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Abstract

The processes for the smelting of a metal product and the solidification of a molten salt
were developed respectively to treat the products from the electrochemical reduction process.
The method for the separation of a metal product in a magnesia container from the residual
salt and consequent smelting of it to a metal ingot by the multi step heating in vacuum was
proposed. The new concept using a dual vessel and a salt valve was also suggested for the
solidification of a molten salt into a regular size and shape which is suitable for the transport
and measurement. The results obtained in the study will be applied to the design of the hot
cell demonstration system of the Advanced Spent Fuel Conditioning Process of KAERI.
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Fuel Conditioning Process(ACP))oll i3t Id3& F332 Jvk (1] FAHY /d& AsE P
ALFTHAASE TL 84904 FHo02 A= FAHANA CS Sr 59 IHEAZFTE F
o Bz, o]F FaA AEFHdge ddy Py € WAl S 142 ZaA7lE Aol

AL FE£AFY BHE 7)£=9 Li reduction oA LiCl-3 wt% leO LG oA A
A7e BHe2 $48 3 2007 hot cell EFE FEE ATE FAFo|tt [2-4]

A T4 AFAEQ FEAB/AET 55 X FHE TE vhE, A7) Aoy HF AE
T X 2A FAEHoF ¥t 2 5 kgU/lbatch 722 AHFANA fresh UsOsS At
43l AFL HFL F 22 FY3F Ay, FESAFAI A 3G vt Ael &7] HedE
~40 wt%9 $§ g0 FAFHIL e AoR EMHIAH, o TR FH5FE S5ABAI U
8} HEde AadEE LS JASE 48 3ie Aog AIGHAY. 28V %5 ingotd
Azs7) AdAME 98 AAT GE £8A7E FAo] desit. & dFdAE X**H@%’%?]Oﬂ
A ZAFEY qA FA vtadAel £7]d @A olFd FEATAY 4L BMste ¥4,
YRoz AFsr] A% AZAE AAst ACP hot cell AFA 24 HAAEER %}%0}"
AT

Ay TR e AQ LiCl-Li0 €88 2wE #dF Cs, Sr 50 FHHA, &8¢
A FAHLR olfdtd 1WE HFSE AAT v, ©A 7‘43]1?}%:“7‘4°§ 01%‘3}04 A AH-&-8t
of 3t} ol £8EL Wy FAA HA zAH2 L8 (FF LiCIY A S-oe 613 T) o]3t
o &EdME n3FHE E4E HAR I WA %%ﬁa H%ﬁ}-— AL ol FWE 1Y
s MA 2 LHFHoloF i APATFANE 129 HFLINAM £4E & =L T
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271% 2¥9 FE(mold)el £ 43 ML $A, IAAA 4 YL AR AdE =
231, 50 kg LiCl/batch TES £8d AcHE Ay AxFAE HA/AFsA HsHNE &
Patgoh 2dd AF &M 59 AUV dFd wet =AY 59 WESES 9@
a3t olo) W @ W Z7] A7t oed FAo] WA VW, FH oA Wre ot

=2 Jfddl AFe] RAHATh oo B AFiME AEdTACl Ed F FFHE EFFE L
A2 AgolFstd FEAAAY £89Y BIHE AT °F, olF 8719 @ YEE AE
?‘5}04 £84e FFo So1F FH2 A AL AT olF, neutron counterE A& A

, Padirac Cask& ©] 4% &89 wE 59 dIAHNMY &89 AFHE F3A7124 3ot

2. 448 A Smelting

AgFdARe] R 35H B4 wal g Zo] ¥ Jle 2F2E EFE F Utk (@
2253 TRU, (b) ¢Ze, gz EF%, Eu Se, Te, (¢) AEHF (REE), 283 ) AFH
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A "ok 2dd AR AFEAsE dFA vtadiAlel &7 Wl fAAEA H
ul, A7 95 B34 slavlAlel £7] WellE ~40 wt%e] §§dol TFRIEE FHEAEA e
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$9¢ ¢+ Utk e AFAHLA gstel 9B
HEo] FEANAFTHOE 03T & UL ALE BUHANUL oINS AP B
& okl A I AXY F Ao

w = P(5M=)" = o0.0583p( )"

P : vapor pressure at T (torr)

M : molecular weight (g/mol)

T : temperature (K)

W 2% 99 B33 1 cm’d 28xe J)AF (g-cm” - sec)

Table 1. Melting Points of the Key Target Materials of Smelting [5]

U Am CsCl SrClz LiCl Li:O Lax0s3

1132 C | 1173 C | 646 C 868 C 613 C 1570 'C {>2000 C

S vgos ALd LiCl# CsCle $71¢ ¥WEE Fig. 19 JehiA [6]. SrClel F
¢ Wzl diside 28z A8E &S Gth 950 TolA 9 LiClst CsClel F71¢o] 2+
12.32 torrs} 30.68 torrol 2 Z, smeltingd] 194 #FPo2 950 T %A 10 torr o3&
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Fig. 1. Variation of vapor pressure of LiCl and CsCl as a function of temperature.
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dot. add Hdd 92 oEA vtadiAot 719 7188 §3t smelter JFZE wjEH F
EFq] EojA dd. & ATNAE surrogate EHE A8 Am T HLE EAstE @4,
e o) Eg vavAet &7 HA = FF HAAE MG JP Fojrt

0.1 N HCI# slezg#did AMFE M43 A HeR S4548Ad £3d L0 4g &
& A3 Li07F 99 ~20 wt%E AAFS ¢ & Ak daEd HEAA dul L0 T=
3 wt% voldt}. watA FEAEA S} T IFFA EAstE Lix0 EH 2E dygd @
HARoA FFoz APAHULD Li 550 A9 HEFso] YHHAJE A2 F55HAUT. Table
1A ¢ £ 3Axol "}5}% FHE FSJEAS FHste 282
1400 C °j3tz HAs e F5AEA §FLxdAe §§3IA £
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3. 884 13

ANEY FxoAH LAY EFELEFEL FAIEI BEE o)FBH 1L E22E YHE o]F
oA ojFAlAHE olfFd £§E TFAY AZLIIA FAStolFHA "ok APAFdAE
F4d0) g8y =28 39 AFLV|IZRE dAF wEHE 12 &89 dUlT E¥Y ¥
EoA 44 NS ddse Ady g Aoz usHA dJrk 2@ F 7R AA
B Algto] 22 EHYY F, 1) AZE7I0AY 489 A9 W3t wE dYd A7) ¥, 2) 9
& WE (stopper)E BURINE BT BRHE =AY & FEold. E AFdME 9
g 4387 Y5td o1F 84719 @B E AL F 2L £89 1A MEE =&AL

£49 49 Agd we nztg 27 ¥ dsEA AuEd g 2o £599 ¥AAY
7 AT 4ge FARGE =24 £§90 HEHE £5E v EEPHAAN =€ ¥
Zxo) A oA ofdg o]l A siEETh FAY #@HelE= F7F =W contraction
coefficient ¢ =29 A AF&A Hz, 938 =29 AL =FFF D% 4759 4
(D) 9 w7} 03 o)3tel® c& 0627} Bk 50 kgl £89S Yoz AXI APATY 7
ANEY FANZ2RE £8Fol ARE7d ol4d e £8¢F AHE 37 cmol U i%?‘ Z—-l
o]7} 12 cmol QAo EZ hi& 049 m7t At R o A xZoAMe §8§d WEEEE Tt
Vo= 1.9 m/sect €tk 2dd Ay AxFHol PP gt AFEIcNY &E5F A9
Yol m watAd Vo mel AFZd nlaste At HAFHoE w=EFAT §8Y]
F QE ASdE hol 12 cmolBEE VoE 095 m/secolx, wEtA AxE "l FA7|7F Voe
19 m/sec?) 73 $-o HIsiA Aulo] E33tA HAH

ar &

A& Ve
v1i - Y2
o +h, og

V,=cV2gh,
Vi AFE7) dA9ddM e §8E85E =0
Vet =E4A &89 WESE
hi @ A&7 AA™E g0

¢ : contraction coefficient
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Fig. 2. Schematic diagram of the appratus for the solidification of a molten salt.
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ke 39 IEE FFAINE F &7 YA AP =& TG 1u3g FWEIE ol%
HA A
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23 YEol dFEol FAIHUY 2 gAoEZE E¢E 3 WHEHe &4 £ 12 £§59
3} FES QB =& YA By LA 5& E F dth od B AFdAE 99 53
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o] deli, ZEA o3tE FXFYH x=Fo] 23 Aotk ¥ Jde HBAHES Ay AsA
Oak Ridge National LaboratoryollA] 73t HEATING 7 Z2338 2 A&3fo daja g =338
A, 958 =FAA EEEJ dAHojge FE 1Y rz 2xY FIZE ALY B
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Fig. 3. Schematic diagram of the nozzle used for the modeling by HEATING 7.
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- Natural convection

hne = 1.80(AT)*®
~ Radiation

q = Ace(T% - T%)

q : heat flow (W)

A : heat transfer area (m®)

0 : Stefan-Bolzmann constant (5669 x 10° W/m’K*)
£ ! emissivity of surface material

Ts : surface temperature (K)

Ta. ! ambient temperature (K)

QUEAN r =2 mmd AR @ LEWHE 23 WPoE Aol ¥4 2AE Fig. 4
d JEAQTh 5 2 ATHFE =5 SupdA Jo nage < & vk ok LiCl 9 &8
475 keal/mole®] AR O & Qo] 2mPe] 7|AHRT} G0 ARE Zo]7] At xZe
dol, w59 A, AAZA 5¢ WHNTYA AVEAE $9% 2}, =5 ojurk: STS
304 Adel =F $AE 2A st Aol dnF AT wHo woh &HAYe FAsAY ol&
STS 3049 AR/} ~20 Wm 'K 19 wr3jA 694 Co] LiCl @A=%7 0567 Wm' 'K'& 22
93 9E UA @ 5 U] GAYo] F2 STSE FoA ol Fojxy] WEolatn A4t (8]
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Fig. 4. Temperature variation in a salt valve calculated by using HEATING 7.
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