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Abstract: For the determination of chlorine in uranium compound, analytical methods by using a steam
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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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U303 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.

Key words: chlorine, steam distillation, pyrohydrolysis, ion chromatography, uranium compound
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A& o] A3 (NH,),Fe(SO,),6H,0= Aldrich A.C.S.
99%, NH,SO;HE Aldrich 98%, LiCl-& Aldrich A.C.S.
99+%, WOy Aldrich 99+%, Na,WO,2H,0= Aldrich
A.CS. 9%E AH&3Sth H;PO, & Merck GR 85%,
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Table 1. Chemical composition of simulated spent fuel
containing LiCl

Metal Compound Added Wt.%
6] Uo, 82.394
Nd Nd, 05 0.269
Mo MoOs 0.245
Ce CeO, 0.895
Ru RuO, 0.240
Ba BaCOs 0.106
La La,05 0.092
Pd PdO 0.092
Sr SrO 0.070
Y Y,0; 0.035
Rh Rh,0; 0.032
O 15.116
CI* 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.
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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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Fig. 4. Relative recovery of chlorine in distilled solution.
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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;PO,4(85%) 6 mL + H,SO,(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 U504 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 V,0s 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;

% RG] FHEAS HL 60 mL oL K FFS AL WERE AT ¥ FHAE, 92
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el
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24 A7k o) Aok e AlE Fo| dawEe U HH o2 AR Y. o] 747t wEEIIAE
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HAEE 353 A 57157 93 ey = Uth. Table 4= ¥ AJAAAE Mo a¥o R
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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 U;04 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 U304 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

. . Result
No Sample Temp. Time Air Flow Accel. Trap (ug-Cl/mL)
1 Ingo-1 950 °C 60 min 1 L/min U;04 50 mL N.D
2 Ingo-2 950 °C 60 min 1 L/min U304 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 U304 50 mL N.D
5 Ingo-5 950 °C 60 min 1 L/min U304 50 mL 0.070
6 Ingo-6 950 °C 60 min 1 L/min U;04 50 mL N.D
—N.D : non-detection (< 0.05 pg-Cl/mL)
F714% : 1 mLimin, WEAA : U0y, #H N o] eamrtEadvE Y| B w6 ) AR
¥ : 50 mL) ©]&3te RO &FHAE T 94 Z9 dae 1A NEE Ay 25 AEIAY
=
= i=]

£ EYste] FEe Aol JHEFAAL 8%l 4] (0.05 pg-Cl/mL) ©]8t2 HQom B FHe] F&4
Bt 97%2) 35ES HATh B ArieRsel o3 ANEE Lt A TR ¥

el "Hapk & AL b shekE Alsel A7t SATH(Table 5).
8 FFEgN Hy) vy] wjEo 7 AE,

4.4 B
322 WISEHE 0|83 FLTEH 5 2o =2
AeFAdRE BHUARE dBstE A4NY SobE B9E AR 3o 0P R 92
FANNE LiCl $59S st Ak meb] 3 & DrMeRs) el MER 55807%)°) B )
A DALY § EIHH wpgelth B ATl e e

A
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g Axele} dakite 2 AFS AR 3714 A&, s o] Alge] A&l 7bee &
3 2 AzNE F ARE PAE ol &F uFd E He 7}1 o weEbA SEHEE FHAEE Z3st]
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