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Abstract 
 
Cements which are used for construction work are generally OPC/PSC 
or PPC and the production of this kind of cement not only consumes 
huge amount of the natural resources i.e. limestone and fossils fuel but 
also produces almost 0.9t of CO2 for 1t cement clinker production. 
Also world cement production generates 2.8 billion ton man-made 
greenhouse gas annually. Geo-polymer concrete is totally different in 
materials and chemistry which is synthesized from waste material like 
fly-ash(Class F or C), rice husk along with binding solution which is 
free of cement. This paper gives an overall view of the process and 
parameters which effect the geo-polymer concrete till date. It is an 
inorganic 3D polymer which is synthesized by activation of alumino-
silicate source like fly ash or GGBS(waste materials). Due to its high 
mechanical properties combined with substantial chemical resistance 
(magnesium or sulphate attack), low shrinkage and creep and 
environment friendly nature (very less amount of CO2 production in 
comparison with OPC), it is a novel construction material for future.  
Till date it was seen that the strength of geo-polymer concrete mostly 
depends on the molarities of the alkaline liquid (NaOH or KOH) and 
ratios of SiO2and Na2O, H2O and Na2O, Si and Al, water to geo-
polymer solids by mass in the total alkaline solution. It was seen that 
geo-polymer concrete made of fully Fly-ash or partial replacement by 
GGBS results with 80% reduction in CO2 emission compared to OPC, 
although the alkaline solution to some extent pollutes the environment. 
Exhaustive studies in various processes and parameters show that geo-
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polymer concrete is superior to cement concrete, which is a very good 
candidate material for future. 

 
Keyword: Geopolymer, concrete, SiO2/Na2O, H2O/Na2O, Mixing 
procedure, molarity, strength. 

 
1. Introduction 
Geo-polymer materials represent an innovative technology that is generating huge 
amount of interest in the construction industry considering sustainable material. 
Although geo-polymer concrete is a new technology but the use of this technology has 
started from the time of pyramids though that time it did not come in the front of the 
researchers like now to grasp their interest in it. The name “Geo-polymer” was coined 
by Prof. J. Davidovits in 1978 and he found that the polymerization process involves a 
substantially fast chemical reaction under alkaline condition on Si-Al minerals, that 
results in 3D polymeric chain and ring structure consisting of Si-O-Al-O bonds. The 
main concept behind this geopolymer is the polymerization of the Si-O-Al-O bond 
which develops when Al-Si source materials like Fly ash or rice husk is mixed with 
alkaline activating solution (NaOH or KOH solution with Na2SiO3 or K2SiO3). The 
geopolymer can be in the form of -Si-O-Al-O- or –Si-O-Al-O-Si-O- or –Si-O-Al-O-Si-
O-Si-O-. The chemical reaction behind the formation of geopolymer areas is as follows  

 

 
From the above equation it’s clear that water doesn’t plays any role in the 

polymerization process because it was expels from the chemical reaction. 
 

2. Materials 
2.1. Sodium Hydroxide 
Generally NaOH is available in market in pellets or flakes form with 96% to 98% 
purity where the cost of the product depends on the purity of the material. The solution 
of NaOH was formed by dissolving it in water with different molarity. It is 
recommended that the NaOH solution should be made 24 hours before casting and 
should be used with 36 hours of mixing the pellets with water as after that it is 
converted to semi-solid state. 
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2.2. Sodium Silicate  
It 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 effect the strength of geopolymer 
concrete. Mainly it is seen that a ratio ranging from 2 to 2.5 gives a satisfactory result. 

 
 

2.3. Alkaline Liquid  
According to Prof. J. Davidovits 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 a huge amount of heat and the polymerization takes place by reacting with 
one another, which will act as a binder in the geopolymer concrete.  

 
2.4. Coarse Aggregate  
Coarse aggregates used in case of cement concrete can be used in case of Geo-polymer 
concrete (GPC) also where the coarse aggregate should conform to IS-383-1970.  

 
2.5. Fine Aggregate  
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. 

 
2.6. Mixing procedure 
Rattanasak et al [1].proposed that the mixing of geopolymer is of two types i.e. normal 
mixing & separate mixing. In case of normal mixing fly ash, sodium hydroxide 
solution & sodium silicate solution and aggregate are mixed at a time but in case of 
separate mixing the fly ash was first mixed with the sodium hydroxide solution for the 
first 10 minutes and then the sodium silicate solution with aggregate is mixed with the 
above mix. Different test results show that the separate mix gives a higher strength in 
comparison with the normal mix. Although many authors consider that the mixing 
should be as follows:- first the fly ash, coarse aggregate and fine aggregate should be 
mixed properly and after proper dry mix then the sodium hydroxide and the sodium 
silicate solution should be added to the dry mix according to the proper proportions 
required to attain a good compressive strength and then the mix should be properly 
compacted in three layers using the standard tamping rod and by vibrating table[2.3.4]. 

 
3. Different Parameters of Geo-polymerisation 
3.1. Fineness of Fly Ash 
The fineness of fly ash gives a major impact on the strength of the geopolymer 
concrete where it is seen that a processed fly ash with fineness of 542 m2/kg shows a 
result of 80 MPa[14] with 24hrs continuous curing at 900C. With a lower fineness the 
strength decreases.  

 
 
 



A.K. Rath et al  

 

24

3.2. Temperature imposed to Activator 
Generally in the process of geopolymer concrete the polymerization takes place when 
the elevated temperature is applied to the mix after a rest period of 3 hour to 2 day but 
if we provide temperature to the alkaline solution prior to casting of concrete, a 
satisfactory result is obtained but with a particular  temperature only. With a 
temperature of 450C produced a maximum compressive strength of 47 MPa[16]. The 
alkaline solution was kept on that temperature for 24 hours before mixing it with the 
dry mix of fly ash and coarse aggregate and fine aggregate. 

 
3.3. Molarity 
Molarity of NaOH solution plays a vital role in the strength of geopolymer concrete. 
With a higher concentration of NaOH solution a higher compressive strength can be 
achieved. There are various test by taking different molarities of  NaOH solution 
starting from 8M. A satisfactory result was obtained at a molarity of 16M beyond 
which the test results fall down. From 8M to 16M[20] there was a rise in the 
compressive strength for all mixes. According to previous studies[9] it was found that 
with the higher concentration of NaOH solution i.e. above 10M, a lower rate of 
polymerization takes place and resulting in a decreased strength. But Tushar et al.[10] 
stated that the highest compressive strength of geopolymer was affected when a 16M 
NaOH solution is used. 

 
3.4. Curing 
Curing temperature is an important factor till now for the strength point of view of 
geo-polymer concrete. The main polymerization process or the chemical reaction of 
geopolymer concrete takes place with the temperature imposed to it during the curing. 
It may attain almost its 70% strength with in the first 3 to 4 hours of hot curing[4]. 
Longer curing time enhanced the polymerization process and results in a higher 
compressive strength[11]. The rate of increase of strength is rapid in the initial 24 
hours of curing beyond that the gain of strength was moderate so the specimens should 
be cured for 24 hours only which will sufficient enough. With an elevated curing 
temperature setting time decreases. Till now very few quantity of paper is observed 
where the curing is done in ambient temperature. Generally the curing which is done 
for geopolymer is hot steam curing or normal hot curing in oven with in a temperature 
of 600C-900C for 24 hours. Though a curing temperature of 600C is more effective than 
other temperature or can be said is the optimum curing temperature. Beyond 600C it 
doesn’t affect the polymerization process so much. Results demonstrate that the 
compressive strength of dry cured geopolymer concrete is 15% more than the steam 
cured geopolymer concrete. Ambient temperature curing is effective if the fly ash 
content is partially replaced by GBFS[12]. It gives a strength up to 55Mpa at 28 days 
with a mix proportion of  alkaline activator solution as 40% of total binder, slag as 
30% of total binder and  the ratio of sodium silicate and sodium hydroxide solution as 
2.5[15].  
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3.5. Fly ash and Alkaline activator ratio 
Previous studies[6,7] stated that the higher fly ash content with a higher alkaline 
activator content gives a high compressive strength than the lower one. A ratio of 3.3 
to 4.0 can be used to obtain a better result. Sathonawaphak et al.[8]further stated that 
geopolymer with a ratio of 1.4 to 2.3  provides a high compressive strength of 42 to 
52Mpa. A ratio of 2.0 gives  a result of 71MPa[21]. 

 

 
 

Figure 1: Strength gain with variation in molarities[20] 
 

3.6. Water to geopolymer solids ratio  
In this parameter the total mass of water is the sum of the mass of water contained in 
the sodium silicate solution, the mass of the water use in the making of the sodium 
hydroxide solution and the mass of extra water, if any, present in the mixture. The 
mass of geopolymer solids is the sum of the mass of fly ash, the mass of sodium 
hydroxide solids used to make the sodium hydroxide solution and the mass of solids in 
the sodium silicate solution i.e. the mass of Na2O & SiO2. A ratio of 0.17 to 0.18 
provides a moderate result[22], above 0.18 the results decrease continuously.  

 
3.7. Sodium silicate to Sodium hydroxide ratio  
Earlier researchers concluded that a ratio of 1.0 of Na2SiO3 & NaOHgives a 
compressive strength up to 70MPa. One paper concluded that a ratio of 2.5 gives a 
higher compressive strength than the 0.4. Sathonawaphak et al. further stated that 
geopolymer with a ratio of 1.5 gives the optimum result which was 48Mpa. A ratio of 
2.5 gives a result of 71MPa[21]. 
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4. Economic Analysis 
Low calcium fly ash based geopolymer concrete has several benefits over conventional 
cement concrete. First is the price of one ton fly ash is just a fraction of the price of one 
ton cement. The price of the alkaline solution a little bit high but the overall price of 
GPC is almost 10% to 20% less than the same quantity of  cement concrete[22]. In 
accordance with the above fact the full use of fly ash also curbs down the carbon 
dioxide release to the atmosphere. Furthermore, it is very little drying shrinkage, low 
creep, excellent sulphate and magnesium resistance and good acid resistance which 
properties yield additional benefits when it is used in infrastructure applications[22]. 

 
5. Conclusion 
This paper presented a brief overall review on geopolymer concrete with its different 
ingredients, mixing proportions of them, mixing procedure and economical benefits.  
Higher the fineness of fly ash gives a higher compressive strength because of more 
surface area with more Si-Al bond for polymerization. With a higher Na2O/SiO2 gives 
a higher strength, generally with a ratio of 2.5. Generally heat cured geopolymer 
concrete gives higher strength but it can be obtained at ambient temperature by 
replacing fly ash content by GBFS. Geopolymer concrete has excellent properties as 
discussed earlier so it can be very useful for rehabilitation and retrofitting works. It can 
also be used in road works because of its very early attainment of strength. The 
economic benefits and contribution of geopolymer concrete to sustainable 
development have also been outlined. 

As because the geopolymer concrete is a whole new concept of structural concrete 
with a new technology and since no Indian Standards are available so a detailed study 
on the chemistry behind the polymerization is needed. So a new method can be there 
rather than the conventional mixing procedure which is obtained for the mixing of 
geopolymer concrete. 
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