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ARSTAAE LS 918 Fo|zzaAe Mg FAAME Li,O-LiCl 89S a2
2 AMgsl FEbelE gl ASFANES 2, UES JHo=E AMEsle] F5718E Al
z3} wEd, SFoME F4atekEe] 408 Adte kg0 Qls) 4kd o]&o] A
Ha, FFelHE 1 Akol2o] Akk 7kt B AbhkSo] whaEt 650°Ce] &4 LA
WS =] ba 7REE Qe S5 Al AR HAS 1] 98 e B Eke
E(shroud)E AMEE AbA 7k EF3le] WAz Sibs v Bl AR oFE wiEEE
5 it} 71E0e frEkeE AR Al AkA vhe] A o) ERkS WR|El] Sleke] AlEk S
ARSI O HITHEA AR E QIS AkA o] 29 Wlg WO RO olF AHRE Adsle] F78<]
EEE ek AF 78 HEthe BAIKC] AL ol#et ZAE FEI] flete] il
2 28 mesh® TAE TR rEhete] ARgel & I8 R AEE S8l A v vk £
AfMe dEaH FEe] SEReiskE Hald xS Sa v freEkese] QkgAs Bkl
szt sk &30 LEFEAEERE A7) 1~4mm, BE 1030~1041 g/em®®] k) =l 1kg
ARGEIR O H, WE HE tha A pEkEr 23 95 BRES ARSI Hagd &

=M ek S5l AR dojfion, ME &5 % vA e s &4 jlol &
Al AREEIALE 650°CAIM 9] LiCle] Hxet U3 B3 ogallFe|Fe] EFElA 4k 71
Fste] 1 A Ak HEe] A EeE RE fEEHE A #EER Godth
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Abstract : The platinum anode for the electrolytic reduction process is generally surrounded by a
nonporous ceramic shroud with an open bottom to offer a path for O, gas produced on the anode
surface and prevent the corrosion of the electrolytic reducer. However, the O> ions generated from
the cathode are transported only in a limited fashion through the open bottom of the anode shroud
because the nonporous shroud hinders the transport of the O* ions to the anode surface, which
leads to a decrease in the current density and an increase in the operation time of the process. In
the present study, we demonstrate the electrolytic reduction of 1 kg-uranium oxide (UO,) using the
porous shroud to investigate its long-term stability. The UO, with the size of 1~4 mm and the den-
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sity of 10.30~10.41 g/lem® was used for the cathode. The platinum and 5-layer STS mesh were
used for the anode and its shroud, respectively. After the termination of the electrolytic reduction
run in 1.5 wt.% LiO-LiCl molten salt, it was revealed that the U metal was successfully converted
from the UO, and the anode and its shroud were used without any significant damage.

Keywords : electrolytic reduction, molten salt, uranium oxide, anode shroud
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Fig. 1. Schematic diagram of anode module: j Pt anode,
Ni rod and Ni cover (no shroud), k nonporous shroud and
1 porous shroud.
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Fig. 2. Experimental set-up for electrolytic reduction: (a) glove box, (b) STS crucible containing Li,O-LiCl salt, (c) outer
view of the electrolytic reducer, (d) top flange and (e) cross-sectional drawing.

Table 1. List of the STS wire mesh of the cathode basket and anode shroud used for the present study

nd

Mesh 1 layer 2" layer 30 4t 5t
Electrode structure of the basket (Outer layer) (Fine mesh- layer layer layer

Y control layer) Y Y Y
Cathode 20 mesh 325 mesh 100 mesh None None

Layer1
Anod yer? 20 16
node Layer3 30 mesh 325 mesh 40 mesh

shroud Layer4 mesh mesh

Layer5
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Table 2. Specifications of various STS wire meshes in the
cathode basket and anode shroud used for the present
study

Percentage of

Mesh No. Op e[rrlril rrlrgl]size open area Wire[;}ll;(;l](ness
[%]

16 Mesh 1.13 50 0.450

20 Mesh 0.864 46 0.400

30 Mesh 0.535 41 0.305

40 Mesh 0.381 38 0.250

100 Mesh 0.14 36 0.100
325Mesh  0.040~0.043 30 0.035

Ha

Fig. 3. Photograph of the fresh UO, particles.

FAEG 250 20-325-100 mesh® TAJE
ZE|Ql# 2~ 2" (STS, stainless steel 316L) 3%
meshE ARME-313L(Table 1), 719 871 U0, = 2
7] 1~4mm, 2% 10.30~10.41 glem®?] = =Halo]
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th 55 Al vy ekt 350 R ARSE
2 7] AlolZ(opening size, 0.040~0.043 mm)S 2zt
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AN, FEASA L] BEHS S A
FE Y= Mddsie] FM3t. 25H43ee €%
F =4 A (thermogravimetric analyzer (TG/DSC
1, Mettler Toledo))E ©l&3td A5t o4
FH-= WHel= FAPAERZ (scanning electron
microscope (SEM, Hitachi, SU-8010)) & ©]-&3}¢]
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Fig. 4. Experimental set-up for O, gas leak test of the
porous shroud: (a) schematic diagram, (b) photograph of
the equipment.
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90%0l] °o]2E AFI7|(162 A)F Hole Zog &
A= o, o) Htkad FEhe= (8.5A) ol B3]
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0.073V
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Fig. 5. Voltage drops measured between various points of
the anode at room temperature under air (the applied
current-60 A).

Table 3. The averaged current values obtained during the S min-constant voltage (3.2 V) electrolysis using various anode

shrouds (the used cathode - 1 kg of UO,)
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32V A A<} 17.9 A
QI7hA WA AR

85A 162 A

(1.0 wt.%Li20-LiCl at 650°C =4 )
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Fig. 6. Plots from the electrolytic reduction run: (a) the
cell voltage-time, (b) the current-time, (c) the cathode
potential-time and (d) O, gas concentration-time.
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sl on, 2743 Holee AFE Fig. 60 e
Atk 3.4Ve A HLNE JRIFIE W FaFE
Bl WSk A st o AAE e o
Ao Azxe A AYE 32VE I AHFig.
62). == %= Li-Pb 7154 div] -0.80 VE
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He v (-2 o] AAEE A9 sdeit 4
st of3l FFH o= Alold 32+ Ml dFe=
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Fig. 7. Photographs of the electrodes after the termination
of the electrolytic reduction run: (a) cathode basket, (b)
anode module, (c) platinum anode and (d) the reduction
product sampled from the cathode basket.
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Fig. 8. SEM images of the anode porous shroud: (a) 30
mesh before the use (direction of the bulk salt), (b) 16
mesh before the use (direction of the Pt anode), (c) 30
mesh after the use (direction of the bulk salt) and (d) 16
mesh after the use (direction of the Pt anode).

Fsle 9] 30 mesh(Fig. 8c)9t MES dsh=
16 mesh(Fig. 8d)°llA wiree] F7 W3h} F-2
HEEA] kgt oleldt A= F< mesh A
g ezt 9 Welx Eg sk, F-2o]
S olWlstH, bench-scale (F-EHEAtslE 20 g f
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oA 4 7FS7F BB (bubble) FElE AT )
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o] ¥ Agolle TS VIAA B2 Hew Eo]
LG TERE W] H ks AR RS A
ARE Ao AMaTkse] f27t Qi 2 7vs
o] & go)7] WiRellita 7k WAR= Mk A
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ARk 3 olgdll 2EE £3 S99 2 frEke=
o] 324 mL/min®] &EZ Ak kA Z29l5He] 9
oA A& 7kA fE RS B3I Fig. 9bollA
RE vle} o] kAo FQJo 7 213 water batholl
AZE 7hs FRlA = kA 727 B B
Tkl oA s dREE Ak HEe] §&
o] #AE2] AYTHFig. 9a). ©]= Table 2014 &<l
& 4 Jd= vk o] 325 meshe] opening size’t
0.040~0.043 mmoll E3}3}3 open areak™ A<
30% FEolBE AT Wg 5 RHAA BT
A WE©] mesh Alo]2 WA U7E7] Hihs -9
71742 olEsly] WEeE AlEHT). ueta Hs|F
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o r\o Tt o

(3

sl

-lOEﬁ,_xutgﬂ
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Fig. 9. Photographs of O, gas leak test: (a) the porous
shroud in water (79.5 wt.%)-ethylene glycol (20.5 wt.%)
mixture (b) the O, gas bubble from the Pyrex tube.
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RZ LA Tt fEEHY AR HAs FidE
7Fede We AoE ATE AT
4.8 E
STS 5% meshZ TAE taA %= FI=s
o]-g-3le] 1.5 wt.% L120 LiCl gollA 1kgol 2
da BARUBHE Ptk deleey
S Soren A0S 9 o Hae
4% 95 1 S Y e SRl U8
Sl AERIeS SRIT & gt dad ek
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QA517] Slaled Aol 650°ColN el Licle] A=}
Y B gz Fe] EFEAA AL TIEE
#5122k mEel ke W 42
o Bas wa v 498 B el 3T 4
eheze) Al HtEA s O] e AF
T A s B oREL AR TR fF ks
e g Zlo® 1% 4 ATt wEbA, Feat
2 A AR AT g FEREY] =Y

o

o] =1L 20159 % FRmHEEAE )2 ALY
2 S=AFATe] AYS wol FIE A7 (%X}
HALINLALY, 2012M2A8A5025697).
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