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Fabrication and properties of Ti/Zr composite nanofiltration membrane

ZHU Guizhi GUO Honglin  JIANG Qian QI Hong
(Membrane Science and Technology Research Center, State Key Laboratory of Materials-Oriented Chemical Engineering,
Nanjing Tech University, Nanjing 210009, Jiangsu, China)

Abstract: A stable Ti/Zr composite polymeric sol with Ti:Zr molar ratio of 1:1 was synthesized through the
polymeric sol route. Disk a-Al,O3 supported mesoporous y-Al,O3 membrane with an average pore size of 5—6
nm was used as support for nanofiltration membranes deposition. A defect-free Ti/Zr composite nanofiltration
membrane superimposed on the support was fabricated via the dip-coating method followed by drying and
calcination. The influence of calcination temperature on Ti/Zr powders was studied. The properties of Ti/Zr
composite nanofiltration membrane were also investigated. Ti/Zr powders maintained amorphous state and
microporous structure up to a calcination temperature of 500 . The MWCO, mean pore size and pure water flux
of Ti/Zr composite nanofiltration membrane calcined at 400  were 880, 1.49 nmand 4.3 L - m?2-h* - MPa?,
respectively. Under the condition of pH=6 and transmembrane pressure 0.8 MPa, the retention properties of Ti/Zr
composite membrane towards 0.005 mol - L? MgCl, and CacCl, solutions were 85% and 78%, respectively.
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Table1 Properties of TiO,, ZrO, and Ti/Zr composite powders calcined at various temperatures
Sample  Type of nitrogen adsorption/desorption isothermal curve  Vimicro(STPYCmM® = g7 Vigra(STPYem® = g™ (Vimicro/Viow)/% Average pore diameter/nm
TiO,-350" 23.62 44.24 53.39 —
Tio,-400M" 3.75 8.82 4252 —
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Fig.4 FESEM photo of surface of Ti/Zr composite membrane

All rights reserved. http://www.cnki.net



- 1604 -

66
7 Ti/Zr-400
MWCO 880 PEG
) 1.49 nm'®
R=0.262M,**-0.3 (4
R PEG A(1A=0.1 nm)
My PEG 90% PEG
Zr0,-400
TiO,-400 MWCO 1195
1280 1.75nm 1.81nm
5 Tilzr FESEM _ _ Z2r0,-400
Fig.5 FESEM photo of cross-section of Ti/Zr composite TiO2-400 Ti/Zr-400
membrane Ti/Zr-400
25 Ter 2.6 TilZr-400
6 TVZr400 ; 8 08MPa  TilZr-400
° Tizr-400 L3 0.005 01mol-L? NaCl CaCl, NaSO,
' MgCl 8
L-m2-h'-MPa' 7 TiiZr-400  PEG -
35
Ti/Zr (1:1) (20]
_30F
o ‘ Donnan
g 5]
< 20
E ol pH=6 0.8 MPa Ti/Zr-400
§ ' R(CaCl,, MgCl,)> R(NaCl) >
] ror R(Na,SO,)
051 TilZr zeta ( 3
\ 1 | 1 I 1 1 [7.10] 3 pH=6 2-1
0 01 02 03 04 05 06 07 08
P/MPa zeta 1-1 zeta
6 Ti/Zr-400 Ti/Zr
Fig.6 Pure water flux of Ti/Zr composite membrane calcined Ti/Zr
at 400
1-2 zeta
100
100
T'=(25+2)C, AP=08MPa, ® MgCl,
80 pH=6. 200 r+min-! e CaCl,
. A Na,SO,
i - v NaCl
g S 60
E §
- : ;~§ 40t
204
20k
0 500 1000 1500 2000 2500 3000 3500 4000 _ N
molecular weight of PEG 0 (') 0 '02 0 '04 5 |06 0 |08 0 '10
7 TiO-400""  Zr0,-400"%  Ti/Zr-400 PEG ' o/mol - L ‘ '
8 Ti/Zr-400

Fig.7 PEG retention properties of TiO,"), ZrO,*” and Ti/zr
composite membranes all calcined at 400

Fig.8 lons retention properties of Ti/Zr-400 composite
membrane as function of salt concentration



4 TilZr

- 1605 -

100

60 - u MgC12
T=(25+2)C, pH=6, ® CaCl,

A Na,SO
a0l 0.005mol - L™, 200r-min™ Naél '

retention/%

20+

-—v ¥ v v
A A A

A A

0 1 1 1 1 L
0.4 0.5 0.6 0.7 0.8

P/MPa

9 Ti/Zr-400
Fig.9 lons retention properties of Ti/Zr-400 composite
membrane as function of trans-membrane pressure

R(CaCls,,
MgCl,) > R(NaCl) > R(Na;SOy)
9 Ti/Zr-400
mol - L™ 9
4
(0.4 0.6 MPa)

0.005

(Speigler-Kedem y @2

G (®

= [§2-o0r] ©

o2
dx dx

3= ddcs +1-0)CJ, (6)

X
‘]V Js LV

o Cs
(x=0,C=Cp) (x=AX,Cs=Cy)
6 7

R=1- l-o @

oo

R a=Lg/AX( )

Ti/Zr-400
Ti/Zr-400
MgCl, CaCl, 85% 78%
Na* < 20%

TilZr
=11 TilZr

1 TilzZr
TiO, ZrO,
200 500 TilZr

600 700

2 400 Tilzr
PEG 880 4.3
L-m?-ht-MpPa? 1.49 nm
Ti/Zr-400 MgCl, CaCl, 85%
78% Na* <20%

References

[1] Gestel T V, Vandecasteele C, Buekenhoudtb A, Dotremont C, Luyten
J, Bruggen B V, Maes G. Corrosion properties of alumina and titania
NF membranes [J]. J. Membr. Sci., 2003, 214(1): 21-29

[2] Schaep J, Vandecasteele C, Peeters B, Luyten J, Dotremont C, Roels
D. Characteristics and retention properties of a mesoporous y-Al,O3
membrane for nanofiltration [J]. J. Membr. Sci., 1999, 163(2):
229-237

[3] Blanc P, Larbot A, Palmeri J, Lopez M, Cot L. Hafnia ceramic
nanofiltration membranes( ): Preparation and characterization [J]. J.
Membr. Sci., 1998, 149: 151-161

[4] Sekulic J, Elshof J E T, Blank D H A. A microporous titania
membrane for nanofiltration and pervaporation [J]. Adv. Mater., 2004,
16(17): 1546-1550

[5] Gestel TV, Vandecasteele C, Buekenhoudt A, Dotremont C, Luyten J,
Leysen R, Bruggen B V, Maes G. Salt retention in nanofiltration with
multilayer ceramic TiO, membranes [J]. J. Membr. Sci., 2002, 209(2):
379-389

[6] Tsuru T, Hironaka D, Yoshioka T, Asaeda M. Effect of divalent
cationson permeate volume flux through porous titania membranes
[J]. Desalination, 2002, 147: 213-216

[71 Qi Hong( ), Li Shida( ), Jiang Xiaoluo( ), Han
Jing( ). Preparation and ions retention properties of TiO,
nanofiltration membranes[J] . Journal of Inorganic Materials(

), 2011, 26(3): 1-6

[8] PuhlfurB P, Voigt A, Weber R, Morbé M. Microporous TiO,
membranes with a cut off <500 Da [J]. J. Membr. Sci., 2000, 174(1):
123-133

[9] Jiang Q, Zhu, G Z, Chen J W, Qi H, Xu N P. Corrosion resistance of
ZrO, nanofiltration membranes[J] Journal of the Chinese Ceramic
Society( ), 2013, 41(12): 1632-1637

[10] Qi H, Zhu G Z, Li L, Xu N P. Fabrication of a sol-gel derived
microporous zirconia membrane for nanofiltration [J]. J. Sol-Gel Sci.
Techn., 2012, 62(2): 208-216
[11] Gestel T V, Kruidhof H, Blank D H A. ZrO, and TiO, membranes for

nanofiltration and pervaporation( ): Preparation and characterization
of a corrosion-resistant ZrO, nanofiltration membrane with a



- 1606 - 66
MWCO<300 [J]. J. Membr. Sci., 2006, 284(1/2): 128-136 Solids, 2005, 351(24/25/26): 2115-2121
[12] Spijksma G I, Huiskes C, Benes N E, Kruidhof H, Blank D H A, [18] Qi Hong( ), Jiang Xiaoluo( ), Han Jing( ), Fan
Kessler V' G, Bouwmeester H J M. Microporous zirconia-titania Yiqun( ), Xing Weihong( ). Preparation and
composite membranes derived from diethanolamine-modified corrosion-resistant property of mesoporous ZrO, membrane [J]. The
precursors [J]. Adv. Mater., 2006, 18(16): 2165-2168 Chinese Journal of Process Engineering( ), 2009, 9(6):
[13] Aust U, Benfer S, Dietze M, Rost A, Tomandl G. Development of 1216-1221
microporous ceramic membranes in the system TiO./ZrO, [J]. J. [19] Gestel TV, Vandecasteele C, Buekenhoudt A, Dotremont C, Luyten J,
Membr. Sci., 2006, 281(1/2): 463-471 Leysen R, Bruggen B V .Alumina and titania multilayer membranes
[14] Chang C H, Gopalan R. A comparative study on thermal and for nanofiltration:preparation, characterization and chemical stability
hydrothermal stability of alumina, titania and zirconia membranes [J]. [J]. J. Membr. Sci., 2002, 207(1): 73-89
J. Membr. Sci., 1994, 91:27-45 [20] Tsuru T, Hironaka D, Yoshioka T, Asaeda M. Titania membranes for
[15] Monte F D, Larsen W, Mackenzie J D. Stabilization of tetragonal liquid phase separation: effect of surface charge on flux [J]. Sep. Purif.
ZrO, in ZrO,-SiO; binary oxides [J]. J. Am. Ceram. Soc., 2000, 83(3): Technol., 2001, 25(1/2/3): 307-314
628-634 [21] Tsuru T, Sudoh T, Yoshioka T, Asaeda M. Nanofiltration in
[16] Kreiter R, Rietkerk M, Bonekamp B, et al. Sol-gel routes for non-aqueous solutions by porous silica-zirconia membranes [J]. J.
microporous zirconia and titania membranes [J]. J. Sol-Gel Sci. Membr. Sci., 2001, 185(2): 253-261
Techn., 2008, 48(1): 203-211 [22] Mehiguene K, Garba Y,Taha S,Gondrexon N, Dorange G. Influence of
[17] Antonio D P, Antonio M G, Eduardo M C C, Ricardo Caruso. operating conditions on the retention of copper and cadmium in

Influence of the type of solvent on the textural evolution of yttria
stabilized zirconia powders obtained by the sol-gel method:

characterization and study of the fractal dimension [J]. J. Non-Cryst.

aqueous solutions by nanofiltration: experimental results and

modelling [J]. Sep. Purif. Technol., 1999, 15(2): 181-187



