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Abstract 

It was shown that the combination of metakaolin (MK) and fly ash (FA) exhibited a significant increase in the 

characteristics of strength and durability, such as acid and sulphate resistance. The primary reason for this was 

that the Ca (OH)2 that was formed by the plain concrete reacted with the pozzolans that were added, which 

resulted in the formation of more calcium silicate hydrates. The Ca(OH)2 that is produced as a byproduct of the 

hydration of plain concrete does not make a major addition to the concrete's strength and may even be 

detrimental to the concrete's longevity. Its absence or decrease as a consequence of pozzolans' chemical reaction 

leads to a significant increase in both strength and durability. 
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Introduction 

When it comes to the production of HPC, additives are one of the most important components. In the production 

of HPC, a variety of admixtures, both chemical and mineral, are used. Mineral Admixtures are what 

distinguishes high-performance concrete (HPC) from conventional cement concrete in a fundamental way. The 

chemical composition of mineral additives is the primary factor that determines how well they may enhance the 

properties of concrete. In order to mitigate the potentially hazardous effects of CH, which are produced during 

the hydration of cement, admixtures such as flyash, silica fumes, and MK are used. In the pozzolanic reaction of 

these mineral admixtures, CH is the only reactant that is consumed. There is no production of CH involved in 

this process. By adding CH, which causes the concrete paste to become more viscous and impermeable, the 

durability of the concrete paste may be increased. Mineral admixtures, when used in the appropriate amounts, 

may boost the early strength, workability, and fracture resistance of concrete by decreasing the hydration heat, 

enhancing the workability, and minimising the alkali-aggregate reaction. Increasing the material's resistance to 

chemicals while simultaneously reducing its ability to resist water absorption. In addition to the incorporation of 

mineral admixtures, the production of HPC also involves the use of "super plasticizers, also known as High 

Range Water Reducing Admixtures"[3]. Because of this, the ratio of water to cement in the concrete may be 

decreased without negatively impacting its workability. Repulsion, which is caused by the addition of a super 

plasticizer, results in deflocculation and enhances the fluidity of the mixture. It is believed that super plasticizer 

has a depressing impact on the solid particles because of the absorption of its molecules by the cement grains, as 

well as the following changes in the surface charge and zeta potential of the solid particles. Both enhanced mix 

flexibility and solid dispersion are results of the same phenomenon: the generation of repulsive forces by charges 

of the same sign. 

 

Flyash's role in high-performance cement 

Coal-fired power plant fleece ash is often recognised as a mineral component in concrete and mixed portland 

cements as a byproduct of combustion. Only 10% to 20% of the entire cementitious mass can be made 

commercially from fly ash. The corrosion resistance of reinforcing steel and chemicals may also be improved by 

these techniques [3], in addition to improving the workability and economy of concrete. In areas where freeze-

thaw cycles are not prominent, fly ash has been associated to enhanced long-term performance of concrete [4]. 

The amount of influence fly ash particles have on the properties of fresh concrete is determined by the form of 

the particles. In part, this is because the mix contains fly ash, which makes it more cohesive and less prone to 

bleeding. The water-demanding properties of fly ash are on par with those of superplasticizer. The sand particles 

are also scattered and absorbed by the cement. Sulphur trioxide reacts slowly with fly ash particles, delaying the 

process for an hour. This delaying effect only affects the first setting, leaving the time between the first and final 

settings unaffected. To enhance cement hydration and hence increase concrete strength, lower w/b ratios are 

needed. 
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An ultrafine thermally activated alumino-silicate material is made by calcining kaolin clay between 500 and 800 

degrees Celsius. Almost half of its composition is made up of Al2O3, which is highly reactive. When admixed 

pozzolana is combined with the cement's inherent CH component, which is generally 20% of the total mass, 

calcium silicate hydrates are created. A little amount of CH generated during the hydration process has no effect 

on the strength or durability of concrete. The tensile strength of concrete may be considerably improved by 

mixing in MK. Concrete's strength and hydration rate have been boosted by using MK for cement, according to 

researchers who studied the effect of this substitution. Compared to silica-fume-based concrete, MK concrete 

was shown to be stronger at the same pozzolana replacement level. 

 

Review of Literature 

Neviille (1997) remarked that in the end, HPC is merely a special form of cement that may be utilised for a 

certain purpose. It has evolved from an emphasis on enormous power to a focus on other attributes that may be 

desirable in specific circumstances. High elasticity, denseness, low permeability, and resistance are just few of 

the features that make up this material. Second, the need of thorough curing was heavily emphasised in this 

study. Having not been adequately cured, an HPC is of poor quality. There is a lot of material and process 

quality control that is required if you plan on using HPC. 

The definition was provided by Forster (1994) During its design life, an HPC concrete batch that has been 

properly prepared, transported, placed, condensed, and cured will perform wonderfully in whichever 

environment it is placed. 

According to K. Ozawa et al. (1991), HPC is a three-step concrete with a high filling capacity. HPC does not 

need vibrators to fill every nook and cranny while it is still in its new state. In the early phases of HPC, there 

should be adequate cracking resistance to endure drying shrinkage and temperature spikes caused by hydration. 

An ideal hardened state would be able to survive the passage of potentially degrading elements, such as oxygen, 

chloride ion, and water, with sufficient strength and resistance. The major purpose of this research was to 

investigate how "chemical admixtures, such as superplasticizer and viscosity agents, impact fresh concrete's 

deformational and segregation behaviour." Research is needed to develop concrete with a high filling capacity. 

The deformability and segregation resistance of new concrete were shown to influence filling capacity. This may 

be done by raising the viscosity of the paste, which is significantly dependent on the quantity of free water in 

fresh concrete. 

 

Flyash 

Fly ash is a byproduct of the coal combustion process used in thermal power plants to generate energy. The term 

"fly ash" comes from the fact that combustion chamber exhaust carries the substance out of the chamber. 

Considering how much it is produced and how deadly it is, fly ash is considered a major global pollutant. By 

improving procedures and several government programmes, it has been elevated to the status of value-added 

material. Coal and fly ash are two of India's major exports. 

Fly ash is a thin, spherical powder that may vary in size from 0.01 to 150 m and resembles tiny shards of glass in 

its natural condition. More than 90% of the earth's micron-sized elements are composed of silica (alumina), iron 

(iron oxide), and a minor proportion of noncombustible coal and carbon residues. Fly ash resembles talcum 

powder due to its composition of silt and clay-sized glassy particles. The mineralogy of fly ash varies from 

sample to sample depending on the kind of coal used in the power plant boiler. The chemical composition of 

flyash may change greatly depending on the kind and quantity of incombustible components non "the coal 

utilised" [11]. As a result, the flyash produced by burning coal varies greatly depending on the kind and grade of 

coal used. Flyash contains silicon dioxide, aluminium oxide, and calcium oxide, all of which are amorphous or 

crystallised (CaO). For "class F and class C" [fly ash], "silica, alumina, iron and calcium as well as other 

minerals" [12] are classified as "two forms of fly ash. Additionally, the light brown to buff colour of fly ash 

produced from lignite or sub-bituminous coals indicates a low carbon content and the presence of calcium or 

lime. Bituminous coal fly ash is typically grey in colour, with a lighter shade indicating a higher level of quality. 

 

Preparation and testing of specimen 

Acid resistance test 

The 150 mm cube specimens were subjected to acid resistance tests, which required a 28-day curing time. To 

preserve the cube specimens underwater for 30 days, a sulphuric acid solution of 1% by weight was utilised. The 

acid-diluted samples were properly cleaned and dried using a water-and-gentle-detergent solution first. Finally, 

the specimens' weights and the normal weight loss percentages were established. Figure 4.8 depicts the acid-

soaked cubes. 

Acid resistance of concrete mixtures with varying MK and fly ash percentages affected by MK and fly ash. The 

average weight loss % for HPC mixes MK1, MK2, and MK3 is 2.87 to 3.91, but the average weight loss 

percentage for MKF1, MKF2, and MK3 is 2.64 to 3.32. Acid attack is minimised when MK and flyash levels are 

increased in HPC combinations, according to the results. 
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Fig 1: Cubes immersed in the acid solution 

 

Conclusion 

In order to attain the highest split tensile strength at 28 days, a combination of 7.5 percent MK and 10 percent 

FA was found to be the best alternative for cement in FA combination mixes for HPC. There were no significant 

differences in the flexural strength test findings, as expected. The combination of 7.5% MK and 7.5% MK with 

10% FA was one of the best for acid resistance. Compared to concrete without "mineral admixtures," the 

hardened matrix of concrete mixes containing mineral admixtures is denser and more impermeable than concrete 

without mineral admixtures. HPC mixes with modest levels of admixtures perform poorly when subjected to 

sulphate attack. Due to the smaller pores and lower Ca(OH)2 content of pozzolanic materials or mineral 

admixtures, the effect of sulphate on concrete is reduced as MK and FA concentrations increase. The water-

cured specimen's strength remains unchanged when combined with 10% FA and 7.5% MK. The water-cured 

specimen does show a little increase in strength when combined with 10% FA and 10% MK, though. 
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