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Concreteisbecomingmoreandmoreindemandasinfrastructurefacilities are 

being developed. It's good. It is a known fact that themanufacture of 

OPC uses a big amount of energy and natural 

resourcesandalsoemitsasignificantamountofcarbondioxideintotheatmosp

here.Therefore,it'scrucialtocomeupwithalternativestoenvironmentallyfrie

ndlyconcrete.Flyashisusedtocreatetheinorganic alumino-silicate 

substance known as geopolymer. India has 

alargesupplyofflyash,oneoftherawmaterialsusedtomakegeopolymerbinde

rs,althoughithasonlyjustbeguntobeused.Therefore, in order to produce 

concrete that is more environmentallyfriendly, it is imperative to make 

the effort to use this by-product. 

Inordertoimproveitsoverallperformance,thisresearchdetailstheexperimen

talworkcarriedoutbycasting20differentgeopolymerconcretemixturestoass

esstheimpactofdifferentparametersimpactingitscompressivestrength.Ther

ehavebeenstudiesonanumber of parameters, including the ratio of 

alkaline liquid to fly ash,sodium hydroxide concentration, sodium 

silicate to sodium hydroxideratio, curing time,curing temperature,dose 

of superplasticizer, restperiod, and additional water content in the mix. 

According to the 

testresults,compressivestrengthimproveswithincreasedcuringtime,temper

ature, rest time, and sodium hydroxide solution concentrationwhile 

decreasing with increased water to geopolymer solids by massand 

admixture dose. The workability of new geopolymer concrete 

isenhanced by the use of a naphthalene-based superplasticiser. It 

wasfurtherdiscoveredthatakeyfactorinreachingtheoptimumcompressivest

rengthofthegeopolymerconcretemixisthewatercontent 

 
Copy Right, IJAR, 2023,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
One of the most frequently used materials in the world is concrete. The main binder for making concrete is 

ordinaryPortland cement (OPC). The necessity to build infrastructure facilities is driving the demand for concrete on a 

dailybasis. However, it is generally known that the manufacture of OPC uses a sizable amount of energy and 

naturalresources and also emits a sizable amount of carbon dioxide into the atmosphere. Around 2.8 billion tonnes 
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ofgreenhousegasemissions,orroughly 7%of allman-madegreenhousegasemissions,arecontributedtotheatmosphere each 

year by the global cement industry. Finding solutions to manufacture environmentally friendlyconcrete is crucial. 

 

The use of byproduct materials like fly ash in place of Portland cement is one way to manufacture concrete that 

ismore environmentally friendly. The development of high volume fly ash concrete, which uses up to 60% fly ash 

yetstill has outstanding mechanical qualitiesand improved durabilityperformance, isanimportantstudyinthisarea. 

 

The creation of an inorganic alumina-silicate polymer, known as Geopolymer, made from byproducts like silicon-and 

aluminum-rich fly ash or components with a geological origin is another option for producing concrete that 

isenvironmentally benign. Although fly ash, one of the raw materials used to make geopolymer binders, is 

widelyaccessible, its use has not yet reached its full potential. Currently, India produces 90 million tonnes of fly ash 

eachyear.Byinvestigatingtheusageofgeopolymerconcretebasedonflyash,twoenvironmentalissuesaresimultaneously 

addressed: the significant amount of CO2 released into the atmosphere during the production of OPCand the 

utilisation ofthis fly ash. 

 

Thetraditionalconcretetechnologyprocessesareusedtocreategeopolymerconcrete.Theflyash-basedgeopolymer concrete 

contains between 75 and 80 percent aggregate by mass. The aggregate is held together by ageopolymer paste that is 

created when the silicon and aluminium in the fly ash react with an alkaline liquid made ofsodium hydroxide and 

sodium silicate solution, along with the addition of superplasticizer. Various elements thataffect concrete's strength 

are examined in this study, and the findings are described using various graphs thatcorrespond tothe strength ofthe test 

cubes. 

 

Fromthe discussionabove, itisclear that Indiahasnotdonea lotofin-depthresearchon geopolymer concrete. 

 

Limestone, which is the primary component used to make cement and ultimately concrete in India, is one of 

thenatural resources that is being depleted. A thorough examination of geopolymer concrete, which is concrete 

thatcontains no cement, becomes crucial in this case. In the current experiment, an attempt has been made by casting 

20geopolymer concrete mixes with 100% of the OPC replaced by processed fly ash in each concrete 

mix.Therelevance of compressive strength among the many mechanical qualities of concrete has always been 

emphasised byIndian standards. Thus, in order to improve the overall performance of Geopolymer concrete mixes, 

the effect ofvarious parameters affecting the compressive strength, such as the ratio of alkaline liquid to fly ash, 

concentration 

ofsodiumhydroxide,ratioofsodiumsilicatetosodiumhydroxide,curingtime,curingtemperature,dosageofsuperplasticizer, 

rest period, andadditionalwater content,has beenstudied. 

 

ExperimentalWork 

 Materials:- 
TheproductPOZZOCRETE60,alowcalciumclassFprocessedflyashfromDirkIndiaprivatelimited,wasusedinthis study. 

 

Sodium hydroxide and sodium silicate solution were combined to create the alkaline solution. To create the 

alkalineliquid, sodium silicate solution (Na2O = 16.84%, SiO2= 35.01%, and water = 46.37% by mass) and 

sodiumhydroxide (NaOH) in flakes with a 98% purity were both employed. You make sodium hydroxide solution 

bycombiningtheflakeswithwater.TomaketheNaOHsolution,tapwaterfromthelabwasutilised.Atleastadaywas spent 

preparing the activator solution. As coarse materials, 10 mm and 20 mm crushed aggregates that arereadily available 

locally have been utilised. In the concrete mixes, locally accessible river sand is employed as a fineaggregate. All of 

the geopolymer mixes contained a naphthalene sulphonate-based superplasticiser to increase 

thefreshgeopolymerconcrete'sworkability. 

 

Castingofconcretemixes 

Similar to traditional OPC concrete, geopolymer concrete is mixed in a similar way. All of the components 

werecombined in a laboratory setting at room temperature. The concrete pan mixture included both the fly ash and 

theaggregate. For around 3 to 4 minutes, the mixing is allowed to continue. A day earlier, the alkaline solution 

wasmade, and it is mixed with more water. After adding the liquid component and superplasticizer, the dry material 

wasmixed for an additional three tofourminutes. 

 

For prismatic examples, the freshly mixed concrete is instantly cast into the moulds after being divided into 

twolayers. Each layer of the concrete sample received 25 to 35 manual strokes with a 20 mm rod to compact it. For 
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anadditional 10 to 15 seconds, concrete specimens were vibrated using a vibration table. The concrete specimen 

washeld at roomtemperature after casting in accordancewith the predeterminedrestingperiod. 

 

Table1liststhespecificsofthemixdesignforMix-1throughMix-6ofgeopolymerconcrete.Invariousgeopolymer concrete 

mixtures, coarse and fine aggregate proportions range from 75-77% of the total mass of theconcrete. 

Table1:- Ingredientsforgeopolymer concreteMix-1 to Mix-6. 

 

Curingof concretespecimen 

For the course of the curing process, the concrete samples were baked in an oven to the required temperature. 

Thetest specimens were retained in the moulds for at least 4-6 hours after the curing period to avoid a major change 

inthe ambient conditions. After being demolded, the concrete samples are allowed to air-dry in the lab until the day 

ofthe test. 

 

ResultsandDiscussion:- 
Ratioof alkalineliquid toflyash 

Two concrete blends Mix-1 and Mix-2, having an alkaline liquid to fly ash ratio of 0.35 and 0.4, respectively, 

havebeen cast using the elements specified in Table 1. The effect of the alkaline liquid to fly ash ratio by mass on 

thecompressive strength of concrete at age 3 days has been evaluated by comparing the results of the two mixes. 

Theresults are displayed in Fig. 1. It has been discovered that changing the mass ratio of alkaline liquid to fly ash 

has noeffecton howstrongthegeopolymerconcrete isinits compressivestate. 

 

Ingredients 

 

Unit 

Mix

1 

Mix

2 

Mix

3 

Mix

4A 

Mix

4B 

Mix

5A 

Mix

5B 

Mix

5C 

Mix

6A 

Mix

6B 

 

FlyAsh 

 

Kg/𝑚3
 

 

428 

 

444 

 

428 

 

428 

 

428 

 

428 

 

428 

 

428 

 

428 

 

428 

 

C.A 

Kg/𝑚3
  

1170 

 

1170 

 

1170 

 

1170 

 

1170 

 

1170 

 

1170 

 

1170 

 

1170 

 

1170 

 

F.A 

Kg/𝑚3
  

630 

 

630 

 

630 

 

630 

 

630 

 

630 

 

630 

 

630 

 

630 

 

630 

 

N2SiO3 

Kg/𝑚3
  

122 

 

111 

 

114 

 

122 

 

122 

 

122 

 

122 

 

122 

 

122 

 

122 

 

NaOH 

Kg/𝑚3
  

49 

 

44 

 

57 

 

49 

 

49 

 

49 

 

49 

 

49 

 

49 

 

49 

 

ExtraWater 

Kg/𝑚3
  

43 

 

43 

 

43 

 

43 

 

43 

 

43 

 

43 

 

43 

 

43 

 

43 

 

Molarity 

  

14 

 

14 

 

14 

 

14 

 

14 

 

14 

 

14 

 

14 

 

14 

 

14 

 

Superplasticizer 

 

Kg/𝑚3
 

 

8.5 

 

9 

 

8.5 

 

8.5 

 

8.5 

 

8.5 

 

13 

 

17 

 

8.5 

 

8.5 

 

CuringTemp. 

 

 

 

75 

 

75 

 

75 

 

75 

 

75 

 

75 

 

75 

 

75 

 

75 

 

75 

 

CuringPeriod 

 

Hours 

 

24 

 

24 

 

24 

 

24 

 

48 

 

48 

 

48 

 

48 

 

48 

 

48 

 

RestPeriod 

 

Days 

 

1 

 

1 

 

1 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

1 

 

No.ofCubes 

  

3 

 

3 

 

3 

 

3 

 

3 

 

3 

 

3 

 

3 

 

3 

 

3 
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Fig.1:- Effectofalkalineliquidtoflyashratiooncompressivestrength. 

 

Ratioof sodiumsilicatesolutiontosodiumhydroxidesolution 

By contrasting the findings of Mix-1 and Mix-3, which contained the elements listed in Table 1, it waspossible to 

see the influence of sodium silicate solution to sodium hydroxide solution by mass on thecompressive strength of 

concrete. The outcomes are shown in Fig. 2. Concrete Mix-3 has been found to havegreater compressive strength 

than concrete Mix-1. 

 
Fig2:- Effectof sodiumsilicatesolutionto sodiumhydroxidesolution oncompressive strength. 

 

Curingtime 

Test specimens have been cured for curing periods of 24 hours and 48 hours, respectively, to evaluate the 

impactof curing time. For the purpose of examining how curing time affects compressive strength, Concrete 

Mix-4 withthe ingredients listedinTable 1has been cast. 
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Fig.3:- Effectofcuringtime oncompressive strength. 

 

Longercuringtimeshaveimprovedthepolymerizationprocess,whichhasledtotheproductionofhighercompressivestreng

th, asseen inFig. 3. Up untila 24-hour cure time, a rapid rateofstrengthrisewasnoted. 

 

Additionalofsuperplasticiser 

In its initial form, geopolymer concrete has a rigid consistency. Although sufficient compaction could be 

achieved,an increase in workability was thought to be desired. Superplasticizer has been added to the concrete mix 

by massin Table 1's proportion to the fly ash. Tests have been conducted to determine the impact of adding a 

conventional,commerciallyavailable super plasticizerwitha NaphthaleneSulphonate base. 

 

The test specimens were cured in an oven for 48 hours at 750 C. By contrasting the outcomes of Mix-5, which 

areshown in Table 2, it has been possible to observe the impact of the addition of superplasticizer on the 

compressivestrengthofconcrete. The dosagesofadditive used for Concrete Mix5were 2%, 3%, and 4%, respectively. 

 
Fig.4:- Effectofadditionofsuperplasticiser on workability. 
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Ithasbeenobservedthattheadditionofsuperplasticiserimprovedtheworkabilityofthefreshconcreteasshownin Fig. 4. 

Increase in dosage of the superplasticiser also resulted in improved workability for the geopolymerconcrete. 

 
Fig.5:-Effectofadditionofsuperplasticer oncompressivestrength. 

 

Concrete mix with 2% dosage of superplasticiser has archived higher compressive strength as compared to the 3%and 

4% dosage of the superplasticiser. Thus, the addition of naphthalene based superplasticiser has been able 

toimprovetheworkabilityoffreshgeopolymerconcrete.Ontheotherhand,higherdosageoftheadmixtureupto4%hasresulted

into reductionofthe compressivestrength ofthegeopolymer concrete 

 

Restperiod 

When it comes to many practical applications, the term "Rest Period" refers to the period of time between the endof 

the concrete specimen casting process and the beginning of the high-temperature curing process. For instance,when 

fly ash-based geopolymer concrete is used in the precast concrete industry, there must be enough timebetweenthe 

product's castingand sending it tothe curingchamber. 

 
Fig.6:-Effectofrestperiod oncompressivestrength. 
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For studying the effect of rest period concrete mixes 6 using ingredients as given in Table 2 has been cast. The 

testresults for 0 day and 1 day rest period are presented as shown in Fig. 6. It has been observed that one day 

restperiod hasresulted into highergainincompressivestrength ascomparedto that for 0dayrestperiod 

 

Amountofconcretingingredients used for castingthegeopolymer concrete Mix-7 to Mix-9 isgiveninTable2. 

 

Ingredients 

 

Unit 

Mix

7A 

Mix

7B 

Mix

7C 

Mix

8A 

Mix

8B 

Mix

8C 

Mix

8D 

Mix

9A 

Mix

9B 

Mix

9C 

 

FlyAsh 

 

Kg/

𝑚3
 

 

428 

 

428 

 

428 

 

428 

 

428 

 

428 

 

428 

 

428 

 

428 

 

428 

 

C.A 

Kg/

𝑚3
 

 

1170 

 

1170 

 

1170 

 

1170 

 

1170 

 

1170 

 

1170 

 

1170 

 

1170 

 

1170 

 

F.A 

Kg/

𝑚3
 

 

630 

 

630 

 

630 

 

630 

 

630 

 

630 

 

630 

 

630 

 

630 

 

630 

 

N2SiO3 

Kg/

𝑚3
 

 

114 

 

114 

 

114 

 

114 

 

114 

 

114 

 

114 

 

114 

 

114 

 

114 

 

NaOH 

Kg/

𝑚3
 

 

57 

 

57 

 

57 

 

57 

 

57 

 

57 

 

57 

 

57 

 

57 

 

57 

 

ExtraWate

r 

Kg/

𝑚3
 

 

43 

 

64 

 

86 

 

43 

 

43 

 

43 

 

43 

 

43 

 

43 

 

43 

 

Molarity 

  

14 

 

14 

 

14 

 

8 

 

10 

 

12 

 

14 

 

14 

 

14 

 

14 

 

Superplasti

cizer 

 

Kg/

𝑚3
 

 

4.3 

 

4.3 

 

4.3 

 

4.3 

 

4.3 

 

4.3 

 

4.3 

 

4.3 

 

4.3 

 

4.3 

 

CuringTe

mp. 

 

 

 

75 

 

75 

 

75 

 

75 

 

75 

 

75 

 

75 

 

60 

 

75 

 

90 

 

CuringPeri

od 

 

Hou

rs 

 

24 

 

24 

 

24 

 

24 

 

24 

 

24 

 

24 

 

24 

 

24 

 

24 

 

RestPeriod 

 

Days 

 

1 

 

1 

 

1 

 

1 

 

1 

 

1 

 

1 

 

1 

 

1 

 

1 

 

No.ofCube

s 

  

3 

 

3 

 

3 

 

3 

 

3 

 

3 

 

3 

 

3 

 

3 

 

3 

Table2:-Ingredientsforgeopolymer concreteMix-7 to Mix-9 

 

Watercontentofmix 

The chemical process does not include the geopolymerconcrete mixture in any way. Water in the mixturechemically 

reacts with the cement in ordinary Portland cement (OPC) concrete to create a paste that binds theaggregates. 

Geopolymers undergo chemical reactions that result in the production of water, which is finally ejectedfrom the 

binder. It has been noted that adding more water to the geopolymer concrete mixture had an impact on 

thequalitiesofthe concrete,bothwhile itwasstill fresh andwhen it had hardened. 

 

When creating a geopolymer concrete mix, the mass ratio of water to geopolymer solids is crucial. The total massof 

water isthe sumofthemassesofthe sodium silicatesolution,the sodiumhydroxidesolution, and anyadditionalwater that 

may have been added to the mixture. The mass of geopolymer solids is made up of the combined massesoffly ash, 

sodiumsilicatesolution solids (Na2O andSiO2), andfly ash. 
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Fig.7:-Effectof waterto geopolymer solidsratio on workability. 

 

BycontrastingtheoutcomesofMixes7and8,itispossibletoobservehowthewatercontentofthemixaffectsthe compressive 

strength of geopolymer concrete. According to Table 2, additional water containing 10%, 15%,and 20% by mass 

of fly ash was used to cast Concrete Mixes 7. According to Fig. 7, a higher water to 

geopolymersolidsratiomakesmixtures easier toworkwith. 

 
Fig.8:-Effectofwater togeopolymer solidsratiooncompressivestrength. 

 

Accordingto Fig. 8,the compressivestrengthofconcrete Mix-7Cis33%lower thanthatofconcrete Mix-7A. 

 

As the proportion of water to geopolymer solids increases, geopolymer concrete's compressive strength 

decreases.The effects of water to cement ratio on the compressive strength of Portland cement concrete are 

comparable to thetestresults. 

 

Concentrationof sodiumhydroxidesolution 

For the purpose of examining how the concentration of sodium hydroxide solution affects the compressive 

strengthof geopolymer concrete, Mixes 8 were cast using the components listed in Table 2. Figure 9 displays the 

testspecimens'estimatedcompressivestrength after 7days. 
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Fig.9:-Effectofconcentrationofsodium hydroxidesolutiononcompressivestrength. 

 

The molar content of sodium hydroxide solution distinguishes one case of Mixes 8 from another in terms ofvariance 

in compressive strength. In comparison to other situations, Mix-8D with a 14 M concentration of sodiumhydroxide 

solution has been able to achieve a significantly better compressive strength. Higher sodium 

hydroxidesolutionconcentrationhasbeenfoundtoproducesuperioroutcomesintermsofcompressivestrengthofgeopolymer 

concrete. 

 

Curingtemperature 

The effect of curing temperature on compressive strength of concrete has been observed by comparing results 

ofconcrete Mixes 9. Details of themixes are given in Table2. Specimens of allmixes have been curedafter heatcuring 

the test specimens in an oven for 24 hours. The measured compressive strength of test specimens after 7 daysisgiven 

inFig. 10. 

 
Fig.10:-Effectofcuringtemperature oncompressive strength. 

 

Higher compressive strength has been attainedfor geopolymer concrete as a result of the curing temperature.Beyond 

750 C, thecuringtemperature hasresulted ina smallincreaseinthe concrete'scompressivestrength. 
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Conclusions:- 
Followingconcludingremarks havebeen madeonbasisoftheworkconducted: 

1. Thecompressivestrengthofthegeopolymerconcreteisnotaffectedbytheproportionofalkalineliquidtoflyash,measure

d inmass. 

2. Incomparisonto theratioof2.5forgeopolymer concrete,thesodiumsilicateto 

sodiumhydroxidemassratioof2hasledtoa bettercompressive strength. 

3. Withanincreaseinsodiumhydroxideconcentrationintermsofmolarities,geopolymerconcrete'scompressivestre

ngthrises. 

4. Withanincreaseincuringtime,geopolymerconcrete'scompressivestrengthrises.Beyond24hours,thestrengthdoes

notsignificantlyincrease. 

5. With the addition of superplasticizer up to 4% of fly ash by mass, the workability of the geopolymer concrete 

miximproves.Whentheamountofsuperplasticizeremployedislargerthan2%,thereisaslightdropinthecompressives

trengthofthegeopolymerconcrete. 

6. When compared to concrete without a rest period, the compressive strength of geopolymer concrete has a 

1-dayrestinterval. 

7. Compressive 

strengthofthegeopolymerconcretedecreaseswithincreaseintheratioofwatertogeopolymersolidsbymass. 

8. Witheachadditionalamount ofwateraddedtothemix,the 

geopolymerconcrete'sworkabilityrisesinitsfreshform. 

9. The compressive strength of the geopolymer concrete likewise increases as the curing temperature rises 

between60and 90. 

 

From the explanation above, it can be seen that a wide range of factors influence the compressive strength 

ofgeopolymer concrete. In order to obtain the desired results from the further investigations, parametric analysis 

ofvarious factorsaffectingthecompressivestrengthofthegeopolymerconcreteisstronglyadvised 

beforeconductinganyotherinvestigations relatedto itsmechanical propertiesanddurability. 
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