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Abstract— An alternate to OPC in reducing carbon 

emissions and depletion of natural resources is Geopolymer 

concrete. Geopolymers are inorganic polymers and their 

chemical composition is similar to natural materials. 

Geopolymer binders are the alternatives in the development 

of acid resistant concrete i.e. durable concrete. The main 

objective of this thesis is to standardize mix design for 

medium grade concrete and to study the durability of 

geopolymer concrete under aggressive chemical 

environment with particular reference to the effect of acids, 

Sulphates and chlorides. To standardize mix design for 

GPC40, several trail mixes were carried out by changing 

alkaline solution to fly ash ratio of 0.40, 0.43and 0.45 and 

molarities of 8M,10M and 12M. Optimum molarity and 

alkaline solution to fly ash ratio were arrived at 10M and 

0.43 respectively to achieve the desired grade of 

GPC40.Specimens were immersed in water with 

concentration of 5% acids, sulphates and chlorides. The 

compressive strength and percentage weight loss of GPC40 

were compared with Ordinary Portland concrete. The 

performance of GPC is found to better when compared to 

Ordinary Portland concrete, when immersed in acids and 

sulphates. 
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I. INTRODUCTION 

The Consumption of cement increased day by day along 

with the development of infrastructure. According to 

statistics portal, India consumed around 238 million metric 

tonnes of cement in 2013. For every 1 tonne of cement 

production, 0.87 tonne of CO2 will be released [25]. This 

leads to 7% of the words carbon dioxide emission. To 

reduce these emissions there is a need for alternate materials 

to cement without compromising the strength. The fly ash, 

an alternative to cement is a by-product of thermal power 

plants .The thermal power plants are producing 131 million 

tonnes of fly ash, out of which only 5% is used and the 

remaining will be left over as landfills. To reduce the CO2 

emissions fly ash can be used as a replacement to cement to 

produce geopolymer concrete.  

The geopolymer concrete is one in which the 

cement is totally replaced with fly ash, ggbs, slicafume etc. 

In the present study an attempt is made to replace the 

cement with fly ash to produce geopolymer concrete. 

A. Geopolymer Concrete 

The concrete with 100 percent replacement of cement by 

industrial by- products is called as geopolymer concrete 

.The technology was first developed by Davidovits in 1978. 

The main usage of geopolymer concrete is to reduce the 

consumption of cement and greenhouse gases emission. The 

chemical Composition of the geopolymer is like zeolitic 

materials, but the microstructure is amorphous. Any 

materials that contains mostly silicon (Si) and aluminium 

(Al) in amorphous form is a possible source material for 

manufacturing of geopolymer concrete. Low calcium ASTM 

class F fly ash, granulated blast furnace slag are used to 

prepare geopolymer concrete. In the place of water, alkaline 

solution is used, to induce the silicon andaluminium atoms, 

in the source materials, to dissolve and to form gel. The 

polymerization process may be assisted by applied heat 

followed by drying. The curing was done at 60oC for period 

of 24 hours. Geopolymer gel replaces the C-S-H gel in 

cement concrete.[25 ] 

B. Materials Used 

1) Ordinary Portland cement  

The cement used for this present study was OPC 53 grade 

cement conforming of IS 11269-1987. It is most recently 

manufactured, is of uniform colour and also free of lumps. 

2) Fly ash  

The fly ash utilized as a part of this study was acquired from 

NTPC, vizag. It falls in the classification of class F 

evaluation. The physical properties and chemical 

composition of fly ash were determined conforming to IS: 

1727-1967. 

3) Fine Aggregate 

The river sand, passing through a 4.75 mm sieve and 

retained on 600µm sieve, conforming to Zone-II as per IS 

383-1970 was used as fine aggregate in the present study. 

Typically the same material used in the normal concrete 

mixture and the fine aggregate is clean, silt and clay. 

4) Coarse Aggregate 

Throughout this investigation, coarse aggregates of 20 mm 

and 10 mm size from the local crushing plants were used. 

The locally available crushed granite stone was used as 

coarse aggregate. 

5) Acid 

5% concentration of HCl, H2SO4, MgSO4 and Na2SO4 

solution were used to immersion of GPC and OPC 

specimens. 

II. MIX DESIGN GPC40 

Density of concrete = 2400 kg/m3 (assumed) 

Volume of combined aggregates is 76% 

Combined aggregates = 1838kg/m3 

Volume of fine aggregates is 35% of combined aggregates 

Fine aggregates = 660 kg/m3 

Volume of coarse aggregates is 65% of combined 

aggregates 

Coarse aggregates = 1178 kg/m3 

Volume of Fly ash + alkaline solution is 24% of density of 

concrete. 

Volume of Fly ash + Alkaline solution = 572 kg/m3 

Alkaline liquid to Fly ash = 0.43 (based on trial mixes) 
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Alkaline Liquid: Fly ash = 2:5 

Volume of Fly ash = 400 kg/m3 

Volume of Alkaline liquid = 172 kg/m3 

A. Alkaline liquid 

Sodium hydroxide (NaOH) 

Sodium silicate (Na2SiO3) 

Ratio of Sodium silicate to Sodium hydroxide is 2.5 

Sodium silicate (Na2SiO3) solution =122.86kg/m3 

Sodium hydroxide (NaOH) solution = 49.14 kg/m3 

NaOH solution = NaOH solids + Distilled water 

NaOH solids (31%) = 15.23 kg/m3 

Distilled water (69%) = 33.90kg/m3(for 10 Molar 

concentration) 

This is the mix design, which has been followed in this 

research work. 

III. EXPERIMENTAL INVESTIGATIONS 

The geopolymer concrete mix design for GPC 40 is 

standardized by keeping the constant alkaline solution ratio 

as 2.5, by changing the molarities of alkaline solution as 8 

M, 10M and12M and by changing alkaline to fly ash ratio to 

0.40, 0.43 and 0.45.The compressive strength of all the 

mixes at 7 days were studied and arrived at the optimum 

molarity and alkaline solution to fly ash ratio.After 

standardized the mix, the GPC40 is exposed to different 

aggressive environment conditions and the compressive 

strength and change in weight were studied under these 

conditions. The results were compared with control 

concrete. The cubes of GPC40 mix were casted and kept in 

oven at 60oC for a period of 24 hours by for curing .The 

compressive strength at 7days and 28 days in ambient 

condition were determined. Specimens were immersed in 

water using 5% concentration of acids, sulphates and 

chlorides. The compressive strength and percentage weight 

loss of GPC40 were compared with OPC concrete. 

IV. RESULTS AND DISCUSIONS 

A. PHASE -1 

Fix the optimum molarity and fly ash to alkaline solution 

ratio, standardize mix design for GPC40, several trail mixes 

were carried out.  

B. PHASE -2 

Specimens were immersed in water using 5% concentration 

of acids, sulphates and chlorides. The compressive strength 

and percentage weight changes of GPC40 were compared 

with OPC concrete for the age of 7 and 28 days. 

The tests carried out are 

 Compressive strength 

 Change in weight  

C. Compressive strength   

The  compressive test has been conducted for the specimens 

of phase -1 and phase -2  after curing time period 28 days 

wet curing is adopted for OPC. In GPC oven curing at 60oC 

for 24 hours and then left to room temperature for28 days. 

After completion of curing periods the specimens were 

immersed in 5% concretion of acidic solutions and Sulphate 

solutions for a period of 7 and 28 days. 

 

S

l 

Proper

ties 

Alkaline / 

FA = 0.40 

Alkaline / 

FA = 0.43 

Alkaline / 

FA = 0.45 

1 
Molar

ity 

8

M 

10

M 

12

M 

8

M 

10

M 

12

M 

8

M 

10

M 

1

2

M 

2 

Comp

ressiv

e 

streng

th (7 

days) 

MPa 

33

.8

6 

39

.0

6 

38

.4

5 

36

.7

4 

41

.3

2 

37

.9

9 

34

.6

5 

40

.4

2 

3

9 

Table 1: Compressive strength of phase -1 for 7 

 
Fig. 1: Compressive strength with different alkaline /fly ash 

 
Fig. 2: Residual compressive strength in HCl 

D. Phase-2 Compressive strength 

In phase-2 the optimum mix was taken from phase -1 by 

keeping optimum molarity of 10M and fly ash to alkaline 

solution ratio of 0.43. Same mix for all GPC cubes are taken 

and same quantities of proportion is used for OPC to 

compare the results. The OPC cubes are casted and cured in 

water for 28 days. Whereas GPC cubes are casted and cured 

in 60OCfor 24 hours after that they left to room temperature 

for 28 days. After 28 days of normal curing the remaining 

cubes are immersed in 5% concentration of HCL, H2SO4, 

MgSO4 and Na2SO4 to measure the change in weight and 

loss in compressive strength for a time period of 7 and 28 

days in GPC and OPC then results are compared. 
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31.00 40.79 

2 GPC 

43.21 

41.09 

51.10 

49 38.79 48.21 

41.29 47.69 

Table 2: Compressive strength for 7 and      28   days for 

OPC 

E. Immersion of OPC and GPC in 5% HCl solution 

The percentage residual compressive strength of OPC is 

87% and that of GPC is 92.8% at 7 days. The percentage 

residual compressive strength of OPC is 80% whereas the 

same for GPC is 85% at 28 days. The higher compressive 

strength is recorded in GPC at 7 days and 28 days. The 

lower strength in OPC is may be due to the reaction between 

HCl and concrete which forms calcium chloride on the 

surface of OPC. 

Hence from the results it can be concluded that the 

Geopolymer concrete Showed better performance in 5% 

HCl solution. 

 
Fig. 3: Dark brown rings with white crystal structure form 

on OPC 

1) Immersion of OPC and GPC in 5% H2SO4 solution 

The percentage residual compressive strength of OPC is 

67.78% and that of GPC is 81.64% at 7 days. The 

percentage residual compressive strength of OPC is 45% 

whereas the same for GPC is 73.5% at 28 days. The higher 

compressive strength is recorded in GPC at 7 days and 28 

days.  This higher compressive strength is may be due to the 

dense structure of Geopolymer concrete in H2SO4. The 

lower strength in OPC is may be due to the reaction between 

H2SO4 and concrete which forms gypsum on the surface of 

OPC. Hence from the results it can be concluded that the 

Geopolymer concrete showed better resistance in 5% 

H2SO4 Solution. 

 
Fig. 4: Residual compressive strength in H2SO4 

 
Fig. 5: Formation of large amount of gypsum in OPC 

2) Immersion of OPC and GPC in 5% MgSO4 solution 

The percentage residual compressive strength of OPC is 

86% and that of GPC is 97.8% at 7 days. The percentage 

residual compressive strength of OPC is 81.1%whereas the 

same for GPC is 91% at 28 days. The higher compressive 

strength is recorded in GPC at 7 days and 28 days. The 

lower strength in OPC is may be due to the reaction between 

MgSO4 and concrete which forms magnesium hydroxide 

and calcium sulphate di-hydrate on the surface of OPC. 

Hence from the results it can beconcluded that the 

Geopolymer concrete Showed better performance in 

5%MgSO4 . 

 
Fig. 6: Residual compressive strength in MgSO4 

 
Fig. 7: White powdered material is formed on the surface of 

OPC and GPC 

3) Immersion of OPC and GPC in 5%Na2SO4solution 

The percentage residual compressive strength of OPC is 

90%and that of GPC is 96% at 7 days. The percentage 

residual compressive strength of OPC is 84%whereas the 

same for GPC is 94.6% at 28 days. The higher compressive 
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strength is recorded in GPC at 7 days and 28 days. The 

lower strength in OPC is may be due to the reaction between 

Na2SO4 and concrete which forms sulphate salts on the 

surface of OPC. The geopolymer concrete showed better 

performance in 5% Na2SO4 solution. 

 
Fig. 8: Residual compressive strength in Na2SO4 

F. Change in weight 

The weight of the GPC and OPC Specimens is noted before 

immersion in varies acidic solutions and Sulphate solutions. 

After immersion of specimens in 5 % concentration of 

acidic solutions and Sulphate solutions again the weight are 

taken for 7 days and 28 days and results are presented. 

Formula: 

Change in weight = 
original weight –new weight

original weight
 *100 

1) Immersion of OPC and GPC in 5% HCl solution 

S.NO Type of acids 

Percentage weight changes 

OPC GPC 

7days 28 days 7 days 28 days 

1 HCl 4.01 4.98 0.23 1.5 

2 H2SO4 5.17 9.49 0.61 1.6 

3 MgSO4 2.52 3.87 +0.64 +0.45 

4 Na2SO4 1.64 2.04 +0.99 +0.34 

Table 4: 

The percentage weight loss of OPC is 4.01% and that of 

GPC is 0.23% at 7 days. The percentage weight loss of OPC 

is 4.98% whereas the same for GPC is 1.5% at 28 days. The 

higher loss percentage in weight is recorded in OPC at 7 

days and 28 days. The weight loss in OPC is may be due to 

the reaction between HCl and concrete which forms calcium 

chloride on the surface of OPC. The Geopolymer concrete 

showed better per formance in 5% HCl solution. 

 
Fig. 9: Percentage of weight loss in HCl 

2) Immersion of OPC and GPC in 5% H2SO4 solution 

The percentage weight loss of OPC is 5.17%and that of 

GPC is 0.61% at 7 days. The percentage weight loss of OPC 

is 9.49% whereas the same for GPC is % at 28 days. The 

higher percentage weight loss is recorded in OPC at 7 days 

and 28 days. The weight loss in OPC is may be due to the 

reaction between H2SO4 and concrete which formsgypsum 

on the surface of OPC. The Geopolymer concrete showed 

better performance in 5% H2SO4 solution. 

 
Fig. 10: Percentage weight loss in H2SO4 

3) Immersion of OPC and GPC in 5% MgSO4 solution 

The percentage weight loss of OPC is 2.52% and 3.87 % at 

7 days and 28 days. The percentage of weight gain in GPC 

is 0.64 % and 0.45% at 7 days and 28 days respectively. The 

higher percentage weight loss is recorded in OPC at 7 days 

and 28 days respectively. Due to the reaction between 

MgSO4 and concrete, magnesium hydroxide and calcium 

Sulphate di-hydrate is formed on OPC which in turn reduces 

the weight. The Geopolymer concrete showed better 

performance in 5% MgSO4 solution 

4) Immersion of OPC and GPC in 5% Na2SO4solution 

The percentage weight loss of OPC is 1.64% and 2.04 % at 

7 days and 28 days respectively. The percentage of weight 

gains of GPC is 0.64 % and 0.45% at 7 days and 28 days 

respectively. The higher percentage weight loss is recorded 

in OPC at 7 days and 28 days. Due to the reaction between 

Na2SO4 and concrete, sulphate salts is formed on OPC 

which in turn reduces the weight. The Geopolymer concrete 

showed better resistance in 5% Na2SO4 solution. 

 
Fig. 11: Percentage weight loss in MgSO4 

 
Fig. 12: Percentage weight gain in MgSO4 
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Fig. 13: Percentage weight loss in Na2SO4 

 
Fig. 14: Percentage weight gain in Na2SO4 

V. CONCLUSIONS 

1) Geopolymer concrete exhibited higher compressive 

strength when compared to ordinary Portland concrete. 

2) In medium grade Geopolymer concrete NaOH plays a 

vital role in attaining strength, in view of trials and cost 

parameter 10M is recommended as optimum molarity for 

NaOH. 

3) The reaction of fly ash is extremely slow during ambient 

temperatures, subsequently heat curing is recommended 

for fly ash based Geopolymer concrete in order to 

achieve higher strength at early age. 

4) Geopolymer concrete has gained strength in 

contradiction to loss of weight in case of ordinary 

Portland concrete, post exposure to aggressive 

environment. 

5) Geopolymer concrete exhibited superior performance in 

terms of mechanical properties and durability in 

aggressive environment when compared to ordinary 

Portland concrete. 
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