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Abstract- Geopolymer concrete results from the reaction of a
source material that is rich in silica and alumina with alkaline
liquid. The term geopolymer was introduced by Davidovit’s,
geopolymers are members of the family of inorganic polymers.
Geopolymer binders have been reported as being acid
resistant and thus are promising and alternative binders for
sewer pipe manufacture. This paper presents experimental
data on the Behavior of fly ash based geopolymer concretes
exposed chemical solutions for up to 4 weeks. A class F fly ash
based geopolymer concrete was initially cured for 24 hours at
60°C. And also the obtained results are compared with the
conventional concretes exposed to 5% acid solutions for up to
4 weeks. The compressive strength of geopolymer concretes
and conventional concretes of 150-mm cubes at an age of 28
days are 32MPa and 48.5MPa. Initially concrete cubes were
cured for a period of 28 days and later cubes were immersed
in chemical solutions, After immersion in chemical solutions,
samples were tested at 7, 14 and 28 days. The mass loss,
compressive strength reductions were determined. In this
experimental work 3 type of chemical solutions are used that
are HCI, H2S04 and MgSO4.The results confirmed that
Geopolymer concrete is highly resistant to acid in terms of a
very low mass loss and compressive strength loss when
compared to conventional concrete.

l. INTRODUCTION

Concrete usage around the world is second only to
water. Ordinary Portland cement (OPC) is conventionally used
as the primary binder to produce concrete. The environmental
issues associated with the production of OPC are well known.
The amount of the carbon dioxide released during the
manufacture of OPC due to the calcination of limestone and
combustion of fossil fuel is in the order of one ton for every
ton of OPC produced. In addition, the extent of energy
required to produce OPC is only next to steel and aluminum.

On the other hand, the abundant availability of fly
ash worldwide creates opportunity to utilize this by-product of
burning coal, as a substitute for OPC to manufacture concrete.
When used as a partial replacement of OPC, in the presence of
water and in ambient temperature, fly ash reacts with the
calcium hydroxide during the hydration process of OPC to
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form the calcium silicate hydrate (C-S-H) gel. The
development and application of high volume fly ash concrete,
which enabled the replacement of OPC up to 60% by mass
(Malhotra 2002; Malhotra and Mehta 2002), is a significant
development. In 1978, Davidovits (1999) proposed that
binders could be produced by a polymeric reaction of alkaline
liquids with the silicon and the aluminum in source materials
of geological origin or byproduct materials such as fly ash and
rice husk ash. He termed these binders as geopolymers.
Palomo et al (1999) suggested that pozzolans such as blast
furnace slag might be activated using alkaline liquids to form
a binder and hence totally replace the use of OPC in concrete.
In this scheme, the main contents to be activated are silicon
and calcium in the blast furnace slag. The main binder
produced is a C-S-H gel, as the result of the hydration process.

In spite of a long-term recognition of the problem of
sulphuric acid corrosion in concrete sewer pipes, this issue has
not been satisfactorily resolved. A research looked at ways of
enhancing the acid resistance of Portland Cement (PC) based
concretes, using the partial replacement of Portland cement by
supplementary materials, the use of epoxy modified binders,
and the use of limestone as a sacrificial aggregate [Song et al
2003]. The acid attack in terms of mass loss was reduced.
However, even the improved concretes lost significant mass
with immersion time. Sulphuric acid resistant binders are still
required to enhance the long-term performance of concrete in
sulphuric acid corrosion environments. Sulphur concrete is
sulphuric acid resistant. However, weighing the advantages
and limitations of sulphur concrete based on the available
published data, Malhotra [1988] emphasised that the
indiscriminate use of sulphur as a binder for concrete cannot
be recommended.

Geopolymer binders might be a promising alternative
in the development of acid resistant concrete. Since
Geopolymers are a novel binder that relies on alumina-silicate
rather than calcium silicate hydrate bonds for structural
integrity, they have been reported as being acid resistant.

In 2001, when this research began, several
publications were available describing geopolymer pastes and
geopolymer  coating  materials  (Davidovits 1991,
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Davidovits1994; Davidovits et al. 1994; Balaguru, et al. 1997;
van Jaarsveld, et al. 1997; Balaguru 1998; van Jaarsveld et al.
1998; Davidovits 1999; Kurtz et al. 1999; Palomo et al. 1999;
Barbosa et al. 2000). However, very little was available in the
published literature regarding the use of geo polymer
technology to make low calcium (ASTM Class F) fly ash-
based geopolymer concrete.

Il.  REVIEW LITERATURE

The trading of carbon dioxide (COZ2) emissions is a
critical factor for the industries, including the cement
industries, as the greenhouse effect created by the emissions is
considered to produce an increase in the global temperature
that may result in climate changes. The ‘tradeable emissions’
refers to the economic mechanisms that are expected to help
the countries worldwide to meet the emission reduction targets
established by the 1997 Kyoto Protocol. Speculation has
arisen that one ton of emissions can have a trading value about
US$10 (Malhotra 1999; Malhotra 2004).

The climate change is attributed to not only the
global warming, but also to the paradoxical global dimming
due to the pollution in the atmosphere. Global dimming is
associated with the reduction of the amount of sunlight
reaching the earth due to pollution particles in the air blocking
the sunlight. With the effort to reduce the air pollution that has
been taken into implementation, the effect of global dimming
may be reduced; however it will increase the effect of global
warming (Fortune 2005). From this point of view, the global
warming phenomenon should be considered more seriously,
and any action to reduce the effect should be given more
attention and effort.

The production of cement is increasing about 3%
annually (McCaffrey 2002). The production of one ton of
cement liberates about one ton of CO2 to the atmosphere, as
the result of de-carbonation of limestone in the kiln during
manufacturing of cement and the combustion of fossil fuels
(Roy 1999). The contribution of Portland cement production
worldwide to the greenhouse gas emission is estimated to be
about 1.35 billion tons annually or about 7% of the total
greenhouse gas emissions to the earth’s atmosphere (Malhotra
2002). Cement is also among the most energy-intensive
construction materials, after aluminium and steel.

Furthermore, it has been reported that the durability
of ordinary Portland cement (OPC) concrete is under
examination, as many concrete structures, especially those
built in corrosive environments, start to deteriorate after 20 to
30 years, even though they have been designed for more than
50 years of service life (Mehta and Burrows2001).
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The concrete industry has recognized these issues.
For example, the U.S. Concrete Industry has developed plans
to address these issues in “Vision 2030: A Vision for the U.S.
Concrete Industry’.

The document states that ‘concrete technologists
arefaced with the challenge of leading future development in a
way that protectsenvironmental quality while projecting
concrete as a construction material of choice.Public concern
will be responsibly addressed regarding climate change
resultingfrom the increased concentration of global warming
gases. In this document, strategies to retain concrete as a
construction material of choice for infrastructure development,
and at the same time to make it an environmentally friendly
material for the future have been outlined (Mehta 2001;
Plenge 2001).

In order to produce environmentally friendly
concrete, Mehta (2002) suggested the use of fewer natural
resources, less energy, and minimize carbon dioxide
emissions.

He categorized these short-term efforts as ‘industrial
ecology’. The long-term goal of reducing the impact of
unwanted by-products of industry can be attained by lowering
the rate of material consumption. Likewise, McCaffrey (2002)
suggested that the amount of carbon dioxide (CO2) emissions
by the cement industries can be reduced by decreasing the
amount of calcined material in cement,

Fly Ash

According to the American Concrete Institute (ACI)
Committee 116R, fly ash is defined as ‘the finely divided
residue that results from the combustion of ground or
powdered coal and that is transported by flue gasses from the
combustion zone to the particle removal system’ (ACI
Committee 232 2004). Fly ash is removed from thecombustion
gases by the dust collection system, either mechanically or by
usingelectrostatic precipitators, before they are discharged to
the atmosphere. Fly ashparticles are typically spherical, finer
than Portland cement and lime, ranging indiameter from less
than 1p1 to no more than 150 pm.

The types and relative amounts of incombustible
matter in the coal determine the chemical composition of fly
ash. The chemical composition is mainly composed of the
oxides of silicon (SiO2), aluminium (Al203), iron (Fe203),
and calcium (CaO), whereas magnesium, potassium, sodium,
titanium, and sulphur are also present in a lesser amount. The
major influence on the fly ash chemical composition comes
from the type of coal. The combustion of sub-bituminous coal
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contains more calcium and less iron than fly ash from
bituminous coal. The physical and chemical characteristics
depend on the combustion methods, coal source and particle
shape.

The chemical compositions of various fly ashes show
a wide range, indicating that there is a wide variations in the
coal used in power plants all over the world (Malhotra
andRamezanianpour 1994). Fly ash that results from burning
sub-bituminous coals is referred as ASTM Class C fly ash or
highcalcium fly ash, as it typically contains more than 20
percent of CaO. On the other hand, fly ash from the
bituminous and anthracite coals is referred as ASTM Class F
fly ash or low-calcium fly ash. It consists of mainly an
alumino silicate glass, and has less than 10 percent of CaO.
The colour of fly ash can be tan to dark grey, depending upon
the chemical and mineral constituents (Malhotra and
Ramezanianpour 1994; ACAA 2003). The typical fly ash
produced from Australian power stations is light to mid-grey
in colour, similar to the colour of cement powder. The
majority of Australian fly ash falls in the category of ASTM
Class F low calcium fly ash, and contains 80 to 85% of silica
and alumina (Heidrich 2002).

Aside from the chemical composition, the other
characteristics of fly ash that generally considered are loss on
ignition (LOI), fineness and uniformity. LOI is a measurement
of un burnt carbon remaining in the ash. Fineness of fly ash
mostly depends on the operating conditions of coal crushers
and the grinding process of the coal itself. Finer gradation
generally results in a more reactive ash and contains less
carbon.

In 2001, the annual production of fly ash in the USA
was about 68 million tons. Only 32 percent of this was used in
various applications, such as in concrete, structural fills, waste
stabilization/solidification etc. (ACAA 2003). Ash production
in Australia in 2000 was approximated 12 million tons, with
some 5.5 million tons have been utilised (Heidrich 2002).
Worldwide, the estimated annual production of coal ash in
1998 was more than 390 million tons. The main contributors
for this amount were China and India. Only about 14 percent
of this fly ash was utilized, while the rest was disposed in
landfills (Malhotra 1999). By the year 2010, the amount of fly
ash produced worldwide is estimated to be about 780 million
tons annually (Malhotra 2002). The utilization of fly ash,
especially in  concrete production, has significant
environmental benefits, viz, improved concrete durability,
reduced use of energy, diminished greenhouse gas production,
reduced amount of fly ash that must be disposed in landfills,
and saving of the other natural resources and materials
(ACAA 2003)
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Geopolymers

In 1978, Davidovits proposed that an alkaline liquid
could be used to react with the silicon (Si) and the aluminum
(Al) in a source material of geological origin or in byproduct
materials such as fly ash and rice husk ash to produce binders.
Because the chemical reaction that takes place in this case is a
polymerization process, he coined the term ‘Geopolymer’ to
represent these binders.

Geopolymers are members of the family of inorganic
polymers. The chemical composition of thegeopolymer
material is similar to natural zeolitic materials, but the
microstructure is amorphous instead of crystalline. The
polymerization process involves a substantially fast chemical
reaction under alkaline condition on Si-Al minerals, that
results in a three dimensional polymeric chain and ring
structure consisting of Si-O-Al-O bonds.

The schematic formation of geopolymer material can
be shown as described by Equations (2-2) and (2-3) (van
Jaarsveld et al.,1997; Davidovits 1994):

1n(S1205,A1,0:)+2nSi0>+4nH:0+NaOH or KOH = Na' K™ + n(OH);-8i-0-A1-0-Si-(OH);
(8i-Al materials)
(OH); (2-2)
(Geopolymer precursor)

n(OH);-Si-0-A1-0-8i-(OH); + NaOH or KOH = (Na+,K+)-(-5i-0-AI'-0-8i-0-) + 4nH;0

(OH), 0o 0 O (2-3)

(Geopolymer backbone}

Figure 1.

The last term in Equation 2-3 reveals that water is
released during the chemical reaction that occurs in the
formation of geopolymers. This water, expelled from the
geopolymer matrix during the curing and further drying
periods, leaves behind discontinuous nano-pores in the matrix,
which provide benefits to the performance of geopolymers.
The water in a geopolymer mixture, therefore, plays no role in
the chemical reaction that takes place; it merely provides the
workability to the mixture during handling. This is in contrast
to the chemical reaction of water in a Portland cement mixture
during the hydration process.

There are two main constituents of geopolymers,

namely the source materials and the alkaline liquids. The
source materials for geopolymers based on alumina-silicate

Www.ijsart.com



IJSART - Volume 4 Issue 3 - MARCH 2018

should be rich in silicon (Si) and aluminium (Al). These could
be natural minerals such as kaolinite, clays, etc. Alternatively,
byproduct materials such as fly ash, silica fume, slag, rice-
husk ash, red mud, etc could be used as source materials. The
choice of the source materials for making geopolymers
depends on factors such as availability, cost, type of
application, and specific demand of the end users.

The alkaline liquids are from soluble alkali metals
that are usually Sodium or Potassium based. The most
common alkaline liquid used in geopolymerisation is a
combination of sodium hydroxide (NaOH) or potassium
hydroxide (KOH) and sodium silicate or potassium silicate.

Constituents of Geopolymer
Source Materials

Any material that contains mostly Silicon (Si) and
Aluminum (Al) in amorphous form is a possible source
material for the manufacture of geopolymer. Several minerals
and industrial by-product materials have been investigated in
the past. Metakaolin or calcined kaolin (Davidovits 1999;
Barbosa et al. 2000; Teixeira-Pinto et al. 2002), low-calcium
ASTM Class F fly ash (Palomo et al. 1999; Swanepoel and
Strydom 2002), natural Al-Si minerals (Xu and van Deventer
2000), combination of calcined mineral and non-calcined
materials (Xu and van Deventer 2002), combination of fly ash
and metakaolin (Swanepoel and Strydom 2002; van Jaarsveld
et al. 2002), and combination of granulated blast furnace slag
and Metakaolin (Cheng and Chiu 2003) have been studied as
source materials.

Metakaolin is preferred by the niche geopolymer
product developers due to its high rate of dissolution in the
reactant solution, easier control on the Si/Al ratio and the
white colour (Gourley 2003). However, for making concrete
in a mass production state, metakaolin is expensive.

Low-calcium (ASTM Class F) fly ash is preferred as
a source material than high calcium (ASTM Class C) fly ash.
The presence of calcium in high amount may interfere with
the polymerisation process and alter the microstructure
(Gourley 2003).

Davidovits (1999) calcined kaolin clay for 6 hours at
7500C. He termed this metakaolin as KANDOXI (KAolinite,
Nacrite, DickiteOXIde), and used it to make geopolymers. For
the purpose of making geopolymer concrete, he suggested that
the molar ratio of Si-to-Al of the material should be about 2.0
(Table 2.1).
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On the nature of the source material, it was stated that
the calcined source materials, such as fly ash, slag, calcined
kaolin, demonstrated a higher final compressive strength when
compared to those made using non-calcinedmaterials, for
instance kaolin clay, mine tailings, and naturally occurring
minerals (Barbosa et al. 2000). However, Xu and van
Deventer (2002) found that using a combination of calcined
(e.g. fly ash) and non-calcined material (e.g. kaolinite or
kaolin clay and albite) resulted in significant improvement in
compressive strength and reduction in reaction time.

Natural Al-Si minerals have shown the potential to be
the source materials for geopolymerisation, although
quantitative prediction on the suitability of the specific
mineral as the source material is still not available, due to the
complexity of the reaction mechanisms involved (Xu and van
Deventer 2000). Among the by-product materials, only fly ash
and slag have been proved to be the potential source materials
for making geopolymers. Fly ash is considered to be
advantageous due to its high reactivity that comes from its
finer particle size than slag. Moreover, low-calcium fly ash is
more desirable than slag for geopolymer feedstock material.

The suitability of various types of fly ash to be
geopolymer source material has been studied by Fernandez-
Jim nez and Palomo (2003). These researchers claimed that to
produce optimal binding properties, the low-calcium fly ash
should have the percentage of unburned material less than 5%,
Fe,O5 content should not exceed 10%, and low CaO content,
the content of reactive silica should be between 40-50%, and
80-90% of particles should be smaller than 45 pm. On the
contrary, van Jaarsveld et al (2003) found that fly ash with
higher amount of CaO produced higher compressive strength,
due to the formation of calcium-aluminate-hydrate and other
calcium compounds, especially in the early ages. The other
characteristics that influenced the suitability of fly ash to be a
source material for geopolymers are the particle size,
amorphous content, as well as morphology and the origin of
fly ash.

Alkaline Liquids

The most common alkaline liquid wused in
geopolymerisation is a combination of sodium hydroxide
(NaOH) or potassium hydroxide (KOH) and sodium silicate or
potassium silicate (Davidovits 1999; Palomo et al. 1999;
Barbosa et al. 2000; Xu and van Deventer 2000; Swanepoel
and Strydom 2002; Xu and van Deventer 2002).

Palomo et al (1999) concluded that the type of
alkaline liquid plays an important role in the polymerisation
process. Reactions occur at a high rate when the alkaline
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liquid contains soluble silicate, either sodium or potassium
silicate, compared to the use of only alkaline hydroxides. Xu
and van Deventer (2000) confirmed that the addition of
sodium silicate solution to the sodium hydroxide solution as
the alkaline liquid enhanced the reaction between the source
material and the solution. Furthermore, after a study of the
geopolymerisation 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.

Mixture Proportions

The primary difference between geopolymer concrete
and Portland cement concrete is the binder. The silicon and
aluminium oxides in the low-calcium fly ash reacts with the
alkaline liquid to form the geopolymer paste that binds the
loose coarse aggregates, fine aggregates, and other un-reacted
materials together to form the geopolymer concrete.

As in the case of Portland cement concrete, the
coarse and fine aggregates occupy about 75 to 80% of the
mass of geopolymer concrete. This component of geopolymer
concrete mixtures can be designed using the tools currently
available for Portland cement concrete.

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.

Materials Fly Ash

In the present experimental work, low calcium, Class
F dry fly ash obtained from the Thermal Power Plant ,
IBRAHIMPATNAM, was used as the base material.

Alkaline Liquid

A combination of sodium silicate solution and
sodium hydroxide solution was chosen as the alkaline liquid.
Sodium-based solutions were chosen because they were
cheaper than Potassium-based solutions.

The sodium hydroxide (NaOH) solution was
prepared by dissolving either the flakes or the pellets in water.
The mass of NaOH solids in a solution varied depending on
the concentration of the solution expressed in terms of molar,
M. For instance,NaOH solution with a concentration of 8M
consisted of 8x40 = 320 grams of NaOH solids (in flake or
pellet form) per litre of the solution, where 40 is the molecular
weight of NaOH. The mass of NaOH solids was measured as
262 grams per kg of NaOH solution of 8M concentration
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The chemical composition of the sodium silicate solution was
Na20=14.7%, Si02=29.4%, and water 55.9% by mass.

I11. EXPERIMENTAL WORK

The aggregates were prepared in saturated-surface-
dry condition.

Figure 4. Sodium-silicate andsodium hydroxide solution

-

Figure 5. Concrete Before Adding Solution
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Figure 6. Immersion of concrete cubes
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Figure 9. Concrete cubes after immersion in MgSO4

The solids constituents of the fly ash-based
geopolymer concrete, i.e. the aggregates and the fly ash, were
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dry mixed in the pan mixer for about three minutes. The liquid
part of the mixture, i.e. the sodium silicate solution, the
sodium hydroxide solution,added water (if any), and the super
plasticiser (if any), were pre mixed then added to the solids .
The wet mixing usually continued for another four minutes.
The fresh fly ash-based geopolymer concrete was dark in
colour and shiny in appearance . The mixtures were usually
cohesive.

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 (Hardjito and Rangan, 2005;
Wallah and Rangan, 2006; Sumajouw and Rangan, 2006).

Although low-calcium fly ash-based geopolymer
concrete can be cured in ambient conditions, heatcuring is
generally recommended. 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.

Table 1. Residual compressive strength on acid immersion.

Compressive | Compressive strength After 7
strengihat | daysof acld Immerslon

Compressive strength
After 4 days of acld

Compressive streng(h
After 28 daysof acld

SN Typeof | I8days (Nmnr) mmershon mmerston
concrete | (Before acld [Nimml) (Nﬁmm’)
(mmerston) Type of Ackd Typeaf Acld Type of Acid
(V)

HCL | HiSOy (MgSO; | HOL | HoS0; | MgS0y (HCL | HiSO; | MgSO,

Conventiomal

i
aunerele(\3M) [ 4941 L I I 0 I I P

Geapalymer

i) B4 (13 |88 2R (260 |DE(ME (D |4
T comerete

Table 2. Percentage loss of compressive strength on acid

immersion
% loss of % loss of % loss of

Compressive | Compressiv | Compressive
S.| Type of | strength After| estrength | strength After
N | concret | 7 daysof acid| After 14 28 days of
0 e immersion(N/ | days of acid | acid immersion

mm?) immersion (N/mm?)
(N/mm?)
Type of Acid Type of Type of Acid
Acid
H H| M | H Hy| Mg|H | H| Mg
cl| SO g cl| SO| SO4| cl | SO| SO,
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4 S 4 4 % Weight loss of concrete nersion
d cubes after acid im
4 S.No| Type of | Age of acid immersion in
Acid days
1 |Convent| 1|29 | 96 |1]41 | 11. | 1 | 57 | 15. 7 14 28
jional | 1] .7 1 |5(.8|69|8]| .8]|65
concrete 6 0 5 1 Hcl 2.2% 3.06% 3.76%
(M30)
2 | H,S0, 5.5% 6.6% 8%
2| Geopol |8 14| 9 |1|19 | 14 | 14| 27 | 17.
ymer 5 ol 7 Op 55 3 [Mgso,|  2.0% 2.16% 2.72%
concrete 6
Durability Studies Geopolymer concrete
Table 3 i Table 6.
Weight of Weight of % Weight loss of concrete  mersion
cfc:ncheStedcubesf con(t:)rete cubes after acid
S.No Type Of arter aySO cunes |m
Acid | casting and before after acid S:No ;I'ype_zd Age of acid
acid immersion in immersio of Ac . L
. immersion in
days for (Kg) n in days days
K
(K9) 7 14 28
7 14 28 7 14 28
1 Hcl 8.78 | 8.80 | 8.76 | 8.58 | 8.53 | 8.43 1 Hel 0.4% 0.7% 0.9%
H,SO, | 8.79 | 8.78 | 8.7 | 830 | 8.20 | 8.0
3 MgSO, | 8.78 | 8.79 | 8.8 | 8.60 | 8.60 | 8.56 2 | H,S04 1.0% 1.7% 2.2%
Table 4. 3 | MgSO, 0.3% 0.5% 0.7%
Weight of Weight of
Graphs
concrete cubes concrete
Type after 28 days of cubes after
S.No of casting and acid
Acid before acid immersion
immersion in in days
days for (Kg) (Kg)
7 14 28 7 14 28
1 Hcl 784 | 785|783 | 7.8 | 7.79 | 7.76
2 H,SO, | 795 | 7.78 | 7.82 | 7.87 | 7.64 | 7.65
3 MgSO, | 788 | 7.9 | 7.8 | 7.85 | 7.86 | 7.74

Percentage weight loss on acid immersion.
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Geopolymer concrete
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IV. CONCLUSIONS

Geopolymer concrete mixes resisted acid attack in a
better way as compared to conventional concrete at all ages of
exposure to HCI, H2S04 and MgSO4.

1. It is observed that the percentage loss of Compressive
strength of all Geopolymer Concrete mixes  are
considerably lower than that of Conventional concrete
mixes at all ages of acid exposure for all the three acids

2. It is also observed that the maximum loss of compressive
strength and weight occurs in case of H2SO4 acid
immersion as compared to HCI and MgSO4 acids .

3. The loss of compressive strength of conventional concrete
is almost double the loss of compressive strength of
geopolymer concrete in H2SO4 ac id immersion at all
ages.

4. The percentage weight loss of Conventional concrete is
more when compared to Geopolymer concrete. This is
true for all the acids tried in this investigation.

5. It is observed that the loss of compressive strength of
Geopolymer concrete is more when compared to
conventional concrete in MgSO4 acid immersion. So
Geopolymer concrete is sensitive to MgSO4 acid.

6. The weight loss of Geopolymer concrete is very low
when Geopolymer concrete mixes are exposed to 5% acid
attack.

REFERENCES

[1] Bakharev,T. (2005a). Durability of geopolymer materials
in sodium and magnesium sulfate solutions. Cement And
Concrete Research.

[2] Bakharev, T. (2005c). Resistance of geopolymer materials
to acid attack. Cement And Concrete Research.

[3] Davidovits, J. (1988b). Geopolymer Chemistry and
Properties.

[4] Davidovits, J. (1991). Geopolymers: Inorganic Polymeric
New Materials. Journal of Thermal Analysis.

[5] Davidovits, J. (1994b). Properties of Geopolymer
Cements.

[6] Hardjito, D., Wallah, S. E., &Rangan, B. V. (2002b).
Study on Engineering Properties of  Fly
AshBasedGeopolymer Concrete.

[7] Hardjito, D., &Rangan, B. V. (2005). Development and
Properties of Low-Calcium Fly Ash-Based Geopolymer

Www.ijsart.com



IJSART - Volume 4 Issue 3 - MARCH 2018 ISSN [ONLINE]: 2395-1052

Concrete. Research Report GC1, Perth, Australia: Faculty
of Engineering, Curtin University of Technology.

Page | 443 Www.ijsart.com



