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Need For Geo-Polymer Concrete 

Concrete is one of the most widely used construction 
material in the world, it is usually associated with 
Ordinary Portland Cement (OPC) as the main 
component. Production of one tone of cement 
requires about 2 tons of raw materials of shale and 
limestone, and also releases large amount of carbon 
dioxide (CO2) to the atmosphere that significantly 
contributes to Greenhouse gas Emissions. The 
amount of Carbon dioxide released during the 
manufacturing process of OPC is in the order of 1 
ton for every ton of OPC produced. Globally, the OPC 
production contributes about 7% of the world’s 
Carbon dioxide. This is adding about 1.6 billion tons 
of Carbon dioxide to the atmosphere. Therefore 
there is a need to find an alternative type of binders 
to produce more environmental friendly concrete. A 
promising alternative is to target reduction in CO2 
emissions from Cement manufacture through the 
substitution with Fly ash. In this view, the use of fly 

ash can make valuable contribution to the reduction 
of environmental impact from construction industry. 
Geo-polymer concrete can be considered as a 
sustainable approach to construction since the 
internal energy content of these new concretes are 
much less than that of Ordinary Portland Cement 
based Concretes and by this process Portland 
cement, one of the largest contributors to 
greenhouse gas is completely eliminated.  

Fly Ash Based Geo-polymer Concrete 

In this experimental work, fly ash is used as the 
source material to make geo-polymer paste as the 
binder, to produce concrete. The manufacture of 
geo-polymer concrete is carried out using the usual 
concrete technology methods. As in the Portland 
cement concrete, in fly ash-based geo-polymer 
concrete, the aggregates occupy the largest volume, 
i.e. about 75-80% by mass. Sodium-based activators 
were chosen because they were cheaper than 

Abstract 

Concrete occupies unique position among the modern construction materials. Concrete is a 
material used in building construction, consisting of a hard, chemically inert particulate substance, 
known as a aggregate, that is bonded by cement and water. Geo-polymer is an inorganic alumina-
silicate compound, synthesized from materials of geological origin or from by-product materials 
such as fly ash, rice husk ash, etc., that are rich in silicon and Aluminum (Pozzolan) combined with 
alkaline activator. The geo-polymer technology could reduce the CO2 emission to the atmosphere 
caused by cement and aggregates by about 80%.Direct alkaline activation of industrial wastes, such 
as fly ash can be employed to produce Geo-polymer which can be gainfully utilized to manufacture 
novel concretes for constructions. It is essentially cement free concrete. This material is being 
studied extensively and shows promise as a greener substitute for ordinary Portland cement 
concrete in some applications. Research is shifting from the chemistry domain to engineering 
applications in commercial production of geo-polymer concrete. It has been found that geo-
polymer concrete has good engineering properties with a reduced global warming potential 
resulting from the total replacement of ordinary Portland cement. The research undertaken at 
various universities has included studies on geo-polymer concrete mix design, structural behavior 
and durability. This project presents the results from studies on M20 concrete and compares the 
strength of geo-polymer concrete with ordinary concrete under same conditions. The compressive 
strength for the casted cubes is tested after 7 days and 28 days for different curing techniques 
(ambient, water and oven cured). 
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Potassium-based activators. The sodium hydroxide 
was used, in flake or pellet form. It is recommended 
that the alkaline liquid is prepared by mixing both 
the solutions together at least 24 hours prior to use. 

Mechanism 

The reaction of fly ash with an aqueous solution 
containing Sodium Hydroxide and Sodium Silicate in 
their mass ratio, results in a material with three 
dimensional polymeric chain and ring structure 
consisting of Si-O-Al-O bonds, as follows:   

Mn [-(SiO2) z–AlO2] n. wH2O   

Where M is a monovalent cat ion such as potassium 
or Sodium, the symbol – indicates the presence of a 
bond, n is the degree of poly-condensation or 
polymerization and z is 1, 2, 3 or higher. The 
schematic formation of geo-polymer material can be 
shown in Figure 1. 

 
Figure 1: Schematic formation of Geo-Polymer 
Concrete 

Experimental Program 

In the present experimental program cubes of size 
(150x150x150mm) conforming to IS 10086-1982 
were casted and tested for compressive strength. 

Preparation of Alkaline Solution 

Sodium based alkaline solutions were used to react 
with the fly ash to produce the binder. Sodium-
silicate solution type A53 was used for the concrete 
production. Sodium hydroxide solution was prepared 
by dissolving sodium hydroxide pellets in water. The 
pellets are commercial grade with 97% purity thus 8 
molar solutions were made by dissolving  320 grams 
of sodium hydroxide pellets in 1Kg of water.  The 
sodium hydroxide solution was prepared one to two 
days prior to the concrete batching to allow the 
exothermically heated liquid to cool to room 
temperature. The sodium silicate solution and the 

sodium hydroxide solution were mixed just prior to 
the concrete batching. 

Fly Ash 

In the present investigation work, the fly ash used is 
obtained from thermal power station near 
Hyderabad. The specific surface of fly ash is found to 
be 4250cm2/gm and its specific gravity is 2.3. 

  

 
Figure 1 : Sodium Hydroxide pellets and sodium 
silicate solution (Alkaline activator) 

Mix Proportions 

The trail mix is for 14 cubes of 150x150x150 mm. 

Volume = 0.0475 m3 

Table 1: Mix proportion of geo-polymer concrete 

Materials Mass 

G20 

Coarse Aggregate 62 Kgs 

Fine Sand 26 Kgs 

Fly Ash 20 Kgs 

Mix Proportion 1:1.3:3.1 

Na2SiO3/NaOH 2.0 

Sodium Hydroxide Solution 2.33ltrs 

Sodium Silicate Solution 4.67lts 

Extra Water 0.5 liters 

Alkaline liquid to fly ash ratio 0.4 

Molarity 8M 
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Table 2: Mix proportion of ordinary concrete 

 

 

 

 

 

 

 

 

 

 

 

Casting of specimens 

 

 
Curing of specimens 

After casting the specimens, they were kept in rest 
period in room temperature for 2 days. The term 
‘Rest Period’ was coined to indicate the time taken 
from the completion of casting of test specimen to 

the start of curing at an elevated temperature. The 
geo-polymer concrete was de-molded and then 
placed in an autoclave for steam curing for 24 hours 
at a temperature of 60oC. The cubes were then 
allowed to cool in room temperature for 24 hours.   

 
Testing of cube specimens for compressive 
strength 

The cube specimens were tested in a compressive 
testing machine having 2000kN capacity in 
accordance with the Bureau of Indian Standard test 
procedures. The compression test results are 
tabulated in Table below for different curing 
techniques and compared with the normal concrete 
for 7 days and 28 days. 

 

Table 3 : 7 Day strength 

Type of 
Curing 

Normal Concrete 
(N/mm2) 

Geo-Polymer 
Concrete(N/mm2) 

1 2 3 1 2 3 

Ambient 
curing 

6.2 8.44 8.03 11.11 10.22 10.65 

Materials Mass 

M20 

Coarse 
Aggregate 

20mm 20 Kgs 

14mm 20 Kgs 

7mm 22 Kgs 

Fine Sand 26 Kgs 

Cement 20 Kgs 

Mix Proportion 1:1.3:3.1 

Water/Cement ratio 0.4 

Water added 8ltrs 
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Water 
Curing 

13.5 13.33 11.9 8.44 6.66 7.07 

Oven 
Curing 

12.47 13.6 14.1 16.88 16.56 17.77 

 

Table 4: 28 day strength 

Type of 
Curing 

Normal Concrete 
(N/mm2) 

Geo-Polymer 
Concrete(N/mm2) 

1 2 3 1 2 3 

Ambient 
curing 

15.12 14.29 16.2 17.83 18.34 18.91 

Water 
Curing 

21.4 19.67 22.03 20.58 22.1 19 

Oven 
Curing 

23.24 24.76 23.97 24.46 24.07 23.69 

 

 
7 day strength of Geo-polymer concrete 

 
7 day strength of ordinary concrete 
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28 Day strength Comparison of Conventional 
Concrete and Geo-Polymer Concrete 

Conclusion 

From the experimental investigation on the Eco-
friendly concrete prepared by complete removal of 
cement with fly ash and water content by alkaline 
solution the following conclusions are drawn. 

The compression test results for the conventional 
concrete and geo-polymer concrete after 7 and 28 
days are tabulated and graphed as shown for 
different methods of curing namely Ambient, Water 
and Oven Curing. 

It can be seen in the comparison graph that the 
cement concrete after 7 days gains only 70 percent 
of its strength whereas the geo-polymer after 7 days 
attains almost 90% of its strength. 

However the 28 days Strength does not have much 
difference between the cement concrete and geo-
polymer concrete but still the strength in geo-
polymer is slightly greater showing that it’s still 
gaining strength even after the 28-day characteristic 
period. 
Scope for Further Work 

As seen during the experiment, geo-polymer concrete 
has rapid hardening properties and a quick setting time 
and it is best suited for precast works. However, the mix 
is does not have good flow ability due to its quick 
setting time as it leaves a lot of pores and compaction 
becomes difficult if delayed. Thus, it would be good to 
use the properties of self compaction to overcome this 
drawback with which the pores are filled due to self 
consolidation of the mix. 
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