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� �

Np� ���� 1 g/L NH4VO3 ��� 10 	
�� ��
�	 ������ Re, Np � �� U�� ����� 
���

��  TBP! �" #$� %&'( )&' *+ ,- � #� ./.0� 12�34. Re, Np, U� %&' .0��5 TBP

� 678 9:;<5 =>4 O/A ?8 2 @7� 9:;<5 =# A(�#4. B�1 Re, Np, U C# %&'� ��D��

�� NBA! �E Np�� ����� FG )&'H I J�K, .0��5 Np# 67% )&'L5 NBA=1.04 M, O/A=1#

�M�4. #N Re# 70% @7 Np( O# %)&'LP� Np� 
�! QR Re� S� �*;TU "4. "V Re� ��

� )&'W O/A ? X�8 Y" Np� %)&' Z[: \]L1 J�K, Re � Np# ^^ 80%, 6%� )&'L5 5 M _

�, O/A=4: �M�4. `a! U� ��� )&'W U� 
�! QR Re( Np� S� �*;TU �K, 0.01 M _�, O/

A=7!R b 76%� U# )&'Lc4.

Abstract − For the selective separation of Re, Np and residual U from the 10 components simulated radwaste solution con-
taining the NH4VO3 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 5 M HNO3 and 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 0.01 M HNO3 and O/A=7. 
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1. � �

���/����(partitioning and transmutation: P-T)� �	
 ��


���(HLW: high level radioactive waste)� ��� ��� ��(LLN:

long lived nuclides: Am, Cm, Np, Tc, I �)� ���� ��  !"#

$%� &� $%�/'()" �� �*�� +,-�(short lived half

life) ���# ./ ��0" 1234� 5�6[1, 2].

7� ��� ��� 8�9: Tc(Technetium, Tc-99), Np(Neptunium,

Np-237); << ,-�$ 2.13=105>, 2.14=106>0"[1, 2], ��


?
� @� 6A ��� ��B Am(Americium), Cm(Curium)C6 D

��9E ���F� GH� IJ� ALI(Annual Limit of Intake)KL

� :M� ICRP(International commission on radiation protection) 30�

EN OPQ0" ��RS T ��0" U�V� W6[3]. 

XY ZXE HLW�9 Tc; TcO4
−  [, Tc(VII)" \]�� W�^ ,

�� Np; IV$, V$ _ VI$" \]�� W0`, 2 M ���9� a

" V$", 3 M �7�9� bc�d(disproportionation) ,e� EN IV

$ _ VI$ �� f\g6� hiV� W6[4, 5]. gj U; NE kl

U(VI)" \]�� W6. mno" a" III$" \]�� W� Am, Cm

�p� Yd$ 7q _ �� r
� 7��� �� �s ��T � t

� u" ��RS g6[1, 2]. &g ���� vw�9 x I U; ��

y
�X(fertile material)" �� ����34z {"| ��� ���

]}YVo" ����34� 1� �� u" ���� ��RSg6.

,z� Tc, Np; ���� �~� 9" �� [, Tc �O� 8
! �

�,e0" y8
! ���9, NpE �O 8
! ��,eE y8
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Re, Np � �� U� ��� �	 37

r,

e

! ���9� {"| ������ 63 }
�o" 8
! �� +

zQp ��y +zQ �� ���� �%8
! ���9 ���� 3

�S �� 50" ���[1, 6] W� �� kl P�Q0" ��RS�

g6.

Tc, NpE ��~0"� *Z��~, �1~, ��~, ���2~ �

�n $D �~� �3V� W0#[1, 2, 4, 5], � ���9� TBP(tri-

butyl phosphate)� Eg *Z��� P/��6. TBP� Eg Tc�E

��; �0#, '�E U(uranium) &� Zr(zirconium)� ��� 7q�

9� Tc ��� 7��6[7, 8]. gj NpE ���; Np(VI) > Np(IV)�

Np(V) �0", Np(V)� ���� ZO �  V(V), KMnO4, Ce(IV),

K2Cr2O7 �E Yd�# HAN(hydroxyl amine nitrate), U(IV), ferrous

sulfamate �E 2 �� ¡$�� ��
� ¢; Np(VI)# Np(IV)"

£d3� �¤g6. mn# ¥�g Yd�(KMnO4, K2Cr2O7, Ce(IV) �)

E �O Np� kl Np(VI)" Yd3� ��70" kl ��T � W

0#, �� f\�� ¦  �� �§� '¨ � W�, r© Ru(Ruthenium)

; kl RuO4" Yd3� ªh�« V`, Ce(Cerium); TBP� ��


� ¢; Ce(IV)" 1234« �6[9, 10]. &g �¬ ¥�g Yd��

��70" ��� Np(VI)� Np(V)" 63 2 �� ���T 3 J

�w� S�3­ � W6.

D®¯D TBP� Eg Tc, NpE �� ��F§� Cz UE °:$ ¢

; ��(± 0.1 M �7)�9 Tc, Np� Up �s 7²�� f��V�,

#³D� �´7(raffinate)� �µV� \]�� W¶0" �� �N�

� [, UE /�:� §734� · �9 a" ��$ �¤V¸� ¹,

� ��)º »� U� 7¼Q0" ZO Q; ½(± 10−3M /:)� \

]�� �O�9E ��� ZO ''g ¾/� W6. r© � ��¿�

�¤�� W� ������ �� [, HLW"ÀÁ Tc, Np, UE P�Q

�� f/� Kh�� vw�9E ��� 1Âg ¾/�6.

u�9 � ���9� 1 ��[11, 12] Ãp� ÄÅ0" �� Np��

Np(VI)" Yd34�, �¦  ��� Æ �§� 'ÇD È� V(V)

(NH4VO3)� NpE Yd�" P/�� HLW"ÀÁ Tc, Np m�� '�

\]�� W� U� P�Q0" ��T � W� f/ Kh� ÉQ0"

�¤��6. m�� TcE ¼Ê�"� 1 ��[11]º »� Tcp dËQ


X� ���` TcE ��dËQ ¾Ì �¤� $� CjQ0" Í*

V� W� Re(Rhenium :XYZX�9 ReO4
−"  \])� P/�� �¤

��6. ¾Ì; OP NpE Yd�$ ¡$Î 3 ReE ��� 'Ç� �

§� �Ï��0`, 6¶0"� 10
�) *Ð(Np Yd�" 1 g/L

NH4VO3 ��)� ¼70" Re, Np, UE f��p �E P�Q ���

NF Ñ� m�� �% ���Ç |1 3 Ò�V� ÓÔÓÕ� �Ï�

�6.

2. � �

2-1. ���� ��

kE*Ð; � ��E vÖ ¼7 ��B Re, Npp U�, Yd$ III$

E MA(Minor Actinide) _ RE(Rare Earth elements)E ¼i �" Nd

(Neodymium) _ Y(Yttrium), �×� ®%E Cs(Cesium), �Ø� Ù®

%E Sr(Strontium), m�� *Z�� f/ 1,�9 J� ��0" Ú

*�� W� Zr, Mo(Molybdenum) _ Fe(Iron) �� ��V� W� Û

10
�)" �
��6. *Ð �Ó 3 �*� kÜ 3±(Re _ Mo�

�Ý��� kl XYÞ ßq) _ NpE Yd�º 2 �" << �*

g NH4VO3º NBA(normal butyraldehyde : n-C4H8O); kl rà 3

±0" �¦ /� p/ t� áâ �*��6. �ã 3±; U(Merk Co.)

p Mo(Junsei Co.)� �Ý��� kl Aldrich �ä�6. 

gj Np; �åE AEA technology� �äE ��
 F
 �B Np-

237� �M�� �*��0`, ¾� 2 M XYZXE HLW æ Np; ¼

À�� Np(V)" \]g6� C�V� W�[13], 30% TBP/n-dodecane

(�ç TBP" �è)� ER 1é ��g �*7� �*�� kE*Ð æ

Np(V)$ 90% /: V«ê ��6. kE*Ð æ <  �E dËQ Ó


_ °:� Table 1p »6.

2-2. ���	 �� 

��*Z� ���B TBP(Junsei Chemical Co. Ltd., �: 99.5%)�

ëì�B n-dodecanep íî�� ��ÓÕ� ï� XY*Ðp ðß7q

$ V:ñ �Ð ò¼��9 óô�� Pðß(pre-equilibration)3õ6. m

¬ 6¶ 7��(phase separation)�� ��7 �� �� �pD(Whatman,

1 PS)" '�E ��� �N�� 	ö��6.

2-3. 
��


kÜ ¾Ì; é�÷0" 7��9 �¤��6. �~0"� (1) f��

; 20 ml vial� '� �Ó� 10
�) kE*Ð(Np Yd�" 1 g/L

NH4VO3 ��)p ���B TBP�, (2) P�Q ���; 30% TBP _

O/A=2�9 ��� ��7� ¼70" �� NpE ���; 2 �B

NBAº 2 M XY *Ð�, ReE ���; �Y:E XY *Ð�, UE

���; ø Y:E XY *Ð� <<E ¾ÌÓÕ� ï�� ù/�ú

ûg6. m¬ 6¶ �� �:º 3ÅÓü�$ À�� óô�(dry air bath

shaker, å�pË, model : 36-sin-100)� �*��, ��; 30�, ���

; 60�Å óô�� ý1© ðß� �þ�D:ñ ��6. m¬ 6¶ �

�7p �*70" ���� �*7� \]�� ®%��E °:� �

ì�� �¤��6. �I ��7� W� ®%��E °:� �X �D

÷� ER )Y��6.

2-4. ��

�*7E Re, U, Zr, Mo, Nd _ Y °:� ICP(Inductive Coupled Plasma

spectrophoto meter, Model: Jobinyvon JY 38 Plus)� ER, �¦ Fe, Cs

_ SrE °:� A.A(Atomic Adsorption spectrophotometer, Perkin Elme

Model : 3100)� �*��, m�� ��
 F
 �B Np-237; MCA

(Multi Channel Analyzer, Model : OXFORD TENNELEC TC702, HPG

detector)� �*�� �ì��6. �*7 æ XY °:E �ì; 0.1 N

NaOH� Q/*Ð0" �*�� !FQ/ �ì�(Model: Metrohm 716

DMS Titrino)" <<E ���� °:� �ì�� ÿ/��6. gj �

��(E) _ ����(S); ��7 _ �*7� \]�� W� < ®%

 �E °:� �ì�� 6¶ ÷� ER )Y��6.

Table 1. Chemical composition and concentration of the simulated HLW

Element Compound

Concentration, (M)

Estimate HLW 
[14]

Simulated
HLW

Np
Tc
Re
U
Zr
Mo
Fe
Nd
Y
Cs
Sr

Np-237

Re2O7

UO2(NO3)2 6H2O
ZrO(NO3)2 2H2O
(NH4)6Mo7O24 4H2O
Fe(NO3)3 9H2O
Nd(NO3)3 6H2O
Y(NO3)3 5H2O
Cs(NO3)
Sr(NO3)2

0.0015
0.015

-
0.0076
0.069
0.069
0.038
0.0434
0.0084
0.0371
0.0165

Tracer
-

0.015
0.008
0.061
0.068
0.038
0.043
0.008
0.037
0.017

H+ HNO3 2.0 2.0
HWAHAK KONGHAK Vol. 39, No. 1, February, 2001



38 
��
���
���
���
���
E(%) = 100=RD/(1+RD)

S(%) = 100− E

��9 R : O/A(volume ratio of organic phase to aqueous phase)

D :�µ)�(distribution coefficient : COrg./CAq.)

COrg. :��7�9E <  � °:(mol/L)

CAq. :�*7�9E <  � °:(mol/L)

3. ���� 	 
�

Re, Np _ UE f�� _ ���E �	; ¾� HLWE �� 3 �

]Q 
Ì
� ��d�� 
R9 HLW"ÀÁE ��� ��E ��)

�(separation factor : DFP/DLLN) ± 100 �7� Ò��� W�[15], �

���9� �%���Ç(mixer settler)E +� �� ���� ��; 1

+ �	 ± 70-80% /:, ���; vÖ¼7 ��; ± 60-70% �7,

m�� 7¼��; 10% ��$ ���(7��� )� ± 10/:) V�

ÓÕ� �/Q0" �/�� �¤��6. � ÓÕ �/; ��� ��

� ����^ W� ö�Q Q; +��9 �pQ0" �¤T � W0

`, �Ò +�E -�� ��
���E h}�� áâQ0" -�3­

� W� �p$ W6.

3-1. ���

3-1-1. Re, Np _ U �� r


Fig. 1�� +ù
�)� ¼70" NpE Yd�(1 g/LE NH4VO3)$

¡$Î 3 30% TBP, O/A=1�9 �� XY°: £d� uH� Re, Np

_ UE ���� #¦# W6. ReE �� �§� Cz NpE Yd� ¡

$ �À� v)t� XY� t� �O�� NE ��� VD È�, X

Y°: 1 M̄ D� XY°: �$� u� ���� �$�6$ 1 M �

ç�9� à	© -��� W6. �� � �E ��[11]�9 �Ïg 5

p »� XY°: 1 M ���9� XY� ��� ç�: Re� ��T

!� TBP °:$ 
�T �� ��$ W� ���� �$�D�, 1 M

�7�9� XY °: �$� u� 7²�E XY� ��V� �" B

�� ReE ��� �*Î !� TBPE °:$ 7¼Q0" �� -��

� XY °:$ �$��: b��� ���� -�g 50" }<�

6. &g XY� t� 7q�9 1
 ��� ù�#D È� 50" C

  Re ��; TBPº� áâQ0" Ãî�D ���, D®¯D C��

[16] HReO4(perrhenatic acid)ßq" ÷ (1)p »� ��V� 50" }<

�6. ��9 ��; ��7� E'g6.

H+ + ReO4
− +3 TBP� (HReO4)�3TBP (1)

r�g w0"� NpE Yd�$ ¡$Î �O ¡$VD È; �OC

6 ± 3-5% /: ���� -��� W6. -� /:$ ¾Ì �· �


æ�#, � �� ù�Q0" -��� ¾Ì �·"� ������ Â

�$ W� 5 »6. �¬ �7; '� �ÿ�D �g 50" � ���

9� �E  B� Ñ��D ��6.

,z� Np, UE �O� XY°: �$� u� �$�� �§0" 2 M

XY�9 << 75.2%, 94.7%$ ��V¸6. �� Npp UE ��� ÷

(2), (3)p »� ��� W�[5, 9] XY°:$ �$T�ñ NO3
− °:$

�$V� ���� �$� 50" �+V`, &g Re� ¡$VD È;

7q�9 ��ó Ãp[12]º �2-3%�9 ùÇ�� W6. �� TBP�

¼g ��� _ ��(complex) ß
� UO2
2+> NpO2

2+�ReO4
−"���

W�[13, 16] OPQ0" U� ��� 6¶ Np� ��V� �D�0"

Re� ��Î 5�o" Npp UE ��� ReE ¡$ �À� Æ �§�

�ÇD ��� W� 5 »6.

NpO2
2++ 2 NO3

−+ 2 TBP� NpO2(NO3)2�2TBP (2)

UO2
2++ 2 NO3

− +2 TBP� UO2(NO3)2�2TBP (3)

Fig. 1E Ãp"ÀÁ XY °:� £d3� [, ¢; °:E XY0"

Re� ���g ç, �; °:E XY0" U� ����z Rep U� 9

" ��T �� W0#, � �O Np� Up f���Vo" XY °:

E £d�0"� Re, Npp U� kl P�Q0" ��T � t¶� �

� W6. 

3-1-2. 10 
�) f��

Fig. 2�� 2 M XYE 10
�)(1 g/LE NH4VO3 ��)� ¼70"

O/A £d� uH� <  �E ���� #¦# W6. �I O/A ö�

ÓÔ £�"9 ù,Q0" �� _ ��� 3 �2· ���E h}�

� -�34� 
�� $�g ¢�a� 5� C6 �pQ�D� �%

f/E ÓÔ� ���� Qü© P/V�S g6. 

Re, Np _ U� �Ý��� TBP� ¼g <  �ãE �µ)� ��

0.05 ��" ZO Q;^ �B��[9] O/A=2.5�9: 10% ��$ f�

�V¸6. ,z� Re, Np _ UE �O� kl O/A ö �$� u� �

��� �$�� W0`, O/A=2�9 << 28.6%, 93.8%, 96.2%$ f�

�V¸6. �� O/A ö �$$ Fù 7ö�9 TBPE °:� �$3�

a� �p� #¦æ� ���� �$� ^ �Bg6. m�� V(V)� E

R 6A  ��� Æ �§� aD È� ÷ (4)º »� Np(V)�� Np(VI)

" Yd3� �pQ0" f��T � W¶� ]�BT � W¸6. TBP

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.

Fig. 2. Extraction yields of each element with O/A ratio in the 10 com-
ponents system at 2 M HNO3 and 30% TBP.
���� �39� �1� 2001� 2�



Re, Np � �� U� ��� �	 39
� Eg �� ,e; � �E ��[11, 12]�9 �Ïg 5p »� ReE

�O� ÷ (1)p (5)� ER, Np _ U; << ÷ (2)º (3)� ER �þ

�D� W� 50" �/�6.

NpO2
+ + VO2

++ 2 H+� NpO2
2++ VO2+ + H2O (4)

Zr(NO3)4 2TBP + ReO4
−�Zr(ReO4)(NO3)3 2TBP + NO3

− (5)

�7E Ãp"ÀÁ ��
 �Ð0"ÀÁ Re, Np, U�� f����

�� P�Q0" ����� � ��E ÉQ� � 34� 
R9 TBP

E °:� �$34� 5C6� O/A ö� 2 /:" �$�� �¤��

5� !"á�6. �� TBP °:� #Â �$34z HLW æ f\�

� W� ��y}
�(fission product)� kl f���« V� Re, Np,

U� ¼g �� P�:� ø�34o", &g �E �$� ��7E $

: _ w:� �s ¢ D« �� �% ���Ç�9E ÓÔ� �¾7

b$��� IJ�6. 

7� ReE Ãp"ÀÁ TcE �O� �ÿ�� Cz 2 M XY�9 Tc

E �µ)�$ ReE ± 2-2.5µ /:"[15, 17], Yd�$ ¡$� 10


�)�9E ReE �µ)�$ ± 0.22 /:�o" Tc; 0.5 �7� Î

5�o" O/A=2�9 50% �7� f��Î 50" �ÿ�6. � �O

TcE ��%� C6 §734� 
R9� �� +�� �$34z $

�T 50" C�# §ç �� ¼g �B ��$ &Ò�6.

3-2. Np, Re � U� ��� ���

P�Q ���E kÜ ¾Ì; 2 M XY, 30% TBP, O/A=2�9 Re,

Np _ U �� f��� ��7� ¼70" �� �¤��6. �I �

�7 æ ��� <  �E °:� Re=2.12=10−3M, U=3.85=10−3M,

Zr=9.9=10−4M, Mo=1.31=10−3M, Fe=3.8=10−4M, Nd=1.23=10−3M,

Y=2=10−4M, Cs=3.7=10−4M, Sr=2.45=10−4M �6.

3-2-1. NpE 2  ���

NpE 2  ����"� Np(VI)�� Np(V)" 2 34� �¦  �

�� Æ �§� 'ÇD È� 50" ��ó[18] NBA� P/�� �¤

��6. Fig. 3; O/A=1, 1.04 M NBA�9 2 3Å £d� uH� Np

E �����6. �I NBA$ �� dî�(organic compound)�o"

2 � Np� �*70" ����� 
�� 2 ME XY *Ð� �*

70" �/�� �¤��6. 2 3Å 30� ç�� NpE ���� £

d$ NE t¶� � � W6. �� NBA� Eg NpE 2  ��� 3

± 30� /:E 2  3Å� �Ò'� E'�� 5�D� � ���9

� 
�© ðß� :��� 
�� 60�0" �/��6. 

Fig. 4� O/A=1�9 NBA °: £d� uH� Re, Np _ UE f�

����6. ReE �O NBA °:� v)t� ± 70% /:$ ���

V`, NBA� ER Re� 2 VD È¶� � � W6. �� ��� �

*70" 2 M XY *Ð� �*g ^ �B�� 50" Fig. 3E 2 M

HNO3, O/A=1�9 ReE ���� ± 18%B 50" x I ���; ±

80% /:$ ���V�S ��^ �C6 Ú; �0" #¦æ¸6. &

g XY ZX�9 ReO4
−E2 � ReOx ßq" 2 �6�� C�V¸

� ¹[19] Yd/2 � ¼g ��$ ZO ''�` i	 2 1
(stand-

ard reduction potential)"� ö��D ���6. gj UE �O� NBA

°: �$� u� ���� 6� �$�� �§�# NE ¾Ì�· �


"9 NBA °:�� NE �§� t� 5 »6. �� NBAE i	 2

 1
$ 0.96 V(SHE �	)" ��� W�[17], U(VI)/U(IV)E 2  1


B 0.338 V[9, 19] C6 ( UE Yd$ 7q$ £d�D È� TBP�

��
� ); U(VI)" \]��^ �B�� 5 »6. &g �E ��

��� 10�3%", � &g ��� �*70" 2 M XY *Ð� �*

g ^ �B�� 50", Fig. 3E 2 M HNO3, O/A=1�9 UE ����

± 92% /:(� ��T I ���; ± 8% /:$ Î 5�o" NE

��g �� C�� W6. ,z� Np; NBA °: �$� u� Yd

��� Np(VI)� Np(V)" C6 �� 2 3� �$�� W0`, 1.04 M

NBA�9 ± 67% /:$ ���V¸6. �� Np(VI)/Np(V)E 2  1


$ 1.15 V[9, 19]", NBAE 2  1
B 0.96 V C6 (9 �pQ0

" Np(VI) �� Np(V)" 2 3õ ^ �Bg6.

Table 2�� Np, Re, _ U� << �	0" g 7¼  �E ��)�

� #¦æ¸6. ��)� ÿz�9 NpE P�Q ���� Cz Reº

NpE ��� �* £�(XY °:, +�, O/A ö �)� Ó/��: b

$�T 50" C�`, NpE ��� +9 ,,3 Re� �N3�S �

� � � W6.

Fig. 5� NBAE °: _ O/A ö £d� uH� NpE �����6.

NBA °: �$� u� �$��^ ,��, O/A ö �$� u�9� -

��� W6. �� +�9 -àg 5p »� O/A �$� u� ���

� �$�� ����� -�� 50", NpE 2  ��� ÓÕ0"�

Np� ± 67% ���V� NBA=1.04 M _ O/A=1 /:z Q²T 50

" �+�6.

3-2-2. ReE ���

Fig. 6; O/A=1�9 XY °: £d� uH� Re, Np _ UE f��

��� #¦# W6. ReE �O XY °: �$� u� �$�� 5 M

�9 ± 99% /:$ f���V¸6. �� Fig. 1�9 C� !º »�

XY °: 1 M �7�9� XY °: �$� u� ���� à	© -
Fig. 3. Stripping yields of Np with contacting time at 1.04 M normal

butyraldehyde and O/A=1.

Fig. 4. Stripping yields of Re, Np and U with normal butyraldehyde
concentration at O/A=1.
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��� ���� �$V� ReE �� r
� �B�6. U �O� XY

°: �$� u� 6� -��� �§�D� -� .; m� @D È�,

5 M�9 5% ��$ f���V¸6. �� Fig. 1E XY °: 2 M �

7�9E U ��� XY °: �$� u� ± 93-97% /:" ���

^ �Bg6. ,z� Np; XY °: �$� u� -��` 5 M�9

± 21% /:$ f���V¸6. �� ÷ (2)º »� XY °:$ �$

T �ñ NO3
−  °:$  �$V� ��� �$Vo" ���� -�V¸6. 

�"ÀÁ ReE P�Q ��� 3 U; Æ J�$ t0#, Np; 7²

�� f���Vo" �� RÃ��S g6. �� 
R9� ÓÔ £�

B O/A öE £d� /g NpE f��� -�$ Ò�V�^, �I a

ERST w; O/A ö� �$34z Npp Re kl ��� �$��

�E ���� kl -�Î 5�o" �� Qü© ����S g6.

Fig. 7; XY°: _ O/A ö £d� uH� NpE �����6. X

Y°: _ O/A ö �$� u� -��� W6. 5 M XY _ O/A=4�

9 NpE ����� 6% ��" -��� Np� f���V� J��

01T � W� 50" CB6.

Fig. 8; XY°: _ O/A ö £d� uH� ReE �����6. X

Y°: �$� u� �$�`, O/A ö �$� u�9� -��� W6.

�� +�9 -àg 5p »� 1 M �7E XY�9 TBP� ¼g ReE

�� �� r
� ER, m�� O/A ö �$� uA !� TBP °: �

$� ER ���� �$�� ���� -�� ^ �Bg6. �7E Ã

p"ÀÁ ReE P�Q ��� ÓÕ; 5 M XY, O/A=4 /:z Q²T

50" �+V`, �I Re; 80% /: ���V¸6.

3-2-3. ́ \ U ���

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

S.F.(DM/DNp) S.F.(DM/DRe)���� S.F.(DM/DU)����

NBA [M] Re/Np Np/Np U/Np HNO3 [M] Re/Re Np/Re U/Re HNO3 [M] Re/U Np/U U/U

0.17 0.5 1.0 13.9 2 1.0 7.7 886 0.01 0.8 0.6 1.0
0.59 0.7 1.0 15.7 3 1.0 29.4 383 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 1.4 1.0 25.1 5 1.0 306 690 0.3 0.2 0.1 1.0

Fig. 5. Stripping yields of Np with concentration of normal butyralde-
hyde concentration in various O/A ratios.

Fig. 6. Stripping yields of Re, Np and U with nitric acid concentration
at O/A=1.

Fig. 7. Stripping yields of Np with nitric acid concentration in various
O/A ratios.

Fig. 8. Stripping yields of Re with nitric acid concentration in various
O/A ratios.
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Fig. 9� O/A=1�9 XY °: £d� uH� Re, Np _ UE f��

���6. XY °: �$� u� kl -��� W6. �� �; XY

°:�9 TBP� ¼g �ãE �µ)�$ Q;^[5, 15, 17] �B�� 5

0", 0.05 M HNO3�9 U, Re _ Np� << 87%, 91%, 93% /:$

f���V¸6. mno" U� P�Q0" ����� 
R9� UE

��� +9 ,,3 Rep Np� '� �N3�S �� � � W6. Table

2E ��)� ÿz�9 Cz 3 M XY�9 Up Re, NpE ��� $�

�# � �O vÖ¼7 ��B UE ���; -�V�, 7¼ ��B Re,

NpE ���� �$V� 7,� �7� C�� W0o" � ��E É

Q� � 34D �g6. 

Fig. 10; XY °: _ O/A ö £d� uH� UE �����6. X

Y °: _ O/A ö �$� u� -��� W6. �� XY °:$ �$

T �ñ NO3
−°:$ �$V�, m�� O/A ö$ �$T�ñ ����

�$�� ���� -�g 5�6. �"ÀÁ UE P�Q ��� ÓÕ0

"� �2· ���E h}�� -�34� 
�� O/A ö� $�g ¢


 [, U� 76% /: ���V� 0.01 M HNO3, O/A=7� P/��6.

3-3. ����� ��(Flow Sheet Development)

7�E f��p P�Q ���E Ãp� ��" �� ��
 �Ð0

"ÀÁ Tc, Np _ UE P�Q ��� 
g f/ 23:� Fig. 11p »

� �3��6. �� Np Yd� ¡$� ER Tc, Np, U �� 30% TBP,

O/A=2�9 Yd f��3õ ç, �� 5 M XY(O/A=4)0" Tc�, 1.04 M

NBA(O/A=1)" Np�, 0.01 M XY(O/A=7)0" U� << P�Q0" �

���� 5�6. �E �w0"� HLW ��V� W� ������

8�9 3$E ®%��B Am(/Cm) �� �Ý��� Fùf/ 23 æ

�9 �� kl �s ��T � W� f/� C6 Å+�« �
T �

W�, r© Np� 4 +)�9 Yd f���� ��� ��
 ��E �

Y� �DT � W6� w�6. mn# �.� f/ 23:� ¼g ¦²


� M��� 
R9� ¾� 5D6�7 vw�9 [, Mixer-Settlerº

»; �% ���Ç�9E Q* 3Ì � �$QB ��$ &Ò�6. 

4. � �

(1) ��
 �Ð0"ÀÁ Re, Np, U�� f���� 
R9� TBPE

°:� �$34� 5C6� O/A ö� 2 /:" �$34� 5� C6

�pQ�6. m�� NH4VO3 [, V(V)� ER 6A  ��� �§� a

D È� Np �� Np(VI)" Yd3� �pQ0" f��T � W¸6.

(2) TBP ER Re, Np, U �� f��� ��70"ÀÁ NBA� ER

Np�� P�Q0" 2  ���T � W6. NpE P�Q ���; Np

E ��� +9 ,,3 Re� '� �N3�S �`, 2  ��� ÓÕ

0"� Np� 67% ���V� NBA=1.04 M _ O/A=1 /:z Q²�

6. &g ReE P�Q ���; O/A ö £d� /g NpE f��� -

�$ Ò�V� W0`, ÓÕ0"� Re _ Np� << 80%, 6% /: �

��V� 5 M XY _ O/A=4$ Q²�6. ,z� UE P�Q ���

�O� UE ��� +9 ,,3 Rep Np� '� �N3�S �`,

0.01 M XY, O/A=7�9 ± 76% /: U� ���V¸6.

� 


� ��� pË�èÀE  !� ��Kh 8�� )��ÔE ù20

Fig. 9. Stripping yields of Re, Np and U with nitric acid concentration
at O/A=1.

Fig. 10. Stripping yields of U with nitric acid concentration in various
O/A ratios.

Fig. 11. An advanced flow sheet for selective separation of Tc, Np and U
from the radioactive radwaste suggested in this study.
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