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Introduction

The increasing scarcity of freshwater resources has
made desalination and wastewater reuse essential
strategies for sustainable water management [I].
Among various separation technologies, membrane-
based processes have emerged as effective and energy-
efficient methods for water purification. Graphene
oxide (GO) has attracted great attention as a promising
two-dimensional  nanomaterial for membrane
fabrication due to its high surface area, hydrophilicity,
and tunable interlayer spacing. However, challenges
such as low water permeability and limited ion
rejection have restricted its large-scale application [2].
In this study, asymmetric GO composite membranes
were fabricated on modified o-alumina ceramic
substrates containing three intermediate y-alumina
layers to improve structural compatibility and
enhance salt rejection performance. The fabricated
membranes were systematically characterized and
tested for desalination performance under cross-flow
nanofiltration conditions.

Accepted: April 26, 2025

Materials and Methods

Ceramic o-alumina disks (23 mm diameter, 2 mm
thickness, 35% porosity) were first polished and
ultrasonically cleaned to ensure surface uniformity.
Moreover, three y-alumina intermediate layers were
then synthesized via a sol-gel method using aluminum
tri-sec-butoxide as precursor, followed by calcination
at 973 K for 3 h. In addition, the GO suspension (0.1
mg/mL) was prepared and deposited onto the modified
substrates by vacuum filtration to form a uniform
GO active layer. Moreover, the resulting composite
membranes were characterized by field emission
scanning electron microscopy (FESEM), atomic force
microscopy (AFM), X-ray diffraction (XRD), Fourier
transform infrared spectroscopy (FTIR), Raman
spectroscopy, and transmission electron microscopy
(TEM). Also, the pure water permeability and salt
rejection performance were evaluated using a cross-
flow nanofiltration system at an operating pressure of
7 bar with NaCl and CaCl. feed solutions (200—-1000

ppm).



Results and Discussion

TEM and Raman analyses confirmed the multilayered
structure of GO nanosheets with nanoscale defects
facilitating selective water transport. FTIR (Fig. 1)
and XRD (Fig. 2) results indicated abundant oxygen-
containing functional groups and an interlayer
spacing of approximately 0.73 nm, forming favorable
nanochannels for water permeation [3]. Furthermore,
AFM analysis revealed a relatively smooth membrane
surface with a root mean square roughness (Rq) of
3.79 nm, while FESEM images showed uniform
and defect-free coating of the GO layer (thickness
~ 3.9 um) on the y-alumina-modified substrate.
Also, the introduction of y-alumina intermediate
layers significantly improved adhesion, surface
smoothness, and mechanical stability of the GO layer.
In performance evaluation, the membranes exhibited
stable water flux of approximately 3.86 LMH-bar* for
NaCland CaCl: feed solutions (Fig. 3 a). Moreover, salt
rejection increased with decreasing salt concentration,
reaching 55.2 % for NaCl and 65.6 % for CaCl. at
200 ppm (Figure 3 b). Furthermore, the enhanced salt
rejection can be attributed to the synergistic effects
of size exclusion and Donnan electrostatic repulsion
arising from negatively charged oxygen functional
groups on GO surfaces [4]. In addition, comparison
with previously reported GO-based membranes
demonstrated that the prepared composite membrane
achieved up to 3.6-fold higher water permeability and
2.5-fold higher divalent ion rejection efficiency under
similar conditions.
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Fig. 1 FTIR spectroscopy results of GO nanosheets.
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Fig. 2 XRD pattern of GO nanosheets.
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Fig. 3 (a) Time-dependent permeability and (b) salt rejec-
tion for GO nanosheet composite membrane on modified
supports.

Conclusions

A high-performance asymmetric GO composite
membrane was successfully fabricated on modified
a-alumina ceramic substrates using a vacuum filtration
process. Moreover, the integration of three y-alumina
intermediate layers provided structural compatibility
and mechanical stability between the coarse
a-alumina support and the fine GO selective layer. In
addition, the resulting membrane exhibited uniform
morphology, stable water flux, and remarkable salt
rejection performance, especially for divalent calcium
ions. Ultimately, these findings highlight the potential
of ceramic-supported GO composite membranes as
promising candidates for low-pressure desalination
and water purification applications.
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