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Analysis of a rare-earth sample, Didym by ion chromatography/neutron activation
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In the history of the discovery of rare-earth elements, two elements, Pr and Nd were isolated by
Brauner (1882) from a rare-earth sample (Didym) which was considered to be mono-element
and their atomic numbers were also determined. In this study, the oxide sample employed in
the separation processes was analyzed using two coupled analytical methods, ion chromatogra-
phy/neutron activation analysis (IC/NAA) and isotachophoresis/particle induced X-ray emis-
sion method (ITP/PIXE). Four rare-earth elements were only determined by NAA of 40 g of
Digym. Whereas for IC/NAA with preseparation process, 13 rare-earth elements containing
0.004 mass% Yb were determined when 100 ug of Didym was analyzed. For ITP/PIXE, 12 rare-
earth elements were determined. The results obtained by the coupled analytical methods
agreed with each other. Although the content of Ce in the sample (Didym) obtained from
Cerite was very small, that of La was large, suggesting that chemical treatments to remove La had
not been achieved.

Keywords : rare-earth sample (Didym); Cerite ; coupled analytical methods; IC/NAA, ITP/PIXE.
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Table 1 Data of rare-earth elements
Elements Nuclides Halfdife/ Mesurement Sample

h energy/keV  amount/ug
La 140 40.3 1596.5 0.5
Ce 143 33.1 293.3 50
Pr 142 19.1 1575.6 1
Nd 149 1.7 211.3 5
Sm 153 46.5 103.2 1
Eu 152 m 9.31 841.7 0.001
Gd 159 18.6 363.6 5
Th 160 1735.2 879.4 5
Dy 165 2.33 361.7 0.01
Ho 166 26.8 1379.4 0.5
Er 171 7.52 308.2 0.5
Tm 170 3086 84.3 5
Yb 175 100.4 113.8 0.5
Lu 177 161.5 208.3 0.2
Y 90 m 3.19 479.5 50

BT 5720, 797 avalbzy—%2HBL/ .
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Fig. 1 Gamma-ray spectrum of (a) standard solution
of rare-earth elements (0.2 times, Table 1) and (b)
Didym 40 pg

Measurements were carried out at a) 343 min and b)
254 min after the end of irradiation
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Table 2 Analytical results for Didym sample (wt%)

ITP/PIXE?
NAA IC/NAA

40 pl 120 pl
La 820 101 (=0.1) 10.1
Ce % 0.26 (*=0.01) 0.16
Pr 5.40 4.83 (£0.03) 4.47
Nd % 17.6  (x1.2) 19.2
Sm % 2.26 (*0.08) 2.38 2.87
Eu 0.04 0.049 (*0.001) 0.08 0.055
Gd * 1.19 (+0.05) 1.02 1.11
Tb % 0.086 (=0.002) 0.11 0.082
Dy 0.23 0.21 (%0.01) 0.21 0.21
Ho % 0.021 (%0.001) % %
Er % 0.028 (*0.001) % 0.032
Tm % % % ES
Yb % 0.004 (%0.001) % 0.009
Lu % 0.005 (%0.001) % *
Y * * 0.62 0.64

a) Analytical errors by ITP/PIXE were depended on the
concentration of each REE: <1% for more than 10 wt%
REEs, 5~10% for >1wt% PEEs, 10~20% for 0.1~1
wt% REEs, and 30~40% for <0.1 wt% REEs.
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Fig. 2 Ion chromatograms of radioactive standard

solution and Didym 100 pug after irradiation of neutron
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Fig. 3 1TP/PIXE analysis of Didym

a) observed isotachophreogram of the ore sample
(concentration 2 mg/ml, 2 ul); b) PIXE analysis of the
ITP fractions (sample volume, 40 ul); ¢) PIXE analysis
of the ITP fractions (sample volume, 120 ul)
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