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� �

� ��� 30% TBP/n-dodecane� CMPO[n-octyl(phenyl)-N,N-diisobutyl carbamoyl methyl phosphine oxide]� �� 	


�� �
(30% TBP/xM CMPO)� �� ��������� Tc� ���� ���� ! Tc, Np, U"� #$%�� &�

���� '(� )* +�, -.�/0. 30% TBP/xM CMPO� �1 Tc ��� 23 4567 0.8 M 8��!� H+ 8

9 67: TBP/CMPO� ;<67 =� 2>?@��, 1 M 8A�!� TBP/CMPO� ;<67�" �B�, ��C0. ?

 � 30% TBP/0.02 M CMPO� U8 	
D 23 <*A E F<GH I� UJ -KA E TcO4
−8LM� N��, ��

G� NO3
− 89 OP?@� �� ��C0. 1Q 4567 1 M�! Np� 5RS�� K2Cr2O78 TJ%80. 1 M HNO3

(0.001 M K2Cr2O7 	
) U 30% TBP/0.02 M CMPO�! Tc, Np, U� ���V WW 66.4%, 85.7%, 94.7%� Tc� �� �

�V MX NpJ U� �� Y1 ���Z0. 8[ Am, Nd, Mo, Fe \V WW 10.1%, 11.1%, 11.5%, 5.1%, 2%
 ��GH

Tc, Np, U"� #$%�� ���]� � �� ^%� "_��` I0. �a�� bc de � O/A f� 1 g7�! 'h

F8 Ti%80. jk` 30% TBP/xM CMPO �K � S3A N� �l� +� Zr� # Sm
 no�0.

Abstract − In other to enhance extraction yield of Tc, the extraction of Tc(TcO4
− ) in a simulated solution by means of adding a

small amount of n-octyl(phenyl)-N,N-diisobutyl carbamoyl methyl phosphine oxide(CMPO) in the 30% tributyl phosphate/ n-dode-

cane(hereafter described 30% TBP/xM CMPO) was investigated, and effects of nitric acid and CMPO concentration for the selective

co-extraction of Tc, Np and U were studied. The extraction of Tc(DTc-TBP/CMPO) with 30% TBP/xM CMPO was occurred by com-

peting reaction between H+ ion concentration in aqueous phase and free TBP and CMPO concentration at less than 0.8 M HNO3.

Above 1 M HNO3, however, DTc-TBP/CMPO depended on only the free TBP and CMPO concentration. In the presence of U, the extrac-

tion of Tc(DTc-U-TBP/CMPO) with 30% TBP/0.02 M CMPO occurred by a NO3
− ion exchange mechanism through complex formation

of TcO4
− and U in organic phase. K2Cr2O7 was an effective oxidant of Np at 1 M HNO3. At 1 M HNO3, 0.001 M K2Cr2O7 and 30%

TBP/0.02 M CMPO, extraction yields of Tc, Np and U were 66.4%, 85.7%, 94.7%, respectively, and those of Am, Eu, Nd, Mo and

Fe were 10.1%, 11.1%, 11.5%, 5.1%, 2%, respectively. It was found that the system of 30% TBP/xM CMPO was enhanced the

extraction yield of Np, U as well as Tc, and the selective co-extraction of Tc, Np and U from the radwaste solution was satisfied. For

the continuous operation by using a mixer settler type extractor, O/A=1 was more effective condition. When the 30% TBP/xM
CMPO system was used, Zr had to be pre-removed to prevent the formation of 3rd phase.
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1. � �

Tc(technetium), Np(neptunium), Am(americium), Cm(curium) � ���

U(uranium: <2 g/L) �� ���	
(long lived radionuclide)�� 
�

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

��(radiological toxicity) ��, HLW� �  �! � HLW" 
��

� �� �!#�� $%!, &'()� HLW� *+, -. /0 1

2 3#") ���	
� 4.5�" -6 78( #9:;<=> ?

@A+ %2BC �D�� �E[1, 2]. FG Tc(Tc-99), Np(Np-237)H

I��( JJ 2.13×105K, 2.14×106KA+[1], ��� ��� L� E

M ���	
N Am, CmOE PB")� 	
�Q� RS� TU"
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ICRP(International commission on radiation protection) 30" �V W;

XA+ 4.YZ [ 	
A+ \��� �E[3].

HLW� ]^ 2-3 M� _`a_" b$B� �Ac, �T TcH TcO4
−

[Tc(VII)]+ b$B� ��d IBe, NpH IV(, V( � VI(+ b$

B� �Ac _`fg 2 M �B")� h+ V(+ 3 M �^")� i

j�k(disproportionation) Il" �V IV( � VI( �� mb6E�

2n�� �E[4, 5]. Np� `k( ^o pk" qM rstH �!B�

rsu" qv Np(VI), Np(IV)� w)( xy �g �A&, Np(V)�

zW� �{6 rsu| �!Beg rs:� aW }'[4] `ku&

~#u| �(Be rs�� �H Np(VI)& Np(IV)+ pk��Z 6E.

6� UH V� �� UO2
2+[U(VI)]+b$B� �Ac, Am � CmH h

+ III(+ b$B� �E. �� �� HLW � ���	
�H JJ `

k( ^o � �� F�� )+ ^�Be �| 
� 4.[ � �� 1

�XA+ 4.YZ 6E. ��& �| 1�XA+ 4.[ zW �H �

�4. m�� ���c �+ NY E�6 �o� 23 ���� 2�

�> �(���, �� ������� �. �!> ^��� � �E.

���+ ��6� ��m�A+ HLW+�� ���	
> 4.��

� �� m� 12� ��BE. qv) � 78 ")� ¡3+ Tc/Np/

U¢> mrs(co-extraction)6 £ �| w34.���, �3+� Am/

RE(RE: rare earth elements)| mrs6 £ �| ^¤4.B� 1¥>

12Be �DBe ¦E[6, 7].

^� Tc, Np, U� 4.§A+� !ars§, ¨©§, ª«§, �¬­

~§ � e� (P �§� u��� �A&, ��;" ®6 ̄ ��� °

�± TBP(tributyl phosphate)" �6 !ars§� �� �D�� �E

[8-14]. ��& U� fg( �H ²³(́  0.1 M �^)") Tc, Np� U

µ 
� ̂ ¶�� mrs��, &·P� r¸^(raffinate)" 4¹�� �

| uVB� º, U� �ug| »^��� 3#") h+ 78( �D

�¼> ½, � 780� �� U� ^®XA+ aW XH �(́  10−3 M

�g)� b$B� zW� 78� aW ��6 ¾�" �E. �.� TBP

" ®6 ¿À�¬� ̀ k( ̂ o" qM rstH VI>IV>>VwA+[9],

Np> `k��Á Npµ UH �Uu �� 4.[ � �A&, Tc� zW

� 2 M HNO3, 30% TBP") 4¹0�( 0.37(rsÂ=27%)+[9] �_

XA+ X� 7Àrs �Ã(mixer settler �)� �(stage)�| Ä6G �

(��g 99%� rs� i(t6 ¾��E. ���+ � 78� HLW

+�� Tc� rsÂ> �<��Á) Tc, Np � U¢> ;ÅXA+ r

sB� �Æ #� FG AmH �!^" ¸b�� � �� 4.§ 12

> ÇXA+ �DBÈE.

Tc� 4.�<> �6 P¿ÉP� 78� W; Zr, Ce, U �> �(

Be Tcµ� «�(complex) ��> �<��� �§[12-15]µ rsu

9/| CMPO[n-octyl(phenyl)-N, N-diisobutyl carbamoyl methyl phosphine

oxide]& amine 0Ê� rsu+ pzB� �§� �D�� �E. ©9

� zW� HLW � Ë(FG Zr, Ce �)� �(| Z��� mbB� E

M #�� rs VQ" &Ì ²»> �Í � �� ÎÏ!Ð� `g|

��V& aW }H `g") ÎÏYZ 6E� UuÑ> Ò� �E. I

Á" £9� CMPO[16, 17] zW� TcH �Ó 3( ¿À�¬N Am, Cm,

RE � Zr, Mo �� rs> 
� �<�� Tc� rs ;Å�> ÔB�

�� �E. �.� amine rsu[18-20]� zW� Tc� rsÂH »^

�& _`a_") U(VI), Np(VI)� rsÂ� ÔÕBe a_> Ö`A

+ pz��V& Np(IV), U(IV)+ ~#��×P Ø� mb Ù�¬(a

_" qv NO3
−, Cl−, HSO4

− � )� fg| �(��Z B� �� Uu

Ñ> Ò� �E. ���+ � 78� ÇX> ¢Ú��� 4.§A+�

^�� �Û 6 (P �§A+� i(tBc, �| ÕÜBe �D��

Z 6E.

qv) � 78")� 30% vol. TBP/n-dodecane(�£ 30% TBP+

�Ý)� �ÑN Np(VI), U(VI)� rsÂ> �®+ �PBÁ) Tc� r

sÂ> �<��� �Be 30% TBP" CMPO| �� �(B�(�£

30% TBP/xM CMPO+ �Ý) �Þ> ;�Be �DBÈE. W; �¡

�40 !Ð> ®^A+ Be 30% TBP � 30% TBP/xM CMPO" �

6 Tc� rs VQ> 4ßB�, Q�" �Æ #�� mrs VQ> à

áBe Tc� rs �< �X Õâ> ã�BÈE. Ø6 �X ÕâB"

) Õä p�N O/A � pk" ®6 ²»µ U, Zr �� JJ �(�

¼> zW �� mb #��� Tc� rs" �Ã� ²» �> �åB

ÈE.

2. � �

2-1. ���� ��

��!ÐH � 78� -@ ®^ 	
N Tc" EM ���	
N Np,

U � Amµ RE� ®n#�+ Eu, Nd(neodymium) �.� !ars ©

m�") Uu 	
A+ æ!B� �� Zr(zirconium), Mo(molybdenum)

� Fe(iron) �> JJ ;�Be 8�BÈE. !Ð uÕ � �!± �ç

�´(Mo| uèB�� �� _`Ë �o) � Np� `ku+ �!6

NH4VO3µ K2Cr2O7� �� FÏ �´A+ �Æ� �u µ� �� é

ê �!BÈE. �T U(Merk)µ Mo(Junsei)| uèB�� �� Aldrich

uë�E. Tc � NpH ²=� AEA Technology"), Am � EuH �=�

IPL(Isotope Product Lab.)") 2 M _`" !Y�� �� Np-237, Tc-99,

Am-241 � Eu-152� ��� Q�#�| JJ 8°Be �!BÈE. �

�!Ð � J #�� fg� ¾u HLW� fg| �ìBe Table 1µ

�� 8�BÈE.

2-2. ���	 ��

� 78� �� rsuN TBP(Junsei, wg 99.5%)� CMPO(Aldrich,

wg 97%)� JJ H++NO3
− + í �  H++NO3

− + í

+  _`> ^¶� rsB� îA+ ïìð �E[9, 21]. e�

) ñòH ��^> ��6E. ���+ �| éê �!B� zW rs I

l� <D�� Q¯ �!^ � _` fg( ̂ ¶� pkBC �c, �| �

�kB� �Y)� rs�ó ©" ��^> _`µ ;ô�(preequilibration)

��Z 6E. qv) rs!a� 30% TBP � 30% TBP/xM CMPO| õ

ßuN n-dodecaneµ öÜBe rsÕâ" ÷� _`!Ðµ ô�^o

( �gø <ù6 £, ^4.( �ú�PÁ ��^¢> 4.Be eµ

P(phase separator, Whatman, 1PS)+ ��� �4> uVBe ��B

ÈE.

2-3. 
��


�ç ¾óH 54ÞA+ ^¬") �DBÈE. �§A+� 20 ml !

�� vial" �. uÕ6 ��!Ðµ ;ô��û 30% TBP& 30% TBP/

xM CMPO| ¾óÕâ" ÷r� JJ ¡��> Î6 £, ¬g � �ü

Õý�( �«± <ù�(dry air bath shaker, =uµþ, model: 36-sin-

100)> �! 1�ü <ùBe ÿ©G ô�� �ú�Pgø 6E. �� E

Ù ��^µ �!^A+ 4.Be �!^" b$B� ¿À�¬� fg

| 4ßBe �DBÈE. �T ��^" �� ¿À�¬� fg� �_

�PÞ" �Y 0`BÈE.

TBP HNO3TBP CMPO
HNO3CMPO

Table 1. Chemical compositions of the simulated HLW

Compound Concentration Compound Concentration 

Tc
Np
U
Am
Eu

Tc-99 
Np-237
UO2(NO3)2 6H2O
Am-241
Eu-152

5×10−6 M
Tracer

0.008 M
Tracer
Tracer

Nd
Zr
Mo
Fe

Nd(NO3)3 9H2O
ZrO(NO3)2 2H2O
(NH4)6Mo7O24 4H2O
Fe(NO3)3 9H2O

0.043 M
0.066 M
0.069 M
0.038 M
HWAHAK KONGHAK Vol. 40, No. 1, February, 2002
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2-4. ��

�!^� U, Zr, Mo, Nd � Fe fg� ICP(inductively coupled plasma

spectro photometer, Model: ISA Jobinyvon JY 38 Plus)" �Y, ���

Q� #�N Np-237, Am-241, Eu-152H MCA(multichannel analyzer,

Model: OXFORD TENNELEC TC702, HP-Ge detector)| �!Be, Tc-99

� LSC(liquid scintillation analyzer, Packard, Model: 2500TR/AB)| �

!Be JJ 4ßBÈE. �.� �!^ � _`fg� 4ßH 0.1 N

NaOH| n�!ÐA+ �!Be 9Q X��(model: Metrohm 716

DMS Titrino)+ JJ� ���¬(H+) fg| 4ßBe ��BÈE. 6

� rsÂ(extraction yield)H ��^ � �!^" b$B� �� J ¿

À #�� fg| 4ßBe EÙ Þ" �Y 0`BÈE.

rsÂ(%)=100×RD/(1+RD)

e�) R: O/A �(��^ � /�!^ � )

e�) D: 4¹0�(distribution coefficient: COrg./CAq.)

e�) COrg.: ��^")� J #� fg(mol/L)

e�) CAq.: �!^")� J #� fg(mol/L)

3. ���� 	 
�

3-1. Tc ��

Fig. 1H 30% TBP � 30% TBP/xM CMPO") �!^ � _`fg

pk" qM Tc� rs 4¹0�(DTc-TBP, DTc-TBP/CMPO)�E. 30% TBP

� 30% TBP/xM CMPO �� _`fg 0.8 M �B")� _`fg �

(" qv rsÂ� �(BE( 1 M �^")� Ï�G ��B� �E.

�� �� rs �o( ��6 îH TBP� CMPO( �� ?� rs

uN d �NB� î �Ac, 30% TBP" �6 Tc rs � �!^ �

_`fg 0.5-0.8 M") rsÂ� �®Ã" g�BÈE( �£"� Ï

�G ��6E� Fig. 1� Pruett �µ[8]& Jassim� �µ[14]� ��6

z»�E. �.� CMPO �( zW TBP �� OE �H rsÂ> O�

� ��d �� CMPO" �6 Tc� rs� �ì�� &Æ&� �^N

î �E. Ø6 Fig. 1"� n��P �	A& _`� �� ^o(w�)")

30% TBP � 30% TBP/0.05 M CMPO" �6 JJ� DTc( �� 0.01

�B(rsÂ: <0.9%)+ V� rs�P �	E. qv) TBP(/CMPO)-HNO3

0")� Tc rsH TBP(/CMPO)�� éêXA+ �ÜBP 
B�, P

¿ÉP O�± HTcO4 �o+ EÙµ �H IlÞ" �V rs�� î

A+ �J±E[11-17].

KTBP
H++TcO4

− + � (1)

KCMPO

H++TcO4
− + � (2)

e�) ñòH ��^> ��6E. KTBP, KCMPO� JJ ô�^��c,

TBPf� CMPOf� JJ rsIl" �eBP �H 9�fg(free con-

centration)+)[ ] f =[TBP]i −[ ] −3[ ], [ ] f =[CMPO]i−
[ ]−2[ ]" �Y 0`±E. �.� [TBP]i, [CMPO]i� JJ TBP

� CMPO� �� fg�E. HTcO4� �!^") EÙµ �� Y.(disso-

ciation)�c
Kd

HTcO4�H++TcO4
− (3)

Kd� Y.^��E. �T Tc� rs 4¹0�� EÙµ �� n�±E.

DTc-TBP=[ ]/([HTcO4]+[TcO4
− ]) (4)

DTc-CMPO=[ ]/([HTcO4]+[TcO4
− ] ) (5)

Þ (1)-(5)+�� JJ� Tc� 4¹0�� EÙµ �� �.[ � �E.

DTc-TBP=KTBP[H
+][TBP]f

3/(1+[H+]/Kd) (6)

DTc-CMPO=KCMPO[H+][CMPO]f
2/(1+[H+]/Kd) (7)

HTcO4� Y.^� Kd� 0.5-0.9[22]+ O��� �Ac, Þ (6), (7)>

$�.BÁ JJ EÙµ �� n�[ � �E.

[H+]/Kd<1� zW: DTc-TBP≅KTBP[H
+][TBP]f

3

[H+]/Kd<1� zW: DTc-CMPO≅KCMPO[H+][CMPO]f
2 (8)

[H+]/Kd>1� zW: DTc-TBP≅KTBP[TBP]f
3

[H+]/Kd<1� zW: DTc-CMPO≅KCMPO[CMPO]f
2 (9)

Þ (8), (9)+�� TBP/CMPO" �6 Tc� rsH EÙµ �� &Æ


 � �E.

[H+]/Kd<1� zW:

DTc-TBP/CMPO≅[H+](KTBP[TBP]f
3+KCMPO[CMPO]f

2) (10) 

[H+]/Kd>1� zW:

DTc-TBP/CMPO≅KTBP[TBP]f
3+KCMPO[CMPO]f

2 (11)

^� Þ (10), (11)+�� Ô`g ²³")� �!^ � [H+]� rsu

(TBP, CMPO)� 9�fg ü� 
�+ _` fg �(" qv Tc� r

s� �(6E. IÁ" �`g ²³")� J rsu� 9� fg¢�


�+ `g( �'�" qv rs�� _`� �� ^®XA+ �(

B� �" qv Tc� rs" �!��Z [ rsu� 9�fg(30%

TBP/0.02 M CMPO� zW)( Fig. 1") Oeh� îµ �� Ï�G

��Be rs� ���� îA+ �J±E.

Fig. 2� 30% TBP � CMPO ��" �6 Tc� rs 4¹0�(DTc-TBP,

DTc-CMPO)�E. TBP� zW _`fg 0.8 M �B")� [H+][TBP]f
3+,

0.8 M �^")� [TBP]f
3� 
�+ n�BÈAc, CMPO� zW 0.8 M

�B")� [H+][CMPO]f
2+, 0.8 M �^")� [CMPO]f

2� 
�+ &

Æ�¼E. 30% TBP � CMPO" ®6 JJ� ���� 0.93, 0.89+

V� 1�" ��Be Þ (8), (9)| ¢Ú��� �Ac, ��� ý�A+

�� JJ KTBP=1.35, KCMPO=469.9| �¼E. �+�� Tc� rs>

�<��� �Y)� TBPOE� CMPO� fg| �(�� h� î�

OE ��X�> ï � �E. �.� Fig. 2� CMPO ��� zW 30%

TBP/xM CMPO") 30% TBP� 4¹0�| � �A+ �DBÈE. �

� CMPO/dodecane" �6 Tc rs � �!^µ ��^� z0Á")

u3̂ � ���¼� TUA+ CMPO� õßu+ dodecane> �![

T TBP& alcohol �µ �H ^OÕu| �(BeZ 6E� îµ ¡Ã

3TBPf HTcO43TBP

2CMPOf HTcO42CMPO

TBP HNO3 TcO4
−

CMPO

HNO3 TcO4
−

HTcO43TBP

HTcO42CMPO

Fig. 1. Distribution coefficients of Tc with concentration of nitric acid at
30% TBP/xM CMPO/dodecane system.
���� �40� �1� 2002� 2�
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�� �µ[23]�E. ���+ õßu| pzYZ B�d õßu" qv

¿À�¬� 4¹0� �� LC pB� îA+ O��� ��[21] �

78 Ø6 ��;" ®6 ¯��� °�± TBP/dodecane 0| ?@A

+ Be Tc� 5� �<> �6 *+, 4.§ 12> ÇXA+ Be

CMPO ��� zW éê ¾ó> �DBP �	E.

Fig. 3H _`fg 0.8 M �B")� Þ (10)" �Y, 0.8 M �^")�

Þ (11)" �Y 0`± 30% TBP/xM CMPO" �6 Tc� rs 4¹0

�(DTc-TBP/CMPO) �µ ¾ó �� �­+) ®/XA+ ¢Ú��� �Ù

> ï � �Ac, �+�� 30% TBP/xM CMPO" �6 Tc� rsH

TBP" �6 rs" CMPO" �6 rs� �ì�� �Ù> �N[ �

�E. �è"g _`fg| 5 M �^A+ �ehÁ TBP/CMPO" �

Y rs± Tc> �µXA+ ³rs[ � �Ù> ï � �E.

�^� �µ+�� 30% TBP" ��� CMPO| �(B� �Þ" �

Y Tc� rs> �<�� � �¼Ac, Tc� rs> »^��� �Y

)� CMPO� fg| �(��V& _`fg 0.5-1 M") rsB� î

� �µX�> ï � �E. ��& CMPO� fg �(� mbB� �

Æ #�� rs" ²»> �Ã�+, _`fg 0.8 M �B")� U, Np

� rs ��| Z����+[24] �| �ìBe CMPO �(� � _

`fg( ����Z 6E. qv) � 78")� _`fg 1 M> �

X ÕâA+ ;�BÈE.

3-2. Np ��

Fig. 4� _`fg 1 M") Np� `ku 
� � �( �Ä� 30%

TBP" �(± CMPO fg pk" qM Np� rsÂ�E. `ku 


�+� K2Cr2O7� zW n�~#©�(standard reduction potential)( 1.33 V

(SHE)+ NH4VO3� 1.0 V(SHE)OE �[25] Np(V)> OE �� �ÀB

C Np(VI)+ `k�� Np� rsÂ> �(��� ��, K2Cr2O7 fg

( �([�ø Np� rsÂ� �(B� ¡IXN z»> O�� �E.

�T Np(VI)/Np(V)� n�~# ©�� 1.14 V(SHE)�E[25]. F�ÑA+

30% TBP ��A+ �D6 © 78[7]")� _`fg 2 M") NH4VO3

| �!Be Np(V)> �µXA+ Np(VI)+ `k�� 75% �g rs

BÈA&, � 78� zW 43% �g�" rsBP 
�E. �� � 7

8( _`fg| 1 M+ ���û î� h #NA+ NH4VO3" �6

Np� `k�� [H+]2" ��6d �NB� �E[26].

6� `ku( �(�P �H zW rs� V� �P �� �E. �

� _`fg 1 M") Np(VI)/Np(V)� �� 0.04 �B+ Np(V)( 96%

�  ̂b$6E� Tanaka� �µ[27]� ¡ÃB� z»�c, Np(V)� zW

rs:� aW }' ̀ ku& ~#u| �(Be rs�� �H Np(VI)

& Np(IV)+ pk��Z 
> ï � �E. �.� `k± Np(VI)� r

sÂH TBP" �(± CMPO� fg( �(
" qv �(Bc `k

u+ 0.001 M K2Cr2O7� 
�± zW 30% TBP") ´ 80% �g(

rs± d IBe 0.02 M CMPO( �(([CMPO]/[TBP]� �fg �

=0.018)( � T� 90.4%(DNp=9.42)( rs�¼E. ���+ � 78

0(30% TBP/xM CMPO)" �6 rs � TcH �Ó Np� rsÂ Ø

6 �<�� � �Ù> ï � �E.

3-3. U � �� �� ��

Fig. 5� _`fg 1 M") 30% TBP" �(± CMPO fg pk q

M U, Am, Eu, Nd, Mo � Fe� rsÂ�E. U� zW 0.02 M� CMPO

¢> �(��g 93%( rs�� 30% TBP/xM CMPO �! � Tc, Npµ

U� rsÂ> Q�" �<�� � �Ù> ï � �E. Am, Eu, Nd, Mo

� zW Ø6 �(�� CMPO� fg �(" qv �(�� �Ac

0.05 M� CMPO� �( � JJ 44.2%, 34.5%, 25.9%, 31.1%( rs

�� Tc, Npµ U" ®6 rs ;Å�> ÔB��� �E. ���+ Tc,

Np � U¢> ;ÅXA+ rsB� �Æ #�(FG Am)� �!^A+ �

� .ì� 78 ÇX> ¢Ú��� �Y)� CMPO| 0.02 M �B+

�(YZ 
> ï � �E. �.� Fe� zW� _`fg 1 M, 0.25 M�

CMPO")g 4¹0�( 0.049(4.7%)+ O���[21] �� V� rs

Fig. 2. DTc-TBP as a function of [H+][ ] f
3 and [ ]f

3, and DTc-CMPO

as a function of [H+][ ] f
2 and [ ]f

2.
TBP TBP

CMPO CMPO

Fig. 3. Comparison of calculated DTc-TBP/CMPO with experimental DTc-TBP/CMPO.

Fig. 4. Extraction yields of Np in different oxidations with concentration of
CMPO at 1 M HNO3 and 30% TBP/xM CMPO/dedecane system.
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�����������������
� �P �ÙH ¶76 �µ�E. 6� Zr� zW� �!^µ ��^�

z0Á") u3̂ � ���� �" ®6 78� �DBP 
�E. Table 2

� _`fg 1 M, 30% TBP/xM CMPO 0") Zr fg pk" qS�

u3̂  �� �Ä| Ç�A+ -å6 �µ�E. e�) Ù²� �� �

� �4H u3̂ � ���� ²³�E. � �µ+�� 30% TBP/0.02 M

CMPO� rsu| �!B� �Y)� HLW" 
��� �� Zr(0.066 M)

� 90% �  ̂�. uV��Z 6E. �� TRUEX(TRans Uranium Extraction)

" �6[23] Am, Cm �� ���	
 4. �(]^ 0.2 M CMPO �

!) !"`" �Y Zr> ÿ©G �. uVBe ��^ � Zr� fg(

10−9 M �B( �� Õâ") ÕäB� îµ ¡ÃB� z»�E.

Fig. 6H CMPO ��� zW _`fg 1 M") CMPO fg pk"

qM Tc, Np, U, Am � Eu� rs 4¹0�(DM-CMPO)�E. CMPO �

�" �6 DMH Tc� zW� �� 30% TBP/xM CMPO") 30%

TBP� 4¹0�| � �A+ �DBÈE. Tc� zW ���( 1.75, ̀

k( 6(� Uµ Np(0.001 M K2Cr2O7 �()� zW 2.14� 1.64, ̀ k

( 3(� Amµ Eu� zW 2.77µ 2.27> JJ �¼E. �� CMPO(õ

ßu: decalin, tetra chloroethylene �)" �6 Tc� rsH Þ (2)" �Y,

Uµ NpH Þ (12)" �Y, Amµ EuH Þ (13)" �Y rs±E� P¿ÉP

2n± U#[16, 17, 21, 28]µ ��6 �µ�E. �+�� 30% TBP/xM

CMPO" �6 ¿À�¬� rsH TBP" �6 rs" CMPO" �6

rs� �ì�� &Æ&� î�> $�N[ � �E.

MO2
2++ 2NO3

− +2 í (M=U, Np) (12)

M3++2NO3
− +3 í (M=Am, Eu) (13)

Fig. 7H _`fg 1 M, 30% TBP/0.02M CMPO(Np� ̀ ku+ 0.001 M

� K2Cr2O7 
�)") O/A � pk" qM J #�� rsÂ�E. O/

A � �(" qv rsÂ� �(B� ¡IXN z»> qS� �E. �

� O/A � �(" qv ��^ � rsu� 9� fg( �(± d �

N6 îA+, Q¡ ^�") rsu� fg| �(�� h� îµ �H

�µ| &Æ$E. O/A=1 �^� zW Am, Eu, Nd �� rsÂ� �(

��+ Tc, Np � U¢> ;ÅXA+ rsB� �6 � 78 ÇX> ¢

Ú��� �Y)� O/A � 1 �B") ÕäB� î� %> îA+ &�

±E. �.� Q¡ Õâ(30% TBP/0.02 M CMPO/1 M HNO3, O/A=1)"

) `ku( �(�P �H Fig. 5� �µ �­BeOÁ Np> uè6

�ç #�� zW `ku �( � E� ��B&, ��� '� ¾ó(

3 )�" �� `ku �( �Ä" V� ²»> *P �Ù> ï � �

E. �� Np> uè6 �ç #�� n�~#©�( K2Cr2O7� 1.33 V

(SHE) OE aW XHd �N6E[25].

3-4. U� �� ��

Tc� rs" ²»> �Ã� #�+� U(VI), Zr(IV), Ce(IV) �A+ Tc

µ «�> ��Be Tc� rs> »^��� îA+ O��� �E[12-15].

CMPO MO2 NO3( )2 2CMPO

CMPO M NO3( )3 3CMPO

Fig. 5. Extraction yields of U, Am, Eu, Nd, Mo and Fe with concentration
of CMPO at 1 M HNO3 and 30% TBP/xM CMPO/dedecane system.

Table 2. Formation conditions of 3rd phase in the interface at 25oC

CMPO, [M] 0 0.01 0.02 0.03 0.05

Zr, [M] 6×10−5 6×10−5 6×10−5 6×10−5 6×10−5

6×10−4 6×10−4 6×10−4 6×10−4 6×10−4

6×10−3 6×10−3 6×10−3 6×10−3 6×10−3

6×10−2 6×10−2 6×10−2 6×10−2 6×10−2

Fig. 6. Distribution coefficients of Tc, Np, U, Am and Eu with concentra-
tion of CMPO at 1 M HNO3 and xM CMPO/dodecane system.

Fig. 7. Extraction yields of several elements with O/A ratio at 1 M HNO3
and 30% TBP/0.02M CMPO/dodecane system.
���� �40� �1� 2002� 2�



CMPO �� ��� �� Tc �	 
� 55
Fig. 8H 30% TBP/0.02 M CMPO") �!^ � _` fg � U�

�(� pk" qM Tc� rs 4¹0�(DTc-U-TBP/CMPO)�E. U� �(

�P �H zW _`fg 0.8 M> p+ÑA+ Be _`fg �(" q

v �(BE( Ï�G ��B� d IBe, U� �(�� zW� _`

fg �(" qv ¡ÂXA+ ��B� �E. �� U� �( e�" q

v rs VQ� pk,> ��Bc, _`fg 0.5 M �B")� FG

0.1 M� zW 10 g/L� U� �(� � U� �(�P �H zWOE 4

¹0�( 10¹ �^ �(Be Tc� rs �<� �®�& _`fg�

��� Np, U� rs> ���� � 78 ÇX> ¢Ú��P 
6E.

6� _`fg 0.8 M �^")� U� �(�� �(" qv �(B�

�A& �(� '� ��Be ¾u HLW(_`fg 2-3 M)| X![ �

U� ²»H �> îA+ &�±E. �� � 780 OE TBP � CMPO

� fg( �� �H 1.4 M TBP/0.2 M CMPO/dodecane 0") �D

6 Takeuchi� �µ[17]N _`fg 0.5 M �^")� U �(" �6

Tc� rs�< �µ� Ä�[ ¢BE� 6 îµ ��6 �µ�E. �.

� Zr� �( ²»H -") .Ï6 îµ �� u3̂ � ���� �D

BP 
�E.

Fig. 9� _`fg 1 M(2 g/L U 
�) � 30% TBP/0.02 M CMPO"

) �!^ � NO3
−fg pk" qM Tc� rs 4¹0��E. NO3

−f

g� TBP � CMPO" V� rs� �� �� NaNO3> �(Be Õ

�BÈE. NO3
−fg �(" qv ��B� �Ac ���� −0.95+ ́

1�" I��B� �E. �^� Fig. 8 � 9� �µ+�� Tcµ U� m

bB� �� !ÐA+�� 30% TBP/0.02 M CMPO" �6 Tc� rs

H EÙµ �H Ù�¬ ­~ Il" �Y rs�� îA+ &�±E.

KU-TBP/CMPO
� (14)

(E: 30% TBP/0.02 M CMPO)

e�) KU-TBP/CMPO� ô�^��c Tc� rs 4¹0�� EÙµ �

� n�±E.

DTc-U-TBP/CMPO=KU-TBP/CMPO[ ]/[NO3
− ] (15)

Fig. 10H Fig. 8� �µ| [ ]/[NO3
− ]� 
�+ n�6 î

A+ ���( 0.81+ 1.0"� E� 
 �Ã& Þ (15)| ®/XA+ ¢

Ú��� �Ac, �T ý�A+�� ��< KU-TBP/CMPO �H 20.6�

¼E.

4. � �

(1) 30% TBP/dodecane" ��� CMPO| �(B� �Þ" �Y Tc

� rs> �<�� � �Ac, Tc� rs> »^��� �Y)� TBP

fg �(& U� �( fg �( OE� CMPO� fg| �(���

î� �µX�E.

(2) 30% TBP/xM CMPO" �6 Tc rs� zW _`fg 0.8 M �

B")� ���¬µ rsu� 9�fg ü� z/IlA+, 1 M �^

")� rsu� 9�fg"¢ �bBe rs±E. IÁ" 30% TBP/

0.02 M CMPO" U� �(� zW ��^ � 
��� �� Uµ �!

^ � TcO4
−�«�> ��Be rs�� NO3

−�¬ ­~Il" �Y r

s±E.

(3) _`fg 1 M") Np� `ku+� K2Cr2O7� �µX�c, 1 M

HNO3(0.001 M K2Cr2O7�() � 30% TBP/0.02 M CMPO") Tc, Np,

U� rsÂH JJ 66.4%, 85.7%, 94.7%+ Tc� rs �<H �Ó Np

µ U� rs Ø6 �<�ûE. �T Am, Nd, Mo, Fe �H JJ 10.1%,

11.1%, 11.5%, 5.1%, 2%( rs�� Tc, Np, U¢> ;ÅXA+ rs

Bì� � 78 ÇX> ¢Ú��� �E. 7Àrs �Ã ,© � O/A

�� 1 �g") Õä
� ��X�E. �.� 30% TBP/xM CMPO

�! � u3̂  �� �P| �Y Zr� ; uV( ��BE.

UO2 NO3( )2 xE  TcO4
−+ UO2 TcO4( )NO3 xE NO3

−+

UO2 NO3( )2 xE

UO2 NO3( )2 xE

Fig. 8. Distribution coefficients of Tc in different concentration of U with
concentration of nitric acid at 30% TBP/0.02 M CMPO/dode-
cance system.

Fig. 9. Distribution coefficients of Tc with concentration of NO3
− at 1 M

HNO3(containing 2 g/L U) and 30% TBP/0.02 M CMPO/dode-
cance system.

Fig. 10.DTc-U-TBP/CMPO as a function of [ ]/ .UO2 NO3( )2 xE NO3
−−−−[ ]
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