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Abstract- This is comprehensive summary of a research work 

representing the assessment done to evaluate comparative 

performance of three different Alkali-Activated Fly Ash 

Geopolymer prepared with the conjunctional reaction of KOH & 

Na2SiO3 as prime activators, and also keeping the ratio of 

activator constant for the three cases of Fly Ash. Corresponding 

tests like (Comprehensive Strength test, Water Absorption test, 

Sorptivity and Density-Void test) were performed and the test data 

were used to identify the properties of the resultant Alkali-Based 

Fly Ash Polymer Concrete in hardened states. 
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I. INTRODUCTION 

he major problem that the world is facing today is the 

environmental pollution. In the construction industry 

mainly the production of ordinary Portland cement (OPC) will 

cause the emission of pollutants which results in 

environmental pollution. The emission of carbon dioxide 

during the production of ordinary Portland cement is 

tremendous because the production of one ton of Portland 

cement emits approximately one ton of CO2 into the 

atmosphere [1]. 

The development of fly ash-based geopolymer concrete is in 

response for the need of a „greener‟ concrete in order to 

reduce the carbon dioxide emission from the cement 

production. Geopolymer concrete is manufactured from 

predominantly silica and alumina containing source material. 

It offers a significant opportunity to materialize „green‟ 

concrete as it is possible to utilize an industrial by-product 

such as fly ash, to totally replace the use of ordinary Portland 

cement in concrete, and hence to reduce the emission of 

carbon dioxide to the atmosphere.[2] 

A geopolymer is a kind of alkali alumino-silicate cementitious 

material having superior mechanical, chemical and thermal 

properties as compared to Portland-based cements, and with 

significantly lower CO2 production [3]. This communication 

reports a comparative study on the utility of lower 

concentration of sodium and potassium hydroxides and alkali 

silicates at room temperature [4]. The study reveals that the 

liquid demand is lower for geopolymers with potassium 

activators [5]. The test results show that potassium activators 

lower the initial setting time, enhance the reactivity of the 

components and thereby improve the compressive strength [6]. 

Any pozzolanic compound or source of silica and alumina 

that is readily dissolved in the alkaline solution is a 

well-known source of geopolymer acting as geopolymer 

precursor species and contributes itself in geopolymerization 

[7]. In last decade, a positive research outcome is low calcium 

fly ash based geopolymer cement and concrete. Its preparation 

includes activation in an alkaline medium and curing at 

moderate temperatures. It is the fact, that Low-calcium ash is 

more as a source material of geopolymer rather than that 

containing high calcium. 

Geopolymers possess excellent mechanical properties, fire 

resistance and acid resistance. 
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The polymerization process involves a substantially rapid 

chemical reaction under alkaline condition on silicon 

(Si)–aluminium (Al) minerals that result in a 

three-dimensional polymeric chain and ring structure 

consisting of Si–O–Al–O bonds. [8]. 

 
II. EXPERIMENTAL 

A. Materials: Three different fly ash used in this research was 

collected from Kolaghat Thermal Power Plant, near Kolkata, 

India. Those fly-ash were classified as Black, Grey and White 

on the basis of their colour. 

 

Chemical Composition of Three Flyash (%Mass) 

 

 

 

 
 

Laboratory grade Potassium Hydroxide (KOH) in pellet form 

(84% purity) was supplied by MERCK Specialties Private 

Limited, Mumbai. and Sodium Silicate (Na2SiO3) solution 

(Na2O = 8.5%, SiO2 = 26%, H2O = 65.5%) with silicate 

modulus ~ 3.3 and a bulk density of 1410 kg/m
3
 was supplied 

by Loba Chemie Laboratory Reagents and Fine Chemicals,  

India. Photographs of the actual Fly Ash varieties and reagents 

are given in fig. 

                    

 

           

 

 
 

                 

                       

 

 

 

 

 

 

 

 
B. Preparation of Solution, Specimens and Testing: 

The alkaline activating solution was prepared with water by 

dissolving required quantity of Potassium Hydroxide (KOH) 

as per considered silicate ratio with pre-determined amount of 

water directly, and then this solution was left over for 24 hrs. 

in room temperature. 

After 24 hrs, calculated amount of Sodium Silicate 
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solution was further added to the mixture of KOH and water. 

In a mixture, the three variants of fly ash as mentioned 

earlier was one by one taken and pre-determined amount of 

the final activating solution was added to each type and was 

mixed for 5 minutes simultaneously, to a state when water 

was found to be expelled out from the mixture surface. Then 

certain amount of mixture was taken so as to fill several 

wooden molds of 5cm x 5cm x 5cm. It was kept for air drying 

for 45 to 50 minutes. Then these molds were then put inside 

electric oven for curing, where a temperature of 85
0
C was 

maintained for 48 hrs [9]. After 24hrs it was demoulded and 

we obtain several cubes of 5cm x 5cm x 5cm dimension. This 

cubes were then tested for different physical characteristics. 

Geopolymer specimens for Black, Grey and White Fly Ash 

were noted as GPBF, GPGF and GPWF respectively. 

 

C. Reactant and Reagent Combinations: 

We proceeded with the experiment by taking the silicate ratio 

as 1, i.e., SiO2/X2O=1. We found that keeping SiO2 in the 

composition percentage 8%, the result was good, after trial 

and error. For keeping the silicate ratio 1, the percentage of 

X2O had to be also 8%. Here X can be Potassium (K) from 

KOH or Sodium (Na) from Na2SiO3. Hence by further 

calculations and suitable results from trial and error process, 

we took the amount of K2O as 5.6% , Na2O as 2.4% and SiO2 

also 8%. Also required quantity of water was provided as 

determined. Table showing the details are as follows. 

 

 

III. EXPERIMENTAL PROCEDURE 

Few of the specimen cubes of the different fly ash samples 

were put to compressive strength testing according to ASTMC 

109 by compressive strength testing machine Of Aimil Ltd., 

with maximum loading capacity of 2000 KN, and ram dia. of 

222.2 mm. The specimens were put to compressive strength 

testing serially after keeping them for 24 hours in room 

temperature post to heat curing. The strength developed in the 

specimens was noted accordingly.  

Secondly, some cubes of each type of fly ash sample were 

selected for Sorptivity test. The faces of the cubes were made 

waterproof using water repellant grease coating leaving only 

one face, from which one-sided water absorption was 

measured under controlled conditions, at different time 

intervals, starting from 2
nd

 minute to 2 hours, when dipped in 

1/3
rd

 water by height. 

Lastly, total volumetric water absorption was also measured 

by complete submerge of specimen in water without any kind 

of coating. 

 

IV. REPORTS AND RESULTS 

A. Compressive Strength 

 
 

 
 

 
 

Type Of 
 Fly Ash 

Silicate Modulus 
[ SiO2/(Na2O+K20) ] 

SiO2/K2O 
Ratio 

% of K2O 

Water 

/ Fly 
Ash 

Ratio 

BLACK(GPBF) 1 1.43 5.58 0.32 

GREY(GPGF) 1 1.43 5.58 0.32 

WHITE(GPWF) 1 1.43 5.58 0.32 

Curing Regime 

Curing Duration Curing Temperature 

48 Hours 85°C 
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From the report, it is discovered that when activating using 

same activator solution (KOH) at a same percentage (5.6%) of 

its use in Fly Ash, the BLACK and WHITE flyash makes a 

better geopolymer than the GREY flyash, in regards to its 

strength, when comparing between three of them. BLACK 

and WHITE flyash type of flyash results to 20 MPa strength 

just after 48 hours of heat curing, which is much better vas 

compared to concrete which takes minimum of 28 days giving 

ultimate strength. GREY fails at a lesser load of 30KN, giving 

a strength of 12 MPa. From the report, it is discovered it is 

discovered that when activating using same activator solution 

(KOH) at a same percentage (5.6%) of its use in Fly Ash, the 

BLACK and WHITE Fly Ash makes a better Geopolymer 

than the GREY Fly Ash, in regards to its strength, when 

comparing between three of them. BLACK and WHITE type 

of Fly Ash results to 20 MPa strength just after 48 hrs. of heat 

curing, which is much better vas compared to concrete which 

takes minimum of 28 days giving ultimate GREY fails at a 

lesser load of 30 KN, giving a strength of 12 MPa. 

 

Internal structure of specimen after crushing test 

Compressive Strength Test Report: 

 

 

FLY ASH 
SPECIMEN 

 

FAILURE LOAD 
KN. 

 

STRENGTH 

P = (LOADx1000)/ 

(50x50) MPa. 

GPBF 50 20 

GPGF 30 12 

GPWF 50 20 

  

B. Sorptivity 

 
 

 
 

 

Variation in weight of the three Fly Ash types with due course of time during the analysis 
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Final Sorptivity Value: 

Fly Ash Specimen SORPTIVITY 

GPBF 0.6369 

GPGF 0.3393 

GPWF 0.1845 

 

As per report it is found that the Geopolymer specimen 

made of BLACK Fly Ash absorbs much water during one 

sided water absorption and gives a greater value of 

Sorptivity (0.6396), as compared to the specimens of GREY 

and WHITE Fly Ash. GREY Fly Ash stands second in the 

list with Sorptivity value (0.3393), and WHITE Fly Ash 

follows behind with the least value of Sorptivity (0.1845). 

This infers that BLACK Fly Ash forms a much porous 

Geopolymer, and it can take in lot water from its 

surroundings at a greater rate. Intra-structural pores are 

lesser in the Geopolymer formed with GREY Fly Ash, and 

are the least in Geopolymer formed of WHITE Fly Ash. 

Hence, WHITE Fly Ash tends to be more suitable is 

Geopolymer construction works in places where there is lot 

of water in the surroundings. 

 

IT IS TO BE NOTED THAT SORPTIVITY DOESNOT 

DEPICT THE TOTAL WATER ABSORPTION OR WATER 

INTAKE BY A SPECIMEN BODY, RATHER IT IS THE 

RATE AT WHICH WATER IS INTAKEN OR RATE OF 

WATER ABSORPTION. 

 
C. Water Absorption 

Sample 
I.D. 

Dry Weight 

of 
Sample 

(in gms.) 

Weight of 

Saturated  
sample 

(in gms.) 

Weight of 

Suspended 
Sample 

(in gms.) 

Water 

Absorption  

(%) 

GPBF 176 184 65.5 4.55 

GPGF 146 157 48.5 7.53 

 

 
 
As already found that water is absorbed less in WHITE Fly 

Ash Geopolymer, being less porous. So, further total 

volumetric water absorption test was done, with total water 

submergence, on BLACK and GREY types, so as to know 

more about its porosity and water absorbing characteristics. 

Reports show that though total water absorption by 

percentage of volume was more in GPGF, it is observed that 

the trend of the changes in weight of the specimens GPBF 

and GPGF are nearly same.   

Further from the trends of water absorption by the specimen 

bodies, the nature voids and density is determined. 

 

Calculation of Density & Porosity 

 

Sample  

Id. 

Volume of 

Pores 

(Sat.Wt. - 
Dry Wt.) 

(cc.) 

 Volume of 

Sample 

(Dry Wt. - 
Susp. Wt.) 

(cc.) 

Apparent 

Porosity 
(Vol. of 

Pores / Vol. 

of Sample) 
×100(%) 

Density of 

Sample 
(Dry Wt. / 

Vol. of 

Sample) 
(gms./cc.) 

GPBF 8 110.5 7.2 1.593 

GPGF 11 97.5 11.28 1.497 
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Results make it further clear that Geopolymer of BLACK 

Fly Ash (GPBF) has a greater figure of Porosity as 

compared to GREY Fly Ash (GPGF). As already found 

above that water absorption and Sorptivity accounts greater 

for GPBF, hence its Density in turn shows a decrease in 

value correspondingly. Whereas GPGF has a bit higher 

Density as compared in the figure.   

 

V. CONCLUSION 

1. Much water is not required to provide strength to the 

Geopolymers formed of the different Fly Ash used, as 

most water is seen to be expelled out during mixing 

and setting at initial stages. 

2. Geopolymer specimens GPBF and GPWF show 

maximum compressive strength after 24 hours of heat 

curing. 

3. GPBF and GPGF absorb maximum water from the 

surroundings. 

4. White Fly Ash makes very less porous Geopolymer. 

5. Percentage of Water absorption by volume is more for 

GPGF when compared with GPBF. 

6. Apparent porosity accounts greater for GPGF, 

correspondingly the Density of GPGF is lesser, when 

compared between GPBF and GPGF.   

7. Best result are shown by the Geopolymers formed of 

White Fly Ash on regards to Physical characteristics 

like Strength, Water Absorption, etc., followed by the 

ones of Black Fly Ash and at last the Grey Fly Ash, 

when the three different Fly Ash (Black, Grey, White), 

were  polymerized with keeping activator constant in 

terms of ratio and type. 
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