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Abstract - Geo-polymer is an emerging technology 
towards greener environment as it utilizes industrial waste 
in abundant quantity, like fly ash, red mud, etc. In this study 
class F fly ash sample which has been used was obtained 
from Satpura Thermal Power Plant, Sarni, Betul (M.P.). In 
this study potassium based alkaline activator (Combination 
of potassium hydroxide and potassium silicate) was used. In 
this research work the molarity of the solution was kept 
constant to be 16 and ratio of K2SiO3:KOH was varied. The 
ratios of K2SiO3:KOH adopted were 0.25, 0.50, 1.00, 1.50, 
2.00, and 2.50. For each batch 15 cubes of sizes 7.06cm x 
7.06cm x 7.06 cm were casted for each trial out of which 12 
cubes were oven cured in Hot Air Oven at 60°C for 48 hours 
and the remaining 3 cubes were left for the ambient drying. 
For compressive strength testing, 3 cubes each were tested 
at 3, 7, 14 and 28 days respectively and the average of 3 
cubes was taken as the compressive strength. It was found 
that initially on increasing the ratio of K2SiO3:KOH the 
compressive strength was increased but beyond ratio 0.50 
the compressive strength was decreased. The compressive 
strength using 0.50 ratio of K2SiO3:KOH was found to be  
85.20 MPa for oven curing at 60°C for 48 hours at 28 days of 
aging and 59.10 MPa for ambient curing at 28 days of aging 
where  solution: fly ash ratio  0.27. 

Key Words:  Fly ash, geo-polymer mortar, compressive 
strength, potassium hydroxide and potassium silicate. 

1. INTRODUCTION  

The term ‘geo-polymer’ was first introduced by Davidovits 
in 1978 to describe a family of mineral binders with 
chemical composition similar to zeolites but with an 
amorphous microstructure. Unlike ordinary 
Portland/pozzolanic cements, geo-polymers do not form 
calcium-silicate-hydrates (CSHs) for matrix formation and 
strength but utilize the poly-condensation of silica and 
alumina to attain structural strength. Two main 
constituents of geo-polymers are source materials and 
alkaline liquids. The source materials of alumino-silicate 
should be rich in silicon (Si) and aluminum (Al). The by-
product materials such as fly ash, silica fume, slag, rice-
husk ash, red mud, etc. are reported to contain such source 
materials. 

1.1 Mechanism of Geo-polymerization 

a. Solid dissolution, which releases both Si and Al 
species when solids are coming in contact with the 
activating solutions. 

b. Polymerization, possibly through colloidal 
formation, of the dissolved Si and Al with the 
soluble silicates from the activating solutions. 

c. Gellation of the polymerised alumino-silicate. 

d. Setting and hardening. 

e. Solid-state transformation of the alumino-silicate 
gel. 

1.2 Need of Geo-polymer Binder 

To produce one ton of cement, it requires about 2 tons of 
raw materials (shale and limestone) and releases 0.87 ton 
of CO2, about 3 kg of Nitrogen Oxide (NOx), an air 
contaminant that contributes to ground level smog and 0.4 
kg of PM10 (particulate matter of size 10 µm), an air borne 
particulate matter that is harmful to the respiratory tract 
when inhaled. The global release of CO2 from all sources is 
estimated at 23 billion tons a year and the Portland 
cement production accounts for about 7% of total CO2 
emissions. The cement industry has been making 
significant progress in reducing CO2 emissions through 
improvements in process technology and enhancements in 
process efficiency, but further improvements are limited 
because CO2 production is inherent to the basic process of 
calcinations of limestone. Mining of limestone has impact 
on land-use patterns, local water regimes and ambient air 
quality and thus remains as one of the principal reasons 
for the high environmental impact of the industry. Dust 
emissions during cement manufacturing have long been 
accepted as one of the main issues facing the industry. The 
industry handles millions of tons of dry material. Even if 
0.1% of this is lost to the atmosphere, it can cause havoc 
environmentally. Fugitive emissions are therefore a huge 
problem, compounded by the fact that there is neither an 
economic incentive nor regulatory pressure to prevent 
emissions. The cement industry does not fit the 
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contemporary picture of a sustainable industry because it 
uses raw materials and energy that are non-renewable; 
extracts its raw materials by mining and manufactures a 
product that cannot be recycled. Through waste 
management, by utilizing the waste by-products from 
thermal power plants, fertilizer units and steel factories, 
energy used in the production of respective goods can be 
considerably reduced. This cuts energy bills, raw material 
costs as well as greenhouse gas emissions. In the process, 
it can turn abundantly available wastes, such as fly ash and 
slag into valuable products, such as geo-polymer mortar 
and/or concretes. 

1.3 Advantages of Geo-polymer Mortar and/or 
Concrete 

a. Low cost and environmental friendly.  

b. Reduction in greenhouse gas emission due to 
reduction in OPC use.  

c. Proper utilization of industrial waste such as fly 
ash.  

d. Low-calcium fly ash-based geo-polymer concrete 
has excellent compressive strength and is suitable 
for structural applications.  

e. The elastic properties of hardened geo-polymer 
concrete and the behavior and strength of 
reinforced geo-polymer concrete structural 
members are similar to the Portland cement 
concrete.  

f. Heat-cured low-calcium fly ash-based geo-
polymer concrete also shows excellent resistance 
to sulphate attack, good acid resistance, 
undergoes low creep, and suffers very little drying 
shrinkage. (Dighe & Gulave, (2016). 

2. Materials 

2.1 Fly Ash 

Fly ash, also known as "pulverized fuel ash", is one of the 
residues generated by coal combustion, and is composed of 
the fine particles that are driven out of the boiler with the 
flue gases. Ash that falls in the bottom of the boiler is called 
bottom. Fly ash is generally captured by electrostatic 
precipitators or other particle filtration equipment before 
the flue gases reach the chimneys of coal-fired power 
plants and together with bottom ash removed from the 
bottom of the boiler is known as coal ash. Depending upon 
the source and makeup of the coal being burned, the 
components of fly ash vary considerably, but all fly ash 
includes substantial amounts of silicon dioxide (SiO2) 
(both amorphous and crystalline), aluminium oxide 
(Al2O3) and calcium oxide (CaO), the main mineral 
compounds in coal-bearing rock strata. The fly ash can be 
classified as Class F fly ash and Class C fly ash.  

a. Class-F Fly Ash: The burning of old anthracite and 
bituminous coal typically produces Class F fly ash 
which contains less than 10% lime (CaO). 
Alternatively, the addition of a chemical activator 
such as sodium silicate (water glass) to a class F 
ash can lead to the formation of a geo-polymer. 

b. Class-C Fly Ash: Produced from the burning of 
younger lignite or sub bituminous coal and 
generally contains more than 20% lime (CaO). 
This type of ash does not require and activator and 
the contents of alkali and sulphate (SO4) are 
generally higher to a Class F fly ash. 

It is used as the full replacement of cement since during the 
production of cement, about 1 ton of cement produces 1 
ton of carbon dioxide in the atmosphere. The carbon 
dioxide is released while manufacturing cement from 
rotary clinker at 875°C where lime stones breaks into 
calcium oxide and carbon dioxide. But during the 
production of geo-polymer, 80% less carbon dioxide is 
emitted as compared to OPC. This results into the 
reduction of carbon dioxide in the atmosphere. For 
production of geo-polymer waste is utilized in bulk 
quantity, waste material that are rich in silica and alumina 
can be utilized for example fly ash, red mud, etc. can be 
used.  

In this study class F fly ash sample which has been used 
was obtained from Satpura Thermal Power Plant, Sarni, 
Betul (M.P.). In India about 225 MT of fly ash generated 
every year from 151 thermal power plants whose installed 
capacity is 138916 MW. In Madhya Pradesh there are 4 
thermal power plants with installed capacity of 4080 MW 
generating 5.50 MT of fly ash every year. The Satpura 
Thermal Power Plant which is situated in Sarni district 
Betul (M.P.) generates about 2.02 MT of fly ash every year 
with installed capacity of 1330 MW, utilizing only 34% of 
fly ash. The fly ash used was found to be equivalent to Class 
F fly ash as per IS 3812 (Part-1):2013. Figure 1 shows the 
fly ash sample that has been used. Table 1 describes the 
characteristics of the fly ash sample along with the 
standard value. 

2.2 Fine aggregate 

The fine aggregate used in the study for preparation of 
cement free fly ash based geo-polymer mortar was 
obtained from Narmada river, fine aggregate passing 4.75 
mm IS sieve and Figure 2 shows the sample of the fine 
aggregate. Table 2 describes the characteristics of the fine 
aggregate sample and was found to be confirming to IS 
383-1970. 

2.3 Water 

The water used in the study was a media to dissolve the 
potassium-based chemicals for the preparation of the 
potassium based alkaline activator. The characteristics of 
water used for the study is presented in Table 3 and was 
found in the limit as per IS 456:2000. 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                 Volume: 05 Issue: 04 | Apr-2018                     www.irjet.net                                                                 p-ISSN: 2395-0072 

 

© 2018, IRJET       |       Impact Factor value: 6.171       |       ISO 9001:2008 Certified Journal       |        Page 3336 

 

 2.4 Alkaline Activator 

The alkaline activator used in the study was potassium 
based and the chemicals used for preparation of alkaline 
activator are potassium hydroxide and potassium silicate 
which are shown in Figure 3. Table 4 describes the 
characteristics of the alkaline activator used. It may be 
noted that average temperature of alkaline activator 
prepared was about 80°C in the beginning while after 3-4 
hours after its preparation the temperature got reduced to 
about 40°C. 

Table -1: Characteristics of Fly Ash Sample (Satpura 
Thermal Power Plant, Sarni, Betul, M.P.) 

 
S. 

No. 
Characteristic Value Typical 

Range 
1.  Silicon di-oxide (SiO2) 62.12% 35% 

(Minimum) 
2.  Aluminum oxide 

(Al2O3) 
21.30%  

3.  Ferric oxide (Fe2O3) 5.50  
4.  Silicon di-oxide (SiO2) 

+ Aluminum oxide 
(Al2O3) + Ferric oxide 

(Fe2O3) 

88.92% 
 

70% 
(Minimum) 

5.  Magnesium oxide 
(MgO) 

1.58% 
 

5% 
(Maximum) 

6.  Calcium oxide (CaO) 0.53% 
 

 

7.  Loss on Ignition 3.30% 
 

5% 
(Maximum) 

8.  Specific Gravity 2.10 2.10-2.65 
 

Table -2: Characteristics of Fine Aggregate Sample 
 

S. 
No. 

Characteristic Value Typical 
Range 

1.  Specific Gravity 2.65 2.50-3.00 
2.  Fineness Modulus 2.19 2.00-4.00 
3.  Bulking 22.00% 22.00-

30.00% 
 

Table -3: Characteristics of Water Sample 
 

S. No. Characteristic Value 
1.  pH 7.00 
2.  Chlorides 25.00 mg/l as Cl2 
3.  Total Hardness 140.00 mg/l as 

CaCO3 
4.  Calcium Hardness 100.00 mg/l as 

CaCO3 
5.  Magnesium 

Hardness 
40.00 mg/l as CaCO3 

6.  Organic Solids 21.70 mg/l 
7.  Inorganic Solids 10.00 mg/l 
8.  Suspended Matter 20.40 mg/l 

 

Table -4: Characteristics of Alkaline Activator 
 

S. No. Characteristic Value 
1.  pH 14 
2.  Temperature just after preparing 80°C 
3.  Temperature while using 40°C 

 

 
Fig -1: Class F Fly Ash 

 

 
Fig -2: Fine Aggregate 

 

 
Fig -3: Potassium Based Chemicals along with Prepared 

Alkaline Activator 
 

 
Fig -3: Preparation, curing and evaluation of compressive 

strength cement free fly ash based geopolymer mortar 
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Table -5: Effect K2SiO3:KOH on Compressive Strength of 
Geo-polymer Mortar at Different Days (Oven Cured at 

60°C for 48 hours and Ambient Cured) 
 
K2SiO3:KO

H 

0.2

5 
0.5 1.0 1.5 2.0 2.5 Curing 

Duratio

n Days Compressive Strength (MPa) 

3 
29.4

0 

67.8

0 

64.2

0 

58.2

0 

52.8

0 

48.3

0 

Oven 

cured at 

60°C for 

48 hours 

7 
30.0

0 

79.8

0 

72.3

0 

62.4

0 

57.0

0 

52.8

0 

14 
36.6

0 

84.0

0 

79.8

0 

70.0

0 

63.0

0 

58.2

0 

28 
43.8

0 

85.2

0 

83.1

0 

74.1

0 

67.8

0 

62.4

0 

28 
30.3

0 

59.1

0 

55.5

0 

47.4

0 

40.0

0 

35.4

0 

Ambient 

cured 

 

 
 

Chart -1: K2SiO3:KOH on Compressive Strength of Geo-
polymer Mortar at Different Days (Oven Cured at 60°C for 

48 hours and Ambient Cured) 
 

3. Result and Discussion 
 
    The geo-polymer mortar cubes were casted of size 7.06 
cm x 7.06 cm x 7.06 cm. The raw materials used were fly 
ash, fine aggregate and alkaline activator. The ratio of fly 
ash: fine aggregate was 1:2.The mortar cubes were casted 
in varying ratio of K2SiO3:KOH as 0.25, 0.50, 1.00, 1.50, 
2.00 and 2.50. For each trial 15 cubes were casted, out of 
which 12 cubes were oven cured in Hot Air Oven at 60°C 
for 48 hours and the remaining 3 cubes were left for the 
ambient curing. For compressive strength testing, 3 cubes 
each were tested for 3, 7, 14 and 28 days respectively and 
the average of 3 cubes was taken as the compressive 
strength. Figure 4 shows the cubes casted during and after 
curing in Hot Air Oven at 60°C for 48 hours and also the 
ambient cured cubes. The results of the various trials have 
been described in the Table 5 and also the variations in the 
compressive strength for each trial have been depicted in 
the Figure 5.  
 
During the study it was observed that on increasing the 
ratio of K2SiO3:KOH from 0.25 to 0.50 the  compressive 
strength was increased while on further increasing the 
ratio of K2SiO3:KOH from 1.00 to 2.50 the compressive 
strength was decreased for oven curing at 60°C for 48 

hours and for ambient curing as well. It was also observed 
that, the oven cured cubes can be de-molded within 24 
hours and again the cubes were kept in the oven for next 
24 hours so that the heating could be provided evenly on 
all the faces of the cubes while in the case of ambient 
cured cubes it took around 4-5 days for de-molding. As per 
the results it was observed that the maximum 
compressive strength was achieved at ratio of 0.50 of 
K2SiO3:KOH (i.e. 85.20 MPa in case of oven curing at 60°C 
for 48 hours and 59.10 MPa for ambient curing) which 
was taken as the optimized ratio for the study. 
 

 4. CONCLUSIONS 
 

1.  Fly ash that has been used in this study was 
obtained from Satpura Thermal Power Plant, 
Sarni, Betul, (M.P.) which was analysed as Class F 
fly ash and was found to be suitable for making 
cement free fly ash based geo-polymer mortar. 
 

2. The prepared potassium based alkaline activator 
was highly alkaline and having pH of 14. 
 

3. The various ratios of K2SiO3:KOH studied were 
0.25, 0.50, 1.00, 1.50, 2.00 and 2.50 for geo-
polymer mortar. It was observed that at ratio 0.50 
maximum compressive strength was achieved i.e. 
85.20 MPa for oven cured at 60°C for 48 hours at 
28 days of aging and 59.10 MPa for ambient 
curing at 28 days of aging where solution: fly ash 
ratio was 0.27. Hence, the designed optimized 
ratio of K2SiO3:KOH has been observed as 0.50 
for geo-polymer mortar. 
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