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Abstract
TiO2-based commercial membranes were coated with
SiO2 nanoparticles using solgel dip coating. Membranes
were characterized using FTIR, SEM, contact angle and
were also tested for the COD removal efficiency.
Membrane coating was confirmed from FTIR spectra.
SiO2 coating enhanced membranes hydrophilicity.
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1 Introduction

Oil production is still considered as one of the main energy
sources in the globe. In the process of oil extraction from its
underground formations, the water produced as a by-product
is called produced water. This water is usually characterized
by its high oil and salt content. Since such water cannot be
directly dumped to the environment; it has to be treated first.
Membrane technology has shown high potential in treating
wastewater with similar properties (Mustafa et al. 2018;
Nasiri and Jafari 2016). The research on the use of ceramic
membranes in this area has been widely investigated by
researchers. This is because of the ceramic membranes’
superior chemical and thermal stability and high mechanical
strength (Weschenfelder et al. 2016). They have been tested

for their oil removal efficiency, and so far, they have shown
promising results in the treatment of oily water as they
proved to have high flux, low fouling and good oil removal
efficiency. However, different coating and surface modifi-
cation techniques have been tested on ceramic membranes in
order to enhance their properties for the purpose of oil
rejection (Puthai et al. 2017), for example, increasing their
flux, hydrophilicity, decreasing their pore sizes and
enhancing their performance. Therefore, the main objective
of this paper was to modify a TiO2 ceramic membrane with
SiO2 nanoparticles via solgel dip-coating approach. The
modified membrane was used for the treatment of produced
water and achieves better rejection of contaminants.

2 Materials and Methods

Commercial ceramic ultrafiltration membranes were used in
this research study. The membranes are TiO2-based and
have a thickness of 2.5 mm, pore size of 1 kD and a 47 mm
diameter. Two of these membranes were coated with SiO2

using the solgel dip-coating method. The SiO2 nanoparticles
used have an average diameter of 20 nm and were supplied
from EPRUI Nanoparticles & Microspheres Co. Ltd.
Membranes, M1 and M2, were dipped in SiO2 solutions of
different concentrations: 0.5 and 1 wt%, respectively, for
26 h. The membranes were then left to dry in the oven at
40 °C for 12 h and were calculated after that at 300 °C for
2.5 h and were then left to cool down for 60 min. The
membranes were characterized using the Fourier-transform
infrared spectroscopy (FTIR) in the range of 4000–400 cm−1

using the attenuated total reflectance technique (ATR) to
confirm the presence of SiO2. Moreover, scanning electron
microscopy (FEI-Nova-nano-SEM) was also employed to
confirm the deposition of silica oxide particles on the
membrane surface. Finally, the contact angle test was done
using the Kyowa contact angle measuring device, CA-A
(Kyowa Interface Science Co., Ltd., Japan) in order to
measure the hydrophilicity of the membranes.
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3 Results and Discussion

3.1 FTIR

The FTIR was done for the two coated membranes M1, M2
and for an uncoated membrane for comparison. Figure 1
shows the adsorption spectra of the three membranes. It can
clearly be seen that the SiO2 coated membrane M2 (with the
1% solution) had the highest peak at 1080 cm−1 which
corresponds to the Si–O–Si bond. On the other hand, M1
had a lower peak at the same frequency. This indicates that
the different concentration solutions had an effect on the
intensity of SiO2 embedded in the membrane surface.
A peak at that frequency, however, was not witnessed on the
uncoated membrane spectra. This proves that the membrane
itself has no peak at that frequency and that those peaks
observed for M1 and M2 are due to the SiO2 deposition
solely.

3.2 SEM

The Nova-SEM images were used to study the morphology of
the three membranes surfaces. Figure 2 shows images of the
coated membrane surfaces at 200,000� magnification and

the uncoated membrane surface at 400,000� magnification.
The white particles seen on the coated membranes surfaces
are identified as SiO2 nanoparticles. This was deduced as they
show most on membrane M2, less on membrane M1 and are
absent on the uncoated membrane.

3.3 Contact Angle

The contact angle test was carried to measure the wettability
of the membranes. The results show great enhancement in
the hydrophilicity of the coated membranes. Figure 3 shows
the water droplets as seen by a high speed camera during the
contact angle test when they first hit the membranes sur-
faces. The contact angle of the uncoated membrane—
Fig. (3a)—was 74.7° when it first hit the surface of the
membrane, 2700 ms later—when the test was finished—the
contact angle was 53.6°. This indicated that the uncoated
membrane was fairly hydrophilic. Nevertheless, the
hydrophilicity was nearly doubled for the 0.5% coated
membrane M1—Fig. (3b)—as the contact angle was 39.7°
and took 24 s to completely sink in the membrane. Vari-
ously, M2—Fig. (3c)—was super hydrophilic and the water
droplet instantly disappeared nearly giving a contact angle of
zero.
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Fig. 1 FTIR spectra a purple: uncoated membrane b green: M1 c blue: M2
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4 Conclusion

In conclusion, the SiO2 nanoparticles were successfully
deposited on the surface of the ceramic membranes as
proved with the Si–O–Si bond frequency shown in FTIR
spectra. Moreover, the SEM images also indicated the
deposition of the SiO2 particles on the coated membranes. In

addition, the contact angle measurements showed a signifi-
cant improvement in the hydrophilicity of the membranes
which makes the membranes better oil rejectors. The future
work of the authors would be to test the optimum time of the
dip coating of the membranes and the calcination time. The
testing of the membranes using produced water from the
industry will also be done as well to evaluate the mem-
branes’ COD and TOC removal efficiency.

Fig. 2 SEM images for the a uncoated membrane b M1 c M2

Fig. 3 Water droplets during CA test a uncoated membrane b M1 c M2
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