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Abstract

Construction and building materials that are less harmful to the environment and the economy
are made possible via the recycling of industrial and municipal trash. This is achieved through
minimising trash and its related expenses and preserving natural resources. Reducing waste
sent to landfills and the resulting air, water, and land pollution is only one of the many benefits
of recycling. This literature review looks at the prospect of using recycled materials, namely
soda-lime glass, as a partial substitute for natural soil in the brick-making process. Increases in
prosperity and technological innovation have coincided with a corresponding rise in the
importance of waste management issues. Consequently, environmental issues have arisen as a
result of the proliferation of industrial wastes including plastics, glass (cullet), and grogs (fired
clays). The recycling of garbage has environmental and economic advantages, and its disposal
has garnered a lot of attention, as stated by Loryuenyong et al.

The European Waste Catalogue (EWC) lists cullet, or waste glass, from bottles and windows
as a non-hazardous waste item having economic potential. Most commonly, cullet is used as
an additive in glass reforming because of its low softening temperature. It is also a promising
alternative cementitious material in cement and concrete production for use in road
construction, glass foam production, and the porcelain stoneware tile and brick industries.
However, burnt clay bricks have been used for construction from ancient times and continue
to be used now, albeit their quality must be enhanced for use in contemporary buildings.

The sintering step in clay brick production involves the shrinking of clay bodies at high
temperature, and because of the high need for energy in this process, chemicals called fluxes
are commonly included. Cullet's potential to operate as flux encouraging the vitrification of
bricks, resulting in increased mechanical resistance, greater density, and lower water
absorption, makes it an attractive candidate for use in batch formulations that aim to reduce
energy and fuel usage.
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Introduction

Because of its acceptable mechanical, durability, and thermal performance, clay bricks are
widely utilized in the construction and building business around the globe. This is due to the
fact that clay bricks are inexpensive. Clay bricks have their qualities mostly determined by the
raw materials used in their production, the manufacturing procedures used, and the temperature
at which they are fired. On the other hand, in today's contemporary building sector, high-
performance burned brick is absolutely necessary in order to provide extended serviceability.
Bricks have been engineered to have uniform fine pores and a ceramic-like bond, which has
been generated from the fusion phase of silica and alumina elements in clay. This has allowed
for the bricks to become sturdy. Clay particles may be made to connect with one another by
the employment of high temperatures during the burning process. Clay bricks may have
additives such as fluxing agents, which are inorganic wastes, applied to them in order to
improve their ability to bind at temperatures lower than their melting point.

Additives such as calcium carbonate sludge (a remnant of the stone industry), “mill sludge, arc
furnace steel dust, marble residue, sewage sludge, and fly ash were utilized in various regions
of the globe to enhance the sintering qualities of clay brick. Other additives included fly ash.
The inorganic additions make the clay more stable during the burning process, which in turn
increases the adhesion of the brick's constituent particles and the bond strength between the
bricks. Because of this, a brick that is both strong and homogeneous in its microstructure has
been constructed. The ever-increasing need for building material is connected to the
phenomenon of rapid urbanization. Some regions are seeing a considerable loss of topsoil as a
direct result of the excessive mining of natural clays. On the other hand, the availability of
natural clays that possess the necessary qualities for use in brick moulding is becoming steadily
more limited. Because there is a lack of natural clay all over the globe, several nations have
started to cut down on their brick manufacturing and have been looking for alternatives to use
as building blocks.

In 1994, United States produced 9.2 million metric tonnes of glass waste in landfills.As
indicated by 2010 information, the global generation of municipal solid waste was 1.3 billion
tons, out of which glass represented 5 % of the wastes. In India, which lies in South Asian
region, 1 % of complete metropolitan waste produced contains glass wastes.

General outcomes indicated that the reused glass cullet can be utilized as a substitution for
common total in the creation of concrete blocks without trading off its mechanical properties.
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By the by, the waste glass is largely utilized in concrete. It is important to make reference to
here, that majority of the available research considers only washed glass, which unfortunately
requests an extra mechanical advance in the concrete production process. Waste glass is
accessible in various size portions, from a few micrometres (powder) up to a couple of
centimetres, which makes it conceivable to replace ordinary, mineral concrete aggregates,
fillers1 in concrete such as sand, gravel, etc.

.Besides, glass aggregate has been likewise utilized for the creation of decorative and aesthetic
concrete because the uncovered glass particles in cleaned surfaces are alluring for certain
decorative and architectural applications. Not with standing the use of glass totals in traditional
concrete, research has been performed on the improvement of architectural self-compacting
concrete (SCC) utilizing fine and coarse glass aggregate.

At first, the employments of glass were restricted to jars, beads and bowls, but, because of
advances in innovation, the quantity of utilizations of glass has soar to incorporate windows,
racks/shelves, lighting, appliances, fibre optic cables and solar panels, and so forth. The
increase in number of utilizations of glass is generally because of the disclosure of various
kinds of glass with shifting properties. The initial phases in the glass fabricating process are
the mining, transporting and preparing of materials that become glass inputs. After the
information sources are moved to a glass fabricating manufacturing facility, the main process
in glass producing are batch preparation, melting and refining, forming and post forming. For
each ton of glass recycled, roughly 560 kg of sand, 190 kg of soda ash, 176 kg of limestone
and 64 kg of feldspar are preserved Glass Packaging . As indicated by the U.S. Environmental
Protection Agency, in 2013, Americans created 10.37 million tons of glass in the municipal
solid waste stream, most of which were food and drink containers. Out of the glass discarded,
2.78 tonnes of glass (27%) were recovered for recycling, which brought about 7.59 million
tons of waste glass being disposed of in landfills. In expansion, in 2013, the European Union
created 1.5 million tons of glass waste from destruction and remodel, and roughly 15.9 million
tons of glass packing waste. Moreover, in 2007 it was assessed that 130 million tons of glass
were created around the world .

Review of literature

(Warnphen, Supakata, and Kanokkantapong 2019) studied The Reuse of Waste Glass as
Aggregate Replacement for Producing Concrete Bricks as an Alternative for Waste Glass
Management on Koh Sichang discovered this and The management of waste glass in Koh
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Sichang, which is located in Chonburi province and is utilized as a partial substitute for fine
aggregate in the construction of concrete bricks, is the focus of this study. An experimental
method was used with the objective of determining the degree of waste glass replacement
necessary to achieve the desired level of compressive strength. At 7, 14, and 28 days, five
samples of zero, ten, twenty, thirty, and one hundred percent waste glass aggregates by weight
were put to the test. Scanning electron microscopy and X-ray diffractometry were used,
respectively, in order to analyze the microstructure of the concrete bricks as well as their
mineralogical phases. Results showed that increasing the quantity of waste glass in concrete
bricks by up to 20% improved their compressive strength, whereas increasing the amount of
waste glass by more than 20% decreased their compressive strength. The compressive strength
of concrete brick was found to be at its maximum and most optimal level at a weight percentage
of 20%, which also had the lowest water absorption. As a result, broken glass may be used into
the production of concrete bricks as a substitute for some of the fine aggregate, and it can also
be utilized as an alternative material for the management of waste glass.

(Hasan et al. 2021) studied Effects of waste glass addition on the physical and mechanical
properties of brick discovered this and The utilization of industrial and municipal wastes in the
production of environmentally friendly construction and building materials plays a significant
role in the improvement of both the environment and the economy. This is accomplished
through the preservation of natural resources and the reduction of costs associated with waste
management. Recycling not only helps to minimize pollution in the air, water, and land, but it
also helps with problems related to garbage landfilling. The purpose of this research was to
investigate the possibility of partially replacing natural soil with municipal garbage, namely
soda-lime glass, during the production process of bricks. The impact that waste glass additions
have on the physi- cal and mechanical characteristics of brick has been investigated in this
particular research. Bricks were produced by substituting various amounts of waste glass for
natural clay in the manufacturing process. These percentages ranged from 2% to 40%. In order
to evaluate the mechanical performance and longevity of the brick specimens that were made,
a series of tests, including compressive strength and water absorption, were carried out. The
inclusion of waste glass resulted in both an increase in the compressive strength of the samples
as well as a reduction in the amount of water that they absorbed. According to the Bangladeshi
standard for conventional construction clay bricks, it was discovered that the newly produced
bricks were successful in meeting the requirements of both Grade-A and Grade-S brick (BDS
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208). The findings of this research revealed that the manufacturing of bricks could be made in
amore environmentally friendly and sustainable manner if a portion of the natural clay in bricks
was replaced with waste soda-lime glass.

(Omoniyi, Akinyemi, and Fowowe 2014) studied Effects of Waste Glass Powder as Pozzolanic
Material in Saw Dust Cement Brick” discovered this and This research looks at the effects of
using waste glass powder (WGP) as a partial cement replacement in composite brick made
from saw dust. A binder sand mixing ratio of 1:6 was utilised to create 100 mm x 100 mm X
100 mm test samples with WGP used to partially replace cement at percentages of 0%, 5%,
10%, 15%, 20%, 25%, and 30%. Compressive strength, capillary water absorption, volume
porosity, and water absorption tests were performed after the cubes were cast. The results
indicated that when the particle size of WGP was smaller than 100 m, it had the potential to be
used as a cement replacement material in levels up to 30%. This might be used in the
manufacturing of sandcrete blocks that don't need to support any weight, with no ill
consequences. The study also revealed that when broken down to a particle size of less than
100 micrometres, waste glass exhibited pozzolanic activity. This is because it produces a denser
cement matrix by its early hydration with lime, resulting in a greater amount of CSH gel. Glass
particles' early consumption of alkalis serves to reduce the alkali-silica reaction, increasing the
composite brick's longevity. Volume porosity, water absorption, capillary absorption, and
sample densities all show this to be the case.

(Demir 2009) studied “Reuse of waste glass in building brick production” discovered this and
The primary purpose of this research was to evaluate, with regard to the qualities of burnt clay
brick, what happens when waste glass is added to the mix. Brick clay was mixed with varying
percentages of ground-up waste glass: 0% (for the control sample), 2.5%, 5%, and 10%. The
method of extrusion pressing was used to create four distinct series of test samples. 850, 950,
and 1050 degrees Celsius were used in the firing of the samples. Utilizing scanning electron
microscopy, an examination of the microstructures of the burned samples was carried out. The
use of scrap glass resulted in a substantial increase in the compressive strength of the burned
samples. It was determined that the amorphous character of waste glass particles improved the
sintering action, which in turn resulted in improved strength behavior.

(Tang 2018) studied “Properties of Fired Bricks Incorporating TFT-LCD Waste Glass Powder
with Reservoir Sediments” discovered this and The goal of this research was to use the Taguchi

optimization technique to find the optimal parameters for manufacturing bricks from a mixture
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of reservoir sediments and waste glass powder from thin-film transition liquid crystal displays
(TFT-LCDs), in light of rising worries about the depletion of nonrenewable resources and
waste management. Concerns about waste management and the depletion of nonrenewable
resources prompted this action. To this end, we focused on the orthogonal array L16(45), which
consists of five tunable four-level subarrays (i.e., cullet content, drying method, preheat time,
sintering temperature, and error). Additionally, the compressive strength, density, water
absorption ratio, shrinkage ratio, loss on ignition, and porosity of the burnt bricks were studied
using the analysis of variance technique. The bricks were measured after they were burned.
The microstructures of the charred samples were analysed using scanning electron microscopy.
Large-scale manufacturing techniques for burned bricks made from recycled TFT-LCD glass
cullet and reservoir sediments were created in a commercially viable tunnel Kiln.
Manufacturing necessitated these bricks, therefore they were utilised in the making. According
to the test findings, the charred specimen’s structure was not tight at a sintering temperature of
900 to 950 degrees Celsius. However, the charred specimen showed a significant increase in
density after being exposed to the sintering temperature of 1050 degrees Celsius. It was also
shown that the number of tests may be greatly reduced by using the Taguchi approach in order
to optimise the process condition of bricks made from recycled TFT-LCD glass cullet and
reservoir sediments. Furthermore, the characteristics of the burned bricks produced in the
tunnel kiln met the criteria for class | building bricks as specified by the Chinese National
Standards.
Conclusions
It has been determined from a review of the relevant literature that using waste glass as a
construction material improves the structure's compressive strength, flexural strength, tensile
strength, and durability, while also minimising the use of natural resources like gravel, sand,
etc., and decreasing the amount of landfill space taken up by the waste glass. By substituting
fine and coarse aggregate for some of the waste glass, the building cost may be lowered and
the project made more environmentally friendly.
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