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213Bi

% Bi
2 BV 60.3
3 BV 75.5
4 BV 79.9
5 BV 81.2
6 BV 83.6
8 BV 86.2
10 BV 91.9

225Ac

Rinse
0.1 M 
HCl

Strip
0.75 M NaCl

0.50 M (Na,H)OAc
pH = 4.0

Load 10.0 mL 0.1 M HCl +
225Ac in equilibrium with 213Bi

cp
m

/m
L 

Bed Volumes

cpm/mL vs bed volumes eluate on UTEVA + 50WX8 (old separation module)
0.5 mL column, 100-150mm, 2 mL/min flow rate, 22o C
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0 5 1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0
1 00

1 01

1 02

1 03

1 04

1 05
2 1 3B i

            %  B i            
2  B V 8 8 .8
3  B V     9 3 .4
4  B V 9 5 .5
5  B V 9 6 .8
6  B V 9 7 .6
8  B V 9 8 .4
1 0  B V 9 9 .3

2 2 5A c

R in se
0 .1  M  

H C l

S tr ip
0 .7 5  M  N a C l

0 .5 0  M  (N a ,H )O A c
p H  =  4 .0

L o a d  1 0 .0  m L  0 .1  M  H C l +
2 2 5A c  in  e q u i l ib r iu m  w i th  2 1 3B i

 

 

cp
m

/m
L 

B ed  V o lu m es

c p m /m L  v s  b e d  v o lu m e s  e lu a te  o n  U T E V A  +  5 0 W x 8  (n e w  se p a ra t io n  m o d u le )
0 .5  m L  c o lu m n , 1 0 0 -1 5 0  mm , 4  m L /m in  lo a d /r in se , 2  m L /m in  S tr ip, H a la r  T u b in g , 2 2 (1 )oC
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ln
(A

/A
0)

time (minutes)

Bi-213

R = -0.9998

 

 

Experimental Decay Constant (lll l ) = 0.00348 min-1

Calculated (l  l  l  l  Pb-209) = 0.00355 min-1

 c
pm

 

 

 Decay of 213Bi vs. Time 

 time (minutes)

LSC Data for 213Bi fraction from ARS Flowsheet 8-7-08
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NorthStar’s Automated Radionuclide Separation System (ARS2)
with 3 column chemistry module for USAF
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99% Am
0.5% Pu
<0.1% U 

<0.1% Am
0.2% Pu
99% U 

<0.1% Am
99% Pu
0.1% U 

<0.1% Am
<0.1% Pu
0.9% U 

Rinse
6 M HCl
0.05 M

HF

Load 233U,  239Pu and 241Am  in 10 mL of 
4.0 M HNO

3
 + 0.1 M NaNO

2

Rinse
0.1 M
HCl

239Pu
Rinse
4 M

HNO
3

0.1 M 
NaNO

2

241Am233U

Background

Rinse
1 M
HCl

 

 

cp
m

/m
L

Bed Volumes

0.5 mL columns of UTEVA and TODGA, 22(1)oC, 50-100 mm, 2 mL/min (ARS)
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0.3%  P u
48%  Sr

99T c
85Sr

R inse
6 M  H C l
0 .05  M

H F

99%  A m
<0.1%  P u
<0.1%  U 

0 .1%  P u
99%  U 

99%  P u
0.1%  U 

99%  T c
52%  Sr

R inse
6 M  H C l
0 .05  M

H F

Load 85Sr, 99T c, 233U ,  239P u and 241A m    
in  10  m L 4 .0  M  H N O

3
 +  0 .1 M  N aN O

2

R inse
0.1  M
H C l

239P u

R inse
4 M

H N O
3

0.1  M  
N aN O

2

241A m
233U

R inse
1 M
H C l

 

 

cp
m

/m
L

B ed  V olum es

0.5 m L  co lum ns of U TEV A  and TO D G A , 22(1)oC , 50-100 mm , 2 m L/m in (A R S)
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3.4% Pu
1.5% Sr

Rinse
1 M 

NH
4
OH

<0.1% Am
98% Sr

99Tc 85Sr

Rinse
4 M 
HCl

>99% Am
0.5% Sr

<0.1% Pu
99% U 

96% Pu
0.5% Tc

97% Tc
0.1% Pu

Rinse
1 M 
HCl

Load 85Sr, 99Tc, 233U,  239Pu and 241Am   
in 10 mL 2.0 M HNO

3
 + 0.1 M NaNO

2

Rinse
1 M
HCl

239Pu

Rinse
2 M

HNO
3

241Am

233U

Rinse
1 M
HCl
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Bed Volumes

2.0 mL cartridges WBEC/UTEVA/TODGA-Sr Resin (1:2), 22(1)oC, 50-100 mm, 2 mL/min

��������	
���

�
��������	���

������	�
��
���	��	��
����������


�������������
��� 1/20/2010 ��



��������	
���

�
��������	���

������	�
��
���	��	��
����������


�������������
��� 1/20/2010 � 



0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
100

101

102

103

104

105

106

107

3.4% Pu
1.5% Sr

Rinse
1 M 

NH
4
OH

<0.1% Am
98% Sr

99Tc 85Sr

Rinse
4 M 
HCl

>99% Am
0.5% Sr

<0.1% Pu
99% U 

96% Pu
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1 M 
HCl

Load 85Sr, 99Tc, 233U,  239Pu and 241Am   
in 10 mL 2.0 M HNO

3
 + 0.1 M NaNO

2

Rinse
1 M
HCl

239Pu

Rinse
2 M

HNO
3

241Am

233U

Rinse
1 M
HCl
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Bed Volumes

2.0 mL cartridges WBEC/UTEVA/TODGA-Sr Resin (1:2), 22(1)oC, 50-100 mm, 2 mL/min
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Also developed:

TEVA:  Np, Th
UTEVA: U
TRU: Am/Cm, Pu
SR:  Sr

Tc dropped
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NATO Sample Radiochemical Separation Scheme
(Pb, Po, U, Th, Ra)

T
R
U

Sr
R
e
s.

Sample 
in 20 mL
4 M HCl

1

1

1 2

10 mL             
4 M HCl

2
Th

2

12 mL             
8 M HCl

3

Pb
3 5

5

10 mL     
1 M HCl
0.1 M HF             

Ra

4
Po

12 mL     
6 M HNO3

4

10 mL 0.1 M 
ammonium
bioxalate

6

6
U
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>99% Th
>99% U

in 12 BV 

Load 233Uand 230Th in 20 mL 4 M HCl

230Th

Rinse
4 M
HCl233U

Background
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Bed Volumes

2.0 mL catridge Sr Resin, 22(1)oC, 50-100 mm, 2 mL/min 
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95% U
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Rinse
0.1 M
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oxalate

Rinse
1 M
HCl

0.1 M
HF

98% Th
0.1% U
in 3 BV 

Load 233Uand 230Th in 20 mL 4 M HCl

230ThRinse
4 M
HCl

233U

Background
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Bed Volumes

2.0 mL catridge TRU, 22(1)oC, 50-100 mm, 2 mL/min 
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Discussion


