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ABSTRACT 

The isotachophoretic separation behaviour of metal ions in a model soluition of a high-level liquid waste (HLLW) was investigated 
by means of the isotachophoresis-particle-induced X-ray emission (ITP-PIXE) method for the purpose of fractionation of useful 
elements contained in the HLLW. The leading electrolyte used was 20 mM ammonia solution buffered by acetic acid @H 4.8) in which 
a complex-forming agent (10 mA4 a-hydroxyisobutyric acid) was contained. The migration order of the cationic components was (Rb+, 
Cs’), NH:, Ba’+, Sr2+, Naf, Mn’+, Fe”, (Cr’+, Rhzf, Cd’+), Ni*‘, La3+, Ce3+, Pr’+, Nd3+, Sm3+, Et?+, Gd3+ andY3+, where 
the ions in parentheses could not be separated from each other. The separation efficiency of rare earth elements was 178 nmol/C and it 
was decreased to 96 nmol/C when NaNO, coexisted as the matrix. Part of the Fe3+, Zr’“O’+, Mo”‘O:- and platinum group elements 
formed a cationic colloidal zone. Although the cationic recovery was 100% for most of the components, a substantial part of Fe, 
Te”‘O,, Zr’“0, Ru, Rh and Pd did not migrate, suggesting the formation of non-ionic hydrolysis species. Although ITP was not suitable 
for their analysis, platinum group metals in the HLLW might be partitioned efficiently as non-ionic components. 

INTRODUCTION 

In coupled isotachophoresis-particle-induced X- 
ray emission (ITP-PIXE), isotachophoretically 
fractionated zones are analysed off-line by PIXE. 
As PIXE is a sensitive, non-destructive and rapid 
method with multi-elemental capacity, it is useful as 
a detection method for the components in the mi- 
cro-fractions obtained using a capillary isotacho- 
phoretic apparatus. 

A PIXE detector permitted a detailed investiga- 
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tion of the isotachophoretic separation behaviour 
of metal ions [1,2], such as the migration order, the 
separability and the recoveries. Also, its high sensi- 
tivity allowed the determination of trace metal ions 
in a sample solution. In a previous paper [3], we 
demonstrated the determination of trace heavy lan- 
thanoids in a crude rare earth chloride: the number 
of cationic components was fifteen and their abun- 
dance varied over four orders of magnitude. 

This paper deals with the separation behaviour 
of another sample of complex composition, a model 
solution of a high-level liquid waste (HLLW). 
HLLW is generated in the reprocessing of nuclear 
fuels after recovering Pu and U. It contains 30 or 
more elements of the fission products of U, cladding 
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to some extent by using a leading electrolyte of a 
low pH and consequently the cationic recoveries 
might be improved. MW-2 was analysed by using 
the non-buffered leading electrolytes WHCl and 
WHC104 where the leading ion was 10 mA4 H+ (pH 
2). The terminating electrolyte used was 10 mM car- 
nitine hydrochloride solution. 

Fig. 7 shows the isotachopherogram with the 
WHCl system obtained by using a potential gra- 
dient detector. The sample volume was 10 ~1, which 
contained 270 nmol of metal ions. The amount of 
electricity applied was 1.1 C (300 PA for 28 min + 
150 PA for 51 min). Fig. 8 shows the analytical re- 
sults for 50 fractions evaluated by PIXE. Most of 
Na+ zone was not fractionated. Obviously from 
Fig. 8, the separability was poor and the observed 
migration order was (Cs+,Rbf),(La3+, Ce3+, 
Pr3+, Nd3+, Sm3+, Eu3+, Gd3+), Ba2+, Y3+, 
Sr3+, Cr2+, (Na+, Mn2+, Ni+), (Fe3+, Mood-, 
Ru3+, Rh3+, Zr’“02+, Pd3+, Sn2+), where the ions 
in parentheses were not separated from each other. 
The separability with the WHC104 system was al- 
most the same as that with the WHCl system. 

Table III shows the recoveries of cations for 
MW-2 using the WHCl and WHC104 systems. The 
recoveries of Mn2+ and Ni2+ were estimated as 
100% but they could not be evaluated because they 
formed a mixed zone with Na+ as shown in Fig. 7 
and the mixed zone was not fractionated. 

Among the transition elements in MW-2, only 
the recovery of Fe3 + was improved slightly by using 
non-buffered systems (pH 2). The recovery of Zr’- 
“02+ using WHCl was almost the same as that with 
the WNH,Ac-HIB system (pH 4.8) but it became 
worse when WHC104 was used. Similarly, the re- 
coveries of Ru, Rh and Pd could not be improved 
by using non-buffered electrolyte systems. These 
observations suggested that the recoveries of Fe, Zr 
and platinum group elements were affected by both 
the formation of hydrolysis species and the ion pair- 
ing with the other counter ions, in this instance Cl- 
and Clod-. As the rate of complex-forming equilib- 
rium is small, the pH of the sample solution and the 
reaction time before measurement are presumably 
important factors affecting the recoveries of cat- 
ions, as exemplified in the isotachophoretic separa- 
tion of A13+ [l 11. However, this problem was not 
investigated in further detail. 

As far as the present electrolyte systems are con- 
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cerned,’ the isotachophoretic analysis of Fe3+, 
Zr’“02 + and platinum group elements cannot be 
recommended owing to the formation of a colloidal 
zone and the low recoveries of cations. However, 
from a preparative viewpoint platinum group ele- 
ments will be fractionated as non-mobile substances 
very efficiently by using continuous free-flow equip- 
ment. For example, 80% of Pd in MW-2 might be 
recovered as non-ionic substances with the 
WNH4Ac-HIB (pHL 4.8) system. Among the ac- 
tual HLLW components of unfavourably long- 
lived and highly radioactive nuclides, the activity of 
the platinum group metals is very low and if they 
could be separated from the others they might be 
useful as industrial catalysts, for example. 

The present model wastes did not contain trans- 
uranium elements, which are inevitable in real 
HLLW samples. However, the successful separa- 
tion of transuranium elements and rare earth ele- 
ments has already been reported by Bilal et al. [12] 
using a counter-flow technique. The separation be- 
haviour of a model HLLW using continuous free- 
flow equipment is now under investigation and will 
be reported in due course. 
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