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through pressurized filtration tests using Titan Yellow aqueous solution. It showed that
positively charged microporous ceramic membrane exhibited a flow rate of 421 L/(m2·hr) under
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the trans-membrane pressure of 0.03 bar. Moreover it could effectively remove Titan Yellow

Positively charged ceramic membrane

with feed concentration of 10 mg/L between pH 3 to 8. The removal rate increased with the

Electrostatic adsorption

enhancement of the surface charge properties with a maximum rejection of 99.6%. This study

Organic dyes

provides a new and feasible method of removing organic dyes in wastewater. It is convinced
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that there will be a broad market for the application of charged ceramic membrane in the field of
dye removal or recovery from industry wastewater.
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Introduction
The removal of organic dyes from water poses a particular
technology challenge because of wide varieties and the
vanishingly small molecular weight. Nanofiltration and reverse
osmosis can reject dyes and have become the significant
separation and purification techniques in dye industry for dye
removal, concentration, desalination and water reuse (Aouni et
al., 2012; Zahrim et al., 2011; Kurt et al., 2012; Cheng et al., 2012).
However, high cost and low flow rate are two main drawbacks
of these techniques (Madaeni, 1998; Bruggen et al., 2008).
Inorganic ceramic membrane is becoming increasingly
attractive in different fields because of its incomparable
advantages, such as high mechanical strength, resistant
hyperthermia, fine chemical stability and so on (Lei et al.,
2012, 2013a, 2013b). Recently, as a clean process technology,

the research on charged ceramic membrane separation with
low cost and high flow rate at low pressure is growing rapidly.
The advantages are based on “physical screening” and electrical
interaction (Deng et al., 2015; Zheng et al., 2013). Being a kind of
new functional composite material, the charged ceramic
membrane has attracted high attention because of its unique
separation characteristic. The introduction of charged agent
leads to enhance hydrophilic of the membrane (Zhang et al.,
2009), decrease osmotic pressure of the solution and increase
the membrane flux. Benefiting from above superiority, the
operation cost is reduced.
Generally, positively charged microporous ceramic membrane (Kattamuri et al., 2005; So et al., 1998) is obtained by
importing electropositive agent on the surface of base membrane. When solutions with negatively charged substances
pass through the membrane, regardless of the size of these
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substances bigger or smaller than the membrane pores, they
will be adsorbed on the surface or on the pore walls of the
charged membrane due to the attraction between positive and
negative charges. Therefore, positively charged ceramic membrane can remove electronegative impurities from water such
as bacteria, virus, bacteria endotoxin and so on. Wegmann et al.
(2008a, 2008b) modified diatomaceous earth by dip-coating and
heat-treatment process with positively charged nano-ZrO2.
This positively charged microporous ceramic membrane had
strong electrostatic interaction with virus in water, and the
removal rate of Escherichia coliphage MS2 reached as high as
99.99999%. Further, Wegmann et al. (2008a, 2008b) modified
diatomaceous earth with positively charged nano-Y2O3, the
fabricated positively charged ceramic membrane can remove
Escherichia coliphage MS2 with a diameter of 25 nm and had a
removal rate of 99.99% in the pH range from 5 to 9. Pagana et al.
(2008) used microporous ceramic membrane technology for the
removal of arsenic and chromium ions from contaminated
water, and the experimental results showed a good reduction of
feed chromium concentration of 500 μg/L to below 10 μg/L,
which was well below the maximum allowable chromium
concentration of 100 μg/L in drinking water. Since the size
of organic dyes is much smaller than the virus, it is more
difficult to remove organic dyes from water. For example, Titan
Yellow is a kind of small molecule dye with negative charge,
whose molecular weight is 695.73, and the ordinary ceramic
membrane could not get rid of Titan Yellow from water.
Therefore, in order to remove organic dyes with negative
charge in water, the development of a highly porous ceramic
membrane which exhibits a positive surface charge (zeta
potential) (Moritz et al., 2001) over the widest possible pH
range is needed.
In this study, we firstly fabricated positively charged
microporous ceramic membrane by dip-coating and sintering
process. Through the filtration experiment of negatively
charged Titan Yellow, the properties of the positively charged
ceramic membrane were investigated and the operation
conditions were optimized. This study provides a significant
basis for the application of charged ceramic membrane in the
field of dye removal or recovery from industry wastewater.

1. Experimental
1.1. Materials and reagents
The base membrane chosen was the tabular microporous
ceramic membrane, its main chemical composition was SiO2,
namely diatomaceous earth (DE), which was purchased from
Guangzhou Pure Easy Hi-Tech Co., Ltd. (Guangzhou, China).
Materials such as YCl3·6H2O and urea were used for
the fabrication of positively charged microporous ceramic
membrane. YCl3·6H2O with a purity of 99.99% was purchased
from Shanghai Siyu Chemical Science and Technology Co.,
Ltd. (Shanghai, China). Urea which was analytically pure
was purchased from Tianjin Feng Chuan Chemical Reagent
Technology Co., Ltd. (Tianjin, China).
Titan Yellow which has two negative charges with a
molecular weight of 695.73 was purchased from Tianjin Research
Institute of Fine Chemical Industry. (Tianjin, China). It was used
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for the filtration experiment of positively charged microporous
ceramic membrane.

1.2. Fabrication of positively charged microporous ceramic
membrane
Positively charged microporous ceramic membrane with nanoY2O3 coating on the surface of the base ceramic membrane was
fabricated through dip-coating and thermal decomposition
technology.
The typical fabrication process was as follows: YCl3·6H2O
and urea with a molar ratio of 1:5 were dissolved into deionized
water, heating and stirring for two hours under 95°C, afterwards
the so-called coating solution was got which was used for the
process of dip-coating. Then dipping the base membrane in the
coating solution and drying, this procedure was repeated three
times. Finally, the positively charged microporous ceramic
membrane was prepared with nano-Y2O3 coating by calcination
at 700°C in air.

1.3. Characterization of positively charged microporous ceramic
membrane
The analysis of membrane flux was performed using membrane filtration system at 0.03 bar, and the membrane flux
was calculated from the permeate volume, time and effective
filtration area.
Fourier transform infrared spectroscopy (FT-IR; Nicolet6700,
Thermo Fisher Scientific, USA) was used to analyze the chemical
groups and bonds on the near-surface region of the ceramic
membrane using potassium bromide method. The resolution of
the apparatus was 4 cm−1 and 32 scans were measured totally
during IR study for each sample.
Powder X-ray diffraction (XRD; Mini Flex600, Rigaku, Japan)
was adopted to analyze composition and crystal structure of
the membrane. Samples were crushed to powders with agate
mortar and pestle.
Scanning electron microscopy (SEM; 1530VP, LEO, Germany)
was employed to investigate the morphological structure of the
surface of ceramic membrane, for the SEM analyses, samples
were mounted on aluminum stubs with carbon paste and
sputtered with Au–Pd alloy to prevent electrical charging.
Energy dispersive spectroscopy (EDS; Trident, EDAX, USA)
was used to determine the content of various elements on
membrane surface.
Surface zeta potential of the positively charged ceramic
membrane was performed to characterize its electrical property
using Zetamaster (Zetasizer Nano ZS; Malvern Instruments,
UK). The powders of base membrane and positively charged
ceramic membrane were ball-milled and dispersed in ultrahigh purity water with ultrasonic dispersion technique. The pH
dependence of the Zeta potential in the range pH 4–10 was
adjusted with either 0.1 mol/L HCl or 0.1 mol/L NaOH.

1.4. Evaluation of Titan Yellow removal performance
The experiment of adsorption performance of positively
charged ceramic membrane was carried on through filtration
under different conditions. The schematic of filtration system
is shown in Fig. 1, which adopted dead-end filtration mode.
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Fig. 1 – Schematic of membrane assembly for filtration.
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During the experiment, the absorbance of Titan Yellow
aqueous solution before and after filtration was measured by
Ultraviolet visible spectrophotometer (UV), and the corresponding concentration was calculated according to the standard curve
of Titan Yellow ( y = 0.00125 + 0.02431x, correlation coefficient
r = 0.99999). So the adsorption efficiency was evaluated by
calculating removal rate R (%).
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The detailed specifications of the as-prepared positively
charged microporous ceramic membrane including diameter
3.0 cm, thickness 0.25–0.80 cm, membrane flux 421 L/(m2·hr),
mean pore size 0.45 μm, porosity 44.86% and specific surface
area 1.75 m2/g.
The chemical composition of ceramic membrane surface
changed after coated with nano-Y2O3. To study the chemical
composition and structure of membrane surface, FT-IR and
XRD analysis were performed (Fig. 2). For base membrane in
Fig. 2a, there were two obvious adsorption peaks around 1094
and 798 cm−1, which were attributed to stretching vibration of
SiO2. Moreover, for positively charged membrane, the FT-IR
spectrum clearly showed the characteristic peaks of both SiO2
and Y2O3. Peaks located at about 1401 and 1522 cm−1 were
characteristic peaks of Y2O3, while those peaks near 1092 and
799 cm−1 suggested the presence of SiO2. XRD patterns of base
membrane and positively charged membrane were shown in
Fig. 2b. The XRD pattern of base membrane was consistent
with JCPDS card number 39-1425 for cristobalite-SiO2. Among
them, diffraction peaks at 22.1°, 28.5°, 31.5° and 36.2° belonged
to (101), (111), (102) and (200) crystal planes of cristobalite
respectively. It indicated there were a large number of
crystalline silicon dioxide and a few other impurities in base
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Fig. 2 – Fourier transform infrared spectroscopy spectra (a) and
powder X-ray diffraction patterns (b) of base membrane and
positively charged membrane.
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membrane. From the XRD pattern of positively charged
microporous ceramic membrane, diffraction peaks at 29.2°,
48.6° and 57.7° belonged to cubic Y2O3 crystal, which were
corresponding to (222), (440) and (622) crystal orientation
respectively, and it was consistent with JCPDS card number
41-1105 for the pure cubic phase of Y2O3. The FT-IR and XRD
results indicated that positively charged microporous ceramic
membrane was fabricated via nano-Y2O3 surface modification.
The main composition of base ceramic membrane was
SiO2, and it also contained small amount of Al2O3, Fe2O3, CaO,
MgO, K2O, and Na2O. To analyze the content of each element
on membrane surface, EDS analysis was conducted in Fig. 3.
As shown in Fig. 3, the content of Y in charged membrane
surface was 24.76 wt.%, while it was only 1.06 wt.% in base
membrane. This showed that the base membrane also
contained small amount of Y, which explained the appearance
of weak adsorption peak at about 1522 cm−1 in the infrared
spectrum of the base membrane in Fig. 2a.
To observe the morphological structure of base membrane
and positively charged ceramic membrane, SEM analysis was
performed (Fig. 4). By comparing Fig. 4a and b, it was evident
that nano-scale particles of charged agent Y2O3 were uniformly
distributed over the internal surface of base membrane. In
addition, the particle size of nano-Y2O3 was much smaller than
that of reported literature Wegmann et al. (2008a, 2008b), which
was beneficial for improvement of surface charge properties.
The zeta potential is an important and reliable indicator of
the membrane surface charge (Fievet et al., 2001). The surface
charge properties of base membrane and positively charged
ceramic membrane were characterized by Zetasizer Nano ZS.
The obtained zeta potentials under different pH are presented
in Fig. 5.
The zeta potential of both base membrane and positively
charged ceramic membrane were strongly influenced by
the pH value of feed solution. The zeta potential of base
membrane was always negative with the change of pH. Unlike
base membrane, the surface zeta potential of positively
charged ceramic membrane was positive with the testing pH
range from 4 to 8. The isoelectric point (IEP) of positively
charged ceramic membrane was found to be at about pH 8.3,
which was higher than that of previous research Wegmann
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Fig. 3 – Element content analysis of membrane surface.
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et al. (2008a, 2008b). In neutral solution condition, the surface
of as-prepared positively charged ceramic membrane possessed
more positive charges. Under the interaction of electrostatic
adsorption, the ceramic membrane could effectively remove
negatively charged particles which were smaller than the size of
membrane pore.

2.2. Permeation properties of positively charged microporous
ceramic membrane
2.2.1. Effect of surface charge properties on removal of Titan
Yellow
The surface charge properties of ceramic membrane are
related to the amount of nano-Y2O3 on the base membrane
surface. Therefore, in order to study the relation between the
charge properties of membrane surface and the removal
performance of Titan Yellow, ceramic membranes with different amount of positive charges were fabricated by changing the
concentration of Y3+. Then the filtration experiment of Titan
Yellow aqueous solution with the same feed concentration was
conducted at atmospheric pressure. Fig. 6 gives the influence of
Y3+ concentration on the zeta potential and removal rate of
Titan Yellow.
From Fig. 6, zeta potential of charged ceramic membrane
increased with the increase of Y3+ concentration, that meant the
larger the Y3+ concentration, the stronger the charge property of
the membrane. Therefore, in the absence of Y3+, which meant
diatomaceous earth was base membrane, the removal rate was
only 1.61%. Moreover, the removal rate of positively charged
ceramic membrane increased with increasing Y3+ concentration.
This was because the amount of positive charges on the
membrane surface increased with the increase of Y3+ concentration, and it resulted in the enhancement of surface charge
properties. Hence, more adsorption to Titan Yellow happened
with the stronger positive charge of ceramic membrane. When
the concentration of Y3+ was 0.015 mol/L, the maximum removal
rate of Titan Yellow solution was up to 96%. Therefore, a higher
removal rate can be obtained at higher Y3+ concentration.

2.2.2. Effect of membrane thickness on removal of Titan Yellow
In regard to conventional ceramic membrane, with the
increase of membrane thickness, the effective filtration path
will increase, which will improve the chance of interception
and the removal rate of pollutants. In this experiment, the feed
concentration of Titan Yellow was 10 mg/L, and positively
charged microporous ceramic membranes with different thickness were used to filtrate Titan Yellow aqueous solution at
atmospheric pressure. The effect of the thickness of positively
charged ceramic membrane on the adsorption performance of
Titan Yellow was investigated and the results are presented in
Fig. 7.
In Fig. 7, the adsorption rate firstly increased sharply and
then slightly with the increase of membrane thickness. When
the membrane thickness was 0.25 cm, the removal rate only
got a value of 77%. This was because in a certain aperture,
both the filtration path and the effective adsorption area grew
with the increase of membrane thickness, so the removal rate
increased as well. But when it reached a certain thickness
(larger than 0.5 cm), the membrane thickness continued to
increase, the removal rate increased slowly and slightly. At
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Fig. 4 – Scanning electron microscopy images of the surface of base membrane (a), positively charged membrane (b) and
magnification of the selected area of charged membrane (c).

2.3. Filtration performance of Titan Yellow aqueous solutions
2.3.1. Effect of feed concentration on removal of Titan Yellow
Feed concentration of Titan Yellow may influence the removal
performance of positively charged microporous ceramic membrane (Zheng et al., 2013). To confirm this assume, the filtration
experiment was conducted. As shown in Fig. 8, the removal rate
of Titan Yellow decreased with the increase of feed concentration. At low feed concentration, the removal rate was as high as
96.84%, but it declined rapidly with increasing concentration of
Titan Yellow. When the Titan Yellow aqueous solution with high
concentration passed through the positively charged ceramic
membrane, the Titan Yellow molecules with negative charges
quickly shielded the positive charges on membrane surface, and
it led to the weakness of positively charged performance of
ceramic membrane. However, physical screening of membrane
pore almost had no contribution to the removal of Titan Yellow,
the reason was that the ceramic membrane aperture was much

40

The effect of positively charged microporous ceramic membrane on the removal of Titan Yellow was based on mutual
attraction between positive and negative charges, that was,
the electrostatic attraction. So the removal rate might be
affected by maximum adsorption capacity. The filtration
experiment was carried out at atmospheric pressure with
feed concentration of 10 mg/L and membrane thickness of
0.5 cm. The removal rate was calculated in different filtration
volumes. The results are presented in Fig. 9.
It can be seen from Fig. 9 that, the removal rate decreased
with the increasing amount of filtration test. With the increasing
amount of Titan Yellow solution, a growing number of positive
charges on the surface of positively charged ceramic membrane
were bounded. It led to the positively charged performance
of the ceramic membrane weaken, and the adsorbability was
correspondingly decreased, thus the removal rate declined. The
maximum removal rate was 97% when filtration volume was
200 mL. However the removal rate reduced to zero when the
filtration volume reached 1200 mL, which suggested at this
moment adsorption capacity of the positively charged ceramic
membrane reached saturation. It was calculated the maximum
adsorption capacity was up to 3.86 mg/cm3.
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2.3.2. Effect of total filtration volume on removal of Titan Yellow
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the removal rate declined.
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the same time filtration resistance significantly increased. At
this stage the membrane thickness wasn't the main factor
influencing on the removal rate, and the charge on the
membrane surface played a decisive role in the adsorption
of Titan Yellow. Combining the experimental results with the
filtration resistance, the most appropriate membrane thickness was 0.5 cm.
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Fig. 5 – pH dependence of zeta potentials for base membrane
and positively charged membrane.
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Fig. 6 – Influence of the yttrium concentration on Titan
Yellow removal and zeta potential (membrane thickness:
0.5 cm, feed concentration of Titan Yellow: 10 mg/L).
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Fig. 7 – Variation of Titan Yellow removal efficiency with the
thickness of positively charged membrane at atmospheric
pressure and pH 7 (concentration of Y3+: 0.015 mol/L).

Fig. 9 – Variation of Titan Yellow removal efficiency at pH 7
with filtration volume (concentration of Y3+: 0.015 mol/L,
membrane thickness: 0.5 cm).

2.3.3. Effect of operation pressure on removal of Titan Yellow
During the filtration experiment, operation pressure can affect
the flow rate of solution, and it will further influence the
adsorption performance of Titan Yellow. The experiment was
launched under pressurized filtration with membrane thickness of 0.5 cm and feed concentration of 10 mg/L (Fig. 10).
It was apparent that the removal rate initially increased
and then reduced sharply with the increase of operation
pressure. When the pressure was 0.05 bar, the maximum
adsorption rate was 99.6%. The main reason was that Titan
Yellow was easier to adsorb onto the surface of the membrane
and penetrate into the membrane pores when imposed with
appropriate pressure. As the pressure continued to increase,
however the removal rate decreased instead. It was because
the rapidly increasing flux resulted in running off of Titan
Yellow without being adsorbed.

2.3.4. Effect of pH on removal of Titan Yellow
From the analysis results of zeta potential, the pH of filtration
solution played an important role in zeta potential of

positively charged ceramic membrane. It not only affected
the absolute value of surface charge, but also determined the
sign (positive or negative) of surface charge. This experimentation was taken on by adjusting the pH of Titan Yellow
aqueous solution. The results of the influence of pH on Titan
Yellow molecules charge and removal rate are presented in
Fig. 11. Zeta potential of Titan Yellow was always negative
with pH range of 3 to 11. This meant Titan Yellow molecules
were negatively charged with the change of pH under
experimental conditions. The removal rate had no obvious
variation in the range of pH 3–8. While it decreased sharply
with increasing pH to 9, and then decreased slightly from pH 9
to 11. This variation was due to the electrochemical interactions between charged membrane surface and the negatively
charged Titan Yellow molecules. At pH 3 to 8, the charged
ceramic membrane surface had a highly positive charge,
which was opposite to Titan Yellow. The strong electrostatic
affinity accelerated adsorption, therefore the removal rate
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Fig. 8 – Variation of Titan Yellow removal efficiency at pH 7
with feed dye concentration (concentration of Y3+: 0.015 mol/L,
membrane thickness: 0.5 cm).

0.0

0.1

0.2

0.3

0.4

Operation pressure (bar)
Fig. 10 – Variation of Titan Yellow removal efficiency at pH 7
with operation pressure (concentration of Y3+: 0.015 mol/L,
filtration volume: 200 mL).

210

J O U RN A L OF E N V I RO N ME N TA L S CI EN CE S 44 (2 0 1 6 ) 2 04–2 1 2

0

100

Feed

80

-5

60

-10
-15

40
20
0

4

Bacterium
Small molecule

-20

Removal rate
Zeta potential

2

Zeta potential (mV)

Removal rate (%)

Virus

6

8

10

-25
12

Filtrate

pH
Fig. 11 – Influence of pH on Titan Yellow molecules charge and
removal rate (concentration of Y3+: 0.015 mol/L, membrane
thickness: 0.5 cm, feed concentration of Titan Yellow: 10 mg/L).

remained a higher value. However, at pH 9 to 11, the
membrane surface was negatively charged (see Fig. 5), which
had the same type of charge as Titan Yellow, and repulsive
forces reduced the adsorption of Titan Yellow, thus the much
lower removal rate was observed. This study showed that the
variation trend of pH dependence of surface charge for
charged ceramic membrane (Fig. 5) was consistent with the
removal rate of Titan Yellow. The results proved that surface
charge of ceramic membrane had a decisive influence on the
removal of Titan Yellow.
Combined with the above analyses, it came to a conclusion
that positively charged microporous ceramic membrane had
good filtration performance under appropriate conditions. In
order to evaluate the good performance of charged ceramic
membrane, several different technologies using for dye
removal had been compared. It can be seen from Table 1,
among these technologies, positively charged microporous
ceramic membrane had a relatively high removal rate.
Moreover, compared with nanofiltration, reverse osmosis and
other combined process, the technique using charged ceramic
membrane for dye removal was more convenient and low cost.

2.4. Removal mechanism of positively charged microporous
ceramic membrane
Generally, the separation principle of conventional ceramic
membrane is based on physical screening, which means that
microporous membrane allows components smaller than the
aperture pass through and rejects components larger than the
aperture. In above experiments, the removal rate of positively
charged microporous ceramic membrane for Titan Yellow

Fig. 12 – Schematic diagram of separation mechanism of
positively charged microporous ceramic membrane.

was as high as 99.6%, while the base membrane only had a
removal rate of 1.61% (Fig. 6). The reason was that base
ceramic membrane with a micron aperture could intercept
substances such as suspended solids, some bacteria and
particles, except water, solvent and solute. Base membrane
almost had no removal effect of Titan Yellow, since Titan
Yellow was a small molecular substance whose size was far
less than the membrane pores. However, as for positively
charged ceramic membrane, owing to positive charges on the
membrane surface, its removal effect of Titan Yellow depended
on adsorption. As the literature Wegmann et al. (2008a, 2008b)
showed that the adsorption relied on attraction of Titan Yellow
to membrane surface under the influence of van der Waals force,
electrostatic force and hydrophobic interaction. Combining with
the results of filtration experiment, we can conclude that the
adsorption mechanism of positively charged microporous
ceramic membrane to Titan Yellow was mainly electrostatic
attraction. Fig. 12 presents the major separation mechanism of
positively charged ceramic membrane. When negative small
molecules passed through the bigger micro pores, electrostatic
interaction rather than van der Waals attractive forces and
physical sieving played a significant role.

2.5. Membrane regeneration
When the as-prepared positively charged ceramic membrane
reached adsorption saturation, it couldn't adsorb Titan Yellow
any more. Therefore, the regeneration of membrane was
necessary for the application of charged ceramic membrane.
In this experiment, back rinse was applied to recover the used
membrane. Absorbance of filtrate and Titan Yellow removal
rate of regenerated membrane was used as evaluation index

Table 1 – Comparison of different technologies using for dye removal.
Classification

Removal rate (%)

Positively charged microporous ceramic membrane
Photocatalysis–chemical oxidation (Zhu and Lin, 2013)
Coagulation/flocculation and nanofiltration techniques (Riera-Torres et al., 2010)
Reverse osmosis (Abid et al., 2012)
Coagulation/flocculation process (Moghaddam et al., 2010)
UV-photografted nanofiltration (Akbari et al., 2006)

99.6
98.3
>98
>97
96.53
>96
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pH 7.0, membrane thickness 0.5 cm, feed concentration
10 mg/L.
(3) The positively charged ceramic membrane could be
used in the removal of negative organic dyes, and this
study provides a new and feasible method of removing
dyes from industry wastewater.
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pH
Fig. 13 – Influence of cleaning solution pH on filtrate
absorbance and Titan Yellow removal efficiency of regenerated
membrane (concentration of Y3+: 0.015 mol/L, membrane
thickness: 0.5 cm, feed concentration of Titan Yellow: 10 mg/L,
pH: 7).

of the regeneration effect, which were measured by an ultraviolet visible spectrophotometer. The results are shown in Fig. 13.
When cleaning solution pH was less than 8, the absorbance
of filtrate was close to 0, which indicated that the Titan Yellow
adsorbed on membrane surface couldn't be washed off in
acidic environment. In the meantime, the removal rate of
Titan Yellow was very low. With the cleaning solution pH
increased from 8 to 11, the filtrate absorbance gradually
increased and the Titan Yellow removal rate of regenerated
membrane also increased correspondingly. When cleaning
solution pH was 11, the removal rate could reach as high as
95.2%, which recovered 95.6% of Titan Yellow removal rate
acquired by new charged ceramic membrane. This was
because that charged ceramic membrane surface presented
negative charge at higher pH value than IEP (Fig. 5), which had
the same electrical property with Titan Yellow. Thus under
the effects of electrostatic repulsion and water flow, Titan
Yellow desorbed from the charged ceramic membrane and
the used ceramic membrane was recovered again.

3. Conclusions
(1) In this work, positively charged microporous ceramic
membrane for Titan Yellow removal through electrostatic
adsorption was investigated. The following conclusions
could be drawn from the experimental results. Positively
charged microporous ceramic membrane could be prepared through dip-coating and heat-treatment process
using diatomaceous earth as the base membrane. The
obtained ceramic membrane possessed positive charge
with the pH range from 3 to 8. Its average pore size was
0.45 μm and it presented a membrane flux of 421 L/(m2·hr)
at 0.03 bar.
(2) Based on electrostatic adsorption, the fabricated positively
charged ceramic membrane could effectively adsorb Titan
Yellow through filtration at atmospheric pressure. The
removal rate was as high as 99.6%. The most suitable
operation conditions were as follows: pressure 0.05 bar,
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