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MWEVE - TR AR BT 52F Y 7 S EEOESBFEICRIZT A OZEEHAS
NETHIEEHEEMEL, BxOMABREET5F Y TEE2EREL, SMEERDY
RICBIT BB, BXY, REMED D HBIUBREKEERRR UL, '
2. ERBEUHE | . -
FH LA T IR ROREAR0-00EST & sof ‘ ;
FH=T AT FEEL, B (0T3P EnT—5 4 sof §E:£’N*§§??:
RO (@50°0) 5T & TR, Bk OERRS rob wiooon  aposupa
EAFIV T, pH3~1, Y 0.1~3 mM, EREEE 0.2~1.0 MPa, g onedmam®
7R 25405 'CT, B BEESRE T/ R
3. HBELES ‘5’4é§§§ii:§
112, BEM1000u (53E5TFE10008 Lk, MFLE ' :
3omBL_E), M2000 (5E2000, #FL&2n0m), BN Sp oo are
M500 (4ES00, MAZEIm) BicBIFs, Bro | o
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J, [108 m® m?2 5]
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BEOBBARETRT. AOKBEMEATEH 0 | -
6D TR, 2EAFTCEROBEERMENKE ¢ | es0, ]
CETFTEAERL, AEBEAEEEETOE 2 1;;f‘*§§i3§%
MREETHE. —F, WIFEELTE, BEH 5 LTIMe | Mo
Bl UEMIEEERLE, K21Cid, pHOSICH 2 4 Df 8 10
FEEL QEEMAEICBISBEREONTFAY g1 Ens@AEEETEFE=
DA N—7 ZEREKEEERT, AN—UAREE T7ROBERRD p HIKFIE
LCBEMEIRETT B EAERLEY, 2@ENF — Cf T
FFUEEENRTELEFLE, 2EHFA > i 4 *\%ﬁb\ﬂ ]
EMTLANEEIC A TR CREICEEL, T % °f :
AT IHA RbRENTEND, EIETHBADM §42~ .n ]
LABEORBIERAIC Lo EEXBND, < 1 [ ormarry
4 w@E © g ] 2|(ﬁﬁ7]5"-7l[‘) ’ .

0 1 2 3 4 5
SEHSTES0ETOF I T F/ ROEFEITK r.[0.1nm]

WL, FYTERIEEEOHEILEEZRTN, 2 H2 BBRRICREFTFTHFALOXF—FX
. § o EEOEFR (M250, AP=1MPa, 3 mol m™)

fiH FF AL AT BN TR D REHKH & 72

LZZEEHELMNELE,
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B a3 = 0015 , '
FOMAEA T IE T I v/ ZIBEOEME T/ BERKHEICRIET
A & BB L E o HIHE

BhERBIseE 8 BT (RBRE THFEH (LFETFERE)

1. HEREW

TEME - ERMEE T2 LTI vV SAEEE, ShOEE, BEBESO8 TR
B, = 5ICRBERIGAOEAR ETAEZREREROTNS, ENESEEDN &7 5%
HRTOEABEEDORNT, (4 AHEECEET L, YEBEIITARTO( &
EEIEL, 7/ EBE (GESFE200~1000, MAEL~2nm) 121 4 AT I & 58
ROBEVTTEE S 725, BIRO T/ BBES LOWEBEIIEAT RUTIR) 2EME
L BT - TS (GITBRLAD) 1KS 1, B A #F dpH2~ 10, BAE50C
BT, EREEND, £, 779U S IHIEOEDOFNEI L KRR MDD &
WS REND D, BEEICENEYS Iy 7R CHBE DR S, B
& BEHPHIT LB ILE IR N OKEHIE, BE T TOMAK L3 EBBIROEADL
HIHTED, HEAE, BROWKEALS ZFATIE, WAEERKLUEREEATS S
ECHE D 5V IZRE LB & OFLEE T o 10, BUER L ke EEE
VoS UEBEBKEE TN, T0%, a5i, EEREICEZFEEALK
EELTEHBEND, BHAEKTEERS> TS, WERECENLSI v I HET
F /iR WEBE ORI S/ UE, SHICE B BRSNS TR E 3570, FIAL
a2 R OKIEZERL BETE B,

—%, I3 v MBI R 2SI EEOMBICEL TR, hENMALEDOK S REER
BIE (RFLE>100 nm), RIMNEERE (2~100 nm) THERLENHFRENTRS,
WAL EA2NMU T OF / EEREOE S I v VEIEREINTE 5T, EEPIRRET
BB EEZLNDY, PR TIE, BN ENEEEET BRI TR, HEEHEED
5L REAEBEBUOTNEFI T 2Ty VEMBELTRELE, FFZT (T
B{EFZ >, TIO) W, F7FH&—¥, VFl, BEY, TIH1 o3 EEOELHES
572D, WAl BEU, WEEE W7 VHVECEDRENEES I v 2HETH B9,
72, BRAREOHHHEHEEE L TORMEERL, KT F—Ic k> TEE TR -
BILRSANE Z B, B TSRS & LT RVICEE TN T3,

PHPNEL, CTHETKFISTREOETI v/ AREMBEL, F/ EEEOHE
THIILEEEE TR EERSAE LTINS, ) EBEEEOMIALICE S L, &
LB EAEEOREER, $IC, LEEER) Th 5 BESMRERICEDS
SEEDSREET 5, Tabb, EHEREOF A, 14 SEHEQHEIER
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Ki@,4?)%%&KWUT%%¢%C&§T%5W%tiivﬁ%ﬁm,pHKm
UTEREN (P—yBA) 2HT S ENMBNTVNS, #oT, £I3 v 7 SAME

OHITLES F/ EBEEEL TSI, o 4> BT & > THBENTIREIC RS &
#2050, WAEKEEEADBANREINS,

% DHIALE BOF & =7 SHME & 2R ZOBEFED p HIKEE 2R L
LT3 BREOKERAAIEOR (1-1ENaCl, 1-2%Na,SO, 2-18MgCly) K&
TRECERDTEERVELE. yﬂﬁﬁka%LﬂFﬁprﬁfﬁKDMTm
GEROES TIRMTLA OB S RO Lo THIA SN TN BS, ERIICTHEN
ULk EABERROLLERT. 2T, FHFETIE, ?5%7§%&E®E@%
ﬁt&ﬁ?ﬁ%ﬁywwa%%bﬁkﬁé CEPEEME L, BENE, OB O

BEEETAFYTEEERL, OBREERS R P BB XOREHED
DH%iU%F&T&%%bﬁ&L X 51z, QR A BORERIEDHE ETo 7,

2. MRAE

2—1 FEAZTJILDORA
FHZTVINOREIIR IR LT, H

FKYEIRICTF & >4V 7T ORF VR (TTIP), H#

N 478/ —J)L(PA)

EL TV 7aENTIVa—)b (IPA), AT B (HCD)

EEEE AW, FIEROKEIA IR S

LT, FAZTRUT=VI)NERE, ZIT, <———
&%%ﬁ@ﬁ&ﬁ(%»%)&,TﬂPfﬂhﬂg) mmﬁ%-éﬁ%&m 
JHCl =1 /140 /4/ 0.4 L7z, ZDRIHE (5°C, 1)

F&U(N) 4V TaRF B(TTIP)

R (20~50T) TIORHHT2ZET, F 7
FoyanoAf RVVOREETo 2, a0 R [719—71-“!)7 w"]
BOBEIBAEHEE ORET, ELS800)IC

Lo, '

L =Fy 7 a0 REERLA0C T fi - BB
RSB C & THEREIEER LIz, BRIKBIEIC (20~50°C, 10 BRILLE)
Y-y EBAOBRE (KEET, ELS800), B
KO, A 4V BEERICANE, ! ——

[ FH=7aARA RJI

2—2 FHE-TF/EBEOER

M2 S EEOAEOEEEERT, Mg, | 81 FESTIALS FORME
9 BAEe-TINIFE @LEIem) BX
BELL, FHo7I01 REMEDOASZIOL RMBIEICEMEEICI—T1 I,
SR R ST ETFY Y BEOERETR o, BRI, 1REE450C, KR 155
P ERSHIC TR .
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e | eTIIFE
2-3 +/EBER é////// (OME Tom, e 9em)
ﬁ]\ .

&

2-3—-1 DEHFEDIE
M3, F/ BEKRER :
ERT. BEBBLILHRIC s\\\\ /////7
EEICEEL, SRARCE

o THMREIEL BBEE H2 255 EONE
#2, Ny FRENERE,
TV BEORERBE, T2
VBB R 72 1E R ) TF L
BIECIEEL, ERANDA
T2 OBHERNE, L0
Uy bRk E EA
THIET, BRKE 25+

@ PerTeate :

i

0.5CIZfR> 7z, BHEEIX O r\

~10bar DEEEE L, 72, [ D

TIVHEZE XY —F—IZk> ‘N2

T 700rpm THHET S LT,

BEHTORESBZ W, Y
BAMICHIETH B HREE Ca—
ZAvy, #BEE 10kef/cm?,

B 25°C, ¥ 500ppm T, @ Nitrogen cylinder ® Stirrer
ﬁ?ﬁ"/\%%@jﬁuﬁéﬁ‘-j 7f: @ pressure regulating valve @ Pump

A=A (180)’ v }\ —AB60), @ Stirring Bar | @ Pressure Control Valve

774 /=R (504), aT”
OFFA U2 (972)), &
O, RUIZFL>F U a—) (PEG2000, PEG4000) ZFW 7z,

H3 7/ iRERBREEDOHIER

—-3— BHREDT / EAER

ﬁj\iﬁ?iw{ﬁiﬁa—lﬁ(?)ﬁé%%)ﬁm EMEERD) ODBBERETO . BROEE
&LT,1—1ﬂﬁ%£&bfﬁﬁT%UﬁA®hd)1f2ﬂth%@TbU@A
(Na,SO,), 2-18 &L THILT R A, LAV ™A (MeCl, CaCly),
W, 2—2BELUTHREBES /%7 MgS0O,) ZAWE. BRIk i@”fﬁﬁﬁ%"rﬁ
BEDOYA ZOEBEBRETBE-DIT, BA DA b—r AREET HEHEME (KCl, NaCl,
LiCL MgCl,, CaCl) BEUEHEME (5 LI AFLT VBT AECH)NCL 7k
SIFNTVEDYLE (CHINCL, FE570EN7  EZUHEA (CH),NCD) %
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Wiz, BHETEODHIE, A4 VENE LR BES D VIFBEEANWTHELE. X
12, NaClDB&IZHCLE L UNaOHZ AV, Na,SO,0HETHCIB L TH,SO,Z Az,
iﬁ%%ﬁ%@ﬁﬁﬁ%ﬁ%lN%Omdmﬁ@ﬁ@?%kéﬁﬁ;%ﬁgﬁgwﬂﬁ@
ESEHEERNT Lo -, EAEFEIE, 0~10 bar, BE25TC, WK pH3~10&L7k, &
BEBBERIIBNT, WA FEELLSRD LT, EREETS, EHRHRIER
DEETHRND XS, WA BN 2 i1 4> DHE, BEREICH A 2V RE TS
LTHY, MERKREERTZRET TR, §1 4> OBRIIERMTRHEERW. £2T
—H, ¥*EHEORETSpH4 T2BEEEREL, 214 E2HE LRI
ERERKEBRLZ.,

3. MIRBREER

3—1 FAZ7F/BEBEDER
BEUF 5 =7 ORI 4
X4 &5 EOERICANWZFY =
TEOAESTFESMERT, W
NOBEICBVWTHHERN Y v— T
SEH—T ER U, WEEI0%ME
BN TREEDESTEEERT
3L, HESTFEIZ250, 400, 2000
BETHD, IFM250, M400, i
M2000 & k&, F/z, M1000uid ¢ 06 F
Ly OFEARNY Y (HTRITI) o
KR L CHBIERERE T, SES 0.4 |
FEIZI000L ETH B, INH505H B
S TR 5 BT EDH R ET 02
T EMTIRETH 0, TEEILERED,) o L s w4é
EZ N R (r) OMBEETR 10' 102 10° 10*
4 Stokes-Einsteing % f1 7=, Molecular weight [g mol™]

kT _
" bmur, M4 BEFESECHEEQBRENTBEESE
(k : BoltzmannfE$,, 1 : BIRASE) (AP=1MPa)
EEL, BRESTONTFE MW) EHE
BRE O, KXDOHEREI
D=8.76x107 (MW)™*

EEF. M250, M400, M2000BEMMFLE, Zheh 0.8, 1, 2.1 nmfEEL LK
BEND, FYTEEHBETEEEOVTIE, FITREREELIIVIATH
275, BRICBVWTHERBERICES MEORENREID, 1 nmBEOHMARERSZ

—
o
N

J, [10°m3m-2s-1]
S,

—
- O
[}

® H PO
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EDNELL, BRESNTVRLDESTERNLIONRNDSESFETH D, INET
DESTENL000L TOEE S/ EBEIZZEEAEHESNTSSY, £PFER TRISHE
HFE20DT  EBREDIEEITRIN L, EMFEORERERDO—DTHZEEZS5NS,

3—-2 EREERNSEB-pHOBE-

5, 61id, ZNTNMI000u (EA-FEI000LL £) BEIUMS00 (4E5-FE500)
XS5, EAZEIbar—EE Lz EED, FEAEOHEIERD XERIRR D HIGER
p HKFHEZERT, K5 XD, TRTOEREBEEOMIERIIPHOEE TRE K TLZ,
CNEFE—FEBMOMEL D pHEBETHFERZRLAZIEND, RAMENTOER
REIZNEEEZLSND, £, MI000UEDONaClliciEE Y 5 &, pHOREZEICL T
VFEOROHEIEERN—TZ/R L. pHOERE TIIREMEN YD ERZEL2EERTHY,
M 1000ufR D43 4> FEiZ1000L4 £ TH UNaClO Y XITHERTHAREW=D, Bk
RiJZEY O 2R, Ep HTHNaT & ERERE (F5R) &0, HpHTECIEED
BEEHE SR ESCKET 3720, NaClOBEAEIESNEEEZ5N5, —F,
MegCLIZBL T, Ep HIZBWTIIMg* OBEKHIRENCED < @MW (Ry,=0.7
BE) Z7RL, @Wp HEETIEHCI EOREICE /NS RHIER (Ry=0.38E) &Rl
7zo =7, Na,SODHE, BiBk1 A A A 2 & B @mpH TIRE VIEIEZR (Ryy=0.7

40 ! LANL IR EL N RN DRLENL RS DL B A — 3 T T T T
i : ] 0 )
o 30F : o
E Lof ] E
2 3 ] E
S i ] o 1k g
©  10f MI000u , AP=0.5MPa ] S | Msoo )
9 L conc. 3 mol.m™® ] — L AP=1.0MPa, 3 mol.m? J
‘_>“ 0 b ol L L —J> 0 L 1 1 al 1
=
1
08f
— o0sf — 0.6
o 04f o
0.2fF
O ) 1
2
E5 MHiEREEBRED p HIKEME B6 BEREFBAROD p HEKFL

(M1000u, AP=0. 5MPa) (M500, AP=1.0MPa)
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B 2RETL00, Ep HTOMEEZZFY D&%, MeSO2RE LT 5548
i 2 p HESITBWTHIERIZEIE Y O TH o 2, HA 4 2NSMA 4> DBEARFS
S ER A AL EREICREL, WO BSternBEERKL, EEAEET, 550
i KECETESRTLESREDEELILNS, —F, MAEDEI D /NE/ZM500EA
MgSOIcit L THIERERT LS A>20E, (> THRENTIE S TR BEANE
THMITLEIN S N RO BEENAZ VYD, BIEEERT IS ICRokE
Ez5N5, B, ASEHTLATIRED S OBMIOHNERL & S /= L EH R OB
TSR — ST DD, BETOA A SBEAEEN SR R B R TIRRNM &
BIEENB,

T BEFCHCELTIE, pHICHL TASRKEEERLE. K7IE, B354
AEOF & =7 ZIEE N =B 8 OBBRED p HIKENE 27T, SIS mol.
e F 75, 100%MIE L7 & LT b ERICRET 223 EIIMeCLO%HE T0.2atm
BETHD, 5E (IMPa) 1L T 2 $RE L BRI S 2 3 EERIRS AN,
HEoT, BBTED p HIEEHIY, BREOMIE & 3 BBE CSHBIZ TEZ, M1000u
CELTIE, AWABREECLST, SEATHSDH6 METEBRRORKEER

L. ZhUd, IR COBSHHENICE

- 40 N LIS S S B N B D RS BN LIS LA AN
(';n ot ] HezEEZOND, BRHENEE, WIH
L s0f E’E;!$Fﬁ§§§k 1 BAAVEEUTEEEICN T 5@HAHE
(] 3 o
£ 20} 1 oBBEHTLAA (BGRAREHEmE) 1T
2 1o L Mi000u, AP=05MPa TAENZRANMEE, BRTRIBHT S
=l [ conc.3 mol.m® 3
O o L L I [ ] — 3 '

:."_' 20 B A ‘E-n ! T T T T
w N o L
o i ] g ot

15F ] - .
E ‘ 1 & |
s 10 1 & 1f
o i : 1 - r
= 5[ M2000, AP=10MPa ] 2ot
= . ] 1

[ conc. 3 mol.m

0 [ L T L | - PR |
R S —— , 08 [
P A
T 2of nact] = OfF
:r)E 32804 4 D:.Lg" 04 [
S T weoo 9% 02f
ﬂ> Oir AP=‘1.(|)MPa,3n|'10'Lm’3 o |\L/‘gso4 . .

2 4 6 8 10 11 2
PHL] pHI
7 BEHIHMAREETEAIFEITEDE 8 BAREICRIEFT 24 OEE
BRED p HIKFHE (M500, AP=1MPa, 3 mol m™)
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e, BT EOBIENREALEEHBENTNDS 0, 5T, EEHENRMIH
TWAEBELHETIIEIKEANENT, BORERBEREERT., —F, MHMAED
INETEMBOORRICH L TH, FELAD D TEBRROBRAEZRTA, &p HERTIX
MgCl,, MgSO,& b IBBHRAAKIBIET L, NaClOBEBFRIC i L TR25%ICET
U, R ORIFLEEET 5M2000BTIE, M1000uEM500 D= O BEBAROET %
R, Eh, H8ICH, AU 2EHFA > 58T 3CaCle MeCLd sk & 5328, B
ERBEOBBARE bIZEAROERER L, BRI L 5SRO E T
ARYICIIR R THBEHEINTNE I ENS, 2MHFF 2 OEENBBIEIC A=
BEEEREITVWLEHDLHERINSG,

3-3 BREERSBA-EBEOERE— |
9 I BEFR O SR MBI e 2 R T, BERSTATRD p HA'9.50484, NaCl, Na,SO,
DB BFRITERRECED S TIE—FEERLEDICR L, HLh)L S AT ERE
B TABICET L#IC, 1 mol m® BELDRLICETT2@mERLE. —F, pHa
TRINTOBREICRNWT, SERECEDSTIZEAUBBAEERLE, 1012
i, FYTHREERL, BRABIEIC L > THE Lt — 5 BAOBEREERRT.
pHO.5TldCall,, pHATIINa,SO,DY—FEBNLIL, BE DI EEWEDHTEIL 0 12
EDL, bbb, BEWENNS ALEMNERLE, TOBIC, BER TR
TL, 1molm® BELD—FIHET 2EAERLZ. —F, #1420 1HEOEEIR
Y-y BAIESEOERMEN TIIREICEDS TIRIF—EDEER L, DHI.STOY
5 B DL EBBARDLEOEANE BTV DI ENS, 2 MHRMH F D1
T AHEICHALEEICRE L, TOREA T LD BEBFRAERD LD TN
EHREND, LNLERS, A4 U0HEA 4 0BaE, T—FBAITAILIDA
AF 2 ERBICRATBICHED 5T, BRI EEREENRSNAVRICDVNTIE
LV EHRRADPRETH B,

4 LA LA B L B
= | 5
o S
S ] E
™ (2] 2 0 ]
E i E O NaCl
= S O Na,SO, |
— ; = ' A cacl, ]
ﬁ> - -
0 pH 9r5 e L 0 pH 4L ) !
0 1 2 3 4 0 1 2 3 4
Cieeq [mol m]  Cieeq [mol m?]
9 (a) HBARROHEMRAREKREN M9 (b) FBRAOHREREKREN ,
(M400, pH9.5, AP=1MPa) . (M400, pH4, AP=1MPa)
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¢t [mV]

Creeq [mol m?] Creca [mol m?]
K10 (a) +t—4Bf0BEKREH E10 (b) E—4EBHOREREF!
(BEKEE, pHY.5) (BSUKEE, pHY)

3—4 BREOY A XEKEFH
2 & RA A2 WA T Y DHE, e
SAEF 5 =7 EOFBIERILMDT : |

BERETR LR, KERRICBIT 58 gi; e %% ]
BAALDH1 R, — W 2EF T ]
ORI AL EDAENED, € O ormrrs  mw :
FEFED RO OEEIL, ﬁ4f/@ 02F pemars .
YA ZROD, TNED, 2fH1A4> 0 E— : '
IR ICRE IR L2200 B = S T
SHETHBENBS, K11, o 4} ]
e BEREERE LTAVERD, E 3 $Y¢¢1\\*
FRARB LOEEROA b2 E ] ]
R EFT?, 1-18 (hFF © 2} -
>4 X1 KCl< NaCl < (CHy),NCI < E 1 b ormnray e ]
LiCl < (C,Hy),NCI < (CH),NCD) Bk [ gemnrA

R2 — 1 MEME (CaCl, < MgCly) & Ogu'4-‘é"é‘ ]
HiT, A=V ARDOERITHEN, & r, [0.1 nm]
BERRS T SHEERLE. LT 11 EEREESBRRIZREFTHAFA O
LofmEkETSE, 214 DE o

BRI AEEETET L. <M§ngﬁE ?ﬁfm%

PO, M4 RLELDIT, &
B34 ZOHREECH L TCHBRRFIIRE—EDEERLEIE, 51T, FEBR
M3ETIENaCLE FIEREDBBIRRERT NS, RREIAENTORE SIHE-
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THIANEZEEL DY TRV I EEASDTH D, (A I XOUBIIK XL 2 fif
1421, BESNICRAARECIEIN, REOBBENSRokkdEBEA5N
3, KERFTR2MEAFAEAF O HOOEDICHRS AR LEKSFEEL, TH5
DIV T DK EWRT, BRELUEEFIBEEEL TNEEEAENTNS. B
BEEEFIVICLDE, WEEEK maamﬁ(W%AwATwaa%$AWAwaE
AT BND) BEEL, B 3 AR A RS I2H SR ERE I EE LIME AL AR
VYBEBRL, TOBEE VLY AICHEEIERINTNS EEXENTNSY, &5
BT D BBIEOBEN 5 S, KA T OREERERERNS, %ﬁk&%bﬁan
BEFRLTNDEEZ SN, TOKFICLDEERNOBBOREZRICRS &N
EDEALM ETRD T,

3—5 BREEZEALEOSE 3

BREOBRBEL ' e |

X121, pHI.BKKBNT, & QE B fo, E
LRV e % NaClin B CaCl, 12 25 g 2
b=, TOEFONaClitEL £ 1| 101§
EBED, BBRRORELL  F - O

25RT, CaCLICE A EHE, B 0 e T Vi 0
WREIEESMIED L=, L
MUENS, BONaCliZ BEAG1E

WEEAGE, BBIEROE ) §
@i%@#T@D,ﬁwm%ﬁ & E
ER®IC, NaCIAROBBIARD %

BIZEELZ. ANV TL1H g 3
1E1500043 IS THEH LT =

BY, pHISOEFTEANLY | ]
vatdvommEEEaL 0 T
EZEND, 14 THEAITK time [mi]
ELEINVYI LG ORLE

I, RO EER O E

BRESAORLDIC, BER ;%ﬂﬁ%ﬂﬁﬁﬁzfﬂ%géﬁfﬁ%ﬁﬁi
B R FEZ & D NaClDBE @A I pHI. 5, AP=1MPa)

=N, FRUTLATREDN

EFLEEEZENS,

HFF RHALREICR A 42 E U TBTHEET 20, FRERTE2EIFA > 0HE
A A AR HIALEE R EICRE L, MRS WHEERBERREHDIIED
EEREINED, EBICAITFF L ORENBETNEINEDINEEND DUREND L EE
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Z5N5%, M13KiE, NaClB X o
CaCl, Dk EEBHREZRT ., NaClD
B2, RREELREA T VRENZ
FEENICENL, N> —HokE
HEERL, EEENRREZRLEZE
EZZoN5, WolED, CaCLOBER i |
Lleho%ERERZRL, 1 mol m SH= -k .
Uif@i@i%aﬁ\@?%i Z#EAL, 1 mol / & ® B co|
m3PL ETIZEeNTEBAR L, £, 0 '
EAHEEBEN—ETHIE, A
VUL TORERET MU T LA
FTOD¥ENERBIFTTHBN, HIZ E13 NaCl 3LV CaCl, DB ZBHE
FRUTALF L ED B RERAF S (REE25°C, pH9.5)
LEBERLE, AV TLLTD

FNFH =7 EE E QBRENRS, 7 R LA A TIEA 4238 RL-TIOHE T,
AADTMUEBDEEZ ENS, LALANS, FRUTAE Y EOBRBEBDEITK
EbOTIRL, F2BRETH> . TRUDABITHIN YT LAWTRTRNWTD,
PHISTIEHA 4> ELTHFAINBEET S ZENRENERD, ThTOHEERT
FERUERETHZZEND, BBREOEFIIA A>T XOEENRKRENDDEER
BNB., ZOLIT, TIVHYBEOTIVAY HEDA F ¥4 XEI Ko THBFRA
BR5IEEWELMELEDEREBRENEEZ SN,

q [umol m?]
&

Ceq [mol m?]

4. $EE

VI—F IR K D STLETF S Z T EOERZTRY, LTI L2 & Lk,

1. AL =Fy=yan1f ReERW, SAMEFYTEEEREL . SEST8E 250
BEDT /EBEOERITRII LTz,

2. FITHEOBMEFBERZTRY, MEEEL TOEREMIEEEZRT
LEHSMELE, FYZTEOEMEMIERIpHIKRESEKEFELTBD, &l
FOM2 A A TRERBIRZERLEZ. —F, W40 2MMOHEITHEER
MRKEETF L.

3. BRARKEL TR, SERMETREAEBRRER L. BIAENICLDE
BrEZLN5, A5, WIAENRLD/NEWFYZTEORE, 12N 2
SBAFTUDBEE, MAF L ORBICLDBEFANKEHEDT ST ENRES
N7z,

5. BEREBLUOY—YEBMOBEKRENE, BLY, ANV ARORZLERE
OFBEBRLD, 2@ F 2 IMANICREICRET 5 t,k;v,%®%%
ENHEHRENZDIZ, BRRENED LZEZEZ5NS,
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5. SEODEHE

OFEREHML LTI =T EY, FEER TIIEREMILEREEZRTBOD, BiEz
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Summary

Inorganic membranes have excellent resistance to chemicals and organic solvents,
and have been expected to be utilized to the separation fields where organic membranes
cannot stand. Titania has superior stability in aqueous solution of alkali as well as acidic pH
to other kinds of inorganic materials such as silica and zirconia. The purpose of the present
study is to prepare titian porous membranes and evaluate the filtration performance of
electrolyte solutions.

Titania membranes were prepared by the sol-gel process using titanium tetra
propoxide (TTIP). Titania colloidal solutions were prepared by hydrolyzing TTIP in
isopropanol (IPA) solution with acid catalyst; the molar ration of starting solution was
TTIP/ IPA/ H,0/ HCl = 1/ 140/ 4/ 0.4. Titania porous membranes were prepared by coating
a microfiltration membranes with titania colloidal solutions have different particle
diameters, and firing at 450 °C.

Porous titania membranes having molecular weigh cut-offs (MWCO) of titania
membranes of 250 (pore size: 0.8nm), 400 (1 nm), 500 (1 nm), 2000 (2 nm), and >1000
(3.5 nm), were successfully prepared. Rejections of electrolytes were dependent on pH of
feed solutions, which reflected by zeta potential of titania. Rejections of electrolytes having
divalent coions were high compared to those of monovalent coions. For example, at lower
pH where titania is positively charged, MgCl, were more rejected than other type of
electrolyte, while sodium sulfate was more rejected at higher pH. When counter ions were
divalent ion, adsorption of counterions was suggested by rejection data as well as zeta
potential measurement.

On the other hand, permeate volume flux shows an interesting dependency on pH,
types of electrolytes, and pore size of titania membranes. At basic pH, where titania is
negatively charged, permeate volume flux for electrolytes having divalent cations showed a
decrease in comparison with those of electrolytes having monovalent cations. Moreover,
this tendency is pronounced for membranes having small pore sizes.

Various types of electrolytes (1-1 type: KCl, NaCl, LiCl, (CH,),NCl, (C,Hs){NCI,
(CsH,),NCI); 2-1 type: MgCl,, CaCl, ) were filtrated through titania porous membranes having
MWCO of 250. Volume fluxes of 1-2 type electrolytes were almost half of that of 1-1 type
one at the same ionic size. Therefore, it was strongly suggested that for negatively charged
porous membranes, divalent cations, which have relatively large Stoke radius, adsorbed on
the surface and became a resistance of permeation of volume flux.
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