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Plate-like Na,Ti;0; crystals were successfully grown from a NaNO; flux at large scale growth. NaNO; acted as the solute (i.e., Na
source) as well as the flux for the growth of Na,Ti;0; crystals. The grown crystals were ordinarily obtained as aggregates having
layered structure. The crystal phase and size uniformity were dependent on the growth conditions such as the milling time of raw
materials, heating time and crystal growth area in a crucible. In addition, washing methods and ion removal abilities of the grown
Na,Ti;0; crystals were discussed due to satisfy water standards for application in industrial fields. The large scale-grown Na,Ti;0;
crystals exhibited better ion removal abilities than various commercial filtering mediums.
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1. ¥#8

A FUBRHBSE &%, [EBREEERTPICEEND A 4
ZEERTICEY AR, MY EOBEET DA 4 M2 EiR I
BHT B RIEITH B[], 2%, EHE—EMERICBIT 5
WA A AT, T L&, BEELZ TR
BT DEIRE A A VIR E MRS, A A MR Y, MR
A TR & A A R KBS B[], A 4R
PRI IO SN D AREA A4 o S iRlE, HEREE BT
HEBMARESH HVIXERL E LTOEMR Y, SE8FE R
SETHHINTWS[1,2], —7F, WA A4 iR, «
AR, MHEMWE, HERMER KON AR SICER B,
IO ORREAERIG)L, MWARPOMER (L, U LU Mo
72 E) OWFER X O PERETR ) D OREFE (Cs B LT Sr 72 &)
DOFIRI 3872 E~DISHABFIE I TN B[3-7], S HITHE
FEIL, A AU RROG R LR ESE SR D 50T
J MO G R B AT 5 [8-10],

ZF X T Y U A (NapTi;0) 1ZE RS R (P2y/m) IZJE L,
JE RS2 ©O[11], T O 7T EEIT a = 9.1279, b = 3.8032
BLWe=285621 A, p=101.6 °TH 5[12], Na,Ti;0; Dk
WL, BadF Lz 3 (D TiOg \ERNS AN & 725,
COEARBNINTASSLCHEEL AL, #2522 LTI ROV —
NJE) D, ZORBPEAERY, BREEEEKRT S,

ABITARICEEL, TOABMIIBHEO NalcXk v hfmsh
b, ZONa PO B F A2 L ZHEND[13],
PIRTORFZE T, HRAEIRD 600 °C 12T, NaNO; 7 7 v
I A5 D Na,Ti;O7 figh O FERIZRE L T\ 5[14], 7z,
B L7z NapTiO; it 2 RAF 7R &8 A A WS HEER L O%F
Bl etts b ol LaR L, ERCHERIEXD L, BE
PEICEN -8 EFETHDL ZENEEND, RIFFETIL,
NaNO; 7 7 v 7 AWMEANEIZ & 5 NapTi;0; fif DO KAy FH
REEHBE L, #iIZ, RKEBEODIDIEREICHE-T, ¥
—IERMEEL LD SL, R I kD HEEE
DR - IRA TR & 2 VO IFINEMR R R 0 £ B f AR~ D 5%
BEAFE LIz, 72, BRLEKREZEAKLZAKD pH 1T &
THEETH D, KEEF 4 RICHES KEKEREES
THEIKE, BRLEMEROWESIFEZRTF L, pH J§5);
EERElL Lz, 518, KNy FEHRK L2 Na,Ti;O; ffh D
G IRA A W AEVERE 2 TN L 72,

2. REBAHE

2.1 #HEBERK
Na,Ti;0; S OB RKIIE, HEREE D Na,COs (Fnyeffisk T
et FURERL) , TiO, (7 & —F, Fujepisk T3 (ke
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Table1 Growth conditions of Na,Ti;O7 crystals.
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Solute conc. Solute Flux Milling time ~ Holding time .
Run (mol%) Na,CO; TiO, NaNO; b h Washing
/g /g

1 20 96.24 435.12 308.64 24 20 -

2 20 96.24 435.12 308.64 24 30 -

3 20 96.24 435.12 308.64 7 20 -

4 20 96.24 435.12 308.64 120 20 -

5 20 96.24 435.12 308.64 120 20 tap water

6 20 96.24 435.12 308.64 120 20 warm water

7 20 96.24 435.12 308.64 120 20 HCI

FH) 36 L T8 NaNO; (Fneflise T 38U 3R 2 A=, DL
B 30 em® DT L2 F 501 B W=y FER[14] & [F)
BRIZ, REBRTIE, ROMGE S L ICEE R L7,

Na,CO; + 6TiO, + 2NaNO; — 2Na,Ti;07 + CO, + 2NOs),
COMRERIGETIIRER L7 T v 7 2L VW EHITELL
2D, REBRTIIER E, WE%E Na,Co; BLW TiO,, 7
T vV A% NaNO; & LTHRY 9, WHE O HFFRHA R
ZHABER L Y Na AR E LTI E#HERD Na,Co; :
TiO, = 1 : 6(Na/Ti £t = 1/3) & L7z, NaNO; OERIZ L v
Na,O 4L, RO Na/Tibtbis 2/3 L7pot= & &, ARG D
Na,Ti;0; WA T 5 Z & 2 W Lz, WHIRED 20 mol% &
RHEIBELEFHEY K 840 @) Z AR —/L I M2 L v iz
BB X ORA Lz, HEMET VI FTR—L (I 2 kg, E
B3R I 5¢, M 93 %) 2T VI TRy b (FE 3.6
L, #E 93 %) 2 AL, %980 min' T 24~120 h[AlfzE S H7-,
Ry FBEBIEZIY L, 7AIFE500F (K& 1L, e
99.6 %) IZFHH L=, 5OIF4BRFICHREL, K 45 °C-h!
T 600 °C £ THELL, ZDIRET 20~30 h{fFF L7, Table
VICEREEE 05, RFEHETH, K5 °Ch!' T 500 °C
FTHHEL, ZOHEIHIT, K 150 °Ch! THRIRETAHL
v BERIFMLDLOIEEIWMY B L=, 20FNOE{ILY %
6 WRTIZo T, KA b AR & B L 72 (Fig.1), @EfkL
7279 v AERKTHEEREL, Sihe oLz, iz,
AEEEREKITIRIBE LIz L&, EBAIEO pH 28 8.0 LT &
72D X OITHE R AR BEE Lz, R OTEEIZIL, EIROKIEK,
18K B VMTIEEE 0.5 M D HCL & VW=, =D, [EIR L7z
fdh A& 150 °C THZEE L 7=,

B R d & A AR R T BAMEE (SEM, H AR T, JCM-
5700) TRIZ L, MR XAREPTEE (XRD, X#HIR @ Cu Ko fz,
U778 MiniFlexII) # AW CHs AR Z RIE Lz, £z, &

140 mm
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Fig.1 Schematic illustration of crystal growth areas in an
alumina crucible.

R A OBy AR B bR AR I E i (B R ERT R,
SALD-7100) CHIE L 7=, & 52, BET tLRmfEZ HELE
TIFE, AL A3 AR U E SEE (A AR~UL 8, BELSORP-mini) (2 &
D HIE LTz,

2.2 ARFEROMERETHE

ERHEROMEREZ LA T D 2 2D HETEAME L 7=,

Ny FREREA A WERR : &8 A 42 (Al, Cr, Mn,
Fe, Ni, Cu, Zn, Cd BL W Pb) DWAEIZ LY, B LI
REDEBA A U WEMERE A TN L7, Bk ORI, T
IR DL T HRIROHENER (Al Cr* Mn * Fe * Ni* Cu * Zn *
Cd -+ Pb-Na-B-Mo% 100 mg-L"', 1 mol-L" HNO; &%,
S TR ICP M) B L OEEAKEMA L7z, KiE
KEFEEDRFICEET 2HBICHZY T HAFSEA A
DIh, KLEHBEIZEDLNTWDA AL, Cr 0 50
pg'L! THB[15], RBADEBA A IEE O oKEK
U FFRED 2 {5 TH D 100 pg L ITED, KLEA Ak
FE7S 100 pgL!' 725 Lk oRBAKEZRE L2, Z ORBRK
100 mL I[ZARREERS 0.1 g Z3RINL, 24 hiE& L7z, ABEB X
DLy L0, Rk SRS Z2 L 721%%, ZuFER
RPRERERE S 7T X< (ICP) B e miridE®E (= A7 A4 7 A
F /77 7 ao—Hl SPS5510) &\ TRERKH D% 48 A
I DA A IREENE Lz,

Ry FREBA A WG HEERER © Pb> DO W5 £ & R
WZHIE L, PO*ITxtd 5 A i ih ol S W 2 5l L7e, £
7o, T Pb BREAM LA LTz, £7, Pb(NOs),
L ORBAKZE AT, PO* R 100 pg L' OBk Z R L
7o ZOBERK 2 LICARGRSS 0.1 g3 5 WIETTER PbBREA
# (BASF #, MAP60/120T)0.1 g Z¥IL, RE L=, FTE
DR MEIC EEAIRE 10 mLEK L7z, Ak X ONE O BE
W&V, RBUK SR EREL 72, ICP Rtttk
EIZT, RBAKTOERBA A OB A T BEZRE LTz,

3. HRLEER

IZC OIS, FEEBERERIC OO TR Lz, WERETK
ST BTDITE, Iy FERIZHEASRT, Z< OMENNLE
ThdrLEZOLND, R—VIVEEHMEZ 240 & L, {RFF
B2 20 h B L300 h & L2 BRL L 7= (Run No.1 B X
W 2), XRD #T &0, WINOREREETY, Na,Ti;0; fif
AT A Z L 2R Lz (Fig2), R 20 h(Run
No.l) THER L= & &, T Na,Ti;0; 284K L 7= [Fig2 (a-
DI[12], 2D E&E, 221FN 6 EHFTH S EIR L 72k fh o
XRD R¥ — FEEIIT—H Lo, AR TAERL
T2AEER D XRD /¥ — 2 inbid, 220 FF0Ee kT, &
D 58\ NayTisOp, O EIFH [Fig2 (0 B L], BLO LD
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Fig.2 XRD patterns (Cu Ka) of typical crystals grown at the
milling time of 24 h and the holding times of (a-f) 20 h (Run No. 1)
and (g-1) 30 h (Run No. 2). The crystals were obtained at (a,g) the
top center, (b,h) the top periphery, (c,i) the middle center, (d,j) the
middle periphery, (e,k) the bottom center and (f,I) the bottom
periphery.

I\ TiO, (7 F % —8) O [Fig.2 (e) 38 L OV I 3L &
Nz, ZE, ERICHWESZD0FEDW A XN KE W (2
140 mm, &S 118 mm) 728, FEMRIZITWAMEER L, FEL
EINDBENFLEBOM CRDAICRE R EZNE L Tmd L E
Zohb, AEEIE SRS, BEORIGE LY
NaNO; DB RN ELLTNWE B Z BND, £T-, REIED
TiO, (7 & —¥) OEFHICER TS L, 220 L L0 b,
EETAR LzfEdn 5, &0 iRy Tio, (7 F % —8) olalfr
B SNz [Fig2(@ B X U], ZOFERD 1 & LT,
ZOIFEERIEZ O Bl S - KEOFEHT X 0 HEAIC
EHSNRETHL Z ERFETOND, 201D, 521F
FIE L Y, EEETIE NaNO; DRGSR LI W EE %
bhd, TORE, NalRBTREL, REIGD TiOy(T7 4 —
BYDEFELOT S kot tBZBABND, 9 | DOFKF L

LT, TiO, (74 —1) & NaNO; DILEENRE T LN D,
TiO, (7 F % —¥) B L X NaNO; DHEIX, THhZFH 3.90
gem® B LW 226 grem® TH 5[16,17], HED K E »
TiO, (7 F 2 —8)N NaNO; 7 7 v 7 A &KL, 5o1F
JEENE Ti U oy FRFEHIRIZ R DTV ELE X LN D,
72, NayTi;0; DERBOMESA > 7 b [Fig2(e) 11k, AEpkis
Ba% 150 °C LI ETMET 2 L Aol b izd, KoOW
FICXDBEOMEICRENTS EEX BN, REFRRE 30
h(Run No.2) THER L= & &, RBIZERKM D NayTisO,, OEIHTHE
HREEAS, NapTiz;0; & [RI%EDH DWW IEZ Ll ETdh - 7= [Fig.2 (g-
D1, MRERFRIAE V2D, NaNO; OEV 32, Na/Ti ke
DRE RN ER LT ozt B2 bND,

WIZ, R— LI K B0 - IRAERFMEZ RS Lz, B
- RARMOEMZ LY, HEFEEOMMLES L ONREN
Hex, 2 OIFRETI /PR ZefE R L O — 7285 AR A4
BT A Z LML, BREFRFEZ 20h & LT, WL B
IRAKM % 24 h(Run No.1) 7»5 72 h(Run No.3) B LT 120
h(Run No.d) [ZZAH LT, FimmBEMREZRATZ, XRD 5#Hr LY,
WTNORAREIZIBWTY, NapTi;0; 2AFEFHE L TA KR L
72 (Fig3). £7-, B - BRAEEEOEINE &bz, 521FH
6 BT CL VB —TekbimMENER Lz, 2, B - RBRE
REF OBz LV, HREERY A AR +oich&<n, ¥
—RASINEZEDEEZOND, ZORE, 22 FNLR
TWEDORIENY— AT B2z 6N, R—LI X
DR - IRAFEM A 120 h & LT, {REFRFM 20 h TAR L=

®Na,Ti,O; =Na,Ti;O;, ¢ TiO, (anatase)
0
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Fig.3 XRD patterns (Cu Ka) of typical crystals grown at the
holding time of 20 h and the milling times of (a-f) 72 h (Run No.3)
and (g-1) 120 h (Run No.4). The crystals were obtained at (a,g) the
top center, (b,h) the top periphery, (c,i) the middle center, (d,j) the
middle periphery, (e,k) the bottom center and (f,l) the bottom
periphery.

Fig.4 SEM images of typical crystals grown at the milling time of
120 h and the holding time of 20 h (Run No.4). The crystals were
obtained at (a) the top center, (b) the top periphery, (c) the middle
center, (d) the middle periphery, (e) the bottom center and (f) the
bottom periphery.

#&6h (Run No.4) @ SEM 4% Fig4 \Z/rT, 52I1FW 6 f&FTC,
20~30 pum OFCREERAFEE LI-BERBIE LN, e o
BORFE R OREITIE, X0/ RBCREER, #HERB L O
KL NE2HUTE L Tve, AR (Run Nod) 2 RE T A
PF—EE L, hEY e BEIRE TN TN L2, SEM
BB LIZEZA, B TCRKMOBRERNEESHh, £
DFRENATHE LT/ N E R S E K ORL 2384 LT b
gl anic, —J, EBARETIE, 1 um LTFOREMS
RORLFNEHBIE I N, WEHD XRD /R4 — 9 bl

FIT NayTi;07 I — KT 2 REFMBBE I, TDOIEMIC
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Fig.5 SEM images of typical crystals grown at the holding time of
20 h and the milling time of (a) 24 h (Run No.1) and (b) 120 h
(Run No.4).
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Fig.6 Adsorption and desorption isotherms of N, at -196 °C for
Na,TizO7 crystals (Run No.4).

NayTisOpp 8 X TiO, (7 F &% —F) 05 W R BlE S h
oo —7, EBBETIE, TiO, (7 F % —F) O Eiiis
LY NayTis0, OFFWVEIPFRABE Sz, U EoZ &nb,
FRWR 3% 5 (NapTiz0) (2 A 745 L 72 /N Bk B 38 & OVkE 7 28
TiO, (7% —8) B I O NayTis0, TH D AHEMEN E &)
Wrcx 5, Wi IBEWER 120 h(Run No.4) % 24 h(Run
No.l) L tikd 2 &, BRSNS LV BEICHEE L, £z,
BEEMRY A XDUNS 220, BW—{bT 2872 SEM &5
b (Figs, ok E, AL/ BET kRHfEE
FOHEEFZTNZEN 39 m* ' BLTN09 gem® Tho72, —
37, /oS F (FIHR[14] : Run No.2 & [FISAF) IS THER LI-#E
fhoD BET LERAEAR L OHEIZZEAEFN 1.9 m> g B L1003
gem® THhoto, Ny FEOEMZLY, FEAB IO
BEOREPEREBRCE I, 2, KEWCIREE mFRmIC
RENAFE U/ NEBCIRAS f, SRS RIS L O3 % 5 L
b tEZbND, T, TOWESERL, FEZHLED
& BIA bRl T OB 72 255 T WA & o~ LTz (Fig.6) .
NaNO; 7 7 v 7 A & EIRERE T 2 7o DICIRAK~NZIE Lz &
&, ZOKEKIZL pHI1 BLEOERT A U EEZR LI, 24
1%, HREEND NaNO; 2B IMEMZ LV Na,0 721, iRKIZE
EHTAHZETNaOOH I L LT EEBE 2D, E6Ig,
BIREREB O EREKITR LIz &, ZOXKEKRD pH
flilx 9.5 THo7e, BARTIE, KEESE 4 FITKESW=KE
KEHEAREL LT, pH fEIX 5.8~86 THAH XL HIITEDLNT
WAHI15], CBRK AAKMER B LRSS 554, pH Rk
DUETHD, £IT, pH BT OFEBIEEHFIEITD
WCHREF L7 Run No.5~7), i L7zfbsh 0B i,
221FN 6 EAT T b ¥ — 7 ik A 35 b 72 £ (Run
No4) LML Th 5, FidbOBEEIIE, ®FIROAEA, EK
H BT 0.5 M HCL &2 2, XRD HTIET, Wi Lo Bed
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o Na,Ti;O, ®NaTi;O;, *TiO, (anatase)
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Fig.7 XRD patterns (Cu Ka) of typical crystals obtained after
washing with (a) tap water (Run No.5), (b) warm water (Run No.6)
and (c) HCI (Run No.7).
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Fig.8 Particle grain size distributions of typical crystals obtained
after washing with HCI (Run No.7); (a) before and (b) after
sonication in aqueous suspension.

FIEZBWTE, NapyTihO; i35 oiLd 2 Enbhrolk
(Fig.7), FH&bOVESHIC HCl &2 AW 72 & & (Run No.7), fsans
IR L7202 & % SEMBIZRIC CHER L 7=, Fig.81Z, pH iM%
DT HCL & AW T L OB ES A 2 rd, BE
WS X DRI D AT 4 7 288 (Dsp) 1 69~90 um T
Y [Fig.8(a)], SEM &L 0 RO IZEEERY A XL —FK LT,
A R K DRI, (8% OBCRAER O A XL —8
55341 (D5g=26~29 um) 3 L OHCIRAE 2R i OB IZ k9
5534 CRL 728 0.5 um LA F) Z 78 L 7= [Fig.8 (b) 1,

JKIEK, 1EKD DWIE HCL &2 VTl L= fEs o4 m A
A UBREMEREE Figd (TR d, ke U OREEOR S S H
Wiz, F72, TIRO&EREA A VBREAM(BAT A, Pb k&
EAMB LIS A REEHR) O&R A A v BREMR S IR
TRT, HEBA T ED 100 pg L' ORBUKk 2R L,

_13_



Journal of Flux Growth Vol.7, No.1, 2012

A\
\\

490

480 I - -
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=
1S
S
§ 10 I

Metal ions
Fig.9 Residual metal ion concentrations after metal ion removal tests with various Na,Ti;O; crystals and commercial filtering medias.

FOEDNIVIEERERDERA A v 2 IWEF LI L%
F9, WeFIc/KiEK Run No.5) B L OVEK Run No.6) & v
- & X, RUEFORES: (Run Nod) &b, Mn*' B LT Ni¥' o
WEMREIME T Lz, E£77, BEEIC HCl % V= (Run No.7)
& &, R¥EE DM (Run No.d) & RSO EMEEEZ R LT,
UEOFRRKE LT, EREHMOENRFET LN, bk
10 g & EEAHD pH 23 8.0 LTI/ 2 £ THET D & &,
KIEARB L OEATIE 10~13 AZELZDIC) L, HCl &
WTIEHLT 1 A CTholz, MEdPOT NI Y RS % KIEK
BLOWRAKTHWRET LY, HCl THT 2 Z L CHEEEMT
pH ZFRFECX 7o, WHFHAEW & &, HEHIZ Na,Ti;0,
FEERT O Na" &k HY & DA 4 38R 4 U 5 Al HEME D B
B FOREE, Mo IO NP 2R LIS Wik ic g
fbLiztEZE26Nnb, 72, ICP ENXmHoMric kv, W
WZRWTAKIEARE L ONRAKFIZERED Fe, ZnB LV Cupd
EENDZENbNoT, MEROTEETIC Na B Zib D4
BA A LS, FREENEIED DDA A BB
BENBOTLZENBEZLLND, BEOZ b, &ETE
PEREAMEIR L2V L D1 pH T 2101%, &4 %
EERVKERG, ERMTOAETS I ENEE LY, 2B,
KXy FHRK LI R Pe5 OfEdh (Run No.4) &/ FEHERL L
7= b [ATHER[14] : Run No.2, Fig.5(a)1D&JRmA A WA MERE

T 5L, FREOGRA A WAEEREEZRL, KNy
100
. ———8
S =
s/
E Y
2wl /)
2 / —8— Na,Ti;0, crystal 0.1 g
= 20 = —0— Commercial Pb absorbent0.1g | | |
0 L/
0 60 120 180
Time / min

Fig.10  Absorption rates for Pb(NOs), aqueous solution with
Na,TizO7 crystals (Run No.7) and commercial Pb absorbent.

FERLTOHMERENMET LAWZ L 2R L, £/, filK
DEBA T VREAM LB L TH, HA LR IT R 72
WAEPEREZ R LTz (IR Pb BREAM L A%), HlROEA
FA4FCRY =B, 4T L F9) OEE, RBRPICHKCE
O AIPEH LTz, £, TROA 4 22885 1X, Mn O
HMHEREMEWZ 3o Tz,

Ny FREJEA A L WAERBRIZIB W CTHERAFERE Th -
7oftdh (Run No.7, HCLIZ X % pH F#45) 3 L OO Pb B2
HRD Po A A WAL & bl U7z, Fig.10 12 P> 5
ORGELERT, WAEEN 50 %IZE LR 2 kg 5
&, KAy FFRK LT NapTis0; #EfiE 17 min TH Y, #illk
D PbREAMN 28 min ThoTo, ZOFEREND, BHRLE
Na,Ti30 Ftidh A BAF 7R AE S 47 L, HilRh & 0 ErREf T
Po A AV ERETEDLZ ENbroT,

4. £&H

RAFFIRE 600 °C 12T, NaNO; 7 T v 7 Ah b Na,Ti;0; f
BE RNy F (840 g BIR TE 72, R—IL I VHEE - IREWF
M 120 h, AR 20 h D& &, 20~30 pm OHCRFE T3 FE
JB LT EEE RN ERL LT-y R— L I T L A - IRE R
OEME & BT, HOIEN 6 M CH— AN AR L,
BHERY A XD OB —{b L1z, Ny FEERRIC
XV, KRRy FHERR LMD, /ISy FEHR LGS &
EDERA T U RENRKEE LS L EMRE L, 2, BAL
fem &K L2k D pH AKEKEREMEICHEET 5 L 51T,
AR OWEEFIEERF L, WIholkisEFiETY
Na,Ti;0; M F 5722 &% XRD W ChER L7z, Ll
GEA A UWERBRIZBWT, KEABIOEAKREZ BN L
&, VEERERISE V2D (10 BEL L), BBV TR
&GN BT D arREE R S iz, HCl 2 LT 1 AT
Ve Lo &, GBEA AV WAEMER~OBEREI IR IR
Moz, HlEh & DEHZ LV, B L7 Na,Ti;0, fghi,
Bifleb A 4 WMAERER L O Pb EREELZ L HZ L &
R LT,

g
AWFFEO—EBIE, YAk 21 45 NEDO pEEE AR ZE 8k (G5
F7 7 b) (09A18002a) DIEBIDO L LIZZITINT, 22U,
FLLCEH OB EERT 2,
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