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ABSTRACT

This project investigates the synthesis of geopolymer paver blocks using Rice husk ash (RHA) and Coconut
fiber (CF) as eco- friendly alternatives in construction materials. Geopolymers, recognized for their reduced
carbon footprint compared to traditional cement, are explored for their potential to enhance sustainability in
paving applications. RHA, derived from agricultural waste, serves as a pozzolanic material to augment the
geopolymer's strength, while CF is introduced to improve tensile strength and crack resistance. This study
involves a systematic examination of varying proportions of RHA and CF in geopolymer mixes, focusing on
material characterization, compressive strength, water absorption and tensile strength. The aim is to optimize the
composition for achieving both environmental benefits and structural integrity in paver block applications. The
research contributes to the growing field of sustainable construction practices by repurposing waste materials
and incorporating natural fibers to enhance the overall performance of geopolymer paver blocks. The outcomes
seek to offer a viable and environmentally conscious solution for paving applications, aligning with the global
pursuit of greener alternatives in the construction industry.
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I. INTRODUCTION from the conventional reliance on Portland
Conventional concrete paver blocks, cement. This departure is not merely a

while widely used for paving applications, have technological choice; it embodies a commitment
significant environmental drawbacks due to the to sustainability and responsible resource

energy-intensive production of Portland cement, a
key ingredient in concrete. Geopolymer paver
blocks, emerging as a sustainable alternative,
offer a promising solution to address these
environmental concerns. Geopolymer concrete,
the foundation of geopolymer paver blocks, is
synthesized using aluminosilicate source materials
and alkali activators, bypassing the need for
Portland cement. These source materials can be
industrial byproducts or natural resources,
reducing the environmental footprint of the
production process. Geopolymer technology, at
the core of this evolution, represents a departure
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utilization. The advantages of geopolymer paver
blocks are manifold. These blocks exhibit
superior compressive strength and durability,
often surpassing the performance of their
cement-based counterparts. Furthermore, the
production of geopolymer binders involves
significantly lower carbon emissions, aligning
with global efforts to mitigate the environmental
impact of construction activities. Paver bricks are
utilized to enhance paved areas' visual appeal. All
places are ideal for these pavers. Pavers are more
aesthetically pleasing when they have colored
blocks. The paver bricks are cast in various
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thicknesses and widths. These paver blocks are
utilized in a wide range of locations, including
toll plazas, city streets, bus depots, intersections,
high altitude road repairs, car parks, truck
parking lots, sidewalks, residential streets, level
crossings, petroleum bunks, parks, and cycle
tracks. In low, medium, and high traffic, blocks
are utilized. The inclusion of fly ash (FA), a by-
product of coal combustion, and Rice husk ash
(RHA), an agricultural residue, serves a dual
purpose. It not only diverts these materials from
landfills but also imparts unique properties to the
paver blocks. Fly ash contributes to the
geopolymer binder, enhancing strength and
durability, while Rice husk ash adds a
sustainable and lightweight aspect to the mix.
One of the newly popular concretes that contains
no cement is geopolymer concrete. Researchers'
interest in geopolymer concrete is growing daily
as a result of the 100% and 0% use of pozzolanic
material as a source material. Researchers,
academics, and environmentalists are becoming
more interested in using geopolymer concrete
due to its ability to reduce carbon emissions from
the environment while using less cement. Instead
of using cement, the primary raw material of
geopolymer concrete is heavily embedded with
silica and alumina. Na2Si03, NaOH, and
stimulator solution are used to process and
initiate the polymerization process. Chain links
and bonding of silicon, oxygen, and aluminum
are created as a result of the polymerization
process, enhancing the strength characteristics of
concrete. Every thermal power station produces
enormous amounts of fly ash, which are discarded
into the ground. Fly ash, which has been an
unusual substitute for cement in recent years, has
hampered research efforts in the last few decades.
And the need for an environmentally friendly
environment fuels a great deal of GPC research.
Its low cost, eco-friendliness, and exceptional
strength and durability attributes are driving up
demand for it daily. Since CO2 is not released
into the atmosphere, it has no environmental
effects in contrast to Portland cement. Rice husk
ash (RHA) can serve as a partial substitute for
other materials like fly ash or slag in geopolymer
mixtures. It can enhance the properties of paver
blocks by contributing to their strength,
durability, and reducing the environmental
impact by utilizing a waste product replace
cement in concrete, depending on the specific
requirements. [1] Coconut fibre is a natural fiber,
when it added to the concrete it increases the
many properties of concrete like compressive
strength, flexural strength, split tensile strength
of concrete and also reduce the -cracking.
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Coconut fibers are easily available with large
amount and also very cheap. Hence, they are also
used to enhance the overall performance of
geopolymer paver blocks.

1.1 Geopolymer concrete

Davidovits introduced the concept of
geopolymer in 1978. Geopolymer is formed by
activating an alkaline solution, which consists of
sodium or potassium silicate and sodium or
potassium hydroxide, with high alumina silica-
rich materials. It resembles ceramic composites
that establish a bond between alumina and silica.
Geopolymer-based concrete, using fly ash, has
the potential to replace ordinary Portland Cement
(OPC)- based concrete in the construction
industry due to its comparable structural
properties [2]. Geopolymerisation is a reaction
where the formation of the alumino-silicate gel
structure utilizes silica and alumina content
derived from pozzolan binding materials such as
fly ash and slag, activated by an alkaline solution
(NaOH and Na2Si0O3). The microstructure of the
interconnected geopolymer exhibits greater
resistance to external environmental conditions.
In the process of geopolymerisation, alkali metal
plays a crucial role in determining the reaction
rate and final products. It is a type of polymer
that lacks a definite crystalline structure when
exposed to elevated temperatures. The process of
heat-curing accelerates the rate of
geopolymerisation in comparison to curing at
ambient-temperatures [3].

1.2 Cement replacement

Concrete is the second most commonly
used building material. One of its main
ingredients is cement; Its production, which uses
large amounts of fossil fuels, produces about 7%
of globalCO2 emissions, contributing negatively
to the increase in pollution [4]. For this reason,
cement production and consumption must be
reduced, as it emits large amounts of greenhouse
gases. Failure to reduce cement production leads
to an overexploitation of the materials used for
the manufacture of concrete, causing a negative
impact on the environment, since the current
production of 25 billion tons of concrete already
generates sustainability problems. This is why the
construction industry seeks policies to avoid the
scarcity of these resources, proposing using fly
ash as a supplementary cementing input to reduce
pollution due to cement production and
uncontrolled decomposition of agro-industrial
wastes [5]. Because of this, solutions are sought
to reduce this type of problem, making it feasible
to partially replace cement with fly ash (FA),
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which, as studied, reduces carbon dioxide
emissions. Numerous endeavors have been
undertaken to select an alternative substance to
Portland cement that serves as a waste material.
Identifying a material that mitigates the
aforementioned challenges represents one of the
most efficacious solutions. This entails
substituting regular cement entirely with a
composition consisting of zero percent cement
and a hundred percent utilization of fly ash or a
substance rich in silica and alumina. In this sense,
the use of FA, associated with the disposal of
industrial waste, is one of the main alternatives to
mitigate environmental pollution [5]. FA, or
amorphous aluminosilicate materials, have the
potential to be non-cementitious in their natural
state. However, when they come into contact
with calcium hydroxide and water, they undergo
a reaction that results in the formation of
cementitious compounds. This characteristic
makes them a highly sustainable alternative to
traditional Portland cement concrete. FA offers
numerous benefits, including a decrease in heat
of hydration [6], improved resistance to frost,
potential energy savings [7], reduced CO2
emissions, minimized use of natural resources,
and improved management of hazardous waste
[8]. Paver blocks, also referred to as concrete
pavers, are robust and versatile construction
materials employed in outdoor flooring
applications. These interconnected concrete
elements are available in a variety of shapes,
sizes, and hues, enabling innovative and
personalized designs in driveways, walkways,
patios, and landscaping endeavors. The strength,
stability, and resilience to deterioration exhibited
by paver blocks render them well-suited for
enduring heavy loads and inclement weather
conditions.  Their interlocking mechanism
facilitates effortless installation, and in case of
damage, they can Dbe readily replaced.
Furthermore, paver blocks offer permeability,
enabling water to permeate, thereby diminishing
surface runoff and contributing to sustainable
urban drainage. Paver blocks are also used in light
traffic, medium traffic and heavy traffic areas. The
blocks are cast into various colours, shape and
sizes to suit to the requirement to satisfy the
norms of 1S: 15658-2006.

Il. MATERIALS USED
2.1 Flyash

It is a by-product from combustion of
coal in large power plants. Fly ash is collected in
electrostatic precipitators or bag houses, then
transferred to substantial silos for shipment. FA
produced from anthracite and bituminous coals

are Class F, while sub-bituminous and lignite
coals produce Class C FA [9]. The short summary
of these two types of fly ash is given in Fig.1

* An ideal cementitious material in mass and high
strength concrete application.

* Provides sulfide and sulfate resistance equal or
superior to Type V cement.

* Si0y+ AL+ Fe,0:>70%

» has low calcium content (< 15%)

Class F fly ash

* More useful in “performance” mixes, prestressed
concrete applications.
* Reccomended under situations where higher early
Class C fly ash strengths are important.
* Reccomended in soil stabilization, since Class C
may not require the addition of lime.
* has high calcium content (>15%)

Figure 1. Summary of fly ash classification, use
and composition [10]

Fly ash can be mixed with other materials such
as volcanic materials, husk ash and clay to
produce light weight geopolymer paste [11].

2.2 Rice Husk Ash

Rice husk ash is a byproduct of the
cultivation and processing of rice as a foodstuff.
Between 20% and 25% of the rice paddy is an
indigestible outer husk, which is removed and
usually burnt (either in a local power plant, to
create steam with which to parboil the rice itself,
or in household stoves). Approximately 18% of
these husks, when burnt, will become ash,
therefore, the production of 1 ton of rice will
result in roughly 45 kg (70 Ibs) of RHA, which is
rich in silica (95%), with a high surface area and
substantial pozzolanic properties [12]. The
chemical composition of RHA has been
identified to have high SiO2 content in which
this component could help in forming a good
binder for the geopolymer.

2.3 Coconut fiber

Among all natural fibers (jute fiber,
cotton fiber, coir, flax fiber, sisal fiber, banana
fiber, etc.), coir is widely studied as fiber
reinforcement in cementitious materials. This is
because coconut fibers are cheap, environment-
friendly, and have the highest tensile toughness
among natural fibers. Coir shows a prominent
ductile response before failure and experiences
longer deflections. It is worth noting that coir has
the highest toughness compared to other natural
fibers [13].
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2.4 Alkali activator solution

The most used alkaline activators are a
mixture of sodium hydroxide (NaOH) or
potassium hydroxide (KOH) and sodium silicate
and potassium silicate. The alkaline activated
slag reporting an increase in mechanical strength
when the concentration of the activator
increases. Furthermore, after a study of the geo-
polymerisation of sixteen natural Al-Si minerals,
they found that generally the NaOH solution
caused a higher extent of dissolution of minerals
than the KOH solution [14]. Fig.2 clearly shows
how the compressive strength of geopolymer
concrete increase with increase in molarity of
alkaline solution.
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Figure 2. Effect of mass ratio of sodium silicate

to sodium hydroxide for Ambient and oven dry
curing [15].

25 Fine Aggregate

M-sand is mostly used as an alternate
material for fine aggregate. M-sand particles are
passing through 4.75mm sieve and retained on
75um sieve are classified into fine aggregates.
The aggregate material should satisfy the code
book conditions mentioned in IS 383-2016 [16].

2.6 Coarse Aggregate

Coarse aggregates shall comply with
the requirements of IS 383. As far as possible
crushed semi-crushed aggregates shall be used.
For ensuring adequate durability, the aggregate
used for production of blocks shall be sound and
free of soft or honeycombed particles. The
nominal maximum size of coarse aggregates
used in production of paver blocks shall be 12
mm [17].

111, MECHANICAL PROPERTIES
Investigated the mechanical properties
of fly ash based geopolymer concrete, like the
compressive strength, flexural strength, and
Elastic Modulus. The test samples were made with
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varying concentration of sodium hydroxide
solution from4 M up to 12 M. The compressive
strength of the concrete varied from normal to
high strength, encompassing a wide range. The
results of this study produced 3 values of
concrete mechanical properties which are very
much needed on structural reinforced geopolymer
concrete design, namely compressive strength,
flexural strength  and  shear  strength
[18].Compared the physical and mechanical
properties of fly ash (FA)-based geopolymer
concrete (GC), compared to those of Portland
cement concrete (CC). GC exhibits competitive
compressive strength compared to CC. GC
achieved its maximum compressive strength at
three days, which remained constant even after
two years [19]. Investigated the effects of
chemical changes of alkaline activators on the
compressive strength of mortar and to analyze the
microstructure of the mortar through SEM, EDS,
XRD, FT- IR and by porosity assessments. The
results showed that chemical changes of the
alkaline activators had a significant effect on the
early strength with higher molarity [20].
Examined the effects of particle size distribution
and fly ash source on the mechanical and
microstructural properties of fly ash-based
geopolymer concrete. The utilization of a fly ash
with a smaller average particle size distribution
resulted in an increase in the bulk density,
absorption after immersion, and the ratio of
volume of permeable pore space. Furthermore,
the finer particle size distribution contributed to
the enhancement of the compressive strength
[21]. Investigated Effect of Na2O content,
SiO2/Na20 molar ratio, and curing conditions
on the compressive strength of FA-based
geopolymer. The results reveal that higher
compressive strength can be obtained with
higher  Na20  content, higher  curing
temperatures, and longer pre-curing periods at
the relatively low temperature (23 C). On the
other hand, an extension of curing period at high
temperatures leads to strength reduction due to
increasing macro-pores over 50 nm[22]. The
present study outlines the experimental inquiry
conducted to formulate geopolymer concrete
utilizing alkali- activated rice husk ash (RHA)
through the combination of sodium hydroxide
and sodium silicate. The impact of curing
technique and NaOH concentration on the
compressive strength, along with the optimal
blend ratio of geopolymer mortar, was examined.
It is possible to achieve compressive strengths of
31 N/mm2 and 45 N/mm2 , respectively for the
10 M alkali-activated geopolymer mortar after 7
and 28 days of casting when cured for 24 hours at
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600 C. Results indicated that the increase in
curing period and concentration of alkali
activator increased the compressive strength
[23]. It is noted that RHA blended concrete can
decrease the temperature effect that occurs
during the cement hydration. RHA blended
concrete has the potential to enhance the
workability of concrete in comparison to OPC. It
can also increase the initial and also final setting
time of cement pastes. Additionally, RHA
blended concrete can decrease the total porosity
of concrete and modifies the pore structure of the
cement, mortar and concrete, and significantly
reduce the permeability which allows the
influence of harmful ions leading to the
deterioration of the concrete matrix. RHA
blended concrete can improve the compressive
strength and helps in enhancing the early age
mechanical properties as well as long-term
strength properties of cement concrete [24].
Investigated the use of natural fibres such as
coconut fibre as an alternative material in
geopolymer mortar composites. This research
carried out compressive strength and flexural
strength test by doing several variations such as
the length of coconut fibres 10 mm, 20 mm,and
30 mm and the percentage of fibre used was 0,
0.25% and 0.50% of the weight of the mortar.
This study indicated that the fibre length of 30
mm with a percentage of 0.50% fibre at a
concentration of 16 M NaOH solution gives the
maximum compressive strength and flexural
strength [25].

2.7 Benefits of FA-RHA-CF based
Geopolymer paver blocks

Geopolymer technology, which involves
the use of fly ash and rice husk ash, typically
results in lower carbon emissions compared to
traditional concrete production methods. This
contributes to the reduction of greenhouse gas
emissions [26]. Geopolymer pavers tend to have
higher resistance to chemical attacks compared
to conventional concrete. This makes them
suitable for areas exposed to corrosive
substances, such as industrial zones or areas with
high chemical concentrations [27]. Depending on
the availability of raw materials in a specific
region, geopolymer pavers can be cost-effective
due to the utilization of industrial and agricultural
waste products. Fly ash, rice husk ash, and
coconut fiber-based geopolymer paver blocks
offer several benefits compared to traditional
concrete or clay pavers. Utilizing fly ash in
geopolymer paver blocks helps in recycling
industrial waste. This byproduct of coal
combustion reduces the need for traditional
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cement, which is a significant source of carbon
dioxide emissions [28]. Rice husk ash, which is
an agricultural waste product, the environmental
impact is minimized. It promotes the utilization
of agricultural byproducts, reducing the need for
their disposal. Coconut fiber can be used as a
reinforcing material in geopolymer concrete to
enhance its mechanical properties, particularly
its tensile strength and toughness. Increased
compressive strength, flexural strength and
resistance to crack are some of the benefits of
adding coconut fibre to geopolymer concrete.
When incorporated into the mix, coconut fiber
adds reinforcement and can contribute to the
overall sustainability of the geopolymer paver
blocks [29].

1IV. CONCLUSION

The following conclusions can be drawn
based on the above studies. Research on
geopolymer concrete paver blocks is definitely
the answer to the need of greener concrete for
sustainable development. Fly ash can be used to
produce geopolymeric binder phase which can
bind the aggregate to form geopolymer concrete.
For different mixes of geopolymer concrete
increase in alkaline solution increases the
compressive strength. The compressive strength
of geopolymer paver block increases with
Na2SiO3/NaOH ratio. RHA can be used as a
partial replacement of cement in OPC concrete
and as a source material in Geopolymer concrete.
So instead of dumping it into ground it should be
used to enhance the properties of geopolymer
concrete. RHA is rich in silica so it’s a
pozzolanic material and can be used as a source
material in Geopolymer concrete in addition with
other source materials. Coconut fiber, when
added to geopolymer concrete increases the
many properties of concrete like compressive
strength, flexural strength, split tensile strength
and also reduce the cracking. Coconut fibers are
easily available with large amount and also very
cheap. Fly ash in concrete enhances its strength,
durability, mechanical properties. Hence the use
of cement in concrete decreases which ultimately
reduces cost, as well as carbon footprints of
structure. So production of pavers with flyash and
fibres is an economical and sustainable
approach.

While geopolymer paver blocks have
numerous benefits, it's essential to consider local
conditions, availability of raw materials, and the
specific requirements of the project before
choosing this technology for pavement
construction. Additionally, ongoing research and
development in this field may lead to further
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improvements and innovations.
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