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Table 1 1i* and Na© uptake of Zirconium Phosphate, H-MZP

o+ . L+ + .
. Li solutlon+ N Li , Na iolutlon
Sample A -site Ii -site,total H -site 1i -site,total Na -site H -site
[%] [uptake] )

H-2rZP 0.76 0.73 0.27 0.42 0.32 0.26
[75.8] [0.49] [0.18]

H-TiZP 0.91 0.94 0.06 0.44 0.48 0.08
[91.0] [0.85] [0.35]

H-CrzZP 1.48 0.86 0.64 0.46 0.24 0.80
[98.5] [0.84] [0.44]

H-FeZP 1.48 1.16 0.34 0.80 0.32 0.38
[98.9] [1.14] [0.78]

H-A1ZP 1.50 0.49 1.01 0.10 0.27 1.13
[100] [0.49] [0.10]

H-YZP 1.46 0.48 1.02 0.11 0.46 0.93
[97.3] [0.44] [0.07]

Sample : HMO 5Zr1 5(PO4)3 [M:Zr,Ti] and HZ.SM 1‘5Z1:O.5

(PO4)3 [M':Cr,Fe,Al,Y]
Metal ion siteé / mdol/mol-adsorbent
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Lit or Na® uptake
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Fig. 1 Relations between ion-exchange
ratio and x value for the
Aq,xCrx2rp_x(POy4)3 [A:H,Li,Na]
(02xx2).
O:Li*-»H*+ exchange in 1M HNOj
@:H"5Lit in 5mM Li solution
O:H*5Li* in Li+Na solution
A:H*3Nat in La+Na solution
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Fig. 2 Relations between alkaline metal uptake

and x values for the Hy, xCryZry_(POy)3

[0&x¢2]. a) 5 mM Li* solution, b)

Lit + 5 mM Na* solution.

V/A: 1i*, B : Nat,[__]: H*
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amount of metal ions in exchanger mL solution
Ka(nl/g) = - - X

amount of metal ions in solution g exchanger
Ka(Li*)=12317, Ka(Na*) =176,

alil =Ka(Li*)/ KaNa*)=30.3
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Fig. 3 XRD patterns of a) fresh
calcined L-CrZP, b) acid
treated a), and c¢) Li*
exchanged b).

sample:Lij; 5Crq 52r(, 5(PO4)3
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Fig. 4 Time dependence of adsorbed it or
Na*-amount on Hy gCrq 52Zrg 5(POg)3-

adsorbent 0.15 g, O: Li*, A: Na* in
5 mM LiCl + 5 mM NaCl solution.
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Fig. 5 Effect of pH on the adsorption of
Li or Na on Hp 5Crq 5Zrg_ 5(P0yg)3.
Adsorbent 0.15 g, (Q:Li*, A :Na+ in

5 mM LiCl + 5 mM NaCl solution, shaking
time 72 hr.
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Fig. 6 Li* uptake of H, 5Crq_ s5Zr(. 5(PO4)3 from 5 mM
Li* solution.
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fig. 7 Relation between Na/Li molar

ratio and lithium uptake.
sample:H; 5Cry s52rp.5(PO4)3
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Table 2 i* uptake from Yamaga Hot Spring and Oita Sea Water

Yamaga (pH 7.9) Oita (pH 7.8)

Initial Metal ion  Conc. Initial Metal ion  Conc.

conc. uptake factor conc. uptake factor

(ppm) (umol/g)  (1/kg) (ppm)  (umol/g)  (1/kg)
Li 45 2088 322 0.13 140 7475
Na 11070 4195 8.7 9360 3606 8.9
K 800 166 8.1 415 40 3.8
Ca 320 291 36.5 102 27 11.0
Mg 306 273 21.7 1212 47 0.9
Sample:HZ.Scr1,Ser.S(PO4)3 0.15 g, shaking at room temperature

for 7 days.
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Ion-Exchange Properties of Zirconium Phosphate and

Its Application for Recovery of Lithium from Seawater

Yusaku TAKITA, Tatsumi ISHIHARA, and Yukako MIZUHARA
Department of Applied Chemistry, Faculty of Engineering,
Oita University, Oita 870-11

Summary

Linz(PO4)3 is one of the good Li ion conductor. It has
been definitely shown that metal substitution for Zr has a
influence on the ion-exchange properties of Linz(PO4)3.

Li1+xMXZr2_x(PO4)3 (L-MZP) [M:Fe, Cr, Al, Y, 0Ogx<2] com-
pounds were prepared by conventional solid state reactions,
heating a mixture of Li,Og, ZrO(NO3)2.2H20, H3POy4, and other
metal oxides in a stoichiometric ratio at 1000°C . The ion-
exchange experiments on L-MZP or H-MZP [Hl+xMXZr2_x(PO4)3] were
carried out by a batch method. A known quantity of L-MZP was
suspended in 1 M HNOj solution. After the suspension was
stirred at room temperature, H-MZP was separated by a mem-
brane filter and dried in air. Thereafter, a 0.15g of H-MZP was
immersed in buffer solution, containing 5 mM of Li* and/or Na®t.
The concentration of alkaline metals in the filtrate was deter-
mined by adsorption spectrophotometry. The amounts of adsorbed
metal ions were calculated from initial and final concentra-
tions in buffer solutions.

The lithium ion conducting material, Lil+XMXZr2_x(PO4)3,
is a solid solution in which replacement of Zr4+ by other
metal ion species takes place. The species and amount of metal
ions, introduced into the A1+XMXZr2_x(PO4)3 (A:H, Li), strongly
affects the ion-exchange properties of the materials. H-CrzZP
and H-FeZP (A=H and M=Cr or Fe) showed high Lit selectivity in
buffer solution. In addition, the structures of H-CrZP were
extremely stable in acid solution, in the region of Og<x<2. The
material H-CrzZP with x=1.5 has been applied to recovery
of lithium from Yamaga hot spring and Oita sea water. This
material showed extremely high Li* selectivity in these

natural water.
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