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I.     INTRODUCTION 

Geopolymer concrete is study investigates about the 

replacement of ordinary concrete. It is not that 

much possible for the ordinary concrete to serve as 

a High Performance Concrete (HPC). So we have to 

provide some special concrete. Here one such a 

special concrete is used i.e. Geopolymer concert. 

This combination will further improve the 

durability and strength of the concrete and it will 

increase performance of the concrete than the 

ordinary concrete. 

 

1.2 NECESSITIES OF GEOPOLYMER 

CONCRETE 
Geopolymer concrete is mostly used in 

highway construction, projects and so on. As per 

the present world statics day to day and every year 

millions tons of cement are required. Ordinary 

Portland Cement is commonly used in concrete. 

While producing one ton of cement, 

approximately one ton of carbon di oxide (CO2) 

will be emitted to the atmosphere, which causes 

major environmental problems. The high amount of 

energy is also required for the production of 

cement. Hence it is very important to find 

alternative binder. The Thermal Industry produces a 

waste called as fly ash, which is dumped on the 

earth and it occupies large areas. The waste water is  

 

 

discharged into the ground from the Chemical 

Industrieswhich makes impure to the ground water. 

By the production of Geopolymer Concrete, all the 

mentioned issues can be solved by rearranging 

them.  

Waste Fly Ash from Thermal Industry plus Waste 

water from Chemical Refineries is equals to the 

Geo polymer concrete. 

In this way The production of cement can be 

reduced and therefore the pollution of atmosphere 

by the production of carbon di oxide can be 

decreased. 

 

2. GEOPOLYMER CONCRETE 
 

2.1 GEOPOLYMER THEORY 
Geopolymer concrete is a concrete that is made by 

reacting aluminate (Al)and silicate (Si) bearing 

materials with a Sodium hydroxide. Waste 

materials such as slag from iron and metal 

production are used, which helps in leading to a 

clean environment. Geopolymer concrete does not 

require any heat for making it and also it does not 

produces carbon dioxide(CO2). Standard Portland 

cement concrete are requires both, heat and carbon 

dioxide. 

By the contact of the pozzolanic material and the 

alkaline solutionDissolution occurs immediately, 

And allows for ionic interface between Species and 
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The compressive strength increases with the increasing of fly ash fineness and thus the reduction in 
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the breaking of covalent bonds between silicon (SI), 

aluminium (AL) and oxygen(O2) atoms. 

 

2.2 GEOPOLYMER DEVELOPMENT 
Geopolymer concrete develops through a series of 

several distinct reaction processes from initial 

pozzolanic activation to final microstructure 

development. The major processes involve are 

dissolution of the alumina silicate species within a 

highly basic, alkaline environment, polymerization 

of the dissolved minerals into short-lived structural 

gel, precipitation of formed hydration products 

similar tofinal hardening and natural zeolites of the 

matrix by excess water exclusion and the growth of 

crystalline structures. The overall polymerisation 

process in alkali activated geopolymer concrete. 

 

2.3 CONSTITUENTS OF GEOPOLYMER 

CONCRETE 
  

2.3.1 Coarse Aggregate 
Crushed granite rock where used as course 

aggregates, the nominal size of coarse aggregates 

are 20mm and Its specific gravity is 2.72.Cement 

concrete can be used in case of Geopolymer 

concrete (GPC) also where the coarse aggregate 

should conform to IS-383- 1970. 

 

2.3.2 Fine Aggregate 
Natural river sand where used as fine aggregate the 

specific gravity of fine aggregate is 2.64 and fine 

aggregate has a fineness modulus of 2.36. In place 

of sand we can also use bottom ash which can be a 

replacement of sand. Up to a level of 20% 

replacement of sand gives a good compressive 

strength. 

 

2.3.3 Admixtures 
To improve the workability of the fresh concrete, a 

commercially available naphthalene based super 

plasticizerwhere used. Lignin based first generation 

plasticizer shows good performance in terms of 

workability over third generation super plasticizer. 

High range water reducing naphthalene based super 

plasticiser; naphthalenesulphonate based super 

plasticizer etc. was also used. 

 

2.3.4 Alkaline Activators 
 

   The alkaline liquid should be made prior to one 

day before mixing because at the time of mixing of 

Na2SiO3 with NaOH solution, it generates the large 

amount of heat and the polymerization takes place 

by reacting with one another, which acts as a binder 

in the geopolymer concrete. Common activators 

include NaOH, Na2SO4 , waterglass, Na2 CO3 , K2 

CO3 , KOH, K2SO4 and cement clinker, the most 

utilized alkaline activators are a mixture of sodium 

or potassium hydroxides (NaOH, KOH) and sodium 

waterglass (nSiO2 Na2 O) or potassium waterglass 

(nSiO2 K2 O). 

 

Sodium Hydroxide (NaOH) 
The solution of NaOH was formed by dissolving it 

in water with different molarity. It is recommended 

that the sodium hydroxide (NaOH) solution should 

be madebefore 24 hours of casting and should be 

used with in 36 hours of mixing the pellets with 

water is after that converted to semi-solid state. 

 

Potassium Hydroxide (KOH) 
KOH has been found to produce high compressive 

strengths and improved porosity in geopolymer 

cements. Since K+ is more basic than other 

activating ions, it creates a greater potential for 

polymeric ionization in solution resulting in high 

reactivity of the prime pozzolanic, a denser final. 

 

Sodium Silicate (Na2SO3) and potassium silicate 
Sodium silicate is also known as waterglass 

which is available in the market in gel form. The 

ratio of SiO2 and Na2O in sodium silicate gel highly 

affects to the strength of geopolymer concrete. 

Mainly it is seen that the ratio ranging from 2 to 2.5 

gives a satisfactory result.  

 

2.3.5 Geopolymer 
This are formed by alkali-activating a 

variety of materials like fly ash, blast furnace slag,  

etc. to produce a cement-material.  

Generally, The source for geopolymer 

production are the materials containing mostly 

amorphous silica (SiO2) and alumina (Al2O3). 

Naturally available materials likenatural puzzolana, 
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kaolin and Malaysian marine clay , treated minerals 

like metakaoline and waste materials 

likeConstruction waste, fly ash, red clay brick 

waste, fly ash and rice husk-bark ash, fly ash and 

blast furnace slag etc. can be used. For to beused as 

the binder in geopolymer concrete mixes, many 

materials investigated including: 

 

� Calcite kaolin or met kaolin 

� Natural minerals containing Al 

and Si 

� Slag 

� Red mud 

� Albeit 

� Silica fume 

� High calcium fly ash (Class C 

fly-ash) 

� Low calcium fly ash ( Class F 

fly-ash) 

Metakaolin was widely used as the binder in 

the early stages, but due to its flat shape it tends to 

have high water demand. Fly ash particles have a 

rounder shape, ensuring more promising 

workability and a low water demand. 

 

3. GEOPOLYMER CATEGORIES 
There are currently four different 

geopolymer categories including: 

� Slag based geopolymer 

� Rock based geopolymer 

� Fly ash based geopolymer 

� Ferro-sialate based geopolymer 

 

3.1 SLAG BASED GEOPOLYMER 
A slag based geopolymer wasthe first 

geopolymer developed in the 1980s. The reason 

beyond for using mainly this type of cement is due 

to its rapidgaining strength as it can be reach to 

thestrengths of up to 20 MPajust after 4 hours. Slag 

is a partially transparent material and a by-product 

in the process of melting iron ore. It usually 

consists of a mixture of metal oxides and silicon 

dioxide. It is also used in the cement and concrete 

industry. The OPCsubstitute with a slag is one of 

the many benefits that it provides to OPC concrete, 

reducing costs of life cycle andthe fresh 

concreteworkability isimproving, Smoothly and 

easilyfinishability, higher the strength of 

compressive and flexural and also the resistance to 

acid materials is improved. The reactions of slag in 

alkali activating systems and in cement blends are 

dominated by the small particles. Examples of slag 

used are; Iron blast-furnace slag, Corex slag& Steel 

slag. 

 

3.2 ROCK BASED GEOPOLYMER 
This type of geopolymer is to compose, a 

fraction of the MK-750(An abbreviation for 

metakaolin is “MK” and the temperaturerepresents 

by “750” at which it was produced) in the slag 

based geopolymer is replaced by feldspar and 

quarts which is a natural rock forming materials. 

The blast-furnace slag, metakaolin MK-750, natural 

rock forming materials (calcined or non-calcined) 

and a user friendly alkali silicate are thecomponents 

of geopolymer cement (rock based). 

 

3.3 FLY ASH BASED GEOPOLYMER 
This kind of geopolymer is more friendly 

and it hardens at room temperature. The mixture 

consists of a user-friendly silicate(SI), blast furnace 

slag and fly ash. The fly ash particles are embedded 

into an aluminosilicate gel with a Si: Al ratio of 1 to 

2. 

 

Fly ash is commonly used as a substitute for OPC 

in concrete and the addition of it provides; 

 

• Fly ash consists of spherical particles which 

improve the workability of the fresh OPC 

concrete. This enables one to reduce the 

amount of water in the mix which reduces 

the amount of bleeding of OPC concrete. 

 

• It Improves mechanical properties such as 

compressive strength and ensures a higher 

reactiveness and better “packing” of 

particles. 

 

� Reduce the cost of the OPC 

concrete. 

� Reduces the CO2 emissions and 

drying shrinkage. 

� Smoother surface. .  
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Fig. 2.2 Graded fly ash 

 

Fly ash can be divided in to two, type F fly 

ash and type C fly ash. The type “F” fly ash can be 

again classified into two Alkali-activated fly ash 

geopolymer and Fly ash/slag based geopolymer. 

most of the globally available fly ash material is a 

low calcium by product obtained from the burning 

of anthracite and bituminous coal. 

 

3.4 FERRO SIALATE BASED GEOPOLYMER 
This type of geopolymer has the same 

properties as rock based geopolymer just the 

difference is that,it contains geological elements 

with high iron oxide , giving the geopolymer a red 

colour. Geopolymer concrete forms with the 

following formation:(Ca,K)-(-Fe-O)-(-Si-O-Al-O-). 

 

4. ADVANTAGES OF GEOPOLYMER 

CONCRETE  

 

High Strength 

It gives high compressive strength that 

shows higher compressive strength than that of 

ordinary concrete it gets its strength very rapidly 

and cures very quickly 

Geopolymer concrete gives high tensile 

strength and it is less brittle than Portland concrete 

and can withstand in more seismic waves. 

 

Very Low Creep and Shrinkage 

Geopolymer concrete does not hydrate; it is 

not as permeable and will not experience significant 

shrinkage. Geopolymer concrete has very low 

creep.  

 

Resistant to Heat And Cold 
It has the ability to stay at the temperature of 

more than 2200
o
 F. Excessive heat can reduce the 

stability of concrete causing it to layers break off. 

Geopolymer concrete does not experience spalling 

unless it reaches over 2200
o
F.  

 

Chemical Resistance 
It can resist Acids, toxic waste and salt 

water. This  will not have an effect on geopolymer 

concrete. Corrosion does not occurs in this 

concrete. 

 

5.DISADVANTAGE OF GEOPOLYMER 

CONCRETE 
 

 Difficult To Create 
Geopolymer concrete requires special 

handling and requires skilled labours. The 

chemicals used for making geopolymer, such as 

sodium hydroxide, are very harmful to our health. 

 

Cost and Nature 
Geopolymer concrete has high cost in 

construction. And it tends to be brittle in nature i.e. 

if fibre reinforcement is not provided in some 

polymer concrete casas tends to develop cracks. 

 

 Geopolymerization Process Is Sensitive 
This field of study has been proven 

inconclusive and extremely volatile. Uniformity is 

lacking. 

 

6. APPLICATIONS OF GEOPOLYMER 

CONCRETE 
Geopolymer concretes possess a high 

potential for use in commercial applications due to 

their high durability some applications are as 

follows:- 

 

 Concrete Pipes 
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 The geopolymer concretes are used for 

commercial sewer piping and is a good option from 

the basis of their resistance to sulphates and acidic 

products. Sulphuric acid is generated in sewer 

systems through the breakdown of hydrogen 

sulphide by aerobic bacteria in the system.And the 

main purpose of providing geopolymer concrete 

pipe in the sewer is that, it is resistance to the 

corrosion.  

 

 

Fig.6.1.Precast Geopolymer Concrete Pipes 

 

Structural Elements 
Geopolymer concrete is used for casting of 

columns and beams. The load capacity of 

geopolymer columns is influenced by load 

eccentricity, concrete compressive strength values 

and longitudinal reinforcement ratios. Decreased 

eccentricity loading and reinforcement ratio, 

increases favor an increase in overall column load 

capacity 

 
 

         Fig.6.2.Geopolymer Columns 

 

 
 

fig.6.3.Geopolymer beam 
 

Pavements 
Geopolymer concrete is used for making  

heat resistant pavement due to its thermal capacity. 

Pozzolana-based geopolymer cements do not 

readily decompose when exposed to high 

temperatures and appear to be more structurally 

stable under such conditions than PCC. 

Geopolymer cements utilize more and store less 

water from solution during particle reaction, and 

therefore, prevent aged dry shrinkage and strength 

degradation due to rapid water loss under extreme 

heat. 

 

 Retaining Wall 
A total of over 50-40 MPa geopolymer 

precast panels were used as retaining wall for a 

private residence. The panels for each were up to 6 

metres long by 2.4 metres wide and are designed to 

retain earth pressure of 3 metres. 

 

7. CONCLUSION 
Geopolymers emit nearly about 80% less 

CO2 than OPC during production, making it a more 

Ecofriendly building material. Like Ordinary 

Portland cement concrete. In other way,the ductility 

of concrete can also be improved by adding fibres.  

The geopolymer properties includes high 

strength gain in less time, low shrinkage, resistance 

tosulphate and resistance to corrosion. The high-

alkali binders does not generate any reaction on 

alkali-aggregate. The geopolymer binder is a low 

CO2 cementious material. It does not depend on the 

Calcination of limestone that generates CO2. This 

technology can save up to 80% of carbon dioxide 

(CO2) emissions caused by the cement and 
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aggregate industries. Due to the high early strength, 

Geopolymer Concrete shall be effectively used in 

the precast industries, so that huge production is 

possible in short duration of time. 
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