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Abstract — The study investigates the impact of
incorporating dairy sludge, construction waste, and fly ash
into brick manufacturing, focusing on their effects on
compressive strength, production efficiency, and material
properties. In our study finds that integrating dairy sludge into
the clay body decreases compressive strength, with a
maximum allowable addition of 5% to meet Class 10 IS: 1077
standards. Fly ash, particularly Class F with its low calcium
oxide content, reduces the firing temperature required for
brick production, resulting in energy savings and enhanced
sustainability. Bricks incorporating these additives are
lighter, leading to lower transportation and labour costs. X-
ray diffraction (XRD) results reveal varying microstructures
for bricks fired at 900°C with different additive ratios, while
Scanning Electron Microscopy (SEM) shows more cohesive
microstructures with higher additive content. Notably, bricks
made from an 85% clay and 15% fly ash mixture, fired at
900°C, exhibit improved compressive strength (18.12
N/mm?) and reduced clay usage by up to 15%, highlighting
their enhanced performance and cost-effectiveness compared
to traditional bricks.
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I. INTRODUCTION

A. Dairy Industries:

The dairy industry encompasses a broad range of processes,
beginning with the milk yield of milk and extending through
to the final distribution of various dairy products to
consumers. Once collected, the raw milk is transported to
dairy processing plants, where it undergoes a series of
treatments, including pasteurization, homogenization, and
fermentation, to fabricate an array of dairy products such as
cheese, yogurt, butter, and ice cream. Each product may
involve specific processes; for example, cheese-making
includes curdling and aging, while yogurt production requires
bacterial fermentation. After processing, these dairy products
are packaged and stored under controlled conditions to
maintain their freshness and safety. Throughout this entire
process, the industry 1is increasingly focusing on
environmental sustainability and animal welfare, reflecting
the evolving values and expectations of modern consumers.
1) Effect of dairy sludge on environmental:

— Nutrient Runoff: Dairy sludge often contains high
levels of nutrients, particularly nitrogen and
phosphorus. If improperly managed, these nutrients
can seep into water bodies, leading to
eutrophication, which may trigger harmful algal
blooms and create dead zones in aquatic ecosystems.

— Contaminant Leaching: Dairy sludge may contain
organic and inorganic contaminants, such as
pathogens, heavy metals, and chemical residues. If
these are not properly handled, they can seep into
ground water or surface water, contaminating water
supplies and harming aquatic life.

— Pathogen: Untreated or improperly treated sludge
may cultivate pathogens that could be hazardous if
they come into contact with soil, plants, or humans.
This can pose a risk to agricultural productivity and
human health.

— Odor Emission: Dairy sludge can emit unpleasant
odours. This is particularly an issue if the sludge is
stored or applied to land without proper treatment.

2) Uses of dairy sludge:

—  Soil Amendment and Fertilizer: Dairy sludge is rich
in organic matter and nutrients, making it a valuable
soil amendment. It can be used to improve soil
structure, increase organic content, and provide
nutrients for crops.

—  Composting: Dairy sludge can be mixed with other
organic wastes to create compost. This process
stabilizes the organic matter and produces a nutrient-
rich material that can be used to enhance soil
fertility.

— Energy Generation: Dairy sludge can be used in
anaerobic digestion to produce biogas, a renewable
energy source. The biogas generated can be used for
electricity generation or as a fuel.

— Water Treatment: Dairy sludge contains organic
matter that can be used in water treatment processes,
particularly in the removal of heavy metals and other
contaminants from wastewater.

— Land Reclamation: Dairy sludge can be used in land
reclamation projects to restore degraded lands by
adding organic matter and nutrients to the soil,
improving its fertility and structure.

— Biochar Production: Dairy sludge can be converted
into biochar through pyrolysis. Biochar is a stable
form of carbon that can be used as a soil amendment
to improve soil health and sequester carbon.

B. Construction Waste:

By repurposing waste materials, such as demolition debris
and leftover construction materials, into brick production.
This approach not only diminishes the environmental impact
of waste disposal but also imp diverting waste from landfills
and conserving the natural resources used in brick production.
These construction waste-infused clay bricks retain the
essential properties of traditional bricks, such as strength and
durability, while supporting the circular economy by
diverting waste from landfills and conserving the natural

All rights reserved by www.ijsrd.com 46



Renewable Bricks Manufacturing Using Dairy Sludge by Adding Admixtures Like Construction Waste and Fly Ash

(IJSRD/Vol. 13/Issue 8/2025/012)

resources used in brick production. This approach is in line

with contemporary sustainability objectives, promoting eco-

friendly construction materials for the future.

—  Concrete and Masonry Waste: Includes broken concrete,
bricks, tiles, and stones, often generated during
demolition or renovation of structures.

—  Mixed Debris: A fusion of different types of construction
waste, often found in demolition projects where
materials are not segregated.

The significance of converting waste into useful
materials, particularly in the context of environmental
protection and sustainable development. This technique not
only supports in waste management but also reduces. The
environmental impact linked to traditional brick
manufacturing, which relies heavily on non-renewable
resources and involves high energy consumption.

Construction and demolition waste includes
materials rendered unusable from repair, demolition, and
construction activities, constituting 30% of waste in the EU
and 40% of municipal solid waste. This waste primarily
comprises mineral materials like concrete, bricks, and tiles,
along with metals, glass, wood, gypsum, and hazardous
substances. Recycling rates vary from 10% to 90% across EU
member states, with concrete being the largest component.
Despite significant recycling efforts, 35% of this waste is
landfilled, and up to 54% may end up in illegal dumps. The
construction industry is a major environmental burden,
contributing 30% of resource extraction, 25% of waste, and
notable CO2 emissions.

1) Uses of Construction Waste in Clay Brick
— Resource Efficiency: Recycling construction waste,

like demolition debris, diverts waste from landfills

and reduces the need for virgin materials, promoting
sustainability.

— Enhanced Brick Properties: Crushed concrete or
masonry can boost brick strength. Waste materials
can add structural stability and longevity to bricks.

—  Cost Reduction: Waste materials can cut production
costs. Reduces disposal costs and provides a cheaper
raw material alternative.

— Environmental Benefits: Recycling waste into
bricks decreases landfill use. Reduces resource
demand and energy consumption.

— Innovative Material Development: Incorporating
various waste types can create bricks with unique
properties, such as better fire resistance or acoustic
performance.

C. Fly Ash:

The main goal of this project is to utilize fly ash waste in
construction without compromising its properties, thereby
mitigating environmental pollution. In India, approximately
annually, 75 million tons of fly ash are generated, yet only
about 5% is utilized. This underutilization highlights the
necessity to encourage the utilization of fly ash, as its disposal
presents a serious environmental issue.

The efficient application of fly ash in construction
materials has garnered attention from technologists and
government bodies. India has around 75 thermal power
plants, and the quality of fly ash generated varies significantly

between them, often requiring further processing to ensure
consistency for use in construction materials. Historically, fly
ash produced from burning coal was emitted into the
atmosphere with flue gases, leading to environmental and
health issues that led to regulations reducing emissions to less
than 1%. Despite these measures, over 65% of the fly ash
generated worldwide is still disposed of in landfills and ash
ponds.

Coal combustion products, such as fly ash (FA.) and
bottom ash (BA), have been increasingly explored as
substitutes for clay in brick production.

The incorporation of Fly Ash (FA) and Bagasse Ash
(BA) into bricks has shown promising results, with these
materials potentially enhancing the physical, mechanical, and
durability properties of bricks to levels comparable to those
of traditional clay-based bricks. Despite this potential,
existing research has not extensively explored the combined
use of Fly Ash (FA) and Bagasse Ash (BA) in brick
manufacturing. To fill this research gap, the current study
examines the innovative concept of replacing clay in bricks
with a blend of Fly Ash (FA) and Bagasse Ash (BA), aiming
to create a more sustainable and effective approach to brick
production.

Fly ash is sorted based on its chemical composition
and physical attributes, which largely depend on the type of
coal burned in power plants. The most widely used
classification system is founded on the American Society for
Testing and Materials (ASTM) standards, particularly ASTM
C618, which categorizes fly ash into two main types: Class F
and Class C.

1) Advantages of fly ash (FA)

— Improved Workability: Fly ash particles are
spherical and fine, which can enhance the
workability of concrete mixes, making them easier
to pour and finish.

— Increased Strength and Durability: When utilized as
a partial substitute for cement in concrete, fly ash
can contribute to higher long-term strength and
durability. It also improves resistance to cracking,
scaling, and alkali-silica reaction (ASR).

— Reduced Permeability: Fly ash can decrease the
permeability of concrete, which renders the structure
more resistant to water and chemical ingress,
enhancing its durability in harsh environments.

— Environmental Benefits: Incorporating fly ash in
construction decreases the need for cement, which
plays a major role to CO2 emissions. Additionally,
it helps in recycling waste material that would
otherwise require disposal.

—  Cost Savings: Fly ash is often less expensive than
Portland cement, leading to cost savings in concrete
production, especially in large-scale projects.

— Reduced Heat of Hydration: The use of Fly Ash
(FA) lowers the heat generated during the hydration
process of cement, which reduces the risk of thermal
cracking in large concrete structures.

— Improved Sustainability: Utilizing fly ash
contributes to sustainable construction practices by
reducing the reliance on natural resources and
minimizing landfill waste.
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2) Disadvantages of fly ash (FA)

— Variability in Quality: The qualities of fly ash can
differ derived from the origin of the coal and the
burning process. This variability can affect the
consistency and predictability of concrete
performance.

— Slower Strength Gain: Concrete including fly ash
may develop strength more slowly, particularly in
the early stages. This can be a disadvantage in
projects where early strength is critical.

— Increased Setting Time: Fly ash can increase the
setting time of concrete, which may require
adjustments in construction schedules.

— Prospective for Reduced Air Entrainment: The
application of fly ash (FA) can influence the air-
entrainment process in concrete, potentially leading
to lower freeze- thaw resistance in colder climates.

— Potential for High Carbon Content: Fly ash with
high unburned carbon content (high LOI) can
negatively impact the functionality of concrete,
especially regarding workability, water demand, and
the effectiveness of air-entraining agents.

3) Uses of fly ash in clay brick

— Improved Brick Properties: Fly ash can increase the
compressive strength of clay bricks, making them
more durable and resistant to stress. The fine
particles of fly ash improve the plasticity and
workability of the clay mix, facilitating easier brick
formation and handling.

— Cost Reduction: Using fly ash as a partial
replacement for clay can reduce the cost of raw
materials, leading to cost savings in brick
production. Fly ash is often less expensive than
virgin clay, providing an economical alternative for
brick manufacturers.

—  Environmental Benefits: Incorporating fly ash into
clay bricks helps recycle a by-product that would
otherwise contribute to landfill waste, supporting
environmental sustainability. Using fly ash can
reduce the demand for raw clay, which decreases the
energy and emissions associated with clay
extraction and processing.

— Enhanced Durability Fly ash can improve the
resistance of bricks to weathering, erosion, and
chemical attack, enhancing their longevity and
performance in various environmental conditions.

— Improved Thermal Insulation: Fly ash can
contribute to better thermal insulation properties of
bricks, making buildings more energy-efficient by
reducing heat transfer.

— Development of Specialty Bricks: Fly ash can be
used to create bricks with unique characteristics,
such as lighter weight, improved fire resistance, or
enhanced acoustic properties.

II. GENERAL EXPLANATION

This project focuses on creating eco-friendly bricks by using
waste materials that are usually thrown away and cause
pollution. Instead of using traditional clay, the bricks are
made using a mixture of:

— Dairy sludge — a waste product has nutrients and organic
matter from milk processing industries but is difficult to
manage in large quantities

— Construction waste — leftover material like broken
concrete or bricks from demolition sites

—  Fly ash — a fine powder that comes from burning coal in
power plants

By combining these three materials in the right proportions,

we can make bricks that are:

Strong and durable, Water-resistant, Thermally efficient

(good at keeping buildings cool or warm), Low-cost and

sustainable

Working procedure:

1) The dairy sludge is first treated and dried to reduce
moisture and smell.

2) It is then mixed with crushed construction waste and fly
ash.

3) The mixture is moulded into brick shapes and dried or
fired, depending on the process.

4) The final bricks are tested for strength, water absorption,
and other properties.

Benefits:

— Reduces pollution from dairy and construction industries

— Saves natural resources like clay and topsoil

— Lowers carbon emissions compared to traditional bricks

—  Promotes recycling and waste management

— Provides a cost-effective building material

III. MATERIAL AND METHODOLOGY

This chapter explores the properties of the material, the

methods for calculating mix proportions in various earlier

clay mixtures, and the parametric analyses of those mixtures.

Materials: clay, dairy sludge, construction waste, fly ash and

water.

— Clay: A mixture of clay and soil was provided by a brick
factory in the Vijayapur city, Karnataka, India. The
mixture of clay was sieved in laboratory to obtain particle
size of 0.5 mm. This was utilize in preparation of mix
proportion likes (5%, 10%, and 15%) with additives.

Fig. 3.1: clay

— Dairy Sludge: A dairy sludge was provided by the
Vijayapura & Bagalkot District Co-operative Milk
Producers' Societies' Union Ltd., Vijayapura Dairy,
Bhutanal, Vijayapura — 586103.The mixture of clay and
dairy sludge sieved in laboratory to obtain Particle size
of 0.5 mm. This was utilize in preparation of mix
proportion likes (5%, 10%, and 15%) with additives.
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Fig. 3.2: Dairy Dry Sludge.

—  Construction Waste: Construction waste, or construction
and demolition (C&D) waste, comprises materials from
building, renovating, repairing, and demolishing
structures like buildings, roads, and bridges.

In the classification of inert materials like concrete,
bricks, asphalt, glass, and ceramics, I have focused on
recycling broken bricks from demolition. Reuse bricks helps
minimize landfill waste, conserve resources, and support
sustainable construction practices.

T > 4

Fig. 3.5: Portable Water.

— Clay Brick Mould: A clay brick mould is a device or a
tool employed in the manufacture of clay bricks, a
mixture of clay and soil was provided by a brick factory
in the vijayapura city, Karnataka, India. Which are
among the oldest and most widely used building
materials. The mould shapes and sizes the clay into
uniform bricks before they are dried and fired. Here’s an
overview of clay brick moulds and their use in brick
making. Mould size (230x110x80mm).

Fig. 3.3: Construction Waste.
— Fly Ash: Fly Ash provided by Parekh Infra in the
Vijayapura, Karnataka, India 586103. Burning harder,
old anthracite and bituminous coal typically generates
Class F fly ash. Utilizing fly ash as a partial alternative
to clay typically leads. Improved Work ability, Fly ash
being a fine particulate, enhances the workability of the
clay mixture, making it easier to mould and shape the
bricks during production.

~

&

Fig. 3.6: Clay Brick Mould.

IV. METHODOLOGY

The methodology outlined in this study provides a
comprehensive approach to understanding traditional clay
brick manufacturing. The practice of manual moulding,
controlled drying, and firing processes ensures the fabrication
of high-quality bricks.

Fig. 3.4: Class Fly Ash.

— Portable Water: Water is added to clay to accomplish the
right consistency for moulding. It improves the plasticity
of the clay, making it easier to shape into bricks, portable
water available from the campus lab was used,
supporting IS 3025.
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Preparation of raw materials

Additives (Dairy
sludge, c&d
waste, fly ash)

Alluvial soil

(Less than 600un)

Mix ratio of 5%, 10%, 15%

And homogenization

}

Addition of water 20% t025%

,

Preparation of moulds of size
(230x110x80mm)

l

Brick preparation through mould

Ovens dry with temp 0f105%c
24hrs

!

Placed in muffle furnace at 900°c

}

Colour changes black to red Final product red

brick

Fig. 3.7: Flow chart of Brick Making Process

V. RESULTS AND DISCUSSION

Compressive Strength of Brick: Is the capacity of a brick to
resist compressive forces (pushing forces) without breaking
or failing. It is expressed in units of pressure, typically mega
Pascal’s (MPa).

Among the three additives, fly ash at 15%
concentration achieved the highest compressive strength of
18.18 N/mm?, demonstrating its effectiveness in enhancing
brick strength due to its excellent pozzolanic properties.

As per is code book: IS 1077 (1992), Common Burnt
Clay Building Bricks: According to IS 1077:1992, first-class
bricks have a minimum compressive strength of 10.5 N/mm?.
These bricks are well-shaped, smooth, and fired in kilns,
making them ideal for permanent and load- bearing
structures.

Water Absorption of Brick: The water absorption of
clay bricks is a crucial element that dictates their durability,
strength, and suitability for various kinds of construction.
Overall, Fly Ash Bricks remain the most favourable in terms
of water absorption characteristics.

As per is code book: IS 3495-1 to 4 (1992): Methods
of tests of burnt clay building bricks: According to IS
1077:1992, clause 7.2, the water absorption of bricks after 24
hours of immersion in cold water should not surpass 20% by
weight for classes up to 12.5.

Xrd (X-ray Diffraction) Test: It is an analytical
technique used to evaluate the crystallographic structure,
composition, and physical properties of materials. It is
commonly used in materials science to identify the phases in

a sample and provide Information about its crystallographic
structure, phase composition, and other structural parameters.
Implications for Brick Quality: Higher crystallinity,
as indicated by the increase in intensity at 15% fly ash, often
correlates with improved mechanical properties in the final
brick product. Therefore, the brick with 15% fly ash may
have superior strength and durability compared to those with
5% and 10% fly ash
o

—_—

Fig. 3.8: Powder XRD (X-ray diffraction) analysis.

A. SEM (Scanning Electron Microscopy)

Scanning Electron Microscopy (SEM) uses a focused
electron beam to scan a sample's surface, providing high-
resolution images of its texture, composition, and topography
at the nanometre scale.

Fig. 3.9: SEM images of raw material (x1000x5000)
Analysis of additives 15% Fly Ash).

Thus fly Ash the SEM image might show minor
texture changes, with evenly distributed fly ash particles,
resulting in a relatively smooth surface and slight variations
in porosity.

Fi. 3.10: Manufactured Brick

VI. CONCLUSION

Based on the present experimental investigation, construction
waste and fly ash can be effectively used as partial
replacements for soil in brick manufacturing. Dairy sludge
can be utilized at a lower additive ratio, with a 5% sludge
content providing standard compressive strength. However,
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increasing the proportion of dairy sludge additives leads to a
decrease in compressive strength.

)

2)

3)

4)

5)

6)

1)

2)

3)

A reduction in compressive strength was identified when
dairy sludge was incorporated into the clay body. The
highest acceptable level of dairy sludge addition was 5%,
which meets the minimum compressive strength
requirements specified by various building standards,
including Class 10 of IS: 1077.

The addition of fly ash to bricks can reduce the burning
process by lowering the firing temperature required
during manufacturing, leading to energy savings and a
more efficient manufacturing method that enhances
overall sustainability. Class F fly ash, which is typically
derived from the combustion of harder, older anthracite
and bituminous coal, is distinguished by its low calcium
oxide (CaO) content. It generally contains less than 10%
Ca0, 50-60% silicon dioxide (Si0Oz), 20-30% aluminum
oxide (Al20s), and 5-20% iron oxide (Fe20s), with a low
loss on ignition (LOI) of under 5%, which enhance to the
effective reduction in firing temperature.

The developed burnt clay bricks using dairy sludge,
construction waste and fly ash were light weight, The wet
weights of the bricks are consistently lower than the
standard brick weight of 3200 grams, with differences
ranging from 95 grams (2.97% less) to 615 grams
(19.22% less), indicating a variation of 2.97% to 19.22%
below the standard. Which will help in reduction of
transportation and labour cost.

Xrd results indicated that the bricks fired at 900°c
presented different microstructure when compared with
ratio of 5%, 10% and 15% of additives in clay body
which reflected in their physical characteristics. SEM
images indicated more cohesive microstructure for the
bricks made with higher additive content ratio.

Bricks fabricated from the 85% clay + 15% fly ash,
mixture fired at 900°c are more resistance to compression
as 18.12 N/mm2 and lighter then control brick. In
addition, with this mixture the use clay is reduced by up
to15%.

The water absorption results for C&D waste, fly ash, and
dairy sludge at 5%, 10%, and 15% concentrations reveal
varying absorption rates. C&D waste and fly ash show
relatively stable absorption with minor fluctuations,
while dairy sludge exhibits a marked increase, especially
at 10% and 15%. Compared to IS 3495-1 to 4 (1992)
standard, these results suggest that dairy sludge has the
highest porosity and water retention, which could impact
the material's durability in construct.

VII. SCOPE FOR FUTURE WORK

Helps reduce landfill pressure and environmental
pollution from dairy and construction sectors hereby
achieving sustainable Waste Management.

Helps to reduces reliance on fertile topsoil and decreases
energy usage in brick kilns.

Rising demand for eco-labelled and green-certified
building materials due to regulations and sustainability
goals and these renewable bricks can be used in
affordable housing, rural development, and green-
certified projects.

4)

(1]

(3]

(4]

(8]

Wide potential for optimizing mix designs, enhancing
mechanical properties, and developing non-load-bearing
and structural grade bricks. Opens up R&D opportunities
in low-cost, high-performance building materials.
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