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Abstract

As Textile is one of the largest industry sectors in Bangladesh, it disposes tons of effluent sludges every year,
which is responsible for environmental impact. To minimize this threat, the generated waste is treated in the ETP
by biological and chemical processes. The huge disposal of ETP sludge causes landfills, which pollute water and
land. Besides, there is a significant demand for construction materials for Industrialization and Urbanization in our
developing country. This study indicates that textile ETP sludge can be utilized as a brick material, which can
reduce the environmental burden. The practical solution to the sludge disposal problem may be to reuse the sludge
as a raw material to make burnt clay bricks, provided that the final product does not harm the environment as well
as it is sustainable for construction. The clay used to make traditional bricks had to be heated to a high temperature,
which requires a high consumption of energy. By using the textile-sludge, it can be replaced with clay to produce
brick. Some technical tests (Visual Tests, Compressive strength Test, Water absorption Test, Efflorescence Test,
Sounding Test) have proved better compressive strength, well-finished, smooth, and crack-free bricks. Besides
water-absorbing capacity of burnt brick proportions is higher than good-quality burnt clay bricks. The optimum
amount of textile Sludge waste usage gives better bonding, higher compressive strength, and lower water
absorption of bricks. The manufacturing procedure for bricks necessitates a significantly lower firing temperature
in comparison to the traditional method, hence decreasing the generation of NOX and SOX emissions. As
Bangladesh is the world's fifth-largest manufacturer of bricks, we can open up new possibilities for manufacturing
bricks from textile ETP Sludge.
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1 Introduction

The textile industry stands as one of the largest sectors in Bangladesh, serving as a vital pillar of the economy.
However, it also poses significant environmental challenges, primarily due to inefficient waste management
practices (Nava-Andrade et al., 2021). Every year, textile manufacturers release tons of wastewater sludge, thereby
endangering the water bodies, soil, and ecosystems, which primarily contain harmful constituents (Kumar &
Dwivedi, 2019). ETPs are used to treat wastewater through biological and chemical methods in order to prevent
such environmental effects; the sludge generated, however, must find some sort of disposal method.

Nowadays, transporting the major part of textile ETP sludge to the landfill sites is causing secondary pollution due
to leaching and to the contamination of groundwater and farmland (Wang et al., 2020). Bangladesh's rapid
urbanization and industrialization are driving up demand for sustainable building materials, which calls for the
investigation of alternate trash disposal strategies. Using textile sludge in the production of bricks is a potential
technique that not only reduces dependency on landfills but also conserves natural clay supplies (Kulikowska &
Sindrewicz, 2018).

Clay mining is a major component of conventional brick production, which results in topsoil erosion and excessive
energy use due to the need for high burning temperatures. Research indicates that textile sludge may be a partial
substitute for clay in brick manufacturing, leading to decreased energy consumption and lower greenhouse gas
emissions like NOx and SOx (Tian et al., 2021). According to experimental research, sludge-made bricks offer
favorable mechanical properties like higher durability, less water absorption, and increased compressive strength
(Q. Maetal., 2021).

Bangladesh produces more than 23 billion bricks annually, making it the world's fifth-largest brick maker (Gao et
al., 2020). Therefore, using textile sludge in the manufacturing of bricks could provide a sustainable waste
management strategy while satisfying the demand for eco-friendly materials in the construction industry (Bao et
al., 2021).
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2 Literature Review

2.1 The Textile Industry in Bangladesh and Its Effects on the Environment

One of the biggest economic sectors in Bangladesh is the textile industry, which contributes significantly to GDP
and employment, but also significantly pollutes the environment through the emission of untreated wastewater
(Yee et al., 2021). Because textile sludge from Effluent Treatment Plants (ETPs) poses serious risks to the
quality of water and soil, sustainable waste management techniques are needed (Marin-Batista et al., 2020).

2.2 Using ETP Sludge as a Construction Material

According to research, incorporating industrial sewage into building materials like bricks may reduce
environmental harm and landfill stress (Kalhori & Bagherpour, 2017). Because of its clay-like properties, textile
sludge can be used as a substitute for traditional brick raw materials (Mensah et al., 2019).

2.3 Technical Suitability of Sludge-Based Bricks

According to studies, when baked at the proper temperatures, bricks treated with sludge exhibit reduced water
absorption, reduced efflorescence, and equal or increased compressive strength. Technical Adequacy of Bricks
Made of Sludge (Xiong et al., 2020).

2.4 Economic and Environmental Benefits

The use of textile sludge in brick production promotes the ideas of the circular economy by reducing raw material
costs and carbon emissions (Muhammad Anwar et al., 2021). Bangladesh's position as a major brick manufacturer
makes this approach financially viable.

2.5 Challenges and Prospects

Even though sludge-derived bricks show promise, issues with long-term durability and heavy metal leaching
require more investigation (Hansen et al., 2019). Regulations should ensure that sludge is reused in building safely.

3 Methodology
This method reduces waste, ensures sustainability, and complies with building codes.
3.1 Sludge Collection and Evaluation

Collect sludge from the biological and chemical processing ETPs used in the textile sector. Examine for toxicity
(TCLP/LEACH), organic materials, and heavy metals (Pb, Cd, and Cr) (Bai et al., 2020).

3.2 Pretreatment of Sludge

Reduce the sludge's moisture content to around 10% by sun-drying it. Reduce the size of the dried sludge to less
than 75 micrometers (Shi et al., 2019).

3.3 Mix Design Formulation

Combine sand (5-10%), clay (70-90%), and sludge (10-30%). To increase strength, add 2-5% lime or cement
(zhou et al., 2018).

3.4 Brick Drying and Shaping

Bricks should be shaped using a hydraulic press (230x110x75 mm). After 48 hours of air drying, bake it for 24
hours at 105°C (Kim et al., 2017).
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3.5 Firing in Kilns

Unlike traditional clay bricks, which are heated at 1100-1200°C, this type of brick is fired at 800-1000°C. 6-8
hours in a clamp kiln or muffle furnace (H. Ma et al., 2021).

3.6 Evaluation of Quality

ASTM C67 Compressive Strength is more than 10 MPa. Less than 20% of water is absorbed (IS 1077).
Efflorescence occurs mineral residue observation (Bureau of Indian Standards, n.d.).

Collection — Treatment (Drying/Grinding) — Mix Design (Sludge+Clay+Sand)
!
Molding — Drying — Firing (800—1000°C) — Testing (Strength, Absorption, Efflorescence)

Environmentally Safe Brick Production
(Clark et al., 2020)

4 Results & Discussion
The study demonstrates that textile ETP waste may be effectively utilized in brick production, offering benefits

for both construction and the environment. An extensive examination of the findings is provided below, supported
by relevant test results and references.

4.1 Physical and Mechanical Characteristics of Bricks with Sludge Additives

Table 1. Comparison of Textile Sludge Bricks and Traditional Clay Bricks

Property Textile Sludge Bricks Conventional Clay Bricks
(20-30% Sludge)
Compre(slf/'l‘@)s”ength 102 -12.5 MPa 7.5-10.0 MPa
Water Absorption (%) 12 - 15% 15 - 20%
Efflorescence Slight to negligible Moderate to severe
Firing T(‘?,g‘)perat“re 900 - 950°C 1000 - 1100°C
Density (kg/m3) 1600 - 1800 1800 - 2000

(Acharya & Patro, 2016; Briz et al., 2020; Tirkolaee et al., 2018; Velay-Lizancos et al., 2017; Zhang et al., 2019)
4.2 Discussion

The compressive strength of bricks with 20-30% textile sludge was higher (10.2-12.5 MPa) than that of
conventional bricks (7.5-10 MPa) (Acharya & Patro, 2016). Strength was increased by improving bonding through
the addition of silica and alumina to the sludge (Parthasarathy et al., 2021).

Because sludge bricks had better vitrification at lower firing temperatures, they exhibited less water absorption
(12-15%) than conventional bricks (15-20%) (Velay-Lizancos et al., 2017). Strength was compromised by
increased porosity caused by high sludge levels (>30%).

Because there were fewer soluble salts in the sludge, there was very little efflorescence (Tirkolaee et al., 2018). A
metallic ringing noise was confirmed by the sounding test, indicating excellent quality (Xie et al., 2021).
Emissions of NOx and SOx were reduced by lowering the firing temperature from 1000 to 1100°C to 900 to 950°C
(Zhang et al., 2019).

Reusing toxic sludge can reduce landfill trash. Material costs are reduced when less clay is used. Saving energy
because of a lower firing temperature (Xie et al., 2021).

5 Conclusion

According to the research, sludge from textile effluent treatment plants (ETPs) may be effectively used to make
bricks, offering Bangladesh an environmentally responsible solution to waste management and the country's need
for building supplies. Standardization: Bangladesh Standards (BDS) for sludge-made bricks must be developed by
the government and construction organizations. Public Awareness: Use green building certifications, such as
LEED, to promote sludge bricks.
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