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RA)DEZRLALTHBI DS, RBIEY Y H VIEDNTHA A+ Y RBHES & 5
LEBERME ) F oL T v RBEDBONI I L DB 2, AHRE S XRILY >
INERBYFULERELEE. TOOCTHRLT. ¥V INBRYF I AE2ERK L.
COMDOVFULAETOMN KBTI BLVF UL TV ICERREE & DEM A 4> i
ENBONB T L EBMELE O,

ARAELR=ATLABREBEDIERT 2P TP 2RI L. Bz TEHH 2 EAE
FRICHE S VF 7 L BE(18.7 ng/  )DEW. WREBERMBAED Thri< hBSRkL » b
DVFULOEARERALRER. KBMEBOAEL, REROPHOEILOB L RN 12,
COBRRKOEMERNERBR. SBORBAKRA LTV DBEEATVEII LD DR, 2
DEFEHRICLZ2OLEL, BECPILWEADS Y F 7 40K ED M2 ke
L=
2. EBA®

2. 1. 7VF BV VINEARBOER

FUFELY—I I NVEATHE (LLTLi-SbA-Tad) BROLISZEMLE. b EBRILY
VHANWEZBETUFEVEBEAKTENZNLEB L. 100-2008 v ¥ 2 I 2B WVWAIT L
TRRZ2BIEFARIEY VINEZRIL7ZVFEV2ZNZ20N0.1:0.9, 0.2:0,8\ 0.4:0.
6,0.6:0.4, 0.8:0.2 BLW 0.9:0.1DENVLETH+ALEAL, SHCZNLEEDR
BOFULEMATE S TABRL, BELE. BEWEZ VI FEHBOELHL D

-225-
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KEATVYRTVFELY—F VI NVESEH (LT H-SbA-TaA) 3#i{50.208 Z—F A
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[ R BN T TR SRS R B (L
7:0

7k@£¥5ﬁﬁ}%ﬁ)ﬁliTable 1.2 bt’.cti Element Sea water HotSpa
. BAKEBEIEIE-BL. VFUALLT Y (ma/h) (ma)
BYURBAREA LY B ENENRI00M. 15 cl 19,000 19,810
, Na 10,500 11,550
EEWT eBbholz, £z, BAROP HM S0z2 2650 1,350
Bl LTHEBESRKDOPHIZT.8 THb. i Mg 1,350 276
KOEFN KL LTHYTHBLERD . Ca 400 g44.8

K 380 441.7
2. 5. ML ODERKFBIEEBKFOD ) Br 65 70
F v A0 E IR Sr 8.0

B 4.6

Nb:Sb = 0.2:0.8 OH-SbA-Tah D —EE %

Li 0.17 18.7
rh. 60°CIlELE ThkbhiRRKk) £ HCO, 0.14 1,350.
FEkmicEzhzh—ERMAEEL. LEK Rb 0.12

I 0.06 5.7
DV F Y LEEEH 7. KDz

EEEHZEL % & % K& 7 Fe 0.01 50

oK., WE/ZHEBEE=100CR3&LD Ni 0.002
L TiFokiz. Mn 0.2

pH 8.1 7.8

*Tsuruoka Health Center Sep. 9. 1991
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H—REAWTHE L,
LiTBEEOWER S I —BFTHE (4h) BICPAHIEEBE TIPS 40002 AWV TH - 7=,

3. BRLEE

3. 1. H-SbA-TaA D&KL

EHRKICARILY VI NV E=ZBILTVFEVREAL. RBVFYLEESL, EBRL
ERR. —HORAPLRNE, HECEBERERER T EEIONE, £/, TUFE
CORFHEBEROERICEIEBLTN, M2 VECrb2, 82, H'YRIZLET
VFEVREIERMEZRTHY. S I INEBEB LZH-TaA-SbAZ T CIZHE L BRI T
FE&FRemllze 7VFEVRBVFUVLAIANARRTH D, -5 0 FNVBY Fm LA
FRADKEBEZTRT. LieXHoT, MEKEBKRZERT 2 LDPEIOND,

a2 ® Sh:Ta LETHESNIZLI-5bA-Tahk ODXBENOEZE, HEIEEE® Sh:Ta =
0.9:0.1 BLE §b:Ta= 0.1:0.9 OHDEEESEONEAREEIE. ZhUEY LS
WEEDEWE R T LiSh0: & LiTals O -V HBE XN, EVWEAGFERZERI N
2t o= (Fig.1)e 7272 L. Li-SbA-NbA LRI DEWENLT UL EBELERE W2
o 7z. Li-TaA-SbA D{EIR THERIC Lz DIZH L,Li-ShA-NbA T 700°C T4hfEig. =
I2900°CT4hr E LIz L ICLBLEAXAON, FENIZERABORRETCHAILEZI 6N
JZo

6M MERVEM TLI-SbA-Tah HD VNV F U LA AT 270 TRBLERERD X SEIFE
JoixSb:Ta= 0.1:0.9 TIEHIEHEICHE W HSb0s DY — 7 #Sb:Ta= 0.9:0.1 Tk HTals O ¥

— U WEEE 0z (Fig.l.bottom)e UM .
Table 2. The molar percentageof Li+ re-

U, X#BEFEE O LB S 5450 &3 mained in H-TaA-SbA

LTVWBRLTWBEETXBIEDTE molar ratio | The molar percentage

%0 Ta : Sb of Li* remained(%)
LiSh0s B L C'LiTals H SLi"HFR E 7

OFNVERBTEEZREZHEDOD LT, Ta 0.9 : 0.1 0

ble 2 L7z & 5iZSh:Ta= 0.4:0.6 » 0.8 : 0.2 1

%5 8bh:Ta= 0.8:0.2 @b DILLi-SbA-Tah I 0.6 : 0.4 8

DFITLATUDHEBLTWVWDZ EHEDY 0.4 : 0.6 14

S ZOMEFIELI-SbA-NDA THHEX 0.2 : 0.8 10

N VF I LA 4 YDEENED S BEET 0.1 : 0.9 3

CHRETERWY A PBFELTVWE2HO

LEZ BNz,
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Li(Sb,Ta)03 1.0: 0.0

Li(Sb,Ta)03 0.9 : 0.1

[N NN &

Li(Sb,Ta)O3 0.4 : 0.6

M A

Li(Sb,Te)O3 0.1: 0.9

Li(Sb,Te)O3 0.0 : 1.0

80’

H(Sb,Te)O3 0.9 : 0.1

H(Sb,Ta)Oa 0.4 : 0.6

W«

H(SbTa)03 0.1:0.9

X—Ray diffraction batterns of
Li(SbxTa1-x)0a and H(SbxTa1-x)Os



3. 2. H-ShbA-TAAD P HEEHB B LU RP D OXHMAE

H-SbA-TaA OV F U LRBIE BT 2pHOBKELZBREZEEN2EBMCEIZF—€0D
pHiEZRLE ( Fig.2) o« FHERIZBVW T, MhORABIZDVWTH BB W —IEEM
BopHEziEzsz R, Ta OFFEOHRK LI neq/g DFIZY 7 b L. BlzHeE
LEXEFRZRY VI NVE (C-TAA)Dp HBEHBOEBGIHEI N2 » > = (Fig.3), T4k
bbb, @TSEJEOJE&ot?ﬁ%ﬁl@ﬁlﬁi@ﬁ#&?%%u\_pKa{EfﬁSLL(.I:E?JS&:?L&;JIZEQFE@

HREIF RN, RPT E-HEEMROD HEEWMBERT I LHBALA TV S, X&H
FORBEPOUFERERKOERPEAIN R oY, PHEZHESE» ) E—1&
EMBERLECED SEBRORBROTEENRBIND Z LD 5k,
BEDPITOXHMAEBIX p HH11.2T 3.Tneq/g 2 L. BRZTHBEE (5.7Tmeq/g) D64.1
% 2R LU7E(Fig.d)e CREERBR 7V FEVBORDP T LORIBAE 4.2neq/g TOHE
MAZMAED 5.2Tneq/g OfE 714 KEWEERLE. ZhiXY VY VBROBEBITL S
EEONCES L TWAWEEZBI LN TEE, LENoT, HBRNEEEOMRBREE T
Li-SbA-NDAB B VF U A4 AV EBRHTE, RPT LOKHBEENKTH 5Nb:Sh = 0.2:
0.8 DKEA A DOH-SbA-NDAZ U FTOERET o 7=
3.3. ThE<hER AKPFBLEHEKFO) F v 40MEE

Wkhizlz, VFUADNITOUG/ LEELTVWSE, TOHRIIEEZBONCIFEELTW
EHIEANCERN2ET 3 LBIUMBO NV F I LOREERAET 5T 5010
SEDWKENELT 2, BRNAFAREAC— T v 7T 3DV F Y LBED S
DPOWKERIZEN T ESDRR) EAVTIF Y LOREERE T o=, MK E
L LTNb:Sh = 0.2:0.8 DKEA AV H-SbA-NbA % Wiz,
3.3. 1. VFYVLREOERE o

T VBRI ADPOSDVFI AL Y REDOERZIE DMK EL LTND:Sh
=0.2:0.8 ®OKkRAA U H-SbA-NbA Z AW, HEBDZBDIZ Nb:Sbh = 0:1.0 B&L T 0.
8:0.2 @ H-SbA-NbA & LB D= ITFolke TORERE, HEABMT—EOMEEET L,
Nb:Sb = 0.2:0.8 DKZEA 4 > DOH-SbA-NbA Bk T i%2.neq/g %7 L. Nb:Sb = 0.0
1.0 BL U 0.8:0.2 @ H-SbA-NbA Ti& 0.5meq/g LLFTH o7k (Fig.5)o B> T UTF
OEBTIE Nb:Sh = 0.2:0.8 DH-SbA-NbA{ &L FH-Sb-NbA( 0.8:0.2)} # @M LIz,
3. 3. 2. THhELVRRI KFBITBKRKFOVF I LADRE
H-Sb-NbA(0.8:0.2)35#afk® 0.50g % 60°CD Tdi=< DER) kB L T#EAD500n] I
ICBELEREE, fiE Tk 2.6meq Li/g RDPITOREBEENE S5z (Fig.6). LLBED =
Bicfk : ThEdbBR, OEKEE] : 1BXT2 : 1CBALEERY» OREER
EHELEGR, zh2h 1.3 BLU 0.9meq/g ORPIOWEEEETRLE. CDT ki,
FNENOBEWEDPOVFIAL A Y DIEIFERELRE L LERT. BKFOUF YA
WX 170ug/ ¢ T. Fig.5. BT 0.025meq/g WY T 2EDICREPF L OERT A
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Fig. 2 Time Dependence for Adsorpfion of Li+
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on H-SbA-TaA
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Fig. 3 pH Titration Curves of Lit lon
Exchnger : H-SBA-TaA (0.20g), Soln. : 0.1M(LIOH+LiCl),
Total vol. : 20 ml, Temp. : 30%0.1 °C, Exchaging time : 20 days
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Fig. 4 Dependence of pH on Uptake of Lit lon

Other Conditions are same as in Fig. 3 .
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Fig. 5 Li* Uptakes on H-SbA-NbA Exchanger (0.2g)
from KATAKURI Spa Water (200ml)
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Fig. 6. Li+ uptakes on H-SbA-NbA exchanger(0.50g) from
KATAKURI spa. water and sea water(500ml)
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Fig. 7 pH Changes after Lit* Recovery by H-SbA-NbA

from KATAKURI| Spa Water and Sea Water

-232-

spa water
sea water
1:1
2:1



BREONF I A4 AV RIFIERRZCBRELTVWSLEZ SN,
3.3. 3. UFUALAVRECHESEBABLYE THE DESK, hop HE

H-Sb-NbA(0.8:0.2) % HMIKIC L 2 VF Y ADREREANIZZIMERDOTO b L) 5
AL TV DA A VRBREIETH B LEDN>T, BETEDVF I AL LY DRE I -
T. EBM»5 70 PR BEHICHEHEIN. BKOPHEREETEI®BZ2Icik 3 (Fig. 7).
LALEAES, ThiEdhBR) MOpHRIEBLALELLAD 5l0 SR THEL D
B kI % B (1350p0m= 0.022m0l/1) DHBAKEA X VB S ERTNBC Licd 3 L&
A6N3. TRDOE, BEATYERDES> CERIZHEIET 5.

H.C0s + H.0 = HCO,™ + Hs0* 1)
HCOs™ + H.0 = C0s®” + Hs0* 2)

zneNnd pas BLT pRae 36.355 & U10.55TH b o NaHCOs D% B & 1% 1/2(pKas
+ pKa: ) = 8.35 ThH 226 pH =78 BEDOPHERT, BE20EEAEpH=4
BOT. TOMTREBEHRER T, LEdoT, 00 DEET T OBENEI & -
T7ONYAERPSMEENEL LTS, PHRAEEMLAWI L2k 3.

Wik IN HCL 2T AL AR pHARA L, DEOINHCL OFMIC L >Tp H
B3UTETARIHL T2 (Tig.8)e BAFEOEFORBKEAT L ESATY 315
RBEHENBEREIND. TNIZHLT T2 hBERI AZINHECL CEILED DR
WIEGHEER L (Fig.9)e COZEDEDELVRERKNTY)F O AL A VIRERLS
WCDPDHEDNEVWOEEBAEA A LI L 2 REHRIC L B L RRT B AT E .
HEMBMIIBII2EHMMP TR TIKBAZEAAT VIEERTZERELTCKD=EIE 0.013
4mol/l ZFR L7z AWMEBLOEVWEAMNERBEORMOZEBLHIZEFORB T DM
WL kB EIONE. BIC. MALKRBRAEZEF NV Y AERMUEBBRO D H
WEESE TREC<DBR) KOTRLEMLHBEERLE(Fig.10)e 2hoDT &b
5., ThrEdhES, KEASUFIAL AL OEBOBICHKHEDZh L AT p HH
FBLrELRVWDORBRRBAKESALT VORBEHNRIZIZILEERI NI,

COENE. TROLBLOBORBKRA AV ERNT 2 5% EEACEAT 3B ICE
KOPHEEMEE TV FIAALT YV ED 2 BROICENT 2 L ATETH b, BIE
ERXLWHADPBYF I ALV OEBEKEL LTRETE20DLELBNE,

4. fEH

1. 7YFEY—9 U WESEH Li-SbA-TaA & Li-SbA-NbA * ERHE. — A O EE BEWN
EBOAMEICEBEDSFERE iz,

2. Li-SbA-TaA 5 KEA 4 U H-SbA-TaA 129 2. Sb:Ta= 0.4:0.6 » 58b:Ta
v: 0.8:0.2 DHDEIREWXKRAAUVIRICTZIEDPERET. VF U LA DT 2 DEK

MIZEFE Lz,
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by 1M-HCI soln.
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Fig. 9 pH Titration Curve of KATAKURI Spa
Water (40ml) by 1M-HCI soln.
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pH Titration Curve of Sea Water
Added NaHCOs (40ml) by 1M-HCI soln.
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Gentle Recovery of Lithium Ions from Sea Water for Protection of Environment

M. Abe (Tsuruoka National College of Technology),
T. Kotani, and S. Awano (Dept. Mat. Sci.
Tsuruoka National College of Technology)

Summary

At a lithium symposium, the demand for lithium recovery was described for energy
applications such as lithium battery and thermonuclear fission reactors. Several methods have
been proposed for lithium recovery from sea water and brine, e.g., coprecipitation with
insoluble compounds such as alminate and alminosilicates, solvent extraction, ion exchange
separation by resins and so on. However, solvent exiraction method is not suitable for
contamination.of the sea water by the solvent and reagents. The ion exchange reaction is very
hopeful to apply lithium ion recovery from sea water with much less contamination. The uses
of the alminate and and alminosilicate, and ion exchange resins are not suitable because of low
selectivity for a small amount of lithium ions in a large quantity of other alkali and alkali earth
metal ions in the sea water.

In recent year, it has been found that some inorganic exchange materials such as A-MnO,
and monoclinic antimonic acid(M-SbA) showed an extremely high selectivity for lithium ions.
The A-MnO, showed topochemical reaction with redox reaction. Especially, monoclinic
antimonic acid(M-SbA) showed lithium ion memory exchange behavior with high selectivity.

The addition of NbyOs or TapOs5 to M-SbA (Li-Sb-NbA or Li-Sb-TaA) showed an
improvement for the rate of desorptién of lithium ions by proton from lithium ion form of the
starting materials. The M-SbA and Nb or Ta added M-SbA are both of the strong acid type ion
‘exchangers that release proton with high concentration by exchange of lithium ions. The
release of proton with high concentration gives a contamination of sea water. More gentle
change in the pH of sea water may be needed for release of proton during recovery of lithinm
ions.

Hydrogen carbonate showed following two step dissociations;
H,COs + H,0 = HCO3;~ + H30* pKaj= 635 1)
HCO3~ + HO CO32  + H30*t pKap=10.55 2)

More gentle recovery of lithium ions for from sea water was possible for protection of
environment by the pH buffering effect, when sodium hydrogen carbonate has been added to
the sea water before recovery of lithium ions by the hydrogen form of (H-Sb-NbA or H-Sb-
TaA) ion memory exchanger.
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