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Abstract 

Magnesium and lead have been identified as tracers for the input account- 
ability of plutonium in reprocessing plants whereas fission product l4'Nd is 
used as a burn-up monitor. Ion exchange procedures developed for the separa- 
tion and purification of Mg, Pb, and Nd from the dissolver solution of 
irradiated fuel for their mass spectrometric analyses are presented. Distribution 
ratio curves of Pb, Ce, Nd, and Sm in CH30H-HN03-H20 medium used in 
the development of the separation and purification procedure are also shown. 

INTRODUCTION 

The input accountability of plutonium at reprocessing plants and 
burn-up determination of the irradiated fuel are two important measure- 
ments in the nuclear fuel cycle which one would like to carry out with the 
highest precision and accuracy. Isotope dilution mass spectrometry is the 
only technique which meets these needs. Magnesium and lead have 
been found as the useful tracers in tracer techniques (MAGTRAP, 
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LEADTRAP) for the input accountability of Pu in reprocessing plants 
(I-3), while fission product 14'Nd has been universally recognized as a 
burn-up monitor (4). The input accountability of Pu is based on the addi- 
tion of a known amount of Mg(N03)2 or Pb(NO,), tracer solution to the 
solution in the input accountability tank and the determination of Pu-to- 
tracer ratio in a small sample. The determination ofburn-up ~s ing '~ 'Nd in- 
volves the measurement of the relative concentrations of U,Pu,and Nd in the 
dissolver solution of irradiated fuel using triple spike isotope dilution mass 
spectrometry (5). For these measurements it is necessary to deal with the 
dissolver solution which is highly radioactive. It is, therefore, desirable to 
handle small samples with a view to reducing radiation exposure and 
radioactive contamination hazards. Further, Mg or Pb added and 14'Nd 
formed are present in ppm levels. Moreover, I4'Ce and 14'Sm present 
in the dissolver solution cause isobaric interference at 142Nd (used as a 
spike) and 14'Nd, respectively, during the mass spectrometric analysis of 
Nd. Thus it is essential to separate and purify Mg, Pb, and Nd from the 
bulk of other materials prior to their mass spectrometric analyses. 

The dissolver solution contains U as the major constituent, Pu (U/Pu 
about 100 to 1000, depending upon burn-up), and various fission products; 
viz., alkali metals, alkaline earths, rare earths, etc. The tracer added for 
the input accountability and the various fission products can be separated 
from bulk of U and Pu by following the anion exchange procedure (6) 
using Dowex (Dow Chemical Co., USA) 1 x 8 resin (200-400 mesh) in 
7.5 M HNO, as these are not absorbed on the resin. Studies were therefore 
carried out for the separation of Mg, Pb, and Nd from the fission products. 

Ion-exchange methods in aqueous media cannot be employed for the 
separation and purification of these elements individually (7). However, 
a large number of anion-exchange techniques exploiting mixed organic- 
aqueous media have been reported in the literature (8-12) for the separa- 
tion and purification of various elements. The method generally used for 
the separation and purification of Nd for burn-up measurements (13) 
involves two stages on Dowex 1 x 8 resin. In the first stage, Nd along 
with other rare earths is separated from alkali metals and alkaline earths, 
while in the second stage Nd is purified from other rare earths. Mg, if 
present, gets eluted along with alkali metals and alkaline earths and needs 
further purification, while Pb and Nd are eluted together in both stages. 
Moreover, the two-column separation and purification of Nd is lengthy 
and time consuming. To overcome these problems, (a) distribution ratios 
of Pb and Nd were determined on Dowex 1 x 8 resin (200-400 mesh) in 
different CH30H-HN0,-H,O compositions to optimize the conditions 
for their separation, and (b) the distribution ratios of Nd, Sm, and Ce 
were determined in varying CH,OH-HN0,-H,O compositions on Bio- 
rad AG 1 x 2 resin (Bio-rad Laboratories, Richmond, California, USA). 
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DISSOLVER SOLUTION OF IRRADIATED FUEL I473 

This paper presents details of the investigations carried out for the 
separation and purification of Mg, Pb, and Nd from dissolver solution. 

E X  PE RI M E NTAL 

Reagents 

The H 2 0 ,  HNO,, and CH,OH used were distilled in quartzware. Dowex 
1 x 8 resin (200-400mesh) was purified (14) by taking the resin in a 
glass column and washing with distilled water, 1 M NaOH followed by 
distilled water, CH,OH, distilled water, 3 A4 HNO,, and finally with 
distilled water. It was dried at 90°C for 12 hr and stored in a desiccator. 
Bio-rad AG 1 x 2 resin (200-400 mesh) was treated in a similar way. 
Ethylene diaminetetraacetic acid disodium salt (EDTA) was also purified 
before use (15). A saturated solution of the reagent was prepared in H 2 0 .  
CH,OH was added slowly till the impurities were precipitated out. I t  was 
filtered, and to the filtrate an equal volume of CH,OH was added. The 
resulting precipitate was filtered through a Buchner funnel, washed with 
acetone, and then with ether. It was dried overnight in air and then in an 
oven at 80°C for 24 hr. Solutions of Mg(NO,), and Pb(NO,), were 
prepared by dissolving Analar grade magnesium nitrate and lead nitrate 
in dilute HNO,. Solutions of Ce, Nd, and Sm were prepared by dissolving 
high purity oxides of these elements in dilute HNO,. The final concentra- 
tion of each element was about 1 mg/mL of the solution. 141Ce, 14'Nd, 
and 15,Srn tracers were prepared by neutron irradiation of high purity 
oxides of these elements. 

Determination of Distribution Ratios 

The distribution ratios were determined by the batch equilibration 
method. One milliliter of the metal ion solution was taken in the equilibra- 
tion tube and evaporated to dryness under an infrared lamp. Five milliliters 
of the CH,OH-HN0,-H20 mixture of known composition was added to 
obtain a clear solution. A known weight of the resin (about 100 mg) was 
added to' the equilibration tube. The tubes were stoppered, sealed, and 
shaken in a mechanical shaker for a sufficiently long time (4 to 10 hr) 
to attain equilibrium. 

In the case of Pb, the distribution ratio (D,) was calculated by 

amount of Pb/g of the resin D -  - amount of Pb/mL of the solution 

Lead was determined by direct titration with EDTA at pH 6 using 
xylenol orange as the indicator (15). 
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I474 RAMAKUMAR ET AL. 

In the case of Ce, Nd, and Sm, the distribution ratios were calculated 
with 

A ,  - A,  v - D, = 
A ,  

where A ,  is the initial activity of the tracer in the solution before equilibra- 
tion, A ,  is the activity in the solution after equilibration, V is the volume 
of the CH,OH-HN0,-H,O mixture, and W is the weight of the resin. 

A ,  and A ,  were determined radiometrically by counting gamma acti- 
vities due to '"'Ce (145 keV), 14'Nd (91 keV), and l5,Srn (103 keV) 
using NaI (TI) detector with a single channel analyzer in the differential 
mode. 

In the solvent mixture, CH,OH concentration was varied from 20 to 
90% whereas the HNO, concentration was changed from 0.2 to 6 M. 

lo4 
DOWEX 1x8, 200-400 MESH 

90 % 

8 0 %  

40 % 
20 % (e) ... I.......... 

(d)  -.a_..-.. 

- 
f -  

0 - 
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t; 
8 10 

K 

I 

FIG. 1 .  Variation of distribution ratio of Pb with varying composition of HNOs 
and CH30H. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



DISSOLVER SOLUTION OF IRRADIATED FUEL I475 

The distribution ratios were determined on Dowex 1 x 8 resin as well as 
on Bio-rad AG 1 x 2 resin. 

RESULTS A N D  DISCUSSION 

Separation of Pb and N d  from Dissolver Solution 

The variation of D ,  values for Pb and Nd with different compositions 
of CH,OH-HN0,-H,O is given in Figs. 1 and 2. It is seen that the D, 
value for Pb and Nd increases as the percentage of CH,OH is increased 
in the solvent composition. Further, the D, value for Nd is less than that 
of Pb up to 70% CH,OH. This trend is reversed at higher concentrations 
of CH,OH, and the D, value of Nd becomes much higher compared to 
that of Pb at low acidity. For a given concentration of CH,OH, the 
D, value of Pb increases, reaches a maximum, and then starts decreasing 
as HNO, concentration is increased, whereas in the case of Nd the D, 

lo I 0 1 &j"I I I I t I I I I I I I 

2 4  6 8 10 12 

FIG. 2. Variation of distribution ratio of Nd with varying composition of 
€€NO3 and CH30H. 
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Eff luent (Fission Products Wash w i th  ( 3 M )  H N 0 3  

+Mg/Pb) (A) for uranium 
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Wash w i th  ( 0 . 3 M )  HN03 

fo r  plutonium 

F r a c t i o n  (a) i n  
90% CH30H + I0 % ( 7.5M) HN03 

Scheme f o r  
P b + N d  +(Mg) 

Scheme f o r  
Mg+Nd 

B I O - R I D  A Q  1x2,  2 0 0 - 4 0 0 M e s h  
4 c m  x0 .4cm 

t 
E f f l u e n t  ( M e +  a lka l i  meto16 
+ a l k a l i n e  e a r t h +  Fission 4- 

Praducte 1 (4) 

I 

1 

1 

F r a c t i o n  (8 )  i n  

O.SM HN03 

DOWEX 50x8, 2 0 0 - 4 0 0 M e S h  
6 o m  x 0.4cm 

Wash w i t h  0.5M HN03 
Reject f i r s t  28 column volumes, 
collect next 18 column volumes 
fo r  Mass Spectrometr ic 
analysis o f  Mg 

.i 

I 
Wash w i t h  6 0 % C H 3 0 H + 4 0 %  

volumes for ra re  earths (2)  
( I M )  HN03; co l l ec t  4 column 

810-RAD AG I x  2,200 -400 Mesh 
4 c m x 0 . 4 c m  

1 
Wqsh with 9 0 % C H 3 0 H + I O %  

Mass Spectrometric 

0 .5M HN03. 
- 20 column volumes, col lect  next 

(0 .075M)HN03.  Reject f i r s t  

II column volumes fo r  Mass 
Spec t romet r i c  analysis of  N d  

FIG. 3. Separation and purification scheme for magnesium, lead, and neodym- 
ium from irradiated fuel dissolver solution for mass spectrometric analysis. 
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value goes on increasing with an increase in HNO, concentration. 
Moreover, in both cases the change in the CH,OH concentration has a 
pronounced effect on the D ,  value as compared to that obtained by 
changing the HNO, concentration. 

As the distribution ratios for Pb and Nd are maximum at a solvent 
composition of 0% CH,OH + 10% (10 M )  HNO,, this was selected as 
the loading medium for achieving maximum adsorption of Pb and Nd on 
Dowex 1 x 8 resin (200-400 mesh). For the separation of Pb and Nd, 
the solvent composition 60% CH,OH + 40% (1 M )  HNO, was ideal as 
the separation factor between Pb and Nd (separation factor = ratio of 
distribution ratios) is maximum. Further, the D ,  value for Nd being 
negligible at this solvent composition, it can be eluted in small volume. 

The scheme for the separation of Pb and Nd from dissolver solution 
using Dowex 1 x 8 resin is given in Fig. 3, and a typical elution curve 
obtained using this scheme is given in Fig. 4. 

- 
- 
- 
- 
- 

- 
- 
- 
- 

I t  

Purification of Nd  

Nd obtained by using the above procedure is eluted along with other 

DO WEX I X 8  ,200- 400 MESH, 6 cm X 0 . 4  cm 

L.S.. LOADING SOLUTION- 
L . S .  90% CH30H+ 10% (7.5M) HN03 

0.0 2 4  6 8 10 12 14 16 
COLUMN VOLUME 

FIG. 4. Elution curve for the separation of Pb and Nd. Column volume refers 
to the length of the resin. 
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rare earths and needs further purification before carrying out the mass 
spectrometric analysis. This is essential for eliminating the isobaric 
interference from Ce and Sm at mass numbers 142 and 148, respectively. 
Though a method was previously available (13) for the purification of Nd 
from other rare earths using Dowex 1 x 8 resin, employing 90 % CH,OH 
+ 10% (7.5 M )  HNO, as the loading solution, 90% CH,OH + 
10% (0.15 M )  HNO, as the washing solution, and 90% CH,OH + 
10% (0.03 M )  HNO, as the eluting solution, the procedure was lengthy 
and time consuming. It was therefore considered worthwhile to study in 
detail the procedure (16) using Bio-rad AG 1 x 2 resin. 

lo4 - - 
__O_ BIO-RAD AG 1x2. 200-400 MESH - 

DOWEX 1 x 8 ,  200-'400 MESH 

I 
I 

0.030 

1 I i I 
I ! ! ! 

0,050 0.075 0.15 0.30 

FIG. 5 .  Variation of distribution ratios of Ce, Nd, and Sm in varying con- 
centration of HN03. Solvent composition: 90% CH,OH + 10% HN03. 
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The distribution ratios of Ce, Nd, and Sm were determined on Bio-rad 
AG 1 x 2 resin as well as on Dowex 1 x 8 resin using a solvent composi- 
tion of 90% CH,OH and 10% HNO, of varying concentration. This 
solvent composition with 90 % CH,OH was selected because D, values 
for Nd were maximum (as seen from Fig. 2). 

The variation of D, values for Ce, Nd, and Sm with different concentra- 
tions of HNO, and 90% CH,OH is given in Fig. 5 .  It is seen that D, 
values for Ce, Nd, and Sm decrease uniformly with changing acid con- 
centration on Dowex 1 x 8 resin. In the case of Bio-rad AG 1 x 2 resin, 
the D, values for Sm and Nd remain more or less unaltered at an acid 
concentration below 0.15 M HNO, whereas those for Ce continue to  
decrease. It was therefore concluded that Bio-rad AG 1 x 2 resin will be 
more efficient than to Dowex 1 x 8 resin in separating Nd from Ce and 
Sm. The optimum solvent composition of 90 % CH,OH + 10% (0.075 M )  
HNO, was selected for eluting Nd free from Ce and Sm. The use of lower 
acidity elutes Nd faster, but some Ce is eluted along with Nd, which 
causes isobaric interference in the mass spectrometric analysis. 

The scheme for the purification of Nd from other rare earths, and in 
particular from Ce and Sm, using Bio-rad AG 1 x 2 resin is shown in Fig. 
3, and a typical elution curve obtained using this scheme is given in Fig. 6. 

810-RAD AG IX2,200-400 MESH 

4cm x 0.4cm 
L.S:LOADING SOLUTION- 90 %CH30H +10%(7.5M) 

E. S. 5 ELUTING SOLUTION - 90 % CH30H t 10 %(0.075h 

HN03 

HN03 
6000 

:: 1000 / I 
I 
I 
I 
I t - l  I I I I I i I I I I l i l  I I I I I 

0 4 8 12 16 20 24 28 32  36 40 ' 

. 

L 

COLUMN VOLUME 

FIG. 6. Elution curve for the purification of Nd. Column volume refers to the 
length of the resin. 
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It is worth noting that in case Pb is not required, the single-stage 
procedure using Bio-rad AG 1 x 2 resin can be directly used for the 
separation and purification of Nd from fission products and other rare 
earths. This eliminates the two-stage, lengthy, and time-consuming 
procedure using Dowex 1 x 8 resin. 

Separation of Mg and N d  from Dissolver Solution 

As mentioned earlier, Mg and Nd are eluted together along with alkali 
metals, alkaline earths, and other rare earths on Dowex 1 x 8 resin in 
7.5 M HNO, medium. Nd can be separated and purified from Mg and 
other rare earths by using the single-stage procedure shown in Fig. 3. 
The Mg fraction, however, needs further purification as it contains alkali 
metals and alkaline earths. This was achieved by using a cation-exchange 
resin Dowex 50 x 8 in 0.5 M HNO,. The scheme for the separation and 
purification of Mg and Nd from the dissolver solution is given in Fig. 3. 
A typical elution curve obtained for the purification of Mg is given in Fig. 
7. The procedures developed have been successfully used for the input 
accountability of plutonium in reprocessing plants and for the burn-up 
determination. 

DOWEX 5 0 x 8 ,  200-400 MESH, 

5 cm X 0 .4crn  

COLUMN VOLUME 

FIG. 7. Elution curve for the purification of Mg. Column volume refers to the 
length of the resin. 
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