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JE 757 5y BiEBREN /) &9 DIyl 11T, Sy Bt Sk
FTHRRIIGC CHIZFE, /8, PRIMEE ., K5I8
WYEIZ T B, WK OB B KORE, A4 71
AR LET m R TO S EERNE ., HEKLELRE
BWTEHERBMBIED —oLioTW5, T /15
(Nanofiltration, NF) J&id, —#xHIIZIL, WiREB LIRS
T MR oD H ] D 53 1] 431 (200~1,000) % A 9~ H AL
& 1~2 nm BREDZIELTHLHEE ZHILTND, fEAH
LS 1 nm BRELe DL LR ISV E O BAEM
B IBEIE R ELEF G D701, R ERFE, FFIZ,
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PEIZELAS B . T /ORI O EE2)S H 5 B e T

Wb, L EEFLED DL T IEREORHEITLL F O LI
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AR T EAEWE ST S E BB

- WHZ LS @K B AR ER (85 7 /IR e
0.5~2.5x 10" m’m?s'Pa’!)

ST, T BEEA M E ) BkD THhDLHE, EDIFEAL
A, 2 bRV TIRZRDBHOLITND, BHE
DOME b MBS 40°C., i pH &l 3-10. i
HWHRMEITEDEVI R MDD, — 5, BRI X -
M A RS TAIENE 2 & DR A 5720 | k& 72540 B
OSBRSS TS, B EHZ LD TREEEE L T
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FERBIEFITHFZES L TOD O, AL D L/ &)
VIR JOWHREIEOBRR ThdH, T IHFZ=T
72 E OREAEHI R HAKFNE A2 AL, pH TG U CH i faf
BERATHIENMSNTND, FTH, FL=T1E, 1FE
A E DT NAIVNEIEET | Eeb L ERNEME D—
ThbH, TH=T ZEME LT HIRINEEB L B RS A
REPLTTICHIRSIN NS, —F, FHA=T%F I8
WA ELET DR TED ZITHITE - BFE B L 5 2 i
%Y,

FEM RN T2 B Ty 7R BT iR, =2 5
DYERID AR L2 UE | KRR LR IE 7 a2 AT
ANALER AR KIRZR IR, iR TN 12 L2 %5 1 i
WO KL TED, 220, ARFZE I, it 2 - i
R MEICENDTFZ=T (T2 ) BTG E &
LTEEL, F¥=7 0 EBEHEITBIOREIRICE
FoFRFHE DT AT /RO LA MSE H L LTz, AR
AT, OFIFLAEE 1~3 nm OFEPH TR (8 7T RE
T ) F a— = T EM AN L g - mE IR #
=7 F I 5BEEBIE T DL @F L F R D

il - FEG 21T 720 28 @F F =T I D MR E Z it R

BRI CE 5y 7 /T i Cld F R AT REZR i iR (~70°C)
TOBRFEEZHALNET DL IOV TR AT >
77

Water
TTIP: Ti (OC3H; ),
IPA: (CH ;),CHOH

hydrolysis
(60 °C, 30 min)

HNO,
(HNO; / TTIP
= 0.65~7.9

[ condensation J

|

TiO, colloid
(diameter :13.6 ~ 45.3 nm)

Figure 1 Preparation of TiO, colloidal sol.

2. ERBFUVAZE

a0/ FERAR RS

YNV IARIZ L DT X =T ROERCIE, £7°, HEY
BLLTFELTIIAY TR ET R (TTIP) iz 2,
TTIP (X () ZAli ThD, Q)RR THYERELLT VY, (3)
TR EHL TR R EE AN, (4) 7K iR
%D IPA [TKEFTERITIRETDHEOHEANDERE LT,
ISEIEII KSR D T LA RO T )L a— LS HR
Iz BB LIRS THEWESIT TPA 2R E LT, Figure 112
RTINS, RBIEIC L > TF X =T anA/ RV L OFiils
1Tot-, FOBPBLT- N EL IR Ica—F o
7 BERR T HZE T, Figure 2 120~ T, ST Z =T 5
ZAERLT,

fRIBIEIC K DT Z =TV VORI THH, £, 60°C
AF AN T H T RTAY TR E R (TTIP), 2—
71— )L (IPA) /D B FONNZ 30 43 RINNK S iR « s
HAESHT, TO% T, 2 (HNO;) 2%, 1~13 KffH
BRI LT, AT LTI oy LE B D K& H RPN A T,
F72 ., FARLARIL, HNO/TTIP /Lt % 7.8-0.65, FATEE
32.5-390 mol m> & L7=,

ZAMFH=TIX, a-7 AT RO E~Da—
T A TN E o TR AT o 72, KRHARITEE O EE 55
mm, %3 mm, AJE 0.36 mm, AFREEHFLAE 0.1 pm,
ZEBREE 50%D 0-7 I AUEE (NOKER ) 2 H
W, TTIROFZ =7 2a AR (STSO01, A FHEERAS

a-alumina MF membrane
(porosity 46%, pore diameter 100 nm,
0.D. 3 mm, NOK Co.)

A

coating anatase TiO, particle ]
(intermediate layer)

v

[ coating TiO, colloid J

|

[porous TiO, membrane]

Figure 2 Preparation of TiO, nanoporous membranes.
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) N ay R WS L, B BERkK (350 ~
650°C) L7z, il A NEAT, Hof, BERk A ER[El#0 1K
LCHMBEZERESE#%, fan Nz oW THFRT
IO, Wl BERRZAT ST,

FEHBFLAE D ST

Z AL O ML S AT | ST 1 R PR | SR ) 7 S 288
ZRIFEL, EOREEDOMENIIIEFICHEETHD, Fx
MZNETITRRB LU BEBEME I L DM AL/l E
EThLT /38— LR E AN — BT L > TRl FLRE 2R A L

<o BARMIIZIZ, Nano-PermPorometer ( (£) P IERESE) &

FWESIALEE AR OREEAT T, 73— LR AN — 1%
HHFLIN D EEE R 57 O B8 BEAE 1F I LD FREERE R 53 D
BROT X T EJFEEL TS, UL T3 gafn
ARKIELL T T, BB (HO E7203 CeHyg) 13, BEfE
i oy D7 KUE L EEME PR O BFR A 2 Kelvin 20 (1) IZ7E-
TEE T Do

_—_4_ Vo cos O 1)
RT In(P/P;)

ZIT.
d:Kelvin & [m]
IREY [m*/mol]
R: G EH (=8.314) [J/mol+K]
T:HRE [K]
o :RKMEHES [N/m]
0 B [deg]
P: &KL [Pa)
Ps: ff7&5UE [Pa)

Thb, REFSH Kelvin 2UTHE-> TREEENE+ 572
HIE, BEEERLL T OMILIZECHESN, Z0OEF
AR IR Z oo TR R 73 &[RRI 3 S QU - FEER
%4y (No) DFBEN T vy 7 Siub, 2O LA
BN MEHEE T 2D THD,

Ok kO e i

FlK DD NIEE (FEMAFE % E : NaCl, MgCl,, Na,SOq;
FPEIRE R = F Lo a— L) S e kIR & . s
R N Lo TS 250 cc DRV ET I HE LT,
FHBIE B L OIEEBRIREB I 2 7 ~ R DR
K&z, ENFIRRERLO=—R1/ VL7 T 1-5
kgf/em? |2, BASMANZEZ ST -F 8 —b—F—|2k >
TRIVNIREED 30~70°CIHIMEL 7=, EBMAE KD pH
TR, RfEA A 25 e NET VAV E AV,
OFED, MgCl, T pH Ol FERA 17725354 1% HCI,

TNAHMAIET285A1E Mg(OH), 2 R\ -, Bl ikt
Btk M7 LI E R O>T 7arFa—T R, &
FiRE DY FE W E 1T SRR B ZRIT L~ T, 7 HESy & D
BB, WEELTRY=F L7 a—)b 500 ppm %
A REIRITRGHI > TIREL T,

3. FHEREEBE
3.1 JAAFRR-WEEHE., B LUESF T

Figure 3 (2, fRBLL 7= F X =T ¥R X FRE a7,
R V% 10°C CHABES B - RL T S 4 —E o —2
DSBSV, BERIREE OGN E TR v —T e
— Lol 2l D fmR RN B I o TWNAEB X B
%, 77, 550°C TT F X —E b/ FIUITHIERR UG 5
ME LR LT2EE 2 LD, Figure 4 [ZIXERLIZ D
KEBIOWEGFEL R T, EMELTHWZ a7 VIS
BIFEZA 360 um THY |, £ um ORKL 1D FEHEIZ LD
ZEBRAN 0.1 um OFFLETZRRKL TS, FH=T a—T 1
Z 13K 0.2-0.3 um TEELIINL TWDIEHTHS,

auA NIRRT % HNOS/TTIP /L1 0.26 T—7E
(2B D, BIEEELIEIC L > CRIE LIzaaA Rhi D
FRIREZ{ L Figure 512”7, uA RIEEPRIZRIE, Mg G hE
MEEHITEINT DA Z R LT, ZAUTREA BOSIZB W
T, FE=TauAROMEE FISIZBNT, uhgan AR
LA T2ZE TR AR T 528, BRUOVNESe=a
BARNRL N RERARAREFRESG LR NOE T 575
Ostwald #ykiz L ab 0B b,

2000
R A: anatase
R : rutile

1500
=
S,
2

£1000
c
e
£

500

0

20 30 40 650 60 70 80
2-theta [deg.]
Figure 3 XRD patterns of TiO2 powders fired at different

temperatures.
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TiO,

support

Figure 4 Cross-sectional photos of porous TiO, membranes (top: whole cross-section (x 200), bottom: magnified top layer (x 10,000))
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Figure 5 Time course of TiO, colloidal diameters. (HNOs/TTIP
=0.26)

an ARG TR EEIZAE B L, Table 1 (2R
F X512 HNO/TTIP kb 7.8 735 0.65 £C (BREELL T
390~32.5 mol m?) ZA{bEHT=, BRREDBMELBIC,
auA RTINS D A ZRLTEH OO BRI N
BT E DAY T EE LIRE A TR L BRI
FAWBZEIIARARETH -T2,

Table 1 TiO, colloidal sols prepared at several acid
concentrations and the average pore sizes of TiO, membrane fired
at 450°C

. acid collolidal average pore
mole ratio . . .
concentration diameter diameter

[HNOy/TTIP]  [mol/m’] [nm] [nm]

7.8 390 precipitae -

5.2 260 13.6 2

2.6 130 23.7 2.6

1.3 65 453 4.3

0.65 32.5 precipitae -

FABL e an AR VTR ST 7 =7

NED IR AT % . T /73— AR AN — B TRIE LT
i A Figure 6 |\ d, T /78— LR AN — LTI,
MEPEAT A (TP 7850 LIRBERE T A (%538) 2 2 FLIE
PRI HEAR L . WEMGIE T A0 B WG 12 &> CIREERG A A
DIEFEIR N T % 7 SND BB FLE S AT 2 4
ETDFETHD, ML, BAKIESICBIT 5%
FBIMFAME R FIE CRUI R TIEIR RS y il
L. R RKR Y D43 ENBR DT Kelvin 2% x fililL
Ty M 528 THROIVD, ZOERITTHZILHEN 50%E
725 Kelvin B2 LS LT, Table 1 [/ HRT,
HNO,/TTIP E/V T35, 2o MR KO
AMFLAED BRI DHEER SN D LDIT, HNOG/TTIP £V kL
\ZEo T, A RRIEEB KOS AR T E AT EMN
RENTZ,

1
vapor: CgHy,
— ‘ firing: 450 °C
208 |
5 HNO, / TTIP
> =52
S 06
@ HNO, / TTIP
% 0.5 *»h =13
o 8 |
@ 0.4 \
o HNO; / TTIP
5 =26
[7)] L \
S 0.2 n
£
a -
| | |
0 2 4 6 8 10

Kelvin Diameter [nm]

Figure 6 Nanopermporometry characterization of pore size
distribution of TiO, membranes prepared from colloidal solutions
of different acid concentrations (vapor: C¢H14)
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Figure 7 |Z{%, HNO3/TTIP E/L k. 2.6 DA R TR
LTeTF 2 =T EDOBERGR B EZ 7 ~F 5 11E
DRFLLE AT BT DHE, BERIREZ 350 7225 550°C
AEEIRICT D EHEEHIALEEDY 2.3 775 3.9 nm ~&
RELTpoTe, ZHUTHERIRE % 5 <$ 52L& T, Figure 2
\ORLTZIDICTF Z =7 Ot da b B KO db R R A A
Elcb LBbhd, —77, KEKEHWTZHIE T
AFLET 2.7 205 12.9 nm &, ~F U ERE WS A
LD DY RELTeoTe,

14

Closed:CgHy,
Open:H,0

o o
o ©

o
~

Dimensionless Permeability of N, [-]
o
N

0 2 4 6 8 10
Kelvin Diameter [nm]

Figure 7 Pore size distribution of TiO, membranes fired at 350,
450 and 550°C ( vapor: H,O (unfilled) and C¢H 4 (filled))

TR = AR a AN —IETIEA AL % Kelvin £213,
(XD Kelvin & HWTHER L2, Be52450 Tl
FRFH EOF EAEF SR 2 D7-3 | PEHFLN TOHE il
0 1TE2DDIZHh 05T, (1) N TT N TOAKKFEIC
SLUTHAA 6 PoriiE@ Lzl ThiHEEZLND,
Figure 8 |Z7" 3 201, MER T ZRA3E —Thiud, £
BROMILEE TR —CThAHILT ThHhDH, ZZTAFH D
PEfih 2B aEL

=d; ,cos0 (2)

hexane

LT HIET, F ML OKICK T A A E RO DT
EINHREEE 2 HID, Table 2 (ZHEEHIFMFLEE D BERRIE
JEARATE S FLN OBl 2 7R3 I012 BERIRE D |
FHATPEV KA 1IN DM A R LT, ZAUTTFH
=7 FHD OH EWEREL | #db b 2SI TL 72 Z & Tl

DBORINZ 2R oo b, BERRIREIZ L > T/
HIFLN D BBUKPEAHIE rTREIZ 25 L b,

Closed key:CgH,,
Open key:H,0

0.8

0.6

0.5F————-
0.4

0.2

Dimensionless Permeability of N, [-]

|
|
|
|
|
|
|
|
|
|
|

v

0 2 4 6 8 10
Kelvin Diameter [nm]

Figure 8 Comparison of pore size distributions obtained by
water (open keys) and hexane (closed keys).

Table 2 Effect of firing temperature on pore sizes and contact
angles

firing . contact
average pore diameter
temperaur angle
[)C]  CeHs[nm] H,O[nm] [°]
350 2.3 2.7 37.2
450 2.9 4.5 51.5
550 3.9 12.9 72.9

*contact angles inside pores were (calculated by Eq. (2), assuming
that of hexane was zero.

3.2 FAZT7EHAEDEBRE
EFRAEOFHliEL T, £F°, RV=F Lo s Ua—u
500 ppm Z FVNCoy iy 1 EOWEETT/2~7, Figure 9
\ORT 7, EHIALA 3.0 nm BEW 1.3 nm 2H 95
450°CRERR T # =T 5 M-3.0, M-1.3 [ 7, HIEL
720y Wi 5y 8 —7 % Figure 10 (2395912, 90%H.1E
PRI oG TR, EAEIR 2,000, 800 A RL7TZ,
HIFLAE 2.5 nm (M-2.5) BX V1.3 nm (M-1.3) 2815,
TKZERGREL L, LAKEE 1 %D T2 Ly DR FER A
Figure 11, 12 2773, WIS fli/kiE e £ iR E
D LT R DM AR LTz, 30°CE 70°CIZIIT
DRIAERAREN L, TZIU0 2 15, 3 fFIcb kLT,
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Figure 9 Pore size distribution (M-3.0, 1.3; condensable vapor:
hexane)

1
0.8;
— 067
U
0.4; 450 °C
M-3.0
F M-1.3
0.2
30°C
|
0 n
100 1000 10000

Molecular Weight [g/mol]

Figure 10 Molecular weight cut-off curves (M-3.0, 1.3; PEG 500
ppm, 30°C)

5 T T T T 2.5
M-2.5

— 0.1 MPa
S 4 | pure water 12
& E
g 3r 1153
= 2
E | | e
9 2 1 3
= -
— 1r -10.5
_IQ.

0 | | | | |

0

20 30 40 50 60 70 80
Temperature [°C]

Figure 11

permeability multiplied by viscosity (open keys), as a function of
temperature (M-2.5 (pore size: 2.5 nm) )

L,, water permeability (closed keys), and L,

L ALUBENROVEBEFIBREL L, 12OV TIE, BLFOMFLE
THBHNHID,

2

I”Ak

, = 3)
8u Ax
ZIIT r, IEHIALAR A BRALER, Ax AR R, %
IR OO TEE A O —EDEEE 255, (3)
R, FIAL 7, ZHPERNUC > THBIRTHEEZTET
MESHTZb D THY | LN ORI FEAVT R M
WZHEDTRBIX, Ly [T—TE LR D13 T Th D, LinLgnib,
BRI Ly 1RREEEITHER L, KOMALEED /)N
SAE L Z ORI R EVME B 2R LT, - /#
LEETHVAT N a=T BT, KRBIOEKA
BT M O R B R AFME LS >N TR O [ 2 BE L 7 &
ERHL TS Y, ZORERFEIZ OV T, WO
HEREZZOND, £T, MILNEREIFTET DBIKE
TiOH (Z/KD35RIK A « [ EL S CTERY . ZOW A EIE A
PRJE ER-EIITHDTHEEZ DL DO THD, HBREL
P NS w 3 S 1 R A RN ay/ YA n B < W 311 N S B A 1
RED TNDZ LT Y T2, IRE LA ROERAE
JEIE A DN F 2728 | F it A R AL DS INL
BRR R AEMET RN, BT R T AL 2 b5, 2F
HDOE 2 7%, MfLEm TGO KIZ SNV DKREReZ
Wtk T bbLIRERGEEZD > TNDHEBEZXDHDTH
%, bbb, TIOH EOMWHAE/EMICL-T, Fmir
DKy F1X L7 L Coy BB IS TR
0. ZDT=DITHEE B L O OIRFERIFPENHE KL T
HEFRIRT HZEDHIRD, A %I LVFEM R A LB

1 . 5
M-1.3

= pure water |
& 08|05Mpa 4
a S
E 06F 13 3
= S
s 04 12 3
3 -+
., 0.2 @O first 1
- A A second

o L | | | L o

20 30 40 50 60 70 80

Temperature [°C]
Figure 12 L, water permeability (closed keys), and L,

permeability multiplied by viscosity (open keys), as a function of
temperature (M-1.3 (pore size: 1.3 nm))
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L ND,

Figure 13 1213, 30°CIZ317 5 NaCl, MgCl,, Na,SO, D
BRLIE SR ORI pHARIF R 3, T4 =7 D% L pH
7 RRELHE P S TERY, F4=7 KHE LK pH TIXIE
\ZHEL . @ pH TITAICHETHEB 201D, Kb
AT IO, BTOREHOEMEDOFHIEZIL pH 6-7 (28
WCH/ R LTz, K pH 2B W TIX, i F 4
(Mg>) 722 MgCly 1E—fili F4> D NaCl L0 o
FHIERZRL, M7 =4 %2H 95 Na,SO, IZIFEAE
BRAES e oTz, —J7, MV pH (231 IR,
Na,S0;, NaCl, MgCl, DIEIZ/NESL 72T, Tz, FHWiz
JEDFIFLEEE 2-3 nm E&5 2 DAL, 43 TEilC L > CEME
ZHAEFDITIIRETED, 16> T, EME DL,
FH =T R EBIRE OB AAERICE-oTHREL
L7zt D& 2 His, it O pHAKIF I BL T,
L AT ChReh O R A R T A R LTz, ZAUE
HFLNORE M EICLDBRAMEICLDbDEBE 2L

B,

% 20
E 15t
E 10| . i*i :
S 57
= 0

1

AP 0.1 MPa, 30 °C, 3 mol m3
08 MgC|2

Na,SO,

2 4 6 8 10 12

PH[]
Figure 13 Permeate flux, Jv, and rejection R of NaCl, MgCl, and
Na,S0, as a function of pH (30°C).

Figure 14 |ZIZ, pH 3.5 (23175 NaCl LT MeCl, D
PEIE RIS L OB R (L, B LY Ly ELTHRR) DIREE
KAFMEZ T, MK OSAE L RIBRIC, FiE R R k-
FHEITHER U7, SR OREIC L > TR KA FEN
DI D), S %O FRRE THAD, — 5.
FHAE=RICHE R T 58 IREICD DO TIRE —EDR L

RETRUTZ, KR IZIUT D P E OBH AR ROV EE
RAFMEIZ DV TIE, SN ETITIRE O ER LT IE
PME T T 52 ENMAESINTND Y, SyBEIEO RGBT
W s 13, IRFBEE (WE IR Y) A, WEEiR%
B P BLOBERNEE c VT, KA D
Kedem-Katchalsky

J, =PAn+(1-0)cJ,
Tatahd, —F5 . WHEEBIR Js SAREIE TR Iv
1, BAEER R B L OMHSIRIREE Crea 22 HIVWT,
J,=(1=R)CpyJ, EBREMIBNG, foT, s
BOGET0 TR ST E O I EN B SNLD
e T 3503 R BRI Ko TIRBEEZ IR A J, 23
B9 DLL ki IWHE BRI P S RETR o7 Iz0Is
PRLIERAME T L72E B A D, —J7 . EFEOS A, 57
TER 1T R | FE S AR LD 0 B D 72
D, BRI ROIREARIFEDRD T NED o Teb D EDFE
2B,

: 1 T T T T T
=08 - 1
S 06 |- -
504 |- i
202 L -
X 0
5 25
T4r 7
w Lo |
L3t 115 &
: ;
‘9' 2 I~ —1 :
=) oy
“1r {05
-
| | | | |

0 0
20 30 40 50 60 70 80
Temperature [°C]

Figure 14 Effect of temperature on rejection, R, and permeate
fluxes indicated as L, permeability and L,u, permeability
multiplied by water viscosity. (M-2.5 (pore size: 2.5 nm); pH 3.5;
electrolyte concentration 5 mol m™)

4. REREFIVSHRDRE

AWFFETIE, W BN - TS S PR ICBE N T 2 =7
(AL T2 ) Sy BT PEIE ELTRIEL, FH=T DO
i BUREEE AT 36 K ONEHRIC 31T 2 R DRI 21 7729
ZEEMPFEHRIEL, LT DR ima G,
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OF 2 =T EOMAEZHE 5T/ F 2—=2 7 iy
(ZOWT, AN RGBS L ORISR ONT
RETZ N Z Tz, e A R ORRIREE | 36 JOWERGE
FEIZE T, FIFLER 1.3 nm~4 nm FEEIZHIEICE A
EEHBIELTZ,

@ F 7 M AL o> F R O FF Al I o v T
Nanopermporometry %4 VW \5Z& T, -/ ZALMEED
BUKME - BUKYED E BRI 5N 2 2R D W et 2 R L
7o

@F =T NROM/K B L OVEME ZIBFr L KR
- U I AN T REZR =R (~70°C) £ TIT
DUWTIHRRT LTz, £ ORER, R ZEERE L, (2> T
IR RESHINT 228, 7L 7R u L OFE
TERIND Lp bEINT 222U, —J7, B
B O IERTFERIRE DL TIRE—EDMIE
RaRT e PbmELZ,

A ORFTRVEEL T, FF =7 IO M FLES 2 B
LTI, mddEii sk z AL, SHIZomsy 1 &z /S <l
DI DF# =7 2nA N iE L RETEORRE A
P CThHDH, RMEFEOHIEICEAL T, T/ ZALMEEED
UK - BROKIE O TE B 723 23 Sk 2 T REME 2R LTS,

A%ITT TN O R RO IS L E 72 AL B
N5, S5, BREEICOWTIL, B ETER P E R
IEPEIZDUWNT, D), BB IRERAEIEZ DN EL T
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Summary

Nanofiltration membranes, which shows intermediate separation performances between reverse osmosis and
ultrafiltration membranes, can separate ions according to the electrostatic interaction between ions and the surface
charge. At present, commercially available NF membranes are polymeric membranes, and the stability needs to
be improved to be used in various applications such as filtration at high temperatures. In the present study,
nanoporous titania membranes, which have excellent chemical and thermal stability, were prepared by sol-gel
processing, using titanium isoproxide as Ti source and HNOj as acid catalyst, and the permeation performance of
electrolyte solutions up to 70 °C were investigated.

TiO, colloidal diameters were controlled by adjusting HNO;/TTIP molar ratio, showing the minimal diameter
at HNO;/TTIP molar ratio of 5.2. With an increase in firing temperature, pore sizes of TiO, membranes were
increased. Nano-size tuning of pore sizes of titania membranes were possible in the range of 1-4 nm, based on
colloidal diameters and firing temperature.

Nanopermporometry characterization of TiO, membranes using water vapor and hexane vapor, suggested that
nanopores became hydrophobic with an increase in firing temperatures.

With an increase in temperature, volumetric water permeabilities of TiO, nanoporous membranes, L, as well
as L,u, water permeability multiplied by £, water viscosity, increased, suggesting the permeation mechanism of
water through nanoporous membranes is different from the viscous flow mechanism. On the other hand,
rejection of electrolytes were found to be approximately constant, irrespective of permeation temperature,

suggesting an advantageous operating condition at high temperatures.
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