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Antimonic acid with the monoclinic structure, M-SbA, which had a high selectivity for the
lithium ion among alkali metal ions, was prepared by extracting lithium ions from LiSbO3;
through ion exchange with protons and its lithium isotope selectivity has been studied.
M-SbA underwent the reversible monoclinic-orthorhombic structural change upon
desorption-sorption of lithium ions while it showed the irreversible monoclinic-cubic
structural change upon sorption of sodium ions. Isotopically, M-SbA was a bLi-specific ion
exchanger. The "Li-to-5Li isotopic separation factor was slightly dependent on the kinds of
counterion in the solution phase of the batch experiments and the maximum S value
obtained at 25°C was 1.025. © 2000 Kluwer Academic Publishers

1. Introduction 0.12H,0 [5]. Lithium ions are considered to be sorbed
Lithium is one of the elements whose isotop8ls,  through ion exchange with protons, and thus M-SbA is
and’Li, have potentially important applications in nu- an inorganic cation exchanger [6]. In this paper, we re-
clear science and technologiLi may be used as a porton ion and lithium isotope selectivities of M-SbA.
coolant in nuclear fission reactors. In the future, lithium
compounds rich ifLi will be required for the tritium
breeder blanket in deuterium-tritium fusion power re-2. Experimental
actors. 2.1. Preparation of M-SbA

Various methods for lithium isotope separation haveM-SbA was prepared, referring to the method of
been developed and evaluated [1]. lon exchange chrdzhitrakar and Abe [5]. The preparation procedure was
matography is certainly a candidate for a large-scale erbriefly as follows. 1200 crhof 1 M (M = mol/dn¥)
riched lithium isotope production. In this method, com- lithium hydroxide solution was added to 40 tof 4 M
mercially available organic ion exchangers are usuallyantimony pentachloride solution. The resultant mixture
used as column packing materials and lithium isotopesolution was kept at 60C for two days, which yielded
effects on the order of 1§ are obtained [2]. It is es- the precipitation of LiSb(OH) The precursor of M-
sentially important to achieve larger isotope effects inSbA, lithium antimonate with the orthorhombic struc-
order to make a chromatographic separation system bere (LiSbQ), was obtained by heating the precipita-
of higher performance and more attractive. tion at 1100 C for four hours. M-SbA was prepared in

Some inorganic ion exchangers and sorbents have chromatographic manner by extracting lithium ions
high selectivity for one of the lithium isotopes. They from the precursor through ion exchange with pro-
include a sorbent prepared by extracting lithium ionstons using 11 M HN@ at room temperature. In the
from LiMn20O4 [3] and a sorbent prepared by extract- present study, we used M-SbA samples with the degree
ing magnesium ions from M@§InO, [4]. These sor- of lithium extraction of more than 98% and stocked in
bents have high selectivity for the lithium ion among a silica gel desiccator for various experiments.
alkali metal ions and showed lithium isotope effectsone The identification of M-SbA and its precursor was
order of magnitude larger than those of organic ion experformed by powder X-ray diffraction and subsidiarily
changers did and could be column packing materials oby infra-red (IR) spectroscopy.
chromatographic lithium isotope separation systems.

Antimonic acid with the monoclinic structure, here-
after designated as M-SbA, which is obtained by ex-2.2. lon selectivity
tracting lithium ions from LiSb@, may be another 0.1 g of M-SbA was placed in 25.0 énof a NH;OH-
alternative to organic ion exchangers. The chemicaNH,CI buffer solution of pH=9.18 containing alkali
formula of the pure M-SbA is expressed as HghO metal and magnesium ions at 1.0 mM at°g5 After
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equilibrium was attained between the ion exchangewhere {Li/8Li) souionis the isotopic ratio in the solution
and the solution phases, the ion exchanger was sepghase and’(i/®Li) m-spa is that in the ion exchanger
rated from the solution by filtration. The amount of ion phase, was estimated to evaluate the magnitude of the
sorbed was calculated from the concentration differ{ithium isotope effect under the given experimental con-
ence of the solution phase before and after the equilibditions. The absolute value 8— 1 represents the mag-
rium. The distribution coefficient(yq (cm®g), of each  njtude of the lithium isotope effect, and by definitisn
ion defined as, is larger than unity whePLi is preferentially fraction-
ated into the ion exchanger phase.

Kg =

the amount of the ion sorbedpk g ion exchanger

the amount of the ion remaining per 1 €solution

3. Results and discussion

was then estimated to evaluate the ion selectivity of-1. Powder X-ray diffraction patterns
M-SbA. In Fig. 1, we show the powder X-ray diffraction
(XRD) patterns of M-SbA, lithium-sorbed M-SbA,
sodium-sorbed M-SbA and the precursor, LigbThe
XRD pattern of our M-SbA (Fig. 1b) is identical

ith the one given in the literature [5] and so is the

spectrum. The lithium-sorbed M-SbA retained the

2.3. lon uptake

The ion uptake was evaluated as the amount of that io
taken up from a solution with the metal ion concentra- _ . .
tion of 0.1 M. 0.1 g of M-SbA was placed in 10.0 m monoclinic structure (Fig. 1d) as long as the lithi-

of the solution at a given temperature. After the equilib—um uptake is small, but it changes its structure from

: : : he monoclinic one to the orthorhombic one (Fig. 1c),
rium, the amount of ion taken up by the ion exchangerI . .
was calculated from the concentration difference of thqtirt]ﬁijrthugutjgié_:ﬁsggg:eiiiességlsgér\l/zzic[)i] éwpeeenst\r/]vieth
solution phase before and after the equilibrium. b ) 9

that reported by Kanzalét al [9]. The monoclinic-

orthorhombic structural change is reversible; if lithium
L ) . ions are re-extracted from the lithium-sorbed M-SbA
2.4. Lithium isotope selectivity with the orthorhombic structure through ion exchange
Experiments were conducted batchwise. 0.1 g of Myith protons, the lithium-re-extracted M-SbA restores

taining solution at a given temperature. After equilib-  The sodium-sorbed M-SbA also retained the mon-
rium was attained between the ion exchanger and thgc|inic structure (Fig. 1f) as long as the sodium up-
solution phases, the ion exchanger was separated frofie is small, but its structure changed to the cubic
the solution by filtration. The ion exchanger was thengne (Fig. 1e), the structure of the cubic antimonic acid
decomposed with conc. HCI containing potassium ioshows [10], when the sodium uptake is increased. Con-
dide (KI 1 g per HCI 50 crfl) at 80°C, referring 10 {rary to the lithium sorbed M-SbA, the sodium-sorbed
the method of Edstrand and Ingri [7]. About 15%0f ~ \1.SpA with the cubic structure does not restore the
the decomposing agent was required for 0.1 g of thgnonoclinic structure, keeping the monoclinic one even

lithium-sorbed M-SbA and it took about 20 h to com- i sodium ions are re-extracted from the sodium-sorbed
plete the decomposition. 2 éraliquot of the resultant  \j_gpA.

solution was placed on a cation exchange resin bed in \1_SpA is thus not very stable against metal ion up-

the H" form packed in a chromatographic column andigke. We note however that M-SbaA is stable at least for
eluted with 0.5 M HCI. The portion of the effluent con- months in a silica gel desiccator.

taining only lithium ions as cationic species (except for
protons) was collected. After its volume was reduced

by water evaporation, the collected portion of the ef-
fluent was passed through an anion exchange columsg, 5
yielding a lithium hydroxide solution. To this solution |, Fig. 2, we depicted ion selectivity of M-SbA ex-
was added an excess amount of hydriodic acid to Obf)ressed fn terms df 4 values at 25 and 9. M-ShA

tain a lithium iodide solution. The lithium concentra- ¢,qs the high selectivity for the lithium ion among
tion of tge solémon was finally adjusted t°d0'15 M and 5 ali metal ions as has been reported [5, 6] and is thus
was subjected to mass spectrometry to determine thgn;,m_specific. This has been ascribed to the ion-sieve
Li L.' Isotopic ratio of t_he lon exchanger phase. Theproperty of M-SbA [6]. The ion selectivity sequence at
chemical form of lithium in the solution phase was sim- 90°C agrees with the sequence obtained by pH titration
ilarly converted to lithium iodide and was subjected to ;; 35.c [6]. TheK 4 value for the lithium ion of our M-
mass spectrometry. The isotopic ratio in the two phaseg, o is 12300 crig at 25°C and is equivalent to those

were megsured with the surface ionization techniquey qiher lithium specific sorbents [3, 4, 11, 12]. The se-
on a Finnigan MAT 261 mass spectrometer [2,4]. —acivity for the magnesium ion is very low compared

7 i-t0-6Li i : i :
The ‘Li-to-"Li isotopic separation factof, defined tha¢ for Jithium ion in spite of the fact that the ionic
as, radius of Mg+ (71 pm) is very similar to that of ['i (73

. . pm) [13]. This indicates that the size of sorption sites
S = ("Li/"Li) solution/ ("Li /°Li) m-sba is not the only determining factor of ion selectivity.

lon selectivity
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Figure 1 Powder X-ray diffraction patterns of LiSBOM-SbA, Li-sorbed M-SbA and Na-sorbed M-SbA. (a) LiSh@) M-SbA with no Li or Na
ion uptake; (c) M-SbA with the lithium uptake of 5.74 mmol/g; (d) M-SbA with the lithium uptake of 2.29 mmol/g; (€) M-SbA with the sodium
uptake of 2.53 mmol/g; (f) M-SbA with the sodium uptake of 1.11 mmol/g.

5S¢
1107 LiOH
[ @ 0:90°C LiCl
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: : ®:25%C NaOH
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§ 0’k NaCl 25 °G
= i :90 C
) : o MgCl, L]
e
S 1x10%F ° 0 ] 2 3 4 5 6
i 0 Metal ion uptake (mmol/g)
1L Figure 3 Metal ion uptake. A 0.1 g aliquot of M-SbA was immersed in
1X10 F ® (@] 10 cn? of an aqueous solution containing 0.1 M metal ion.
i ; °
IXIOO . . & i L 3.3. Metal ion uptake
Li Na K Rb Mg In Fig. 3, we show amounts of metal ions sorbed per
Element 1 g of M-SbA under various conditions as histograms.

Comparing at 25C, the lithium uptake is larger than the
Figure 2 Kq values for alkali metal and magnesium ions. The symbols SOdium uptake both for hydroxide and chloride systems.
with an arrow denote that the data are located below theldf line. This is consistent with the results on ion selectivity
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above. The maximum Li uptake of 5.74 mmol/g is ob-0.10 M LiOH solution at 25C should be compared
served for the LiOH solution at €. This is nearly with those obtained for the other inorganic lithium-
equivalent to the value of the maximum exchange caspecific sorbents and organic ion exchangers under
pacity of 5.78 mmol/g theoretically expected for purethe similar experimental conditions. Three manganese-
HSbG; - 0.12H,0 assuming that lithium ions are sorbed oxide-based sorbents prepared by extracting lithium or
solely through ion exchange with protons. magnesium ions from manganese oxide frameworks

The sodium uptake from the NaCl solution at°@  showedSvalues of 1.007-1.015[3, 4, 16]; a zirconium-
is relatively large. The M-SbA sample after this sorp-phosphate-based sorbent had$halue of 1.009 [17];
tion experiment had the cubic structure. It is knownand organic ion exchangers had values of 1.001-1.002
that the cubic antimonic acid is sodium specific amond2]. Thus M-SbA brings about a lithium isotope ef-
alkali metals [10]. This is probably the reason for thefect which is about ten times larger than those exhib-
relatively high sodium uptake. ited by organic ion exchangers and is larger than those

The magnesium uptake is extremely small despitef the other lithium specific sorbents so far examined.
the similarity in ionic radius between the magnesiumM-SbA thus seems superior to manganese-oxide-based
and lithium ions [13]. This is consistent with the ion sorbents as lithium isotope separator in termsSof
selectivity above'H and’Li NMR studies [9] demon- value. It, however, has a serious drawback that it is
strated that lithium ions are sorbed onto M-SbA in thevery difficult to extract lithium ions sorbed on M-SbA,;
dehydrated state up to half-capacity of exchange capaevhile lithium ions sorbed on manganese-oxide-based
ity, indicating that the size of sorption sites in M-SbA sorbents are easily extracted by dilute acids like dilute
is about the size of the dehydrated lithium ion. The hy-nitric acid, itis very difficult to extract lithium ions from
dration enthalpy of the lithium ion is503 kJ/mol [14] M-SbA even by 11 M nitric acid without damaging the
and this energy barrier is not high enough to prevenantimony oxide framework of M-SbA.
lithium ions from being sorbed onto M-SbA. On the Table | also shows that a higher temperature results
other hand, the hydration enthalpy of the magnesiunin a smaller value. This is qualitatively consistent with
ion is—1908 kJ/mol [14]. This is probably high enough the prediction of the classical isotope effect theory [18].
to keep magnesium ions in the solution phase, and thu& comparison of Runs Li-1, Li-9 and Li-10 reveals the
the magnesium uptake is considerably small comparedffect of lithium concentration in the solution phase on
to that of the lithium ion. A similar difference between S value. An extremely high lithium concentration of
the magnesium and lithium ions was reported for thelO M (Li-10) seems to result in a small isotope effect
manganese-oxide-based lithium specific sorbent [15].compared to low concentrations. Similar results were

also observed for an organic ion exchanger [19].
Very recently, Inouet al. [20] reported in a short note

3.4. Lithium isotope selectivity that monoclinic antimonic acid showed the separation
The results of batch experiments on lithium isotope sefactor value of 1.030 at room temperature. This value
lectivity are summarized in Table I. Ti&values listed is larger than the values of 1.020-1.025 at@5n the
have standard errors 6f0.01~ +0.02. EverySvalue  present study beyond the range of experimental errors.
is larger than unity, meaning that M-SbA is isotopi- The reason for this discrepancy is at present unknown.
cally ®Li-specific and that stronger forces are acting on
lithium ions in the solution phase than in M-SbA. Runs
Li-1 and Li-2 were conducted to examine the repro-4 Conclusion
ducibility of the present experiments by repeating thetg symmarize, we make the following statements:
whole process of experiment starting from the prepara-
tion of the precursor, LiSb§ The results assure the ) o o
satisfactory high reproducibility of the experiments. 1. M-SbA shows the high selectivity for the lithium
A comparison of Runs Li-2 Li-5 indicates that the i0namong alkali metalions. I\_/I—_SbAchanges reversibly
lithium isotope effect is slightly dependent on the kind itS Structure from the monoclinic one to the orthorhom-
of counterion in the solution phase, and the maximunPi€ One with increasing lithium ion uptake. On the con-
Svalue of 1.025 was obtained for the lithium acetatelf@ry: its structure changes irreversibly from the mono-
solution at 25C. TheSvalue of 1.020 obtained for the Clinic one to the cubic one with increasing sodium ion

uptake.
2. The magnesium ion uptake is considerably small

TABLE | Separation factor values obtained compared to that of the lithium ion despite the similar-
Run no. Original solution Temp:C) S ity in ionic size between the two ions. This could be

attributed to the large difference in hydration enthalpy
Li-1 0.10 M LiOH 25 1.020 between the two ions.
Li-2 0.10 M LiOH 25 1.020 3. The maximumsS value obtained at 28 was
e 010 M LINOS > oS 1.025. This value is larger than those obtained for
Li-5 0.10 M CH,COOLI o5 1025 Manganese-oxide-based lithium specific sorbents un-
Li-6 0.10 M LiOH 90 1012 der similar experimental conditions. This is an advan-
Li-7 0.10 M LiCl 90 1.011  tage of M-SbA as lithium isotope separating agent over
t:'g 2-(1)0MML%:%COO'-‘ gg ig;g manganese-oxide-based sorbents, but it has a serious
Li-10 10 M Lion o5 1o1p drawback t_hat it is very difficult to extract lithium ions

sorbed on it.
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