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Abstract 
 

Cement consumption is increasing day by day due to the tremendous development in the infrastructure facilities. The production of one 

ton of cement emits approximately one ton of carbon dioxide to the atmosphere. In order to reduce the use of cement a new-generation 
concrete has been developed such as geopolymer concrete (GPC).Geopolymer Geopolymer is a new material which has the potential to 

replace ordinary Portland cement. It is an inorganic material synthesized by alkali activation of amorphous aluminosilicates at ambient or 

slightly increased temperatures having an amorphous to semi-crystalline polymeric structure. In this study, low calcium flyash from Tu-

ticorin was used to produce geopolymer concrete. The geopolymer was synthesized with sodium silicate and sodium hydroxide solutions. 

The sodium hydroxide pellets was dissolved in the distilled water to make free from mixing water contaminants. The ratio of s odium 
silicate and sodium hydroxide ratio was kept as 2.5. The concentration of sodium hydroxide solution is 12 Molarity (12M). Other materi-

als used are locally available coarse aggregate and fine sand in surface dry condition. A polycarboxlate HRWRA La Hypercrete S25was 

used. Cubes of size 100mm were cast for six mix proportions of 450kg/m3 flyash+0.35W/B, 500 kg/m3 flyash+0.35W/B, 550kg/m3 

flyash+0.35W/B, 450kg/m3 flyash+.0.40 W/B, 500kg/m3 fly ash+0.40W/B and 550kg/m3 flyash+0.40W/B. The specimens after casting in 

moulds were kept in oven at 60°C for 6 hours and left to air dry at room temperature and tested at 7 and 28 days. The test results revealed 
the compressive strength of 30 Mpa was achieved. There was not much significant difference in strength development at 28 days  be-

tween the mixes due to the increase of flyash content. The microstructural images at 28 days revealed that there was not much difference 

in the microstructure due to the variation in flyash content from 450 kg/m3 to 550 kg/m3. 
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1. Introduction 

Cement consumption is increasing day by day for satisfying the 

need of development of infrastructure facilities. The production of 

one ton of cement emits approximately one ton of carbon dioxide 

to the atmosphere. In order to reduce the use of cement a new-

generation concrete has been developed such as geopolymer con-
crete (GPC). Geopolymer is an excellent alternative material for 

cement concrete as it is produced from industrial by-products such 

as Flyash and GGBS replacing 100% of cement in concrete [1]. 

Geopolymers are formed by alkaline activation of an aluminosili-

cate material like fly ash, GGBS, metakaolin, rice husk ash, act i-
vated bentonite, clay, red mud, etc.[2]. It is noted that most of 

these raw materials are industrial wastes or byproducts, and signif-

icant environmental and economic benefits can be achieved if the 

waste-based geopolymer is produced and used in practice. Geo-

polymer provides not only performance comparable to conven-
tional Portland cement concrete, but also additional advantages, 

including rapid development of mechanical strength, small drying 

shrinkage, high fire resistance, superior acid resistance, effective 

immobilization of toxic and hazardous materials and significantly 

reduced energy and greenhouse emissions [3]. 

2. Literature review 

Daniel and Sanjayan [4] used fly ash as precursor and synthesized 

geopolymer with sodium silicate and potassium hydroxide solu-

tions. They examined various experimental parameters such as 

specimen sizing, aggregate sizing, aggregate type and super plasti-
cizer type. They studied the effect of elevated temperature on 

geopolymer paste, mortar and concrete. They found that aggregate 

sizes larger than 10 mm resulted in good strength performances in 

both ambient and elevated temperatures. Also strength loss in 

geopolymer concrete at elevated temperatures is attributed to the 
thermal mismatch between the geopolymer matrix and the aggre-

gates. Benny Joseph et al [5] conducted experiments using fly 

ash(Class F Type), Sodium hydroxide, Sodium Silicate, coarse 

aggregate and fine aggregate of nominal size of 20mm and 4.5mm 

respectively. Also they used naphthalene based water reducing 
admixture and tested the mechanical properties of geopolymer 

concrete and concluded that the compressive strength of geopoly-

mer concrete increases with increase in curing temp upto 100 °C 

and beyond which it decreases. Tawatchai Tho-in et al [6] con-

ducted tests and studied the properties of pervious concrete made 
of high-calcium fly ash geopolymer binder. They used lignite fly 

ash, sodium silicate sodium hydroxide solution, and coarse aggre-

gate. They concluded that the high-calcium fly ash geopolymer 
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binder could be used to produce pervious concrete with satisfacto-

ry mechanical properties. Also the relationships of the density-

void content, compressive strength-density and compressive 

strength-void content of the PGCs proved to be similar to those of 

conventional pervious concrete. Gun Sung Ryu et al [7] examined 
the effects of chemical changes of alkaline activators on the com-

pressive strength of mortar and analyzed its micro structure by 

conducting SEM, EDS, XRD, FT-IR and by porosity assessment 

tests using Fly ash (Class F type), alkaline activator of sodium 

hydroxide and sodium silicate solutions. They concluded that 
higher Molarity of NaOH used as an alkaline activator provided 

higher compressive strength together with a considerable effect on 

the early strength. Also, geopolymer concrete is most suitable for 

precast concrete products as the compressive strength of geopoly-

mer concrete can be developed above 60 °C. Vanchai Sata et al [8] 
developed pervious geopolymer concrete by using recycled aggre-

gates of crushed structural concrete member, crushed clay brick, 

high calcium fly ash, sodium silicate solution, sodium hydroxide 

solution and conducted tests on compressive strength, splitting 

tensile strength, void ratio and permeability coefficient. They con-
cluded that both recycled aggregates could be used as coarse ag-

gregates for making pervious geopolymer concrete using high 

calcium fly ash as a source material. Prabir K Sarkar et al [9] stud-

ied the effect of the geopolymer binder on fracture characteristics 

of concrete by three points bending test of RILEM TC 50 – FMC 
type notched beam specimens and found the failure modes of the 

heat cured GPC specimens were more brittle than those of the 

OPC concrete specimens. Furthermore, fracture energy was in-

creased with compressive strength in both types of concrete and 

the difference in fracture behaviors of GPC and OPC concrete is 
because of the higher bond and tensile strengths of GPC. Navid 

Ranjbar et al [10] performed XRF, XRD, TGA/DTG and FESEM 

analysis for finding the compressive strength behaviour of palm 

oil fiue ash and fly ash based mortar and found all the fly ash 

based geopolymer mixtures gained strength when exposed to 
500°c and all the specimens lost strength when exposed to tem-

peratures above 500 °C. The materials used in the test are fly ash, 

activator of sodium hydroxide and sodium silicate solutions. Pra-

dip Nath et al [11] studied the effect of geopolymer concrete with-

out heat curing. The geopolymer concrete was developed with fly 
ash (Class F type), activator of mixture of sodium hydroxide and 

sodium silicate solutions and small part of ground granulated 

blast-furnace slag (GGBFS)as a binder. Tests were conducted for 

workability, setting time and compressive strength and concluded 

that fly ash based geopolymer with GGBS is found to be a suitable 
binder for low to moderate strength concrete production at ambi-

ent curing condition, as it eliminates the necessity of heat curing. 

Tianu Xie and Togay Ozbakkaloglu [12] carried out tests for 

Compressive strength, elastic modulus, flexural strength, worka-

bility, drying shrinkage to determine the properties of fresh con-
crete and durability-related properties of hardened concrete and  

found no significant exothermic reactions were observed during 

the curing of GPC at the ambient temperature and also compres-

sive strength of coal ash based GPC increases with a decrease in 

the liquid to binder ratio. 

3. Materials used 

3.1. Fly ash 

Fly ash from Tuticorin thermal power plant was used for the entire 

study. The specific gravity of fly ash was determined as per IS 

4031 and was found to be 2.1. X-Ray Diffraction (XRD) was used 

to determine the chemical composition of the fly ash, and the peak 

obtained was shown in Fig.1. 

 
Fig. 1: X-Ray Diffraction Pattern of the Flyash. 

3.2. Fine aggregate 

Locally available river sand was used in the study and the proper-

ties were tested as per IS 2386 – 1968 Part III and are as follows. 

Specific gravity – 2.65. 

Fineness Modulus – 2.58. 
Water absorption – 1.4%. 

The sieve analysis of the fine aggregate was tabulated in Table 1 

 
Table 1: Sieve Analysis of Fine Aggregate 

IS Sieve 
Weight retained 
(g) 

Cumulative % 
retained 

Cumulative % 
passing 

4.75 
mm 

25 2.5 97.5 

2.36 
mm 

25 5 95 

1.18mm 96 14.6 85.4 
600 µ 313 45.9 54.1 

300 µ 448 90.7 9.3 
150 µ 86 99.3 0.7 
Pan 7 -- -- 
Fineness modulus  258/100=2.58  

3.3. Coarse aggregate 

Locally available coarse aggregate was used in the study and the 

properties were tested as per IS 2386- 1968 Part III and are as 

follows 

Specific gravity -2.80 
Water absorption-0.40% 

The maximum size of the coarse aggregate was 20mm and the 

coarse aggregate was blended in the ratio 60:40 of 20mm and 12.5 

mm respectively. The sieve analysis of 20mm and 12.5mm aggre-

gate was tabulated in Table 2 and 3 respectively. 
 

Table 2: Sieve Analysis of Coarse Aggregate (20 Mm) 

IS Sieve 

Weight 
Cumulative Percentage 

Retained  
g Retained Passing 

40 mm 0.00 0.00 100.00 
20 mm 1406.00 46.87 53.13 
10 mm 1520.00 97.53 2.47 

4.75 mm 74.00 100.00 0.00 
Pan 0.00     

 
Table 3: Sieve Analysis of Coarse Aggregate (12.5 mm) 

IS Sieve 

Weight 
Cumulative Percentage 

Retained  
g Retained Passing 

16 mm 0.00 0.00 100.00 
12.5 mm 85.00 2.83 97.17 
10 mm 1995.00 69.33 30.67 

4.75 mm 850.00 97.67 2.33 
Pan 70.00     

3.4. Activator solution 

Sodium hydroxide and sodium silicate solution was obtained from 

a local vendor. A mixture of sodium hydroxide and sodium sili-
cate solution was used as the activator solution. Sodium hydroxide 
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solution of 12M concentration was prepared by mixing NaOH 

pellets with distilled water. The concentration of NaOH solution 

was kept 12M for all the mixtures. The solution were mixed to-

gether one day prior to casting. 

3.5. Admixture 

A polycarboxlate based high range water reducing admixture 
(HRWRA) La Hypercrete S25 was used in concrete mixtures to 

obtain the necessary workability. 

4. Mix proportions 

Six different mix combinations were tried for achieving geopoly-

mer concrete of M30 viz; 450kg/m3 fly ash+0.35 w/c (GPC 450-

1), 500kg/m3 fly ash+0.35 w/c (GPC 500-1), 550 kg/m3 fly 

ash+0.35 w/c (GPC 550 -1), 450kg/m3 fly ash+0.40 w/c (GPC 

450-2), 500kg/m3 fly ash+0.40 w/c (GPC 500-2), 550 kg/m3 fly 

ash+0.40w/c (GPC 550-2). The mix proportions for all the six 

mixes were tabulated in Table 4. Cubes of size 100 x 100 x 100 

mm size were cast to determine the compressive strength at 7 and 
28 days. The specimens after casting were placed in hot air oven 

for a period of 6 hours at 60°C and kept in room temperature till 

the date of testing. Compressive strength tests were carried out 

using a Compression Testing Machine (CTM) as per IS: 516 – 

1959. The compressive strength results discussed in the following 
sections were the average value of three readings. Fig. 2 shows the 

pan mixer used for mixing geopolymer concrete. Fig. 3 represents 

the hot air oven used for placing the specimens at hot air oven at 

60 C for 6 hours. Fig. 4 shows the compression testing machine 

used to test the compressive strength of geopolymer concrete. 
 

 
Table 4: Mix Proportions of Geopolymer Concrete in Kg/M

3 

Mix ID 
Fly ash Na2 SiO3 Na OH 20mm 12mm Sand Admixture 
kg/m

3
 kg/m

3
 kg/m

3
 kg/m

3
 kg/m

3
 kg/m

3
 kg/m

3
 

GPC 
450-1 

450 113 45  664 501 609 4.5 

GPC 

500-1 
500 125 50 627 473 574 5 

GPC 
550-1 

550 138 55 590 445 54 0 5.5 

GPC 
450-2 

450 129 51 648 488 593 4.5 

GPC 
500-2 

500 143 57 608 459 557 5 

GPC 
550-2 

550 157 63 569 429 521 5.5 

 

 
Fig. 2: Pan Mixer for Mixing Geopolymer Concrete. 

 

 
Fig. 3: Cube Specimens in Hot Air Oven. 
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Fig. 4: Testing of Geopolymer Concrete Specimen. 

 

5. Results and discussion 

5.1. Effect of fly ash 

Three different flyash content has been used to study the effect of 

flyash quantity on the compressive strength development of geo-
polymer concrete. Fig. 5 and 6 depicted the effect of flyash con-

tent on the compressive development of geopolymer concrete at 7 

and 28 days respectively. The compressive strength increased 

about 10% for every increase of 50kg/m3 flyash content from 450 

kg/m3 at 7 days at w.c 0.35. But on the other hand there was not 
much improvement in the strength at 28 days due to the increase 

of flyash content from 450 kg/m3 to 550kg/m3. With 0.4 w/c, the 

compressive strength increased 5% for 500 kg/m3  and 15% for 

550 kg/m3 when compared to 450kg/m3 flyash content. But in this 

mix also, there was not much significant difference between the 
compressive strength due to the increase in flyash content. 

 

 
Fig. 5: Compressive Strength of Geopolymer Concrete with 0.35 W/ C. 

 

 
Fig. 6: Compressive Strength of Geopolymer Concrete with 0.35 W/ C. 

 

 

5.2. Effect of w/c 

Two different w/c ratios has been used to study the effect of w/c 

on the compressive strength development of geopolymer concrete. 
Fig. 7 and 8 depicts the effect of w/c ratio on the compressive 

strength of geopolymer concrete at 7 and 28 days respectively. It 

has been noticed that at 7 days there was an increase of around 

20% in compressive strength when there was a decrease of w/c 

from 0.4 to 0.35 at all flyash content mixtures. But on the other 
hand there was not much significant difference between the 28 

days compressive strength.  

 

 
Fig. 7: Compressive Strength of Geopolymer Concrete at 7 Days. 

 

 
Fig. 8: Compressive Strength of Geopolymer Concrete at 28 Days. 

6. Microstructural investigations 

Fig. 9 and 10 reveals the microstructure of GPC 450-1 and GPC-

550-1 mixtures at 28 days. It is been noted that there was not 
much difference in the microstructure which is in line with the 

compressive strength of these concretes at 28 days. 
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Fig. 7: SEM Image of Geopolymer Concrete GPC 550-1. 

 

 
Fig. 8: SEM Image of Geopolymer Concrete GPC 450-1. 

7. Conclusions 

Based on the work done, the salient conclusions arrived are 

• The Compressive strength increases with the increase in fly 

ash content at 7 days for both the water cement ratio 

• The compressive strength increase was about 10% for every 

50 kg/m3 increase in flyash content, when the w/c is fixed at 

0.35 

• There was only a marginal increase in the strength at 28 

days by varying the fly ash content. 

• There was not much increase in the compressive strength by 

varying the w/b ratio. 

• The ratio of sodium silicate to sodium hydroxide ratio and 

the Molarity of the solution might have influence on the 

strength of concrete. 

• The initial hot curing plays a major role in the strength de-
velopment of the geopolymer concrete. 
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