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The demand for concrete is increasing day by day for satisfying the need for the 
development of infrastructure facilities. It is well established fact that the production of 
ordinary Portland land cement not only consumes significant amount of natural resources 
and energy but also releases substantial quantity of CO2 into the atmosphere. On the other 
hand large amount of flyash is generating by the thermal power stations which is a waste 
product causing land, ground water pollution. The development of geo polymer concrete 
(GPC), in which all of the Portland cement is replaced with flyash is offering a promising 
alternative to ordinary Portland cement. Geo polymer results from the reaction of a 
source material that is rich in silica and alumina with the alkaline liquid. In the present 
study, low calcium fly ash of class F, sodium hydroxide (NaOH), sodium silicate 
(NASiO3)are used as alkaline liquids. Super platiciser is used to increase the workability 
of fresh geopolymer concrete. Flyash based geopolymers requires heat to increase the 
geopolymerisation process in order to obtain high compressive strengths. Hence, the 
influence of curing temperature, period of curing on the strength development 
characteristics of geo polymer concrete is studied. The present study is about the short 
term properties of geopolymer concrete such as workability, compressive strength, effect 
of age on compressive strength and durability of geopolymer concrete under aggressive 
environment were studied.  
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I. Introduction 

Cement concrete as it is known today came into use with the invention of Portland 
cement around1824. The term pozzolona is used to indicate a material, which reacts with 
the lime to make a product with cementitious properties. The main advantage of Portland 
cement is its considerably faster rate of setting and hardening, even under water. The 
application of Portland cement in concrete industry became extensive in practice afterthe 
advent of steel reinforcement. 
The fact that production of cement adds to the pollution of environment is a well known 
fact to engineers and environmentalists. The large scale production of cement is posing 
environmental problems on one hand and unrestricted depletion of natural resources on 
the other hand. The amount of carbon dioxide released during the manufacture of 
ordinary Portland cement due to the calcinations of limestone ad combustion of fossil 
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fuel is in the order of one ton for every ton of cement produced. In addition, the extent of 
energy required to produce cement is only next to steel and aluminium. 

On the other hand, the abundant availability of fly ash worldwide create opportunity to 
utilise this by- product, which results from burning of coal as a substitute for cement to 
manufacture concrete. Davidovits proposed that an alkaline liquid could be used to react 
with the silicon (Si) and the aluminium (Al) in a source material of geological origin or in 
by- products materials such as fly ash and rice husk ash to produce binders, because of 
the chemical reaction that takes place in this case is a polymerisation process, he 
proposed the term ‘Geopolymer’ to represent these binders. 

Geopolymers are members of the family of inorganic polymers. The chemical 
composition of the geopolymer material is similar to natural Zeolitic materials, but the 
microstructure is amorphous instead of crystalline. 

The polymerisation process involves a substantially fast chemical reaction under 
alkaline condition on Si-Al minerals that result in a three dimensional polymeric chain 
and ring structure consisting of Si-O-Al-O bonds 

The present paper deals with the manufacture, short term, durability properties of low 
calcium fly ash based geopolymer concrete. In this study effort was made to develop a 
mixture proportioning process to manufacture low calcium fly ash based geopolymer 
concrete of grade 30, to identify and study the effect of salient parameters that affect the 
properties of low calcium fly ash based geopolymer concret and to study the workability, 
durability properties of fresh and hardened low calcium fly ash based geopolymer 
concrete. 

II. Literature Review 

Palomo et al [3] studied fly ash, blast furnace slag based geopolymers. These 
researchers [4] claimed that to produce optimal binding properties, low calcium fly ash 
should have LOI < 5%, Fe2O3 should not exceed 10%, low CaO content, reactive silica 
should be between 40-50%, 80 to 90% of particles should be smaller than 45µm.They 
used the combinations of sodium hydroxide with sodium silicate and potassium hydroxide 
with potassium silicate as alkaline liquids. Xu et al [5] study involved a wide range of 
alumina-silicate minerals to make geopolymers. They studied sixteen natural Si-Al 
minerals which covered various crystal structures. They found that a wide range of natural 
alumina-silicate minerals provides potential sources for synthesis of geopolymers. They 
found that using a combination of fly ash and non calcined material (e.g kaolin clay, 
albite) resulted in significant improvement in compressive strength and reduction in 
reaction time.  

Bakharev [1] studied the durability properties of geopolymer materials. He [2] studied 
the evolution of weight change, compressive strength, products of degradation and 
microstructure changes of geopolymer products when subjected to the aggressive 
environment. He stated that degradation in strength was observed in some geopolymer 
materials prepared only with sodium silicate as activator. 

III. Experimental Program 
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The Materials used for making fly ash based geo polymer concrete specimens are low 
calcium fly ash as source material, aggregates, alkaline liquids, distilled water and super 
plasticiser. 

Fly ash used in this study was low calcium dry fly ash obtained from Dr. Narla 
TataRao thermal power station (Vijayawada thermal power station). Aggregates currently 
used are from the local crushing plants. Both coarse & fine aggregates were in dry 
condition, in accordance with the relevant Indian standards 383-1970 & reaffirmed 1997.  

A combination of sodium silicate solution & sodium hydroxide solution was chosen as 
the alkaline liquid. Sodium based solutions were chosen because they were cheaper than 
potassium based solutions .The sodium hydroxide solids were in pallets form with 99% 
purity .Sodium silicate solution with the chemical composition of Na2O = 14.7% , SIO2 

=29.4% & H2O=55% was used . 
 It is observed that fresh fly ash based geopolymer concrete mix is very stiff because of 
the low workability. To increase the workability of the mix, naphthalene based super 
plasticizer with the brand name CONPLAST SP 430 was used in the preparation of 
geopolymer concrete. 
The mix proportions for M30 mix is shown in table 1. 
Numerous trial mixes of geopolymer concrete were made and tested in the laboratory. 
The data collected from these studies indicated that the parameters affecting the 
compressive strength of geopolymer concrete are (i) As the concentration of sodium 
hydroxide (NaOH) varies from 8M to 14M, compressive strength of geopolymer concrete 
increased (ii) As curing time increases from 4 to 48 hours, compressive strength of 
geopolymer concrete increased. But the increase in compressive strength beyond 24 
hours was only minimum. Hence curing time adopted is 24 hours. 
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Table 1: Mixture proportions 
 

In laboratory the fly ash and the aggregates were first mixed together in dry state in 80 
litre capacity pan mixer for about three minutes. Add the liquid component to the mixture 
at the end of the dry mixing and continue the wet mixing for another four minutes. The 
fresh fly ash based geopolymer concrete was dark in colour and mix was cohesive. The 
amount of extra water added during mixing plays an important role in the workability of 
fresh concrete. The slump test was conducted to ascertain the workability of the mix. 
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Concrete cubes along with moulds were kept in oven for curing and tested for 
compressive strength. Geopolymer concrete specimens are wrapped with a film during 
curing at elevated temperatures in oven to prevent excessive evaporation. Heat curing of 
geopolymer concrete is generally recommended. Heat curing substantially assists the 
chemical reaction that occurs in the geo polymer paste. Both curing time and curing 
temperature influence the compressive strength of geopolymer concrete. longer curing 
time improves the polymerization process resulting in higher compressive strength .The 
rate of increase in strength was rapid up to 24 hours of curing time, beyond 24hours, the 
gain in strength is only moderate .Therefore heat curing time need not be more than 
24hours in practical applications. Higher curing temperature resulted higher compressive 
strength. Heat curing is achieved by oven curing .The temperature regime was fixed as 
60º C and curing time is fixed as 24 hours. 

IV. Testing of specimen  

The test results cover the workability of fresh geopolymer concrete, effect of curing 
time on the compressive strength of the geopolymer concrete, effect of the age on the 
compressive strength of oven, ambient cured geopolymer specimens and the long term 
properties of low calcium fly ash based geopolymer concrete. The long term properties 
include the sulphate resistance, resistance to acid attack & resistance to chloride ion 
permeability. 

A. Workability 

Fresh geopolymer mix is very stiff and hence it is less workable. Water plays an 
important role in geopolymer concrete as much as normal concrete. The purpose of extra 
water added during the mixing is to improve the workability but it will increase the 
porosity in the concrete due to the evaporation of water during curing process at elevated 
temperature. Increase in sodium hydroxide and sodium silicate concentration will reduce 
the flow of mortar. To improve the workability of geopolymer concrete, superplasticiser 
is added. But use of super plasticiser beyond 2% had an adverse effect on the strength of 
the geopolymer concrete. The workability of geopolymer concrete mix was found to be 
145 mm.  

B. Effect of curing time on the compressive strength of geopolymer concrete 

The curing method adopted for GPC is heat curing. Heat curing assists the chemical 
reaction that occurs in the geo polymer paste. Both curing time & temperature influences 
the compressive strength of geo polymer concrete. The curing temperature adopted is 
60ºC and the curing time is varied from 4 hours to 48 hours. The test results are presented 
in the table 2. It shows that longer curing time improved the polymerisation process 
resulting in higher compressive strength.The rate of increase in the strength was rapid up 
to 24 hours of curing time, beyond 24 hours the gain in the strength is only moderate. 
Curing temperature adopted is 60°C for 24 hours. 
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S.no 

Curing Compressive 
strength 
(mpa) 

Time 
(hours) 

Temperature 
(°c) Method 

1 4 60 Oven 16 
2 8 60 Oven 21 
3 16 60 Oven 32 
4 24 60 Oven 39 
5 48 60 Oven 41 

Table 2: Variation of compressive strength of geopolymer concrete with variation in 
curing time. 

C. Effect of age on compressive strength of geopolymer concrete 

(i)  Oven Curing:In order to study the effect of age on compressive strenth of the 
geopolymer concrete, specimens were cured in the oven for 24 hours at 60ºC. The test 
results show that the compressive strength increases with age in the order of 5% when 
compared with 7th day compressive strength.  

(ii) Ambient Curing:In order to study the effect of curing in ambient conditions on the 
compressive strength of fly ash based geopolymer concrete the specimens where 
subjected to ambient temperature ranging from 18 to 25ºC. The specimens were 
removed from the moulds one day after casting and left in laboratory ambient 
conditions until the day of the test. The test results are presented in table 3. 

 
S.no Age of 

the 
specimen 
( days) 

Curing 
method 

Compressive 
strength 
(Mpa)  

1 7 Ambient 9.15 
2 28 Ambient 23.9 
3 90 Ambient 28.6 
4 120 Ambient 35 
5 180 Ambient 37.6 

 
Table 3: Variation of compressive strength of ambient cured geopolymer specimens with 

age 
Results shows that the compressive strength of ambient  
Cured geopolymer concrete significantly increased with the age.   
Fly ash based geopolymer concrete specimens cured at 60ºC for 24 hours reached 

substantially larger 7th day compressive strength than those cured in the ambient 
conditions .Furthermore , the strength gain with the age of heat cured geopolymer 
concrete specimen is not significant. 

D.Sulphate Resistance 
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The test specimens were soaked in 5% Sodium sulphate (Na2SO4) solution .The sulphate 
resistance was evaluated based on visual appearance, change in mass and change in 
compressive strength after sulphate exposure up to 120 days period. 
(i) Visual Inspection: It was seen that the visual appearance of the test specimens after 

soaking in sodium sulphate solution up to 120 days revealed that there was no change 
in the appearance of the specimens compared to the condition before they were 
exposed .There was no sign of surface erosion, cracking or spalling on the specimens.  

(ii) Change in Mass: It can be seen that there was no reduction in the mass of the 
specimens, as confirmed by the visual appearance of the specimens. There was a 
slight increase in the mass of specimens due to the absorption of the exposed liquid. 
The increase in mass of specimens soaked in sodium sulphate solution was 
approximately 2% after 120 days of exposure. 

(iii)Change in Compressive Strength: Change in compressive strength was determined 
by testing the specimens after 28, 90, 180 days of soaking in sulphate solution for 
each period of exposure, the test specimens were made using a different batch of 
geopolymer concrete. A set of specimens from the same batch was also made and 
tested for compressive strength on the seventh day after casting. The compressive 
strength of the specimens without any exposure was taken as the reference 
compressive strength. 

The test specimens soaked in liquids were removed from the immersion container, wiped 
clean and tested in dry condition. These test results show that exposure of heat cured 
geopolymer concrete to 5% sodium sulphate solution caused very little change in the 
compressive strength. 

E. Acid Resistance 

(i) Resistance to Suphuric Acid: Acid resistance of fly ash based geopolymer concrete 
was studied by soaking geopolymer concrete specimens in sulphuric acid up to 120 
days and by evaluating the behaviour in terms of visual appearance, change in mass 
and change in compressive strength after exposure. 

 The visual appearance of the geopolymer concrete specimens after soaking in 5% 
concentration of sulphuric acid solution for a period of 120 days showed that the 
specimens exposed to sulphuric acid undergoes little erosion on the surface. 

 The test results of the change in mass of specimens soaked in sulphuric acid solution 
up to 120 days period with respect to the mass before exposure showed that there was 
reduction in the mass of the specimens, as confirmed by the visual appearance of the 
specimens. The decrease in mass of specimens soaked in sulphuric acid solution was 
approximately 2% after 120 days of exposure. 

 Change in compressive strength was determined by testing the specimens after 28, 90, 
180 days of soaking in sulphuric acid solution for each period of exposure. 
Degradation in the compressive strength of geopolymer concrete due to sulphuric 
acid exposure depends on the period of exposure. The degradation in compressive 
strength increased as the period of exposure increased. The degradation in 
compressive strength of geopolymer materials exposed to 5% sulphuric acid solution 
is about 20%after exposed to 180 days. The degradation in strength is related to 
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depolymerisation of aluminosilicate polymers in acidic media and the formation of 
zeolites. 

(ii) Resistance to HCl:Acid resistance of fly ash based geopolymer concrete was studied 
by soaking geopolymer concrete specimens in Hcl up to 120 days and by evaluating 
the behaviour in terms of, change in mass and change in compressive strength after 
exposure. 

 The visual appearance of the geopolymer concrete specimens after soaking in 5% 
concentration of hydrochloric acid solution for a period of 120 days shows that the 
specimens exposed to sulphuric acid undergoes little erosion on the surface. 

 The test results of the change in mass of specimens soaked in HCl solution up to 120 
days period with respect to the mass before exposure shows that there was reduction 
in the mass of the specimens. The decrease in mass of specimens soaked in sodium 
sulphate solution was approximately 0.5% after 120 days of exposure. 

 Change in compressive strength was determined by testing the specimens after 28, 90, 
180 days of soaking in HCl solution for each period of exposure. It was seen that 
degradation in the compressive strength of geopolymer concrete due to HCl  depends 
on the period of exposure. The degradation in compressive strength increased as the 
period of exposure increased. The degradation in compressive strength of geopolymer 
materials exposed to 5% sulphuric acid solution is about 12% after 120 days of 
exposure. 

 The better performance of geopolymeric materials than that of Portland cement in 
acidic environment is attributed due to the lower calcium content of the source 
material as a possible factor since geopolymer concrete does not rely on lime like 
Portland cement concrete. Some studies have been reported on the better performance 
in acidic environment of concrete containing lower calcium content than Portland 
cement. 

F. Rapid Chloride Permeability Test 

In order to study the chloride ions permeability of the geopolymer concrete, specimens 
50mm thick, 100mm diameter were made. The specimens were cured in the oven for 24 
hours at 60ºC. The test results are presented in table 4. 

From the table 4 it is evident that that chloride ions permeability in geopolymer concrete 
is very low.  

 

Age of 
sample 

Charge passed in 
coloumbs 

Chloride 
permeability 

First 30 
minutes 

After 6 
hours 

 7 days 270 928 very low 
28 

days 246 841 very low 
180 
days 179 774 very low 
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Table 4 Chloride IonPpermeability of Geopolymer Concrete 

V.Conclusions 

The following are the conclusions based on the study: 
 
1.  The addition of naphthalene based super plasticiser, up to 2% of fly as by mass, 

improves the workability of the fresh fly ash based geopolymer concrete. However 
there is a slight degradation in the compressive strength of hardened concrete when 
superplasticiser dosage is greater than 2%. 

2.  The fresh flyash based geopolymer concrete is easily handled up to 120 minutes 
without any sign of setting. 

3. Longer curing time in the range of 4 hours to 48 hours increases the compressive 
strength of fly ash based geopolymer concrete. However, the increase in the strength 
beyond 24 hours is not significant 

4. There is no substantial gain in the compressive strength of heat cured fly ash based 
geopolymer concrete with age.  

5. The 7th day compressive strength of ambient cured specimens depends on the 
average ambient temperature during the first week after casting, higher the average 
ambient temperature, higher is the compressive strength. 

6. The test results show that the heat cured fly ash based geopolymer concrete has an 
excellent resistance to sulphate attack. There is no damage to the surface of test 
specimens after exposure to sodium sulphate solution up to 120 days. There is 2% 
increase in the mass and the compressive strength of test specimens is reduced by 
8% after periods of exposure up to 120 days.  

7. Exposure to 5% sulphuric acid solution damages the surface of heat cured 
geopolymer concrete test specimens and causes a mass loss of about 0%, 0.4%, 1.8% 
after 28,90 and 120 days of exposure. The severity of the damage depends on the 
period of exposure. 

8. The sulphuric acid attack causes degradation in compressive strength of heat cured 
geopolymer concrete, which is 5.1%, 9.3% and 20% after 28, 90,180 days of 
exposure, while normal M30 compressive strength decreases as 23%, 31% & 44% 
after 28, 90, 180 days of exposure. Hence resistance of geopolymer concrete to acid 
attack is better than that of Portland cement concrete.  

9. Exposure to 5% Hcl solution damages the surface of heat cured geopolymer concrete 
test specimens and causes slight increase in mass about 1.3%, 0.8%, after 28, 90 
days of exposure due to absorption of solution and mass reduces by 1.8% after 180 
days of exposure. 

10. the Hcl attack causes degradation in compressive strength of geopolymer concrete, 
which is 3.2%, 6.2% and 12.3% after 28, 90,180 days of exposure, while normal M30 

compressive strength decreases as 19%, 23% & 32% after 28, 90, 180 days of 
exposure. Hence resistance of geopolymer concrete to acid attack is better than that 
of Portland cement concrete.  
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11. Chloride permeability of geopolymer concrete is very low, which makes it more 
suitable for constructions in marine environment. 
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