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ABSTRACT

This paper explores ceramic membrane with Ce/Sb-SnO, separating dye from wastewater and its appli-
cation. First of all, a ceramic membrane was coated by 4A zeolite for reducing its pores. Subsequently,
Ce/Sb-Sn0O, sol was applied to the ceramic to prepare Ce/Sb-SnO, membranes. Scanning electron
microscopic images revealed that SnO, nanoparticles were loaded on a ceramic matrix to form the
composite membranes. From energy-dispersive X-ray and X-ray diffraction analysis, Ce, Sb and SnO,
were confirmed to exist in the prepared samples. Ce/Sb-SnO, membrane was employed to separate
direct orange S from wastewater and a retention rate of 99% for dye was obtained at transmembrane
pressure of 0.6 MPa, dye concentration of 20 mg L™ and voltage 1.4 V.
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1. Introduction

Dyeing effluents from textile industry are high contam-
inated wastewater containing a high content of dyes, inor-
ganic salt, toxicants and hard-degraded organics, which
give rise to harmful effects to the environment [1,2]. Many
technologies, such as physical adsorption, biodegradation
and chemical oxidation [3,4], have been developed to treat
dye wastewater. However, dyeing wastewater treatment by
chemical methods, high sludge and secondary reaction are
produced. Hence, chemical methods have some limitations
in dyeing effluents treatment and are not suited to degrade
all dyes [5].

We imagine that dyes were separated from dyeing
effluents by membranes and recycled as useful resource to
avoid polluting environment. Nanofiltration process with
the low energy consumption is suitable for separation and
recycling of dyestuff from wastewater. The key problem of
membrane separation is to control membrane fouling. While
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dyes are separated from wastewater by membranes, some
of dyes are adsorbed on membrane surfaces to plug pores,
which results in permeate flux decline [6,7]. Brillas and
Martinez-Huitleb [8] reported that organic dyes in indus-
trial effluents could be removed by electrochemical meth-
ods. Organic dyes are decomposed by electrocatalysts in
the presence of power supply, which is mainly ascribed to
produce reactive species such as hydroxyl radicals (*OH).
Physisorbed hydroxyl radicals on electrodes have high reac-
tivity towards most organic substrates, and they are readily
reacting with organic dyes on electrode surfaces, and then the
organic dyes are degraded to form CO, and H,O. Based on
this reason, electrocatalysts are introduced on the membrane
surfaces for removing pollutants on the membrane surfaces
[9] to avoid membrane pores to be plugged. Therefore, the
integrated coupling of electrocatalysis and membrane sepa-
ration, the membrane separation efficiency can be improved,
which enhances the working stability of the membrane and
prolongs its service life.

In this work, the ceramic membrane loaded with elec-
trocatalysts was used to separate dyes from wastewater.
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It is well known that ceramic membrane has properties of
antioxidation, high temperature resistance and acid-proof
alkali. Hence, ceramic membrane may be used as matrix
materials, on which metals and metallic oxide catalysts are
loaded in order to enhance membrane’s conductivity [10,11].
Using the membranes with electrocatalysts to separate dyes
from wastewater, electrocatalytic oxidation can inhibit
membrane fouling. Dong et al. [12-14] reported that electric
field can reduce membrane fouling and improve membrane
separation efficiency, and the pure water flux and bovine
serum albumin rejection could be increased by hybrid poly-
vinylidene fluoride/Al,O, membranes. Moreover, it was
reported that tin dioxide as electrocatalyst had an excel-
lent catalytic activity in wastewater treatment [15,16]. SnO,
doped with Sb, its electrocatalytic property was further
enhanced [17]. Since atomic weight of Sn and Sb is 118.71
and 121.75, respectively, atomic radius of Sb is approximate
to that of Sn. Therefore, Sb could be chosen as a dopant.
In addition, an antierosion ability of a single dopant is not
strong enough and the choices of dopants are developed
from a single to complex directions. It was reported that
SnO, doped with Ce, its sintering properties was improved,
which enhanced the densification of the prepared samples
[18]. Based on the respective properties of Sb and Ce, SnO,
modified with Ce/Sb was anchored on a ceramic, and both
separation and electrocatalysis could be carried out simul-
taneously on membranes with Ce/Sb-SnO,. By the analysis
above, we could speculate that the ceramic membranes with
Ce/Sb-SnO, were expected to possess an excellent ability to
separate dyes and to reduce the membrane fouling at the
same time.

Direct orange S dye is used to stain cellulose fibre such as
linen, viscose rayon, cotton, etc. To date, there are no reports
on the ceramic membranes with Ce/Sb-SnO, separating dyes
from wastewater. In this work, direct orange S was chosen
as target pollutant to evaluate the separation properties of the
membranes with Ce/Sb-5SnO,. We reported the preparation of
the Ce/Sb-SnO, membrane and its application in separation
of dye from wastewater.

2. Experimental details
2.1. Materials and apparatus

Main chemicals and reagents used include the following:
sodium hydroxide, tin dioxide, absolute ethanol, concen-
trated hydrochloric acid, sodium silicate, cerium nitrate, anti-
mony trichloride, sodium meta-aluminate, and all reagents
used were purchased commercially and were of analytical
grade.

Main methods used in this study include the following:
X-ray diffractometer (XRD; Bruker AXS, Germany),
scanning electron microscope (SEM; S-4800, Hitachi, Japan),
acquisition unit (Rui Bohua Technology Co., Ltd., Beijing,
China), electrochemical analyzer (PAR 273 A, Princeton
Research Company of Chemical Application, America),
energy-dispersive X-ray (EDX; 250, Hitachi, Japan),
spectrophotometer (Cary50, US Varian Technology Co.,
Ltd., China) and total organic carbon analyzer (TOC-V CPH;
Shimadu, Japan) were employed to characterize the prepared
samples and analyze experimental results.

2.2. Preparation of Ce/Sb-SnO, ceramic membranes

The sodium silicate solution was prepared by adding
0.32 g of sodium hydroxide and 18 mL of deionized water to
5.68 g of sodium silicate with magnetic stirrer at 298 K. The
sodium aluminate solution was prepared by adding 15 mL
of deionized water to 1.64 g of sodium meta-aluminate with
magnetic stirrer at 298 K. Subsequently, the sodium alumi-
nate solution was slowly dripped into the sodium silicate
solution, which was aged for 2 d and called as the solution (A).

Origin ceramic membranes were made from
AlL,O-Si0,~Zr0O, and a disc membrane with a diameter of
51 mm, thickness of 6 mm and a pore size of 50-100 nm, and
were purchased from Fucide New Material Co., Ltd. (Anhui,
China). A side of the membrane surfaces was steeped into the
solution (A), and sealed in reaction kettle and crystallized for
5h at 393 K. As a result, a side of the membrane surfaces was
successfully coated by the 4A zeolite for reducing its pores.

A SnO, sol was prepared by adding 25 mL of absolute
ethanol and 2 mL of hydrochloric acid to 14.73 g of tin dioxide
with magnetic stirrer at 298 K. Antimony trichloride (1.84 g)
was put into the SnO, sol in order to prepare the Sb-SnO,
sol. Cerium nitrate solution was prepared by adding 10 mL
of absolute ethanol and 2 mL of deionized water to 0.35 g of
cerium nitrate with magnetic stirrer at 298 K.

With a dripping speed of 1 mL min™, the cerium nitrate
solution was slowly dripped into Sb-SnO, sol with magnetic
stirrer at 313 K to form Ce/Sb-5nO, sol. In the Ce/Sb-5nO, sol,
the mole ratio of Ce, Sb and SnO, was nearly 1:10:100, and
the results were satisfactory in experimentation. A side of
ceramic membranes coated with the 4A zeolite was steeped
into Ce/Sb-SnQ, sol for 30 min and kept for 1 h at 298 K, and
calcined at 1,173 K for 2 h in N, atmosphere with a heat-
ing rate of 3 K min™, and cooled to room temperature. As a
result, Ce/Sb-SnO, was successfully loaded on a side of the
ceramic membranes, labelled as the ceramic membranes with
Ce/Sb-5n0,,

2.3. Experimental setup

Experimental apparatus used in this study is demon-
strated in Fig. 1. A ceramic membrane reactor was made of
a reaction chamber (12), ceramic membrane with Ce/Sb-SnO,
(3) and a separation chamber (4). Artificial dye wastewater
was used in this study and it was only a direct orange S dye
solution. Dye solution (8) was carried to a reaction chamber
(12) by diaphragm pump with a feed flow of 3.5 L min™.
While the dye from solution in a reaction chamber was sep-
arated by membranes with Ce/Sb-SnO,, pollutants absorbed
on membrane surfaces were simultaneously decontaminated
by catalytic oxidation. Both separation of dyes and electro-
catalytic reaction were carried out on this membrane with
Ce/Sb-5n0O, in the presence of power supply. As a result, the
permeated solution was in a separation chamber and the con-
centrated solution was in a reaction chamber. The velocities
of cross-flow (CF) and transmembrane pressure in separation
process were regulated by valve (10), and dye solution pH
was adjusted by using HCI or NaOH solution.

The maximum absorption wavelength of direct orange
S is 312 nm. Dye concentration in wastewater was deter-
mined by UV-vis spectroscopy at 312 nm.
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Fig. 1. Process of membrane separation with electrocatalysis.
Notes: (1) diaphragm pump; (2) pressure gauge; (3) ceramic
membrane; (4) separation chamber; (5) voltage-stabilized
source; (6) permeated solution; (7) concentrated solution;
(8) dye-containing aqueous solution; (9) flow meter;
(10) adjustment valve; (11) cathode and (12) reaction chamber.

3. Results and discussion
3.1. Characterization of samples synthesized

SEM images of the ceramic membranes are shown in
Fig. 2(a), and the surfaces had some larger pores and irreg-
ular defects. Fig. 2(b) shows that membrane surfaces were
mainly filled by 4A zeolite, but the surfaces had still some
defects. Ce/Sb-SnO, was loaded on the defective surfaces in
order to prepare sample membranes. Fig. 2(c) shows that the
samples were possessed of good microstructure morphology.
With the molecular weight cut-off of polyethylene glycol
(PEG) methods, according to calculation from the following
equation [19]:

Molecular radius (A) = 0.262 x (MW)2-0.3 1)

Hence, an average pore size of the Ce/Sb-SnO, and the
Sb-SnO, membranes was calculated to be 1.95 and 2.86 nm,
respectively. In Figs. 11(a) and (b), although the magnification
of membrane surface morphology is only 500 times, the
authors think that the differences of the two membrane sur-
face morphologies can be clearly observed. In future studies,
they will make the magnification of membrane surface mor-
phologies over 500 times to observe the differences among
morphologies.

Fig. 3 shows the EDX patterns of origin ceramic mem-
brane and the prepared samples, and the samples containing
elements Ce, Sb, Sn and O. Table 1 shows the composition of
the origin ceramic. In Table 2, the mass percentages of tin and
oxygen were 54.59% and 32.94%, respectively. The mass ratio
of tin to oxygen was 1.66. The percentages of atoms for tin and
oxygen were 28.41% and 60.91%, respectively. Therefore, the
ratio of atoms for tin to oxygen was calculated to be 1.00:2.14
in the prepared samples. In theory, the ratio of atoms for tin
to oxygen should be 1:2 in SnO,. The experimental result
(1:2.14) was nearly consistent with the theoretical value (1:2).

Fig. 4 shows the XRD patterns of the Sb-SnO, and
Ce/Sb-5n0,. According to the powder diffraction file (PDF)
No. 01-0657 and PDF No. 01-0625, the characteristic peak at
26.56°, 33.75° and 51.64° can be indexed to crystal faces (110),

500nm

Fig. 2. SEM images of (a) ceramic membranes, (b) 4A zeolite/
ceramic membrane and (c) Ce/Sb—SnOZ/4A zeolite/ceramic
membrane.

(101) and (211) of tetragonal crystal shape of SnO,, respec-
tively. Therefore, SnO, was confirmed to exist in the samples
synthesized. According to the PDF No. 33-0110 and 02-1385,
the characteristic peaks at 37.77° and 65.18° are attributed to
crystal faces (020) of monoclinic crystal shape and (711) of
cubic crystal shape of Sb,0,, respectively. The small peaks
at 65.39°, 70.73° and 78.56° can be indexed to crystal faces
(501), (226) and (424) of hexagonal crystal shape of CeO,
(PDF No. 44-1001), respectively. Since the prepared samples
containing Ce and Sb were calcined at high temperature, the
Ce and Sb oxide were confirmed to exist in the samples.
With Scherrer formula (d = 0.89A/Bcos0), for the
Ce/Sb-5n0O,, an average diameter of SnO, crystals was cal-
culated to be 8.5 nm. For the Sb-SnO,, an average diameter
of SnO, was 9.7 nm. Since Ce was doped into Sb-5nO, sol,
the crystallinity of Sb-SnO, sol was affected and the growth
of SnO, crystal grains was inhibited. Because of Ce and Sb
doped into SnO, sol, the Ce/Sb-5nO, was conjectured to pos-
sess a hybrid structure, which helps to increase dispersity
of 5nO, nanoparticles on membrane surface. Smaller SnO,
crystals with a huge surface area can improve their stabili-
ties and catalytic activities, and also provide more active sites
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Fig. 3. EDX patterns of (a) ceramic and (b) membranes with
Ce/Sb-SnO, membranes.

Table 1

Composition of origin ceramic membrane

Elements  Mass percentage (%) Percentage of atoms (%)
N 8.38 11.48
(@) 49.80 59.76
Al 39.04 27.78
Si 0.83 0.57
Zr 1.95 0.41
Total 100.00 100.00
Table 2

Relative percentage of elements and atoms

Elements Mass percentage (%) Percentage of atoms (%)
(@) 32.94 60.91
Cl 1.21 0.29
Sn 54.59 28.41
Sb 8.81 9.37
Ce 2.46 0.66
Total 100.00 100.00

for electrocatalytic reaction. Hence, it is suggested that the
Ce/Sb-SnO, membranes synthesized would present a better
electrocatalytic activities in comparison with the Sb-SnO,
ones.

3.2. Analysis of CV curves

Cyclic voltammetry (CV) curves for the Sb-SnO, and
Ce/Sb-5nO, membrane in 0.1 M KCI solution containing
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Fig. 4. XRD patterns of Sb-5nO, and Ce/Sb-5n0O,,.

10 mM K [Fe(CN),] are shown in Fig. 5. CV tests were carried
out to evaluate electrochemical properties of the samples syn-
thesized. As shown in Fig. 5, with a scan rate of 100 mV s7,
the potential ranged from —1.0 to 1.0 V vs. the saturated cal-
omel electrode.

Fig. 5(a) shows that the CV curves display a small oxi-
dation current peak for Fe(CN)** redox and also showed
quasi-irreversible processes. In Fig. 5(a), the oxidation cur-
rent peak corresponding to Fe(CN) " redox transition is
observed at about —0.436 V. In Fig. 5(b), a small weak oxida-
tion current peak is observed at about —0.852 V. No deoxidi-
zation current peaks are obviously observed in Fig. 5. From
the above results, this indicated that doping of Ce did not
improve electrocatalytic oxidation activity of Ce/Sb-SnO,,
and only improved sintering properties of the sample mem-
branes [18]. XRD and EDX analysis confirmed that the
Ce/Sb-5nO, was loaded on a ceramic. Since the ceramic mem-
branes with Ce/Sb-5nO, were found to be stable and reusable
in experiments, we could be sure that the Ce/Sb-5nO, cata-
lyst did not detach after using several times. Therefore, we
speculated that Ce/Sb-SnO, was possessed of hybrid struc-
ture and successfully anchored on a ceramic. Because of Ce
doping, calcining performance of the prepared samples was
improved in the preparation. This also enhanced the densifi-
cation and conductivity of the prepared samples.

In addition, no impurity peaks are shown in Fig. 5, which
shows that the experiments had a good stability. Fig. 5 shows
the curves of CV for the Sb-SnO, and the Ce/Sb-SnO, sam-
ples. Theoretically speaking, the areas encircled by CV curve
for electrode may demonstrate the conductivity of elec-
trode. This can also indicate that the electrode is possessed
of an ability to conduct electric current. By calculating with
MATLARB, the areas of the CV curves for the Sb-SnO, and the
Ce/Sb-5nO, membranes are 0.0765 and 0.0899, respectively.
Because of Ce doping, Ce/Sb-SnO, enjoyed a better conduc-
tivity in comparison with Sb-SnO, ones.

3.3. Separation of dye from wastewater
3.3.1. Voltage effects

With CF velocities of zero and transmembrane pressure
of 0.6 MPa, the membranes with Ce/Sb-5nO, were employed
to separate dye from wastewater (20 mg L™ dye). In Fig. 6(a),
the flux increased with the increase in voltage. High voltage
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Fig. 6. Effects of voltage on (a) flux and (b) concentration ratio.

contributes to enhancement of the activity of electrocatalyst.
This could effectively remove pollutants on the membrane
surfaces and reduce membrane fouling on the membrane

surfaces, which contributed to the increase in permeation
flux. In Fig. 6(b), the concentration ratio (CR) of the dye solu-
tion decreased at voltage of over 1.4 V. This indicated that
Ce/Sb-SnO, had a stronger catalytic activity and produced high
concentration of active materials [20,21]. It not only removed
pollutants on the membrane surface, but also degraded dye in
feed liquid. This resulted in the decrease in dye concentration
in feed liquid. A calculation of CR for dye solution is as follows:

CR=—= @

Herein, M[1 and M,2 are the values of dye concentration
at times ¢, and ¢, (d), respectively. With the voltage of below
1.4 V, Fig. 6(b) shows that dye solution could be concen-
trated, but the Ce/Sb-SnO, membranes had a lower mem-
brane flux in Fig. 6(a). This showed that pollutants plugged
some of membrane pores and electrocatalytic oxidation by
Ce/Sb-5nO, was not strong enough to reduce membrane
fouling. The effects of permeation flux could show the degree
of membrane fouling. Since electrocatalytic oxidation by the
Ce/Sb-5n0O, could remove pollutants on membrane surface
to reduce membrane fouling and give rise to the increase
in the flux, the electrocatalytic properties of the Ce/Sb-SnO,
and the reduction of membrane fouling could be verified by
the increase in flux. The results demonstrate that membrane
fouling on the surfaces could not be effectively inhibited by
Ce/Sb-5n0O, in the presence of voltage of below 1.4 V.

Based on separation and recycling of dye from
wastewater, the authors hoped that the dye in feed liquid
was not degraded, and the membrane fouling could be inhib-
ited effectively. All things considered, the voltage 1.4 V was
adopted in this study and the Ce/Sb-5nO, was possessed
of excellent electrocatalytic properties to reduce membrane
fouling. In this work, we mainly focused on the effects of elec-
trocatalysis on membrane flux and dye retention. Mechanism
of electrocatalytic oxidation to remove pollutants will be
investigated in future studies.

3.3.2. Concentration effects

In Fig. 7(a), with CF velocity of zero, transmembrane
pressure of 0.6 MPa and voltage 1.4 V, the permeation flux
decreased with the increase in dye concentration within the
range of 10-60 mg L. The decrease in the flux was due to the
increase in dye concentration which increased the number
of dye molecules adsorbed and many membrane pores were
plugged. Fig. 7(b) shows that CR declined at dye concentra-
tion of 10 mg L™, which indicated that the dye solution was
not concentrated effectively. Since the Ce/Sb-SnO, was pos-
sessed of an excellent electrocatalytic activity in the presence
of voltage 1.4V, it removed pollutants which plugged mem-
brane pores, and also degraded dye in feed liquid to dilute
the solution. In Fig. 7(b), the CR was well obtained at con-
centration of above 20 mg L, but the flux was too low at dye
concentration of 60 mg L™ (Fig. 7(a)), which indicated that the
pores were plugged and membrane fouling was not reduced
effectively. For concentrating dye solution and reducing
membrane fouling, all things considered, dye concentration
of 20 mg L™ was adopted in this study.



296 Y.-]. Guan et al. / Desalination and Water Treatment 108 (2018) 291-298

3.3.3. Pressure effects

For obtaining the effects of transmembrane pressure on
permeation flux, voltage and dye concentration were kept
at 1.4 V and 20 mg L7, respectively, while the CF velocity
of zero was chosen in separation, a pressure played a
pivotal role in the change in permeation flux. The num-
ber of water molecules through membranes increase with
the increase in pressure, which gave rise to the increase in
the flux. Fig. 8 shows that the membrane flux increased
at pressure range of 0.4-0.7 MPa, but the flux plummeted
down at pressure of over 0.7 MPa, which indicated that
dye molecules rapidly gathered on membranes surfaces to
plug pores. With the increase in pressure, the cake layer
on the membrane surfaces quickly formed to block the
membrane pores, which led to the flux decline and the
membrane fouling.

Fig. 8 demonstrates that flux declined at a pressure of
over 0.7 MPa. This indicated that the Ce/Sb-SnO, in the pres-
ence of voltage 1.4 V could not effectively remove pollutants
on the membrane surface. As shown in Fig. 8, the errors of
membrane flux were minor at pressure of 0.6-0.7 MPa. All
things considered, in order to consume less energy, the pres-
sure of 0.6 MPa was adopted to obtain an optimum flux in
this study.
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3.3.4. Retention for dye

With dye concentration of 20 mg L, voltage 1.4 V and
pressure of 0.6 MPa, retention for dye is shown in Fig. 9. By
measuring dye concentration in retentate and permeate solu-
tions, respectively, retention rates for dye can be calculated. In
Fig. 9, higher retention rate (99%) for the dye was obtained on
Ce/Sb-5nO, membrane after 5 d. For Ce/Sb-SnO,, cerium (Ce)
was mixed into Sb-5nO, and it affected the crystallinity of
Sb-5nO, sol and inhibited the growth of Ce/Sb-SnO, crys-
tals. Hence, the Ce/Sb-SnO, crystals had smaller particulate
size and formed nanofiltration membranes with smaller
pore diameter in comparison with the Sb-SnO, ones. As
shown in Fig. 9, the results demonstrated that Ce/Sb-SnO,
membranes had a higher retention for the dye in compari-
son with Sb-SnO, ones. Hence, we reasonably speculated
that Ce/Sb-SnO, membranes, compared with the Sb-SnO,
ones, had a smaller pore size, which was consistent with the
computed results (1.95 and 2.86 nm) by molecular weight
cut-off of PEG. In future studies, we may also make use of
SEM or TEM to prove this fact.
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In addition, Ce/Sb-5nO, sol was loaded on a ceramic to
form sample membranes as anode. Therefore, the membrane
surface carried positive charge at working. It had an elec-
trostatic repulsion to cationic dye. This also resulted in the
increase in retention for the dye.

In this work, the ceramic membranes with the Ce/Sb-5nO,
were used to separate dyes from wastewater, and the authors
mainly focused on the effects of pressure, dye concentra-
tion and voltage on the membrane flux and dye retention.
Brunauer-Emmett-Teller adsorption of the membranes to dye
will be investigated in future studies.

3.3.5. TOC removal

A removal rate for total organic carbon (TOC) is also an
important parameter evaluating the effects of membrane
separation. For obtaining the removal rates for TOC, pres-
sure, dye concentration and voltage were kept at 0.6 MPa,
20 mg L7 and 1.4 V, respectively. By measuring concentration
for TOC in retentate and permeate solutions, a calculation of
TOC removal rate can be shown as follows:

10C% =M1 =Ms 10509,
M

1

®)

Herein, M, and M, are the TOC value at retentate and
permeate solutions, respectively. In Fig. 10, a removal rate of
99% for TOC was obtained on the Ce/Sb-5nO, membrane in
the absence of power supply after 6 h, which showed that dye
concentration was very low in permeate solution. This also
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indicated that the Ce/Sb-SnO, membrane had a good abil-
ity to intercept dye in feed liquid. A removal rate for TOC
could reach 79% on this membrane in the presence of voltage
1.4 V after 6 h. Since electrocatalytic oxidation-degraded dye
adsorbed on the membrane surface (or within pores), degra-
dation products (small molecules) passed through membrane
pores to permeate solution. Hence, the TOC concentration
increased in penetrating fluid. This resulted in the decrease
in TOC removal rates, and also showed that Ce/Sb-SnO, was
possessed of an ability to remove pollutants on membrane
surface and to reduce the membrane fouling.
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Fig. 10. Effects of Ce/Sb-SnO, on removal rate of TOC.

500um

Fig. 11. Surface and section morphology of the working membranes: (a) surface 15.2 mm x 500 SEM; (b) surface 8.2 mm x 500 SEM;

(c) section 15.0 mm x 100 SEM and (d) section 15.0 mm x 100 SEM.
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Before this working membrane, its morphology is shown
in Fig. 2(c) and this membrane surface was clean. After the
Ce/Sb-5nO, membranes worked for 6 h in the absence of
power supply, the morphology of the membrane surface
and section is shown in Figs. 11(a) and (c), respectively. In
Fig. 11(a), a multitude of pollutants accumulated on the
membrane surface to cause membrane fouling serious. After
the membrane with Ce/Sb-SnO, worked for 6 h in the pres-
ence of voltage 1.4 V, its surface and section morphology
are shown in Figs. 11(b) and (d), respectively. By comparing
Figs. 11(a) with Fig. 11(b), it is seen from Fig. 11(b) that the
lots of pollutants on the surface were obviously removed. It
seems that the membrane surface in Fig. 11(b) is cleaner than
that in Fig. 11(a). However, there are not many differences
between Figs. 11(c) and (d). We speculated that the pollutants
adsorbed into membrane pores were not drastically removed
by electrocatalytic oxidation.

4. Conclusions

Characterization of sample membrane reveals the
membrane containing Ce, Sb and SnO,. A Ce/Sb-SnO, was
loaded on a ceramic for synthesizing electrocatalytic mem-
branes, and the electrocatalytic reaction and nanofiltration
process can carry out at the same time. With the Ce/Sb-SnO,
membranes in the presence of voltage 1.4 V, dyestuff was
separated from wastewater and the membrane fouling was
reduced. Ce/Sb-SnO, membranes are stable and reusable.
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