1Wt% Li,0-LiCI-KCI (LiCI:KCI = 80: 20) € T e aion & Li,O solubility ]




Experiments

Cyclic
voltametry BDD
fg‘ . C/A ratio characterization
Polarization 2
UoO,
reduction



Results and Discussion »




Cyclic Voltammograms @ 550°C
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® Recommendable cell voltage = approximately 2.8 ~3.8V




An Example of CV of a Graphite Electrode
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Lt —>Li:0V

Cl-— 1/2Cl, : -3.46 V 0% —1/20,:-2.47V C+30%=COz* +4e:-1.226 V

C +20% — CO,: -1.44V

02 (1 Wt% Li,0) — 1/20, : -2.55 V C + 202 (1 wt% Li,0) — CO, : -1.48 V/



Polarization Curves
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Ratio of Cathode & Anhode Surface Area
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Electrolytic Reduction of UO, w/ BDD anode
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Reduced Pellet
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BDD Film before/after Reduction Experiment
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BDD = an Inert Anode

® BDD as an inert anode (but..short-term operation)
® C/Aratio < 0.63 recommended for UO, reduction
® Current density: 34 mA/cm?

However,
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= Long-term
= rstability?

Stability of
Boron?

N,

Low current
density?

N



Is Boron permanently stable in Li,O-LiCl-KC|?

Burning at 550°C?

-
| Boron lamond ® Oxygen evolution at 550°C

: 720~800(0,) @ Boron will not burn
Tigiton: °C 580 850~1000 (Air

Oxidation of B to B,0O,; chemically or electrochemically?

_ Melting temperature Toperation = 990°C

B.0 4500C (trigonal)
2=3 510°C (tetrahedral)

® Must be proved for a long-term application

melting
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