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Abstract:

An Overview of geopolymers formed by the alkaline activation of aluminosilicates is presented along with
opportunities for their use in building construction technique. Properties of mortars/concrete made from
geopolymeric binders are discussed with respect to fresh and hardened states, interfacial transition zone
between aggregate and geopolymer. The Bond with steel reinforcing bars and resistance to elevated
temperature. The durability of geopolymer pastes and concrete is highlighted in terms of their deterioration
in various aggressive environments, R&D works carried out on heat and ambient cured geopolymers at
CSIR-CBRI are briefly outlined alongwith the product developments. Research findings revealed that
geopolymer concrete exhibited comparative properties to that of PPC concrete which has potential to be
used in civil engineering applications.The effects of the additives and binder content in the mixtures were
determined from experimental results. The results show that inclusion of additives with fly ash significantly
enhanced the early age properties. Setting time reduced to reasonable values and compressive strength
increased to enable early de-moulding of specimens. The compressive strength increased with the increase
of binder content. However workability results showed an optimum binder content for the fly ash
geopolymer blended with the additives. The results suggest that suitable geopolymer mixtures can be
designed for ambient curing with low calcium fly ash and the additives as partial replacement.
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Introduction:

Increasing emphasis on energy conservation and environmental protection has led to investigation of
alternatives to customary building materials. Among the goals of these investigations are to reduce
greenhouse gas emissions and minimize the energy required for material production. Currently, Portland
cement is the leading material for industrial concrete demand worldwide, fulfilling a demand of over 1.5
billion tons annually. The production of Portland cement is energy-intensive and releases a significant
volume of carbon dioxide (CO2) to the atmosphere . For each ton of Portland cement manufactured, it is
estimated that one ton of CO2 is released into the environment. The process involves very high temperatures
(1400- 1500 °C), the destruction of quarries to extract raw materials, and the emission of greenhouse gases
such as CO2 and NOx. The costs associated with these energy requirements are significant. Consequently,
the need arose for further investigation into cementitious products with decreased environmental impacts
and enhanced economic benefits.

The term “geopolymer” is generically used to describe the amorphous to crystalline reaction products from
the synthesis of alkali aluminosilicates with alkali hydroxide/alkali silicate solution. Geopolymeric gels and
composites are also commonly referred to as low-temperature aluminosilicate glass, alkali activated cement,
geocement, alkali-bonded ceramic, inorganic polymer concrete, and hydroceramic.
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Geopolymer concrete
LITERATURE REVIEW

Term ,,geopolymers™ was first introduced to the world by Davidovits (1994) of France, thus, inventing area
in the field of concrete technology. He explained that geosynthesis is the science of manufacturing artificial
rock at a temperature below 100°C in order to obtain natural characteristics (hardness, longevity and heat
stability) of rock. Geopolymers can, thus, be viewed as the mineral polymers resulting from geo-chemistry
or geo-synthesis.

Palomo ,Grutzeck and Blanco [1986]Research in a new field the alkali activation of various by-produce
materials.This has become a prime area of research in many research laboratories as there is a possibility to
usethe materials to synthesize relatively inexpensive and green binder like cement which can be used
forconstruction. In this paper, the activation of puzzolonamaterial; fly ash with alkaline solutions with high
alkalinity is studied. The solutions, used for researchwere made using NaOH(Sodium Hydroxide) ,KOH
(Potassium Hydroxide), Na-Sioz (SoidumSilicate/water glass).The reaction products were a alumino-silicate
gel with cpmpressive strengths ofthe order of 60 MPa were observed after curing the mix at 85° C for 5 h
duration. Temuujin et al. [1996]Study about Australian class F and Mongolian class C fly ashes. They found
thatclass F based geopolymer structure has not been affected by chemical attacks whereas; class C
basedgeopolymer structure changes after the chemical attacks. Furthermore, low calcium based
geopolymerbinder are not dehydrated when subject to high temperature . Compared to class C fly ash class
F hashigher aluminium content, therefore class F creates durable geopolymer matrix. Chindaprasirt et
al. investigate characteristics of alkali activated class C fly ash mixes.They found that when the mix has
high pH level (>13), CaO/SiO2 ratio in the range of 0.59-0.69 andSiO2/Al203 is in the range of 2.57- 4.79,
the final geopolymer binder has mainly C-S-H or C-A-S-H.Furthermore, they reported that at low pH level
with lower Ca2+ concentration formed N-A-S-H as themajor reaction product.D.Hardjito and
B.V.Rangandescribe the development the mixture proportion amnd the shortterm properties of low calcium
fly ash based geopolymer concrete. Subsequent reported the long termproperties and the behaviour and the
strength of reinforced geopolymer concrete.Olivia et al (2008) have investigated on the water penetrability
of low calcium fly ash geopolymerconcrete. The conclusion drawn is that fly ash geopolymer concrete
exhibits low water absorption andsorptivity, Low water/binder ratio and a better grading are recommended
in order to reduce thecapillary porosity and the overall porosity of geopolymer concrete. P.
Chinddaprasirtet. al. presented the study of synthesis of high strength geopolymer using finehigh calcium fly
sh. The effect of fineness of flyash on the setting time of geopolymer paste,workability, strength
development and drying shrinkage of geopolymer mortars mde from classifiedfine high calcium fly ash was
investigated . HarbertSinduj et.al. aimed to determine the optimum value of the alkaline activator/ fly
ashratio. The effect of the oxide molar ratios of SiO2/AI203, water content of the waterglass content
werestudied for each Alkaline activator/flyash ratio. Result reveled that the alkaline activator/flyash
ration0.40 has the optimum amount of alkaline liquid, which shows the highest rate of
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geopolymeriztioncompared to other ratios.Alloucher et al. (2011)studied the self-curing properties of
geopolymer concrete. The study shows thatthe temperature generated is dependent upon the amount of
concrete mixed. The strength of GPC wasfound to increase with curingperiod. The modulus of elasticity and
Poisson“s ratio corresponding to 28days™ curing were found to be within acceptable range for typical
concrete used in a structuralapplication,Raijiwala et al (2011) they reported the progress of the research on
making geopolymer concrete usingthe thermal power plant fly ash Gujarat, India. The project aims at
making and studying the differentproperties of geopolymer concrete using this fly ash and the other
ingredients locally availableinGujarat. Potassium Hydroxide and sodium Hydroxide solution were used as
alkali activators indifferent mix proportions. Effects of various salient parameters on the compressive
strength of lowcalciumfly ash-based geopolymer concrete are discussed by considering the ratio ofalkaline
solution to fly ash (by mass) 0.35 constant. The specimens were cured at two differenttemperature 25°C and
60°C for 24 hours in the oven. The main parameters studied were thecompressive strength, curing
temperature, effect of wet-mixing time, influence of handling time oncompressive strength, effect of super
plasticizer on compressive strength, effect of super plasticizer onslump of concrete, effect of water-to-
geopolymer solids ratio by mass on compressive strength, stressstrainrelation of geopolymer concrete in
compression. Experimental results indicate that thecompressive strength of GPC increased over controlled
concrete by 1.5-1.6 times and split tensilestrength of GPC increased over controlled concrete by 1.45 times.
The flexural strength of GPCincreased over controlled concrete by 1.6 times. For pull out test GPC
increases over controlledconcrete by 1.5 times.

Conclusion : Geopolymer materials represent an innovative technology that is generat-ing considerable
interest in the construction industry, particularly in light of the ongoing emphasis on sustainability. In
contrast to the Portland cement, the most geopolymer systems rely on minimally processed natural materials
or industrial byproducts to provide the binding agents. Since Portland cement is responsible for upward of
85 percent of the energy and 90 percent of the carbon dioxide (CO2) attributed to a typical ready-mixed
concrete, the savings of the potential energy and carbon dioxide through the use of geopolymers can be
considerable. Consequently, there is growing interest in geopoytmer application in construction industry. On
this backdrop, the geopolymer technology introduced by Davidovits (1994a) provides an alternative binder
to the OPC. Geopolymer concretes (GPC) are cementless concrete which utilize by product materials like
fly ash in the presence of alkaline solution to produce binders.

This concrete is produced by activating different alumino-silicate based waste materials with highly alkaline
solution. The curing of freshly prepared geopolymer concrete is the most crucial aspect and it plays an
important role in the entire geopolymerisation process. The proper curing of concrete has a positive effect
on the final properties of the geopolymer concrete. The curing of such concrete is mostly carried out at
elevated temperatures; however, curing at ambient temperatures is also carried out at times.It is believed
that higher temperatures activate alumino-silicate phases in the fly ash; therefore, they are generally cured at
elevated temperatures between 60°C- 90°C.
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