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Abstract— India is one of the developing country that need to 

face environmental pollution. Have many ways to reduce 

environmental pollution that causes by production of Portland 

cement and cause by the increasing of waste material. 

Geopolymer concrete incorporating with Ground Granulated 

Blast Furnace Slag (GGBS) is one of the method. GGBS and 

alkaline liquid as a binder are being used to replace the 

Portland cement to produce geopolymer concrete. The 

alkaline liquid that been used in geopolymerisation is the 

combination of sodium hydroxide (NaOH) and sodium silicate 

(Na2SiO3).In this study cube of 100mmx100mmx100mm of 

30 cubes and 3 beams  has been casted with varying molarity 

of 8M,10M,12M,14M and also water-fly ash ratio has been 

varied from 0.35 to 0.45. Wrapping and ambient curing is 

done to check the high strength. The final result shows that the 

durability strength increases with increase in molarity and 

wrapping curing. 
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I. INTRODUCTION 

Ordinary Portland cement is the most used builder material 

due to its plenty availability. The applications of concrete in 

the area of infrastructure, habitation, and transportation have 

greatly prompted the development of civilization, economic 

progress, and stability and of the quality of life. However, due 

to the restriction of the manufacturing process and the raw 

materials, some inherent disadvantages of Portland cement 

are still difficult to overcome. Hence various investigations 

are in process for a new innovative Environmental free 

building material with no drawbacks in strength and 

durability. Waste and residual products may be very useful in 

all aspects, here GGBS a residual from the Iron industry is 

taken in this research. The products we choose should 

compensate the characters of binding material. 

A. Geopolymer 

Geopolymer is an inorganic alumino-silicate polymer 

synthesized from predominantly silicon (Si) and aluminum 

(Al) materials of geological origin or by-product materials 

such as fly ash. The term geopolymer was introduced by 

Davidovits to represent the mineral polymers resulting from 

geochemistry. The process involves a chemical reaction 

under highly alkaline conditions on Si-Al minerals, yielding 

polymeric Si-O-Al-O bonds in amorphous form. It is reported 

that geopolymer concrete due to presence od alkaline 

solution, concrete will not get affected by alkaline-aggregate 

reaction. 

II. MATERIALS 

The materials needed to manufacture the fly ash-based 

geopolymer concrete are the same as those for making 

Portland cement concrete, except for the Portland cement. 

A. F-FlyAsh  

For this research purpose low calcium ash was collected from 

METTUR THERMAL PLANT, India. It had chemical 

composition as given in Table1. 

Chemical Composition Fly Ash(%Mass) 

Si02 57.79 

Al203 20.18 

Fe203 7.04 

Ti02 1.03 

Ca0 2.97 

MgO 1.98 

P205 0.26 

S03 0.84 

Alkaline 3.69 

LOI 4.22 

Table 1: F-FlyAsh 

B. Alkaline Solution 

Alkaline solution is the mixture of Sodium Hydroxide and 

Sodium Silicate. In Geopolymer alkaline solution is taken is 

molarity basis. Here 8M, 10M, 12M, 14M trails are tried for 

results. 

1) Mixing of Alkaline Solution 

 Sodium Hydroxide- It’s in the form of Petals. High 

exothermic in nature. It should be diluted   in   distilled 

water and undisturbed for 3hrs. The mix ratio as follows 

 For 8M -8x40=320g of Sodium Hydroxide is diluted in 

1Litre of distilled water. Then depending on molarity it 

is multiple by 40(molecular weight of sodium 

hydroxide). 

 The ration of alkaline solution is fixed as 1:2.5 (NaOH 

:Na2SiO3) 

 Sodium Silicate: when 420g of sodium hydroxide is 

taken for 1:2.5 ratio then 320x2.5=800g of sodium 

silicate should be taken. The weight ratio varies 

depending on the molarity. Sodium silicate is mixed 

with sodium hydroxide and added as the replacement of 

water. 

C. GGBS 

Ground Granulated Blast Furnace Slag (GGBS) is obtained 

during the steel making process, when the slag is quenched to 

form granules. Granulated Blast furnace Slag (GGBS) is the 

byproduct obtained in the manufacture of pig Iron in blast 

furnaces at around 1400° to 1500°C in the molten form. The 

slag is obtained by rapidly chilling the molten ash from the 
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furnace by means of chilled water and is ground about 400 

m²/kg of fineness by using state of the art grinding mill to 

make GGBS. It is a non-metallic product consisting essential 

of glass containing silicates and alumino Silicates of lime. 

III. CASTING AND CURING 

The aggregates in saturated surface dry condition and the dry 

fly ash were mixed in a pan mixer for 3-4 minutes. At the end 

of this mixing, the liquid component of the geopolymer 

concrete mixture, i.e. the combination of the alkaline solution 

was added to the solids and the mixing continued for a 

specified period of time. The fresh concrete had a stiff 

consistency and was glossy in appearance. The fresh concrete 

was then cast in moulds. Compaction was performed using 

the usual practice, either by applying strokes or using 

vibration or a combination of both. After casting, the concrete 

samples were cured at an wrapping curing and ambient curing  

 
Fig. 1: Fresh concrete 

A. Wrapping Curing 

The casted specimens were wrapped by the polythene paper 

below 3microns. Generally geopolymer has high strength in 

steam curing but for heavy structures it is not convenient 

hence wrapping is tested. By covering the specimens it will 

have direct contact with the atmosphere and moreover due to 

exothermic process the heat is reproduced inside the 

polythene paper and results in obtaining strength earlier. 

 
Fig. 2: Wrapping curing 

IV. TESTS CONDUCTED 

 Compression strength test 

 Durability test 

1) Chloride attack test 

2) Sulphate attack test 

A. Compression Strength Test 

Compressive strength test was carried out in concrete cubes 

of size 100x100x100mm using 1:1.6:2.85 mix with W/F ratio 

of 0.45. Specimens with ordinary Portlandcement concrete 

(control) were removed from the mould after 24h and 

subjected to water curing for 1,7, 14 and 28 days. The 

geopolymer concrete specimens were prepared With 

Different Molarity. During moulding, the cubes were 

mechanically vibrated. The specimens were wrapped by 

plastic sheet to prevent loss of moisture and placed in room 

temperature. Since the process needs curing at high 

temperature, the specimens were cured at two different one at 

room temperature and another by wrapping. They were then 

left at open air (room temperature 250C) in the laboratory 

until testing. Tests were carried out on specimens and average 

compressive strength values were recorded. 

 
Fig. 3: Compression test 

B. Durability Test 

1) Chloride Attack Test 

1.5% Barium chloride is mixed in 1Liter of water and 

specimens are made to have direct contact with it 

 
Fig. 4: Chloride Attacked specimens 

2) Sulphate Attack Test 

1.5% Magnesium sulphate solution is mixed in 1Liter of 

water and the specimens are made to have direct contact with 

it. 

 
Fig. 5: Sulphate attacked specimens 
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V. RESULTS AND DISCUSSION 

A. Compression Strength Test  

The difference in strength for GPC and GPC WITH GGBS is 

graphed 

Compressive Strength 

Days GPC GPC with Ggbs in Wrapped Curing 

1 4 4.33 

3 8.39 19.86 

7 12.33 24.54 

14 19.55 30.5 

28 23.48 35.46 

56 28.9 37.82 

Table 2: Compression Strength results 

B. Weight Loss in Specimens after Sulphates Attack Test 

In durability the weight may increase or decrease and it is 

totally independent of compressive character. 

Specimen 
Absorption 

Time(Days) 

Initial 

Mass 

Final 

Mass 

GPC 

WITH 

GGBS 

7 980.4 978.5 

14 982.2 970.32 

21 969.6 965.24 

28 989.2 940.72 

56 978.5 918 

Table 3: Weight loss results. 

C. Failure Strength of GPC in Magnesium Sulphates  

 
Fig. 6: Failure Strength of GPC in Magnesium Sulphates 

VI. CONCLUSION 

 It is to be observed that replacement of fly ash and 

GGBS in concrete gives the better strength properties of 

concrete than that of the conventional concrete. 

 It is observed that addition of alkaline solution instead 

of water gives 1.5 times strength than that of 

conventional concrete. 

 It has been observed that as the molarity increases, 

compressive strength also increases. 

 Molarity also affects the velocity.  

 The velocity increases with increase in molar 

concentration. 

 The compressive strength and velocity are dependent, 

i.e. as the compressive Strength increases the velocity 

also increases or as the velocity increases the 

compressive strength increases. 

 The choice of curing temperature and curing time 

affected final compressive strength of geopolymer. 

 The increase in compressive strength was observed with 

increasing duration of wrapping curing. 
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