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Table 1 Li* and Na* uptake of chromium phosphate, H-MCP

Li*t solutionb) Li*, nNat solutionC)
Sample Eluted—Li*i) Li uptake Li uptake Na uptake separaté?n

(equiv mol™™) (equiv mol™ ™) (equiv mol™") (equiv mol™™) ratio
[%] [%] [%] [%]

H-CrCP 2.58 1.30 ' 1.24 0.05 24.2
[86.0] [50.9] [48.3) [2.0]

H-ALCP 3.00 2.16 2.05 0.05 40.2
[100] [71.9] [68.4] [1.7]

H-FeCP 3.00 2.19 2.15 0.29 7.4
[100] [73.1] [71.7] [9.7]

H-InCP 2.77 2.05 1.96 0.09 22.9
[92.3] [74.0] [70.9] [3.1]

H-TiCP 2.50 2.14 2.11 0.17 12.6
[100] [85.7] [84.3] [6.7]

H-ZrCP 2.41 1.73 1.65 0.13 12.2
[96.4] [71.8] [68.3] [5.6]

sample:0.15 g, buffer solution 200 ml, room temperature, 3 days.
H-CrCP:Hz‘58Lio'42Cr2(P04)3, H-AlCP:H3Alo_5Cr1‘5(P04)3, H—FeCP:H3Fe0'5Crl‘5(PO4)3,
H—InCP:Hz.77Li0.23Ino_5Cr1.5(P04)3, H—TiCP:H2.STio‘sCrl's(PO4)3,
H-ZrCP:Hp 41Lig. 09270.5671.5(POq) 3.

a) Treated with 1 mol dm™3 HNO3 for 2 weeks.

b) Treated with buffer solution containing 1 mmol of Li* for 3 days.

c) Treated with buffer solution containing 1 mmol of Li* and Na‘ for 3 days.

d) separation ratio = Li uptake [%] / Na uptake [%]
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WITEREST L0, B2 OEEE Fig. 1 Relation between clectronegativity of guest cation
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Table 2 The amounts of eluted-Li¥ of L-TiCP and adsorbed-Li* or Na®

on to H-TiCP

Li* solutionb) Lit, Na* solution€)
Eluted-ri*2) Li uptake Li uptake Na uptake
X (equiv mol'l) (equiv mol-l) (equiv mol™") (equiv mol™ ™)
[%] [%] [%] [%]
0 2.58 1.30 1.24 0.05
[86.0] [50.4]
0.5 2.50 2.14 2.11 0.17
[100] [85.7]
1.0 1.84 1.69 1.65 0.34
[92.0] [91.8]
1.5 0.59 0.47 -0.699) 1.26
[39.3] [79.7]
2.0 0.19 0 -0.119) 0.11
[19.0] [ 0]

sample:0.15 g, buffer solgtion 200 ml, room temperature, 3 days.

a) Treated with 1 mol dm~

HNO3 for 2 weeks.

b) Treated with buffer solution containing 1 mmol of Li* for 3 days.
c) Treated with buffer solution containing 1 mmol of Li* and Na* for

3 days.

d) Lattice Li% was eluted. .
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Table 3 Li-uptake from Oita sea water (pH 7.8)

Metal Initial Metal ion Concentration
ion concentration uptake factor?®
(ppm) (umol/g) (1/kg)
Li 0.11 102 6400
Na 9060 1646 4.2
K 330 52 6.2
Ca 280 6 0.9
Mg 1250 25 0.5

Sample:H2.5Ti0'5Cr1.5(P04)3 0.15 g, shaking at room

temperature for 7 days.

a) Concentration factor

amount of metal ions in exchanger (g/kg)
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miglc. KoEAEREHWE
Li*E U E Bk D5 R % Table 3127
T o IKENFFTNAVETH- 72
72 ORBRFIOFFEE» SN T,
EIREY I Litom»irbhiz e
WZ 5o FrlC KD HEMMEAK TIELL
D PESEARBE 6400, ah2ld 1500
B, ZOfEE. THhETIZH
ISR U YT LAA Y E
FlOoBTHREDETHDH. T2,
ZOMMDOEREIZFLTHEWSD
BEREE N T,
XTARMEOEMIE. SaER
MR F o LEINAIERRT 2 L
EHIT BEBEWICIEY T LT
VERMAED A A KB S
MIZT B2 THH €I TYTF
TLDAF BB A FIZDONT
EBRT LD EYIINaZY
LDTLL NMRERIEL 72, i
LClELiZr=(P0u) & Hln., T
MRS KB CHR=<z7a by

concentration of metal ions in sea water (g/I1)

.35ppm

-1

Li content

=
ey (a) 1.00
o
O
> .
e o
- ! - Li(1)site
0
=
0
L[ Li(2)site -
o
—
(b) 0.77
(c) 0.53
(d) 0.05
| I |
5 0 -5
PPM
Fig. 8 "Li NMR spectrum of Li, H Zr,(PO ), [0<x<1]
system.
(a) (Li )Zr,(PO,),

(b) (Liy5;H,,5)Zr (PO ),

(0) (Lij g3 Ho ) Zr, (PO )y

(d) (LigosHg 49 Zr, (PO ),
(a)—(b)—(c)—(d)

—229—



LLTA A U RMEOERL BH
MEOHAMEEHEHL. VF UL
»rabreAFrRWING
EDFTEART FIVDOEILE L
TeBRAE FRIFFREICT
o b ofbL k2 Re i) F
D AEL T FARRIC AT ML
DB %1T->77, WEFRMEE L
Tl H¥EWHEIZ 1.0M LiCluk
BHE v BME RER9T Mz,
HERE293 Ko NV RXIE68 u
sec. FEEMEE1024mME L 7~
FDOANRY N EFig. 8B LU
Fig. 9lcmnd ., TFig. 8(a)izm
ENsH LS. SEBPEL EY
VBRI 2= . LiZrz(P04)o
WIEIREO R 2 2HD ) F

D LISIFET B hr o,

IhozenEn. ¥4 D)
:=1.35 ppmn. W (2):-0.60
ppm& g HE . ERENDOY A
MAIET ) F7ald7a b
VEDRBODHGEN R B2
Ebhrot, bbb HEE
IKIEWZE A WT A %17
S& . Lit—=H"DA A &
#1745 (Fig. 8(a)—>(b)—~>(c)
=) IZohT. mUITY A
F(1) DRRZ BIVBREEHESD
MIZIET L. Y1 FOPFEEFE
HELZ®E 0 b1 A
Tz, )F U LEROE
Gk, ERVHEGTT 5L (Fig.
9(d)—=(e)—=()) B ) F
T aEY A B (2) IZEEMICA
S2TWALDSIZRZIFSN . %

-0.60ppm
-1.35ppm

Li content

>
s
‘ol Li(2)site - .-/ (£) 0.70
8
e -~ Li(1)site
- (e) 0.28
(d) 0.05
] | '
5 0 .
PPM
Fig. 9 "Li NMR spectrum of Li,_H Zr,(PO), [0<x<1]
system.
(d) (Lig o Hy 50 Zr, (PO ),

(e) (Lig,5Hy5,)Zr,(PO,),
(D) (Lig0Hy 30)Zr,(PO )y
d)—(@)—(D

Fig. 10 The principle structure of the NASICON
framework including the two interstitial
Li sites.

—230—



Bz 4 PO D DERULEERTD XX 7 hIVFig. 8L IZIEEUS I ICEET 505
4 FDIEMODINBEEZTUPEIELED» D,

X T ARMUHILIZr2(P04)alE . POLUTAIZ Lo TERENA—EDORE S DRDOPITLL
DT DIEREEDLIA A VEBRTHD . EEFNICELS2200LiY 4 F (@Y
L rBLUMYA e D) MBEFEET S, (Fig. 10) SELI NMRAIEIC L - THELN
E2RDARY ). (D)ZFREFROY A FZRLTWAAEEEIEZSE W, Zhizxl
T LiZrz(POu)slE B RRE MR IENE B IC & > THSEENZLd 5 (NASICONE & % \»
ik B-REEE Sk (DS ) e BT TicleonTnd, 22 CHM1000°CTHEL L 72Lilre-
(P04) stk NASICONEY 535 & BTl sk (IDESEDRAMTH A WHEME DB D . £ D 2FHHED
EEREEOLIY 4 FMBNRARZ ML Lz e EXENDE, WIRDBEIZEWT
HFig. 88 L UTFig. 9o b5 LS. ¥ 7 ME-0.60 ppnicB@in 291 (22 F U
LAOEWICHBITA2EELRY A MTHED. 2OV A POEIGEBRIELILICTEDYTY
LAEWEHENE LT3 TH 3D EHETESD, B, Lilra(P0)sZPLICERE ) VIEE
BEOFAMEELILIE. ¥4 MDOEQOEEGZHMT D HEEZRFAFTH S, XM
RHEELYF I AL URMEHE OEEIZOWT OB L TW S,

(S1DFE]

DLEBRARZE S, TiFEIZIrE —HEBR U ZHaoM «Crz-x(P0a)s [M':T1, Zr] ikl
FULIHUTEWEREZRL. KOBRBA» 6OV F I LAMRERTORD TEN
FIERMEBEONE, EEBEMANREEICELD . A4 RBICHES T 2EEFOT T Y LD
ZEZHHEICT HOOFESIPD ZGFE,

. REFABEEL X TAKRL ZLIZr(P04)s 2 A WT .. X 5 IZHMZXRDE L O BEAF
NMROBIEZ T TWDo £EIrDO—EZE MO EE TEIAELR L 72 RI12D W THEIRICNMR
BEXTODENBLLEZT WD, 2o OEBIIEDIENIZIE. HooxM xCr2-x(P04)s
[M:Ti, Zr] % AW CLiOH-LiClI§EZTW. 78 b4 FOBBEOMER. H 50
WBAA Y I7uv hNT ST 4 —%2AWT, A4 YXBBABEROTHOERE OB Z AT
2o FHaouM wCra-x(P0s)s [M:Ti, Zr] OIREIER EEFH-NMREIEIZL 57 02
4 FOBIF B EEFELTCNWS, TEREA L VEEREDHIELENVWEFTZTWNS, &5
o heDHIREE b eIz, Lilrz(P04):c 2 li&B %2 BMEAL 2501 F v RREE
ZOWTHHEETI2LEND 5,

—F . FHRAPSOEBIZOWTIE. ChETEFRE AL VOZEIZOWTHRZED
CTEEDT. 2%k 4> (Cl7,HC0s™,HP0427,80427,8i02 " EDIZDOWTHTAET 5
reblc, BEATHENRBOKRE WAL URBKZFRT HILENH LB DN,

—-231—



(&M ]

1.

4.

Ion-Exchange Properties of Li Ion Conductor, LiTixZrz-.(POs)s, Y. Mizuhara, K.
Hachimura, T. Ishihara, N. Kubota, T. Hano, F. Hori, and Y. Takita, Chemistry
Letters, 1992 1271 (1992).

DF Y LICEEREERIHLWY VT O ARSI UBREORRE. AAMEFER A

M E - F R EYESERSEASHEE (ANREE. KEHRMNF. GFEC.
2 R EE . EHMHIE. 1992.10.13~14) .

NF I LAF VEBERERWEFRY F U AL LBAEORTE. B8 MHAA AT

TR R LW CRFmMT . AMTIER . AEED . ARMHEE . My R
RO VE. 1992.10.15~16) .

UVESEEICE kP D) F AERL) . HAWKEXEUEREETE
GRIBEIF . AR saR. /EECS . Ml e, Rig{T5h. 1993.6.9~11) .

~232-



Ion-Exchange Properties of Metal Phosphates 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

Sea water is a good source of lithium, which is a most
important material to resolve many energy problems in the near
future. We reported in the last period, that the lithium selec-
tivity was greatly enhanced by a partial replacement of the

Zr4+ 3+ or Fe3+

site with Cr ion for the ion-exchange proper-
ties of HZrz(PO4)3.
In this study, various metal ions Zr4+, Ti4+, Fe3+, A13*

and In3*

were substituted for H3Cr2(PO4)3. Li3_XMXCr2_X(PO4)3
(L-MCP) [M:Zr, Ti, Fe, Al and In, O<x<2] compounds were pre-
pared by conventional solid state reactions, heating a mixture
of LiCO3, Cr,05, H3PO4, and other metal oxides in a stoichio-
metric ratio at 1000°C. The ion-exchange experiments on L-MCP
or H-MCP [H3_XMXCr2_X(PO4)3] were carried out by a batch meth-
od. Subsequently, it was revealed that H2.5Tio.5Cr1.5(PO4)3
showed high lithium selectivity in buffer solution. This mate-
rial has been applied to recover lithium from Oita sea water
with high concentration factor, 6400 1/kg.

We measured ’/Li NMR for various compositions of
HyLijy_,2roy(POg), [Ogx<l] at room temperature to explain the Lit
behavior in the solid materials. When x=0, the compound
Linz(PO4)3 had two kinds of Li-sites, as comfirmed by NMR. One
is -1.35 ppm [site(l)], another is -0.60 ppm [site(2)]. Accord-
ing to the progression of Li* - H' ion exchange in HNOjz solu-
tion, site(l)-Lit decreased faster than site(2)-Li%, and
site(2)-Li+ did not show signs of weakning until site(1l)-Li™t
had vanished on the NMR spectrum. On the other hand, when HY -
Lit ion exchange in buffer solution containing 5 mM Li%, only

site(2)-H' was replaced with Li% rapidly.
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