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Abstract: Rapid urbanization and the Industrial Revolution have resulted in large quantity of wastewater
generation. Therefore, there is a need to explore sustainable options to treat and reuse it. This study investigates
the removal of Texas dye, an industrial waste, from an aqueous solution using a cost-effective ceramic membrane.
The ceramic membrane is manufactured using a mixture of 63 wt% bentonite, 3 wt% cetyltrimethylammonium
bromide (CTAB), 2 wt% calcium carbonate, and 32 wt% quartz, and is fabricated using the hydraulic pressing
method followed by sintering. The structural and morphological properties of the manufactured membrane
are characterized using Scanning Electron Microscopy (SEM) and X-ray Diffraction (XRD). Experiments are
conducted using a synthetic dye solution with an initial concentration of 100 mg/L, under a constant operating
pressure of 1 psi and a hydraulic retention time of 60 minutes.

A novel hydrophilic surface modification is applied using Moringa oleifera leaf extract and silver nitrate solution.
The modified membrane exhibits an improved permeability of 54.4% and an average pore size of 50 nm. The
ceramic membrane shows promising removal efficiency of Texas dye. Reusability tests of the manufactured
membrane demonstrate stable membrane performance over five continuous filtration cycles. The membranes are
cleaned by backwashing, and removal tests are conducted for further nine cycles. The membrane maintains high
removal efficiency of Texas dye, as measured in chemical oxygen demand (COD), as well as hardness, during
the first five cycles. This research highlights the potential of ceramic membranes for efficient, low-pressure dye

removal and wastewater treatment, with enhanced durability and reusability.

Introduction

The global water crisis is a growing global issue, and
wastewater treatment has emerged a critical strategy to
address the scarcity of clean water. Wastewater, particularly
from industrial activities, often contains harmful chemicals,
heavy metals, and other pollutants that pose significant risks
to the environment and public health. Addressing these
challenges requires extensive research to develop new and
cost-effective water purification techniques (Do Carmo.,
2024). Conventional methods such as adsorption, filtration,
and biological treatment have long been used in wastewater
treatment and remain integral to many systems due to their
effectiveness and adaptability (Ugarte P., 2022). In recent years,
membrane filtration has advanced significantly, making it one
of the most effective and widely adopted technologies for both
water and wastewater treatment (Nandi., 2011). Its advantages
include high removal efficiency, low chemical consumption,
and the ability to produce high-quality water. The method is a
very efficient way to treat water and wastewater in both urban
and industrial settings because of these advantages as well as

its small size, scalability, and dependability (Lorente-Ayza.,
2017) (Qi, 2025).

Despite these advantages, membrane filtration systems
face economic challenges. However, ongoing research focused
on developing durable membrane materials, improving energy
efficiency, and optimizing cost-effective pre-treatment methods
is making this technology increasingly accessible and sustainable
(Issaoui., 2019) (Baig., 2024). Membranes used in water
treatment are broadly classified into polymeric and ceramic types
(Rackcho et.al., 2023). Both polymeric membranes and ceramic
membranes face challenges related to fouling, maintenance, cost,
and performance (Suresh et.al., 2016) (Fooladi et.al., 2024) (Fu,
2024). Despite being flexible and reasonably priced, polymeric
membranes are prone to fouling, chemical degradation, and have
a limited operational lifespan (Latwal M, 2023). In contrast,
ceramic membranes exhibit superior chemical and thermal
stability but suffer from drawbacks, including fragility, higher
initial costs, and more intensive cleaning requirements (Dos
Santos Barbosa et.al., 2024).

In order to overcome these limitations, current research
focused on enhancing membrane durability, reducing costs, and
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improving cleaning efficiency. Additionally, hybrid systems
that combine the advantages of both polymeric and ceramic
membranes are being explored (Akash F.A et.al., 2024). In
this context, our study focuses on ceramic membranes as a
promising approach for treating dye-contaminated wastewater
and eliminating hazardous pollutants. Although ceramic
membranes are generally more expensive than polymer
membranes, they often demonstrate superior removal efficiency
(Akash F.A et.al., 2024)(Sawunyama L . et.al., 2024). To lower
the initial cost, various studies have explored the use of organic
materials and waste-derived materials in ceramic membranes
(Kumar R.V., 2016). Common materials include chokebore
clay, kaolin, bentonite, quartz (Rahma A., 2023), (Aljjil S.,
2020).

In our study, we fabricated a membrane using bentonite clay,
which is renowned for its high plasticity and refractory properties.
Additionally, CTAB (cetrimonium bromide), quartz, and CaCO,
were used to enhance the properties of ceramic membrane. A
hydrophilic coating was applied to improve the performance
of membranes in filtration processes. The use of a combination
of Moringa oleifera and silver nitrate for hydrophilic coating
significantly improves membrane performance, reduces fouling,
and enhances membrane longevity.

Experimental study
Materials

Raw materials used to fabricate the ceramic membrane in
this study are bentonite clay, CTAB, CaCo, & quartz. Bentonite
(ALH,O,Si) is renowned for its high plasticity and refractory
properties, whereas C-tab (C ;H, BrN) is known for its binding
properties. Additionally, the addition of CaCo, promotes pore
formation, while quartz (SiO,) serves as a filtration medium
with exceptional mechanical strength and thermal stability.

Preparation of Membrane

A membrane with a diameter of 10 cm and a thickness of
1 cm was prepared using a mixture of (wt%) 63% Bentonite,
3 wt% CTAB, 2% wt calcium carbonate, and 32 wt% quartz in
the dry state. Water was added continuously until the required
plastic limit was achieved to reduce brittleness. The membrane
was fabricated using a mould and dried at room temperature
for 3 days. To prevent cracking during drying, a controlled

thermal treatment was applied. Initially, the membrane was
oven-dried at temperatures ranging from 25 °C to 150 °C
for 3 hours to reduce moisture content. This was followed
by heating in a muffle furnace from 150 °C to 300 °C for 1
hour. Subsequently, the membrane was gradually sintered by
increasing the temperature from 300 °C to 600 °C for 1 hour,
and then from 600 °C to 800 °C for additional 1.5 hours. Finally,
the membrane was allowed to cool to room temperature. The
membrane before hydrophilic coating is shown in Figure 1.

Hydrophilic coating

In order to enhance membrane performance and mitigate
fouling and bacterial contamination, a hydrophilic coating
based on Moringa olifera leaves and silver nitrate solution was
applied using a dip-coating method (Moharrami M et.al., 2025),
(Malik N, 2020). Moringa olifera contains cationic proteins
that facilitate coagulation and clarification of turbid water by
attracting suspended particles and bacteria. In contrast, AgNOs
inhibits the growth of bacteria and other microorganisms on the
membrane surface, thereby reducing fouling. Moringa oleifera
leaves were collected, dried, and ground into a fine powder
(Bialowas M., 2024), (Boonphan S., 2024). This powder was
then mixed with distilled water, boiled for an hour, and filtered
to obtain the Moringa extract solution. Subsequently, 2.5 ml
of the extract solution was mixed with 10ml of silver nitrate
solution. The appearance of a reddish-brown color indicated
the presence of silver nanoparticles. The preparation process
of the hydrophilic coating on the ceramic membrane is shown
in Figure 2.

Characterization of membrane

Figure 3 shows the surface morphology of bentonite,
CaCo,, CTAB, and quartz used in the fabrication of the
membrane, imaged at approximately 2 kx magnification, an
accelerating voltage of 3kv, and working distance of 13 mm.
The images reveal that the nanoparticles exhibit a spherical
shape with an average diameter of 50nm.

Figure 3 (a) shows that bentonite clay consists of small,
slender, plate-like particles, typically arranged in stacked and
iirregularly formedlayers or clusters. Figure 3(b) illustrates
the aggregation of CaCo, particles, which contributes to pore
formation within the ceramic membrane. Figure 3(c) and 3(d)

Fig. 1. Flow Diagram of fabrication of low cost ceramic membrane
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Fig. 2. Process of hydrophilic coating of the membrane

c)

b)

d)

Fig. 3. SEM image of a) Bentonite, b) CaCO3, c) C- Tab, d) Quartz

indicate that CTAB and quartz act as effective binding agents
between the ceramic constituents.

Permeability:

The apparent porosity was determined using the immersion
method based on Archimedes’ principle, with water as the
immersion fluid, in accordance with ASTM C 20 (2000) (Do
Carmo, 2024).

P Wet weight(Ww) — Dry weight(Dw) 100
Wet weight — Immersed weight (Iw)

(1

The porosity of the ceramic membrane was calculated
using the above formula, with water as the immersion fluid, and
expressed as a percentage. After the application of hydrophilic
coating, the membrane porosity was also determined (Khalil
A, 2024). These findings indicate that the membrane’s
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permeability can be enhanced through coating. Coating of
membranes is an effective strategy to improve performance by
increasing water permeability, reducing fouling, and extending
membrane lifespan (Fooladi et.al., 2024).

Reusability of the ceramic membrane

To evaluate the reusability of the low-cost ceramic
membrane, repeated filtration cycles were performed. Five
cycles were conducted without backwashing. Chemical
cleaning is necessary to ensure complete removal of feed
solution deposits (Alkhouzaam A., 2024), (Abdullayev A,
2019). After the fifth cycle, the membrane became clogged
with impurities; therefore, backwashing was performed
using clean water, followed by soaking the membrane in
H,SO,for 20 minutes. After acid cleaning, the membrane
was reused for additional 4 cycles, based on the effluent
water characteristics.

Dye water

The synthetic dye wastewater sample water was prepared
by dissolving 0.05g Texas Red dye in 1 liter of distilled water.
The dye concentration was 0.05g/L, and the initial pH was
6.1. Texas Red is a sulfonated azo dye, chemically known
as 2-(4-(dimethyl amino) phenyl)-1H-benzimidazole-1,
3(2H)-dione. It typically has an excitation maximum around
595 nm and an emission maximum around 615 nm. The dye
characteristics provided by the manufacturer are summarized
in Table 1.

Table 1: Texas Red Dye characteristics

Molecular formula C,,H,N,O.S

30 27672

Chemical structure

Molecular mass (g/mol) 864.30
Charge anionic dye
Wavelength (A__ )(nm) 595

Molar volume (cm?3/mol) 1380 g/mol

Results and Discussion
Chemical composition of ceramic powder

The chemical composition of materials was determined
by X-ray diffraction (XRD) analysis and is presented in Table
2. The results indicate that CTAB contains tungsten oxide
(WO,) nanoparticles, which are promising for water treatment
applications due to their photocatalytic properties, enabling the
degradation of pollutants under visible light, and their ability
to adsorb pollutants.

Bismuth trioxide (Bi,0,) nanoparticles are being explored
for water treatment applications due to their photocatalytic
and antibacterial properties, enabling the degradation of
pollutants and suppression of microbial growth. According
to Table 2, Bi,0O, is detected in CTAB and CaCo,-containing
samples. Calcite, a naturally occurring form of calcium
carbonate (CaCO,), is widely used in water treatment to
neutralize acidic water, increase pH, and reduce corrosivity. It
is also used to re-mineralize water after reverse osmosis and
can contribute to the reduction of heavy metal contamination.
Oxo niobium phosphate (NbOPO,) can be used in water
treatment, particularly for phosphate removal and as a solid
acid catalyst. Niobium oxide (Nb,O,) and niobium phosphate
(NbPO) are materials that have shown promising results in
removing phosphate ions from water. Additionally, niobium-
based materials like mesoporous niobium oxophosphate
(NBP) are being explored for their catalytic activity in
aqueous reactions.

From Figure 4 (a), the XRD pattern confirms the presence
of silica and aluminum phosphate (AL:P) in the bentonite clay
matrix. These constituents enhance the material’s adsorption
capabilities, enabling effective removal of organic pollutants
such as dyes from wastewater through surface interactions and
ion exchange mechanisms. Figure 4 (b) shows the XRD pattern
of the CTAB-modified sample. The dominant peaks correspond
to tungsten oxide (WQOs) and bismuth molybdate (Biz2MoOs),
indicating the formation of crystalline photocatalytic phases.
The presence of WO: is crucial for the degradation of organic
pollutants in dye-contaminated water due to its visible-light
photocatalytic activity. Figure 4 (c) presents the XRD pattern
of the quartz-modified sample. The broad peak centered
around ~28° 20 corresponds to niobium phosphate (NbO4POs4),
suggesting the presence of an amorphous or poorly crystalline
niobium-based phase. The broad hump in the diffraction
pattern indicates a partially amorphous structure, which is often
associated with higher surface area and enhanced adsorption
capacity. Figure 4 (d) shows a pattern corresponding to calcite,
one of the most thermodynamically stable forms of calcium
carbonate.

Table 2: Chemical composition of ceramic powder

Chemical composition SiO, (%) ALP (%) Bi,0, (%) WO, (%) NbOPO,
Bentonite clay 30 63.0

CTAB 15 35

CaCQO, 11

Quartz 42
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Fig. 4a. Chemical composition of bentonite clay

Fig. 4c. Chemical composition of Quartz

Experimental setup

The experimental setup consists of an influent tank
from which the water to be treated is pumped to the ceramic
membrane, as shown in Figure 5.

Fig. 5. Laboratory scale membrane filtration setup.
1. Influent tank 2. Pump 3.Ceramic

Permeability of ceramic membrane

Permeability is an important parameter for evaluating
ceramic membrane. performance Therefore, the permeability
of the membrane was analyzed by comparing the flow of
pure water and dye solution through the ceramic membrane
(Silveira C., 2025).

The above graph illustrates the variation in pure water flux
over time for ceramic membranes before and after coating. The
uncoated membrane exhibited a relatively low and stable flux,
fluctuating slightly around 200-225 L/m?h over 60-minute

Fig. 4b. Chemical composition of C-TAB

Fig. 4d. Chemical composition of CaCO,

Fig. 6. Pure water flux for permeability study

duration, indicating limited permeability. In contrast, the
coated membrane showed a significantly higher initial flux
of approximately 480 L/m?-h at 10 minutes, which gradually
decreased to around 370 L/m*-h at 60 minutes. Despite this
decline, the coated membrane consistently maintained a
higher flux than the uncoated membrane, demonstrating the
effectiveness of the coating process in improving membrane
hydrophilicity and pore structure. The gradual decrease in flux
may be attributed to minor pore compaction or the progressive
development of fouling resistance over time. Nevertheless,
the results show that surface modification through coating
significantly enhances the water permeability of the ceramic
membrane, thereby improving its suitability for high-
throughput filtration applications.

Figure 7 illustrates the dye water flow across ceramic
membranes over time and compares performance before
and after surface coating. The uncoated membrane showed
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Fig. 7. Dye water flux for permeability study

a gradual flux increase, rising from approximately 68 L/m?h
at 10 minutes to a peak of about 115 L/m?h at 40 minutes,
indicating limited and time-dependent dye permeability. In
contrast, the coated membrane showed significantly higher
and more stable flux values, maintaining approximately 210
L/m?h throughout the 60-minute period, with only a slight
decrease observed around the 30-minute mark. This stability
and improved performance following coating show that the
membrane surface modification effectively enhances dye
solution permeability and antifouling properties. According to
the observed results, the coating procedure greatly improves
membrane efficiency in treating dye-containing wastewater,

making it a promising strategy for sustainable water treatment
applications.

The performance improvement of the ceramic membrane
after coating is evident from the comparison of pure water flux
and dye solution flux under both clean and dye-contaminated
conditions. In pure water flux test, the coated membrane
displayed significantly higher flux values, initially around 480
L/m*h and gradually decreasing to ~370 L/m?-h over time,
likely due to minor fouling or resistance buildup. In contrast,
the uncoated membrane displayed a relatively low and stable
flow rate ranging from ~190 to 220 L/m?*h in the pure water
flux graph. A more pronounced difference is observed in the
dye solution flux results. Over 60 minutes, the uncoated
membrane flux increased gradually from about 68 L/m?-h to
approximately 115 L/m?-h, most likely as a result of slow dye
particle deposition that blocked pores. However, the coated
membrane showed improved dye rejection and a decreased
fouling tendency, maintaining a constant higher flow (~210 L/
m?-h) with only minor fluctuations.

These results collectively demonstrate that membrane
coating greatly enhances operational stability and fouling
resistance under challenging, real-world circumstances, such
as dye-laden wastewater, while also improving baseline
permeability as observed in pure water flux. This highlights the
coating’s ability to maintain high permeability and operational
reliability, which makes it suitable for sustainable industrial
wastewater treatment applications.

Table 3: Experimental study for ceramic membrane for fouling performance

Cvcle | Cleaning Set Flow rate (I/hr) Trans Permeate Volume (L)
% o upg Before After membrane Before After |Observation
Coating | Coating | Pressure (Bar) | Coating | Coating
1 None 1.2 1.5 1 0.72 1.32 Normal operation
2 None 1.2 15 1 0.72 132 | Shghtdedinein flow
3 None 1.1 1.5 1 0.6 1.2 Progressive fouling
4 None 1 15 1 0.42 102 |Mncreased fouling
signs
5 None 1 12 1 0.24 0.72  |Significant fouling,
cleaning required
Physical +
6 | AcidCleaning | 1.1 15 1 0.66 .14 |Fow restored afier
(H,S0,) g
7 None 1.1 1.5 1 0.66 1.14 Stable performance
8 None 1 1.4 1 0.54 0.96 Slight decline
9 None 1 1.2 1 0.54 0.9 Noticeable fouling
10 None 0.9 1.2 1 0.36 0.6 Noticeable fouling
11 None 0.7 1 1 0.22 0.66 Noticeable fouling
12 None 0.7 1 1 0.1 0.4g  |Fouling occurred
continuously
13 None 0.5 1 1 0.11 045  |Fouling occurred
continuously
14 None 0.5 0.8 1 0.11 042  |Fouling occurred
continuously
15 None 05 0.8 1 0.11 042  |Fouling occurred
continuously
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Study of membrane performance

The data in Table 3 indicate that the hydrophilic-coated
ceramic membrane consistently outperformed the uncoated
membrane over 15 filtration cycles. Specifically, the coated
membrane maintained higher flow rates and permeated
volumes under similar transmembrane pressures, even as
fouling progressed. Although both membranes experienced
fouling over time, the coated membrane exhibited greater
fouling resistance, as evidenced by a slower decline in flow rate
and permeating volume. Following physical and acid cleaning
at cycle 6, the coated membrane showed a higher performance
recovery compared to the uncoated membrane, suggesting
improved cleanability and durability. Despite gradual fouling
accumulation in subsequent cycles, the coated membrane
sustained relatively stable operation for a longer duration than
the uncoated membrane.

These observations suggest that the hydrophilic surface
modification enhances membrane performance by mitigating
fouling and facilitating effective cleaning, thereby extending
membrane lifespan and improving treatment efficiency for
dye-contaminated wastewater.

From figure 8, it is evident that the hydrophilic-coated
ceramic membrane maintains a substantially higher flow rate
compared to the uncoated membrane throughout the 15 filtration
cycles. Initially, the coated membrane exhibits a flow rate of
approximately 1.5 L/h, while the uncoated membrane begins at
around 1.2 L/h, as shown in cycle 1 (Table 4). This diff] gnee
persists and becomes more pronounced over subsequent
cycles. Over time, both membranes show declining flow rates
due to fouling; however, the coated membrane shows a much
more gradual decrease. For example, at cycle 10, the coated
membrane maintains a flow rate of approximately 1.2 L/h,
whereas the uncoated membrane drops to approximately 0.9
L/h. The slower decline and higher sustained flow of the coated
membrane are consistent with the trends observed in Table 4,
where permeate volume and flow rate remain significantly
higher even under fouling conditions and after cleaning.
Notably, after cleaning at cycle 6, the coated membrane
demonstrates a recovery in flow closer to initial value. Overall,
the coated membrane exhibits improved fouling resistance and
better performance recovery, as reflected by its consistently
higher and more stable flow rate curve compared to the steep
decline observed for the uncoated membrane.

From figure 9, it is evident that the hydrophilic-coated
ceramic membrane maintains a substantially higher permeate

Fig. 8. Membrane Performance with respect to flow rate

volume compared to the uncoated membrane throughout the
15 filtration cycles. Initially, the coated membrane exhibits a
permeate volume of approximately 1.32 L, while the uncoated
membrane starts near 0.72 L, as shown in cycle 1 (Table 4).
This difference persists and becomes more pronounced over
subsequent cycles. Over time, both membranes experience
a decline in permeate volume due to fouling; however, the
coated membrane shows a much more gradual decrease. The
slower decline and higher sustained permeate volume of the
coated membrane are consistent with the trends in Table 4 ,
where permeate volumes and flow rates remain significantly
higher even under fouling conditions and after cleaning.

Fig. 9. Membrane Performance with respect
to permeate volume

Variation of pH of the treated water

Figure 10 shows the pH variation across fourteen
experiments conducted during the fabrication and application
of the low-cost ceramic membrane for dye water treatment. In
the initial trials (I-V), there is minimal acid-base interaction,
as indicated by relatively stable pH values ranging from
6.4 to 6.8. A noticeable gap before to trial VI, which was
probably caused by either membrane conditioning or changes
to the process. A steady downward trend is seen from trial
VI onward, with pH readings progressively dropping from
6.6 is observed prior to trial VI, which may be attributed to
membrane conditioning or operational adjustments. From trial
VI onward, a gradual decreasing trend in pH is observed, with
values declining from approximately 6.6 to 6.2 by trial XIV.
This decrease may be associated with progressive adsorption
and removal of dye molecules, the formation of minor acidic
byproducts, or changes in membrane surface properties during
repeated use. Overall, the results indicate that the pH of the
treated water remains relatively stable, fluctuating within a
narrow range of approximately 6.2 to 6.8, suggesting that the
membrane treatment process does not significantly alter the
neutrality of the effluent.

Removal efficiency of membrane

Figure 11 illustrates the variation in treatment efficiency,
providing a clear representation of the performance of the low-
cost ceramic membrane in removing hardness and chemical
oxygen demand (COD) from dye wastewater before and after
backwashing. Prior to backwashing (trials I-V), both COD
and hardness removal efficiencies are high, with COD removal
ranging from 90 to 93% and hardness removal consistency
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Fig. 10. Rejection coefficient of Dye water for pH

Fig. 11. Rejection coefficient of Dye water
for Hardness and COD

above 85%. However, both parameters show a gradual decline
following backwashing (trials VI-XIV). COD removal
efficiency decreases from approximately 92% to 72% over the
course of the experiment, suggesting progressive membrane
fouling or a reduction in adsorption capacity. Similarly,
hardness removal efficiency declines from about 84% to 58%
by the final trial. These results suggest that while backwashing
improves performance to some extent, it might not fully restore

the membrane’s initial functionality and porosity, particularly
for hardness ions. These findings confirm the membrane’s
initial high efficacy but also highlight limitations in long-term
reusability without more intensive regeneration or advanced
cleaning strategies.

Cost analysis of ceramic membrane

The detailed cost analysis of the fabrication of the
membrane with a diameter of 10 cm and a thickness of 1 cm
used in the study is shown in Table 4.

Itis evident from Table 2 that the total cost of manufacturing
a single ceramic membrane which requires 132.665 cm® of
raw materials for the laboratory-scale production, is ¥148.59.
This cost estimate can be used as a baseline for future research
aimed at scaling up or optimizing material utilization while also
providing insight into the economic feasibility of membrane
fabrication at the laboratory scale. This cost of the ceramic
membrane is comparatively lower than that of other reported
ceramic membranes (Mouiya M, 2018) (Chikri R, 2024).

Conclusion

In this study, the permeability, dye rejection, and reusability
of a low-cost ceramic membrane were evaluated before and
after surface coating. Due to increased hydrophilicity and
reduced fouling tendency, the coated membrane demonstrated
significantly improved pure water and dye solution fluxes,
while maintaining higher and more stable permeability
compared to the uncoated membrane. The coated membrane
sustained a relatively constant dye solution flux of about 210 L/
m?eh, whereas the uncoated membrane showed lower and less
stable performance.

Based on rejection efficiency measurements, the membrane
initially achieved effective removal of hardness and COD,
with efficiencies exceeding 90% for hardness and over 85%
for COD. However, after repeated backwashing cycles, a
decline in performance was observed, particularly in hardness
rejection, indicating gradual membrane deterioration or loss of

Table 4: Cost analysis for fabrication of ceramic membrane

Cost Category Item Quantity Used Unit Cost (INR) Total Cost (INR)
Raw Materials Bentonite clay 639 3440/kg 27
Quartz 32g ¥600/kg 19
CaCo, 29 ¥500/kg 1
CTAB 3g ¥5600/kg %17
AgNo, 10mg 9000/litre 9 paisa
Subtotal 64
Processing Sintering
Equipment Oven 3 hrs 13/unit Z39
Muffle Furnace use 3.5 hrs %13/unit ¥45.5
Total Cost ¥148.5
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active sites. Furthermore, pH monitoring revealed that repeated
operation slightly influenced the treated water chemistry, with a
marginal shift toward lower pH, while maintaining near-neutral
conditions. To ascertain whether large-scale implementation for
industrial wastewater treatment is feasible, it will also be crucial
to scale up the membrane manufacture and testing procedures.
To fully utilize coated ceramic membranes as an economical
and environmentally friendly method of treating wastewater
contaminated with dyes, several factors must be addressed.
Although better regeneration techniques could be needed for
long-term performance, the results generally show that surface
coating greatly improves the performance and durability of
ceramic membranes, making them attractive for the economical
and sustainable treatment of dye-contaminated wastewater.

Funding sources

This research did not receive any specific grant from any
funding agency in the public, commercial, or not-for-profit
sectors.

References

Abdullayev, A., Bekhgeet, M., Hanaor, D.A.H. & Gurlo, A. (2019).
Materials and Applications for Low-Cost Ceramic Membranes —
review of clays, fillers (including quartz), pore-formers and how
they affect porosity, strength and sintering. MDPI. DOI:10.3390/
membranes9090105

Akash, F. A., Shovon, S. M., Rahman, W., Rahman, M. A.,
Chakraborty, P., Prasetya, T. A. E. & Monir, M. U. (2024).
Advancements in ceramic membrane technology for water and
wastewater treatment: A comprehensive exploration of current
utilizations and prospective horizons. Desalination and Water
Treatment, 319, 100569. DOI:10.1016/j.dwt.2024.100569.

Aljlil, S. A. (2020). Fabrication of Bentonite—Silica Sand/Suspended
Waste ... (MDPI Membranes, 2020) — a practical study using
bentonite + silica (quartz) sand for tubular ceramic membranes;
reports porosity, flux and mechanical data tied to composition.
MDPI, 10(10)290. DOI:10.3390/membranes10100290

Baig, U. & Dastageer, M. A. (2024). Facile fabrication of
nanostructured titanium dioxide loaded graphene sheets coated
ceramic membrane with superhydrophilic and underwater
superoleophobic nature for water treatment. Results in Physics,
58, 107483. DOI:10.1016/j.rinp.2024.107483.

Biatowas, M., Konczak, B., Chatupnik, S. & Kalka, J. (2024).
Analysis of the feasibility of using biopolymers of different
viscosities as immobilization carriers for laccase in synthetic dye
removal. Archives of Environmental Protection. 50, 1, pp.19-34.
DOI:10.24425/aep.2024.149429

Boonphan, S., Prachakiew, S., Klinbumrung, K., Thongrote, C. &
Klinbumrung, A. (2024). Enhancing photocatalytic performance
of kaolin clay: an overview of treatment strategies and
applications. Archives of Environmental Protection, 50,3, pp.
54-64. DOI:10.24425/aep.2024.151686

Chikri, R., Elataoui, K., Ait Said, H., Benchanaa, M. & Elhadiri,
N. (2024). Highly efficient ceramic membrane synthesized
from sugar scum and fly ash as sustainable precursors for dyes
removal. Heliyon, 10(6). DOI:10.1016/j.heliyon.2024.e27915.

Do Carmo, E. S., Silva, W. L., dos Santos Barbosa, A. & Rodrigues,
M. G. F. (2024). Low-cost ceramic membrane production for
dye removal. Desalination and Water Treatment, 320, 100726.
DOI:10.3390/membranes15100307.

Dos Santos Barbosa, A., dos Santos Barbosa, A. & Rodrigues,
M.G.F. (2024). Low cost membrane used in oil/water removal.
Desalination and Water Treatment, 317, 100029. DOI:10.1016/j.
dwt.2024.100029.

Fooladi, I., Ghanbarizadeh, P., Azari, A., Abbasi, M., Karami, R. &
Akrami, M. (2024). Titania and zirconia ceramic nanofiltration
membrane fabrication by coating method on mullite and mullite-
alumina microfiltration supports for industrial wastewater
treatment. Arabian Journal of Chemistry, 17(10), 105973.
DOI:10.1016/j.arabjc.2024.105973.

Fooladi, 1., Ghanbarizadeh, P., Azari, A., Abbasi, M., Karami, R. &
Akrami, M. (2024). Titania and zirconia ceramic nanofiltration
membrane fabrication by coating method on mullite and mullite-
alumina microfiltration supports for industrial wastewater
treatment. Arabian Journal of Chemistry, 17(10), 105973.
DOI:10.1016/j.arabjc.2024.105973.

Fu, Z., Zhou, Z., Liu, Z., Yang, H. & Chen, Z. (2024). Feasibility and
challenges of low-cost ceramic membranes in water treatment
applications. Desalination and Water Treatment, 320, 100739.
DOI:10.1016/j.dwt.2024.100739.

Issaoui, M. & Limousy, L. (2019). Low-cost ceramic membranes:
Synthesis, classifications, and applications. Comptes Rendus
Chimie, 22(2-3), pp. 175-187. DOI:10.1016/j.crci.2018.09.014.

Khalil, A. K., Elgamouz, A., Nazir, S., Atich, M. A., Alawadhi, H. &
Laoui, T. (2024). Preparation and characterization of clay based
ceramic porous membranes and their use for the removal of lead
ions from synthetic wastewater with an insight into the removal
mechanism.  Heliyon, 10(3). DOI:10.1016/j.heliyon.2024.
€24939.

Kumar, R. V., Monash, P. & Pugazhenthi, G. (2016). Treatment
of oil-in-water emulsion using tubular ceramic membrane
acquired from locally available low-cost inorganic precursors.
Desalination and Water Treatment, 57(58), pp. 28056-28070.
DOI:10.1080/19443994.2016.1179221.

Latwal, M., Arora, S., Joshi, A., Irfan, M. & Pandey, G. (2023).
Sustainable ceramic membrane for decontamination of water:
A cost-effective approach. Heliyon, 9(2). DOI:10.1016/].
heliyon.2023.e13321.

lkhouzaam, A. & Khraisheh, M. (2024). Development of eco-friendly
coating for the fabrication of high performing loose nanofiltration
membranes for dye-contaminated wastewater treatment.
Desalination, 581, 117609. DOI:10.1016/j.desal.2024.117609.

Lorente-Ayza, M. M., Pérez-Fernandez, O., Alcala, R., Sanchez, E.,
Mestre, S., Coronas, J. & Menéndez, M. (2017). Comparison of
porosity assessment techniques for low-cost ceramic membranes.
Boletin de la Sociedad Espaiiola de Ceramica y Vidrio, 56(1), pp.
29-38. DOI:10.1016/J.BSECV.2016.09.002.

Malik, N. (2020). Preparation of novel porous ceramic microfiltration
supports — discusses role of binders, pore-formers and fillers
in membrane porosity and mechanical properties. sciencedirect.
com. DOI:10.1016/j.ceramint.2019.11.184

Moharrami, M., Omidkhah, M. R. & Maleh, M. S. (2025).
Optimization of Extrusion Parameters for Low-Cost Alumina—
Kaolin Ceramic Membranes via CCD. Journal of Materials
Research and Technology. DOI:10.1016/j.jmrt.2025.04.275.

Mouiya, M., Abourriche, A., Bouazizi, A., Benhammou, A., El
Hafiane, Y., Abouliatim, Y. & Hannache, H. (2018). Flat ceramic
microfiltration membrane based on natural clay and Moroccan
phosphate for desalination and industrial wastewater treatment.
Desalination, 427, pp. 42-50. DOI:10.1016/j.desal.2017.11.005.


https://www.mdpi.com/2077-0375/9/9/105?utm_source=chatgpt.com
https://www.mdpi.com/2077-0375/10/10/290?utm_source=chatgpt.com
https://doi.org/10.1016/j.crci.2018.09.014
https://www.sciencedirect.com/science/article/abs/pii/S0272884219333760?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/abs/pii/S0272884219333760?utm_source=chatgpt.com

12 Usha Subburaj, Jeykumar RK C

Nandi, B. K., Uppaluri, R. & Purkait, M. K. (2011). Identification
of optimal membrane morphological parameters during
microfiltration of mosambi juice using low cost ceramic
membranes. LWT-Food Science and Technology, 44(1), pp. 214-
223. DOI:10.1016/j.1wt.2010.06.026.

Qi, W. (2025). Ceramic Membrane Evaluation via Automated
Filtration Systems for Water Treatment and Resource Recovery.
https://open.clemson.edu/all_dissertations/3923.

Rahma, A., Elma, M., Bilad, M. R., Wahid, A. R., Huda, M. S. &
Lamandau, D. R. (2023). Novel spent bleaching earth industrial
waste as low-cost ceramic membranes material: elaboration and
characterization. Materials Today: Proceedings, 87, pp. 136-140.
DOI:10.48309/jcr.2025.521927.1453.

Rakcho, Y., Mouiya, M., Bouazizi, A., Abouliatim, Y., Sehaqui, H.,
Mansouri, S., ... & Abourriche, A. (2023). Treatment of seawater
and wastewater using a novel low-cost ceramic membrane
fabricated with red clay and tea waste. Arabian Journal of
Chemistry, 16(11), 105277. DOI:10.1016/j.arabjc.2023.105277.

Sawunyama, L., Oyewo, O. A., Bopape, M. F. & Onwudiwe, D. C.
(2024). Fabrication and characterization of low-cost ceramic

membranes from coal fly ash and natural sand. Sustainable
Chemistry for the Environment, 8, 100165. DOI:10.1016/.
scenv.2024.100165.

Silveira, C., Mulinari, J., Junior, A. D. N., Ambrosi, A., Hotza,
D. & Di Luccio, M. (2025). Low-cost ceramic membranes
prepared from kaolin and quartz via tape casting using different
pore formers. Open Ceramics, 22, 100765. DOI:10.1016/.
oceram.2025.100765.

Suresh, K. & Pugazhenthi, G. (2016). Development of ceramic
membranes from low-cost clays for the separation of oil-water
emulsion. Desalination and Water Treatment, 57(5), pp. 1927-
1939. DOI:10.1080/19443994.2014.979445

Ugarte, P., Ramo, A., Quilez, J., del Carmen Bordes, M., Mestre,
S., Sanchez, E. & Menéndez, M. (2022). Low-cost ceramic
membrane bioreactor: Effect of backwashing, relaxation and
aeration on fouling. Protozoa and bacteria removal. Chemosphere,
306, 135587. DOI:10.1016/j.chemosphere.2022.135587.



	_Hlk196386504
	OLE_LINK12
	OLE_LINK3
	OLE_LINK32
	OLE_LINK33
	OLE_LINK34
	OLE_LINK35
	OLE_LINK36
	OLE_LINK37
	OLE_LINK8
	OLE_LINK10
	OLE_LINK13
	OLE_LINK14
	OLE_LINK15
	OLE_LINK16
	OLE_LINK17
	OLE_LINK9
	OLE_LINK2
	OLE_LINK6
	OLE_LINK53
	OLE_LINK39
	OLE_LINK38
	OLE_LINK18
	_Hlk194856816
	OLE_LINK58
	OLE_LINK60
	OLE_LINK59
	OLE_LINK51
	OLE_LINK40
	OLE_LINK19
	OLE_LINK20
	OLE_LINK1
	OLE_LINK22
	OLE_LINK23
	OLE_LINK42
	OLE_LINK52
	_Ref21632
	OLE_LINK11
	OLE_LINK24
	_Ref22210
	_Ref21606
	_Ref21073
	OLE_LINK25
	_Ref21501
	_Ref22748
	_Ref22428
	_Ref21145
	OLE_LINK26
	OLE_LINK27
	_Ref22788
	_Ref22631
	OLE_LINK43
	_Ref23059
	_Ref21044
	_Ref21191
	_Ref22585
	_Ref20956
	_Ref22308
	_Ref22007
	_Ref22347
	_Ref22157
	_Ref20982
	_Ref21547
	OLE_LINK28
	_Ref21168
	OLE_LINK29
	_Ref21844
	_Ref22915
	_Ref22275
	OLE_LINK30
	_Ref22190
	_Ref22461
	_Ref21406
	_Hlk219280492
	_Hlk219370318
	_Hlk219547576
	_Hlk219798274
	_Hlk219185308
	_Hlk202866104
	_Hlk207100815
	_Hlk219107915
	_Hlk219185908
	_Hlk189479921
	_Hlk189719871
	bau0009-profile
	_Hlk219361510
	_Hlk219547498
	bau10-profile
	_Hlk219709155
	_Hlk219360963
	_Hlk219970394
	_Hlk219980050
	_Hlk219881255
	_Hlk198794479
	_Hlk219970249
	_Hlk203725648
	_Hlk203725339
	_Hlk203725475
	_Hlk203725525
	_Hlk203725695
	_Hlk203725988
	_Hlk203726053
	_Hlk203726140
	_Hlk203726234
	_Hlk203726455
	_Hlk203726848
	_Hlk224127130
	_Hlk226888237
	_Hlk226887988
	_Hlk226907053
	_Hlk225969440
	_Hlk226907074
	_Hlk225966892
	_Hlk227065458
	_Hlk226534058
	_Hlk226544900
	_Hlk226544264

