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Abstract — For the selective separation of Re, Np and residual U from the 10 components simulated radwaste solution con-
taining the NHVO, of 1 g/L as an oxidant of Np, the behavior of co-extraction by tributyl phosphate/n-dodecane and stripping
of Re, Np, U and their operation conditions were evaluated. Co-extraction of Re, Np and U was more effective increase of O/A
ratio than with increase of TBP concentration. Co-extraction yields of their elements were 28.6%, 93.8% and 96.2% at O/A=2,
respectively. It was found that Np was effectively stripped by reduction with a NBA (normal butyraldehyde) from the loaded
organic phase. At 1.04 M NBA and O/A=1, Np and Re was co-stripped about 67% and 70%, respectively. So, Re must be
removed before separation of Np. Stripping of Re, however, was needed the decrease of the co-stripping yields of Np with
change of O/A ratio. At 5M HNQand O/A=4, Np and Re was co-stripped about 80% and 6%, respectively. On the other
hand, Re and Np must be removed before separation of U. U was stripped about 76% at 0.0 MHIB=7.
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Table 1. Chemical composition and concentration of the simulated HLW

Concentration, (M)

Element Compound Estimate HLW  Simulated
[14] HLW

Np Np-237 0.0015 Tracer
Tc 0.015 -

Re Re,O, - 0.015
U UO,NO,), 6H,0 0.0076 0.008
zr Zro(NOy), 2H,0 0.069 0.061
Mo (NH)Mo0,0,,4H,0  0.069 0.068
Fe Fe(NQ); 9H,0 0.038 0.038
Nd Nd(NOy); 6H,0 0.0434 0.043
Y Y(NO,), 5H,0 0.0084 0.008
Cs Cs(NQ) 0.0371 0.037
Sr Sr(NO), 0.0165 0.017
H+ HNO, 2.0 2.0

FFo] Np(V)2 &A%tk BuE . $10][13], 30% TBP/n-dodecane
(1% TBPE 7|&) 23 13] F=3 78748 AHgsle mejgl
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Fig. 1. Extraction yields of Re, Np and U with initial nitric acid concen-

tration in single component system at 30% TBP and O/A=1.

=]

H39d 15 20014 2

295 - A9

H*+ReQ, +3 TBP= (HReQ) - 3TBP

FAo=w= Npd 2HEAI7E 371
SN YT FEEC] A Yot
o] #o] YEHOFE fhaete] HAF expEnk Hes]
= A 2t} o] @2 Y o &SR] g ez B A
Aele ?rﬁ%? ] =gt
$-= AAEE S Uﬂrﬁ}iﬂ e AR 2M
W 7%7% 752% 94.7%}F F2E k. o= Np# U FZ0] A
(3Rt 7ol gHA Uq[5, 9] Aikrmrt ~7}6H£ NG; =71
%ﬂﬂﬂ FZE0] TV 202 AuEM, Ed Re?] HIIHA ek
A oA dolx AF12]9) £2-39l14 IR e Yrt ol= TBP
3l 2% 2 FE(complex)@ o] UO3*> NpOZ* > ReQ & ¢elA]

735 A7TEA L%%

T At AR 9%

916][13, 16] $AH 02 Uo] F2H The Nl 3557 ujxtoz
Reo] %23 70|22 Npit Ug] 530 Re] A7} o5 ¥ oaks
TAA] F3AL = A 2t

NpO3*+2 NO; +2 TBP= NpQ,(NO,), - 2TBP
UO3*+2 NG; +2 TBP= UOQ,(NO5), - 2TBP
Fig. 1¢] A3}=5-8

ReZ 9%5% ¥, e 55

2 78 e Lo, o
o) Wso=E Re, N} US

A=
T A

A% &

=

A1 g/u NH4VO3 T2 gio s
o] vteht Sitt. o} O/A H
2 A A24 72w

o nr} EaaolA e o

B o r1r

o

gl

=
HaEe

o,

H A ghe
PIA = 10% o] s/t &5
%% 5 O/A H] 71 tﬂrﬁ
Fo] 27kl 9101, O/A=24] 72+ 28.6%, 93.8%, 96.2%F
gﬂgiu} o]& O/A H] E7171 54 AldA TBR &= %—7}*174

= 85I vepfo] &80 S7H 1) Z]Qdith 222 v(Vv)ol ¢
sﬂ ThE daole= GRS 1 S A (4)9k 2°] Np(V)eHE Np(VI)
2 AAA BHEHoR T 128 AFAT = 2i9dek. TBP

EE

b

0

Extraction yiakis of aach akmsnt, [%)

I

s

willl  an
i Fs

adill!

B

anl!
k.

walll]

s
LE

[} W

Elemaent, |
Fi

2. Extraction yields of each element with O/A ratio in the 10 com-
ponents system at 2 M HNQ and 30% TBP.

g.



Re, Np% 7 U9 el £y 39

o elg 2% g o] Fo AT[1L, 12P14] L@T A7} Po] Re
4 (W 91 <30, Np UE 22 4 () @) <l o)

e

oA gl Zloz FAHAY
NpGO;+ VO3 +2 H = NpG*+VO* + H,0 4
Zr(NOs), 2TBP + ReQ= Zr(ReQ)(NOs), 2TBP + NG ®)

o]%te] AFRFH WA HA O ZHE Re, Np, UhS FFES

ol& Je Ao R FElei e B A9 548 vEA]717] 184 TBP

5 = AR O/AH|E 2AER Slste et
Zlo] vl sl ol TBP $X& W /M 71H HLW W 5535
A e IEGAAE(fission producty =5 35Z3HA o] Re, Np,
Udll digh = dBl= & AsiA71BR, gk o9 Svhe f714¢] 2
FOIAA| Bt g FE2gA| A Y Yol ARG
E7Fs8h7] wEoltt.

7] Re?] AFHEHRE Teo] 45 oS3l B 2M A Te
9] FujAIrT Re?l oF 2-2.50 H==2[15, 17], 2371 A71E 104
EA M2 Re2] EuljA 7| oF 0.22A=0]ER Te& 05040 &
Zo|B 2 O/A=2IA 50% oldo] 3F&2 AR F&HT. o] A
c®] FEE&E Bt V] RN = = 9E SV UL
T8 ASE Ho FF ofof thgt gl At dasirt

3

—

F

3-2. Np, Re Uo| MEiX ofx&
A x2e) BE 492 2M é‘* 30% TBP, O/A=214 Re,
Np ¥ U 9] %——’I‘%% F718E e st ssivt. ol &
71 e 7F 940 ErE Re=2.12<10°3M, U=3.85X103M,

Zr:9.9><10'4M, Mo:l.31><10'3M, Fe=3.8<10™M, Nd=1.23<10°M,
Y=2x10"M, Cs=3.7<10*M, Sr=2.45<10*M ft}.

3-2-1. Np $Hd 952

Np2] -4 9524 =+ Np(V)THE Np(V)E $-4A)7)2 718} 94
ol ¥ FEL VXX e o= 4E{F[18] NBAS Asle] 53]
314ATh. Fig. 3% O/A=1, 1.04 M NBANA] $49X)7F Mo u== Np
9] gF&Folr} oju] NBAZF 571 &5-E(organic compound) 2.2
F9E Npg 84202 A9FE3P] 95l 2Me] 24t g8 54
o wAgste] AT BUAI7E 302 Folle Npo] 9FEE W
37t A §e-g & 4 SUth. o] NBAY 23k Npdj $H H52 A
o 30 Ao B4 *WO] Aa%E ofnmshs Zlo|R|uE 2 oA
= %ﬁrﬁl Hof| =gst] sty 60Lo= ZASIATH

Fig. 4= O/A=1914] NBA ¥ #3ld] mf2= Re, Np¥ U9 2

70 | 1

Stripping yields of Np, [%]

0 . ) . ) ) .
] 10 20 30 40 50 60

Contacting time, [min]

Fig. 3. Stripping yields of Np with contacting time at 1.04 M normal
butyraldehyde and O/A=1.

100 T T

90 b

80 | b

70

60

50

40 -

30 N
20 - b
0 il 1 |W
0.0 0.5 1.0 15

Concentration of NBA, [M]

Fig. 4. Stripping yields of Re, Np and U with normal butyraldehyde
concentration at O/A=1.

Stripping yields of Re, Np and U, [%]

4

ZFZ 5ot} Re?] 23 NBA T #AIglo] oF 70% J=7F 9
H™, NBAd| 23] Reo] 8194 3-8 4 + Ut ol d5=
_Q.ALOE 2M ;(1/\]. %‘21,43 /\}%ﬂ 1;-]] 7]0 g}.‘-_ oz Fig.S‘A 2
HNO;, O/A=1914 Re?] & E©] ¢} oF 18] o7 B uf g9F&2 o
80% A =7t AFEHolof Sk Rt 22 o= vEhlirh B
g A4k rjE oA ReQe] 2] ReOxFHIE uﬂ_u}zﬂ} B
S W[19] Arshekd e vigk A7t ulg- wnlsh S $9A 9] (stand-
ard reduction potentig@: Hwslx] Falgrt. sHH U9 -9+ NBA
B F7M) mE dFEe] v vkske Agolu Al dE e |
A=A NBA F=ole A2l G3F] §le 41 v}, o] NBA?| %% $
AR 97E 0.96 V(SHEZE)Z A 2101 [17], U(VIYU(IV) &] &4 A
29 0338 V[9, 1918} 7] U2 Aslr} Adelrt WskelA] g TBP

z 4

[y

_l

ZZ o] 2& UVI)E EAIER=H) 7|95 7 P} et o]9] 9%
ZFo] 10£3%=, ] E3t 9F2 o oz 2 M A4 £08 AR
& o) 7108k A2, Fig. 33 2M HNG,;, O/A=1914 U9] F2E0]

ok U AT 7HE uf JFE=L o ok 80p A = T} E Aolu=a A
AR -8 Bolx it} ukHel Np& NBA F= F7d) wal 4kst
2% Np(V)E Np(V)= B} @e] FUAA E7ksta 9lor, 1.04 M
NBAIA oF 67% =7} 9FEFH AT o= Np(VI)/Np(V)9] &4 A
271 1.15V[9, 19E, NBAS] 2 A9l 0.96 V Bt AN Fxbz o
=2 Np(VIl) 92 Np(V)E #4170 o) 71918t}

Table 2= Np,Re, ¥ U& Z+2f 71201?—_ gk A Ao FHAF
E vepfisinh. A S Npd A9E H32-8 BH Re?t
NpY] H8= ofd MSb@A B2, T, O/A H] £)8 2Asldx
7Fed 2188 woln, Npof elof $bA Wi=A] Reg AAAIACE g
g5

Fig. 5= NBA2] F= ¥ O/A 1] ¥3}o) mZ= Npo| ¥F&Eolt}
NBA £ =710 mlg} Zv}51=1) dlsle], O/A ¥] Z71) weja)= 7+
=3hal Siek ol gHlA AFE 2ist o] O/A F7be) wet F58

4

o] Zylsle] = % o] 7Z+d Zlog Npo| 39 d52 2A0R:
Npel °F 67% < = NBA=1.04M ™% O/A=1 A=W G o
2 et}

3-2-2. Re] 9532
2= Re, Np¥ U] 4=+
. Re?] A5 A4 w= Zotdl ulg Sl 5 M
01]/‘1 oF 99%7é1:7} FTHFEH A ol Fig. 1olM He Wi} 7o)
FEE SV o FEEC] S48 3

HWAHAK KONGHAK Vol. 39, No. 1, February, 2001



40 o)) - 75 -

S - S - FNE

Table 2. Separation factor of each element with respected to Np, Re and U

S.F.(Q4/Dyy S.F.(D/Dry S.F.(D,/Dy)

NBA [M] Re/Np Np/Np U/Np HNG,[M] Re/Re Np/Re U/Re HNQ[M] Re/U Np/U u/u
0.17 0.5 1.0 13.9 2 1.0 7.7 86 0.01 0.8 0.6 1.0
0.59 0.7 1.0 15.7 3 1.0 294 383 0.05 0.7 0.5 1.0
1.04 0.9 1.0 16.4 4 1.0 83.8 684 0.1 0.5 0.3 1.0
1.46 14 1.0 251 5 1.0 306 690 0.3 0.2 0.1 1.0
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