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Abstract— An attempt has been made to study durability 

properties of fly ash and metakaolin blended concrete, when 

it is exposed to certain types of chemicals. Metakaolin is a 

thermally structured, ultra-fine pozzolana, which replaces 

industrial by-products such as silica fume, fly ash, etc. An 

experimental investigation has been carried out to evaluate 

the durability in terms of Chemical Resistance and weight 

loss of ternary blend concrete with for concrete of M40 

grade. In this investigation an attempt is made with 

chemicals like H2SO4 and Na2SO4. The results show that the 

percentage of weight loss is reduced and compressive 

strength is increased in the case of ternary blend of fly ash 

and metakaolin concrete compared to normal concrete. Also 

the less percentage weight loss is noticed in the case of 

Na2SO4 and severe in the case of H2SO4.    
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I. INTRODUCTION 

In recent years, many researchers have established that the 

use of supplementary cementitious materials (SCMs) like 

blast furnace slag, silica fume, Metakaolin (MK), fly ash 

(FA) and rice husk ash (RHA) etc. can, not only improve the 

various properties of concrete - both in its fresh and 

hardened states, but also can contribute to economy in 

construction costs as well as sustainability in construction. 

Ternary-blended cements based on ordinary 

Portland cement (OPC) and pozzolans have been the subject 

of investigations since the 1950s.Studies conducted in 

France resulted in the commercial production of ternary 

cements since 1953, and in some parts of Australia, ternary 

and even quaternary cements have been intermittently 

available since 1966. 

A. Class F Fly Ash: 

The burning of harder, older anthracite and bituminous coal 

typically produces Class F fly ash. This fly ash is pozzolanic 

in nature, and contains less than 20% lime (CaO). 

Possessing pozzolanic properties, the glassy silica and 

alumina of Class F fly ash requires a cementing agent, such 

as Portland cement, quicklime, or hydrated lime mixed with 

water to react and produce cementitious compounds. 

Alternatively, adding a chemical activator such as sodium 

silicate (water glass) to a Class F ash can form a 

geopolymer. 

B. Metakaolin: 

Metakaolin is not a by-product. It is obtained by the 

calcinations of pure or refined Kaolin clay at a temperature 

between 650
0
C and 850

0
C, followed by grinding to achieve 

a fineness of 700-900 m
2
 per kg. The resulting material has 

high pozzolanicity. Metakaolin is manufactured from pure 

raw material to strict quality standards. It differs from other 

admixtures without chemical composition. They may also 

contain active components (such as sulphur compounds, 

alkalies, carbon, reactive silica) which can undergo delayed 

reactions within the concrete and cause problems over 

prolonged periods. Metakaolin is a high quality pozzolanic 

material, which is blended with Portland cement in order to 

improve the durability of concrete and mortars. Metakaolin 

removes chemically reactive calcium hydroxide from the 

hardened cement paste. Metakaolin reduces the porosity of 

hardened concrete. It densifies and reduces the thickness of 

the interfacial zone, thus improving the adhesion between 

the hardened cement paste and particles of sand or 

aggregate. 

C. Acid Resistance: 

Acids attack concrete by dissolving both hydrated and 

unhydrated cement compounds as well as calcareous 

aggregates.  In most cases the chemical reaction yields 

soluble calcium compounds which then leach away by 

leaving voids in the concrete. Generally ordinary cement 

concrete does not have good resistance to acids. But some 

weak acids however can be tolerated particularly if the 

exposure is very occasional. Siliceous aggregates are 

resistant to most acids and chemicals and are sometimes 

specific to improve the chemical resistance of concrete. 

Concrete deterioration increases as the PH of the 

acids decreases from 6.0. In fact no cement concrete 

regardless of its chemical composition will hold up for long 

period if exposed to a solution with a PH of 3.0 or less. 

There are essentially three ways to improve concrete 

resistance to acids. 

1) By choosing the right concrete composition to 

make it more impermeable. 

2) By isolating it from the environment by using a 

suitable coating. 

3) By modifying the environment to make it less 

aggressive to the concrete. 

D. Acid Attack on Concrete: 

Concrete is susceptible to acid attack because of its alkaline 

nature. The compounds of the cement paste break down 

during contact with acids, out of which the most pronounced 

is the dissolution of Calcium hydroxide which occurs as 

shown in below reaction:- 

                     2HX + Ca (OH) 2 → CaX2 + 2H2O 

(X is the –ve ion of the acid) 

Depending on the porosity of the cement 

concentration of the acid, the solubility of acid calcium salts 

(CaX2) paste, the decomposition of the concrete depends. 

Insoluble calcium salts may precipitate in the voids and can 

slow down the attack. Acids such as H2SO4, nitric acid, 
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Hydrochloric acid, acetic acid are very aggressive as their 

calcium salts are readily soluble and removed from the 

attack. Sulphuric acid is very damaging to concrete as it 

combines an acid attack and sulphate attack. 

E. Sulphate Attack: 

The main cause of sulphate attack on concrete is due to 

transport of sulphate ions in various concentrations in water 

together with cat-ions, the more common of which are 

calcium, magnesium and sodium. Where the porous 

concrete comes in contact with saturated ground, the water 

face is continuous across the ground and concrete interferes 

and sulphate ions will be readily carried into the body of the 

concrete. But a well compacted, dense, low water cement 

ratio concrete in such an environment will however initially 

restrict access of the ions to the surface layer. 

Mainly by diffusion the sulphate ions will migrate 

from unsaturated ground into the concrete provided when 

there is sufficient water to coat the particles of soil, but the 

rate will be slow and dependent on the sulphate 

concentration. The reaction that takes place when sulphate 

enters into the concrete matrix are complex and contentious. 

Sulphate attack can only be diagnosed when the concrete is 

showing physical signs of degradation such as expansion 

with or without notable cracking, surface erosion or 

softening of the cement paste matrix. 

II. EXPERIMENTAL INVESTIGATION  

The experimental investigation is carried out to study the 

resistance of Fly ash and Metakaolin ternary blend concrete 

of M40 grade to acid attack using 5% concentration of acid 

like H2SO4. The water cement ratio is taken as 0.35. The 

normal control mix concrete and ternary blend of 8% 

metakaolin and 25% fly ash mix concrete are studied. 

150x150x150 mm cubes were cast and tested for obtaining 

28days compressive strength. Again 150x150x150mm size 

cubes were cast and cured for 28 days in water, after then 

immersed in solution of 5% concentrated H2SO4 and 

Na2SO4 solutions. The loss of compressive strength and 

weight loss in these cubes were observed after 30 & 60 days 

of immersion. 

III. MATERIALS USED FOR INVESTIGATION  

1) Cement: OPC cement of 53 grade confirming to 

various specifications of as per IS 12269-1987 was 

used. The specific gravity of cement is 3.10. 

2) Coarse aggregate: Crushed granite metal with a 

maximum of 20mm size and retained on 12.5mm 

sieve was used. The weight of coarse aggregates 

was 60% of the total aggregates and specific 

gravity of granite coarse aggregate is 2.70. 

3) Fine aggregate: River sand was used as fine 

aggregate and specific gravity is 2.67. 

4) Water: Fresh potable water, which is free from 

concentration of acid and organic substances are 

used for mixing the concrete. 

5) Fly ash: Class F fly ash was used as an additives 

according to IS: 3812 – Part I– 2003 cement is 

replaced by weight of material. The fly ash is 

procured from Torrent power ltd Power plant. This 

plant is located near Chandkheda in Ahmedabad 

District in Gujarat State. 

6) Metakaolin: Metacem of grade 85-C confirming to 

various specifications of as per IS: 1489(PT2):1991 

was used. Metakaolin is procured from 20microns 

ltd. from Nandesari in Vadodara District in Gujarat 

State. 

7) Super Plasticizer: Viscocrete10R (W) from Sika as 

per IS: 9103 -1999 was used for increasing the 

workability of concrete mix. The admixture were 

used by percentage of mass of cement (0.5% to 1% 

of mass of cement). 

8) Mix Proportions: M40 grade concrete with 

IS10262: 2009 is used in the development of the 

proportions of the required concrete. The cement 

content is taken as 400kg/m3 of concrete. The 

water cementitious ratio is taken as 0.35. 

IV. EXPERIMENTAL RESULTS 

Table 1 gives the percentage weight loss of control and 

ternary mixes after immersion in 5% H2SO4 solution. The 

values for control mix are observed as 6.47%, 4.48% and 

5.06% after 30 days and 6.99%, 5.45% and 5.70% after 60 

days respectively. The values for ternary mix are observed 

as 5.76%, 4.35% and 3.7% after 30 days and 6.14%, 5.34% 

and 4.91% after 60 days respectively. 

Table 2 gives the percentage weight loss of control 

and ternary mixes after immersion in 5% Na2SO4 solution. 

The percentage loss of compressive strength of 

control and ternary mixes after immersion in 5% H2SO4 

solution increases corresponding to the time of exposure i.e. 

from 30 to 60 days. These variations are given Table 3 and 

4. 

 
Fig. 1: Concrete cubes after immersion in 5% H2SO4 

solution. 

 
Fig. 2: Concrete cubes after immersion in 5% Na2SO4 

solution. 
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Mix 

Weight before 

immersion 

@30 days 

Weight after 

immersion 

@30 days 

% 

Weight 

loss @30 

days 

Weight after 

immersion 

@60 days 

% 

Weight 

loss @60 

days 

Average% 

weight loss 

@30 days 

Average% 

weight loss 

@60 days 

CONTROL 

RC1 8.88 8.34 6.47% 8.3 6.99% 

5.34% 6.05% RC2 9.09 8.7 4.48% 8.62 5.45% 

RC3 8.72 8.3 5.06% 8.25 5.70% 

TERNARY 

RTC1 8.81 8.33 5.76% 8.3 6.14% 

4.60% 5.47% RTC2 8.87 8.5 4.35% 8.42 5.34% 

RTC3 8.97 8.65 3.70% 8.55 4.91% 

Table 1: Percentage weight loss of concrete in 5% H2SO4 (Acid attack test) 

Mix 

Weight before 

immersion 

@30 days 

Weight after 

immersion 

@30 days 

% 

Weight 

loss @30 

days 

Weight after 

immersion 

@60 days 

% 

Weight 

loss @60 

days 

Average% 

weight loss 

@30 days 

Average% 

weight loss 

@60 days 

CONTROL 

RC5 9.05 8.9 1.69% 8.88 1.91% 

1.83% 2.13% RC6 9.07 8.9 1.91% 8.87 2.25% 

RC7 9.17 9 1.89% 8.97 2.23% 

TERNARY 

RTC5 8.61 8.5 1.29% 8.45 1.89% 

1.08% 1.47% RTC6 8.85 8.78 0.80% 8.75 1.14% 

RTC7 8.9 8.8 1.14% 8.78 1.37% 

Table 2: Percentage weight loss of concrete in 5% Na2SO4 (Sulphate attack test) 

Mix 

Compressive 

strength before 

immersion @30 

days MPa 

Compressive 

strength after 

immersion @30 

days MPa 

% loss in 

Comp. 

Strength 

@30 days 

Compressive 

strength after 

immersion @60 

days  MPa 

% loss in 

Comp. 

Strength 

@60 days 

Avg. 

loss 

@30 

days 

Avg. 

loss 

@60 

days 

CONTROL 

RC1 48.5 41.33 17.35% 36 34.72% 

20.42% 31.09% RC2 48 39.4 21.83% 36.5 31.51% 

RC3 47 38.5 22.08% 37 27.03% 

TERNARY 

RTC1 51.5 44 17.05% 41 25.61% 

16.48% 27.13% RTC2 51 45 13.33% 39 30.77% 

RTC3 50 42 19.05% 40 25.00% 

Table 3: Percentage loss in Compressive Strength of concrete in 5% H2SO4 (Acid attack test) 

Mix 

Compressive 

strength before 

immersion @30 

days MPa 

Compressive 

strength after 

immersion @30 

days MPa 

% loss in 

comp. 

strength 

@30 days 

Compressive 

strength after 

immersion @60 

days MPa 

% loss in 

comp. 

strength 

@60 days 

Avg. 

loss @ 

30 days 

Avg. 

loss @ 

60days 

CONTROL 

RC5 48.5 44 10.23% 42 15.48% 

9.16% 13.02% RC6 48 43 11.63% 42 14.29% 

RC7 47 44.5 5.62% 43 9.30% 

TERNARY 

RTC5 51.5 48 7.29% 47 9.57% 

7.40% 9.71% RTC6 51 47 8.51% 46 10.87% 

RTC7 50 47 6.38% 46 8.70% 

Table 4: Percentage loss in compressive strength of concrete in 5% Na2SO4 (Sulphate attack test) 
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Fig. 3: Percentage Weight Loss in Acid Attack Test 

 
Fig. 4: Percentage Weight Loss in Sulphate Attack Test 

 
Fig. 5: Percentage Loss in Compressive Strength in Acid 

Attack Test 

 
Fig. 6: Percentage Loss in Compressive Strength in Sulphate 

Attack Test 

V. CONCLUSION 

 The percentage loss of compressive strength & 

weight in 5% H2SO4 solution is higher than 5% 

Na2SO4 solution. 

 The percentage loss of compressive strength and 

weight are increasing in with the time of exposure 

to acid attack and sulphate attack. 

 The metakaolin and fly ash based ternary blend 

concrete showed more resistance to acid attack and 

sulphate attack when compared to control mix. 

 The percentage loss of weight in all concrete mixes 

are varying from 4% to 6% for 30 days and 60 days 

immersion in 5% H2SO4. 

 The percentage loss of weight in all concrete mixes 

are varying from 1% to 2% for 30 days and 60 days 

immersion in 5% Na2SO4. 

 The percentage loss in compressive strength in all 

mixes are varying from 12% to 21% for 30 days 

and 25% to 35% for 60 days immersion in 5% 

H2SO4. 

 The percentage loss in compressive strength in all 

mixes are varying from 5% to 10% for 30 days and 

8% to 16% for 60 days immersion in 5% Na2SO4. 

VI. ACKNOWLEDGMENT 

The authors would like to thank L.D.College of Engineering 

at the Gujarat Technological University for the provision of 

technical support and facilities. 

REFERENCES 

[1] “Metakaolin concrete at a low water to binder 

ratio” J.M. Khatib School of Engineering and the 

Built Environment, University of Wolverhampton, 

Wulfruna Street, Wolverhampton, WV1 1SB, UK, 

Construction and Building Materials 22 (2008) 

1691–1700. 

[2] “Optimization of concrete mixture with hybrid 

blends of metakaolin and fly ash using response 

surface method” Erhan Güneyisi , Mehmet 

Gesog˘lu , Zeynep Algın b, Kasım Mermerdas, 

Composites: Part B 60 (2014) 707–715. 

[3] “Comparative mechanical properties of different 

ternary blended concrete” Deepa A. Sinha 

Associate Professor, Structural Engineering Dept, 

BVM Engineering College, Vallabh Vidyanagar, 

Anand, Gujarat, Volume : 1 | Issue : 10 | October 

2012. 

[4] “Fly Ash for Cement Concrete” NTPC Limited. 

[5] IS 4031-1988 “Methods for the physical test of 

Hydraulic cement”. 

[6] IS: 12269-1987 “Specification for 53 grade 

ordinary Portland cement”. 

[7] IS: 383-1970 “Specifications for coarse and fine 

aggregates from natural sources for concrete”.  


