4. K*, Br AV + A ORRE N80T
ol NIl )

1. —BICBAKOEDIICHBICEET A A Y (Nay C17) ROBHEHOEL WRAFS
BBy (K, Br) ®EREOICHBERNT 22 LEBEH TRV, EITAPRICS
uTﬁﬁﬂWﬁémuBf%EWWE%WTéth\:n%ﬁ%wvﬁw%ﬁﬁéﬁ
tﬁ%%%ﬁyiﬁﬁ%%%Té:t%ﬁmkbto*%miw4ﬁyﬁﬁ4ﬁ>§ﬁ%
BT 2 REL TORFAR/RERET 2.
9. K RKRFAAVELTHYRUEERICHEBETES L0, BT KNbW0.s %,
FEIL K004 & W0y %1 0 40Ny SHMLTRE#%7 5 0°C, 7 2K BEMRS
Ick vy, 1%#E1E K005, NbuOs, WOy 21 11 : 201y VML TRELI00TC, 1
BROEMEGCLY FLFRERLE. SRARFO K % NaCl KIEW . NaNOs &
BidE.  HNO, KAWHT Na*, HY & F Ut Na Kz-WaOias [ O PIEN
L&qmmﬁgmrx+4wyﬁﬁ4ﬁyiﬂwj%@ﬂb%ﬂ%ﬂ%%mK+Eﬁ%&
ARG L=, '
3. 2. CABLEABA ORKO Kl @aRa LE/ER, FIC LK NbH0s I
NEBHEDS B EHRHBELE, $ADE, RISRTMNL Ho1sKo. saNDW0s 0.18 K",
Na* HFKET A Ocn® ICHNA 2 5°CT 2 ARG BrER, BWHRICEkET D Na'o
ﬁﬁQMLT%\ﬁﬁ“ﬁﬁijMHO)#ﬁ4ﬁyiﬁﬁfénézz\T&bB\
m&qmm“KMHm&TéK*Em%twéﬁnt%%ﬁ%m%nfwé:kﬁﬂ%b
=,

Table Ion-exchange removal of K* in (KCl + NaCl)

aqueous solutions by T-H.K,-.NbWOs samples

K Na*

K* 0 Nat original removal original removal

- N concentration amount- concentration amount pH change

() | (mol/1) (umol/1) | (mol/1) (nmol/1)
0 : 0] 1.10 0.15 0 - 5.6—5.6
40 : 40 1.05 0.10 1.78 0.05 5.8—3.9
40 : 80 0.93 0.08 3.83 0.05 5.8—3.9
40 1160 1.08 0.10 - - 5.8—3.9
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1. HREEM
MEKPDRKERTHBHLT M) L (Na'Cl7) & A 7 VA EBE KB EIC L YRR
W 256, €O Na"B8LU Cl e LFEMREOEEIL Thwd K LU Br (ZRIEFICE
fEZ, NaClomBEICBREESY5A2ZL3E<ABNATWE, —RICEBKODLIICHE
ICHFET A4 (Na*y C17) ROSMEHEOEL WEMFEMES A > (K, Bro) #EHR
IS BRI 2 2 L 3B S TRV, FCTCAMRICB VTR AT K*H 50 Br- %
BRI T 22010, SASHEA AV ETERIEE - RIBRA 4 o kxR
HZLEBAMELE, $2bL, K'HD0IE Br 2BFA A VL LTLREICREBTEEA
MRORRETHLIHRKOREL T WD HRFAA VLK) ICHETCEZBHLEED
BB A X BEE BT ER L, Fodho kY, Br® Na*, HY, Cl- Zc®3lic, Ly
UBEZEADER/IAA s EE= “W” 2R TCENE, T “W” OFT Na*,
HY, ClUIREOHAELS ARETH Y, K, Br L EBRWICEHICA A VL TORERE
HETHD K, Br 8B FAA RBRICEELTHADHDEEZLE, DFEU, 20 “W”
MK, BrA A VEIEBAAT VR BIAE L TR ET B THADEEAERTH S,
2. MMRA

2. 1 BAYI2FVEAV L KMi0y) DERK

K.COy & WOs ( AIEMiZEK. K HAEHRL ) L2 140NNy FHERILTREE#.
750C ., 72RMOBMERIGICEYERLE, BohiEEY 727 U0BAY L (
KoWa015) HREBEEAEHKTH o=, GRABZBRRXBEFTECLVEEL., . &
B, ERICERLE., 8RPOKREESY Fig. 1 IORY., BEREARZ YT 2T
7Oy XICELL, BAE W AEEE KOy & KOs OFRRMESEEIS LD, K
FiCidcBElliCR-> T 2B b xb, BB 6@ W0, AFEKLVIESLNEASATD b
YxIvk, RAFO N Y RIVHERES W0, NEELVIESNEHEATFED N Y R IVDELE
T5, MibhYRIVAIC K'DEET L2720, KN'FA A4 U TBRAIETHDIEEZIOND,
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Fig, 1 Crystal structure of synthetic K,W40,3
© K*

2. 2 KNbWOs DB

By AFy7T0Oy XMEED KNDWOG (LA F T KNDHOs ) sOkHE K.CO4y NboOyy WO,
(FiestiE K., KEIREHR) 2151520y FHULLTEAEL, 100 0 CTHER
FISIC &V ERLUE, Bohiz T-KNbWO, #sshidkktTdh o=, Nqoro7REE
@ KNBWOs (LAF P-KNBWO.) (& K»CO4, Nb,Osy WOy % 1%6F1 %2 Ny FHBRILTRE
L, 900CTlRHHoBEMRIIGICEYEMLE, Hoa= P-KNbWHO, - H.0 &3 &E
T, BERXBREFECLIVREEL, g, LRBEERICHERLE,
2. 3 JOLEHTINEA K [Caio(P04)Brzy Pbio(P04)sBr.] MEM

TJaL7 A K [Caio(P04)sBr.] (BrAp) D&M, WHEKE, IKEE R UTEAEIC
FVRMBE, BRI, Ca(0H)., CaHPO, - 21,0, @F o CaBr, - 2H.0 ZHEFER & L.
BHSNEAE2DENTS 00 C2 HMRGE®=, K&EEIE, (NH.)HPO, | BF D
CaBr - 2H.0 ZWEJAKIE U, #p HIfti% 44 L. 2 0 O CoORAUKZAS T T4 HAX
e, ®\BRERH100CTH CaBr, - 21,0 & IN.Br OREEW SIS (NH4) HPO, -
3H.0 /KW %Z 1RFRMITH T L CiToz (B 1) . MBRIGHO p HiZME2 OMEICHEL
. T OLTINEAL N [Pbo(P04)Br.] (PbBrAp) d&IE. 1 00CH
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Pb(CH4C00) . - 3H,0 JKIEMHIZ (N4 )4P04 - 3110 &8F D N, Br OBREEK % 1 KM T
WFLTITo7= (B 2) . GRYOFREERIN G, BRXBEPTEICE Y ITH, 20
MR T CPRIEDHNT, AA 2702 bTSTHRICEYRELE,
2.4 2. 1,2. 2, 2. 3TAMLE K 8L Br- &FLEWFD K, Br %
NaCl JKYA#E. NaNO, VARUHE. HNOy JKUAHGhC Na*s W s wid Cl e A4 gHas ¢,
Na, Ky Wi0iuy HiKoouWaOiay Caio(PO4)sClBre ) VK" GUHE 1 4 v sc#atk) . TBr &
A A stk RAIBIL, FASAIEYO K, Broic k¥ pillEEs @ aRE L=,
3. MABRBLUEE
3. 1 ARVIAFTUEBADILARD K GltElE

Fig. 2 4C2. 1 TEMULE KMNi0,4 > K'd NaNOy, LiNOy, RbNO, /ARbEH TOB
A A Ve E R U, Nat & OIS T 5 T TRBII D K D# 6 0 %A 35H# L
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Fig. 2 Time-course of the ion-exchange removal behaviors
of Na*, Li* and Rb* in molten nitrate solutions

by K* in the K.W40,s samples
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Fig. 3 X-ray diffraction patterns of the K.Wi0,s

samples before and after the uptakes of Na*

1 2ERERIRIGHR CRBEN 6 8 % L IFIF—EICRDMEREY, BDEHIC/RLE LT,
Rb* & DR E Y KEWENHAPLE, Fig. 3 ICERRELICHEY MR XBREFRY %
RUE. 2 AKEHA & Y RBERIGH D BERREEIRDL T, B FORMICFEE -7 D
NEBEABARICBEILEZ0OATH =, Fig. 4 ICAZOTBREICHT K FEREE
RUE., XBEOHICHEV aBZBABICIAMLEZDOICHN L, cHOIRFERIIENITH
U, 2 ARRMIRIGH# Ta=15.301(2) A, c=3.786(L) A LIEHT IAFRETH2%E=, D
ZeiE, MYRIN CEICFITTHLZLLHAET L. TALOKREYVERYFT Na*
DEBEBEDHZWR YT AT VERA U L (Nai. s6Ko. 6aWi013) THEEIO b ¥ RIVEEZ
HELTODENHBALE, —RICEELTNIVLEBTHLE VYV ATVRT M) UL
(Na Wi0,y) OREFIBREEZEZFTHEIMON TS, LENST, Na* EFED
20N Y RIVEETH D Nai. s6Ko. 6aWa0 10D Na"ERLETH Y, KEWKHFHD K% 3
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Fig. 4 Lattice constants of the Na*-exchanged
potassium tungstates

O : a axis ® : c axis

RIS A A VSR, BER N Y XBEOTRLEAV I LRR Y TAT VBRAD I L
(Ko Wa015) ICELTHTHAD LHIFEh, AFROBNTH D KB 4 v XHhkE
LTOFE®EELTNS, LI2AM, 25~80Ch KCl KBEBHEFTRIFLEAEA A
VRBRIGEES R0, ThaADLE, MY RIVEERT NI TFRINCEETHY . B
BICKBEFD KA A RZBMURENHALE, 22 TREBEFD Nat 2L UK
FICTDEDICAY T AT UEAY I L% 33 0CHMWET ) LB TR (5~
104) g 2FE2RAE, Nat LA TV RBOBRERLEFT RNV ILER SR
YHATF VA L (Nao. 52K 16Wa013) DX Fig. 5 (b) CIXFERAB O Fig. 5
QERBVE—IN2DICHNZEHERMNEL ., 2 OARBABHC (EaiR 0 KR ELE
LTRSS ERBE R Y1 Immol - dn~* 0 KCI KEWKEA S 6 0°CT 2 4 RFRHEICS
DORE 1 gH7=10.3mmol DAV I LDNA A URBBREINE, Tabb, 2 ORKRHL
HUEZRENCIE 6 0°Co KC1 KIGH T K'%& 474 > SR LT k0 2 EMN R
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Fig. 5 X-ray powder patterns
(a) original KsW40,4
(b) Na,. 52K, asWa0ya

Nz, BIE KICNT 2 EREERFFTH D, ki Na* Tlra<TTa by (HY) T4
A URBT OFEERRE, Fig. 6121 g KWi0y 1> K &1.0mol - dn™® @ HNO4
IKEWFD H D2 5CIEHBIT D EOREIE R LE, UG 1 2 KM TIEIETE
KL, BRIIC K o1 3%»REashE, K HORSELLIZIZFIEL . 1 TH
LE, RICFEICELERBORTELRIZ a=15.588(3) A, c=3.852(1)A & 22 V) FGHI
DIETER 2a=15.526() A, c=3.840(DALVELHRLEE, TG-DTADKERLY
200CHEICHKICE D ERDNIERBBIDNH>EESICEY Y RIVAD K &£ 58
BUEATVIE B0 THOEZEAOLND, TabE, USKICE W THEREEIRE
ENTBY ZORIGIE KL H0' DA AV SHWTGIC & > THETT2EMNHBELE, 20
EORFEHOIBELTTO NV EER YT RAF A D YL ( Ho. 25Ky 15Wa013) %
Y BT, £ K Na' KB F O KIS 28R E BT L EEERE% Table 1 1
RUE, BEU Na OBBEROHIMICPEN, K047 2RI ABBBEDT 55 Na*
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Time dependence of cation-exchange reactions of

K2W4013 with ”+ in 1M HNO.] SOlUtiOﬂ

Table 1 K'-exchange removal behaviors in (KCl1 + NaCl)
aqueous solutions by Ho. 25K,. 7sWa015 samples
N a* K *
Na*: K* original removal original removal
o concentration amount’ concentration amount pH change

(ppn) (mmol /1) (mmol/1) | (mol/1) (mmol/1)
0: 40 0 1.10 0.61 5.6— 3.3
40: 40 1.08 0.35 1.05 0.31 5.6— 3.2
80 : 40 3.62 0.33 1.06 0.32 5.6- 3.2
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EKORBROBRELEAL © 1252 LiIZHMLTE KOBREBRALELLEZVE VD E
NEBEENEOSNTEY, BUM AR Y V2T VA T4 K OfRRBEBER L LTO
AHEME R HT D2 EAHEAL =,
3. 2 ZATRVITAFUEEAY Y LFRO K LiERE

2. 2TAMRUE T-KNDWOs, P-KNbWOs thd K' % Na', II'CA A >3l i &M
ICDWT K" RISRZERFT LR, T-ILK - NDWOs ICENZREDSH 5 EAHBAL
. $bb, Table 2 (RT ML T-Hy Ko, saNDWOs 0.1g % K, Na'#t47/KIEH 4 O
cm® ICMA 2 5CT2 ARMBISE HZRER, WHICEET S Na" OBAEML TH, &
E—ER0.1mmol /10 K'A A & v afabrkahd Z &, #E T hiE T-HK, - .NDHOs IC i
K* o 28 RN, 3 0bb, HRE T2 KEEBRE OO REABH O N TV EED
HEAL 7=,

Table 2 Ton-exchange removal of K* in (KCl + NaCl)

aqueous solutions by T—géK14bew06 samples

K* Na*

K* o Nat original removal original removal
concentration amount concentration amount ptl change

(PW) (mmol/1) (mmo1/1) (mmol/1) (mmol/1)
0 : 0] 1.10 0.15 | 0 . - 5.6—>5.6
40 . 40 1.05 0.10 1.78 0.05 5.8—3.9
40 : 80| 0.93 0.08 -3.83 0.05 5.8—3.9
40 160 1.08 0.10 - - 5.8—>3.9

3. 3 JHLEETNAALKNRORE

2. 3DENENDOFEZFMIBRFLELER., O KRELEBAETIEpHN 4.0
LUF T CalP0s A%, p HA'. 0LL LK 7 /S8 4 b [Caio(P04)s(OH)., HAP] AVAERR L
THBYHMET BT TLTINEA | [Caio(P0)eBray Brap] BABMTTHRTH S,
@ BRETIE Fig. 7 OMKXBRK, Fig. 8 OFRIBRINANRT VR SBHS A i &
1C BrAp OERAFHETH > 1=, ® 2. 30EKE2) THITTLTNRAA b
[Pb,o(P04) cBray PbBrAp] OEMARIEETH 7= (Fig. 7. Fig. 8%M]) .
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Fig. 17 %-ray diffraction patterns of HAp, BrAp and PbBrép
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Fig. 8 IR spectra of HAp, BrAp and PbBrAp
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@ @, @TERICHKIILE Brap & PbBrap thod Br it KC1 KiEHED Cl- &
LDEBIILTEEA A VSBIUEET 2D EDHBL =,

Table 3 IZRT < IFIE]L :

Table 3 ITon-exchange behaviors of Cl~ in KCl aqueous
solutions by BrAp and PbBrAp samples
BrAp PbBrAp

original
concentration g9, 42 3. 88
of Cl-
(mmol/1)

reaction 2h gh 24h 48h 2h 8h 24h 48h

time (h)
removal
amount of Cl- 0.13 0.14 0.31 0.36 0.19 0.21 0.26 0.27
(mmol/1)
refeased 1 013 | 0.15 | 0.31 | 0.48 | 0.19 | 0.23 | 0.30 | 0.32
amount of Br
(mmol/1)

molar ratio | 1:1.00 | 1:1.07]1:1.00|1:1.33}1:1.00] 1:1.10] 1:1.15]1:1.19
Cl™ : Br-

1. SHOPY
b K BrrzFA4 e LTRBEBTCBEINAS AT VETEERNICA A VR
BBREATHE L BT U W IIESR A 2 A D BASEIRIUIC D W TR T E =, HAE K 1cBIL
TIZ3. 2ORDELTHDLZENHLMICRYDDHZDT, ZORICEAL TIRREICH
RERRSEDDHUTH D, Br ICEHALTRBRENSDEETHINA A VElEA 4V
TRELRDZHUVHERCET WVTHREBRIEEVWEEAL TS,
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Development of Potassium and Bromide Ions Memorized Inorganic

Ton-exchangers

Head Invesigator Takashi SUZUKI

Collaborator Michihiro MIYAKE

Collaborator Shizuo SUGITA
Department of Applied Chemistry and Biotechnology,

Faculty of Engineering, Yamanashi University

Summary

To develop potassium ion memorized inorganic ion—exchangérs, potassium 1ons
of specially selected synthetic K,W,0,35 and KNbWOs samples, which have tunnel
crystal structures, have been ion-exchanged for sodium ions in molten sodium
nitrate at 330 °C or for protons in aqueous nitric acid solutions at 25 C.

Proton-exchanged potassium tungstates (for example, Ho. 25K, 75W40.15 and
Ho. 19Ko. ssNbWOs) were found to have the feasibility of the potassium memorized
exchangers, but sodium-exchanged potassium tungstates (Na.K.-.W.0,s) were not
easily exchanged for potassium ions in aqueous solutions at room temperature,
because of stabilized sodium ions in the exchanged samples.

To develop bromide ion memorized exchangers, Ca,,(P0.)¢Br, and Pb,,(P0,)eBr»
have been synthesized and the anion-exchange characteristics of Br~ in them for
Cl™ in aqueous solutions have been invesigated.

The development of bromide ion memorized exchangers is now the first stage

and details will be discussed in following reports.
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