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�. /0" /�%12. 3�4 567 ��%( 9:1 89: ;<3(HCl-HNO3)=> ��� ?�7 �4?

@2. A3 �B�C ���: DEFGHI *+,- JK /�7 L4 �.� MNO ���: 	
P

" Q?%12. ��: ���* ���� �� RS� �B" )*+,-T(AG 50WU8, 100V200

mesh) �.M(0.7U8.0 cm)� WX 0.5 M A3=> ���" �.?@2. Y: ������� Z[O ��

� �.\!" ]�%X �^_< `SEa ��\b�c� !=> � � _I ��� def 98.5%

*g2.

ABSTRACT. Cation exchange separation and inductively coupled plasma atomic emission

spectrometric(ICP-AES) determination of ruthenium in HCl solutions were studied to quantitatively

determine ruthenium in spent nuclear fuels. Ruthenium-bearing samples were dissolved with the mixed acid

solution(9 : 1 mole ratio, HCl-HNO3) using an acid digestion bomb. Based on the absorption spectra and ion

exchange behaviour of ruthenium in hydrochloric acid media, its possible chemical species were discussed.

On a cation exchange column (0.7� 8.0 cm) packed with AG 50W� 8(100~200 mesh) and equilibrated

with 0.5 M HCl, ruthenium was eluated with 0.5 M HCl while uranium was retained on the column. The

established separation method was applied to a simulated spent nuclear fuel and resulted in the recovery of

98.5% with a relative standard deviation of 0.7%.
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��� �� Ih�C ij�� ���f ���:

&k] lj� mn" o p qrS ������ s

t. uh�C� QJ%& vw ��xijy z: %

{>C | M}* �X �2. 10~ ��?� 35,000

MWD/MTU ��^: ���> ��������

RS�* 90% h^ �.X ���f <� ��> �

� 0.23% ���� �2.

���f ?�: ��I ��� �S z�� , ��

! ]h, �S>���, ��D�c� , 9�� ,

��� , \b�c�  �: \!=> h��2.1-6 �

^_< `SEa ��\b�c� !(ICP-AES)f �

^� R%( ��: \�j ?� � � ]<%T�

������ z: ���" � � �R� \bEF

GH* �R ��� RS�* ��" �=��> ��

�" �� �.4  O2. �¡]=> ¢£, ��¤

b, *+,-T ¥� ¦§!=> \4y�>�¨ �

��" �.�2.2 ������ �B*{ \�j B©

ª&yI «f �B ?�: �R� RuO4: ¬$j"
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*�4C ¦§!=> ���" �.%� \!" �

���2.3 �®T�, �&� q��C� ��� �¯*

{ <�f °>^ �4?�& �±& ²³� ���

���´ «f X© ?��� * \!" ]�%& �

±2.

�µ, A3 �B�C )*+,-T: D¶lj �

�_I7-9� �·¸ ¹f A3�C ���f º*+ »

>> ¶y" �j%& ²³� )*+,-T� D¶

* ¼ �T� )*+=> ½s%� RS�f D¶O

2. ��xijy* ���� �� 3�B: ��"

A3=> ¾¿� ���" »>> ¶y> £-?� 2

º )*+,-T> ���" �.� � \�À kÁ

!10*{ ICP-AES11> h�� _I^ ÂX�g={ *

Ã ���C� ���: �.´ h�� ÄÅ" Æg=

Ç �.Ih�C: ��� 	
P� �4C� lÈÉ

/��T ÊË2. �Ì{, ���f A3 �B�C (

Ì �T »>> ¶y" �j� p qrS ��4{

z<¡Í^ �=�& ²³� �ÎÉ ��� 	
P=

> ½s%Ç, *Ã 	
PÃ �*: £- ¯^� �R

ÏÐ 	
] lj" Â*X �2.12-14 *Ì� lj"

*�%( 2Ñ ��Ã>�¨ ���" �.%&^ %

T� ?�� �S 	
P: P§´ �Ò� Ó�=>Ô

9h�] d: ÕÖ=> ×�%&^ �2. �SC,

������ �4�B=>�¨ ���" �.� ² �

.?&´ deI: ØMj" /�� ÙÕ� �2.

Ú ���C� ���* ���� �� �����

�7 3�4 56(acid digestion bomb)> �4?�X

A3 ���C ���" )*+,-T> �.� 2

º ICP-AES> h�%� � \!" ÛÜ%12. ��

� �./0" Ý]	%& '4C A3 �B�C: �

�� DEFGHI *+,- lj" /�%( ��

� 	
P: P§´ �Ò7 ÞqÂX )*+,-T

!� :� ���: �. de" /�%12. �.

X, Q?� ��� �.\!" Y: �������

�� ���� �� ��� �.´ ICP-AES� :�

h�� ]�%X ßàj" á�%12.
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�� � ��. RS�I ���f Jobin Yvon�:

ICP-AES(JY 38 PLUS)7 ��%( Table 1: âã

/0� �S Áh%12. ���: DEFGH Áh

�� Varian�: D�c� &(CARY 3E)7 ��%

12. ��� ?�: �4�� �äå s�: æ��&

(Parr A255AC), lç s�: è��&(Parr 4746),

�x56(Berghof DAH 2)́  +^/é&(Berghof

BTU 842)> �jO 3�4 567 ��%12. )*

+,-T> AG 50WU8, 100V200 mesh, ��

", º*+,-T>� AG 1U8, 100V200 mesh,

A3�" ��%12. RS� �B Q/�� UO2

(NO3)2ê6H2O(Merck GR)7 ��%1=Ç, � ?ëì

: ��� �¯�í(99.9%), rG>â ��� �3A

�B(1.5% Ru), RuCl3 �: ��� 	<yÃ, �.X

A3, �3 �f Aldrich��C �î%( ��%12. 

��� 	
. 3�4 56> ��� ?�7 �4�

²� 10V150 mg: ?�� �4 A3(37%)I �3

(70%)" 9:1: 89e> ïf ;<3 1V2 mL7 ��

%1=Ç, 220oC> 24?� �x?ð �4%12. �4

� ñ{¸ ��?� 2º �4�B" 5.0 M A3=>

ò %( ÂM%12[�¯ ���" �4?ð Q/�

�B" '�¯ ��� �B(dissolved ruthenium solution)'

=> óô�2].

��� ������ ��. 5.0 M A3 ��: �

¯ ��� �BI Ä? 5.0 M A3 ��: rG>â

��� �3A, RuCl3, K3RuCl6́  (NH4)2RuCl6 �B

�C: DEFGH Ó	7 Áh%12. �.X, �¯

��� �B" �+ 0/?� 2º 0.5 M A3=>

�4?� �BI )*+,-T7 LI?� � õf

��� �bB DEFGH" 9,%( ÂË2.

�� ��� ��. �� )*+,-T´ A3

� º*+,-T, �.X *Ã T7 1:1(w/w)>

ïf ;<T7 �� �d� �.�ö÷ �ø

Table 1. Operation conditions of ICP-AES and analytical
wavelengths selected for uranium and ruthenium

Item Condition
RF generator 40.68 MHz
Incident power 1000 w
Linear dispersion 0.26 nm/mm
Argon gas flow rates

-Outer 12 L/min
-Sheath 0.4 L/min
-Injector 0.4 L/min

Sample uptake rate 1 mL/min
U  385.958 nm
Ru  240.272 nm
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(SAMCO�, USA)� 0.7U5.0 cm ��> ù£?ð

3P: �.M" �ÃX 0.5 M A3=> £t.%12.

K�� ��: �¯ ��� �B" 3# ú4C 0/

?� 2º 0.5 M A3=> ûÖ � ��: �.M�

WX D¶�T Êf ��� 	
P" ¦§> �.

?� 2º ICP-AES> ��� ü^7 Áh%12. 

���� �� �� �� � ��. �� )*+

,-T7 ¦§� �3?ð 1 d� �.�ö÷ �

ø� 0.7U8.0 cm ��> ù£%( �.M" �ÃX,

�� ý£� 0.5 M A3=> £t.%1=Ç, þÿ(hot

cell) ¼�C� ��=> �.¯^7 /é�  �&

²³� z�� :4C �.� �T�^� �.¯^7

0.15 mL/min> h%12. �¯ ��� �B" �+ 0

/?� 2º 0.5 M A3=> û(C �.M� Wf

� 0.5 M A3=> ���" �.?�X ICP-AES>

h�%( de" _h%1=Ç, 5.0 M A3: rG

>â ��� �3A, (NH4)2RuCl6, K3RuCl6́  RuCl3

�BÃ� �4C^ «f \!=> /�%12. ¥�,

RS�I ��� ü^� �� 10 mg/mĹ  23.0µg/

mL*X A3 ü^� 5.0 MÖ ;<�B" 1.0 mL ú

4C «f ��: �.MI �.\!=> ���" �

.%( ICP-AES> h�%12. �.X, Ú ���C

Z[O �. � h�&�: ]�j" á�%& '%(

1 g� 2.05 mg: ���* ���� �� ���>�

Y: ��� UO2 ��(pellet)" �	� 2º �h�:

�í" ú%( 3�4?� � 
�C´ «f \!=>

���" �., h�%12.

�  ! "#

��	 !" ��� #$. ������ z� <

� Ø�> ½s%� ���" 3	j 3=> �4?�

¸ �� ���* ¬$j: RuO4> 3	�� �â�

 �2.15 �SC, ��� ?�� �¡]=> X+ X

��C 93	j A3* j�Ö °> �4?�Ç,2

�3� �4�T ÊX q �� ���" ��� �

�j ��yf A3I �3: ;<3=> �4?�2.16

Ú ���C� 3�4 567 ��%( �¯ ���"

89e 9 : 1: HCl-HNO3 ;<3=> 1 ��� �4

?�  �g=Ç, ICP-AES> ��� ü^7 Áh�

_I �4Ih�C ¬$� :� ��� �â* J:

�gº* ZÖ�g2. *´«f *�� 3j ���

C ¼h� Ru(III)́  Ru(IV) 	
P* NÓ  ¡Í

%( rG>â ��� (RuNO3+)=> £-�X,17 �

SC NO �'&: 3�4 56 ¼�C ���: �

4Ih�C RuNO3+: »>> ¶y* ij�X 5.0

M A3 ���C * ¶y* �� ¼h	�� �=

> �ÎO2. 

Ú ���C� A3 ���C ij�  �� ��

� 	
P" ZÖ%& '%( 5.0 M A3 ��: �

¯ ��� �B" �� `SE�� Wf ��¨� ?

�� �Ñ DEFGH Ó	7 Áh%12. �&��

3�&�(purple)*g={ 7� ��¨� �f ��=>

Ó%& ?×4C, Fig. 1�C´ «* ?�* �I��

�S DEFGH: Y)* Ó%� �" �  �g

2. �4?� � � Áh� DEFGH(Fig. 1: 0

d)" Z�%( Â¸ 500 nm ���C ��7 ZÖ�

 �g2. 5.0 M A3 ��: rG>â ��� �3

A �B" Q/� �? Áh� EFGH^ Fig. 1:

0 d́  Y)* 9�%1=Ç, �B: � ^ 3�&�*

g2. * �B" 30 � K¼ \6%¸C Áh� D

EFGH Ó	^ Fig. 1I 9�%12. ¥�, 5.0 M

A3 ��: RuCl3, K3RuCl6́  (NH4)2RuCl6 �B�

�� DEFGH Ó	^ /�%12. �¯ ��� �

B: DEFGH(Fig. 1)f Ru(III) 3	Ø�:

RuCl3{ K3RuCl6: DEFGHI� !£É 2·"

/��g2. 3	Ø�� Ru(IV)Ö (NH4)2RuCl6 �Bf

�f ��*g=Ç, Fig. 2�C´ «* DEFGHf

�¯ ��� �B: �& DEFGH(Fig. 1: 0 d

Fig. 1. Variation of the absorption spectrum of ruthenium as
a function of the aging time of the dissolved ruthenium solu-
tion in 5.0 M HCl; [Ru]=6.0×10−4 M.
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� 1 d)I �" #$T� ?�* T� �S 9�4

%2. ¥�, (NH4)2RuCl6: �R� ?�* �I��

�S 380 nm ��: Dc^� 94 400V500 nm�

C Dc^� �" ��%1�& *Ì� *��

Shouan �18* /�� ¾´ «* ?�* T� �S

RuCl62−(485 nm)� Ru(OH)Cl52−(455 nm)> ��4

O � Ru2OCl10
4−(383 nm)́  «f *<© �.X �

{q� z<©7 �j%& ²³� DEFGH* Ó

%� �=> i��2.

rG>â ���(RuNO3+)f A3 ü^� �S (Ì

�T »>> ¶y RuNOCln−(n−3) (n=1V5)" �j%

Ç, 4 M *Ø: A3�C� 99%� zj ¥� º*+

»>> ¶y> ½s%Ç,19,20 A3 �B�C RuNOCln−(n−3)

� �è'� :4 �4�� z�y�Ö Ru(III): »>

> ¶y" J( RuCl62−> Ó%� �=> )*%2.17,21

�¯ ��� �B� q �� RuNOCln−(n−3)´ ij

O RuCl62−: )] Mk7 /�� ²� 500 nm ��

�C RuNOCln−(n−3)´ RuCl62−: 8Dck12,19� �

� 50I 5250 Lêmol−1êcm−1=>Ô +*� �ÎÉ �

2� Å" X,4  O2. Fig. 2: 0 d� (NH4)2RuCl6

�B" Q/� - Áh� DEFGH*�> * �B

: RuCl62− ü^� 3.0U10−4 M*X 485 nm�C D

c^ 1.55� RuCl62−� &Ö�2X �  �2. * D

c^´ Fig. 1� {./ � DEFGH: Dc^

(485 nm)7 9,�=>Ô �¯ ��� �B* \6�

� K¼ ij�� RuCl62− )" ��]=> k3� 

�=Ç, 7� \6�¸ RuNOCln−(n−3): 5% h^, �.

X 30 �*¸ 20% h^� RuCl62−> £-�� �=

> ZÖ�g2. 

%&'()�*� �� �+ ,-. 0� A3 �

B�C zj ¥� º*+: ��� ¶yÃ* �Î i

j�¸ ��� 	
P �: £-¯^� Ï.& ²³�

A3 ü^7 ¹" %(^ Ø1 ?� K¼ 	
P*

��> �T�� )*+,-T� D¶�T Ê=�>

¹f A3�C )£%7 �0 RS�*{ 2Ñ ��Ã

�¨ ���" 2" �.�  �" �*2. 

5.0 M A3 ��: RS� �B" �+ 0/?�

2º A3 ü^7 0.1V1.0 M> /é?� � RS��

�� )*+,-T: �3k7 Áh%1=Ç, 5.0

M A3 ��: rG>â ��� �3A �B� �4

C^ «f \!=> ���� �� �3k7 Áh%

( Fig. 3� {.42. ���f 1.0 M5T J: D¶

�T ÊË=Ç, Q/ �&: �¯ ��� �B� �4

C^ rG>â ��� �3A: �R´ «f _I7

õg2. * âã _I7 ¾6=> ��� �.B=>

0.5 M A3" '7%1=Ç, Zr(IV)�I «f z�¯

��xijy: ��47 8Q?�& '4C *Â2

¹f A3f ��%T ÊË2. 

0.5 M A3 ��� ½s�  �� ��� 	
P

" /�%& '4 )*+,-T, º*+,-T, �

.X )êº*+ ;< ,-T7 ��4C ��� 	


P" �.%12. Q/ � 1�* �IO �¯ ��

� �B�� º*+,-T� D¶�T Ê� )*+

Fig. 3. Distribution coefficients of U(VI) and nitrosyl ruthe-
nium on AG 50W×8 cation exchange resin in HCl solutions.

Fig. 2. Variation of the absorption spectrum of ruthenium as
a function of the aging time of (NH4)2RuCl6 solution in 5.0
M HCl; [Ru]=3.0×10−4 M.
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P* 1.2% Ã� �g=Ç, ;< ,-T� D¶

�T Ê� zj 	
P* 1.0%, �.X )*+,-

T� D¶�T Ê� zjI º*+ 	
P* 98.8%

Ã� �g2. �SC, 97.8%� º*+ 	
P=> ½

s�2� �" Þ  �g2. *Ì� âã _I>�¨

)*+,-T �.M�C 0.5 M A3 �B=> �

.�� Õ� rG>â ���: 	
Pf Mercer,

Polak �: ��19,20�C´ «* RuNOCl3́  RuNOCl4−=

> ¤h�  �2. 

Fig. 4� 1�* T9 �¯ ��� �B(a)I *�"

0/?� 2º 0.5 M A3=> ûÖ �B(b), �.X

)*+,-T �.M�C :Ì{+ �bB(c)� ��

DEFGH" {.æg2. Fig. 1: 0 d ¥� 1 d

7 Z�%( Â¸ DEFGH Y)* Fig. 4́  9�

%Ç, Fig. 4�C DEFGHÃf Y)* C> «f

�=> ÂqC Q/ �&: �¯ ��� �B: A3

ü^7 5.0 M�C 0.5 M> ��?� � 2? )*+

,-T7 LI?ð^ rG>â ��� ¶y* ��

> �TO2� �" Þ  �2.

Fig. 5� 30� T9 �¯ ��� �B(a)I *�"

0/?� 2º 0.5 M A3=> ûÖ �B(b), �.X

)*+,-T �.M�C {+ �bB(c)� �� D

EFGHÃ*2. Fig. 5: (a)� Fig. 1: 30 d ¥

� (NH4)2RuCl6 �B: DEFGH(Fig. 2)I �R

9�%2. �.X, Fig. 5�C EFGH (b)́  (c)� (a)

´ Y)* �R 2·Ç, (b)́  (c): �R� Ru(OH)Cl52−

´ Ru2OCl10
4−> ¤h�� D��7 �� 457 nm

´ 390 nm�C �  �2. * �R^ ��� �. d

e* 95%7 ;g=Ç, �SC 5?� �5=> Ö

4 rG>â ���: ��4y*{ *<©� Ø1

� �j��^ ��� )*+,-T� D¶�T Ê

X 0.5 M A3� :4 �.O2� �" ÞË2. *<

âã _I>�¨ ��� ?�7 3�4 56> �4?

� � )*+,-T> �.� �R �B Q/ �&

�� Fig. 4�C´ «* rG>â ��� »>> ¶y

(RuNOCl3, RuNOCl4−)> �.�T� ?�* T�

�S ��� ��� Ru(IV): »>> ¶y(RuCl62−,

Ru(OH)Cl52−, Ru2OCl10
4−)> �.O2(Fig. 5)� �"

ÞË2. �<&, �¯ ��� �B*{ 5.0 M A3 �

�: (NH4)2RuCl6 �B: �R Q/� T �� 7��

¨� )*+,-T �.M: T ØÎ� �� ��

�* =" D¶�� Ûh� >7 �j%Ç 0.5 M A

3=>^ �.�T ÊX q �� �R� �? �g

2. *�f �� RuCl62−� ��4�� Ru4(OH)12
4+

´ «f )£%7 @ z<©7 �j%( )*+,-

T� D¶�& ²³*SX i�%Ç, de" �%?

�� ÕÖ=> ×�%� � «2.17 Shukla14� ¹f

A3 �B�C Ru(III): º*+ »>> ¶y* u&

Fig. 5. Absorption spectra of ruthenium in the cation
exchange process for the dissolved ruthenium solution aged
for 30 days; [Ru]=3.0×10−3 M, (a) dissolved ruthenium solu-
tion in 5.0 M HCl, (b) loading solution in 5.0 M HCl, (c)
effluent in 5.0 M HCl.

Fig. 4. Absorption spectra of ruthenium in the cation
exchange process for the dissolved ruthenium solution aged
for 1 day; [Ru]=3.0×10−3 M, (a) dissolved ruthenium solu-
tion in 5.0 M HCl, (b) loading solution in 5.0 M HCl, (c)
effluent in 5.0 M HCl.
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z�C 3	�X Cl−* H2O> 6-�� Å+>

Ru(H2O)64+ ¶y> Ó�2X 5%12. 5.0 M A3

�B�C� *< ¡Í* Ï.&� %AT� Ru(H2O)64+

¶y �j" !£É 3Q� � �" �*2. *Ì�

��_IÃf �¯ ��� �B: �R rG>â ��

� »>> ¶y RuNOCln−(n−3)* �è'� :4 �4

�� Ru(III): »>> ¶y* �X 2? RuCl62−>

Ó%�> �B" B� \6�� )£%7 @ z<©

¥� Ru(H2O)64+ ¶y* C* �j�� )*+,- �

. de* Dq� �Àj* �2� �" :��2.

¥�, Q/� ?��B" B� \6%¸ *Ì� )*+

¶yÃ è�^ RuNOCln−(n−3), Ru(III): »>> ¶y,

RuCl62−, Ru(OH)Cl52−, Ru2OCl10
4− � (Ì �T 	


P* u½%�> /j* K�� �B=> /é%& v

Ã �*X *> Ö4 �.� ²a2 de* 27

 �" �*2.

�� .	/01� �� �� �� � ��. ��

����� X\�À y�*�> �À%¸ ��: ?

�7 2��  �2� ÅI ICP-AES: Áh hE^

7 X,%¸ 10V20µg: ���" 10 mL: �.B=

> �., d%� �* ]1%2. �SC, ë 10 mg

: RS�* ���� �� ������>�¨ 20µg

h^: ���" �., d4  O2. *< )] Mk

7 X,%( 0.5 M A3 ���C 10 mg: RS�"

�.M(0.7U8.0 cm)� WX «f ü^: A3=> �

.%� �R 25 mL5T^ RS�* £* �.�T Ê

Ë2. *� ¡4C, 20µg ���� Ø1%� rG>â

��� �3A �B" »>> ¶y> £-?� 2º

�.M� WX 0.5 M A3=> �.%¸ 10 mL5T�

� J: Yw ���* d�g2.

* �.M�C 0.5 M A3 �.B� :� Ru(III),

RuNO3+´ Ru(IV): »>> ¶y de" /�%&

'4 5.0 M A3 ��: RuCl3, K3RuCl6, rG>â

��� �3AI (NH4)2RuCl6 �B" �Ø=> \6

?�" Ó	?�¸C ���: de Ó	7 /�%

12. 4�T 	<y YÆ �B Q/ �&�� 10 mL

: �.B=> J: Yw ���" d�  �g=

Ç, �¯ ��� �B: �R^ aF�T*g2. � *

�� ��� 	
P �: £-¡Í* Ï.& ²³�

�¯ ��� �B Q/ �&�� ��: RuNOCln−(n−3)

�* Ru(III) ¥� Ru(IV)> 3	�X, 2? *Ã z

GÉ ���* )*+ ¶y" �j%( )*+,-

T� D¶�� �=> i�O2.17 �.X, f ��

� z ���f RuNOCl3́  RuNOCl4− ¶y>, ��

� Ru(III)́  Ru(IV): zj ¥� º*+ »>> ¶

y> �.�=>Ô de* J: 100%� �5H �

«2. �Ì{, 4�T 	<yI �¯ ��� �B" Q

/� � 7�* T{¸ de* 1V2% DqTX s

ôj^ ��%12. 

*´ «f âã _IÃ" ¾6=>, ��� ?�7

3�4?� 2º 7� *æ� 0.5 M A3 ��> ¾¿

�C )*+,-T(AG 50WU8, 100V200 mesh)7

0.7U8.0 cm ��> ù£� �.M� WX 0.5 M A3

10 mL> ���" �.?�� �* ]1%2X �Î�

g2. *®" Z[O ��� �.\!: ������

�B� �� ]�j" ÛÜ%& '4C ��, RS�

�BI �¯ ��� �B" ;<� �B ?�7 �Ø

=> ���" �.%X ICP-AES> ü^7 Áh%(

� _I7 Table 2� �%12. ���: âQ ü^

23.0µg/mLI ÁhIÃ" 9,%¸ de* 97.0V

101.3%>C �. sôj* J2� �" Þ  �2.

¥�, Y: ������ ?�7 3�4 \!=> �4

?� 2º «f é+> ���" �.%( Áh%1=

Ç, � _I7 Table 2� �%12. ���: âQ

�� 2.05 mg/g� �4C ÁhIÃ: áKf 2.02 mg/

g*g=Ç, óLµ+� 0.015 mg/g*g2. ÁhIÃ"

de> -3%¸ 98.0V99.5%>C ?�7 3�4

?�� Ih�C ���: �â* J: �g2� �

" Þ  �=Ç, �. sôj^ J" {.M2. 

�µ, ���" 3�4?� 2º 12 M A3 ��>

/é� �¯ ��� �BI 12 M A3 ��: ���

	<yÃ: �B� �4C^ 5.0 M A3 ���C´

K�� âã" %12. 5.0 M A3 �B: �R� 9

4 N +*7 $O�  �g=Ç, 12 M A3 �B:

Table 2. Results of ruthenium determination in a
synthetic solution and in a simulated spent nuclear fuel

Synthetic solution,
23.0 µg Ru/mL

  Simulated spent fuel,
2.05 mg Ru/g-fuel  

Aging period Found, µg/mL Found. mg/g-fuel
Fresh 22.3 2.02  
3 d 23.3 2.01
7 d 22.6 2.04

Average   22.7(0.51)* 2.02(0.015)* 

*( ): standard deviation
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�R� A	� ¦& ²³� úì%& �±X �øB

+^ �" {.M2. �SC, âQ ������� �

4C^ ?�7 3�4?� � �4�B: A3 ü^7

5.0 M *Ø=>� /é%¸ 99%� �5H Jf d

e> ���" �.�  �" �=> i��2.

� �

������ ?�7 3�4 56> �4?� 2º

)*+,-T> ���" �.%( ICP-AES> h�

%� � \!" ÛÜ%12. 3�4 567 *�4C

9:1 89: HCl-HNO3 ;<3=> ?�7 �4?ð

��� �B" Q/�  �g2. ��� 3�4 �B

Q/ �&�� ���* RuNOCl3I RuNOCl4−> ½

s%T� �R ÏÐ ¯^> RuCl62−7 J(C Ru(OH)

Cl52−´ Ru2OCl10
4−>, ��� )*+,-T� D¶�

� )*+ ¶yI z<©> £-�� �=> {.M2.

��� 3�4 �B" 5.0 M A3 ��> /é� 2

º 7� *æ� 0.5 M A3 ��> ¾¿�C )*+,

-T(AG 50WU8, 100V200 mesh) �.M(0.7U

8.0 cm)� WX 10 mL: 0.5 M A3=> ���" �

.?P=>Ô h�]=> �.�  �g2. Y: ��

���� ?�� * \!" ]�%( de 98.5%:

sôj �� _I7 õg2. * \!" ������ ?

�� ]�%¸ RS�=>�¨ ���" h�]=> �

.%( ICP-AES> � �  �" �=> i��2.

Ú ��� I
&��: �����#$�Q: �-

=> R�g=Ç *� �� SÐ2.
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