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Fabrication of Ceramic Membrane Support with Gradient Pore Structures

QI Hong, JIANG Xiaoluo, LI Shida, HAN Jing
(Membrane Science and Technology Research Center, State Key Laboratory of Materials-Oriented Chemical Engineering,
Nanjing University of Technology, Nanjing 210009, China)

Abstract: Rheological properties of suspensions with various mass fraction of alumina (with average particle size of 0.56 um) were
investigated. The effect of mass fraction of Al,O; suspension on the pore structures of support was also studied. The alumina disk
supports with gradient pore structures were successfully fabricated by using 10% in mass Al,O3 suspensions through sedimentation
and subsequent vacuum filtration. The porosity and permeability of the supports as a function of sintering temperature was studied
and compared with the data cited from references. The pure water flux of the supports with gradient pore structures is about 75
L/(m2-h-MPa), which is higher than that of the supports with uniform pore structures.
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Fig.1 Schematic diagram for fabrication of support with gradient structures
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Fig.2 Schematic diagram of dead-end filtration apparatus for
determination of pure water flux of disk support

P—Pressure; T—Temperature.
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Fig.3 X-ray diffraction (XRD) pattern of the alumina powder
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Fig.4 Particle size distribution of the alumina powder
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Fig.5 Rheological curves of the suspensions with various
solid phase contents
Solid phase content is Al,O3 mass fraction (the same below) in
slurry.
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Fig.6 Particle size distributions of powder derived from upper Fig.8 Particle size distributions of powder derived from upper
and bottom surface of green support A(40) and bottom surface of green Support A(10)
1—Upper surface of the support; 2—Bottom surface of the support. 1—Upper surface of the support; 2—Bottom surface of the support.
Support A(40) was prepared using the slurry with 40% Al,Os. Support A(10) was prepared using the slurry with 10% Al,Os.

(a) Upper surface of the support

(b) Bottom surface of the support (b) Bottom surface of the support
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Fig.7 Scanning electron microscope (SEM) photographs of Fig.9 SEM photographs of support A(10)
support A(40) This support is with gradient pore structure.
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Fig.10 SEM photographs of cross-section of support A(10) Fig.11 SEM photographs of support A(10) sintered at different

temperatures
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Fig.12 Bending strength of support A(10) as a function of
sintering temperature

JIT % (0 AT B0 P L 45 W S AR A(LO) 2tk
10 5 5 e Bl B 1R 06 2R LA K 5 SCHRAEL RS Lt a1
13 frowe W 13 AT kil &0 1050 CIrf,
SCHER ALO) BB BIA B BOK, 4 86 L/(m
h-MPa). 48 il BE ARS8 vy, SCPEARIT 12078 &
A%, 5 Darcovich 25U (1 BAT 15 4544
(1) 3 4 & (uniform structure, LA fajFR S #4544 US) Al
FLAG 6 5 5 Fy 1) S P 44 (gradiient structure, BLF i
PR GS) Itk & (A B 13 Fron) AL, ZEAH[H]
MIBe G T, A ALO) 4Kl kT3
PEPR US [W2H/KIE o 1% RN SZHEAR A(L0) AT A
FEFLEER), NLES IS TSR 3, RALES
FARL TS BER IR, X PP g bt T D iR 15
FEBR AR, Uk s T SR 2lKom &
W UIE B B A0 5 FL A5 AL I SCPE AR RE I 8 iy SR 198
EVERE. [HANERZ, AR =T 1100 CHY,
BTl 4% (0 52 34K A(LO) ¥ 2L 7K 38 &/ T SCHR[15] 4
TR FLATBE I 45 M (0 S 3R GS (WgliKim & . X ]
AESE DA P9 5 TR PRI Jr = (1) SCHR[15]H 2 3
1A GS HIFLBR R L1k 55%, 1M Sz 3#E4A A(L0) I FLEE
Y 30%, Wil 14 FioR; (2) ASEE il £ 5 1
BT F ) JEURHIRRLATR 20 AT 5 SCHR[A5] ZE AR K. A
S TR S AL BB R AR 2 A SRR R 0.1~2.5 um

EEL 2011 4§
350 F o water flux of support A (10)in this work
_ | © Water flux of GS cited from reference[15]
T 300 - o Water flux of US cited from reference[15]
- b
= 250}
= L
'= 200
.;1‘_’ L
F L
E 150 ' g
5
2 100+
= D/U‘--—..___D
v o
£ 50+ %\b\\_g A
[] 1 i 1 i 1 1 L 1 J
1000 1050 1100 1150 1200 1250
Temperature/C

K13 Sk A(L0), US FiI GS f4liZk il &
Fig.13 Comparison of water flux of supports A(10), uniform
structure (US) and gradient structure (GS)
The data of supports US and GS were cited from reference [15]
with uniform pore structure and gradient pore structure, respec-

tively.
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Fig.14 Comparison of porosity of support A(10) and GS

2 Ta), T SCHER[5)R FH I A A ER (PR 20 A A o
7E 0.1~10pum Z [8] o KRR Lb A5 [0 385 2 388 K S 4%
& GS MfLAE, MmN rEEm ), ART
PR SR GS (R4l /K & .

3 & %

1) KHFRAE N 0.56 pum [ AlL,Os 4 5k
J I % AT R S FL S R IR S R . ST TR TR
SR ] 5 PR AT VO T B 185 L 5 A8 SCHE AR T
SO, RIFIT AR B RN 40%IN,  El TR A]
YER K, MR 5, ik 80 iR S5
WA BE 45 tH B AR P FLA A IR SR AR MBI
AR BN 10%0, BRI SR ERN, AT



55 39 45 2 3] %ML AR RAAREALETZ FLM RS A 2 < 245 -

D Jok 7 A R 2 el R 1 5 12 ) 6t LA B 5
FLE I SCHE A

2) HAMEALAEMISC G, HgdEEm T
HAY AL S, fEResuiE Sy 1100 C
I, B A I Al & 75 L/(m*h-MPa).

S0k

(11 AREEF. T S A R R A R et . S S M]. st
Rl H R AL, 2005: 1-9.

XU Nanping. Process-Oriented Design, Preparation and Application of
Ceramic Membranes (in Chinese). Beijing: Science Press, 2005: 1-9.

[21 BHAVE R R. Inorganic Membranes: Synthesis, Characteristics and
Application [M]. New York: Van Nostrand Reinhold, 1991: 2-39.

[81 JBTLL, 4P, W TR SRR B KRBT R
L BER2E 54K, 1997, 17(6): 1-9.

XING Weihong, XU Nanping, SHI Jun. Membr Sci Technol (in Chi-
nese), 1997, 17(6): 1-9.

[4] BURGGRAAF A J. Key point in understanding and development of
ceramic membranes [C]//Processing of the Third Inter Conf on Inor-
ganic Membranes. Worcester: [s.n.], 1994: 1-16.

[5] BURGGRAAF A J, COT L. Fundamentals of Inorganic Membrane
Science and Technology [M]. The Netherlands: Elsevier, 1996:
141-160.

[6] BIESHEUVEL P, VERWEI H. Design of ceramic membrane supports:
permeability, tensile strength and stress [J]. J Membr Sci, 1999, 156(1):
141-152.

[71 PETER T A, FONTALVO J, VORSTMAN M A G, et al. Hollow fibre
microporous silica membranes for gas separation and pervaporation
synthesis, performance and stability [J]. J Membr Sci, 2005, 248(1-2):

(8]

[]

[10]

[11]

[12]

[13]

[14]

[15]

73-80.

SHQAU K, MOTTERN M L, YU D, et al, Preparation and properties
of porous alpha-Al,O3 membrane supports [J]. J Am Ceram Soc, 2006,
89(6): 1790-1794.

UL, AT, VERSHE. v-AlOg WAL LR o M RAL[T]. 6T
2241, 2009, 60(10): 2628-2632.

QI Hong, XING Weihong, FAN Yiqun. J Chem Ind Eng (in Chinese),
2009, 60(10): 2628-2632.

MOTTERN M L, CHIU W V, WARCHOL Z T, et al. High-perfor-
mance membrane supports: a colloidal approach to the consolidation of
coarse particles [J]. Int J Hydrog Energy, 2008, 33(14): 3903-3914.
KPR, Bk I TR 5N M. dbat: A5 Dok e,
2005: 45-69.

ZHENG Shuilin. Processing Technology and Application of Ultra-fine
Powders (in Chinese). Beijing: Chemical Industry Press, 2005: 45-69.
ik, 50, FEEERT. PAA-PEO I ZrOprH,0 BVF A MEAE N
W], b F i, 2008, 44(2): 9-11.

ZHANG Hao, LI Qiang, GUO Lucun. China Ceram (in Chinese), 2008,
44(2): 9-11.

ik, TBERD, SRR PAA-PEO F1 PAA X a-Al,05-Ho0 B VFHIT
ARPEREM R[], kR #2454, 2007, 35(1): 1317-1321.

ZHANG Hao, WANG Xiaoli, GUO Lucun. J Chin Ceram Soc (in
Chinese), 2007, 35(1): 1317-1321.

iR, MR, WEAR, A ORI EE ) A1x v A A A AR
HRHRALTERE R[] FERR £R 544, 2008, 34(8): 985-991.

JU Chenhui, WANG Yanmin, YE Jiandong, et al. J Chin Ceram Soc (in
Chinese), 2006, 34(8): 985-991.

DARCOVICH K, ROUSSEL D, TOLL F N. Sintering effects related to
filtration properties of porous continuously gradient ceramic structures
[J]. 3 Membr Sci, 2001, 183(2): 293-303.



