Printed in the Republic of Korea

ANALYTICAL SCIENCE
& TECHNOLOGY

Vol. 23, No. 1, 45-53, 2010

Q2o & +57IER0 28t fetE sglE § Y4 =i
1 i

UBA* . OHE - HEEE - BHIS - BT
FFAAYATY AAsialelan
(2009. 7. 24. T4~ 2009. 12. 10. &9

Separation of chlorine in a uranium compound by pyrohydrolysis and
steam distillation, and its determination by ion chromatography

Jung Suk Kim*, Chang Hun Lee, Soon Dal Park, Sun Ho Han and Kyuseok Song

Nuclear Chemistry Research Division, KAERI, 150-1, Deokjin-dong, Yuseong-gu, Daejeon 305-353, Korea
(Received July 24, 2009; Accepted December 10, 2009)

o tohw SitE SOl e H4E A fstd #5715 F 2 QU EAE o83 v

SRl I AR FY daE 3]
= 2 7489 ZFRE AF DA LiCl 5807 2oA-8-33)
A8 dAFS st e b 39E AR F9 d4E Egsy] flste]l £4H02 M ferrous
ammonium sulfate-0.5 M sulfamic acid 3 mL + phosphoric acid 6 mL + sulfuric acid 15 mL)& ©]-&3}<]
140°CE SFA71AL 90£5 mLE st d7ketsloll o3k A8 Tof 948 Lesh] flstd &
71 8EAA], 5FEEA], AN, dAE W AARE T3 I A SFAAE HAE €7
FRIAGAE A2 A2t D] Sk SE AlEe vHEEZIA|(U;05)E 7FeFaL 1 mL/min®]
F715 80°Ce] FHT =S FAIBIAL 950 °ColM 1AIE HESAIA A& T2l o Eesklth
7 il osted £E 7F S8 dANIR Mkl o] RaRmE IR HFete] JaES
ST FE5AA R 859 T vF d4AE ol2IAZnEaY 2 AFa] fEte] AEE
371 B Az S E S § Drieaslsle] dAE 3ttt

Abstract: For the determination of chlorine in uranium compound, analytical methods by using a steam

ot 1

distillation and a pyrohydrolysis have been developed. The steam distillation apparatus was composed of steam
generator, distilling flask and condenser etc. The samples were prepared with an aliquot of LiCl standard solution
and a simulated spent nuclear fuel. A sample aliquot was mixed with a solution containing 0.2 M ferrous
ammonium sulfate-0.5 M sulfamic acid 3 mL, phosphoric acid 6 mL and sulfuric acid 15 mL. The chloride
was then distilled by steam at the temperature of 140 °C until a volume of 90+5 mL is collected. The pyrohydrolysis
equipment was composed of air introduction system, water supply, quartz reaction tube, combustion tube furnace,

combustion boat and absorption vessel. The chloride was separated from powdered sample which is added with
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U505 accelerator, by pyrohydrolysis at the temperature of 950 °C for 1 hour in a quartz tube with a stream of air

of 1 mL/min supplied from the water reservoir at 80 °C. The chlorides collected in each absorption solution by

two methods was diluted to 100 mL and measured with ion chromatography to determine the recovery yield. For

the ion chromatographic determination of chlorine in molten salt retained in a metal ingot, the chlorine was separated

by means of pyrohydrolysis after air and dry oxidation, and grinding for the sample.
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Table 1. Chemical composition of simulated spent fuel
containing LiCl

Metal Compound Added Wt.%
U Uuo, 82.394
Nd Nd,O5 0.269
Mo MoO; 0.245
Ce CeO, 0.895
Ru Ru0, 0.240
Ba BaCO; 0.106
La La,04 0.092
Pd PdO 0.092
Sr SrO 0.070
Y Y505 0.035
Rh Rh,0; 0.032
O 15.116
Cl* LiCl 142 pg-Cl/g-SIM

— SIM : simulated spent nuclear fuel
*Added by dropping of standard solution
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Fig 1. Steam distillation apparatus for separation of chlorine.

g wj7kA] Aol FAX FHISEIE HETT
5) 7571 Yol A=A 140 °CE FAIBHHA A
& ow FHRA o] AL YANE AX F3
H ZRF-gd0] o 95 mL7F 2 wWj7kx] A &3).
6) Tl 4R FHFFE 100 mLE 343 ok
st o] A ZntE ] o JAaAF

=

dEEE HEo 100 mL £ ST
23 FF88 AT pe)S B 348
A5 @] BEAA 2 HE FH|gth A 59} § o]
LaZuEau 2 sl nuge R 57 5

Foll ol 92 8582 ZPA,

) A met Aagd 2 BANE 27k

FZ7] 70 e I 29 IFAFE A}
317] flsted 7] AR wet AREE FHIEAL 5
7|1Z2FE s 10 mL &% Z#23 13 QS
st W47 E AA FHE SFE9S 47
10 mL¥ & 130 mLE 33t Zhzke] A8d) o)
3 e A4S ojkazvET YR PPl F
Foll W2 da 35AFS AT

23. dllsEsiHe 0|88t Fi=ssSEFgE I

us Hy

Volumedtric Flask

ARG A% AARAHFig. 2. B FAE T
2 fERAA, L4 2 FRAA, 49 e
H

=
Aoz 9 UF ALNE, At FED L FolY

o
P
o
i)
lo
fu
i Ho
ik
o

N b
ox
of
?

d

2
e
f
o, @

2
~
—r
Fl
o
= 2
o o
)«& —_—
:r_" Jo OED.
=
Z g ng U

o AlEE &
RoALE S AR o
AT pg)S ¥e
UsOg 1 g 3 7tst
S AAHE Qo) I

ox
oy
=

9% LiCl &89 o
2 X1 A (accelerator) 241
adsiA E3Hek o

13

i
oo
rE
oo W

oft
lo
fu

30
o

Al

Mo
&
>,
i)
v

—u

(o]

233 Y7250 2
7t o st 2 39t
5]re Thartk 2ol a313itt.
1) AlE9} RESEZA7E 27 JARES d4AZ )
A guk-g-ge] F7HERe YWt
270 TAHLEE 050°C, SEAEA 7S 60
5°C/minZ 2R 8}
71 2F4 9F 300 mL ¥ F3g
W&ol AxslA AZdsd, 7+
0°CE fR3l== 43It}
FRL71(100 mL Zoad =
50 mLE 93 3@7A fedo

booia

:

o fon
~

18 9 92

e
R
P

H re
ox

I
a
2L oy
gﬁ; o
il

o%

Ru)

1o Ho
r jincs
b1 o)
fr to
% 1%
- of

=
uich
B>
N
2

Analytical Science & Technology



Combustion Tube
Furnace

EREEEREE R 49

Quartz Reaction
Combustion Boat

Delivery Tube

Absorption
Solution

Polyethylene

Absorption Bottle

=1

Ly
sl

r
e
o
olN
!
Y
2
o
N,
k
Jfu

o
R

At ol
o

o2

5) AaR9} 2FAFE7] 7HEREHE THEste] 7
z} 950 °C$} 80 °Coll 5%8 EE 7Hdsit)

6) 371 Lr-o] EEHH e AA e {5
2AZAE AEAA #712 I Lmin fr&o2 24
Ad8719 Tt F71%0e vt AARE S

A Juks- a3t ALRES FYHEE Fr},
7) 950 °Coll A 1 A17F &<t vhg-& A &A71
ZRREE 7 U Aags)t AL meshd 38
718 AL SHFE 100 mLE 3]4] gt

it
2

8) HIEAIE S Ql8le] AES H7lelA] e Axr
ES e 2hoR QUIFRHAIN L I g2 S
TR

3 A4 Arieiel 248 45 ek B A
AP YA,

1) HFRATE S f18ke] AiREd] WEEZIA] UsOy
o $ebe e AR A7iglel W AARETS

Uy RS 1 mL/minZ X ’5‘]-‘34/\1 950 °CZ 60
=7 %7%5]1"]%{‘:} X8 BIE 50 mL AR
stod 3 GAE 2JsAT

Vol. 23, No. 1, 2010

Water Supply

Fig. 2. Pyrohydrolysis system for the separation of chlorine.
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Metal Ingot
Air Oxidation Flow rate : 0.01 mL/min, room temp_. 1 h

Dry Oxidation Flow rate : 0.01 mL/min, 150°C , 1 h

Grinding Agate pestle in shielded box
1
Pyrohydrolysis
1

lon Chromato.

Flow rate : 1 mLfmin, 9509C , 1 h

i

Fig. 3. Analytical procedure of chlorine in uranium metal
ingot by pyrohydrolysis.
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Table 2. Recovery of chlorine in uranium compounds by steam distillation
No Sample Medium Distil. Temp. Collect. Yield Mean RSD
1 SIM + LiCl Mix. A.* 140£10 °C 90£5 mL 54%
2 SIM + LiCl Mix. A.* 140£10 °C 90£5 mL 56%
. . o 63% 16%
3 SIM + LiCl Mix. A.* 140+10 °C 90+5 mL 67%
4 SIM + LiCl Mix. A.* 140+10 °C 90+5 mL 75%
—SIM : simulated spent nuclear fuel
— Chlorine added : 71 pg
*Mixed acid : 0.2 M Ferrous ammonium sulfate-0.5 M sulfamic acid 3 mL + H;P04(85%) 6 mL + H,SO4(sp gr 1.84) 15 mL
Table 3. Comparison of chlorine recovery in uranium compounds by different pyrohydrolysis
No Sample Temp. Time Air Flow Accel. Trap Yield
1 Blank(boat) 950 °C 60 min 1 L/min X 50 mL 0
2 Blank(SIM+boat) 950 °C 60 min 1 L/min X 50 mL 5%
3 SIM + LiCl 950 °C 60 min 0.01 L/min X 15 mL 49%
4 SIM + LiCl 950 °C 60 min 1 L/min U508 50 mL 88%
5 SIM + LiCl 950 °C 60 min 1 L/min WO, 50 mL 52%
6 SIM + LiCl 950 °C 60 min 1 L/min V05 50 mL 43%
7 SIM + LiCl 950 °C 60 min 1 L/min WI1+W2 50 mL 57%
—SIM : simulated spent nuclear fuel
— Chlorine added : 71 pg
— W1+W2 : flux prepared specially with Na,WO, and WO,
% BGLY FHEAE Ho 0 mL o4 F FFL L WERE 24T ¥ FIRE, 2N
Ask= g0l EaHEel Ao BTt 7 MR, FHES L WSEAA Solh £ A
B Ao sehE sheke ARE 7] 271(140°0) 7o EUbrEs 2 £33 W8S HES
o7 FFst] 95 mL F2E RS xFAE} o HH 2UE EES] S8l AR Fo A
7 oleAzviE v FFete] 4 3] FA Hok AP BHste] UE daRE tig vhAd
& ) Tuble 200 ERE vk} 2ol AUWEEAR 16% & A Wl At AEHA GAG o eamehE
oM Hit 63%0] BFEg Btk o] Ade A2 2 2] AEIAN0.05 pgmL) o sko) ATH(Table 3).
A0E 180 mL F22 FPAAS W HAFeF 2 A FaFe] ke R HeEAAE A
olF HolA] gttt £57] TR g dA IFe & W U050 M &R o] A= vHEA
A E §7) 5 FHoRREY ode] A GY  ASER Feizl U0 FAAIA 7 &0l
& FE RS PRy T S AN B & BeHuAR G Ye AT ek Wo; A
37] 250 9% 3] WAL 2 AL $ekE 5S4 V0T AL DAERAAD & 9w
e A8 F7IE ¥F2gde FEt W) nliEo R Tungsten oxide &-§ EFTE(WI1+W2) AF&A] U0 B
AT H58S 7] FNE SREAS 200 T AR 20408 FY 5 Uk 0% BT
mL o]} FHH THed ¢ glot o] A SRHE HALH M V,0.= AEEE AR 7Rl &

32. WrlEsol 2I'5;+ Ha
L elaEs) w0 mE g4
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Table 4. Recovery of chlorine in uranium compounds by pyrohydrolysis

No Sample Temp. Time Air Flow Accel. Trap Yield Mean RSD
1 SIM + LiCl 950 °C 60 min 1 L/min U504 50 mL 88%
2 SIM + LiCl 950 °C 60 min 1 L/min U504 50 mL 99% 97% 8%
3 SIM + LiCl 950 °C 60 min 1 L/min U;04 50 mL 103%

—SIM : simulated spent nuclear fuel
— Chlorine added : 71 pg

Table 5. Determination of chlorine in absorption solutions collected from pyrohydrolysis of uranium metal ingots

No Sample Temp. Time Air Flow Accel. Trap (u;ecsll/lrl:m)
1 Ingo-1 950 °C 60 min 1 L/min U304 50 mL N.D

2 Ingo-2 950 °C 60 min 1 L/min U;04 50 mL N.D

3 Ingo-3 950 °C 60 min 1 L/min U304 50 mL N.D

4 Ingo-4 950 °C 60 min 1 L/min U;04 50 mL N.D

5 Ingo-5 950 °C 60 min 1 L/min U504 50 mL 0.070

6 Ingo-6 950 °C 60 min 1 L/min U304 50 mL N.D

—N.D : non-detection (< 0.05 pg-Cl/mL)

27164 : 1 mL/min, ¥-3-ZX1A] : Us0y, *@ﬁoﬂt‘
9] : 50 mL)S o] &3l RO 8gHAE F 4

e ste] st Aol JHEFAAL 8% H
o+ 97%9] 3|F&S BT & W%—Efﬂloﬂ o3t
Fae] Az F A S sg= AlE #Hr
EFZEY ] Frrt v7] Wi AztE.
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