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Effect of Reacting Gas Injection Rate and Reductant Quantity on Preparation of

Uranium Tetrachloride in Chlorination of Uranium Dioxide

Yeong Seok Yang
Korea Atomic Energy Research Institute,Daejon 305— 353,Korea

£ = AdseeEe Azss) 99 A g $eAT oldseely, Yavtad wad
Golth ofeizhx] WS b ol AseetEe] dashisd AW Asrte FUE wao
. | AGHFE e daest H

b5 -2

ofol Abedshe ety AZol mlAE Aol wejol AFahedch 2Abe] A
4
k]

WE ANE e mede Bee AT AW Aot Fgs g kg Febdm, o 4bsheel
o Aedshoebrozel AsEn Augol HY AWARL Y WexAL AYstodch FUA 9
okol Z7hgel wheb AMAFel o Al - TAR Lo UsES AUEL FAYor} ofF 3}
de Byl meb gastdn, S4ANY A - HARSel 4 Asge) vlvg Fohsh AuEe
g alsdrh. dasddel Fohwl wet WHE ALl e, Hate] Qasta F
o)l Zol 7} 3ehEe) gzl 2

o

Abstract The favorable reaction system for uranium tetrachloride is uranium dioxide, chlorine gas
and carbon. The effects of chlorine gas injection rate and carbon quantity on the chlorination of
uranium dioxide for uranium tetrachloride were studied. In order to find ocut the optimum chlorine
gas injection rate and carbon quantity, the optimum reaction condition for chlorination of uranium
dioxide was determined from the experimental results such as conversion ratio of uranium dioxide
to uranium tetrachloride and volatilization ratio. They were increased with the increase of carbon
quantity in gas—solid reaction but were diminished in excess. In gas—liquid reaction with molten
salts, the conversion ratio was slightly increased with the increase of carbon gquantity, and
volatilization ratio was decreased. As chlorine gas injection was increased, the conversion ratio and
volatility ratio were increased. Also in excess injection of chlorine gas, the higher chlorides con-

tained in the product were observed.

LM = #ol ol B& @ae) gr _
W, GoRFEe FE9REe Fe A

ARt o 2HE SAFTEE ATHE  LEE AN, ARE, FRE, 2RAE Fo
e fohEdsEe $oRTAE B E e 44 44En o2 SgERe A
e URE Mg ®e Ca ol4¥ B3 3 % 2ol $olshhs 5402 g we
o2 SebEpIad deobdel A o8N FHATAT BA Yol = k. mel
Agoleh 22l of e $ehEASE b 4, £5% 34 % 2 HHEEY AZE
SO N ALER v AT buk flowride s MEA AL @ FHS) @A
g 945 dEel HeTAel ¥ty v AAHw Yop. oY FLHTYE o8l

- 919 —



920 grmafgebsl 2 6D A9F (1996)

ning§e AF AN WEEWEA BAHAH]
A77F A EAe s AE 4 slth Gen?
22 FFEAM LGS ET w4
FeEe] AAHE, AEEE WEvlad] P
Fol o2 gdgnsiel UCLAMAle) e o4
Hb2- 71 o] tis) R 2sbgdvt. Warrend} Fer-
risE SetEdstE AT AN 85%C
15%CCLE Ayt grag HMHWOD%
1990t %o HEHA HaasE¥e UO,9
dasbgel A CLe wg4d o o8&, $2
FASE S EYstab A 54 9 #RIA FFH
of W $etEddE AT A #F QA+
§ LEs o] dAFAFANAN S
AsE e 2A4vh CO, E= Coﬁﬂii A 7 =]

= #Bdute 257 UCLARANSSEE )

sl 4w Agn sk UCL “ﬂ s s

A EastEd davte, BaE AA v
)]

SAR Aol FRbEabste e e UO,el
U0 2t Uo7t A dstw, &9 $gf
g7k Bdubge] AgAoz AT

Q

A

2

%3t Cl, o] &-&#stel UCL, UCLsE 7
FL A Ad A5E Ao 2"
2 stgh. &3, Yves Bertand £%0] &
TEHAME gl HYF

, FRYEFS 3 JERF Ve BEEES
o d@egE JHE 859 A

ok
_&m"#

71 A 23 = sEI=
upghzlsieia skl §¢), WA E
UCl, UCls 5¢& wo) 1%‘3}1 ds
745ty ol Ee] UCLE 3" 4 <lrtx 3
den, U0, CL % C& AA &7l 7]

Moo b dh @ Lo 3o ©
)

[

——'ﬂ—"

UCld = 5] ‘T"B']' 0:1
H

[«3

A-nAEEE Foto] B& F89 UCLHZ
o} Clol &8¢ dsichy st 99 3+7

HEZHE ubSAlel A FAA ] grae] ofol
LS AR Eat L o s e )
Askgr AAdH SeEQEY 3yUE 2
W3 AAAEY] ol %S MR Yile
v A g wa UCLE dr)slaide g As vt
+EZAF 27T s A & 4 ol
a2y, A aEAzZE 9 "o o
avbza9) whA-of abgzkol] ofd AdxdE dF
AR EE LAY F & B 9 oly=, A
sratgAzel g AFAAE] Ay gl
ol JasFA HLE H 7 A

sl o T
2 AN e HEAE T davta
g Flake "3 AA o]zt e-alg ol
FoR AMeEHE d4duSEALS

a
I 2

M
o
L 38 Ho

RUB

CER, 2R A eehEAE
EEREITSEE

NS P fH wgrias
AS AAEsE dariash Bae) g
Fetmah shedeh

2. O|BH uiZ

oo 2ol R X ol
ox
2
el
ko
&5
N
P
N

ot
o

o] 4b3} -2} 5-(U0) T F4712(Ch)= A3t
22t (UCL) AZ=E 93 713 533 9%
Boltt. o]EE FAEHE #Wg7|TE g9zt
A Abefekql Gibbs Ao U] 2| & o]&3te] o
A 4 ook olabstSElE e JbA orHE
&R SRA st
2 AAAFAFGAE 7R )7 "E o) UO
=  ubo] folabA) A
2 ¢ Ao okl F, U09 Arz
7} Clsbel whgol ojs) A@s7) ojsigy
T g olok g, sheukgel 93k UO,9
UCLZ 2 A3 E 9siy= oé;;} LRS! D] ob
gk FPFEL AT § g

(¢}

[e]

Sof, 949 HFES UCLeh wgol Lol
A ehobof i,

o)}t e g FZ e A Ay BUAR

£ C mE COZA olFe AsEnct o7
@ 4SS YAY S ootk Weld AFH
WA BHE F e U-0-C 33¥
Lo Qnetd H2'F olgste] WPl
e g ge AushE ohed 2

U0, +2ClL,—UCL+ 0y AGux=148.9KJ/mol (1)



¥ A Holashfebrel @asgserd westa Fdgs HAH e 921

BEe Al (Dol A A AFFel 2] 7F ok} gt
o] 7] wj-Zoll FAAZ AHE3A] deowd ubg
o] golatAl AYH 5 & Foer AEH
oh 2eivh, @UAE AR Aol ey
(2), (3)oll g} ol *Ex*z}voﬂdzl } &9
grol 522 U0yt UCLE Aghsle wh$al
o] 7hEFE & & At Filter
U0,~2C - 2CL—~UCL - 2C0, &G = —214.3KJ/mol (2) [ I: |
U0,-2C0 - 2C1,-UCL~2C0,, Gy = —240.2K)/mol 131 Cuo

HEe) BUAF A womd Pid
& AL # s BUE CAF A
dl, olle AHAAIAT oF 415Ce 4 0
2w o obujz 415Telge] EelAE
4oz wasy] weol wasdec = L] L |
@, Hoh HCE ol4bshdehysl Atash g

sl HLO0ES A% & A&7 uosio Fig. 1. Schematic apparatus for chlorination of urani-
HClg ®4% 4 7] dee] wage gy U000
AZ DekEc) Aot

e A(2)2 debdl Aued AN A Agel 8% A 3 Y EBEE
AE)e o R ety chest 2ok Fig. 13 2th ¢ &% w2 (Furnace),

Mass Flow Controller, Manifold, Z#>], 2

UOﬁ“Clz"UOgC]z, AGgﬂnK:_Zg.ZKJ/mOI \’1‘,‘ E‘] ‘g—! 0:17374‘03 0]%__,__0.1}:1 9\11:} /‘353,01] /\}_

UOJCI_)‘*’C_’UOC]_W}‘CO, L\Ggom(: *9442KJ/m01 “:5;

4% CL9 N7l2A= Mass Flow Controller &

UOCLA+Cl,~UOCL, A Gy =—37.0KJ/mol (6! E3le] Sepe z;gs‘l- F 9]t} ojE 7}
UOCL+C—UCL+CO, AGux=—-5392KJ/mol (7] st wbe)e] T2 dol 9495 B
9 AZel M ARAFAUAI BF g9 3 EF Manifold® Abgahich HE2E 270
olmR uhgo] golstA VAHtE A c 3R HEEs EREe s Cl

& o
2 C g4l COZ Arestw 2} N7pAe) ]‘ég s Abggeh F oA
A7haR ZAAM(COCLYOl LAste o)l i =

A - A7 497

ek, A Adarbeg wgRER W)Y ew

o|Abell A ZHEZE npel o] F}A HAHF z2H& A8 A8 ZH= FRAR U

2A%= U0, Cl, Cat= A& & 5 Udgdch ZE Fedo A WEAEEe] $EFH B

s n oA He a4 EYSA wn Wt

T = = 29 gA &A" F e AHEY ogFE

2 ATl A& olabstg-ebg-E Dark— Ak ek 7 Ao AL RAA A

brown UQ, powdergem, 2E52] 5= A3} gk Viton tubeo} SUS316v3#-& A}£3F9 o

& 9 F0Eel e a4 YJonz Ay w, dATAE ZYFAE Agste] av
Z27 445 98 200mesho]Ate] #g Al43} A& HA]3k o).

Ak FLAZE JE WEMLesEit & A A S ok wb3-akn o 105% ~200%,

Aebs F-2H(Activated carbon powder)$ A& FA7tA Fgeke wkeorakn] o 100% ~300
oo, fetEAsETSe] ETPAT g HAANA A

% At %%"3% AH-4-3 2 o
Clol-&-&o] Walsm & 200meshol4te] 71g A} = *
43}t wlertA2E=  u]Z 9 Solkartronic i3
Chemical Inc.¢] 99.99% 14 = ClL.3 Ab&3 Fe.

C owgAe zxmgg 3
Fests 718 — o A g

5
ol
ofe
o
o
~



922 ghea 2l 53

21 UO,9 eF2 (0.038mole, Hb-&2% = 6007,
e A R EA R

e 93 ¥ dsten ALES I 9
s wb-g- 7o A{ES FetEdstey &
f 2 AEsAch AEEAd s F
2l & 9 33 oFHste] LR E HE
o}, g, ety st SoiE &5 o
v UO0e 7o s A&7 § 33 ofstod
EHAEE BEAh ozl FwlE AEe
et EEE B4 ICP-AESE stolon, 4
82l #AATFxE Copper targetg AF&-3h
X—ray 4% &3to] gealdtqicth

) el Afsad s wsAe

Al 2] A}%%Eol A¥°§§Hahrzlioﬂ o)X= o
g obrgitt Fig. 2, 32 AAHAHZF o
g 1A — A EEe Bgoduwe] 7 H - A
HE-2 W zwmu TEHEe o2 Ad3A
7} &

APz @ A -TALEE BUA

[

o) ok& ubg-haFn]e) 105% ~140% H ¢l A
Z7hA) 7)ol ol 97.9% ~99.2% ] =& Azt
€< 39l ukd, 160%lHE B89.7%E A4
st om, 200% 0l e 326%F A& 7
gk 7Ji% Bojx gloh. o] A2 #HlA e
FFgeko)l 105%~140%H ¢l He HE7
wh-g- 7}, J%%?P*M W} ebaote] HEFF
o] g:‘—o} AOL zgi E_gﬂo] ui-o. ] % 8 =1
o2 @ekgch vl 160%0)4 e 38
ol ME A e mhxvh 23y WEw
T wkevlaole] HEEE GAlete] A&
s zdstdoiy B 5 glch ILES

105% o A1 39.7%, 140%l 4= 80.8% =

=]
=

S Zoloi} 200% A e FubEo] 11.8% =
dobd W& e AW wolFa sich
olre AnE % o, 44E UCLS okl

EEETEE X
5—H 23 &) _": ol_o‘_u{

UCLel Azs slalds a3t gol

FE A A6 A9 (1996)

1004 et

Curamum/CO uranium ( %)
8
4 e
e
L

C T T T T T T
00 120 140 10 1% 20
Reductart C (mol %)

Fig. 2. Convertion ratio of UO, to UCl, and volatilization
ratio of UCl, according to the various carbon amount
in gas—solid reaction at 600°C.
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Fig. 3. Convertion ratio of UO. to UCI, and volatilization
ratio of UCl, according to the various carbon amount
in gas—solid liquid reaction at 600°C.
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Fig. 5. Convertion ratio of UQ, to UCl, and volatilization
ratio of UCl, according to chlorine amount in gas—
solid reaction at 600°C.
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