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ABSTRACT: To reduce green house gas emissions, efforts are needed to develop eco-friendly construction materials.
This paper presents the development of geopolymer concrete. In geopolymer concrete, a by-product material rich in
silicon and aluminium, such as low-calcium (ASTM C 618 Class F) fly ash, is chemically activated by a high-alkaline
solution to form a paste that binds the loose coarse and fine aggregates, and other unreacted materials in the mixture. The
paper describes the results of the tests conducted on large-scale reinforced geopolymer concrete members and illustrates
the application of the geopolymer concrete in the construction industry. Some recent applications of geopolymer concrete
in the precast construction and the economic merits of the geopolymer concrete are also included.
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INTRODUCTION
The contribution of ordinary portland cement (OPC) production worldwide to greenhouse gas emissions is estimated to be
approximately 1.35 billion tons annually or approximately 7% of the total greenhouse gas emissions to the earth’s
atmosphere. Also, it has been reported that many concrete structures, especially those built in corrosive environments,
start to deteriorate after 20 to 30 years [1], even though they have been designed for more than 50 years of service life. To
overcome these issues, geopolymer concrete is advisable.
Geopolymer concrete is to produce environmental friendly concrete, the use of fewer natural resources, less energy, and to
minimize carbon dioxide emissions. In line with the above view, one of the efforts to produce more environmentally
friendly concrete is to partially replace the amount of OPC in concrete with by-product materials such as fly ash. An
important achievement in this regard is the development of high-volume fly ash (HVFA) concrete that uses only
approximately 40% of OPC [2], and yet possesses excellent mechanical properties with enhanced durability performance.
The test results show that HVFA concrete is more durable than OPC concrete.
Another effort in this regard is the development of inorganic alumino-silicate polymer, called geopolymer, synthesized
from materials of geological origin or by-product materials such as fly ash that are rich in silicon and aluminum. The
geopolymer paste can be used as a binder to produce concrete, instead of the cement paste.
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The chemical compositions of geopolymer materials are
similar to zeolite, but they reveal an amorphous
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microstructure.High-alkaline solutions are used to
induce the silicon and aluminum atoms in the source
materials to dissolve and form the geopolymer paste.
The polymerization process may be assisted by applied
heat, followed by drying. The chemical reaction period
is fast, and the required curing period may be within 24
to 48 h. Davidovits reported that this material possesses
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excellent mechanical properties, does not dissolve in
acidic solutions, and does not generate any deleterious
alkali-aggregate reaction even in the presence of high
alkalinity. Very limited research data are available in the
literature. Most of the past research on the behavior of
geopolymeric material was based on the binder paste or
mortar using small size samples. In addition, some of
the conclusions are contradictory. Based on the
laboratory tests on fly ash-based geopolymer binder,
Palomo, Grutzeck, and Blanco have shown that the
curing temperature, the curing time, and the type of
activator affected the compressive strength, while the
solution-to-fly ash ratio was not a relevant parameter.

Figure-1: Particles used in geopolymer concrete

Fly ash

Alkaline activator
NaOH + Na Silicate

Aggregate
Storage

Increase in the curing temperature increased the
compressive strength. The type of alkaline activator that
contained soluble silicates resulted in a higher reaction
rate than when hydroxides were used as the only
activator. While van Jaarsveld, van Deventer, and Lukey
confirmed the importance of curing at elevated
temperature for fly ashbased geopolymeric material,
they found that curing for a longer period of time at
elevated temperature weakened the microstructure.
Barbosa, MacKenzie, and Thaumaturgo stated that the
water content played an important role on the properties
of geopolymer binders, besides the chemical
composition of the oxides used as activators.

Geopolymerisation

CONSTITUENTS
GEOPOLYMER CONCRETE

OF

Geopolymer concrete can be manufactured by using the
low-calcium (ASTM Class F) fly ash obtained from coal
burning power stations. Most of the fly ash available
globally is low-calcium fly ash formed as a by-product
of burning anthracite or bituminous coal. Although coal
burning power plants are considered to be
environmentally unfriendly, the extent of power
generated by these plants is on the increase due to the
huge reserves of good quality coal available worldwide
and the low cost of power produced from these sources.
The energy returned-to energy invested ratio of coal
burning power plants is high, and second only to the
hydro-power generation plants. [4,8]

WHAT IS GEOPOLYMER
CONCRETE?

Geopolymer is used as the binder, instead of cement
paste, to produce concrete. The geopolymer paste binds
the loose coarse aggregates, fine aggregates and other
unreacted materials together to form the geopolymer
concrete. The manufacture of geopolymer concrete is
carried out using the usual concrete technology
methods. As in the 2ortland cement concrete, the
aggregates occupy the largest volume, that is,
approximately 75 to 80% by mass, in geopolymer
concrete. The silicon and the aluminum in the fly ash
are activated by a combination of sodium hydroxide and
sodium silicate solutions to form the geopolymer paste
that binds the aggregates and other unreacted materials.
The particles used in geopolymer as shown in fig-1

Low-calcium fly ash has been successfully used to
manufacture geopolymer concrete when the silicon and
aluminum oxides constituted about 80% by mass, with
the Si-to-Al ratio of about 2. The content of the iron
oxide usually ranged from 10 to 20% by mass, whereas
the calcium oxide content was less than 5% by mass.
The carbon content of the fly ash, as indicated by the
loss on ignition by mass, was as low as less than 2%.
The particle size distribution tests revealed that 80% of
the fly ash particles were smaller than 50 µm[6, 7, 916]. The reactivity of low-calcium fly ash in
geopolymer matrix has been studied by FernandezJimenez, et al [5]
Coarse and fine aggregates used by the concrete
industry are suitable to manufacture geopolymer
concrete. The aggregate grading curves currently used
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in concrete practice are applicable in the case of
geopolymer concrete [6,7,9-13].
A combination of sodium silicate solution and sodium
hydroxide (NaOH) solution can be used as the alkaline
liquid. It is recommended that the alkaline liquid is
prepared at least 24 hours prior to use.



The sodium silicate solution is commercially available
in different grades. The sodium silicate solution A53
with SiO2-to-Na2O ratio by mass of approximately 2,
i.e., SiO2 = 29.4%, Na2O = 14.7%, and water = 55.9%
by mass, is generally used.




The sodium hydroxide with 97-98% purity, in flake or
pellet form, is commercially available. The solids must
be dissolved in water to make a solution with the
required concentration. The concentration of sodium
hydroxide solution can vary in the range between 8
Molar and 16 Molar; however, 8 Molar solution is
adequate for most applications. The mass of NaOH
solids in a solution varies depending on the
concentration of the solution. For instance, NaOH
solution with a concentration of 8 Molar consists of
8x40 = 320 grams of NaOH solids per litre of the
solution, where 40 is the molecular weight of NaOH.
Note that the mass of water is the major component in
both the alkaline solutions.

Higher the ratio of sodium silicate solution-to
sodium hydroxide solution ratio by mass,
higher is the compressive strength of
geopolymer concrete.
The addition of naphthalene sulphonate-based
super plasticizer, up to approximately 4% of fly
ash by mass, improves the workability of the
fresh geopolymer concrete; however, there is a
slight degradation in the compressive strength
of hardened concrete when the super plasticizer
dosage is greater than 2%.
The slump value of the fresh geopolymer
concrete increases when the water content of
the mixture increases.
As the H2O-to-Na2O molar ratio increases, the
compressive strength of geopolymer concrete
decreases.

Figure-2: Effect of water to geopolymer solids ratio
by mass on compression strength of geopolymer
concrete [9]

In order to accelerate the setting time of fresh
geopolymer concrete and to facilitate room-temperature
curing, a small proportion of calcium-rich source
material such as blast furnace slag may be added to the
mixture. Extra water and a high range water reducer
super plasticizer may be added to the mixture to
improve the workability.

The test trend shown in Figure 1 is also observed by
Siddiqui [16] in the studies conducted on steam-cured
reinforced geopolymer concrete culverts.
The proportions of two different geopolymer concrete
mixtures used in laboratory studies are given in Table 2
[10]. The details of numerous other mixtures are
reported
elsewhere [9-11, 15, 16, 18].

MIX PROPORTIONS
The compressive strength and the workability of
geopolymer concrete are influenced by the proportions
and properties of the constituent materials that make the
geopolymer paste. Experimental results [9] have shown
the following:

MIXING,
CASTING,
AND
COMPACTION
OF
GEOPOLYMER CONCRETE

Geopolymer concrete can be manufactured by adopting
the conventional techniques used in the manufacture of
Portland cement concrete. In the laboratory, the fly ash
and the aggregates were first mixed together dry in a



Higher concentration (in terms of molar) of
sodium
hydroxide solution results in higher
compressive strength of geopolymer concrete.
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pan mixer for about three minutes. The aggregates were
prepared in saturated-surface-dry (SSD) condition.

Figure 3: Effect of curing time on compressive strength
of geopolymer concrete.

The alkaline liquid was mixed with the super plasticizer
and the extra water, if any. The liquid component of the
mixture was then added to the dry materials and the
mixing continued usually for another four minutes [911]. The fresh concrete could be handled up to 120
minutes without any sign of setting and without any
degradation in the compressive strength. The fresh
concrete was cast and compacted by the usual methods
used in the case of Portland cement concrete. Fresh fly
ashbased geopolymer concrete was usually cohesive.
The workability of the fresh concrete was measured by
means of the conventional slump test.

CURING TIME

Heat-curing can be achieved by either steam-curing or
dry-curing. Test data show that the compressive strength
of dry-cured geopolymer concrete is approximately 15%
larger than that of steam-cured geopolymer concrete [9].

Heat-curing substantially assists the chemical reaction
that occurs in the geopolymer paste. Both curing time
and curing temperature influence the compressive
strength of geopolymer concrete.

The required heat-curing regime can be manipulated to
fit the needs of practical applications.

Based on few experiments the effect of curing time is
illustrated in Figure. The test specimens were 100x200
mm cylinders heat-cured at 60oC in an oven. The curing
time varied from 4 hours to 96 hours (4 days). Longer
curing time improved the polymerization process
resulting in higher compressive strength. The rate of
increase in strength was rapid up to 24 hours of curing
time; beyond 24 hours, the gain in strength is only
moderate. Therefore, heat-curing time need not be more
than 24 hours in practical applications.

PROPERTIES





Figure 3 shows the effect of curing temperature on the
compressive strength of geopolymer concrete [9].
Higher curing temperature resulted in larger
compressive strength.

Compressive Strength: It is in the range of 4090 Mpa [9].
Unit weight: Due to use of coarse & fine
aggregates the unit weight doesnot vary much
compared to Portland Cement. It varies from
2330 to 2430 kg/m3 [9].
Sulphate resistance: tests performed for a long
period of time shows no sign of surface
erosion,cracking or spalling on the specimens
[10].

APPLICATIONS

According to Davidovits [3], geopolymeric materials
have a wide range of applications in the field of
industries such as in the automobile and aerospace, nonferrous foundries and metallurgy, civil engineering and
plastic industries. The type of application of
geopolymeric materials is determined by the chemical
structure in terms of the atomic ratio Si: Al in the
polysialate. Davidovits [3] classified the type of
application according to the Si:Al ratio as presented in
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Table 1. A low ratio of Si: Al of 1, 2, or 3 initiates a 3DNetwork that is very rigid, while Si: Al ratio higher than
15 provides a polymeric character to the geopolymeric
material. For many applications in the civil engineering
field, a low Si: Al ratio is suitable (Table.1)

air curing condition (60oC). The presence of humidity
condition in the concrete reduces the compressive
strength.
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