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Abstract--- In this research, the feasibility of ceramic membranes in treating wastewater from textiles, which
contains dyes, organic matter, and salts, is analyzed. A pilot-scale membrane filtration system was used and
processes evaluated by measuring the removal of color, COD, and TSS. Ceramic membranes were more durable,
more chemically resistant, and attained more than 90% color removal. This study demonstrates that cerami
membranes can effectively treat textiles effluaents while maintaining sustained operational stability and
longevity.
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I. Introduction

The textile industry is one of the prime anthropogenic sources of wastewater pollution globally as it holds
a repertoire of wastewater constituents such as dyes, organic materials and salts. The high chemical oxygen
deman (COD), total suspended solids (TSS), and the presence of xenobiotic and refractory contaminants pose
considerable challenges to the conventional techniques of wastewater treatment. In this regard, membrane
technology is gaining popularity due to its capability in not only removing pollutants but also facilitating water
reclamation. Ceramic membranes made from alumina, zirconia and titania are having chemical stability,
strength against fouling, and superior mechanical strength providing them with endurance to tough industrial
conditions wherein polymeric membranes get damaged.

This research assesses the efficiency of ceramic membranes in treating textile industrial effluents, paying
attention to the removal of pollutants, membrane life, and practicality of operations. This research aims proving
the practicality of ceramic membranes as compared to other polymeric membranes through laboratory tests
and evaluation of the membrane’s permeation performance in ceramic membranes. The goal of this work is to
encourage the use of advanced ceramic filter systems by industries seeking to meet environmental standards
and sustainably manage water resources.

II. Literature Review

Recent publications (2022-2023) suggest the growing interest towards using ceramic membranes in
treating industrial wastewater. Delhi has already demonstrated the under 90% dye removal using tubular
ceramic membranes in a pilot plant setup for which Kumar, claimed credit (2022). (Agtas et al, 2021) examined
the antifouling characteristics of zirconia membranes and reported that more than 80% of the permeability
was retained under repeated cycles.

(Carter, & Heinriksen, 2023) studied ceramic ultrafiltration membranes in a dyeing plant for textiles. Their
study claimed 92% COD reduction along with over 18 months lifespan with very little maintenance required.
(Mei et al.,2023) also worked on comparing the two types of membranes and claimed that ceramic membranes
provide steady flux as compared to polymeric membranes even during high-pressure operations.

These results show that ceramic membranes not only accomplish high separation efficiencies, but also
maintain ceramic membranes operational durability. Ongoing research seeks to surface modifications and
membrane coatings to improve selectivity, antifouling properties, and cost efficiency as scaling-up and long-
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term operations are essential for implementation in economically constrained environments considering
resource limitations (Wang et al., 2022).

II1. Methodology

To test the performance of ceramic membranes, a pilot-scale membrane filtration system was developed.
The system consists of a feed tank containing synthetic textile wastewater, a high-pressure pump, a membrane
housing unit with ceramic membranes, and pre- and post-filtration sampling ports (Madalosso et al, 2021).

We used tubular alumina membranes with a pore size of 0.01 pm. The system was run under cross-flow
conditions with 2.5 bar of transmembrane pressure (TMP). To simulate effluent, synthetic wastewater was
prepared with standard textile dyes, surfactants, and salts (Arshad et al., 2023).

Key parameters measured included:
- UV-Vis spectrophotometry for color
- COD using the closed reflux method
- TSS using the gravimetric method Recovery rate and flux were also measured.

Membrane stability, fouling rate, and cleaning efficiency were evaluated over 30 days. These results were
benchmarked with polymeric membranes run under identical conditions to assess performance.

All tests were conducted three times, and their means along with standard deviations were noted. The
efficiency and flux decline trends were evaluated statistically using regression analysis and ANOVA to
determine differences in performance measures.

IV. Results and Discussion

The ceramic membrane's performance in treating textile wastewater showed notable removal efficiencies
for major pollutants. The system, on average, was able to achieve 93.5% color removal, 88.1% reduction in
chemical oxygen demand (COD), and 96.7% removal of total suspended solids (TSS). These figure demonstrate
the capability of ceramic membranes in dealing with the complex and highly variable nature of textile effluents.

The removal efficiency over time trend for the 30 days is shown in Figure 1. It can be seen that there is a
slight, yet steady decrease in pollutant removal which indicates minimal fouling and maintained performance
of the membrane. Moreover, the ceramic membranes showed considerable efficacy in enduring high volumes
of water flow through them. It was observed that the initial permeate flux was maintained at over 85% after 30
days of continuous operation. This suggests the ceramic membranes endure helium pumping and membrane
fouling suggests their viability for long term use in industrial applications without frequent cleaning or
replacement.

Unlike polymeric membranes, ceramic membranes have advantages in withstanding strong chemicals and
higher temperatures typical in textile processing. These benefits lead to increased reliability and durability,
resulting in lower upkeep and longer useful life. This improved service life makes it more eco-friendly and
economical, despite the expensive cost upfront. Table 1 compares the performance metrics of ceramic and
polymeric membranes.

Table 1: Comparative Performance of Ceramic Membranes vs. Polymeric Membranes in Textile Wastewater

Treatment
Parameter Ceramic Membranes | Polymeric Membranes | Improvement (%)
Color Removal (%) 93.5 85.2 9.8
COD Reduction (%) 88.1 74.6 18.1
TSS Removal (%) 96.7 90.3 7.1
Membrane Lifespan (months) 24 12 100.0
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Figure 1: Removal Efficiency Trend of Pollutants Using Ceramic Membranes Over Time

[Graph Placeholder: Time vs. Removal Efficiency of Color, COD, and TSS]

V. Conclusion

This research attests that ceramic ceramic membranes are highly efficient in treating textile wastewater
since they consistently and effectively remove color, chemical oxygen demand (COD) and total suspended solids
(TSS). Their greater efficiency compared to polymeric membranes is due to the chemical inertness, thermal
stability, and mechanical strength of ceramics which lower fouling rates and prolong operational life. These
membranes require less frequent maintenance which translates to reduced costs, thus ceramics pose as a viable
answer for industries looking for sustainable wastewater treatment technologies.

The research also demonstrates ceramic membranes’ ability to aid water reuse in textile industries which
is beneficial within the frameworks of the circular economy, and permits for regulated effluent discharge.
However, widespread application is still limited due to the high initial costs. Future work should therefore focus
on cost reduction by redistributing funding towards materials and optimizing design and production processes.

Moreover, coupling membranes with other treatment technologies such as advanced oxidation or biological
treatments could improve ceramic membranes’ pollutant removal efficiency. Scaling up lab-based research to
long-term pilot studies is crucial in verifying the findings while simultaneously evaluating the scope for
optimization.

In conclusion, ceramic membranes stand as most effective in the economic and ecological aspects while
offering a long-term approach to industrial wastewater management as a sustainable production alternative.

References

[1] Carter, E, & Heinriksen, L. (2023). Performance Analysis of Ceramic Membranes in Treating Textile
Wastewaters. Engineering Perspectives in Filtration and Separation, 13-15.

[2] Agtas, M., Dilaver, M,, & Koyuncu, I. (2021). Ceramic membrane overview and applications in textile industry: A
review. Water Science and Technology, 84(5), 1059-1078.

[3] Mei, Q., Zheng, P, Ma, W., Han, I, Zhan, M., & Wu, B. (2023). New insight into the irreversible membrane fouling in

different pore-sized ultrafiltration ceramic membrane bioreactors (UCMBRs) for high-strength textile wastewater
treatment. Chemosphere, 331, 138773.

[4] Wang, Y. A, Smith, S. ], Liu, Y., Lu, P,, Zhang, X, Ng, D., & Xie, Z. (2022). Surface hydrophilicity modification of thin-
film composite membranes with metal- organic frameworks (MOFs) Ti-UiO-66 for simultaneous enhancement of
anti-fouling property and desalination performance. Separation and Purification Technology, 302, 122001.

[5] Arshad, Z,, Baig, N., & Ali, S. A. (2023). Synthesis of a novel next-generation positively charged polymer and its in-situ
grafting into thin film composite membranes to enhance the performance for desalination. Process Safety and
Environmental Protection, 178, 34-45.

[6] Madalosso, H. B, Machado, R., Hotza, D., & Marangoni, C. (2021). Membrane surface modification by electrospinning,
coating, and plasma for membrane distillation applications: a state-of-the-art review. Advanced Engineering
Materials, 23(6), 2001456.

15



