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 0.5-5.5 M ���� Np
 ��� ��� ��
, TBP(tri-butyl phosphate)� 
� ����, �

����  !"#$ %&'() *� +��
 ,-� ./ Np
 ��� 0�� 1� 23� )4'(5. 67) GC 8

9 5:; �<� =�'> Np ��� ?@� A� Np
 30% vol. TBP� 1� �� BC ��D %&'(5. � ���

� E�F Np�G�� Np(IV) H= Np(V)I Np(VI) J= ,-'() ��	
 0.5-5.5 M�� Np(V)
 ?KL 32-19%

=M5. Np�G N� O,'� Np(V)D Np(VI)$ �P� !"#$ ��QR S TBP� 
� Np��
 �TU%� 5T

V
 B�'(5. 10−5 M='
 +��L Np(V)
 ��WX� YCQZ [� Y� \]� ') 10−3 M =�
 +��L

Np(VI)� 1P ^_`$ a�b� c '(5.

Abstract − The Np valance state in nitric acid and the effect of nitrous acid on the Np valance composition were studied

through the ways of absorbance by spectrophotometer, extraction by TBP, and electrochemistry. Enhancement of Np extrac-

tion to 30 vol% TBP was carried out through adjustment of Np valance state by using a glassy carbon fiber column electrode

system. The Np solution used in this work consisted of only Np(V) and Np(VI) without Np(IV). The composition of Np(V) in

the range of 0.5-5.5 M nitric acid was 32-19%. The electrolytic oxidation of Np(V) coexisting with Np(VI) in the solution

enhanced Np extraction by 30 vol% TBP about five times more than that without the electrolytic oxidation. The facts were con-

firmed that the nitrous acid of less than about 10−5 M acted as a catalyst to accelerate the chemical oxidation reaction of Np(V)

to Np(VI) and the nitrous acid of more than 10−3 M reduced Np(VI) to Np(V).

Key words: Electrochemical, Neptunium Oxidation, Neptunium Reduction, Nitric Acid, Nitrous Acid, Oxidation, Glassy Car-

bon Fiber, Nitrous Acid-Catalyst 
1.� �

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


� �� ��� HLW ��� �� ���� �� ��� �  !"

#$% &'(, )*� +,-% HLW
 ��� .�(radiological

toxicity) /0, HLW
 �1 /2 3 HLW� 4�5, 6% �27

0
 892, (:;-% HLW
 <=> �� ?@�  A#$% B

7�- C"�/0D!�(partitioning and transmutation)� �# E 

; 7FG HIJK LMN= 9O�P QR5� 6$[1, 2]. ��- C

"�% HLW� 4�S ��� TUK �V
 W�' ��# TUC

X, YQZ TUC(long-lived nuclides : Am, Cm, Np, Tc[), ��\�

TUC(Cs, Sr), ]^_70(Pd, Ru, Rh)C 3 �` 70CN= (a,

"��% &'$. b� YQZ TUC L�-c Np(Neptunium)� �

�� .�' d�, $e YQZ TU� Am(Americium), Cm(Curium)f

$ ���-
 TU 'g(migration)' hi� jk� ANL(annual limit

of intake)��' clS ICRP(international commission on radiation

protection) 30� 
m nH
N= "�op q TUN= r�5� 6

$[3].

Np� s�; bt(oxidation state) 3 �� W�' Am, Cm [u

b'�� '� 4v "�q Q w� x= �y
N= "�op �%†E-mail: nkwkim@nanum.kaeri.re.kr
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&N= �z5� 6$. Np� {s |{�- Np(IV), Np(V), Np(VI)


$}# s�;= ~�q Q 6�, TBP(tri-butyl phosphate)� 
#

Np
 ���� Np(VI)>Np(IV)>>Np(V) �N= ��� 6$[4, 5]. HLW

�
 Np
 s�bt% 2� L
 {s 3 :{s
 ��� x� �

�I$. ��� CEA E �u�-% Np2� L�% Np(V), Np(VI)

�' �8#$� ���, �J
 ORNL
 ��
 2��-% Np(IV)

: Np(V) : Np(VI)' 10 : 80 : 10
 ��= �8#$� ��, �J
 Win-

dscale �� 2��-% m
 Np(IV)� �8#$� ��� 6$. '

�� Np
 s�; bt; HLW O� ~Y� x� ���% '�%

2� L
 :{su {s
 bt� x� Np
 s�; bt; ���

jk� &N= ��S$[4]. {su :{s �c ��� xe Np


bt; ��� �# k�� |n 
� �'� '� �# �� �V


� E % m
 w% bt'$.

Np
 s�;% �V s�  ¡% ¢7 � 
o �£¤ Q 6N(

'% ¥b@� 2B ��	
 ¦;� ;�§� ~� L� Y¨ �©

K p��ª Q 6% k «' 6$[6, 7]. ¬­( �o
� �®�


# Np s�; �£K ¯# "�c� ¦I�°% �®� �V �


# s�; �£
 ±«K ²³�´- Eµ
N= Np s�;� �

£�� �� �� � ¥# ���K ���¶ "�·�K ¦I�ª

Q 6$[8-13]. '­# �o 2|��(¡% �o ¸��)K ·u
N

= QR�� �o-% g� ~¹ ��- º �-� »¼´
K dP

O��°´-, he �o �½' �,(P q Q 6% º �²´
K

¾% �o ��¿' ÀÁ�$. '­# ��K �_�ª Q 6% �o

@=-% �ÂÃ GC Ä�(glassy carbon fiber) $O? �² �o@

; ¤ Q 6$. ��- �25% �ÂÃ GC fiber F?% �²
 Å


N= �2¤ Æ� :Ç� È E É� 
o � �O 0�S �Â

Ã Ä�?� '2# �
 �-� »¼Y¨�-Ê Ë' Ì b' ÂÃS

Ä�? ;Í�'= ÎÏ� Ðb� 
o ²Ñ Ò� ÓÔN= Õ�Ö

×iP �� ¥±Ñ º �-� »¼ ´
K O��°% ��? ¸qK

#$[13-17].

x�- È E �-% {s�c 0.5-5.5 M Ø��- GC Ä� $O

? �²K '2�� Np
 s�; bt "Ùu :{s
 �Ú� xe

Np
 bt ��� �z��NÖ, �o
 �®� 
# Np s�; b

t ��� xe TBP� 
# Np
 ��mg E ; QR5Û$.

2. ���� 	 
�

È ÜÝ� �2S ÎÞ �ß� G.R.àN= Wy# �!� w' �

2��NÖ, Np� �J
 AEA Technology= {s 2.0 M� 2o5,

6% Np-237(total alpha percent: 99.82%)K  l�� �!� w'

�2��$. Fig. 1�% Np
 s�/¢7 mgK f� �# á �
 �

ÂÃ GC Ä� $O? �² �o Y¨; (`( 6$. â2�²N= �

25% GC Ä� $O?% "�ÔN= '25% ã' 7.0 cm, �ä

8.8 mm $~� åæ �� ç2¤ Q 6% è"# GC fiber;Í Q=

éê �+ÛNÖ, ��� ëä 3 mm GC ì(rod)K íl�� �î ~

à ï�ðu E�5cñ ��$. $~� åæ
 ò�% ¥½�²N=

�25% ]^HN= è"Ñ ó­ ô�� 6�, ���²N= �25%

Ag/AgCl(Silver/Silver Chloride Electrode: SSE) �²' ;õP �¨�P

��$. GC Ä� $O? �= öl5% Q2�b
 �µ� �o�½ 3

s�/¢7 #@�î [� º �ÚK �¨÷= �ø �ø à� ù�Ê �

ø@� 
o �Â�P  ,5Û$. È E Y¨Ê Ë' �²´
' º

�o@� 2�' ×i% �oY¨(flow-through electrolysis apparatus)

[14-18]�- ú�5% �îÊ �µ 3 �c
 �@% $ûu Ë' üÐ

S$.

I = nFf(Cin−Cout) (1)

��-, I% ý��²u Q� ÎÏ� $O? �'�- ú�S �î

(ampere)'�, n� s�/¢7 �½� �þS �FQ, F% ÿ��' b

Q(96,500 coulombs), f% �ø(liter/sec), Cin% @� öl5% '�

�c(mole/liter), Cout% @� h� (§% '� �c(mole/liter)'$.

#@�î bt�- @� ×i% 2�' è"# ?î�¹K ¾� ×

i´ 2� �
 '�' �� ¢75, © (1)�- � 
 �c �,

Cout�  =; S$. È E 
 Nps�/¢7 ÜÝK QR�� �-

GCÄ� $O? �oY¨
 ��K �;�� ���, 5.0�10−3 M n

�� '�(UO2
2+) 2�K 0.7 ml/min
 �µN= Y¨ �� öl��

Eµ
N= U(IV)= ¢7�´- ú�S �î �' Fig. 2� (`(

6$. n�� '�
 U(IV) ¢7 �½� 2�F �½N= © (2)= ü

ÐS$[5]. �  �c�  =�% © (1)K �2q j 	b5% n�


 ¢7 �î% ß 11.2 mA= Fig. 2
 background �î� � �Q

# n�
 ¢7�î �u |n � �¨4K 
 Q 6$. ' �u=�

ï È E � �2S �ÂÃ GC Ä� $O? �² �oY¨% Eµ


N= 2� �
 ^µ'�
 s�; bt� ·u
N= �¢�ª Q

6ûK f�ö% &'$.

UO2
2++2e− +4H+�U4++2H2O Eo=+0.33 V(SHE) (2)

Np ��ÜÝ� NpK ¾% Q2�K 30% Vol. TBP/n-dodecaneK

�� �� Ê b� 1= �� ß 25±0.5oC�- 30"¹ ��Ñ �"

Fig. 1. Schematic diagram of the electrolytic system with two glassy car-
bon fiber column electrodes.
1. Neptunium reservoir 6. Product reservoir
2. Solvent delivery pump 7. Computer-controlled multi-channel
3. SSE reference electrode potentiostat
4. GC fiber column electrode 8. Three-way valve
5. Pt counter electrode

Fig. 2. Voltammogram of reduction of U(VI) to U(IV) in 2.0 M nitric
acid at cell 1.
Scan rate: 0.5 mV/sec, Flow rate: 0.7 ml/min
Feeding U(VI) concentration: 5.0�10−3 M
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© ��K �� � ��bu Q2b
 Np�c% ÌÌ HP-Ge����

¾% γ-spectrometer(Oxford Inc., Model 5000 radiation analyzer)= ú

��� QR��$. �o �½ ��
 2�
 sc% Fg sc ú��

(Kyoto Electronics, Model AT-400)� ¯o ú�5ÛNÖ, {s
 �o

�½ � ��S :{s� ��"Ù� 
o 547 nm�- UV-spectropho-

tometer(Shimadzu, Model UV-160A)� 
o "Ù5Û$. ��- :{

s� sulfanilic acidÊ �½�� diazonium �K ���� α-naphtyla-

mineu �� �
 �	K ��#$. ü� 2�� sodium nitriteK '

2o �+Û$. ¬�� Np
 ��c spectrum� 350-1,300 nm�¸�

- UV-IR spectrophotometer(Varian, Model Cary 5E UV-VIS-NIR)=

ú�5Û$.

3.�
 	 ��

Np� s�; bt� x� W� ÿY�- X Np(IV)% 960 nm, 723 nm,

Np(V)% 618 nm, 980 nm, Np(VI)% 1,223 nm�- -= L�5� �

% �� ��c� f'% &N= ��� 6$[20-22]. Fig. 3�% UV/

VIS/IR spectrophotometer� 
o ú�S Np
 ��c spectrum' (

`( 6$. Np(V)Ê 981 nmÊ 1,223 nm�- � # 1d; f'�

960 nm, 723 nm�-% ,!# 1dc f'� �% &N= f: È E

 � �2S Np2�� Np(V)Ê Np(VI)N=�  �5� Np(IV)% �

8�� �% &K � Q 6$.

HLW � Np� {s "��� �8�P 5%�[5, 19] Np
 s�/¢

7 �� �¸�- {s
 �o �½K ¯o :{s' ��¤ Q 6

� ' :{s� Np
 s�/¢7� á ;� �ÚN= �ÚK �"$

[4, 20, 21, 24]. #$= :{s�c; ß 10−5 M '�
 än :{s�

$ûu Ë' Np(V)
 s� �½�% ý��� ��� ¼|= â2�

� Np(V)
 Np(VI)N= s��½K ¼I��$[4, 20, 21, 23-25].

2NpO2
+ +3H++NO3

− =2NpO2
2+ + HNO2+H2O (3)

© (3)
 �½µc% :{s �c; Np(V)
 �cf$ |n âK j

% Np�c�% %����, :{s �c; Np(V)�c f$ |n &

j% :{s�c� �'�% &N= ��� 6$[19, 21, 26]. ó$=

:{s
 �c; (10−4 M'b
 än% Le Chatelier’s 7�� x�

© (3)
 ¸�½' )� :{s' ¢7 = â2�� Np(VI)� hi

P Np(V)N= ¢7�°$[4, 27]. ¡# Np(V)% {s |{�- $û

u Ë' *+[�(disproportionation) �½� x� Np(VI) ¡% Np

(IV)N= ��S$[19, 20].

2NpO2
+ +4H+=NpO2

2+ + Np4++2H2O (4)

x�- Np
 �o�½ E � �- {s
 �o �½� xe :{

s
 ��� �# E ; HR5,p #$. È E É�-% Np
 �

��V
 s� �z� �- g�# {s�c Ø��- �­ ;� Ü

Ý�Q� ¥o- {s
 s�/¢7� �# �u� Oü# , 6$[28].

Fig. 4�% {s�c ��� xe {s
 cyclic voltammogram' (

`( 6$. {s�c 2.0 M '��-% è��î(charging current)

� f'� ¬ -� $e �½
 �î% f'{ �N(, {s 2.0 M

'b�- s� ö��ÚN= +0.7 V*!�- ¢71d; (`(%�

'% © (5) �½�[29-31] 
o �,(% &N= �ÌS$. ¬­(,

© (5) �½' �,(� �# u�.' |n dm( �²�- �½µ

c; |n /� +0.6 V '�
 © (5)
 ¢7 ���-% ,!# ¢

7 �îc f'� �$;, ¢7 ��; ~à5% �²u {s' ��

�¹ »¼# ��% ú�¤ �0
 è"# }
 :{s' ��5,

+0.6 V *!�ï '
 ¢7 �î; (`1$. ¬­( ö���;

+0.74 V� 2, s��¸N= Il�� ¢71d; ����, '�P

��S :{s' s�5´- ß¹
 s�1d� f'% &N= ��

S$. �± ��S :{su :{s ��	� © (6)-(8)
 Fg¼|

�½K ¯o à�Ñ ¢75´- 3� ¢7 �î� f'� ' u��

{s�c; 2.0 M 'bN= ¦;qQñ )I$.

NO3
− +3H++2e−=HNO2+H2O

Eo=+0.94(V vs SHE)(+0.74 V vs SSE) (5)

HNO2+H++e−=NO+H2O Eo=+0.94(V vs SHE)(+0.74 V vs SSE) (6)

NO+NO3
− +2H++e− =2HNO2

Eo=+0.517(V vs SHE)(+0.32 V vs SSE) (7)

HNO3+2NO+H2O=3HN2 (8)

:{s� sulfamic acid� 
o $ûu Ë� �½K ¯o hi�

4P "o5% &N= ��� 6$[32].

NH2SO3H+HNO2�H2SO4+H2O+N2 (9)

¬­÷= sulfamic acid; {s 2� L� 4�S$´, Fig. 5
 {s

�c 2.0 M'b�- (`56 s�ö� �Ú�- :{sc �8��

��, x�- ¢7 ö� �ÚN=c :{s
 "o �½' �,(�

�: ,!# :{s ¢7 �îc �z5{ �:p #$. Fig. 6�%

sulfamic acid 0.05 MK 4�# {s
 cyclic voltammogram' (

`( 6$. Fig. 5�- f�6 {s 2.0 M 'b�- s� ö��ÚN

= ,!# 1dc �z5� �%$. ¬­( {s �c; 3.5 M�-%

¢7 ö� �ÚN= ß¹
 :{s
 ¢7�½ �î; 7: 6$. '

8

Fig. 3. Absorbance spectrum of 8.0����10−−−−4 M Np in 2.0 M nitric acid.
Fig. 4. Cyclic voltammograms of several nitric acid concentrations at

cell 1.
Scan rate: 1.0 mV/sec, Flow rate: 0.65 ml/min
���� �38� �2� 2000� 4�
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&� sulfamic acid 0.05 M' {s �c 3.5 M�-% :{sK è"Ñ

9� "o�°� :�% &K f'% &'$. ¬­( 3.5 M {s�

sulfamic acid 0.1 M' 4�S än% ÎÞ :{s
 ¢7�½ �î%

w,I$[28]. 'b
 �u=�ï {s2� L
 Np �o s�/¢7 E

 �% :{s
 �Ú' ��5,p 4K � Q 6$.

Fig. 6�% {s�c ��� xe TBP� ¥# Np
 ";@Q �u

{s
 �o�½N=�ï ��¤ Q 6% :{s' TBP ���½�

,!# �ÚK ö%;� f� �o �o@� <;¤ Ë� }
 sul-

famic acid� 0.05 M <;¤ j
 ";@Q �' 4v (`( 6$.

{s� ~��% sulfamic acid 0.05 M� ���½� m
 �ÚK ö

� �ûK 
 Q 6$. Np(VI)u Np(V)
 TBPÊ
 �½� © (10)

u (11)u Ë' üÐS$[4, 5].

[Np ]Aq+[4N ]Aq+[2TBP]Org=[Np(NO3)4=2TBP]Org (10)

[NpO2
+]Aq+[N ]Aq+[TBP]Org=[Np(NO3)=TBP]Org (11)

Fig. 6�- {s L� :{s �' 5.0�10−3Mu 0.1 MN= �8�% ä

n, �- �Z# &!> © (3)
 ¸�½� 
o {s L
 Np(VI);

Np(V)= ¢75cñ, :{s' Np
 ¢7 = â2�� Np(V)
 �

�' ¦;5, ";@Q; ?@ A,BK 
 Q 6$. {s2��-

�V s� Ê ¢7 � '2�� �Þ �Q# Np(VI)Ê Np(V)


TBP� ¥# ";@Q �[19, 20, 27]� � ��� 6N÷= $ûu Ë�

© (12)Ê (13)
 �@� '2�´ È E @Ê Ë' Np(V), Np(VI)�

' ~��% Fig. 6
 ò�
N= �z5% Cf� ";@Q(apparent

distribution coefficient) �N=�ï Np(VI)Ê Np(V)
 ��K @s

q Q 6� '
 �u; Fig. 7� (`( 6$.

XNp(V), i DNp(V), i +XNp(VI), iDNp(VI), i =DApp.Np(VI), Np(V), i i: Nitric acid (12)

XNp(V), i +XNp(VI), i=1 i: Nitric acid (13)

��- XNp(V), XNp(VI):ÌÌ {s�- Np(V)u Np(VI) D "�

DNp(V), DNp(VI):ÌÌ {s�- Np(V)u Np(VI) ";@Q

DApp.Np(VI), Np(V): Np(V)Ê Np(VI); ~��% {s�- Np
 C

f� ";@Q

È E @Ê Ë� ��
 Np2��-% {s�c; ){Qñ © (4)


 *+[� �½� 
o Np(VI)
 ��' ¦;�% &N= oÙ¤

Q 6$. È E 
 {s ÜÝ Ø��-% Np(V)% m
 30% ��

N= (`5$.

Fig. 8�% Fig. 3
 981 nm�- {s�c� x� ú�S ��c �u

k�� (`1 25oC�- 981 nm�- Np(V)
 ��@Q(molar extinc-

tion coefficient 390 M−1cm−1)�K '2�� @s# Np(V) �� �

u Fig. 7
 ú�S ";@Q �N=�ï  # Np(V)
 �� �


O3
2 + O3

 –

O3
 –

Fig. 5. Cyclic voltammograms of several nitric acid concentrations with
0.05 M sulfamic acid.
Scan rate: 1.0 mV/sec, Flow rate: 0.65 ml/min

Fig. 6. Np distribution coefficient in nitric acid with and without sul-
famic acid and sodium nitrite.
Initial aqueous Np: 0.0011 M, Organic phase: 30 vol% TBP

Fig. 7. Compositions of Np(VI) and Np(V) in nitric acid with and with-
out sulfamic acid.

Fig. 8. Comparison of initial Np(V) compositions estimated by absorb-
ance and apparent distribution coefficient.
HWAHAK KONGHAK Vol. 38, No. 2, April, 2000
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��; (`( 6$. á �®� 
o  oI È E  ¥b Np2��


 Np(V) ��
 �' )¥ §B 4% ��- º B' w' �¨4

K 
 Q 6$.

Fig. 9�% Cell 1�- 1.5 M {s L
 5.1�10−3M
 Np
 s� ö

� �Ú
 voltammogramu Cell 1�- 1.05 V
 �� ��; ~à5

, Np' E�Ñ Np(VI)= S 2�' Cell 2= öl5´- ¢7ö� �

ÚN=
 voltammogramu Ì Cell�-
 background
 voltammogram

' (`( 6$. Np(V)Ê Np(VI)
 �o �½� $ûu Ë' üÐS$.

Np6++e− =Np5+ Eo=+1.14(V vs SHE)(+0.87 V vs SSE) (14)

+0.8 V '��% Np(VI)
 ¢7 ��= Np2�� ~��% Np (VI)


Np(V)N= ¢7�% #@�î; f'� +0.95 V'��% Np2��

~��% Np(V)
 Np(VI)N= s��% #@�î; f�$. Cell 1�

- background� ��N= Np(VI)' ��5% #@�î
 ��

1.65 mAÊ background� ��N= Np(V)' ��5% #@�î ��

4.49 mA
 �; �o@� öl5% Np2�
 +5;Ê +6;
 ��'

S$. ' á �î
 F� 6.14 mA= '% �Q# Np(VI) ¡% Np

(V); Np(V)u Np(VI)N= s� ¡% ¢75% �î �' S$. '

�î ��=�ï @s5% G� Np2�
 +5;Ê +6;
 ����

� ÌÌ 26.9%Ê 73.1%; S$. ' �� Fig. 8�- ��c( ��

";@Q=�ï  # �u m
 �¨4K 
 Q 6$. ¬�� Fig. 9

�- Np(V)
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 �Q# Np(VI)' ��5P �� � �- (§% 2�K ,=

Cell 2= öl�´- ¢7��� �;�´, �Q# Np(VI); Np(V)=

¢7¤ &'� 'j ú�S voltammogram
 #@�î �� 6.15 mAN

= Cell 1�- ú�S �î � 6.14 mAÊ � �¨4K 
 Q 6$.

© (1)�- Np(VI)
 �  �c�  == �� Np(VI) 5.1�10−3 M

' 0.7 ml/min
 �øN= öl¤ j Np(VI) ¡% Np(V); Np(V)

'( Np(VI)N= s� ¡% ¢7¤ j 	b5% �î% 5.74 mA=

Cell 2�- ú�S 6.14 mAÊ ß 6%
 §B� f'�� ��
 �

�¨#$. ��- $0
 §B% 0.35 mV/secö� µc�- ú�5%

�î; �bbt�- ú�5% �îÊ
 B� ��5% &N= ��

S$. 'b
 Fig. 7-9
 �u=�ï È E � �2S {s2� 0.5-

5.5 M�- Np(V)
 ��� 32-19%N= Np(VI); ö �"IK �

Q 6� {s �c¦;� x� Np(VI)
 ��' ¦;4K � Q 6

$. {s 5.5 M 'b
 ��c �¸�- QR# *+[�� ¥# �

�
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[��' 76.2%�� ��%� '% Np(V)
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K 
�#$. ' �u% Fig. 7
 {s�c 5.5 M�- Np(V)
 ��

19%Ê $0
 B'% f'�� bJÑ *»S �K f�$.

Fig. 10�% Np2�u :{s  m � sulfamic acid 0.05 Mu Np2

�K Np(V)
 s� ��� +1.02 V; ���P ~à5% Cell 1K

¯u�� $û, 30 vol% TBPÊ b� 1 : 1= �"© »¼# � ú�

S ";@Q �' (`( 6$. �o �½K m¨� �� 7K
 Np

2�
 ";@Qf$ �o LK m" 2�� 2� L
 Np(VI)Ê ~

��% Np(V); Np(VI)= s�5, ";@Q; 5; 'b ¦;4K


 Q 6$. ¬­( k�� (`1 �V
� �®N=  �S �Q#

Np(VI)
 ";@Q �f$% M�� '% �o L�- ��S Np(VI);

¥�LN= (Ê TBPÊ �"© »¼�% u��- ��; Np(V)N

= 8 ¢75Û� jkN= �ÌS$. Np(VI)% Np(VI)� ����

�# Wy# �V ; w% bt�- 4P Np(V)= ¢7S$� ��

� 6$[19]. {s 2�� sulfamic acid� ;�� Cell 1K ¯u# ä

n% sulfamic acid; w' Cell 1K ¯u�% änf$ {s �c

2.0 M'b�-�ï ";@Q �' B'; (% &K 
 Q 6$. '

&� sulfamic acid� ;I än �- �Z# &!> :{s' E�

Ñ "o5, :{s ¼|� 
# Np(V)
 s� �½� © (3)' ¼I

5{ ���, sulfamic acid; w% än% �o L�- 
Jø
 :

{s' ��5, �o LK (Ê �"© 2|��u��- 8 ¢7S

Np(V) ��; © (3)K ¯o $� Np(VI)= 8 s�5, ";@Q;

sulfamic acid; w% än f$ 3:I &N= ��S$. Fig. 11�%

Ì Cell�- {s
 �o u� L�- ��5% :{s
 �c; ,

/ �c��� �� �o s���� +1.05 V' ~à5% Cell 1u

¢7��� +0.68 V' ~à5% Cell 2�- (� 2� L
 :{s


�c� ú�# �u; (`( 6$. Np(V)
 s���; ~à5%

Cell 1�- :{s
 �c% �- �Z# :{s' © (3)K ¼I��

�# ¼|= â2�% �c Ø�� ß 10−5M �cIK 
 Q 6�,

Np(VI)
 ¢7��; ~à5% Cell 2�-% Cell 1�- ��5% :{

s �c
 ß 100; 'b� 10−3M �c; NK 
 Q 6$. x�-

Fig. 10u 11
 �u=�ï 
£# }
 :{s� Np(V)
 s�� ¼I

�OK 
 Q 6� Np(V)
 �o s� �K �o-% :{sK Îá

"o�°% sulfamic acid; ÀÁ¨ �ûK � Q 6$.

Fig. 9. Voltammograms of Np reduction and oxidation in 1.5 M nitric
acid at cell 1 and cell 2.
Feeding flow rate: 0.7 ml/min, Np concentration: 5.1�10−3 M, Scan
rate: 0.35 ml/min

Fig.10. Np distribution coefficient in nitric acid after Np oxidation at
cell 1 of 1.02 V.
Initial aqueous Np: 1.1�10−3 M, Organic phase: 30 vol% TBP
Applied potential: 1.02 V vs SSE
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Fig. 13�% 1.02 V
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(1)È E �- b2S Np2��% Np(IV); w' Np(V)Ê Np(VI)
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