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ABSTRACT 

A crude rare earth chloride produced from monazite was analysed by coupled isotachophoresis-particle-induced X-ray emission 
(ITP-PIXE). The sample was separated and fractionated by the use of a micro-preparative isotachophoretic analyser and the dropwise 
fractions containing nanomole amounts of rare earth elements were analysed off-line by PIXE. By means of ITP-PIXE, the minor 
elements (Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and Y) co-existing with the other major lanthanoids (La, Ce, Pr and Nd) were 
determined accurately, because the “matrix effect” in X-ray analysis was reduced by isotachophoretic removal of the major elements. 
The maximum abundance found was for Ce at 47.4% with respect to total rare earths and the minimum abundance was 0.001% for Lu. 
The separation efficiency of the crude rare earth chloride was ca. 500 nmol/C. The method for the fractionation of minor elements and 
PIXE analysis is discussed in detail. The analytical results obtained by ITP-PIXE were confirmed by means of inductively coupled 
plasma atomic emission spectrometry. 

INTRODUCTION 

The accurate determination of minor components 
co-existing with major components is often difficult 
when the method used depends on a preliminary 
separation. In isotachophoresis (ITP), when the 
amount of electricity is not sufficient for separation, 
mixed zones remain, causing the errors in determi- 
nation. We have pointed out that the errors would 
be serious for the determination of a minor compo- 
nent co-existing with a major component, as the 
mixed zones formed in such a sample system tend to 
be overlooked because of the similarity between the 
signal of the mixed zone and that of the major 
component zone [ 11. Therefore, the study of separa- 

tion efficiency is important to avoid overloading of 
the sample. 

The separation efficiency of a pair of separands 
depends not only on the mobility difference between 
them [2,3] but also on the amount of co-existing 
ionic components [ 1,4]. Further, the mobility differ- 
ence between the separands and the co-existing 
components also affects the separation efficiency. 
Therefore, the necessary amount of electricity for 
complete separation varies in relation to these 
factors even if the sample amount of interest is kept 
constant. Such an effect was called the composition 
effect on the separation efficiency [4]. 

A crude rare earth chloride, which is a primary 
product of rare earth elements after extracting 
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values obtained by ITP-PIXE, except for Eu, Tb 
and Dy. Apparently from the results, it was necessa- 
ry to remove the major elements by ITP in order to 
determine subsequently these elements, the abun- 
dances of which were lower than 1%. 

Analytical results by ICP-AES and comparison be- 
tween ITP-PIXE and ICP-AES methods 

Table IV also summarizes the abundances of the 
lanthanoids evaluated by ICP-AES. The total con- 
centration of sample solution was 8.808 g/l for the 
determination of ultra-trace Lu, 3.523 g/l for Yb, 
0.8808 g/l for Eu, Gd, Tb, Dy, Ho, Er, Tm and Y, 
0.1762 g/l for Sm, 0.04404 g/l for La, Pr and Nd, and 
0.01762 g/l for Ce. Good agreement was obtained 
between the values obtained by ITP-PIXE and 
ICP-AES, except for Tb, Ho and Tm. The latter 
slight disagreement might be due to the overlap of 
the analysed spectral lines with weak lines of the 
major elements. Boumans et al. [15,16,17] have 
described the mutual interference among rare earth 
elements in ICP-AES analysis. 

Fig. 6 shows the distributions of rare earth 
elements contained in the crude rare earth chloride 
from monazite which were determined by ITP- 
PIXE and ICP-AES. The abundances were normal- 
ized to the Ce abundance being 100%. It is well 
known that the natural abundance of the earth 
elements in their ores such as monazite should 
contain the whole range of rare earth elements 
except for the radioactive element Pm. even though 

ELEMENT 

Fig. 6. Distribution of rare earth elements contained in the crude 
rare earth chloride from monazite. The Ce abundance was 
normalized as 100%. Solid line, results obtained by ITP--PIXE; 
dashed line, results obtained by ICP-AES. 

some elements are present in extreme trace amounts. 
Also, the abundance of the elements with even 
atomic number should be greater than those of the 
neighbouring elements with odd atomic number [5]. 
The present results confirmed the higher accuracy of 
ITP-PIXE than ICP-AES, suggesting that a pre- 
separation technique would also be necessary to 
obtain a higher accuracy in ICP-AES analysis. 

This work confirms the analytical utility of the 
ITP--PTXE method. The method combines the high 
separability of ITP and the high sensitivity, multi- 
element capacity and small sample size of PIXE [12]. 
More complex mixtures can be analysed by ITP- 
PIXE. Another application to a model solution of 
nuclear fuel cycle waste will be published in due 
course. 

REFERENCES 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

II 
12 

13 

14 

15 

16 

17 

T. Hirokawa, A. Omori, Y. Yokota, .I. Hu and Y. Kiso, J. 
Chromutogr., 585 (1991) 297. 
F. M. Everaerts, J. L. Beckers and Th. P. E. M. Verheggen, 
Ksota~hopiloresis -Theory, Instrumentation und Applicntions, 

Elsevier, Amsterdam, 1974. 
P. Bocek, M. Deml, P. Gebauer and V. Dolnik. ilnrrlytical 

Isotachoplzoresis, VCH. Weinheim, 198X. 
T. Hirokawa. Y. Yokota and Y. Kiso. /. Chrornutogr., 545 

(1991) 267. 

N. E. Topp, Chcmistr~~ of‘ the Rare-Eurth Ekement.~, Elsevier, 
Amsterdam. 1965. 
J. Hu, T. Hirokawd, F. Nishiyama and Y. Kiso. J. Chromrr- 

togr.. 589 (1991) 339. 

I. Nukatsuka. M. Taga and H. Yoshida, J. Chromutogr.. 205 
(1981) 95. 
T. Hirokawa, N. Aoki and Y. Kiso. J. Chronru/ogr.. 3 12 
(1984) Il. 
P. Bocek and F. Foret, J. Chromatogr.. 3 13 (1984) 189. 
T. Hirokawa, J. Hu, K. Umeda, G. Kimra. H. Ikeda. F. 

Nishiyama and Y. Kiso, J. Chromutogr., 513 (1990) 297. 
L. Arlinger, J. Chromatogr.. 91 (1974) 829. 

S. A. E. Johansson and J. L. Campbell, PIXE. a Novel 

Techniqut~,for Elemental Anu/~..ris. Wiley, Chichester, 1988. 
T. Hirokawa. F. Nishiyama and Y. Kiso. Nucl. bzstrum. 
Mrthod~s, B31 (1988) 525. 
T. Hirokawa, J. Hu. S. Eguchi. F. Nishiyama and Y. Kiso, J. 

Chromatogr., 538 (1991) 413. 

P. W. J. M. Boumans. H.-Z. Zhuang, J. J. A. M. Vrakking, J. 
A. Tielrooy and F. J. M. J. Maessen. Spec/rochim. Actu. Port. 

B, 43 (1988) 173. 

P. W. J. M. Bomans. H.-Z. Zhuang, J. J. A. M. Vrakking, J. 
A. Tielrooy and F. J. M. J. Maessen. .Sper/rochim. Acta. Par/ 

B, 43 (1988) 1365. 
P. W. J. M. Boumans, H.-Z. Zhuang, J. J. A. M. Vrakking, J. 
A. Tielrooy and F. J. M. J. Maessen, Sprctrochim. Acru, Part 

B, 44 (1989) 31. 


