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Abstract: - The last two decades have experienced on any ill 

effects of greenhouse emissions on earth. The main effect is 

environmental pollution. On the other hand, due to the pollution 

humans are suffering from serious health problems. India is fast 

growing in infrastructure and plenty of construction activity is 

happening around. In construction industry major activity is 

production of Portland cement; indirectly we are increasing the 

CO2 content in atmosphere by the production of Portland 

cement. 

                   Industrialization is the past few decades has generated 

million tons of wastes every year. However, their disposal has 

been a challenge since than the industrial by-products can be 

used for replacement of ordinary Portland cement, in directly 

reducing CO2 emission in to atmosphere. Replacement of 

ordinary Portland cement by industrial by-products also 

enhances mechanical properties of concrete. To prepare the 

geopolymer concrete Industrial by-products such as fly ash, 

ground granulated blast furnace slag, rice husk, bottom ash, etc. 

are mainly used in construction industry because these materials 

have good bonding property, increased durability and decreased 

the porosity.  

                  To prepare the geopolymer concrete Industrial by-

products such as fly ash, ground granulated blast furnace slag, 

rice husk; bottom ash, etc. are mainly used in construction 

industry because these materials have good bonding property, 

increased durability and decreased the porosity. Compare to 

Portland cement these materials are economically good. Further 

by using these industrial by products we are indirectly reducing 

the CO2.Portland cement with the industrial by products such as 

Fly Ash, Ground Granulated Blast Furnace Slag (GGBS), Rice 

Husk Ash, Metakaolin etc., in these materials GGBS, fly ash, rice 

husk are generally used for full replacement of Portland cement. 

Compare to Portland cement, GGBS fly ash, rice husk are also 

give higher compressive strength results when activated by alkali 

with different curing’s. This concrete is known as Geopolymer 

concrete. 

                          We need alkali solutions like NaOH and Na2SiO3.  

Prepare the alkali solutions, by considering different molarities 

of NaOH like 9M and 14M and different concentrations of 

Na2SiO3 like 40%. Prepare the alkali solution of NaOH and 

Na2SiO3 separately one hour before the mixing of GPC. Prepare 

the cubes to find the mechanical properties such as compressive 

strength, and density of GPC. The specimens were tested after 28 

days of different curing’s.  

I. INTRODUCTION 

1.1 General  

                        In the last two decades the mankind is 

experiencing many ill effects of Greenhouse emissions on 

earth. The most important of these ill effects is environmental 

pollution. On the other hand, due to the pollution humans are 

suffering from serious health problems. India is fast growing 

in infrastructure and plenty of construction activity is 

happening around. In construction industry major activity is 

production of Portland cement that increases the CO2 content 

in atmosphere. 

                            Infrastructure is fast growing and hence 

usage of concrete is increasing, due to its comfort in preparing 

and manufacturing different types of suitable forms. But 

cement is developed by means of raw materials such as lime 

stone, clay and other reserves. The preparation of 1Ton of 

cement requires nearly 1.6 Tons of these materials. So mining 

of these scarce natural resources is also effecting the 

environment. Due to this reason, there is an immediate need to 

use eco-friendly concrete. 

Industrialization in the past few decades has generated 

millions of tons of waste every year. However, their disposal 

has been a challenge since then. The industrial by-products 

can be used for replacement of ordinary Portland cement, in 

directly reducing CO2 emission in to the atmosphere. 

Replacement of ordinary Portland cement by industrial by-

products also enhances the mechanical properties of concrete. 

Industrial by-products such as Fly Ash, Ground Granulated 

Blast Furnace Slag, bottom ash, etc. are mainly used in 

construction industry because these materials have good 

bonding property, increased durability and decreased porosity. 

Compared to Portland cement, these materials are 

economically good. Further by using these industrial by 

products reducesCO2 emission indirectly. 

1.2 Eco-friendly Concrete 

Geo polymer is generally defined as a solid and stable alumina 

silicate material formed by alkali hydroxide or alkali silicate 

activation of a precursor that is usually supplied as a solid 

powder. Geo polymer have also been described in the 

academic literature as „mineral polymer‟, „alkali ash material‟, 

„alkali bonded ceramics‟, „soil cements‟ and a variety of other 

names. 
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 The principal means of synthesising geo polymers is to 

combine an alkaline solution with a reactive alumina silicate 

powder, in particular metakaolin (calcined kaolinite clay) or 

Fly ash or GGBS or Rice husk etc. This results in the 

formation of a disordered alkali alumino silicate gel phase, 

known as the geo polymeric gel binder. 

1.2.1 Geo Polymer Concrete 

Geo polymer concrete is a creative and eco-friendly 

construction material manufactured by the replacement of 

ordinary Portland cement. Geo polymer technology was first 

invented by JOSEPH DEVIDOVITS in the 1978 and defined 

it as alkali activated material (having good binding agents like 

silica and alumina). Due to this Geo polymer is micro porous, 

alumino-silicate mineral generally used as profitable adsorbent 

and reagent. Geo polymer chemical composition is similar to 

zeolite. Due to micro porous structure, performance of Geo 

polymer is temperature dependent. 

 Initially these materials were originally developed as a fire 

resistant alternative to organic thermosetting polymer. But 

later in observation of materials, they found the binding 

content in „geo polymer‟, so they shifted the material to use in 

construction. 

 Geo polymer concrete has the potentially to substantially curb 

CO2 emission. Geo polymer produce a more durable 

infrastructure capable of design life measured in hundreds of 

years. It conserves hundreds of thousands of acres currently 

used for disposal of coal combustion products and also reuse 

the waste of steel industry (GGBS).It protect aquifer and 

surface bodies of fresh water via the elimination of fly ash 

disposal sites. Geo polymer concrete is  

• Nontoxic, bleed free 

• Sets at room temperature 

• Long working life before stiffening 

• Impermeable 

• High resistance to heat and resist all inorganic 

solvents 

• Higher compressive strength  

In present day, Geo polymer concrete is used in various 

construction projects, these following areas are  

a) Precast concrete productions like railway sleepers, 

electric power poles, parking tiles   etc. 

b) Marine structures due to resistance against chemical 

attacks. 

c) Basement or subbasement works. 

d) Dams, reservoirs and hydro-electric projects. 

e) Sewerage treatment plant. 

f) Foundation such as piles in soils containing sulphates 

/ chlorides. 

g) Underground pre-cast/in-situ-placing concrete 

structures such as tunnels. 

h) Bigger concrete structures such as transfer beams. 

i) Precast sewerage pipes. 

1.2.2 Geopolymerisation 

Global OPC production in 2008 was estimated to be 2.6 

billion tons per annum, while other sources mention 1.5 

billion tons p.a., which is a huge variation. This $150 

billion industry contributed 5-8% of global carbon dioxide 

(CO2) emission, mainly as a result of the decomposition of 

limestone during the energy intensive cement making 

process. Therefore, alternative binder system such as 

alkali activated materials (AAM), including geo polymers, 

despite significant reduction in CO2 has not been cost-

reduction, in which case AAM starting from a low volume 

basis can never complete against large scale OPC 

proproduction. 

 

Figure 1: Geopolymerisation Process 

1.3 Materials For Eco-friendly Concrete 

To prepare eco-friendly concrete, we have to replace the 

Portland cement with the industrial by products such as Fly 

Ash, Ground Granulated Blast Furnace Slag (GGBS). 

1.3.1 Ground Granulated Blast Furnace Slag (GGBS) 

„GGBS‟ means ground granulated blast-furnace slag, in which 

blast-furnace slag (BS) is a by-product of the steel industry. It 

results from the combination of iron ore with lime stone flux 

and is obtained from the manufacture of pig iron in a blast-

furnace.  

              When BS is quenched by water it forms a glassy 

material known as granulated blast-furnace slag (GBS).In 

contact with water, GBS possess hydraulic properties. 

However, the rate of reaction is slow and needs alkalis and 

sulphates to activate. When mixed with Portland cement, as pc 

hydrates, it releases alkalis and sulphates, which serves as 

activators for the „GGBS‟. It is an excellent binder to produce 

high performance cement and concrete. 

1.4 Fly Ash 

Fly ash is the by-product of coal combustion collected by the 

mechanical or electrostatic precipitator (ESP) before the flue 

gases reach the chimneys of thermal power stations in very 

large volumes.  
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                All types of fly ash contain significant amounts of 

silicondioxide (SiO2), aluminiumoxide (Al2O3), ironoxide 

(Fe2O3), calciumoxide (CaO), magnesiumoxide (MgO) 

however, the actual composition varies from plant to plant 

depending on the coal burned and type of burner employed. 

Fly ash also contains trace elements such as mercury, arsenic, 

antimony, chromium, selenium, lead, cadmium, nickel and 

zinc. 

1.5 Alkali Activators 

                          The most common alkaline liquid used in geo 

polymerisation is a combination of sodium hydroxide (NaOH) 

and sodium silicate (Na2SiO3). Alkali activators play an 

important role in the polymerization process. Reactions occurs 

at a high rate when the alkaline liquids contain soluble silicate, 

either sodium or potassium silicate, compared to the use of 

only alkaline hydroxides. Generally the NaOH solution caused 

a higher extent of dissolution of minerals then the potassium 

hydroxide solution. But economically sodium hydroxide and 

sodium silicate is less cost compare to potassium hydroxide 

and potassium silicate. 

1.6 Sodium Hydroxide (NaOH) 

                                   Sodium hydroxide also known as lye 

and caustic soda, it is an inorganic compound. It is a white 

solid and highly caustic metallic base and alkali of sodium 

which is available in pellets, flakes, granules, and as prepared 

solutions at different concentrations. Sodium hydroxide is 

soluble in water, ethanol and methanol. This alkali is 

deliquescent and readily absorbs moisture and carbon dioxide 

in air. Sodium hydroxide is used in many industries, mostly as 

a strong chemical base in the manufacturing of pulp and 

paper, textiles, drinking water, soaps, and detergents, and as 

drain cleaner. Pure sodium hydroxide is a whitish solid, sold 

in pellets, flakes, and granular forms, as well as in solution. 

Sodium hydroxide is highly soluble in water and lower soluble 

in ethanol and methanol. 

 

Figure 2: NaOH Flakes 

1.7 Sodium Silicate (Na2SiO3) 

                              Sodium Silicate is also called as water glass 

or liquid glass; these materials are available in aqueous 

solution and in solid form. The pure composition is colourless 

or white, but commercial samples are often greenish or blue 

owing to the presence of iron containing impurities. 

 

Figure 3: Sodium Silicate 

1.8 METHODOLOGY 

1.8.1 Experimental Program 

1. The main steps involved in the conduct of the 

experimental program are 

2. To collect the materials of Geo polymer concrete and 

then conduct different tests for finding properties of 

all materials. 

3. Calculation of mix proportions for binder, alkali 

solutions, river sand and coarse aggregate. 

4. For polymerization process alkali solutions like 

NaOH and Na2SiO3 are required. To preparing the 

alkali solutions, by considering different molarities of 

NaOH flakes like 9M, 14M and Na2SiO3. In this 

way to fix the mix proportions of Geo polymer 

concrete and alkali solutions. 

5. Prepare the alkali solutions NaOH and Na2SiO3 

separately one hour before the mixing of GPC. 

6. To prepare the cubes and to find their mechanical 

properties such as compressive strength of cubes. 

7. After casting the specimen, the specimens are kept at 

room temperature for 24 hours. After 24 hours 

specimens are unmoulded. 

8. To conduct tests on concrete samples to find the 

mechanical properties after 7 days, 14days and 28 

days of water curing, ambient curing and oven 

curing. 

9. Based on the results of motor cubes, to find the best 

ratios of Ground Granulated Blast Furnace Slag, Fly 

Ash, Rice Husk and Silica fume and the ratios of 

alkali and binder 

10. Analyse the test results. 

1.9  Design of Mix Proportion 

 Selection of grades of concrete 

 We adopt two grades of concretes are M20&M10. 

 For M20, we had taken the standard ratio of Binder: 

C.A: F.A is 1:1.5:3. 

 For M15, we had taken the standard ratio of Binder: 

C.A: F.A is 1:2:4. 

 Selection of binder  

 Thought the various studies on the different 

properties of GGBS and FLY ASH, we observe the 
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similar binding properties like cement and eco-

friendly and economic. So, In the place of cement we 

used the ground granulated blast-furnace slag or fly 

ash as a binder. 

 Selection of molarity of NaOH 

 From trial mixtures of different molarities (9M, 12M, 

& 14M) tested on compression testing machine for 7 

days cured in different curing condition (ambient, 

water &oven curing). 

 Then according to the compressive strength of cubes 

in 7 days, 9M and 14M gives maximum strength than 

other molarity. 

 So, we adopt molarities for NaOH are 9M and 14M 

for entire study. 

 Selection of concentration of Na2SIO3 

 Trial mixtures of different Concentration of Na2SiO3 

were 50 % and 70% tested on compression testing 

machine for 7 days cured in different curing 

condition (ambient, water &oven curing). 

 70% of Na2SiO3 gives very high strengths among all 

other Concentration of Na2SiO3. So, we adopt 

Na2SiO3 concentration is 70%. 

 Selection of alkaline to binder ratio (A/B) 

 Alkaline solution is prepared by mixing of Sodium 

Hydroxide Solution and Sodium Silicate Solution. 

 Trial mixtures of different alkaline to binder ratios 

0.6, 0.8, and 0.9 were tested on compression testing 

machine for 7 days. 

 A/B ratio of 0.6 mixtures is very difficult to prepare 

the mixture with low workability and unable to use 

0.9 due to the mixture is turned into slurry and 0.8 

gives maximum results. 

 So, we adopted (A/B) ratio as 0.8 for entire study 

 Selection of ratio of NaOH to Na2SIO3 

 From the literature Sodium Hydroxide Solution (SH) 

to Sodium Silicate Solution (SS) was maintained in 

the ratio of 1:2.5 

 So, we adopted Sodium Silicate to Sodium 

Hydroxide value is (SH/SS) = 2.5 For entire study. 

1.10 Mix Calculations 

Density = Mass / Volume 

Size of the cube: 0.150m X 0.150m X 0.150m 

Volume of one cube = 3.375 X 10-3 m³ 

Assumed density = 2500 kg/m3 

Weight of one cube = 8.43kg 

Mix proportion: X: Y: Z 

Here, X = Binder for one cube or one cylinder in kg 

Y = Fine aggregate for one cube or one cylinder in kg 

Z = Coarse aggregate for one cube or one cylinder in kg 

Alkali to Binder ratio (A/B): 0.8 

Alkali solution = 0.8 X binder 

Gypsum=5% of binder 

Total Mix proportion: X+Y+ Z 

For one cube weights: 

Weight of binder = (Weight of cube / Total Mix proportion) X 

(X) 

Weight of quartz sand = (Weight of cube / Total Mix 

proportion) X (Y) 

Weight of Coarse aggregates = (Weight of cube / Total Mix 

proportion) X(Z) 

The ratio of Na₂SiO₃ to NaOH = 2.5 

Mass of NaOH solution = (2/7) X (2.65) = 0.757kg 

Mass of Na₂SiO₃ solution = (5/7) X (2.65) = 1.892kg 

1.11 Method of Curing 

1. Once casting is completed the specimens are placed 

in a room, at room temperature. After 24 hours of 

time the specimens are separated from moulds. 

2. Oven curing, water curing, ambient curing is 

sufficient to observe the variation of compressive 

strength in different curing condition. 

II.   RESULTS AND DISCUSSIONS 

2.1 Compressive Strength of Geopolymer Concrete Cubes 

      Different combinations of NaOH and Na2SiO3 were used 

for the preparation of geopolymer cubes. The size of the 

specimens is 150mm X 150mm X 150mm were used for the 

conducting compression test. These specimens are tested in 

compression testing machine after completion of 7, 14, 28 

days of oven curing, water curing and ambient curing. The 

capacity of the compression testing machine is 2000kN. The 

load is applied gradually till the specimen fails by the rate of 

5kN/sec. 

2.2 Graphs 

 

Graph1: Graphical Representation of Compressive Strength of Geopolymer 
Concrete for M20 (1:1.5:3) Grades (Using GGBS) 
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Graph 2: Graphical Representation of Geopolymer Concrete for M15 (1:2:4) 

Grades (Using GGBS) 

 

Graph 3: Graphical Representation of Geopolymer Concrete for M20 (1:1.5:3) 

Grades (Using Fly Ash) 

 

 

Graph 4: Graphical Representation of Geopolymer Concrete for M15 (1:2:4) 

Grades (Using Fly Ash) 

2.3 Discussion 

 The above graph is clearly showing the variation of 

compressive strength in various curing condition as 

well as the variation of compressive strength in 

different molarities values of NaOH. 

 The above graphs also shows that the variation of 

compressive strength of Geo polymer concrete by 

using GGBS and Fly ash respectively. 

 The above graphs also show the increment in 

compressive strength in 7, 14 and 28 days of curing 

of geo polymer concrete cubes. 

III.  CONCLUSIONS 

1. The experimental study is conducted for different 

mix proportions, they are 1:2:4, and 1:1.5:3 and all 

these mix proportions produces good compressive 

strength results out of these 1:2:4 mix produces 

higher results.  

2. Compressive strength of Geo polymer concrete is 

increases with the increasing of sodium silicate 

concentration and maximum results obtain at 30 % 

concentration.  

3. Compressive strength of geo polymer concrete also 

increases with the increasing of molarities of sodium 

hydroxide and maximum results obtain at 14M 

solution. 

4. 9M and 14M sodium hydroxide mixes produces same 

results in all mix proportions. 
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5. Based on visual observation workability of Geo 

polymer concrete increases with the increasing of 

sodium silicate concentration. 

6. Based on visual observation Temperature will also 

affect the mix. The setting time decreases with 

increasing of Temperature. 

7. Compressive strength of Geo polymer concrete 

obtain maximum in ambient curing condition. 

8.  GGBS based geo polymer concrete achieve higher 

compressive strength than Fly ash based Geo 

polymer concrete. 

9. Rice husk based geopolymer concrete is not suitable 

because of poor in compressive strength. 
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