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Abstract. Geopolymer composites made from sustainable ingredients which are used to make
ecofriendly concrete in the infrastructure sector. The dramatic increase in infrastructure growth
around the world demonstrates the daily demand for cement production. This study provides an
overall view of research on the use of materials and the performance of geopolymer matrix based
on strength and durability. Unlike cement, the reutilization of industrial by-products reduces
greenhouse gas emissions during manufacture. Hence geopolymers can contribute to a better
alternative to Portland cement. Natural raw materials, agricultural waste, and industrial waste by
products from diverse industries are used as composite filler / binder materials in geopolymer
matrix to improve workability , durability and reducing geopolymer concrete manufacturing costs.
With the help of various curing procedures, the compressive strength of geopolymer concrete can
be increased in a short amount of time. It has also been discovered that adding fibres to geopolymer
concrete improves tensile strength, lowering the cost of structural maintenance.
Introduction
Concrete which is a commonly used global building material made with Portland cement. This
increases cement production due to the enormous escalation in infrastructure and mechanization
development. Geopolymer concrete is one made use of environmentally friendly materials to
reduce CO2 emission by extreme use of OPC. Initially geopolymer concrete research was
constrained with the usage of natural source materials like calcined clays, kaolin, metakaolin and
silica fumes. However, in order to solve the problem of industrial waste disposal, items includes
fly ash, GGBS and palm oil ash etc., are commonly used to make the environment more sustainable
while emitting less CO2 than cement. The cement replacement materials should possess enough
pozzolanic property [1]. He also stated that geopolymer concrete has an earlier strength, is more
durable, and does not have the harmful alkali–aggregate interaction that portland cement has.
Geopolymer concrete with low calcium fly ash and treated with various alkaline solutions has
demonstrated great resistance to harsh environments.
Geopolymerisation process
Natural/alternative source materials and alkaline solutions are the two most significant components
of geopolymer. Geopolymers are a polymer network made up of silicon and aluminium atoms
connected jointly through oxygen atoms. As a source material for geopolymer binder, fly ash,
ground granulated blast furnace slag (GGBS), metakoalin, Silica fume, and other amorphous
minerals rich in Si and Al can be used. Geopolymer, like Portland cement, does not use a calciumsilicate-hydrate (CSHs) gel to improve structural stability; instead, it uses a poly condensation
process with silica and alumina precursors. In the geopolymerization process, aluminosilicate
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 license. Any further distribution of
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oxides react chemically with alkali polysilicates to generate polymeric Si – O – Al links [2]. In the
geopolymerization process, the amount of alkali solution, type of binder, Si/Al ratio, temperature,
and curing conditions are all important variables. The key concept behind the fly ash-based
geopolymer matrix is the alkali breakdown of aluminoslicate followed by the polycondensation
process. Condensation between flyash and alkali solution produces Si4+ and Al3+ species, which
are then nucleated, oligomerized, and polymerized to produce aluminoslicate matrix. The energetic
Al3+ and Si4+ species react to form nuclei and aluminosilicate oligomers, as shown in Fig. 1. The
aluminosilicate matrix network is balanced by alkali cations. The final structure of geopolymer
materials is determined by the appropriate Si/Al ratio. Different aluminosilicate networks form as
aluminosilicate oligomers, which eventually form geopolymer concrete/mortar, depending on the
Si/Al molar ratio.

Fig. 1. Geo polymerisation Process [2,3]
The setting behaviour, microstructure, and property development of fly ash-based geopolymers
are fundamentally different from metakaolin-based geopolymers. The Gluhhovsky model divides
the process into three stages: destruction–coagulation, coagulation–condensation, and
condensation–crystallization. The essential process in geopolymerization is depicted in Fig. 2 as a
very simplified reaction mechanism. A supersaturated alumina silicate solution is generated when
aluminosilicate sources are dissolved in water. When concentrated liquids are present, a gel forms,
which subsequently condenses to form huge networks, allowing the water to escape. The reaction
media contains water, but it is trapped inside the pores of the gel [4, 5].
Effect of Filler materials on Geopolymerisation
To hydrate partial replacements of highly mixed cement with flyash, several alkali solutions are
utilised. In terms of performance, this is preferable to normal Portland cement. The formation of
gel, which consists of C-S-H and N-A-S-H, causes the setting and hardening of alkaline-hydrated
(fly ash-rich) super-blended cement [6]. The fineness and surface qualities of the raw materials are
primarily responsible for geopolymerization. The geopolymerization phase, which consists of a
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mixture of two or three source minerals, such as kaolinite, albite, and fly ash, activates and speeds
up the reaction of the necessary gel phase, resulting in a high compressive strength [7].

Fig. 2. Conceptual model of Geopolymerisation [3]
Based on curing temperature and methodology, the influence of alkali activator concentration
enhances the process of geopolymerisation reaction and, moreover, leads to strength improvement
[8]. Increased alkali activator solution proportions speed up the setting time, which reduces
strength, thermal stresses, reaction rate, and geopolymerization peak time [9]. The amount of
dissolving in NaOH solutions was greater than in KOH solutions when the most reactive
components were utilised. In both alkaline and acidic conditions, Si and Al behave in a coordinated
manner [10].
Effect of combination of binder materials with their performance
Reference

Waste Materials
alkaline medium
utilized
(Bhardwaj and
GGBS+ flyash + NaoH, Na2SiO3 (14M)
Kumar 2019) [11] waste foundary
sand
(Ali, Naje, and
Nasr 2020) [12]

Flyash +Chopped Na2SiO3/ NaOH by w.t of
tyre rubber
FA (45%)
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SiO2 /Na2O (6-10%)

(Hawa,
Metakaolin +
Tonnayopas, and palm oil ash
Prachasaree 2013)
[14]
(Chen and Id n.d.) Metakaolin + Ca
[15]

SiO2 /Al2O3 , Cao/Sio2

(Shi et al. 2020)
[16]

Flyash +
Metakaolin
(Foamed
Geopolymer)

calcium stearate, H2O2,
NaOH, sodium silicate and
expanded polysterene
(EPS)

(Oyebisi et al.
2020) [17]

Harnessed
corncob ash
(CCA) +
(GGBFS)+
Portland lime
cement
Metakaolin +
GGBS + flyash +
furnace slag

Sodium Silicate / Sodium
Hydroxide – 2.5, Al / B 0.54
(12M,14M,16M)

(Panizza et al.
2020) [18]

CaO:Na2O:Al2O3:SiO2:H
2O (0.4:1:1:4:12.1)

Si/Al, K/Al

Microstructure
phases are studied
with co-existence of
C–S–H
phase.
Maximal
geopolymer strength
was reached.
Highest
compressive strength
obtained from (SiO2
:Al2O3 =2.88 : 1)
Faster gel formation
by calcium enhanced
by faster metakolin
dissolution
H2O2
causes
expansion of foamed
geopolymer,
Metakaolin reduce
pore diameter
14 M of SH solution
achieved
highest
compressive,
flexural, and splitting
tensile strengths for
both M 30 and M 40.
Geopolymer mortar
produces
better
shrinkage and long
term behaviour

Effect of curing temperature on alkali activator
The effect of curing procedures, as well as the inclusion of binder/filler ingredients in various
alkaline activator dosages, on geopolymer concrete's strength qualities, may be beneficial. Curing
temperature has a significant impact on geopolymeric processes and material characteristics [19].
The effect of the Si/Al ratio in the range of 1.7 to 2.9 on weight losses, residual strength, volumetric
shrinkage, and water sorptivity vary dramatically with temperature, as illustrated in Fig. 3 and 4.
The colour of the specimens changes from grey to bright crimson as the temperature rises,
accompanied by the formation of microscopic cracks. At higher temperatures, the lower Si/Al ratio
causes more weight loss and volumetric strain. The higher Si/Al ratio exhibits best results in terms
of residual compressive strength after exposure to elevated temperatures as shown in Fig. 5 & 6.
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Fig. 3. Variation of volumetric shrinkage

Fig. 4. weight loss of geopolymer with respect to temperature [20]

Fig.5. Variation of compressive strength
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Fig. 6. Variation of sorptivity against temperature of geopolymer concrete [20]

Fig. 7. Specimens at different temperature exposure and standard colour indices [20]
When subjected to high temperatures, higher Si/Al ratios, on the other hand, have proved to
have significant strength as shown in Fig. 7. As a result, increasing the Si concentration in
geopolymer composites increases their performance when exposed to higher temperatures,
demonstrating that they are temperature resistant materials [20]. The compressive strength of
concrete was improved by raising the SiO3/OH ratio from 0.5 to 1.5 after the geopolymerization
procedure was successful. As the temperature rises, the strength of geopolymer concrete gradually
increases [21].
Environmental sustainability
The severe environmental impact of carbon dioxide emissions, as well as the predicted ongoing
expansion of industrial development, needs retooling the construction industry with sustainable
and environmentally acceptable materials in order to develop alternate binder systems. The
impacts of estimating the carbon footprint of geopolymer and OPC concrete, including energy
consumption from all activities required to source raw ingredients, create concrete, and complete
the construction process. The CO2 footprint of geopolymer concrete was roughly 9% lower than
that of OPC concrete binder, as shown in fig. 8. Greater OPC emission was linked to cement and
sodium silicate in geopolymer concrete [22].
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Fig. 8. Summary of CO2 emission for OPC and geopolymer binders [22]
The energy consumed in the production of ordinary Portland cement (OPC) and
supplemental cementitious materials (SCM'S) is depicted in Fig. 9. Cement clinker calcination
absorbs a significant quantity of fossil fuel energy and releases additional CO2 via a decarbonation
reaction. The extensive use of basic materials such as FA and GGBS as geopolymer binder in
power plants and steel manufacturing has no detrimental impact on CO2 emissions. Geopolymer
binders [23] provide a game-changing answer to the OPC industry's environmental issues. Green
concrete's growth is aided by the use of SCMs in its manufacture, such as high-volume fly ash
concrete, ultra-high performance concrete, geopolymer concrete, lightweight concrete, and so on.
Increased strength, durability, workability, low permeability, controlled bleeding, reduced
shrinkage, and greater resilience to severe environments are just a few of the long-term and costeffective benefits of green concrete. Green concrete also promotes the creative and long-term use
of waste and alternative materials in the construction industry [24].

Fig. 9. Energy Expenditure diagrams of Geopolymer and OPC products [23]
Utilization of Nanomaterials in Geopolymer concrete
Geopolymers have been successfully made from fly ash, silica fume, rice husk ash, red mud, and
crushed granulated blast furnace slag. The use of nanoparticles improves the structural properties
of geopolymer concrete and mortars. Nanomaterials such as nanosilica (NS), nanotitania (NT),
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nanoalumina (NA), nano clay (NC), geothermal nanosilica waste (GSW), and carbon nanotubes
considerably improve the mechanical and durability properties of geopolymers, according to
various publications. Silicon dioxide (SiO2) nanoparticles form a dense concrete mix that increases
the strength and endurance of the materials [25, 26]. The workability of nanoparticles in
geopolymer concrete is limited due to their larger surface area. The beginning and final setting
durations of geopolymer matrix are lowered due to the acceleration effect of nanoparticles, making
the optimum content of nanoparticles with varying percentages appropriate for geopolymer
applications. A larger concentration of nanoparticles diminishes mechanical strength and increases
water absorption and porosity by forming more voids in the matrix due to particle agglomeration
and pore dispersion. In geopolymer concrete, nano-silica with a particle size of 10 nm was used
up to 8%, resulting in increased compressive strength, decreased permeability, and a dense
geopolymer concrete matrix. In GPC-N cubes containing 8% nano silica, chloride and sulphate
incursions were found to be low. Geopolymer concrete containing nano silica, according to
preliminary study, is a feasible alternative to OPC. The GPC-N also performed well in a number
of situations [27]. Adding 2% weight of nano-Al2O3 particles to a fly ash-based geopolymer
matrix improves mechanical properties, as seen in figures. 10 and 11 [28]. As a result,
nanoalumina, like nanosilica, speeds up the geopolymerisation procedure, resulting in a denser
geopolymeric gel.

Fig. 10. SEM image of nano- Al2O3 powder [28]

Fig. 11. Compressive strength of geopolymer nanocomposites as a function of nano-Al2O3
content [28]
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As shown in fig. 12, adding nanotitania (TiO2) to flyash-based geopolymer concrete with varied
percentages improves mechanical properties in later ages. Increased geopolymerisation processes
triggered the strength [29].

Fig. 12. Effects of nano-TiO2 on the compressive strength of geopolymer at 1, 3, 7, 28, 56 and 90
days [29]
Effect of fibres in geopolymer concrete
Fibres, in combination with a geopolymer binder, are used in varying proportions to improve
strength and durability, as well as to reduce building costs. Glass, polypropylene, and steel fibres
have all been utilised in studies and have proven to have superior durability. Increased rupture
modulus, bond strength, compressive strength, and flexural characteristics are all benefits of steel
fibre. When fibres are added to concrete, its workability is reduced [30, 31, 32, and 33]. The
application of cellulose fibre geopolymer matrix composite enhances specimen strength and
fracture resilience via cellulose modification [34]. The brittleness of geopolymer concrete is
reduced when glass and polypropylene fibres are mixed with hybrid fibres. The presence of hybrid
fibres resulted in greater performance in the post-cracking stage, while the presence of
polypropylene fibre resulted in a delay in the formation of the first crack with an increase in
toughness index [35, 36, and 37].
Applications of geopolymer matrix and concrete
Source
Materials
Geopolymer
Concrete applications
(Liew et al.
Flyash based
High volume fly ash concrete,
2017) [24]
concrete
ultra High performance
concrete (containing
admixtures), lightweight
concrete
(Laskar and
Talukdar
2017) [38]

Blast furnace
slag + flyash

As Concrete repairing agent
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High strength, Increased
durability, improved
workability, Reduced
permeability and
Shrinkage.
Improvement in
strength and
workability aspects.
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(Deb, Nath,
and Sarker
2015) [39]

GGBS+ flyash

Heat cured methodology is
employed for concrete
strength enhancement

(Lee et al.
2019) [40]

GGBS+ flyash

Excellent chloride resistance
concrete

(Deb et al.
2015) [39]

Low calcium
Early strength development
Flyash+ Blast
with 10-20% GGBS
furnace slag
Marine applications
Flyash based
Amorphous aluminosilicate
mix
geopolymeric gel formation are
chemically stable in sea water

Reduction in shrinkage
aspects

Alkali
activated
materials
(Flyash + slag)
Steel furnace
slag aggregate
+fly ash + blast
furnace slag
Flyash based
mix

Better resistance to
chemical attacks.
Improvement in
durability aspects.
Repair works , Delayed
hydration process

(Hassan,
Arif, and
Shariq 2020)
[41]
(Arbi et al.
2016) [42]
(Mahmood
2019) [43]
(Fan et al.
2018) [44]

Durability enhancement by
chemistry of pore solution
Size reduction in break water
structures
High performance geopolymer
mortar for repair works

Improvement in
strength and higher
GGBS contents leads
to lower workability
aspects.
Durability test – Nine
months of curing
period. Better
compressive strength.

Low Permeability.
Inhibit penetration of
sea water

Better for aggressive
environments such as
seawater and acidic
environments

Conclusion
The review summarises the important findings of several investigations on the utilisation of
materials and the strength of geopolymer concrete. The geopolymer binder's source material
should have a strong pozzolanic activity, with a suitable alkali solution ratio activating the
geopolymerisation reaction. A greater grasp of the source materials' chemical and physical
properties can help you decide which binders to use and in what ratio. A combination of materials,
curing temperature, curing procedure, and alkali activator ratio improve the strength of the
Geopolymer. The longevity of geopolymer concrete is affected by the component and design mix
ratios used in its preparation. Pavements, maintenance work, coastal area constructions, and
bridges are where geopolymer concrete is most commonly used. The addition of fibres to
geopolymer concrete improves its resiliency after it has cracked.
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