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Abstract:

There are many challenges faced by the modern brick industry, including cost, shortages of raw
materials and environmental impacts of production. To meet this challenge, many research
methods are followed around the world. This project is aimed at the production of bio bricks using
laterite quarry waste powder, Syzygium cumini leaf extract and bacterium Bacillus subtilis through
the process of Solid-state Fermentation. We had four different mixtures containing Soil and water,
Soil and leaf extract, Soil-water and bacteria, Soil-leaf extract and bacteria. The brick made of leaf
extract and bacteria is expected to have more compressive strength, water absorption, hardness
and bacterial count. Our method of creating bio bricks from laterite quarry waste powder, solid
state fermenting them with Syzygium cumini leaf extract and Bacillus subtilis, binding them, and
compressing them into blocks offers significant fuel, energy, and material conversion cost savings.
It also requires a lower capital investment per ton of cement and offers an ecologically sound
solution. “Bio-bricks” made with this technique could be a brand, effective, and more

environmentally friendly building material.

1. Introduction

As the globe experiences a peak in its careless environmental degradation and rapid resource
depletion, it is important to decrease the usage of non-ecofriendly construction block materials
available on markets. The present manufacturing process of building materials such as steel and

brick emit large quantities of greenhouse gases like CO2 in to the atmosphere. Hence the, emerging
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economies have an important approach in this domain as they focus on, rapidly building their

infrastructure while controlling the energy consumption and emission of harmful gases to the
environment. This aims at producing an eco-friendly brick or a bio-brick which utilizes least
energy consumption and causes no carbon emission and with less environmental implications.
Bricks made from plain soil for centuries have been used in building mud houses [1]. The most
consistent of these soil types are laterites. In this mini project, we use laterite quarry waste powder
as the key raw material for the construction of bio-brick. Laterite is an old and popular construction
material that has served humanity for centuries now. It is a highly weathered tropical soil
containing varying proportions of iron and aluminum oxides [2]. Along with mud homes and
buildings, it is also employed in the construction of highways. When used alone, it depreciates in
strength fast under load and ambient weather. A type of soil known as laterite is characterised as
being found in hot, humid tropical areas of the world. It was created from weathered rocks under
conditions of high temperature, heavy precipitation, and wet and dry intervals. [3]. The high
rainfall leaches away the silica component and thereby making it rich in iron and aluminiumoxides.
Iron oxide causes it to range in colour from red to brown to yellow. It hardens when exposed to air
and is now a widely used building material in many parts of the world due to its accessibility and
cost savings compared to other natural earth elements. Further to being more affordable than
traditional modern building materials, it is also thought to have superior energy efficiency in
tropical climates [4]. However, extraction of lateritic block results in large quantity of lateritic
waste powder and disposing them is a major problem. To get around this significant problem,
laterite quarry waste powder can be utilized to make bio bricks. Since laterite quarry waste powder
has engineering properties as same as lateritic soil, can be utilized as an ideal alternative building

material than other chemical and harmful materials [5].

This undertakes a biotechnological application known as solid state fermentation of laterite
quarry waste powder to produce bio-brick. Solid state fermentation (SSF) is the fermentation
process that takes place when there is no free water present or almost no free water present [6].
Despite being well-known since antiquity, SSF is currently receiving scientific interest because of
the numerous environmental and apparent economic advantages it provides. For the generation of
secondary metabolites, organic acids, fuel, and enzymes, among other things, solid state
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fermentation is frequently used [7]. It is a substitute for submerged fermentation because it requires

less complicated cultivation equipment, less money upfront, higher productivity, less energy, less
water, better product recovery, and less bacterial contamination. It also uses less energy and water
overall. There are several factors, which affect the solid state processes and the nature of solid state
is the most important factor. The substrate added should provide enough nutrients for the growth
of microorganism present inside.

The advantage of a biotechnological method over a chemical one is that we can use affordable
raw materials as a source of hydrocarbons, like Syzygium cumini leaf extract. It is also known as
Java plum, Malabar plum, Black plum, Jambul. This will act as a natural nutrient medium and
helps to the enormous growth of the bacteria Bacillus subtilis. The use of these substrates will also
reduce environmental pollution caused by other artificial additives [7].

Brick mixture problems are caused by cracks. In order to maximise the structure's endurance,
either the developed cracks are mended afterwards or additional reinforcement is added to the
structure during the design phase to guarantee that the crack width stays within a predetermined
range. Bacteria can be added to the brick mixture to help solve this issue by improving the
durability of the brick [8]. Here is an attempt to make this possible by using Bacillus subtilis. In
comparison to any typical brick mixture, this bacteria has demonstrated its ability to increase the
compressive strength, tensile strength, and flexural strength. It develops in bare-bones medium
without any additional growth agents. Most of them are mesophiles, which like temperatures
between 30 and 35 °C [5]. It generates homo- and copolymers of polyhydroxyalkanoates (PHAS),
broadening the variety of synthetic PHAs. Bacillus subtilis has the capacity to accumulate
significant amounts of polyhydroxybutyrate (PHB).PHB accumulated is a highly crystalline
thermoplastic polymer having a glass transition temperature of 0 to 5°C and a reasonably high
melting point. PHB is completely biodegradable and insoluble in water. It is simple to cultivate
and safe to employ Bacillus subtilis to enhance the brick mixture's strength properties [9].

This work illustrates the use of bacterial and biotechnological processes in the field of civil
construction in a cost-effective and environmentally responsible way. This might be a low-input,

sustainable alternative technology for the building and construction industry [10-15].
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2. Experimental Procedure

The proposed methodology consists of casting and testing of bricks of size 190 x 90 x 90 mm
which is obtained by mixing the constituent materials. The brick mould is made of four samples,
firstly Soil and water: A known amount of sterilized laterite quarry waste powder is thoroughly
mixed with distilled water to make a thick malleable paste. The second sample consists of soil and
leaf extract: A known amount of sterilized laterite quarry waste powder is thoroughly mixed with
the sterilized Syzygium cumini leaf extract to make a thick malleable paste. Third sample consists
of soil, bacteria and leaf extract: A known amount of sterilized laterite quarry waste powder is
thoroughly mixed with Bacillus subtilis inoculated through leaf extract to make a thick malleable
paste. Lastly soil, bacteria and water: A known amount of sterilized laterite quarry waste powder
is thoroughly mixed with Bacillus subtilis inoculated through distilled water to make a thick
malleable paste [16].

Each of the four samples is filled in four different molds respectively by four layers. Each layer
is compacted well to attain a maximum density and it reduces pores in the brick which results in
increased durability and compressive strength of brick without heating process. The four molded
brick samples are kept for Solid State Fermentation for 14 days. After the bacteria have had 14
days to proliferate, the brick samples are taken out of the mould and left to cure for a further 14
days in the open air. After total 28 days, the cured bricks are characterized using different test to
identify the ideal bio brick.

Survey and collection of raw materials

}

Isolation of Bacillus subtilis, leaf extract and laterite quarry waste powder

A

| Sterilization |

A

| Inoculation of extracted bacteria into Saline water and Leaf extract|

Combining of laterite quarry waste powder, leaf extract, water and Bacillus subtilis

| Incubation and solid state fermentation |
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Finishing of pressed brick in a mould

Market survey and feedback

Fig 1. Methodology to produce Biobricks

To characterize the three samples of bricks, the following tests are conducted: Compressive
strength test: The brick is placed in compression testing machine with the smooth surface at the
top. Steel plate should be kept over the brick specimen to withstand the load and the load is applied
gradually to the brick at the rate of 14 N/mm2. The load is applied until the brick fails. Water
absorption test: The rate of water absorption is the important parameter of the brick because it
affects mortar and grout bonding during the wall construction. Increased water absorption by the
brick from the mortar causes a decrease in brick strength. In this test, a dry brick stored at room
temperature is weighed initially before being fully submerged in water for 24 hours. The wet
brick's weight is then calculated. The amount of water absorbed by the brick is calculated as the
difference between the final average weight and the beginning average weight.

According to the Indian standard (IS: 1077: 1992) for the classification and specification of bricks,
the quality of the brick is split into three groups based on its water absorption. First-class bricks
shouldn't absorb more water than 20% of their own weight. Second quality brick should not absorb
water more than 22 percentage and third quality brick should not absorb water more than 25
percentage [17].

Hardness test: here, a fingernail is used to make a scratch on a brick surface. Brick is considered
to be sufficiently hard if no imprint is made on the surface. Bacterial count: From each of the four
samples, a smear is made, and a spread plate culture is made under sterile circumstances. Then

after the incubation for around 24 hours the colonies are counted using colony counter.

3. Results and Discussions
3.1 COMPRESSIVE STRENGTH TEST

The brick made of leaf extract and bacteria have more compressive strength which is 3.7MPa
than the brick made without leaf extract and with bacteria. The brick made without leaf extract and
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bacteria is expected to have a low compressive strength when compared to other bio bricks [18-
20].

Compresive strength vs Time
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Fig 2. Comparison of samples in terms of compressive strength

3.2 WATER ABSORPTION TEST
The Indian Standard (IS: 1077: 1992) for bricks classification and specification is projected to
be much more satisfied by bricks created using leaf extract and bacteria compared to bricks made

without leaf extract and bacteria.

Table 1
Absorption Test Results of Bio-Bricks
Bio-Brick W1 (Kg) W: (Kg) Water Absorption (%)
1 2.76 3.16 14.4%
2 2.86 3.38 18.1%
3 2.64 3.14 18.93%
4 2.8 3.28 17.1%
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3.3 HARDNESS TEST
All the four samples of bio bricks have sufficient hardness which was found to be 1.2MPa.

3.4 BACTERIAL COUNT
The brick made of leaf extract and bacteria is expected to have more bacterial count which was

around 10”78 than the brick made without leaf extract and with bacteria.

Fig 3.1 Soil and water brick Fig 3.2 Soil and leaf extract brick

Fig 3.3 Soil, bacteria and leaf extract brick Fig 3.4 Soil, bacteria and water brick
Fig 3. Bio-bricks produced
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4. Conclusion

Based on the literatures reviewed and the lab work carried out by our team, the following
conclusions are made regarding the utilization of laterite quarry waste powder, leaf extract and
bacteria for the production of bio-brick by solid state fermentation. Bio-bricks manufactured by
the Solid-state Fermentation of laterite quarry waste powder using leaf extract and bacteria are
100% natural and sustainable. Solid State Fermentation enhances the ability of the bacteria to
produce polymeric substances called PHB which provides automatic durability and self-repairing
ability to the bio-bricks. The use of laterite quarry waste powder as an alternative to conventional
building materials helps to reuse and overcome the problem with the disposal of laterite quarry
waste. Laterite quarry waste powder helps to increase the compressive strength and hardness of
the bio-brick. Syzygium cuminias an excellent natural nutrient media improves the durability and

compressive strength of the bio brick.
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