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Abstract

The novel separation method of rare earth elements by using the tertiary pyridine type resin with methanol and nitric acid mixed solution
was developed. The separating operation in this method is very simple and easy, and the waste generation in this method is expected to be low
The adsorption and separation behaviors of rare earth elements were investigated with changing the nitric acid concentration, the methanol
concentration, and the alcoholic species. It was confirmed that the rare earth elements can be well separated mutually.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction We have proposed the simple separation technique based
on the chromatography using the tertiary pyridine resin with
The separation of rare earths is difficult because of the sim- alcoholic inorganic acid solution system. Our proposal tech-
ilarity of their chemical properties derived from their same nique is freed from the described above problems. The sep-
valence and similar ion radii. The rare earth elements, how- aration method in hydrochloric acid/alcohols mixed solution
ever, are required to be mutually separated in many fields system were already studig¢d-9]. In the hydrochloric acid
because of the peculiar physical, chemical, and nuclear prop-solution system, it has been confirmed that the separation of
erties of themselves or their compounds. The separations ofrare earth elements and actinides is available, but the mutual
rare earth elements are carried out or are developed for theseparation of rare earth elements is insufficient. In the present
industrial use of rare earth elemefits?], for the pretreat-  study, the adsorption behaviors of rare earths elements on
ment for the analyses of rare earths in the some chemicalthe tertiary pyridine resin in the nitric acid solution system
fields such as a geochemis{B;4], and for the analyses and were investigated. The effects of the nitric acid concentration,
the partitioning of rare earth elements including the fission the methanol concentration, and the alcoholic species on the
products generated in nuclear reacf@$]. The separation  adsorption were explored in order to separate the rare earth
methods are variously conducted, but the following types elements under optimal conditions.
are basically categorized, i.e., solvent extracfib@,6], and
ion exchange chromatograpfi$-5]. In each conventional
separation methods, there are some problems, such as con®. Experimental
plicated operation, tight separability condition, remain of
organic material, restriction on separable rare earth elements2.1. Tertiary pyridine resin
and so on.
The resin used inthe present experiment was highly porous
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Fig. 1. Chemical structure of tertiary pyridine type resin.
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oratory for Nuclear Reactors, Tokyo Institute of Technology
[10]. The chemical structure of this resin is presented in
Fig. 1 The average diameter of this resin isf@d. The total
exchange capacity of the resinis 1.94 meqg/g(dry) infGtm.
The cross-linkage is 20%. The tertiary pyridine has two func-

tions; one is anion exchange function, and another is extractFig. 2. Typical chromatogram of rare earth elements. Eluent was the
agent function. nitric acid and methanol mixed solvent, the volume ratio of conc.
HNO3:H20:MeOH is 3:3:4.
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2.2. Chromatograph
srapty charge densities of rare earth ions. This fact means that the

The mixture of rare earth elements, which chemical forms tﬁrtlalry rr)]yrll_dln_e type _(rjesw; acts as s_n'gn hexc_hangg_frfesm In
were nitrides or oxides, was dissolved in alcoholic nitric acid th€ alcoholic nitric acid solutions. This behavior is different

solutions, which are adjusted to desirable concentrations. Thell the alcoholic hydrochloric acid solutiof].

concentration of each rare earth elements was 10 mmal/dm
A 10 cn? portion of this solution was fed into a 50 cm column
with a water jacket, packed with pyridine type resin. This
column was kept the temperature of 293 K. The column was
preliminarily conditioned with the 200 ciralcoholic nitric
acid solution similar in composition to feed solution. The
elution experiment was carried out at flow rate of 1084m
The 2 cnt portions of the eluate were fractionally collected.

3.2. Solvent effects

The chromatography experiments with constant the mix-
ture ratio of concentrated nitric acid, 30 vol.%, were carried
out with changing the adding methanol ratio. The methanol
concentration effects on distribution coefficient of rare earth
elements are shown iRig. 4. The distribution coefficients

Rare earth elements in these eluate samples were analyzeﬁf all rare earth elements exponentially increase with the

by ICP-AES (OPTIMA 3000, Perkin Elmer Inc.).

3. Results and discussion
3.1. Separation behavior in the present system

The typical result of rare earth separation by using chro-
matogram are shown iRig. 2 This chromatography exper-
iment was carried out with using the methanolic nitric
acid solution of composition ratio, concentrated nitric acid
solution:deionized water:methanol =3:3:4. The lanthanides
are eluted in reverse order of atomic number. In this sep-
aration experiments, yttrium was also used, although its
peak was not shown iirig. 2 because the yttrium peak
overlapped the lutetium peak. The distribution coefficients
calculated from this chromatogram, including yttrium, are
shown inFig. 3. The distribution coefficients are defined as,
Kq=(Vm — Vg)/VR, whereVy, Vs, and VR are the volume
of effluent at elution peak, the dead volume of resin column,
and the volume of resin, respectively. The ionic rgii] of
rare earth elements were usedyaaxis in this graph. This
result shows that the elements with large ionic radii have the
high distribution coefficients. The eluted order of rare earth
elements inFig. 2 was governed by the ionic radii, i.e. the

increase of the methanol ratio. The separation factors, which
can be calculated by the ratio of distribution coefficients,
also increase with the increase of the methanol ratio.

The chromatography experiments with constant the mix-
ture ratio of methanol, 30vol.%, were carried out with
changing the nitric acid concentration. The nitric acid

10% : : | .

=
O_

Distoribution coefficients, K,

0.09 0.095 0.1 0.105

lonic radii / nm

Fig. 3. Relation of distribution coefficients and ionic radii of rare earth
elements. Distribution coefficients were calculated by results of chromatog-
raphy described ifig. 2
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Fig. 4. Methanol effects on distribution coefficients. Volume ratio of con- Volume ratio of MeOH / vol.%

centrated nitric acid was kept in 30 vol.%. )
Fig. 6. Distribution coefficients with varying the mixture ratio of concen-

. L . .. trated nitric acid solution and methanol.
concentration effects on the distribution coefficients are

shown inFig. 5. From this figure, we can see that the distribu- in nitric acid solution. The separation factors have same ten-
tion coefficients of the heavier lanthanides, from samariumto dency of distribution coefficients.
lutetium, monotonically increase with the increase of nitric  The chromatography experiments were carried out with
acid concentration, while the distribution coefficients of the changing the mixture ratio of the concentrated nitric acid
lighter lanthanides, from lanthanum to neodymium, have solution and the methanol. The distribution coefficients with
the peak. The positions of peak are moved to the highervarying the mixture ratio of concentrated nitric acid and
ratio of methanol with the increase of atomic number, i.e. methanol are shown iRig. 6. The distribution coefficients
from lanthanum to neodymium. We expect that the heav- and the separation factors increase with the increase of
ier lanthanides have also peak of distribution coefficient in the methanol volume ratio. We confirmed that the heavier
the higher methanol concentration solution. The tendency lanthanides can be sufficiently separated by increasing the
of these adsorption behaviors are similar to the adsorptionmethanol ratio. The chromatogram of heavier lanthanides
behavior of rare earth elements on the general strongly basiccarried out with 90 vol.%-methnaol/nitric acid mixed solu-
anion exchange resin, i.e., quaternary ammonium type resin tion is shown inFig. 7. In additional remark, the lighter
lanthanides than gadolinium were strongly adsorbed on the

. . . . . . pyridine type resin, and so these elements were eluted by
the diluted nitric acid solution. In this figure, the heavier
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Fig. 7. Chromatogram of heavy lanthanides in the separation experiment
Fig. 5. Nitric acid concentration effects on distribution coefficients. Volume  with highly adding methanol into the nitric acid solution. Mixture ratio of
ratio of methanol was kept in 30 vol.%. HNO3; and MeOH is 1:9 in volume ratio.
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T dehydration from rare earth elements. This alcoholic species
effect on the adsorption and separation is similar to the behav-

ior of lanthanides and actinides in alcoholic hydrochloric acid
solutions[9].
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4. Conclusion

The chromatographic separations of rare earth elements
by using the tertiary pyridine type resin with the alco-
. holic nitric acid solution were investigated. We confirmed
that the rare earth elements can be separated in this sim-
0.085 0.09 0.095 01 0.105 ple and easy system. The distribution coefficients of rare
earth elements are governed by the ionic radii of their ele-
ments in the nitric acid solution system, and this result
Fig. 8. Influence of alcoholic species on adsorption behav@rmethanol, shows that the tertiary pyridine works as anion exchange
O: ethanol,00: 1-propanol. The mixture ratio of alcohol is 20vol.%. The functional group in the nitric acid solution system. The
volume percent of concentrated nitric acid solution is 30%. distribution coefficients and the separation factors strongly
depend on the methanol concentrations. Most suitable com-

lanthanides are well separated, especially from erbium to POSition of methanol and nitric acid has to be varied by
gadolinium, these elements are almost completely separated.seParat'ng objects, the light lanthanides or heavy lanthanides.

Although the Iutetium and the ytterbium is not separated in The alcohol with highest distribution coefficients is ethanol.
Fig. 6and the elements from erbium to lutetium are not com- This fact means that the distribution coefficients are not

pletely separated ifiig. 7, it is expected that the resolution €Xactly increased by the addition of the solvent with high

is able to be made higher by adding the methanol of the extra®ganicity.
higher mixture ratio.

From the above results, the mixture ratio of methanol was
confirmed to affect the adsorption behavior of rare earth ele-
ments on the tertiary pyridine type resin. Arisakam et al. was [1] H. Hubicka, D. Drobek, Hydrometallurgy 47 (1997) 127
confirmed by using the time-resolved Iaser'in_duce.d ﬂuqres_ [2] s. Nishihar:na,. N. Saki’aguchi, T. Hirai, |. Komasawa, Hydrometal-
cence spectroscopy that the number of hydrations inthe inner -~ yrgy 64 (2002) 35.
sphere of europium decreases with the addition of methanol [3] M. Steinmann, P. Stille, K. Mangel, B. Kiefel, Appl. Geochem. 16
in hydrochloric acid solution with lithium chloride system (2001) 351.
[12]. In the nitric acid solution system, similar phenomenon [ M'RGrSe"_r" J'Chva” Be”’T' i:%zpozm,lp.za;/roon, M.C. van Soest,
is e>_<pectgd to pe_also observed. We inferth_at the coordination (5] SH Lez\fliﬂs.’YFSEfT 'ch;géc'hoi’ J(.S(.)?an:,%B.-C. Song, K., Jee, W.H.
of nitrate ions in inner sphere of rare earth ions are promoted ~ * kjm, Anal. Chim. Acta 428 (2001) 133.
as a result of the dehydrations from the rare earth ions by [6] Y. Koma, T. Koyama, Y. Tanaka, J. Nuclear Sci. Technol. 36 (1999)
adding the methanol into the nitric acid solution. 934.

The chromatography experiments were carried out with [7] T. Suzuki, M. Aida, Y. Ban, Y. Fujii, M. Hara, T. Mitsugashira, J.

the ch ina the additi | alcoholi . . th | Radioanal. Nucl. Chem. 255 (2003) 581.
€ changing the additional alcoNOIIC Species, 1.e., MetNanol, (g) A keda, T. Suzuki, M. Aida, K. Ohtake, Y. Fuijii, K. Itoh, M. Hara,
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