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DRI, 1EFBIFLAEL 2 3nm 1 7 Ry-ALO/o-ALOs SCHEAR il % H e TR ERFATK) TiO, ANUEME. TFANZ5 42 T MBke
1 BN AR B (TiO, ¥ ) FN TiO, AN JEBEPERE RS2, 75 350°C B bedi B T il & th FLARZ00h 1.5nm 1) TiO, 4h3E
JE, ZJE PEG HI#R B 4> T8k 890, 4li/KiBiEilE N 5.3 L/A(m*h)(8X 10°Pa, 20°C); JFiE4H% %L T %% NaCl.
CaCly. Na,SO,. MgCl, fll Ni(NO,),5 PV IR B VERE. 45 &M, 78 pH=4, JE ) 5X10°Pa FI&AE T, Ti-350 i
X} 0.025 mol/L CaCl, Al MgCl, #HiK ¥ B 71 B = 73 JiliE 3 96.5 %A1 92.8 %.
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Preparation and lons Retention Properties of TiO, Nanofiltration Membranes

QI Hong, LI Shi-Da, JIANG Xiao-Luo, HAN Jing

(Membrane Science and Technology Research Center, State Key Laboratory of Materials-Oriented Chemical Engineering, Nan-
jing University of Technology, Nanjing 210009, China)

Abstract: A stable TiO, Sol with a mean particle size of 1.2 nm was synthesized with titanium isopropoxide as a
precursor through polymeric Sol-Gel route. Disk a-Al,O; supported mesoporous y-Al,0; membrane with mean pore
size of 3 nm was used as support for nanofiltration membranes deposition. Defect-free TiO, nanofiltration mem-
branes superimposed on these supports were fabricated via dip-coating method followed by drying and calcination.
The effect of calcination temperature on properties of unsupported TiO, membranes (powders) as well as supported
TiO, nanofiltration membranes was studied in detail. The MWCO, mean pore size and pure water flux of TiO, nan-
ofiltration membrane calcined at 350°C were 890, 1.5 nm and 5.3 L/(m” - h)(at 8 X 10°Pa, 20°C), respectively. Ions
retention properties of Ti-350 nanofiltration membrane towards five solutions like NaCl, CaCl,, Na,SO,, MgCl, and
Ni(NO;), were characterized. Under a pH value of 4.0 and transmembrane pressure of 5.0 X 10°Pa, the retention
properties of Ti-350 membrane towards CaCl, and MgCl, solutions reach maximum values of 96.5% and 92.8%,

respectively.
Key words: ceramic nanofiltration membranes; titania; Sol-Gel method; ions retention
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Fig. 1 Size distributions and stability of TiO, polymeric Sol
prepared by using titanium isopropoxide as a precursor
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Fig. 2 TG/DSC curves of the unsupported TiO, membrane
(TiO, powders) carried out under oxygen atmosphere
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Fig. 3 XRD patterns of TiO, powders heat-treated at various
temperatures
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Fig. 4 Nitrogen adsorption/desorption isothermal curves of
TiO, powders heat-treated at various temperatures
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Table 1 Properties of TiO, powders calcined at various

temperatures
Calcination BET sur-  Average pore Total pore
temperature face area diameter volume
/'C J(m*g™h /nm fem*g™h
25 3933 2.19 0.21600
350 108.9 2.56 0.06960
400 45.7 2.93 0.03356
450 16.9 3.53 0.01490
500 10.9 7.58 0.02060
60 l}l)
. 015}
L —o— Ti-25
50 —e— Ti-500

K5 AN T HBRBEIK TiO, B K FLAR 2 A
Fig. 5 Pore size distributions of TiO, powders calcined at
various temperatures

100
90
80
70
60
50
40f
30[
20
10¥

Retention /%

3000 3600

" 1 " 1 N 1 n 1
0 600 1200 1800 2400
Molecular weight of PEG / (grmol ™)
6 AN SEMBRE R TiO, ZNUENEXT PEG R4k i 1 fig
Fig. 6 PEG retention property of TiO, nanofiltration memb-
ranes calcined at various temperatures
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Ti-450 F1 Ti-500 X} PEG Mi#k B> TEH KT
10000( R JEFLA238 K F 5 nm). iz R 53K 1 R
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(350°C)H4 K F) 23.6 L/(m’ - h) (450°C).
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Ni(NOs), B PE . il 8 WU, BT CaClys
Na,SO4. MgCl, Al Ni(NO3), s 185 P RE AR A7 1E
Bt KT RN (B, X5 van Gestel 217,
Tsuru ZECTFIVE 3 5w sr 45 R — 30 X2 A
h R 5 R 28 [R] FAL AR PR 15 (R by [ 25 1) A L
HeF AR i i, i 55 M8 2 AR e v s 19 35 (A
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BOR FE 22 (BIE R 7E), T WAMKIBIE s %, TEE
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Fig. 7 Pure water flux of TiO, nanofiltration membranes cal-
cined at various temperatures
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Fig. 8 lons retention properties of Ti-350 membrane towards
five solutions with various concentrations
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Fig. 9 Effect of transmembrane pressure on ions retention

properties of Ti-350 membrane
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Fig. 10 Ions retention properties of Ti-350 membrane towards
four solutions (0.025mol/L) under various pH values

PERESAR. MR pHAE 2> HIMK T8l T 6~8 iX A
0 BB IS, B R i L i T K1Y i T Donnan
ﬁﬁﬁ@%%i,%ﬁﬂ&%%ﬁ%?%ﬁ%%ﬁ
WO, A6 R A pHAEAR R 46 4F T, Ti-350 (4L
1424 1.5nm)% 0.025 mol/L MgCl, %5 W ) F =1 25 4
BE #(92.8 %) EL SCHR[91H TiO, 4E ik (FL4% 4 1.2nm)
X} 0.03 mol/L MgCl, ¥ 1) 5t i 5 B (86 %) 2 i

3 #ig

L TiO, B e 4l JE L 1) il 25 S H b, LAEKTR Y ¢
PTG Ok AT O, 3 SR A v M i 2k o % AR )
TiO W, R IHE, Gl 1 g, 76 7%l
297 3nm [ )1 IR y-ALOs/o- AL O5 SCHEAR Ll H 58
HICHBE ) TiO, ghuEfE. WL HF 57433 LA F 4518

1) TiO, A BRI AR 0 AT AE 1~3 nm, “F-H7HE
224 1.2 nm, HE AR E RS 2 21d;

2) MBbei JEXT TiO, 4498 I 1) 1 fig 5 R K
BEIBCRE IR L I T, TiO, AN fLAR . alikiziE



310

E MM R ¥

i 5 26 1

W &A% PEG M B 2> T B K,
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