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Abstract: 

Geopolymer binders are pulling in the consideration of scientists as replacement to 

solidify binder in traditional concrete. In assembling 1 ton of concrete, 1 ton of CO2 is 

discharged into the climate. In this manner, substitution of concrete by geopolymer material in 

development industry diminishes contamination by two different ways: decrease in carbon 

dioxide emanation into climate by diminishing the utilization of concrete and usage of fly ash, 

which is another waste item heaping in colossal amounts in warm force plants. To inspect the 

utilization of geopolymer as a substitution to solidify, it is basic to explore ordinary consistency, 

last setting time and compressive strength of geopolymer which are normal tests for the most 

part led for concrete. The method embraced for deciding the ordinary consistency, last setting 

time and compressive strength of geopolymer is same as the method received for concrete. In 

these tests, concrete is supplanted by geopolymer material and water is supplanted by basic 

activator arrangement. The parameters considered in this examination are geopolymer source 

material (fly ash also, GGBS) and soluble activator comprising of sodium Meta silicate and 

sodium hydroxide of various molarities (8, 12, 16 M). The proportion of sodium Meta silicate to 

sodium hydroxide considered in this investigation is 2.5. The test outcomes showed that mix of 

fly ash and GGBS brings about diminished last setting time and expanded compressive strength. 

It was additionally saw that expansion in sodium hydroxide increments compressive strength of 

geopolymer mortar. 
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1. Introduction 

Nowadays, there is a need for enhanced the infrastructure activities, due to the 

construction activities huge amount of cement were consumed. The production of cement, huge 

amount of CO2 emitted into atmosphere. While production one ton of cement almost equal 

amount of CO2 is released into the atmosphere. The effect of binder the curing time and 

temperature of compressive strength due to light weight geopolymer mortar with the addition of 

fly ash and GGBS. The effective parameter was investigated the different compressive strength 

of geopolymer mortar. The alkaline activator is a mix 8, 12, 16 M with NaoH and Na2oH in ratio 

1:2.5. They result was obtained that increase the compressive strength of geopolymer mortar. [1] 

This experimental was investigation cured stone- silicate stand are used in ratio of 1:3 act as a 
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binder materials. The sodium hydroxide and sodium silicate solution used as alkaline activators 

with different molarities. The casted specimens were oven cured at 80oC for 1, 3, and 5h. The 

replacement of cured stone by 33% of silica stand gives tensile adhesive strength. [2] Most of the 

researcher said that new alternatives materials for Portland cement are mostly used as 

geopolymer mortar. The geopolymer mortar created by activation of waste pazzolan materials 

the alkaline activators, like NaoH and Na2oH are widely used for making geopolymer mortar. In 

this paper was study that the experimental behavior of different concentration of alkaline 

activator with different activator and the specimen curing temperature are also involved to 

finding the behavior of geopolymer mortar. [3]  

The fiber reinforced geopolymer materials involved as a major role in repair are 

retrofitting technique due to their bonding behavior. [4] The geopolymer mortars were 

manufacture in the addition of sodium hydroxide and sodium silicate solution as the alkaline 

activators. In that the addition of fly ash and GGBS act as binder materials for making 

geopolymer mortar using different concentration of NaoH was studied 8, 10 and 12 M. [5] This 

study that the geopolymer mortar used a different molarity depends upon the solution of 

molarities microstructure and mechanical properties. The ambient curing method should be 

adopted for curing the casted specimens. The different test such as flexural strength, split tensile 

and compressive strength are conducted to determine the geopolymer mortar. [6] The fresh and 

hardened properties of geopolymer mortar and the influence of the particle size range of CDW 

fine aggregate were evaluated. They conclude that high flexural and compressive strength when 

compare to sand based on the tested specimens. [7] In geopolymer concrete aggregate act as a 

major role and its mechanical properties and absorption characteristics was studied. The different 

type of aggregate the natural river sand combined stand lime stone and crushable lime stone were 

involved in geopolymer mortar. The fly ash was utilized the binding materials. The workability, 

absorption, fresh unit, strength of geopolymer mortar mostly depends upon the performances of 

aggregate. [8] 

In identify the compressive strength of geopolymer mortar with different mix proposition 

binder ratio of concentration of sodium hydroxide molarities varies ratio of sodium silicate. The 

ratio of sodium silicate to sodium hydroxide were take as 0.5,1.5 and 2.5 and quantity of binder 

take as 600, 700 and 800 kg/m3.[9] The alternative materials for ordinary Portland cement are 

used as waste pozzlonic materials like fly ash and GGBS. Geopolymer concrete is accepted as an 

ecofriendly material with good durability and mechanical behavior. The main concept of the 

research work to investigate the initial and final setting time of geopolymer mortar. The 

compressive strength and flexural strength of mortar specimens for 7 days with different curing 

condition then binder ratio and the properties of binder are also to be considered. [10] The 

mechanical behavior of geopolymer mortar and the ratio of sand to fly ash take between the 

ranges of 0 to 6. [11] Geopolymer material based on the better performance of mechanical 

strength [12] a more resistance against chemical attack [13] and high temperature resistances 

[14] these properties are very important for different application in constriction filed, however, 

when geopolymer cement is used as a binding material for mortar or concrete and improved the 
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performance are priorities. [15] The binders are obtained from combination of agriculture and 

industrial waste such as granulated- blast- furnace- slag (GBFS), fly ash (FA) and polar oil- fuel 

ash (POFA).  

The alkaline activators are used as sodium hydroxide (NH) and sodium silicate (NS). [16] 

The mechanical properties of geopolymer mortar are mostly used depends upon the type of 

curing, curing temperature, concentration of alkaline activators and various mix Proposition. 

Recent studies were obtained the increasing compressive strength and structural strength of 

geopolymer mortar produced in the addition of fly ash with alkaline activators [17, 18]. A large 

amount of quantity of slag in the mixture was activated to decrease the deterioration of 

geopolymer mortar. The increase the modulus of silicate, workability increased and the 

compressive strength decreased. The self compacted geopolymer mortar as a considerably high 

strength of 40.2 MPa [19]. Since, the alkaline activators cement materials the geopolymer is 

gaining an increase in recognition due to the potential reduction in Co2 [20-21]. The percentage 

of increasing the recycled aggregate shows decreasing the geopolymer mortar. [22] 

2. Experimental Procedure 

2.1. Material Selection  

The constituent materials used in this research are fly ash obtained from mettur, thermal 

power plant and GGBs obtained from Salem, steel power plant, tamilnadu India, with the 

specific gravity of 2.65. This investigation was procured from local sources. The chemical 

composition of fly ash and GGBS as shown in table 1. The ordinary Portland cement C43 grade 

and both the requirement of IS: 12269 and ASTMC642-82 type 1 was used. The fine aggregate 

used is clean dry river sand. It is well graded finder than 2.36mm (ASTM No 8) sieve used to 

remove all the pebbles. The specific gravity of surface sand is 2.67 which confirms to zone II as 

per IS: 383 [23, 27]. 

Table 1: Chemical composition of fly ash and GGBS (% by mass) 

Chemical 

Composition (%) 

Fly ash GGBS 

SiO2 60.11 34.06 

Al2O3 26.53 20 

Fe2O3 NIL NIL 

SO3 0.35 0.9 

CaO 4.00 32.6 

MgO 1.25 7.89 

Na2O 0.22 NIL 

LOI 0.88 NIL 

TiO2 NIL NIL 

K2O NIL NIL 
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2.2.Mix Proportions 

The mixing ingredients that fly ash, GGBS with various proportions by load are mixed in dry 

situation in a pan mixer. In addition of alkaline solution and mixed for 3 min to ensure 

homogeneity by uniform color. The different concentrations of alkaline activator as well as the 

sense of geopolymer prepared by various proportions of calcined source material like fly ash and 

GGBS. 

2.3.Fly ash and GGBS  

The microstructure properties of binder material fly ash and GGBS using scanning electron 

microscopy (SEM). The SEM image of fly ash and GGBS as shown in figure 1 and 2. The SEM 

image gives an approximate idea about the shape, size, surface of the structure and angularity of 

the fly ash and GGBS particles used in the study. The GGBS particles appear to have straight, 

surface, shape the large variation in size 1-10 micron.  The fly ash appears the approximately 

1/10 of maximum fly ash particle size 1-10 micron. The energy of specimen x-rays spectroscopy 

of fly ash and GGBS as shown in figure 3 and 4. The X-ray spectroscopy is observed that GGBS 

is enriched the more silica percentage than other elements. The fly ash particles more percentage 

of silica and alumina.  

          

Figure 1: Fly ash      Figure 2: GGBS  
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Figure 3:   EDXA of fly ash                                   Figure 4: EDXA of GGBS 

2.4.Alkaline activators 

The combination of alkaline activator is sodium hydroxide and sodium Meta silicate. The 

sodium hydroxide is widely used as alkaline activator because it less expensive than potassium 

hydroxide solution. The sodium hydroxide is in the form of pellets, are dissolved in distilled 

water to make sodium hydroxide solution of different molarities. The mass ratio of sodium 

hydroxide and sodium silicate solution is 2.62 (Sio2=32.75% Na2o= 12.5% and water = 54.75%). 

The different morality of sodium hydroxide and sodium Meta silicate solution in liquid form are 

mixed before 24 hours to use and stored at normal room temperature 28oC . 

2.5.Geopolymer mortar mixture 

The ratio of binder to fine aggregate is fixed as 1:1 and the binder ratio of alkaline liquid are 

fixed as 0.50. The determination of different materials like fine aggregate and alkaline solution 

with different molarities as 8M, 12M and 16M. The mixing proportions of calcined source 

material fly ash and GGBS as shown in table 2. In general formula used to prepare 8 molarities 

concentration of sodium hydroxide 320g (molarity × molecular weight) of sodium hydroxide is 

dissolved in distilled water to makeup is done to 11. Sodium hydroxide solution is mixed with 

sodium silicate solution before 1 day preparation of the geopolymer mortar. Fine aggregate and 

alkaline solution before adding  dry mixer of fly ash and GGBS for 2 min an electrically 

operated in mortar mixer. The steel molds used for casting cube the dimensions are 100mm × 

100mm × 100mm mortar specimens. After 24 hour the specimens are remolded of casting and 

oven. The specimens are kept in oven for 24 hour and its ready for testing specimens are ambient 

curing for 28 days after casting. The different works was carried out in this research work are (1) 

The different molarity of sodium hydroxide in a alkaline activator an 8M,12M and 16M. (2) The 

different percentage of GGBS and fly ash. (3) Curing condition must be followed by oven 

curing. 
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Table 2: Mixing ratios of geopolymer mortar 

Mix No/Binder 

Ratio 

Fly ash 

(kg/m3) 

GGBS 

(kg/m3) 

Fine 

aggregate 

(kg/m3) 

NaoH 

(kg/m3) 

Na2SiO3 

(kg/m3) 

Alkaline 

liquid 

(kg/m3) 

Na2SiO3/NaOH=2.5  

M1F100GG 0 898.24     0 898.24 115.50 288.75 404.25 

M2F90GG 10 808.42  89.82 898.24 115.50 288.75 404.25 

M3F80GG 20 718.59 179.65 898.24 115.50 288.75 404.25 

M4F70GG 30 628.77 269.47 898.24 115.50 288.75 404.25 

M5F60GG 40 538.94 359.30 898.24 115.50 288.75 404.25 

M6F50GG 50 449.12 449.12 898.24 115.50 288.75 404.25 

M7F40GG 60 359.30 538.94 898.24 115.50 288.75 404.25 

M8F30GG 70 269.47 628.77 898.24 115.50 288.75 404.25 

M9F20GG 80 179.65 718.59 898.24 115.50 288.75 404.25 

M10F10GG 90  89.82s 808.42 898.24 115.50 288.75 404.25 

M11F0GG 100     0 898.24 898.24 115.50 288.75 404.25 

 

2.6.Experimental programe setup 

As per standard IS: 4031 (part IV) [33]. The standard consistency of cement is calculated 

using vicats apparatus. Similar procedure used to testing the geopolymer mortar is standard 

consistency of geopolymer mixer is defined as the different percentage of alkaline activator 

which allows the plunger of vicats to depth of 33-35mm the top of vicats mould. The final setting 

time of geopolymer mixer was calculated by using vicats apparatus taking 500g of binder (fly 

ash and GGBS) and 0.85 times of alkaline activator to produce geopolymer mixer of standard 

consistency [34, 35]. The mortar cubes of size 100mm×100mm×100mm are casted and tested 28 

days compressive strength of geopolymer mortar was calculated. 

3. Result and Discussion 

3.1. Standard consistency 

The standard consistency values for different mixes combination of binder content are 

shown in table 3. From the tested value fly ash requires less alkaline solution for standard 

consistency than GGBS as than 100% replacement of GGBS. The intermediate mixes, resulted 

as increase and increasing in GGBS at standard consistency value. For this reason the behavior 

can be attributed to the fly ash particles are less internal frication, allowing free movement of 

vicats plunger for lower alkaline activator. In GGBS having high internal frication compared to 
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fly ash particles and hence due to more alkaline activator to achieve the standard consistency. 

The combination of 70% GGBS and 30% fly ash found to be 33. From this discussion the 

combination of fly ash and GGBS increase and increasing the standard consistency of the 

geopolymer. 

Table 3: Normal consistency of geopolymer Mix for different molarities of NaoH 

S.n

o. 

Calcined source 

material 

combination 

Percentage of alkaline activator required to produce geopolymer paste (P) 

 
Fly 

ash 

(%) 

GGBS 

(%) 

Alkaline activator 

solution 

with sodium hydroxide 

8M 

 

Alkaline activator 

solution 

with sodium hydroxide 

12M 

 

Alkaline activator 

solution 

with sodium 

hydroxide 16M 

1 100 0 27 27 26 

2 90 10 28 28 29 

3 80 20 30 29 30 

4 70 30 33 32 33 

5 60 40 33 33 33 

6 50 50 34 33 35 

7 40 60 34 35 36 

8 30 70 34 36 38 

9 20 80 35 37 39 

10 10 90 36 37 39 

11 0 100 36 37 39 

 

3.2. Final setting time  

The varying the proportion of fly ash and GGBS as different concentration 8M,12M,16M. 

The same procedure for cement should be adopted for calculated the final setting time of cement. 

The variation of sodium hydroxide in alkaline activator for various mixes of fly ash and GGBS 

in geopolymer as shown in table 4. From this investigation the final setting time of various mixes 

are obtained as 38 to 336 min. In observed that increased in the concentration of sodium 

hydroxide solution resulted in increased the final setting time. When final setting time increased 

fly ash content in the mix is 100% from 205 min, (with alkaline solution having sodium 

hydroxide of 8M) to 336 min (with alkaline solution having sodium hydroxide of 16 M). When 

the fly ash content is totally replaced by GGBS increased from 38 min for final setting time. 

(With alkaline solution having sodium hydroxide of 8M) to 70 min (with alkaline solution 

having sodium hydroxide of 16 M). The setting aspects with the alkaline activator GGBS faster 

than the fly ash.  
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The high strength of geopolymer material, GGBS is better source material than fly ash. The 

replacement of fly ash particle by GGBS 20% decreased the final setting time from 205 to 128 

min. when the molarity of the sodium hydroxide is 8M. From the tested data reducing the final 

setting time from 205 to 38 min. when fly ash reduced by GGBS for 8M mix. It can be 

concluded that the combination of fly ash and GGBS can be advocate the final setting time. 

Table 4: Final setting time of geopolymer Mix for various molarities of NaoH 

S.no

. 

Calcined source 

material 

combination 

Final setting time (minutes) 

 Fly 

ash 

(%) 

GGBS 

(%) 

Alkaline activator 

solution 

with sodium hydroxide 

8M 

 

Alkaline activator 

solution 

with sodium hydroxide 

12M 

 

Alkaline activator 

solution 

with sodium hydroxide 

16M 

1 100 0 205 260 336 

2 90 10 150 180 260 

3 80 20 120 150 196 

4 70 30 110 136 150 

5 60 40 100 110 136 

6 50 50 95 100 128 

7 40 60 80 90 116 

8 30 70 70 85 100 

9 20 80 60 70 95 

10 10 90 50 60 80 

11 0 100 38 50 70 

 

The standard consistency of fly ash with 0% of GGBS is 27% of geopolymer mortar; the 

estimating final setting time of geopolymer mortar is 0.85 P (0.85×27=22.95%) using alkaline 

activators [24, 25, and 26]. The standard consistency of geopolymer mortar with 0% fly ash is 

37% and its final setting time 0.85P (0.85×37=31.45%). The different chemical composition of 

fly ash and GGBS in the quality of alkaline activator decreased the setting time for 100% 

GGGBS and geopolymer. 

3.3. Compressive strength 

The different geopolymer mix ratio of fly ash and GGBS and its compressive strength along 

with various concentration alkaline activators as shown in table 5, 6 and 7. From the tested result 

curing strength of geopolymer mortar range from 42 to 89MPa. The ambient cured specimens 

have the compressive strength range from 42 to 76 MPa. By increasing the GGBS content the 
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compressive strength increases as 100% replacement fly ash as 76MPa. Due to high calcium 

content present in GGBS. The increases in concentration of alkaline activator are also act as a 

major role in the compressive strength with different molarities of 8, 12 and 16M. The oven 

cured specimens of its compressive strength range from 53 to 83 MPa. Mostly the compressive 

strength of oven cured specimens is greater than the ambient cured specimens.   

Table 5: 28-day compressive strengths of geopolymer mortars with alkaline activator sodium 

hydroxide 8M 

 

S.no. Calcined source 

materials 

Compressive strength (N/mm2) at 28days 

 
Fly ash 

(%) 
GGBS (%) 

Alkaline activator solution 

with sodium hydroxide 8M 

(outdoor curing) 

Alkaline activator solution 

with sodium hydroxide 8 M 

(oven curing) 

1 100 0 42 53 

2 90 10 45 55 

3 80 20 46 56 

4 70 30 49 57 

5 60 40 51 58 

6 50 50 51 60 

7 40 60 52 62 

8 30 70 57 65 

9 20 80 63 72 

10 10 90 69 77 

11 0 100 76 83 

 

 

Table 6: 28-day compressive strengths of geopolymer mortars with alkaline activator sodium    

hydroxide 12 M 

 

S.no. 
Calcined source 

materials 
Compressive strength (N/mm2) at 28days 

 
Fly ash 

(%) 
GGBS (%) 

Alkaline activator solution 

with sodium hydroxide 12M 

(outdoor curing) 

Alkaline activator solution 

with sodium hydroxide 12 M 

(oven curing) 

1 100 0 44 53 

2 90 10 45 56 

3 80 20 47 57 

4 70 30 50 60 
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5 60 40 52 61 

6 50 50 53 65 

7 40 60 55 68 

8 30 70 63 74 

9 20 80 65 77 

10 10 90 73 83 

11 0 100 78 86 

 

 

Table 7: 28-day compressive strengths of geopolymer mortars with alkaline activator sodium 

hydroxide 16 M 

 

S.no. 
Calcined source 

materials 
Compressive strength (N/mm2) at 28days 

 Fly ash 

(%) 

GGBS (%) Alkaline activator solution 

with sodium hydroxide 16M 

(outdoor curing) 

Alkaline activator solution 

with sodium hydroxide 16 M 

(oven curing) 

1 100 0 46 55 

2 90 10 47 59 

3 80 20 54 62 

4 70 30 56 63 

5 60 40 63 65 

6 50 50 65 66 

7 40 60 67 69 

8 30 70 69 73 

9 20 80 75 78 

10 10 90 79 86 

11 0 100 80 89 

 

4. Conclusion 

Based on the experimental results observed the following conclusion are shown: 

1. The different concentration of alkaline activator solution does not affect the standard 

consistency. 

2. The increase in setting time of geopolymer mortar depends upon the increase in molarity 

of alkaline activator. 
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3. The decrease in the ratio of fly ash as content decrease in final setting time of geopolymer 

mortar. 

4. The increase in the content of GGBS increase in the compressive strength.  

5. Increase the concentration of alkaline activators of different mixes of GGBS and fly ash 

increase in the compressive strength.   

6. Oven cured specimen’s gives better result as compared to ambient cured specimens. 

7. Curing methods act as a major role in geopolymerization process. 
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