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 Lower temperature alumina based ceramic membrane was synthesized with good properties.
 The influence of alumina transformation on the physical properties of ceramic membrane was investigated.
 The crystal structure of alumna phase is critical for the membrane properties.
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a b s t r a c t
Alumina ceramic membranes were synthesized by pressing boehmite into disc form and sintering at different temperatures. Quantitative X-ray diffraction (QXRD) analysis was firstly used for determining the
compositions of different types of alumina in membrane products. The result quantitative determined
that alumina membranes experienced a series of phase transition from boehmite ? c-alumina ? dalumina ? h-alumina ? a-alumina from 450 to 1300 °C. Below 850 °C, no significant alumina transformation (i.e. c-alumina was the dominate phase) was detected in fabricated membranes, which corresponded to stable membrane properties (i.e. porosity, BET surface area, pore size and chemical
stability). At 950–1300 °C, substantial phase transformation was detected as follows, h-alumina significantly increased from 1.21 to 61.6% (950–1125 °C), and a-alumina increased gradually from 3.98 to
100% (1100–1300 °C). Accordingly, the substantial phase transformation lead to the significant change
in membrane properties at 950–1300 °C. Lower temperature (1150 °C) membrane containing 8.2% halumina and 91.8% a-alumina showed comparable properties with 1300 °C consist of 100% a-alumina
sintered products due to the similar alumina composition in the products. The overall results indicated
that the properties of membrane were accordingly determined by the structure and content of alumina
phases in membrane products. This strategy proposed a valuable method for production of lower temperature alumina-based ceramic membrane.
Ó 2019 Elsevier Ltd. All rights reserved.

1. Introduction
Membrane technology has developed rapidly due to their
unique advantages of small footprint and high removal rates
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(Cowan et al., 2016). Polymeric membranes are dominating the
membrane market due to their low cost. However, organic nature
makes polymeric membranes not able to endure harsh conditions
(e.g. high temperature and severe chemical environment)
(Hubadillah et al., 2018; Kujawa et al., 2014). Thus, ceramic membrane has attracted many attentions as it has superior characteristics for long life-term, thermally stable and excellent tolerance to
pH (Hubadillah et al., 2018; Gestel et al., 2003; Raman et al.,
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2011; Lee et al., 2016; Weber et al., 2013), which have been widely
applied in water treatment and desalination processes (Zawrah
et al., 2017; Xia and Liu, 2001; Padaki et al., 2015). Materials for
the manufacture of ceramic membranes commonly include metal
oxides (e.g. alumina (Al2O3), titania (TiO2), zirconia (ZrO2), silica
(SiO2)), clay minerals (e.g., kaolin, mullite, dolomite, etc.) as well
as natural pozzolan or a combination of these materials
(Hubadillah et al., 2018; Issaoui and Limousy, 2018; Achiou et al.,
2017). Among these materials, clay minerals and pozzolan are
low-cost materials for the production of ceramic membranes
(Mouiya et al., 2018; Achiou et al., 2018). However, most commercialized ceramic membranes are manufactured from alumina due
to its various shapes for the production of hollow fiber structure,
nanowire and nanoporous structure (Abdullah et al., 2018;
Téllez-Vázquez et al., 2016; Vega et al., 2017). Thus, alumina membrane is one of the most widely used ceramic membranes and
received more and more attention (Wei et al., 2016; Barma and
Mandal, 2014; Hashimoto et al., 2018).
However, alumina form several different crystal structures,
such as c-, g-, d-, h-, j-, v- and stable a-alumina (Wang et al.,
2009; Yang et al., 2010; Chang et al., 2017; Nel and de Klerk,
2009). Among them, stable a-alumina were commonly used as a
raw material to produce ceramic membranes because of its excellent physical and chemical performances such as high hardness,
high resistance to acid or base and high melting point (Hao et al.,
2018; Lima et al., 2012; Fu et al., 2015). Due to the inadequate sintering, some of commercial alumina ceramic membranes on the
market consist of various transition aluminas (such as d-, h- and
j-alumina). Although these transition aluminas finally transformed into a-alumina (Boumaza et al., 2009; Levin and
Brandon, 1998; Lee et al., 2009), it should be noted that for alumina
ceramic membrane, a calcination temperature above 1400 °C is
necessary for the complete transformation to a-alumina phase
(Chen et al., 2017). The high temperature is proposed to make aalumina membrane to be a compromise between mechanical
strength and porosity (Kim and Van der Bruggen, 2010; Lee and
Park, 2014). Effect of sintering on the properties of the alumina
membrane along with crystallization has not been studied thoroughly in the literature. Thus, a quantitative understanding of alumina transformation under thermal conditions is crucial for
improving properties of ceramic membrane. In addition, the influence of alumina phase transformation on properties of ceramic
membrane need to be distinguished to find out low temperature
alumina membrane with fairly properties for reducing energy consumption and membrane costs.
The commonly used methods for ceramic membrane fabrication are slipping casting (Jedidi et al., 2009), tape casting
(Nishihora et al., 2018; Issaoui and Limousy, 2018), pressing (Del
Colle et al., 2011), extrusion (Boudaira et al., 2016; Issaoui and
Limousy, 2018), chemical vapor deposition (Hemmer et al., 2012)
and pyrolysis (Dong et al., 2017) combined by sintering
(Hubadillah et al., 2018). Comparing to other methods, pressing
method is one of the most cost-effective methods and received
more attention for the fabrication of ceramic membrane. In this
method, a pressing force is applied on the membrane surface to
produce flat sheet membrane (Antsiferoz and Gilev, 2001) and no
slurry preparation is needed (Huang et al., 1999), whereas, extrusion method is using plasticizing agent and binding agent for the
production of a ceramic pulp and then make shape by extrusion
(Isobe et al., 2006). Both pressing and extrusion method should
then treated the shaped membrane under high-temperature conditions (Jedidi et al., 2009). Generally, ceramic membranes produced
by the pressing method have well-defined characteristics, such as
higher mechanical strength, uniform porosity and homogeneous
physical properties over the total membrane part (Hubadillah
et al., 2018).

In this study, a series of alumina-based flat sheet membrane
was prepared by pressing method with further thermal treatment.
Firstly, QXRD technique was used to identify their crystal structures and compositions. Then, morphologies of membrane
obtained at different temperatures were observed by SEM. Porosity, pore size, BET surface areas, chemical stability, and membrane
flux of alumina-based membranes obtained at different temperatures were characterized. Finally, the variation of properties of alumina ceramic membranes with the formation of different types of
alumina under thermal conditions were determined.
2. Materials and methods
2.1. Materials and sample preparations
The original boehmite used to prepare ceramic membrane was
purchased from Sasol Ltd. (Hamburg, Germany) with an average
particle size 45 mm. The pure phase of boehmite (AlOOH) powder
was confirmed by XRD. The boehmite powder with the weight of
1 g was pressed into pellets with 20 mm diameter and 1 mm
thickness at a pressure of 70 MPa to ensure consistent compaction
of powder sample and in readiness for the sintering process. The
pellets were sintered at 450–1300 °C with temperature increasing
rate of 5 °C/min. The retention time of thermal treatment in the
furnace was controlled at 30 min under air condition. After thermal
treatment, the samples were allowed to cool down to room temperature using a cooling rate of 5 °C/min for producing ceramic
membrane. After sintering, the samples were air-quenched and
weighted for further characterization. Five duplicate pellets at each
temperature were prepared for different tests.
2.2. XRD analysis
The sintered pellets were grounded to less than 10 lm in the
mortar before XRD analysis. The XRD data of each powder sample
were recorded on a D8 Advance Diffractometer (Bruker AXS)
equipped with a Cu Ka X-ray tube and a LynxEye detector. The system was calibrated by Standard Reference Material 660a (lanthanum hexaboride, LaB6) (Hossain et al., 2005; Tantau et al.,
2014), obtained from the United States National Institute of Standard and Technology. The diffractometer was operated at 40 kV
and 40 mA, and the 2h scan range was 10–80° with a step size of
0.02° and a scan speed of 0.5 s per step for data collection. Qualitative phase identification was performed with Eva XRD Pattern Processing software (Bruker) by matching powder XRD patterns with
those retrieved from the standard Powder Diffraction Database
(PDF) published by the International Centre for Diffraction Data
(ICDD). The Rietveld refinements for quantitative analysis of the
phase compositions were processed using the TOPAS (version
4.0) crystallographic program. To estimate the purity of 1300 °C
obtained alumina membrane, a refinement method using CaF2 as
the internal standard (De La Torre et al., 2001; MagallanesPerdomo et al., 2009; Rendtorff et al., 2010) was used to quantify
the content of alpha alumina in the 1300 °C sintered sample.
2.3. SEM analysis, BET surface area and pore size determination
The as-made samples were coated with a gold/platinum mixture under vacuum for 3 min at 20 mA. The morphologies of each
sample were observed by a scanning electron microscopy (SEM)
equipped with a secondary electron detector (Hitachi S-3400).
The pore size and surface area of samples at different temperature
was measured by Coulter SA 3100 (Beckman, Fullerton, CA) Surface
Area and Pore Size Analyzer using the BET method after degassing
by heating at 180 °C for 3 h with He-gas purging.
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2.4. Porosity, chemical stability determination, and membrane flux
Porosity of the prepared membrane was evaluated by Archimedes’ principle. The prepared membrane is dried in air oven at
110 °C for 24 h to remove all moisture and its dry weight (mdry)
is determined. Then the membrane was immersed in deionized
water for more than 24 h and taken out. Water on outer surface
is removed using tissue paper and the wet weight of the membrane
(mwet) is measured. The porosity of the membrane was determined
using the following equation: (Workneh and Shukla, 2008)

e¼

mwet  mdry
 100%
mdry

The chemical stability of prepared membranes was investigated
by soaking membranes in HCl (1 M) and NaOH (1 M) solution at
60 °C for 4 week, individually. Samples were periodically removed
from the solution every week and washed with distilled water to
remove corrosion residues. Three measurements were performed
for each sample. The weight of the membrane samples before
and after soaking in HCl and NaOH solution was weighted after
complete drying in a vacuum oven. The chemical stability was calculated from the average value according to the weight loss caused
by the corrosion of acid and alkali (Bahaabad et al., 2014; George
et al., 2005).
To determine the flux of obtained membrane, sintered membranes were set in a close contact fixation with rubber packing (a
simple dead-end filtration setup). The effective filtration area
was around 20 mm in diameter. Firstly, pure water was added on
the top of membrane, and then a vacuum pump was used to drive
the water cross the membrane. The weight of filtered water was
weighted with time. Finally, the flux was calculated based on the
weight changes.

3. Results and discussion
3.1. Phase transformation and composition of as-made alumina
membrane
Fig. 1 showed the XRD patterns of the produced alumina membranes by treating boehmite (PDF# 74-1875) at temperatures of
450–1300 °C. c-alumina (PDF# 74-2206) formed by the dehydration of boehmite and become the dominant phase when the membranes were treated at 450–650 °C. At 650–850 °C, weak peak
intensity of bayerite (Al(OH)3; PDF #83-2256) was detected. As
bayerite can thermally transformed into boehmite even at low
temperature of 200 °C (Du et al., 2009), the formation of bayerite
during the sintering process was probably due to the instability
of product phase(s) sintered at 650–850 °C, which might be vulnerable to the attack of moisture in the air during sample quenching
(Lee et al., 1999; McHardy and Thomson, 1971). At 750 °C, the formation of small amount of d-alumina (PDF# 46-1131) occurred in
the sintered products. Although the peak intensity of d-alumina
increased at temperature increased from 750 to 950 °C, calumina is still the dominant phase in the product. At 1100 °C,
the peak of c-alumina and d-alumina almost disappeared, halumina (PDF# 86-1410) became the dominant phase in the product with small amount of a-alumina. However, a-alumina
(PDF# 74-1081) started to be the dominant phase in the products
with small amount of h-alumina when the temperature increased
from 1100 to 1125 °C. At 1150 °C, h-alumina almost disappeared,
and a large amount of a-alumina formed. At 1300 °C, a-alumina
become the dominant phase in the produced ceramic membrane
(Boumaza et al., 2009).
As membrane properties may not only be effected by alumina
structures but also by alumina contents in produced membranes,

Fig. 1. XRD patterns for the produced alumina membranes by heating boehmite at
450–1300 °C for 0.5 h. Phase identification results indicated that the prepared
alumina membrane experienced a series of transition from boehmite ? c-Al2O3 ?
d-Al2O3 ? h-Al2O3 ? a-Al2O3.

Rietveld refinement was used to determine the phase composition
of the as-made membranes treated at temperature elevated from
450 to 1300 °C. The refinement fitting results of XRD patterns for
the as-made membranes were presented in Fig. 2, and the satisfactory values of profile fitting are goodness of fit (GOF) values
(Iyengar et al., 2001) in the range of 1.49–1.91 with Rp < 6.68. It
is generally considered that the GOF value between 1.0 and 2.9 is
satisfactory (Sahu and Panigrahi, 2011; Iwase et al., 2011). The
graphical plots for Rietveld refinement presented in Fig. 2 suggest
excellent agreement between the measured XRD data and the calculated XRD patterns by the Rietveld method. The results for quantitative analysis of alumina contents in the as-made membranes
are plotted in Fig. 3. At 450 °C, the content of c-alumina in the produced membrane was almost 100% indicated that most of boehmite transformed into c-alumina in this sintering process.
Although the content of c-alumina decreased to around 90% when
the temperature increased from 450 °C to 950 °C, c-alumina was
still the dominant phase in the as-made ceramic membrane. When
the temperature increased from 650 to 950 °C, d-alumina formed
and the phase content increased from 5.1 to 10.8%. But the content
of d-alumina at each temperature was all quite low, which suggested that d-alumina may formed as transition phase at the grain
boundary of reactants due to the short sintering scheme (Kukukova
et al., 2009). When the temperature increased from 950 to 1100 °C,
the content of c-alumina decreased dramatically from 89.2% to
56.3%, and the amount of h-alumina increased quickly from 0 to
39.7%. Such result indicated that c-alumina is gradually converted
into h-alumina via the formation of d-alumina in the sintering process (Cai et al., 2003). At 1125 °C, the content of h-alumina was
around 61.6%, and a-alumina begun to substantially form. When
temperature increased to 1150 °C, the content of h-alumina
decreased to around 8.3% and the amount of a-alumina increased
dramatically to 87.6%. In the sintering process of 1125–1300 °C, halumina continually transformed to be a-alumina. Finally, content
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Fig. 2. Graphical plots of the Rietveld refinement for the produced alumina membranes by heating boehmite at 450–1300 °C for 0.5 h (blank line = experimental XRD pattern
at different temperatures, red line = calculated XRD pattern, and blue line = difference curve between the experimental and calculated patterns). The vertical bars indicate the
Bragg positions of the calculated reflections for different types of alumina. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)

of a-alumina increased to 99.8 wt% with the disappearance of
other phases at 1300 °C. The results indicated the high purity of
the 1300 °C sintered alumina membrane. The overall phase transformation of heating boehmite indicated that the prepared alumina membrane experienced a series of transition from
boehmite ? c-alumina ? d-alumina ? h-alumina ? a-alumina.

The crystalline size of different types of alumina in the as madealumina membrane was calculated by the Rietveld refinement
method, and illustrated at Fig. 4(a–d). As shown in Fig. 4(a), the
average crystalline size of c-alumina is around 3.8 nm at 450 °C,
and stabilized at 6 nm at 850–1125 °C. d-alumina was with the
stable average crystalline size of 2.8 nm at 750–950 °C (Fig. 4
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Fig. 3. Phase contents of different types of alumina in produced alumina
membranes for heating boehmite at 450–1300 °C for 0.5 h.

(b)). In addition, the average crystalline size of h-alumina quickly
increased from 1.8 to 20.8 nm at 950–1125 °C (Fig. 4(c)). The aalumina quickly increased from 56.5 nm to 106.3 nm from 1100
to 1300 °C (Fig. 4(d)). According to the variation of crystalline size
and phase transformation, crystal growth and structure transformation of these different types of alumina was demonstrated in
Fig. 5. Temperature was found to be critical for crystal growth in
ceramic studies (Lee and Iqbal, 2001). The increased sintering temperature facilitated mass transfer mechanisms, like grain boundary
diffusion and lattice diffusion (Shih and Leckie, 2007), thus, the
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conversions from boehmite to c-alumina ? d-alumina ? halumina ? a-alumina occurred at temperatures of 450–1300 °C.
As shown in Fig. 5, three stage of the crystal growth in the sintering
process was observed. Boehmite was firstly converted to c- alumina at around 450 °C (Busca, 2014), and the significant formation
of c-alumina was observed at 450–850 °C. No significant change of
phase transformation was detected at 650–850 °C, except the small
growth of d-alumina at 750 °C. This result was consistent with the
formation temperature of d-alumina reported by Pardo and
Alarcón (2018). In the second stage, the decomposition of calumina followed by the formation of h-alumina was found at
950–1100 °C. The formation temperature (1100 °C) of h-alumina
was corresponded to the temperature determined by Pardo and
Alarcón (2018). Finally, the transformation of h-alumina into aalumina was observed at 1125–1300 °C. When boehmite is used
as precursor, the conversions from boehmite to a-alumina were
complete at 1300 °C (Chagas et al., 2014). The significant phase
transformation between different types of alumina may result in
the change of the membrane properties (e.g. porosity, surface area,
pore size and morphology) in the as-made alumina membrane.
3.2. Porosity, BET surface area, pore size and morphology of alumina
membrane
The porosity of as-made alumina membrane prepared at temperatures of 450–1300 °C was shown in Fig. 6 When the temperature increased from 450 to 850 °C, there is no significant change on
the porosity of alumina ceramic membrane because of no significant change on the main phase in the as-made membrane
(Fig. 3). When the temperature increased from 850 to 1300 °C,
the porosity decreased quickly. Temperature increase led to the
substantial phase transformation in the products, which is a strong

Fig. 4. Crystalline size of c-Al2O3 (a), d-Al2O3 (b), h-Al2O3 (c) and a-Al2O3 (d) in produced alumina membranes for heating boehmite at temperature range of 450–1300 °C for
0.5 h.
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Fig. 5. Crystal growth (a) and phase transformation (b) of different types of alumina in produced alumina membranes for heating boehmite at 450–1300 °C for 0.5 h.

Fig. 6. Porosity of the prepared alumina membrane for heating boehmite at 450–
1300 °C for 0.5 h.

mass transfer process. Such strong chemical reaction resulted in
condense of ceramic membrane, which further led to the lower
porosity in the as-made alumina membrane. Fig. 7 presented the
scanning secondary electron micrographs of the surfaces of the
as-made alumina membrane prepared at 450–1300 °C. At 450–
650 °C, the transformation of beohmite to c-alumina caused by
the water evaporation of beohmite led to roughness nature of
the produced membrane. However, the surface of alumina ceramic
membrane has similarly porous textures (Fig. 7(a–c)) due to no
phase change in the product at 450–750 °C. When temperature
increased from 850 to 1300 °C, the surface of alumina ceramic
membrane became more condensed due to the strong chemical
reaction occurred in the as-made membrane (Fig. 7(d–i)). The
cross-section images of alumina membranes obtained at temperatures of 450–1300 °C were provided in Fig. 8. The cross-section
images were similar with the surface images due to the uniform

distribution of beohmite. Similarly, almost no texture change was
found in 450–750 °C products (Fig. 8(a–c)). Whereas, with temperature elevated from 850 to 1300 °C (Fig. 8(d–i)), the observed pore
size of alumina membrane was reduced, and alumina membrane
became more compact due to the robust sintering process.
Fig. 9 showed the BET surface area and pore size of alumina
ceramic membrane obtained at temperatures of 450–1300 °C.
When the temperature increased to 450 °C, the surface area of
the produced membrane increased quickly. The treated temperature (450 °C) led to a quick evaporation of water decomposed from
boehmite to c-alumina. However, when the temperature increased
from 450 to 850 °C, the surface area had no significant change.
Fig. 1 indicated that c-alumina is the main phase at 450–850 °C,
and no significant change of the surface area in the produced membrane maybe caused by no phase transformation occurred at this
sintering process. When the temperature increased from 850 to
1300 °C, the surface area of as-made alumina membrane decreased
dramatically. It should be attributed to the strong chemical reaction occurred in the heating process, which condensed the alumina
membrane. It had been proven that higher temperature treatment
can lead to the decrease of surface area in alumina nanoparticles
(Zhang et al., 2008). Fig. 9 also showed that the total pore size of
the as-made membrane decreased with the increase of temperature, which was also strong evidence of the potential condense
effect initialed by the higher temperature treatment. One interesting finding is that the surface area decreased and the total pore size
increased with the temperature elevated from 450 to 650 °C. The
increase of total pore size indicated that the water evaporation
increased the pore size of as-made membrane. At higher temperatures (750–1300 °C), the condense effect initialed by the temperature increase lead to the decrease of total pore size in the as-made
membrane.

3.3. Chemical stability and membrane flux
Due to the corrosion of acid and alkali, the weight loss of asmade alumina ceramic membrane obtained at temperature from
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Fig. 7. The morphology of alumina-based ceramic membrane obtained at temperature ranged from 450 to 1300 °C.

Fig. 8. The cross-section images of alumina-based ceramic membrane obtained at temperature ranged from 450 to 1300 °C.
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Fig. 9. BET and pore size of the prepared alumina membranes for raw boehmite and
heated boehmite at 450–1300 °C for 0.5 h.

Fig. 10. Chemical stability of the prepared alumina membranes for raw boehmite
and heated boehmite at 450–1300 °C for 0.5 h.

450 to 1300 °C was shown in Fig. 10. Alumina ceramic membranes
obtained at lower temperatures (450–850 °C) lost their weight
quickly, which should be attributed to the lower tolerate of
c-alumina in acid and alkaline solutions.
As the temperature increased, the transformation of c-alumina
into h-alumina and a-alumina led to the higher stability of ceramic
membrane even in acid and alkaline conditions. Combined with
the results of XRD patterns in Fig. 1 and chemical stability in
Fig. 10, it can be interpreted that higher temperature alumina
products usually had higher stability than lower temperature ones.
It should be noted that a-alumina had the highest chemical stability than other types of alumina. Another phenomenon is that the
lower temperature products are more stable in acid condition than
alkaline ones, which indicated that the as-made products are more
appropriately used in acid conditions.
The pure water flux of each alumina ceramic membrane
obtained at temperatures of 450–1300 °C was shown Fig. 11. The
original membrane made by boehmite showed a very high flux
of 8536 Lm3hbar. As a dry pressing method was used for the
original membrane, the interspace between boehmite particles in
the un-sintered products led to the high pure water flux. When
the membrane was sintered at 450 °C, the pure water flux
decreased dramatically to be around 4673 Lm3hbar. The
decrease of water flux was caused by the condense effect initialed
by the heating process. The mass transfer during the transformation from boehmite to c-alumina led to the reduction of interspace

Fig. 11. The pure water flux of the produced alumina membranes obtained at 450–
1300 °C for 0.5 h.

of the alumina membrane. Although the water evaporation of
boehmite in the transformation process would produce some pores
in the ceramic membrane, the reduction of pure water flux in the
as-made alumina ceramic membrane was detected with the temperature increased from 450 to 850 °C. Thus, the potential condense effect would be the main mechanism for the reduction of
pure water flux of the as-made alumina ceramic membrane as
the increase of temperature. The pure water flux of products
obtained at different temperatures of 450–1300 °C is in the range
of 1896–4673 Lm3hbar, which is similar to the pure water flux
of alumina-based ceramic membrane (from 1000 to 4000 Lm3hbar) made by Ha et al. (2018). However, their ceramic membrane is made by a-alumina, which may consume large amounts
of heat (>1300 °C) during sintering processes. As shown in
Fig. 11, the lowest permeate flux is obtained for ceramic membrane prepared at firing temperature 1150 °C. The permeate flux
of other prepared ceramic membranes obtained at 1100, 1125
and 1300 °C are fairly close to each other being respectively
(2064, 1986, and 1928) Lm3hbar because of the similar phase
compositions in these temperatures. The organic rejection ability
of as-made ceramic membrane treated at different temperature
was evaluated by using a filtration test fed with 1000 mg/L BSA
solution. The BSA rejection efficiencies of ceramic membranes treated from 450 to 1300 °C ranged from 18.1% to 37.0%, which is similar to those of common ultrafiltration membrane. Compared to
ceramic membrane made by a-alumina, this study provided lower
temperature products made by boehmite, which also showed similar chemical and physical properties. This study demonstrated a
preferred strategy to reduce the cost of alumina-based ceramic
membrane.
4. Conclusions
Alumina ceramic membrane was prepared by firing the disc
form of boehmite at temperatures of 450 to 1300 °C for 0.5 h.
The produced membrane was analyzed by QXRD for phase composition and crystalline size distribution, which proved that the alumina ceramic membranes experienced a series of crystal growth
from c-alumina ? d-alumina ? h-alumina ? a-alumina at 450–
1300 °C. Then the prepared ceramic membranes were characterized for their physical parameters and microstructure. The results
indicated that membrane properties shown no obvious change at
450–850 °C products, because of no significant phase transformation in membrane products. However, the significant change in
membrane properties is corresponding to the change of phase con-
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tent at 900–1300 °C heated membrane products. The results indicated that properties of alumina membrane were greatly influenced by the formed alumina phases and theirs crystallize size.
Generally, lower temperature (1150 °C) membrane had similar
properties as the 1300 °C treated product, which are proposed to
offer good application future for water purification.
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