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1.Introduction

Geopolymer concrete (GPC) has emerged as a revolutionary alternative to
conventional cement-based concrete in response to growing environmental
concerns and the need for sustainable construction materials. Traditional
concrete relies heavily on Ordinary Portland Cement (OPC) as a binder, the
production of which contributes significantly to global carbon dioxide (CO2)
emissions. It is estimated that cement manufacturing alone accounts for nearly
7-8% of total global CO: emissions. To address this issue, researchers and
engineers have developed geopolymer concrete, which eliminates the use of
cement and instead utilizes industrial by-products such as fly ash and Ground

Granulated Blast Furnace Slag (GGBS) as binding materials. The fundamental
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principle behind geopolymer concrete is the process of geopolymerization.
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This is a chemical reaction between alumina-silicate materials (like fly ash and
GGBS) and alkaline activators such as sodium hydroxide (NaOH) and sodium
silicate (Na2SiOs). When these materials react, they form a three-dimensional
polymeric chain and ring structure consisting of Si—O-Al bonds, which
provides strength and durability to the concrete. Unlike conventional hydration
in OPC concrete, geopolymerization is faster and can produce higher early
strength, especially under heat curing conditions. In addition to its
environmental benefits, geopolymer concrete exhibits excellent engineering

properties. It offers high compressive strength, low shrinkage, and superior
resistance to aggressive environmental conditions such as acid attack, sulphate attack, and chloride ingress. These
properties make GPC highly suitable for infrastructure projects, marine structures, and areas exposed to harsh
environmental conditions. However, despite these advantages, there are still some limitations, such as variability in
source materials, the need for alkaline activators, and challenges in large-scale field applications.

To further enhance the performance of geopolymer concrete, the incorporation of nanomaterials has gained significant
attention in recent years. Nanotechnology involves the use of materials with particle sizes in the nanometre range (1—
100 nm). Due to their extremely small size and high surface area, nanomaterials exhibit unique physical and chemical
properties that can significantly influence the behaviour of construction materials at the microstructural level. Commonly
used nanomaterials in geopolymer concrete include Nano silica (SiO2), Nano alumina (Al.Os), Nano clay, carbon
nanotubes (CNTs), and graphene oxide. Among these, Nano silica is the most widely used due to its high reactivity and
ability to enhance the geopolymer matrix. These nanomaterials act as fillers, occupying the Nano-sized voids within the
concrete, and as nucleation sites that accelerate the geopolymerization process. As a result, they contribute to the
formation of a denser and more homogeneous microstructure. The addition of nanomaterials leads to significant
improvements in the mechanical properties of geopolymer concrete. It enhances compressive strength, tensile strength,

and flexural strength by improving the bond between the binder and aggregates. Moreover, nanomaterials help in
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refining the pore structure, reducing porosity and permeability, which in turn improves durability. Geopolymer concrete
with nanomaterials exhibits higher resistance to water absorption, chemical attacks, and environmental degradation
compared to conventional concrete. Another important advantage of incorporating nanomaterials is the improvement in
early-age properties. The presence of nanoparticles accelerates the reaction kinetics, leading to faster setting and strength
development. This is particularly beneficial in precast concrete applications where rapid strength gain is essential.
Additionally, the improved microstructure helps in minimizing micro cracks and enhances the overall toughness and
long-term performance of the concrete. Despite these benefits, there are certain challenges associated with the use of
nanomaterials in geopolymer concrete. One of the primary concerns is the high cost of nanomaterials, which can increase
the overall cost of concrete production. Furthermore, achieving uniform dispersion of nanoparticles within the mix is
difficult due to their tendency to agglomerate. Improper dispersion can negatively affect the performance of the concrete.
Therefore, advanced mixing techniques and the use of dispersing agents or superplasticizers are often required to ensure
effective utilization of nanomaterials.

In conclusion, geopolymer concrete with nanomaterials represents a significant advancement in the field of sustainable
construction. It combines the environmental benefits of reduced carbon emissions and waste utilization with the
enhanced mechanical and durability properties offered by nanotechnology. As research continues and technology
advances, it is expected that the challenges associated with cost and material handling will be overcome, making nano-
enhanced geopolymer concrete a viable and widely adopted solution for future infrastructure development.

2.Literature review

FathealiA.Shilaretal.(2022)

Shilar et al. conducted a comprehensive review on the role of nanomaterials in geopolymer concrete and analyzed their
influence on structural and mechanical properties. The study highlighted that nanoparticles such as nano silica, nano
alumina, and nano clay significantly improve the microstructure of geopolymer composites by acting as fillers and
nucleation agents. It was observed that these materials contribute to the formation of dense gel structures like N-A-S-H
and C-A-S-H, resulting in improved compressive strength and durability. The authors also emphasized that nano silica
is the most commonly used nanomaterial due to its high reactivity and effectiveness in enhancing geopolymer
performance.

Fadi Althoey et al. (2023)

Althoey et al. investigated ultra-high-strength geopolymer concrete incorporating nano silica and polypropylene fibers.
Their experimental study demonstrated that the addition of nano silica significantly enhances compressive strength and
overall mechanical performance. The research also showed that nano-modified geopolymer concrete exhibits improved
structural behavior, making it suitable for high-performance and structural applications. The authors concluded that nano
silica plays a crucial role in developing ultra-high-strength geopolymer composites.

Koti Chiranjeevi et al. (2023)

Chiranjeevi et al. studied the effect of nano silica on fly ash-based geopolymer concrete. The results indicated that the
incorporation of nano silica improves both mechanical and microstructural properties. The study revealed that nano
silica enhances geopolymerization, leading to a denser matrix and reduced porosity. Additionally, the research
emphasized the environmental benefits of geopolymer concrete, stating that replacing cement with geopolymer materials
and nano additives significantly reduces CO- emissions.
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Raveena Indwar et al. (2024)

Indwar et al. focused on the role of nanomaterials in improving the sustainability and performance of geopolymer
concrete. Their study highlighted that the incorporation of nanomaterials enhances strength, durability, and resistance to
environmental degradation. The authors concluded that nano-modified geopolymer concrete is a promising material for
sustainable construction, especially in aggressive environmental conditions.

Neha Sharma et al. (2025)

Sharma et al. conducted an experimental and economic assessment of geopolymer concrete incorporating nano silica.
The study demonstrated that nano silica significantly improves compressive strength, durability, and microstructural
properties. In addition to technical benefits, the authors also analyzed economic feasibility and concluded that although
initial costs may be higher, nano-enhanced geopolymer concrete is cost-effective in the long term due to reduced
maintenance and enhanced durability.

General Review Studies (2022-2023)

Several review studies have examined the overall impact of nanomaterials on geopolymer concrete. These studies
concluded that nanomaterials:

¢ Enhance geopolymerization reaction

¢ Improve pore structure and reduce porosity

e Increase compressive, tensile, and flexural strength
o Improve durability against chemical attacks

It is also reported that nanomaterials contribute to the formation of additional binding gels and fill nano-pores, resulting
in a dense and compact matrix. However, challenges such as reduced workability and high material cost were also
identified.

Summary of Literature Review

Nanomaterials significantly improve strength and durability of geopolymer concrete
Nano silica is the most widely used and effective nanomaterial

Improved microstructure leads to low permeability and high resistance

Studies confirm eco-friendly and sustainable nature of GPC

Major challenges include:

High cost

Workability reduction

© 0 0 VVVYVYY

Dispersion issues

3.0bjectives

3.1 To incorporate Nano-materials (such as Nano-silica or Nano-alumina) in different percentages and study their
influence on the properties of geopolymer concrete.

3.2 To evaluate mechanical properties including compressive strength, split tensile strength, and flexural strength of
Nano-modified geopolymer concrete.

3.3 To analyse microstructural changes due to the addition of Nano-materials and their role in improving concrete
performance.
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3.4 To evaluate the sustainability benefits such as reduction in cement usage, lower carbon emissions, and utilization of
industrial waste materials.

4. Materials and Methodology

4.1 Fly ash (FA)

4.2 Ground Granulated Blast furnace slag (GGBFS)
4.3 Fine aggregate

4.4 Coarse aggregate

4.5 Water

4.6 Graphene oxide

4.7 Alkaline activators (e.g NaOH, Na2SiO3)

4.1 Fly ash (FA)

Fly ash is a fine, powdery byproduct composed of inorganic, non-combustible matter derived from burning pulverized
coal in power plants. It is carried by flue gases, collected via precipitators, and commonly used as a sustainable cement
substitute to enhance concrete durability. It is often called pozzolan, supplementary cementitious material (SCM), or fly
ash powder.

4.2 Ground Granulated blast furnace slag (GGBFS)

Ground Granulated Blast-furnace Slag (GGBS or GGBEFS) is a sustainable, cementitious material derived from iron ore
manufacturing, used primarily as a partial replacement for Ordinary Portland Cement (OPC) in concrete. It is produced
by quenching molten blast-furnace slag, a byproduct of steel production, to form granules, which are then ground into a
fine powder.

4.3 Fine aggregate

Fine aggregate is a crucial construction material—most commonly natural sand or crushed stone—with particles smaller
than 4.75 mm, used to fill voids, enhance durability, and improve the strength of concrete and mortar. It makes up 35%
to 45% of concrete mix volumes. Synonyms and related types include sand, river sand, manufactured sand (M-Sand),
stone dust, screenings, and fine gravel.

4.4 Coarse aggregate

Coarse aggregate refers to large, granular materials—primarily crushed stone, gravel, or recycled concrete—with
particles generally larger than 4.75 mm (No. 4 sieve). It serves as a filler to provide structural strength, stability, and
volume to concrete, making up 60-80% of its total volume.

4.5 Water

Water is a clear, colourless, odourless, and tasteless liquid compound (H20H20) essential for all known forms of life,
covering over 70% of Earth's surface. As a vital resource, it is used for drinking, sanitation, industrial processes,
agriculture, and transportation. It also refers to bodies of water like seas or lakes.
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4.6 Graphene oxide

Graphene oxide (GO) is a single-atom-thick, two-dimensional material derived from oxidized graphite, featuring
oxygen-based functional groups (hydroxyl, epoxide, carbonyl) on its surface. It is hydrophilic, dispersible in water,
electrically insulating, and used extensively in biomedical applications, composites, sensors, and water purification
membranes.

4.7 Alkaline activators (e.g. NaOH, Na2SiO3)

An alkaline activator is a chemical solution, typically a mixture of sodium hydroxide (NaOH) or potassium hydroxide
(KOH) and sodium silicate (Na2Si0O3), used to dissolve and activate silica-alumina materials (like fly ash or slag) to
form high-strength, eco-friendly concrete (geopolymers). It acts as the catalyst for polymerization, replacing cement in
sustainable construction materials.

E N

. Methodology

1. Material Selection

e Source materials: Fly ash / GGBS

e Alkaline activators: Sodium hydroxide (NaOH), Sodium silicate (Na2SiOs)
o Fine aggregate (sand)

o Coarse aggregate

e Water and admixtures (if required)

N

. Preparation of Alkaline Solution

Prepare NaOH solution of required molarity (e.g., 8M, 10M, 12M)
Mix NaOH with sodium silicate solution
Allow solution to cool (typically 24 hours before use)

w9

. Mix Design

Fix proportions of:

Fly ash/GGBS

Aggregates

Alkaline solution ratio (Na2SiOs / NaOH)
Determine liquid-to-binder ratio

O O O

e Trial mixes to achieve desired strength and workability
4. Mixing Process
¢ Dry mix aggregates + fly ash/GGBS

¢ Add alkaline solution gradually
e Mix thoroughly to get uniform consistency

n

. Casting

Place concrete in moulds (cubes, cylinders, beams)

Compact using:
o Vibrator or tamping rod

© 2026 The . Published by Website: https://ijcope.org/ 5


https://ijcope.org/

International Journal of Creative and Open Research in Engineering and Management
ISSN: 3108-1754 (Online) %
Volume 02 Issue 05 May-2026 | Impact Factor: 3.5 *5 > " &

6. Curing
¢ Heat curing (oven curing at 60-90°C for 24-48 hrs)
or

¢ Ambient curing (room temperature)

7. Demoulding

Remove specimens after 24 hours (or after curing period)

=]

. Testing

Conduct tests such as:
Slump cone Test
Compressive strength
Tensile strength
Flexural strength

O O O O

Conclusion

Geopolymer concrete with nanomaterials represents an advanced and sustainable alternative to conventional concrete.
The incorporation of industrial by-products such as fly ash and GGBS, along with alkaline activators, significantly
reduces the environmental impact by minimizing carbon dioxide emissions associated with cement production. The
addition of nanomaterials further enhances the performance of geopolymer concrete by improving its mechanical
properties, durability, and microstructural characteristics.

From the study, it can be concluded that nanomaterials such as nano silica and others play a crucial role in refining the
pore structure, increasing strength, and enhancing resistance to aggressive environmental conditions. Although there are
challenges such as higher initial cost and reduced workability, these can be managed through proper mix design and the
use of suitable admixtures.

Overall, geopolymer concrete with nanomaterials offers superior long-term performance, durability, and sustainability,
making it a promising material for future construction practices. It is especially suitable for high-performance and
environmentally sensitive applications, thereby contributing to the development of green and durable infrastructure.

Expected Outcomes
The proposed study on geopolymer concrete with nanomaterials is expected to yield the following outcomes:

e Improvement in mechanical properties such as compressive, tensile, and flexural strength due to the addition of
nanomaterials.

e Enhancement in durability characteristics including reduced water absorption, low permeability, and increased
resistance to acid, sulphate, and chloride attacks.

e Development of a dense and compact microstructure with reduced pores and micro-cracks, resulting in improved
bonding within the concrete matrix.

o Faster early-age strength gain, particularly under optimized curing conditions.

¢ Reduction in environmental impact through decreased CO. emissions and effective utilization of industrial by-
products like fly ash and GGBS.

e Identification of optimum dosage of nanomaterials for achieving maximum performance without compromising
workability.

e Evaluation of workability characteristics and the need for admixtures to maintain proper consistency.
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e Assessment of economic feasibility, considering initial cost and long-term benefits such as reduced maintenance and
increased service life.

¢ Demonstration of suitability of nano-modified geopolymer concrete for high-performance and durable construction
applications.
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