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E % D EEEREN /1 & T B IRIKRIE D BEE O 2 T, MEBEB LU/ EBEICK
TA A BT 725, MEBBBEIITNTOA A EEHEIEL, F/EBETIEA A
L ORI X DRIRDBEETIREE T 5, MRS/ B/ MEEHEISEHT (RUTIF)
EREAE & T A OMEME - TR GICBERD 1252, FREOBMIL, F5 =
FEREMEIEL, BB/ HEEEEE TSI EEEHRT O E, B 1OMA
HBE L, 3561, BxOpHICBI2EMEDMILIERZIMEL, BMESREMELE

EEEN E OBEEEICDWTRA L7, :

2. Eh o8l [@ v 1

FH=SAVTOFF L REHRFRIE L, MBS M

D500k o TAD REEEHIAL /=01 REskht 5 0O |a ws :

(@=-FIV3F) Ina—F4 2 TRUBEL @500) 352 T g4 i

LT, HEHTFEOREICE, 500pom FHHAEZ

Fv, NaCli-1), Na,S0,(1-2), MgCL2-D), MeS0,@-2 %l %2 ]

HORDEEREE UTRWE 7720, pH3M L, 3B 0 . ;

3~300m M, FERBEF0.2~1.0MPa, 7KR25+0.5CE L7z 1o 10 102 10°
Molecular weight

3. gEELER Fig.! ¥4 =7BRONERFEL—T

Fig.1 12, WTFhoBEIBWTHEENT v—7 3

BAEH—TEFL, WEE OWEIETHAES Y| ]

FEIL, M1~M3 TH500~1,000 BEELZD7Z. F

F72, M4 Ra Y/ OFFAPYACTHUTOELE 2 Ty o ]

REFRIAMoT, Fig2 I2ld, ML Bicks88E = ol e

EEEMIERD X OEBREO p HKEEERT . Haansag i

£EEIIVER p HICH U TE(L, BIERIIFER
HECTR/MEZTRL, Bl A N 2614 > OHE

BOWHIERERLUZ, £z, BBRES pH KFHE
2RL, BRI DD WIEEE LA A4 21K
5 RAREI OB R RE S NIz,

il

4, #8
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1000) ZH L, HEREREID BEWES TERIERERLE RN T —ESBETH S, L
MU, TIROF VEBES XOHERBERIIE ST (R 7 IR) 2EME & T 200
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1%, 1RE450C, B 1 5 Ll ERKHFITTIT o7z,

2—3 F/IEBER
2—3—-1 HEHSFEOHE
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EEERT, WEEBT © rerqeate
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7o sraky | O <__®g_
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BBV, LDV ) @ ¥
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HTET, ik 254 @ Nitrogen cylinder ® Stirrer

0.5CIZ#R > 7z, HEFaETT @ pressure regulating valve @ Pump

13 0~10bar o@ETcE @ Module Unit Water Bath
BEfioL, KL Uh gomon ® Pressure Conte Ve

RNEREAY—F =2k -
T 900rpm THEHET BT
ET, EECORENBER N BRMICPETH2HERIBEZ AW, BIEE 10kef/cm?,
B 25CT, DEDTFEOUERITo/k, BL2DHTFEDHEE (d-7/)VJ1—2Z(180), ¥
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3/ RARBREREDREE
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(Na,SO,) , 2-1BELTHEITT R UL (MgCl,) , BXY, 2-28E LU THBET
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EDTEBIODEDTEHFRILIZIER—ICHEL 5T, MKEBRENKI0BERS -
ERBREFHDR DL, GSBRFET> TOSBENHS S,

x1 ERIERLELEO—E

fR&S SESTFE MK FE B FREL TIVE %
(10" m*m™.s".Pa™]
M1 500 0.07 0.8
M2 600 0.7 1.2
M3 800 1 -
M4 >1,000 5-6 3.5

£ 612300°C, 500°C, 700°C THERk
L7zF % =7 HHK=%1000 molm™
HNO,ICEIR TRIEL 2B E D, TIOHE
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A A PIRREIC A F > ATH IC R &
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No, £z, 21 A > OHREITKD

Concentration [ppm]

0.2

0.6

0.4

{ potential [mV]

o
o0

L Y I I Y B B

LA L I e L L B B |

—@—Ti0,, 300°C
—a&—Ti0,, 500°C
—E-Ti0,, 700°C

—&— Al (substrate)
—7— Si (substrate)

—@—-0a-Al, O,

HNO,; 1 mol.m-3, 25 °

L

1.9

0 |4 ] 2 !
0 20 40 60 80 100 120
time [h]
6 BHEBAAVEEOREBZEL
Y
NaCl
E Na SO
-6 ) ) i g4
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NaCIDZE A & DILEA A > MY —5 &
Ry T RLTWBEEZ 5N S,

3-2 BREEMHBBER

M2 ERWT, ML b L, BTk
DL, ST R A OBIER B OE
EEBMROREST, pHAlkBsEH YR
KERERS, 9, 1010RT. WFNOE pH 40,250
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Lz, Zhid, BHTFETRS sk
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51, FAIERIIMeCLAEHE WV, ZIUIED AP [MPa]
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15 T T T 15
= —O—3mM | o
o —A—10mM! o
e 10| : ] £ 10 X
o ~}-30mM| e
& ©
o 5 4 e 5 4
= -

0 ! 0

1 A T T T T 1 B

H 4.0, 25 °C i
0.8 a2804 : 0.8 ]
] [ pH 4.0,25 °C

— 4 I MgCl
0.6 . — 0.6 ° .
o ] 3

0.4 - o 0.4+ i

0.2} ] 0.2 ]

0r 0',.....|...|...|...|..._

0 0.2 04 06 0.8 1 1.2 0 02 04 06 08 1 1.2
AP [MPa] AP [MPa]

M9 MLEQENEEE (M2,N2,S0) [10 MEEQEAKESE (M2, MgCl)
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Na,SO,DBHIERITIZE ALY
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DHIFLEDIE (M2, M4) 12
DNWTHREDZ, RFOM4 D
B, DFEI7T3IO /o5 +
ARUCORIEEZEIFEALER
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DINSTEM2DPM4 LD HE N
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0.4

0.8 |

02}

10

12 3

open M2
closed M4

100

1000

Concentration [mol.m-3]

B11 MEEOBE&ENE (S8 M2, HEM4)

40

30

20

E M-1, AP=0.5MPa

E conc. 3 mol.m™

B12 MIEREEBRROp HEKFE (M4)
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NaCliZiEBT 2 &, $BRERICLTVFOROEILERI—TE2RLZDE, EpHTIE
Na"EIRMEE D, BpHTIHCI EERAFHEENHFEINCRHKET 2720 THD EEX
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POTHo A A onsflict 2]

S OBBETFH =T REIA A of

THENCEEL, WhidASternE oH
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Q%A A O MEMDIGEE, (A HEBEICE-> T, EERAENFHENTLED L&
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Preparation of ceramic reverse osmosis and nanofiltration membranes
having thermal and chemical resistance and its application for ion separation

Toshinori Tsuru
Department of Chemical Engineering,
Hiroshima University

Summary

Nanofiltration and reverse osmosis membranes have separation ability to ions.
Commercial RO/NF membranes are prepared by polymeric materials (mostly poly(amide)),
and therefore, the thermal and chemical resistance is not enough for expanding application
field. The purpose of the present study was aimed at preparing ceramic nanofiltration or
reverse osmosis membranes and applying them to electrolyte separation in aqueous solutions.
Titania has been chosen for membrane material.

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/ HCI = 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.

Molecular weigh cut-off curves of four membranes used in the present study were
determined using saccharide of various molecular weights. The MWCO of M1, 2 and 3 were
successfully controlled in a range from 500 to 1,000, which is in a range of nanofiltration
membranes, while rejection of «-cyclodextrin was almost zero. Electrolytes of various
valence types (NaCl for 1-1 electrolyte, Na,SO, for 1-2 type, MgCl, for 2-1 type and MgSO,
for 2-2 type) were nanofiltrated at a pressure of 0.2-1 MPa, at pH of 3-11, at a temperature of
25 °C. Electrolytes were rejected by M4 whose rejection of a-cyclodextrin was almost zero.
Therefore, titania membranes were found to reject electrolytes based on Donnan exclusion.

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. It was also suggested
that permeate volume flux was dependent on pH and types of electrolytes.
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