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ABSTRACT

This paper presents the results of a preliminary research work in the
development of ceramic membranes by moulding process. The two major
objectives were to determine the effect of operating parameters on the
membrane sheet and membrane characterization. The starting material for the
membrane was powdered aluminum oxide and alumina granules. Alumina
granules were obtained by spray drying of mixture of alumina with additives
and binders under specific conditions. The membrane sheet was produced by
mould pressing at various pressures and then sintering at different
temperatures. Membrane characterization was done based on microstructure
using SEM, pore size distribution, density, and porosity. Strong and porous
membranes were produced at pressing force of 120 -140 kN and sintering
temperature of 1400 -1500 °C. Pore size and porosity obtained was in the range
of 2 -10\xm, and 13 - 48% respectively.These membranes can be used for
micro filtration at elevated temperature and under extreme environmental
condition. They can also be used as porous support for the production of
composite asymmetric UF/hyperfiltration, and gas separation membranes.
Further work in the refinement of pore-size and permeation studies is
envisaged.
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size distribution, porosity, micofiltration.

INTRODUCTION

Separation process occupy a key position in the chemical process industries, only next to
chemical reactions, and have developed for centuries in the form of conventional
separation process techniques such as distillation, solvent extraction, absorption,
crystallization, or filtration, etc. These were enriched in the 1960's by another class of
processes based on permselective membranes. These are in many cases faster, more
efficient, and more economical than conventional processes.

Membrane separation technology has successfully been applied for water desalination,
solutes recovery, waste stream processing, and recently gas separation. Majority of the

125



commercial membranes available today are organic based polymer membranes, which are
generally suitable at temperature below 100 °C, in a narrow range of pH, and in the
absence of organic solvents. Therefore, they would not be suitable for many industrial
processes. Inorganic membranes, since their introduction in early 1970s, are making rapid
inroads in many areas such as food and beverage processing, biotechnology application,
and water treatment, and in the emerging areas of high temperature gas separation and
catalytic reactors. Inorganic (ceramic) membranes, also called 3rd generation membranes
offer many advantages : high temperature stability, mechanical stability under large
pressure gradients, resistance to aggressive chemicals, insensitivity to microbiological
action, high throughput volume, good control of pore size, and longer lifetime. However,
they do suffer from a few limitations at the present state of technology development [1,2].

Microfiltration (MF) and ultrafiltration (UF) ceramic membranes can be prepared by
various methods [3]. The pore sizes of these ceramic membranes are strictly determined by
their preparation methods. Symmetric membranes with micropores can be prepared by
powder pressing and sintering, or particle dispersion and are suitable for microfiltration.
Supported membrane synthesis by sol-gel technique leads to composite asymmetric
membranes and modification can produce microporous membranes suitable for
ultrafiltration.

In the microporous ceramic membrane synthesis, dry alumina powder with proper binders
and plasticizers is pressed by cold isostatic process in a die. After burning away the organic
material, the compact is sintered and the porosity can be adjusted by the sintering
temperature. The membranes thus produced, can be used for microfiltration in liquid media
separations and can serve as an ideal defect-free support for the production of UF and gas
separation membranes.

The objectives of the present study were to synthesize ceramic alumina membrane sheets
by the die pressing process and determine the effect of pressing force and the sintering
temperature on the characteristics of the membrane : microstructure, density, porosity and
pore size distribution.

MATERIAL AND METHODS

In this research powdered aluminum oxide (AL2O3) with greater than 99% purity was used
to produce alumina granules. The density and particle size distribution were determined
using gas pycnometer and HORIBA particle size analyzer respectively. Alumina granules
were prepared by the following process : mixing in water, addition of binders and
plasticizers, ball milling and spray drying at 350 °C by a standerd procedure [4]. Ready
alumina granules were also availble from Japan (99.7% alumina, crystal size l|am, mean
granule size 70 |im with acrylic binder).

The fabrication of the membrane sheet was done in a hardened steel rectangular die
(dimension 57.0 x 34.2 mm) using DORST automated powder press with pressing force in
the range 115 - 145 kN. The minimum thickness of the sheet produced was 0.8 mm.
Circular membrane sheets (55 mm diameter) were produced using a manual hydraulic
press. Membrane fabrication was carried out under different conditions of pressing force
and sintering temperature in four stages and a total of over 40 samples were produced [4].
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The membranes were characterized for the microstrcture and pore size distribution using
scanning electron micorscope (AMRAY 1830 I) and density and porosity using water
absorption measurements [5]. Permeation flux is a very important characteristic of a
membrane which determines its suitability for any specific application. Membrane
Research Unit has two types of permeation cells for this study, specifically designed for
polymeric membranes. Because of the fragile nature of the ceramic membrane this test
could not be performed with the existing parameter cell and a modification program is
under consideration.

RESULTS AND DISCUSSION

Larger permeability and permeation flux are the desirable characteristics of membranes
for liquid separation or gas separation applications. Porosity, pore geometry, pore size
distribution, and microstrcture of the membrane are the factors that influence the above
characteristics. Free flowing granular form of alumina was found to be a necessary
requirement for uniform membrane sheet. Alumina granules were spherical donut shape
with granule size in the range 60 - 80 um. During sintering in the temperature programmed
furnace, the samples were heated to 400°C and held for lhr to burn out all the organics and
drive the gases out, followed by sintering at 1100 - 1600 °C for 1 hr, and finally gradual
cooling to room temperature. All the membranes produced possessed rigid body and crack-
free smooth surface. The microstructure of the membrane sheets at various conditions of
pressing force and sintering temperature were analyzed from SEM micrograph. Figures 1
and 2 show typical micrographs and indicate that the bodies are porous; the pore size of the
membrane shrink as pressure and sintering temperature are increased, however the strength
and particle-particle bonding also increases.

Microstructure of the membranes produced at different pressures shows that a pressing
force around 120 - 140 kN would be an appropriate conditions to produce sufficiently
strong and microporous membrane. The correlation between porosity and bulk density to
pressing force is shown in figure 3. Porosity is observed to be inversely proportional to the
pressing force. However, the compaction behavior of the granules showed that the rate of
densification was high initially but decreased rapidly at pressing force above 130 kN.

Sintering temperature is the most important factor in the fabrication of alumina membrane.
High temperature provides large driving force in terms of free energy in between the free
surface of particles and the contact points of adjacent particles thus encouraging atomic
diffusion. However,at temperatures above 1500 °C, melting becomes very prominent and
open pores shrank to a limited size, at an average of 2 ^m and closed pores appeared.
Figure 4 shows the correlation between porosity and bulk density to sintering
temperature. The sintering temperature range of 1400 - 1500 °C is suggested for a strong
and porous product. However, the optimum conditions could be determined only through
permeability studies. The pore size distribution were found narrow in the range 2-10 urn
and porosity in the range of 30 - 40%, suitable for microfiltration. Atypical example of
pore size distribution for a sample prepared at 1600 °C and 145 kN is shown in figure 5.

127



CONCLUSION

Ceramic alumina membrane sheets have been synthesized with a pore size range 2 - 1 0 urn
and porosity of 13 - 48 %. Strong and porous membranes were produced at a pressing force
of 120 - 140 kN and sintering temperature of 1400 - 1500 °C. These membranes can be
used for microfiltration at elevated temperature and under extreme environmental
conditions. They can be used as porous support for the production of composite
asymmetric UF/hyperfiltration membrane. Further work in the refinement of the pore size
and permeation studies is envisaged.
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a) b)

Figure 1 : Microstructure of.Alumina Membrane at 115 kN Pressing pressure and 1400 °C
sinteiing temperature, a) Top Surface structure, b) Cross Sectional View.

b)

Figure 2 : Microstructure of Alumina Membrane at 145 kN Pressing Pressure and 1500 °C
Sinteiing Temperature, a) Top Surface Structure, b) Cross Sectional View.
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Figure 3 : Effect of Pressing Force on Membrane Porosity and Density
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Figure 4 : Effect of Sintering Temperature on Membrane Porosity' and Density
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(For 8ampl« 1600oC. 146kN)
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Figure 5 : Typical Example of A Pore Size Distribution for Alumina Membrane
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