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ABSTRACT 

Concrete is a mix of coarse and fine aggregate with a suitable binder in presence of water. The primary and most widely used binder in ce-
ment. Among all of the raw material used in the preparation of concrete cement is the one with the highest embodied energy and its manu-
facturing have adverse effects on environment. Thus various researches have been made towards the replacement of cement as a binder. 
This paper is a review of the researches made towards replacement of cement with alkali activated fly ash based geopolymer binder and the 
physical properties of the geopolymer concrete thus produced. Geoolymer binder is a result of chemical reaction alkali solution i.e. a mix of 
sodium hydroxide and sodium silicate with the high alumina content of fly ash or other sources with high alumina content, which leads to 
formation of a ring like structure (-Al-O-Si-O-). 
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INTRODUCTION

The primary binder used to produce concrete is cement. Not only the production of concrete requires a lot of natural resources and a 
lot of energy but also the global cement industry contributes around 2.8 billion tons of the greenhouse gas emissions annually, or 
about 7% of the total man made greenhouse gas emissions to the earth’s atmosphere [1], which makes it a necessity to find alterna-
tives to cement. 

Use of geopolymer binder is a good substitute of the cement in order to produce concrete. Geopolymer are a family of inorganic 
inorganic materials obtained by reaction between as aqueous alkaline silicate and an aluminosilicate source. Which results in the 
formation of three dimensional polymeric chain and ring structure of Si-O-Al-O bonds [2], as follows: 
Mn [-(SiO2)z-AlO2]n. wH2O 
Where: M = the alkaline element or cation such as K, Na or Ca 
               n = the degree of polycondensation or polymerisation 
               z = 1,2,3 or higher 
 
n( Si2O5, Al2O2 ) + 2nSiO2 + 4nH2O +NaOH/KOH 

(Si-Al materials) 

 

Na+, K+ + n(OH)3-Si-O-Al-O-Si-(OH)3 

      (1) 

                                     (OH)2 

Geopolymer precursor 

n(OH)3-Si-O-Al--O-Si-(OH)3 + NaOH/KOH 

       

          (OH)2 

( Na+, K+)-(-Si-O-Al--O-Si-O-) + 4nH2O 

           (2) 

                         O        O         O 

           ( Geopolymer Backbone) 

 
The schematic formation of geopolymer material can be shown as described by equations (1) and (2) [3]. 
 
 There are various materials of geological origin or by product materials such as fly ash that us rich in silicon and aluminium. Fly as, 
one of the source material for geopolymer binders, is available abundantly worldwide, but to date its utilization is limited. Currently, 
90 million tones of fly ash is being generated in India. By exploring use of the fly ash based geoolymer concrete two environmental 
related issues are tackled simultaneously i.e. the high amount of CO2 released to the atmosphere during production of OPC and utili-
zation of fly ash [4].  

 

Objective 

The main objective of this paper is to analysze manufacture and various physical properties of fly ash based geopolymer concrete. 
And also the effect of various physical coditions on the properties and strength of the geopolymer concrete such as curing tempera-
ture, rest period, acid attacks, etc. 

Literature Review 

Sathia R. et. al. (January 2008) “Durability Study of Low   Calcium Fly Ash Geopolymer Concrete” studied the durability of fly ash 
based Geopolymer concrete prepared with sodium silicate and sodium hydroxide as activators and a compressive strength was 
achieved in the range of 10-60 MPa when the concrete prepared with the fly ash content of 350, 450 & 550 Kg/m3 and activator solu-
tion to fly ash ratio of 0.4 and 0.5. And apart from this the durability of the samples was also analyzed under different extreme condi-
tions like acid attacks (3% H2SO4), which shows better results than that of the normal concrete. 
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Hardjito D. et. al. (July 2008) “Strength and Setting Times of Low Calcium Fly Ash-based Geopolymer Mortar” analyzed the 
strength and setting times of the geoploymer mortar    prepared with geoploymer binder i.e. mixture of fly ash and alkaline activator. 
The silicon and aluminium oxides constitute 84.6% of the fly ash and the Si to Al molar ratio was 2.06. Cube samples were taken of 
size 50 x 50 x 50 mm immediately after mixing in two layers as described in the ASTM C109 standard. Each layer tamped 25 times 
with tamping rod. All the samples were transferred to the oven without delay for curing at elevated temperature of 65oC, 70oC and 
80oC for 24 hours.  After the oven curing the samples were removed from their moulds and cured undisturbed at room temperature 
until the day of testing. The specimen were tested for 7, 14, and 28 days compressive strength using the Universal Testing Machine. 
Effect of concentration of Alkaline Activator 8M to 16M was of the range of 1.6MPa - 20MPa. The initial and final setting time of Ge-
opolymer paste at curing temperature of 65oC, 70oC and 80oC was like 230/270 min, 177/240 min and 129/165 min respectively.  
 

Vora Prakash R. et. al. (2013) “Parametric Studies on   Comppressive Strength of Geopolymer Concrete” intended to make some 
research on the compressive strength of the   Geopolymer concrete. The experimental work was conducted by casting the cubes of 
20 geopolymer concrete mixes and the analysis was made how various parameters affecting its   compressive strength in order to 
enhance the overall performance. The various parameters being ratio of alkaline to fly ash - when changed from 3.5 to 4 there was 
not a much of the variation in the compressive strength, concentration of sodium hydroxide – higher concentration of sodium            
hydroxide solution gives higher compressive strength, ratio of sodium silicate to sodium hydroxide – increase of 10 N/mm2 was ob-
served in the compressive strength when the ratio was kept 2 instead of 2.5, curing time – the compressive strength was found        
32 N/mm2 instead of 28 N/mm2 when the curing time was doubled, curing temperature - higher the   curing temperature higher is 
the compressive strength, rest period – 1 day rest period has resulted into higher gain in compressive strength as compared to 0 day, 
dosage of superplasticizer – increase in dosage increases the workability, and additional water – as in normal cement concrete in ge-
opolymer concrete also the compressive strength deceases when the quantity of water is increased.     
 

Wallah Steenie E. et. al. (2004) “On the Development of Fly Ash Based Geopolymer Concrete” used analytical grade sodium hydrox-
ide in flake form (NaOH with 98% purity) and sodium silicate solution (Na2O=14.7%, SiO2=29.4% and water=55.9% by mass) as the 
alkaline activators. Instead of tap water distilled water was used in order to avoid any contaminants. Napthalene- based high range 
water reducing admixture was used to increase the workability. Samples were taken in the cylinder steel moulds of 100x200 mm. And 
then the  effects on the compressive strength were observed when variations in the mix and composition of the raw material were 
made. 

 

Jun Yubin and Oh Jae Eun (2015) “Use of Gypsum as a Preventive Measure for Strength Deterioration during Curing in Class F Fly 
Ash Geoploymer System” intended to use CaSO4.2H2O (gypsum) as a deterioration remedy in case of geopolymer concrete as during 
the curing process in the geopolymer concrete there is a decline in the strength due to widespread formation of nanometer-sized 
cracks that were related to excessive Na and Si concentration at an early stage. Four different mixes with nil, 2%, 4%, and 6% of gyp-
sum by weight with resect to the fly ash were produced with 0.4 activator/binder ratio and keeping the curing temperature at 60oC. 
Compressive strength of the cube samples were recorded at 1, 7 and 28 days. Fractured specimen from the compressive test were 
powdered and examined by XRD for cracks. The most favorable results were obtained when the percentage was kept at 2%. Further 
increment in the percentage of the gypsum decreased the overall compressive strength. 
 

Abraham Ruby et. al. (2013) “Strength and Behavior of Geopolymer Concrete Beams” determined and compared the flexural be-
havior of the geopolymer concrete beams to that of the cement concrete beam keeping the grade of the concrete same. The con-
crete beams with reinforcement ratio of 0.55%, 0.83%, 1.02% and 1.3% and of size 125 mm x 175 mm x 1200 mm were casted. Apart 
from that samples of cube of size 150 mm, cylinders of size 150 mm diameter and 300 mm height and prism of size 100 mm x 100 
mm x 500 mm were also taken. After the resting period of 1 days the specimens were cured for 24 hours at 60oC. The cube, cylinder 
and prism specimens were tested for the properties like compressive strength, flexural strength, modulus of elasticity and splitting 
tensile strength. While the beams were tested under load applied using 250 kN hydraulic jack and was measured using load cell of 
100 kN capacity. It was observed that the load   deflection behavior were similar in nature for both types of the beam i.e. the geopol-
ymer concrete beams and the cement   concrete beam. 
 

Llyod N. A. abd Rangan B. V. (2010) “Geopolymer Concrete with Fly Ash” studied the various short-term and long-term properties of 
the geopolymer concrete. In addition to that detailed discussion was also made on the curing of the geopolymer concrete, design 
mixes of the geopolymer concrete, geopolymer precast concrete products, contributions of geopolymer concrete towards sustaina-
ble development and Economic Benefits of Geopolymer Concrete.    
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Abdullah M M A B et. al. (2012) “Fly Ash Based Geopolymer Lightweight Concrete Using Foaming Agent” tried to produce foam 
concrete by using geopolymer binding material i.e. fly ash and alkaline solution (a mixture of sodium silicate and sodium hydroxide). 
Geopolymer paste to foam ratio was taken as 1:2 by volume and the foam geopolymer concrete was produced by using pre foaming 
method as that of used in conventional foam concrete. The samples taken were tested for various physical properties like compres-
sive strength, water absorption porosity, and crystalline pattern identification by XRD analysis etc. After proper curing and set inter-
vals of the time i.e. 1, 7 and 28 the compressive strength was found as 11, 17.6 and 18.2 MPa respectively. The porosity and the crys-
tal matrix of the sample which was cured at the temperature of 60oC than that of the sample which was cured at room temperature 
was found to be lower and denser respectively. 

 

Hewayde E. et al (2006) “Effect of Geopolymer Cement on Microstructure, Compressive Strength and Sulphuric Acid Resistance of 
Concrete” highlighted in their study the problem of corrosion that arises in the sewer network built of concrete pipes due to the 
presence of sulphuric acid in the waste water. And looked over the possibility to overcome the corrosion effect by using geopolymer 
concrete to replace the conventional concrete in the manufacturing of the sewer pipes. When the Ordinary Portland Cement was 
replaced 50% by the geoploymer concrete an increase in the compressive strength was observed. When the samples with geopoly-
mer concrete were immersed in the sulphuric acid solution for eight weeks the loss on the mass was reduced by 42% and 30% for 0.3 
and 0.6 pH value.  
 

Sreenivasulu C. et. al. (2015) “Mechanical Properties of Geopolymer Concrete using Granite Slurry as Sand Replacement” in there 
paper produced geopolymer concrete using a combination of fly ash and ground granulated blast furnace slag in proportion of 50:50 
as geopolymer binder and also replaced the sand with granite slurry in different levels (0%, 20%, 40% and 60%). The compressive 
strength test and the spilt tensile test were conducted on the samples drawn from the different mixes thus produced. The test results 
showed that both the compressive strength and the split tensile strength tend on increasing with the increasing percentage of the 
sand replaced with the granite slurry up to the mark of 40% while decreasing trends were observed at 60% sand replaced level. 
 

Allahverdi A and Kani E. Najafi (2009) “Construction Wastes as Raw Materials for Geopolymer Binders” used different construction 
waste material with higher percentage of aluminosilicate to produce geopolymer binder. Alkaline activator with different proportions 
of Na2SiO3 and NaOH were taken. Waste brick and 8 month old concrete sample were taken as raw materials. Mix with different con-
tents were taken under consideration. The maximum content of waste concrete was capped with 60% as higher proportions resulted 
in sever efflorescence. When the silica modulus was kept constant it was observed that with the increase in the concentration of 
Na2O the final setting time of the mix decreases. The compressive strength results shows that waste brick is more suitable for geo-
polymerization reaction. 
 

Hardjito D. et. al. (2007) “Factors Influencing the Compressive Strength of Fly Ash Based Geopolymer Concrete” analyzed in this 
paper the influence of different factor like age of the concrete, curing time, superplasticizer and water content on the compressive 
strength of Fly Ash Based Geopolymer Concrete. Results shows that the compressive strength does not vary with the age, longer will 
be the curing time higher will be the strength, use of admixture doesn’t  affect the compressive strength, and the water content had 
much of the same effect as it have in the conventional cement concrete. 
 

Limitations 

 The setting time of the geopolymer concrete can be upto 3 days which is almost three times to that of the conventional 
concrete.   

 Dry Curing with elevated temperature is required for better results. 
 The ratio of the alkaline activator shall be precisely maintained as its effect on the strength is tremendous. 

 

Advantages 

 Eco-friendly. 
 Fly ash a by-product is easily and abundantly available. 
 Resistance to acidic environment.  
 Higher compressive strength can be achieved by optimizing the constituents.  
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Conclusion 

It can be concluded from the research studies reviewed in this paper that a lot of parameters affect the compressive strength of the 
geopolymer concrete wherther it be the morlarity of the chemicals or the ratio of sodium hydroxide and the sodium silicate or the 
curing temperature or the curing time etc. Water content plays the same role as that in the case of conventional concrete. Possibili-
ties of replacement of sand with granite slurry and also the production of foam geopolymer cocncrete was also concluded.  
The reaseches on the geoploymer concrete made till date is significant but still a lot more scope is there in further development in 
the way to make geopolymer cocnerete ready for practical use and also calibrating the tools in order to develop specific composition 
for specific use.    
 

Acknowledgment 

I would like to express my deep and sincere gratitude to my supervisor, Miss Bibha Mahto, Assitant Professor, Civil Department, 
Noida International University, who supported me a lot and also my co-author Mrs. Sonali Agarwal, Assitant Professor, Civil Depart-
ment, NIET, Greater Noida. 

 

References 

[1] V M Malhotra, “Introduction: Sustainable Development and Concrete Technology,” ACI Concrete Journal, pp 1147-1165, 2000. 

[2] J Davidovits, “Geopolymer: Inorganic polymer new materials”, J Therm. Anal. 1991, 37, 1633-1656. 

[3] M M A Abdullah, K Hussin, M Bnhussian, K N Ismail and W M W Ibrahim, “Mechanism and Chemical Reaction of Fly Ash Geopolymer Cement - A Review”, 

International Journal of Pure and Applied Science and Technology, 6(1)(2011),pp. 35-44.  
[4] Prakash R Vora, Urmil V Dave, “Parametric Studies on Comppressive Strength of Geoolymer Concrete”, Procedia Engineering 51 (2013) 210-219, Elsevier Ltd. 
[5] R Sathia, K Ganesh Babu and Manu Santhanam, “Durability Study of Low Calcium Fly Ash Geopolymer Concrete”, The 3rd ACF International Conference- 

ACF/VCA 2008. 
[6] Djwantoro Hardjito, Steenie E. Wallah, Dody M. J. Sumajouw and B. Vijaya Rangan (2004), “On the Development of Fly Ash – Based Geopolymer Concrete”, ACI 

Materials Journal, V.101, No 6 November-December 2004. 
[7] Yubin Jun and Jae Eun Oh (2015), “Use of Gypsum as a Preventive Measure for Strength Deteriioration during Curing in Class F Fly Ash Geopolymer System”, Ma-

terials 2015, 8, 3053-3067. 
[8] Ruby Abraham, Deepa Raj S and Varghese Abraham, “Strength and Behaviour of Geopolymer Concrete Beams”, IJIRSET, Volume 2, Special Issue 1, December 2013. 
[9] Llyod N. A. and Rangan B. V. (2010) “Geopolymer Concrete with Fly Ash”, ISBN 978-1-4507-1490-7, Second International Conference on Sustainable Construction 

Materials and Technologies June 28 – June 30, 2010.  
[10] M. M. A. Abdullah, K. Hussin, M Bnhussain, K N Ismail, Zarina Yahya and Rafiza Abdul Razak (2012) “Fly Ash based Geopolymer Lightweight Concrete Using 

Foaming Agent”, International Journal of Molecular Science, ISSN 1422-0067. 
[11] E. Hewayde, M Nehdi, E Allouche and G Nakhla (2006) “Effcet of geopolymer cement on microstructure, compressive strength and sulphuric acid resistance of 

concrete”, Magazine of Concrete Research, 58, No. 5 June 321-331. 
[12]  C Sreenivasulu, A Ramakrishnaiah and J Guru Jawahar (2015) “Mechanical Properties of Geopolymer Concrete using Granite Slurry as Sand Replacement”, Interna-

tional Journal of Advances in Engineering & Technology, April, ISSN:2231-1963. 
[13] A. Allahverdi and E. Najafi Kani “Construction Wastes as Raw Material for Geopolymer Binders”, International Journal of Civil Engineering, Vol. 7, No. 3, September 

2009. 
[14] Djwantoro Hardjito, Steenie E. Wallah, Dody M. J. Sumajouw and B V Rangan “Factors Influencing the Compressive Strength of Fly Ash Based Geopolymer Con-

crete”, Civil Engineering Dimension, Volume 6, No. 2, 88-93, September 2004. 


