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Abstract

This study has been carried out to look into the characteristics of an oxidative-dissolution of fission products
(FP) co-dissolved with uranium (U) in a (NH4),CO3-Hy;O, carbonate solution. Simulated FP-oxides which
contained 12 components have been added to the solution to examine their dissolution characteristics. It is
found that H,O, is an effective oxidant to minimize the oxidative-dissolution of FP. In the 0.5 M (NH,;),CO5-0.5
M H,0, solution, some elements such as Re, Te, Cs and Mo seem to be dissolved together with U, while 98 +2
% for Re and Te, 94 +2 % for Cs, and 29 +2 % for Mo are dissolved for 2 hours. It is revealed that dissolution
rates of Re, Te and Cs are high (completely dissolved within 10 ~20 minutes) due to their high solubility in the
(NH,),COj4 solution regardless of the addition of H,O,, and independent of the concentrations of Na,CO5 and
H,0,. However, the dissolution ratio of Mo seems to be slightly increased with time and about 33 % for 4
hours, indicating a very slow dissolution rate and also independent of the (NH,),CO; concentration. It is found
that the most important factor for the oxidative-dissolution of FP is the pH of the solution and an effective

dissolution is achieved at a pH between 9~10 in order to minimize the dissolution of FP.

Key words : Oxidative-dissolution, Solubility, Carbonate solution. Oxidant, Fission products.

8 %

B A= 12 AR 2o FPAFHE (simulated fission products oxide)& 4.2 1] (NH,),CO5-
H,0, k] &HolA] U 4Fs) - &l E wf Ut §H &-3f == Fpo] 2bs} - 83| 5405 18k lrt. Fp-4F
sHEo] 4kskg3) Al FPe] Ha &3lE 918 Akl 2+ H,0,7F 718 3tk 0.5 M (NH,),CO5-0.5 M
H,0, AlolA Ut 37 213} - g8 &)= YA Z = Re, Te, Cs, Mo 50] 3L, 2A]7F £3) ol 4] Red} Te 247} 98
+£2 06, Cs& 94£2 %, Mo 29+2 %7} 83 =2t Re, Te & Cso] €31 72 (NH,),CO, S04 o] 3=
< gzl 7|13t H,O, i ool #Algle] i w27 dojutal, (NH,),CO; $ % B H,0,9 &
S7toll Aol & A sket. whdel H,0,00 o3 Moo 413} - &3l (NH,),CO; F =0l F-2atA wi-¢-

1) Corresponding Author. E-mail : nehlee@kaeri.re.kr

-93-



J. Kor. Rad. Waste Soc.

QJojutar,

ol o2 |l
Raw
2o X

| At

TG e8], el e, Sk S, AbskA|, 2

L AE

AF7HA] AREF AR (spent fuel, SF)o] Fhe] Heto 2=
SF AHAIE 2 AESHAY = SFE 88 X 2]8}¢] Uranium
(U7} Plutonium (Pu)< 2|8 & F& 179 #7]& (High
Level radioactive Waste, HLW)S 2] 113}slo] AR50
ek Zid ol 1. ey A2l HF AEFA19] o]&
2 SIA7)] Slshel nEe) A7l Rl Azka L A}
X = AAZL SR A7} AN 22153 glow], Lo}
7} Z2%2hF 94 (TRansUranium, TRU) 9| &8 7HA] = HE

HEz21¢l0] glo] YatEE F2 ouxY o] &3l = §-
gubake] S HLW (SF 6‘%)«1 A HA| 2] 1= A9
71& (Low Level radioactive Waste, LLW)&] F-A] A X717 o]
AEE Hol mig- 3lo] EASE S HM, HLW A< gt
AL Bt 2R A B4 Woll B2 F& AEAIAT S Ao
2 Helt} Z2)7] ffsiAl= skl tiitg AkAIskaL Sl Us
A fefste] o] & LLW skshH HLwe] iy F-9]5 tf &
Ao g 7+8 AA AE BR 5L 374 AL Aow Hol
o}, Z2elut sFe 318} A= shebA ] Al B EE Puo R Q]
shof s Gitell thek 23S A Hol ol& SE3H7] 9
Foto 2 SFREH Uvke AdeHor 2is) - %GHAV‘ T
71% o] g3ttt 1B Fig 1] /Nd-g AIE 3P
Al €2k vl ol 9] 3| SFol| o 2-& xA|8kaL 21*—
o2 A8l - 23] (oxidative-dissolution) & 4 U+

o] B} A5 Fashar Sl ofu] TRUE E-8-3lf 2¥s}

PEolu = 7l e R &S shaL, 71er 9
YA E (fission product : FP)& HA3to 2 383 Hx
F= As 2152 ginh weba] o] 7le] H§o] 7hsaitt

Gitoll tigk AdAS frAlshe XA A 7ol E 2o

7o) Eiet,
oo} AR A= ‘Q%Oﬂ/ﬂ vl FEH e EEd
Aol o5k sFo el 271 gl O]E gt %SHZ" A5
A, shAl B 3ol lHXH 7
=WHol| ofgh gk kol A 23} Jﬂ &9 WA &

2

ol M rN ﬂl‘l? r_>L > r1r

¢

ko o foomr N to @ 3o o
_I::."

£

F

2 212009

Vol. 7(2), p.93-100 June 2009.

4XZ gl ollA] oF 33 %7t Bl E ATt 18] al & ] pHE FP-AtshEo] &afol 71 &
A= gQleg U] 3Fe} - gaf A FPe] 3-8l E WHIsH] ffsiA pH 9~10014 Fash= o]

8=

71 flgk Wte g FePst vk wjAegA e U, Pu,
Neptunium (Np) 59| &% 77} vk o7x= 943 A
2 o (1 M Hbolu Ash o] Akt w917]60A SFE BF &
A7 T Btk miAs o] 83ty o] HA - Rl A
T 5,0024 & AFtellA] FXI8tel= sl etk w2
< o3ty Uk Melx o2 Akslgsf A7) A B
Zpo)7} e}, 1utel| g2k o (carbonate solution)ol] 2]k
SF] diftg = fR o] ot 2]& Al A7) oA T of| A
Arsl/ah e 9 A whke] & 1978kl o A3} 3ol
Foll #gt 7 55 o] 9] E /B G s, BAME &

oF e AF e Tkl SHolx o] Baf A
= ﬂlﬂléf} 3‘75‘0]‘34, gk o] B A7 e 2ls) - &

AL [10-13], A+ 8- ollx] pH 271 §iste]
ulzl vlwA 2 L)% (solubility) S 7FA] AL gle] U} Z-8-3)
g 710 & Ho]&= Technetium (Tc), Cesium (Cs), Molybdenum
(Mo), Zirconium (Zr), Palladium (Pd), Te (Tellurium) ¢} FP-
A8zl tjg St Aol e Agolet, okE F VT (i
71=2.23x 10°0d) & A5 Sz (long lived half-life) © &2 A
S|l o] HF ol o] W= L, Cso] A9 19°Cs (3H7]=2.30 %
10°9) FrH e, cs (‘?}%L7]=‘1F 30 g dA A%
o= e Bzr (317]=1.53x100d), 17pd (¥H7}71=6.50 %
1000)& 450 2 A3 A ARBEL AshakAt Akl
#el 7Rbe 83k gt 5.0l

A B AT (NHY),COy 2k Aol 2J3F ue] A8

28t Al FRAl Hs FpAkshee] 41E) - Ball SAS irEst
oh 1243 Ale] o] FPAlstE-S thd o2 Tk 89 9]
= g &S AIRE §is), vk AtstAl o] e skl s

rxoof x2 JN

>\E

Recovery of carbonate

Removal of Tc and Cs.
by precipitation

Recuvery of U
recipitation

Recovery of Acid and
Alkali by electrolysis

Oxidative-
dissoluion
of UO,
Mo, Te
Tnsoluble
residue

Fig. 1. Conceptual flow diagram for an oxidative-dissolution of
uranium alone from spent fuel in a carbonate solution proposed by
this study.
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Table 1. Chemical composition and compounds of the SFPO

SF Simulated FP-oxide ml(lﬁz%%gﬁes
Element (Wt %) in waste
Compounds | weight, (g) | disposal
U 95610  UO, 8.0
Actinide
TRU | 0.972
- s j 1350 1370g
Alkaline metals|_C5 | 0.256 Cs,C0s 0.313 Cs, 7Cs
and Alkaline Sr 0.083 StO 0.098 90,
v ] > 1
camhmetds gy 10160 | BaO 0.211
La 0.122 La,04 0.145
Lanthanide Ce 0.236 CeO, 0.291
Fission
Products Nd 0.403 NdZO3 0.472
Ru 0.217 RuO, 0.285
Platinum group _ 107

metals Pd | 0,134 PO 0.154 Pd

Te(/Re)| 0.077 | Re,O, 0.101 P Te

Zr [ 0359 710, 0.485 s
Others Mo | 0.334 MoO, 0.445
Te |0048 | TeO, 0.060
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Fig. 2. Solubility of the simulated FP-oxides in various dissolving
solution.
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Fig. 3. Dissolved concentration and dissolution ratios of the
simulated FP-oxides in 0.5 M (NH,),C0O3-0.5 M H,O, solution
for 2h-dissolution.
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Fig. 5. Dissolution ratios of the simulated FP-oxides with
concentration of (NH,),CO3 in x M (NH,),CO3-0.5 M HyO, solution
for 2h-dissolution.
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Table 2. The changes of pH before and after an dissolution in 0.5 M
(NH,),C0O3-0.5 M H,0, solution

Initial pH 2 4 6 8 10 12

8.3 10.0 11.3

pH after dissolution
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Dissolution ratio, [%]

0.0 05 1.0 15 20
Concentration of H,0,, [M]

Fig. 8. Dissolution ratios of the simulated FP-oxides with concentration
of HyO4 in 0.5 M (NH,),CO3-x M HyO, solution for 2h-dissolution.
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Fig. 9. Dissolution ratios of the simulated FP-oxides with the pH
of dissolved solution in 0.5 M (NH,),CO3-0.5 M H,0, solution for
2h-dissolution.
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Fig. 10. Dissolution ratios of the simulated FP-oxides with the pH
of dissolved solution in 0.5 M NH;HCO3-0.5 M H,0,; solution for
2h-dissolution.
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