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Abstract

This study was carried out to examine the stability of Na,CO,;-H,O, carbonate solution with aging time in the
dissolving solution after oxidative dissolution of U by a carbonate solution, the Cs/Re filtrate after selective
precipitation of Cs and Re (as a surrogate for Tc), and the acidification filtrate after precipitation of U by
acidification, respectively. The compositions of dissolving solution were not changed with ageing time, and the
selective precipitation of Re and Cs was also not affected without regard to the aging time of dissolving solution. The
successive removal of Cs and Re from a carbonate dissolving solution was possible. However, the recovery yield of
U by acidification was decreased with increasing the aging time of the dissolving solution and the Cs/Re-filtrate,
respectively, because U was converted from the uranyl peroxocarbonato complex to the uranyltricarbonate in the
solution aged for a long time. Accordingly, it is effective that a dissolving solution and a Cs/Re filtrate are treated
within the aging of 7 days, respectively, in order to recover U more than 99%. On the other hand, the recovery of U
was carried out in order of the oxidative dissolution of U— selective precipitation of Re and Cs— precipitation of U
by acidification. Almost all of U and a part of FP were co-dissolved in oxidative dissolution step. Over 99% of Re
and Cs from the FP co-dissolved with U could be removed by a TPPCI (tetraphenylphosphonium chloride) and a
NaTPB (sodium tetraphenylborate), respectively. U was precipitated nearly 100% by acidification to pH 4.
Therefore, it was confirmed that the validity of recovery of U by precipitation methods from a SF (spent fuel) in the
Na,CO,-H,0, solution.
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Fig. 1. Conceptual flow diagram for recovery of U in carbonate solution.
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Table 1. Chemical composition and compounds of simulated solution.

Oxidative dissolution
Element SF(wt %)
Compounds weight, (g)
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Fig. 2. Dissolved concentrations and dissolution yields of each
element in the dissolving solution with 0.5M Na,CO3-0.5M H,0,.
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Fig. 3. Concentration changes of each element with aging time
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Evaluation of Na,CO3H,0, Carbonate ---

TPPCLE] TPP*3} 7 o] ko] o] Fo]2|A] ¢47] ullZo]
tF 12]al Cs % Re ol w]Al= S8 o] /g A1zkel| wh
£ JFol 79 gle Z o= Ho}l, Cs/Red] A&# 3]
B85 Bl dE oF 1 R RS = A7 gle Aes

Held,

Fig. 5t Fig. 39| D,9] 83192 Cs/Ree] A84 24 ¢
o] A Adsel S wl pH Wshol whe 4L4sh-olstel )
7 el ¥% 9 el AAgolth 24ste] pH 24 e &
shelol 3 A2 23 Arhshe] FaBtGon, 1 A%k B2
ABAA Ue] A§ pH 8 ol Aol = 2Hg5}-ol7t ol e] 5
57} 27] #9892 sk Al Wt glo] A8 Aol
oA hee & JelolA Ul g3l

% gtk ol o] ¢
%71 wH—FfOlD} 2|3t pH 6 ofstellA]
7+ 23le] pH 49014 °F 8

ojmj U Jd=2

100 — M D, dissolving solution
[ D, dissolving solution
T 80
= (@) — 100
3 [TPPCI}=0.003M E %
2 L <
c 2 ®)
) = 60
'ﬁ <] [NaTPBI}=0.01M
2 5w
g st a8
o 8 20
@ a
0
20k U Re Cs Mo Te
Element, [-]
0 T T T T T
U Re Cs Mo Te
Element, [-]

Fig. 4. Precipitation yields of each element with 0.003M TPPCIl
(a) and 0.01M NaTPB (b) in the dissolving solution aged for 7 days
and 28 days.

10°
. P deonnnen L I * 1100
E)
£ 100k
= D7 dissolving solution | gg E
£ .
2 ]
£ —
o 10°F .g
5 160
] : >
3 '- 5
5 By 2
e 10 : i
5 P 140 =
= * —o—Uu 2
B —— Re 8
g e —O— Cs s
g o —o— Mo 420
8 —— Te
e
100 . T T T S T 0
0 2 4 6 8 10 12
pH of the solution, [-]

Fig. 5. Concentrations of each element in the acidification-filtrate
after precipitation of U, and precipitation yields of U with pH of
the solution.

-135-

Ok 22 ¥k el &J8f UO,(0,) 4H,0= J ¥ [7
[UO,(0,),(CO;) J7#* + m H* +2 H,0
= UO,(0,) 4H,0 +y H,CO, (5)
olo] Gl wj$ vro} (K,,=1.34 x 107) [23] UL
uranium peroxide (UO)2 &3] 34 & = A58 & &
Atk LY pH 4 ofstell A= thAl U &0l A &3l =
o] 2Hds}-ofFtel W U] =7k S7hshe] pH 1 oAM= 478
mg/L &2 °F 98%7} A=A, i vt Al Baf w=
Cs, Re, Mo, Te T9|A] Red} Tex pH W3} (pH 1~12 ¥
el FABA AHdat-ofztel ) FErt 27] FLgde)
59} 7)2) W} glo] s o) dolubA gk lek,
L Cs Mo2] A4-%-= pH 4 o] FellM= 271 w52 A
o] W3y} glo] Fdo] dojhA| ekgkort, pH 3 o|5lollA]
= Mo, Cs 50| #2314 55, pH 1 o)A 4143}-ofzhol

Y o]=9] H%7t Z+2} 318 mg/L, 900 mg/LE <F 43%, 6%
7F o] U 33 He BoFal glok. ol= $& pH @
ool o5l Syt Fhadd 7]9lgtth, o] R vk
o & Al 28t Aol oJsf U adAer A3
Fat7] $lalAE pH 3~4 oA 2dke Ao] aFAHdS
& 4 Ak

Fig. 6-()9} (b)E Z+7} Cs/Re-olF Ao 2 Ue] 243} 7
A (pH 4)& A1Z A$ Cs/Re-A7}ol o] LA ko] w2 2t
Agt-ojatel ) 7+ 949 TE 2 U FHASS YeR
t}. o714 Cs/Re-Al2 747} Fig. 3¢] D, ¥ D, 2] §-3)|
o] 0.003 M TPPCI¥} 0,01 M NaTPBE <=x}4 o &2 H7}1aho]
ReF} Cs& Adlx o7 HAA A5 5 of7gt goo|t}, D,
o] gL A8 AL (Fig, 6-(a)) Cs/Re-o] ol o] =4 A]
7rell w2 Red} Cs- TPPCIF} NaTPBo o] gk el =] 314 7]
A GAE gl AXH 44 1 mg/L o|sk7} A8k JoH,
Mo} Tel Z+z}b 595+45 mg/L, 195£5 mg/LE A3 o4}
He oA wstatar olo], AHdst H e oJ5) o5 davt
HAHA &S & F Aok, 2L} UL Cs/Re-ojF 4 o] =
‘gAIZbell S7tel whet 7 A ool A= 10 mg/L ©] &R o}T
TAIRLO] 99.9% o]%e] U 378 = o, 7 o o]%F
Bl #43] Z718ke], 4417 28 LolME 957 mg/LE_
96.1%2] U 3|58 5= gl9iet, whell D79 S-af & A}%
3l 749+ (Fig. 6-(b)) Cs/Re-ojFol o] &XA17F7 A (&
QAT g SAAZE 7Y Cs/Re-oITtd &

AZ E 14Y)9)4] 126 mg/LZ 99% o]’Fe] ue] 347} 7}
e, A2 28 A (B SHA1ZE 3590l AE 1,876

o)
IA—

AN ZE 7

]
)
Rk



J. Kor. Rad. Waste Soc.

104
Jopsessessineses [ ZETT * 1100
> Cs, Re : less than 1 mg/L
S el /3 1% ¥
i As =
g )
S k]
o oo O g 1% T
5 °
@ 10 >
o o
K —-o0—u S
c —— Mo | {85 8§
2 —0— Te =
© (%3
= o
e 10F o
8 80 .
g A, A, (a) D, dissolving solution
O
10° L L 75
0 10 20 30
Aging time of the Cs/Re-supernatant, [day]
10¢
4100
=gty 1 £
o -
£ )
=
: 5
> 190 ©
o 2
c 102 f >
- 5
[ =
z 18 &
g =
O
S 1ok g
[&] o
480
(b) D7 dissolving solution
100 . L 75
0 10 20 30

Aging time of the Cs/Re-supernatant, [day]

Fig. 6. Concentrations of each element in the acidification-filtrate
after precipitation of U with aging time of the Cs/Re-filtrate
generated from D, (a) and D; (b) dissolving solution.

mg/LZ 92.4%2] Uo] 3|H At U 3|4& SHAE
D5 453 A 2oy o= 7] &8 W U %27 24.6
g/LZ g 2| 7|Qlgltt, o]2HE §ajH o2 HE] UL AF
dst Ao = T WA o] SR W

o g, SRS F o BARE A5

FFELE= ¢
A|71H, Ue] 3| ggo] v Eojd Zl o2 Helr,
Fig. 7°i= &8 folu} Cs/Re-o 7o o] ST F7tel

w2t Ue] 2Hdst A o] ZHass AlE sty Hg A
02 0.2 g9 UO, £ 0.5M Na,CO,-0.5M H,0, &% 30 mL
off -gafste] A1 Wstel| mb2 2hEe] UV 2HE-S
e AT}, 54417 7 & 7HA]= uranyl peroxocarbonato
complex (UO,(0,),(COy) z2-2) ] AP Al )& FAI3t
I o, 8 Yol FaE F FE= 435, 448, 462 nmol A
absorbance peak”} YEFY+ [8] uranyltricarbonate
(UO,(COy); MR WS o 4 it whabA] Fig. 69 U 4t
gst-ofgtl W U w27t /483t whet §43] S7hd
AL uranyl peroxocarbonato complex®] X4 o]

27T

g E o] Ue] 2Hdst el o)

uranyltricarbonate &

-130-

Vol. 9(3), pp.131-139 Sept. 2011.

Ory1 U o] @A HlZ &l 1] oA 3
= ° 7IRlske A 2k mekA] SFEHFE 99%
3lpatr] HaiAle= B3 Bl Cs/Re-ofaale] &
7 Y oWl (A ORTEH F 14 oJu)ollA A28t
Zlo] &4 o|r},

Fig. 8& U°] 3|44
Q/\lx‘j o7 o]d:
O & Fig. 6-(a)2] A, Ay, A;, Ay E A2l 23}
F oz SAAIR ] STk e Ue] F & WstE
BRI o714 A, A, A, A147 Ay o] A1 8}-of 3ol

7zt gAMb 1 L, 29,7 Y, 14 A H 28 o] Hd
Cs/Re-o]HA (53 AIE 1°1 D, &3 H-& A-§3to
Cs/Re®] &4 A )& A48 (pH 4)8te] FH]8k3d
Ay, Ay, AL9] A4Sl o] B9 U] F%=7F 10 mg/L
oJatR AR | WE U] % W3} 24 9af W]
A 7o dABE oM, 2890 B Foll gH o] A

ZA)3}F
o]A}e] US
A HE

pAvA

J

rir

al

12 o
rulo N2

0 days
1 days

U0,(0,),(C0,), >

Absorbance

12 days
U0LC0,);*

T T T T T T
350 400 450 500 550 600 650

Wavelength, [nm]

Fig. 7. UV visible absorbance spectra of U with aging time of
the dissolving solution by 0.5M Na,C0O;3-0.5M H,0,.

1000

—e— A, acidification-filtrate
—0— Ay acidificationfiltrate

800

600

L= Filtration is impossible
400 H

Concentration of U, [mg/L]

200 -

0 10 20

Aging time of the acidification-filtrate, [day]

Fig. 8. Changes of U concentration with aging time of the acidification-
filtrate after precipitation of U at pH 4.
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