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Abstract— Metakaolin is one of the generally creating 

cementitious material utilized as an admixture to deliver 

high-quality cement and is utilized for keeping up the 

consistency of cement. For the situation where adequate or 

poor relieving solid structures like the ocean shores, 

underground structures get influenced by the loss of 

compressive quality, penetrability and sturdiness, utilization 

of metakaolin demonstrate to be extremely helpful to adjust 

the properties of cement. This task manages the properties of 

cement by substitution of metakaolin. The blend was gotten 

by supplanting 0, 5, 7.5, 10, 12.5, 15 percent mass of bond by 

metakaolin. At long last, required examples were tried to 

explore the conduct, for example, compressive quality and 

toughness. The test outcome shows an ideal amount of 

metakaolin utilization will in general increment the quality of 

solid when contrasted and traditional one.  
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I. INTRODUCTION 

Cement is the most broadly utilized development material. 

Expansion to progress in quality, cements with low w/c 

proportions get improved attributes, for example, higher ease, 

versatile modulus, flexural quality, lower porousness, 

improved scraped spot opposition, and better durability (6). 

Be that as it may, by utilizing superplasticizer we started to 

diminish the w/c proportion as liquid modifiers for ordinary 

quality concretes (2). They increment the long-haul execution 

of cement with decreased penetrability and upgraded 

solidness. Mineral admixtures, for example, fly cinder, rice 

husk fiery remains, metakaolin, silica seethe and so forth are 

most usually utilized in the creation of cement blends for 

acquiring higher execution and economy (7). High reactivity 

materials like metakaolin, which is generally more up to date 

material in the solid are viable in expanding the compressive 

strength (3-5). It diminishes the sulphate assault and upgrades 

air-voids in solid (9). Expansion of these materials improves 

the quality and strength parts of concrete (7). Bond isn't 

supplanted by either steel slag or fired waste, on the grounds 

that the greatest furthest reaches of complete expansion of 

execution improver, for example, fly fiery debris, Granulated 

slag, Silica rage, Limestone, rice husk cinder, Metakaolin is 

5 % during the assembling procedure of customary Portland 

concrete according to IS 269-201310. The reduction in the 

early compressive quality of ground granulated impact heater 

slag is remunerated by Metakaolin (1). These endeavours 

incorporated the use of beneficial cementations materials, for 

example, fly fiery debris, silica smoulder, granulated impact 

heater slag, rice-husk cinder, and metakaolin as elective 

covers to Portland cement8.  

Normally accessible Si-Al minerals, low calcium fly 

cinder, metakaolin and blend of GGBS and metakaolin have 

been contemplated as source materials14. V. Kannan and K. 

Ganesan has examined on Chloride and concoction 

opposition of self-compacting cement containing rice husk 

fiery remains and Metakaolin (11). The bond can be mostly 

supplanted by various mineral admixtures, for example, fly 

fiery debris, silica seethe, metakaolin and so on., which have 

certain properties identified with that of concrete. By 

including the Nanomaterials, solid composites with 

unrivalled properties can be produced (15). A portion of the 

regularly utilized SCM are fly fiery remains, silica smoulder 

(SF), GGBS, rice husk slag and metakaolin (MK), and so on.  

Metakaolin is acquired by the calcination of 

kaolinite. It is being utilized usually as pozzolanic material 

and has displayed significant impact in improving the 

mechanical and toughness properties of concrete (12). The 

elite of cement can be accomplished by supplanting in part of 

bond with mineral admixtures like Metakaolin (MK), Ground 

Granulated Blast Furnace Slag (GGBS). By utilizing these 

mineral admixtures prompt bringing down the worldwide 

warming (18). Use of high receptive Metakaolin and Flyash, 

as an admixture and blend configuration were set up with 

29% of coarse total, supplanting of bond with Metakaolin and 

class F fly ash, mixes of both and controlled SCC blend with 

0.36 water/cementitious proportion (by weight) and 388 

litre/m3 of concrete glue volume (16). Squashed rock stones 

of size 16 mm and 12.5 mm utilized with a mixing 60:40 by 

rate weight of absolute coarse aggregate (19). Among these 

coal fly-cinder, impact heater slag, rice structure fiery 

remains, silica smoke or metakaolin is the most widely 

recognized ones (17). Bentonite is a type of metakaolin earth 

(for example mud that has experienced warmth procedure to 

be in its power structure) that comprises of an essential 

mineral called montmorillonite which gives it properties (13). 

II. MOTIVE 

The point of this paper is to consider the varieties in quality 

sturdiness attributes of high-quality solid blend by incomplete 

supplanting of concrete with various rates of metakaolin 

alongside super plasticizer. To obtain the compressive quality 

and sulphate obstruction of control concrete with that of 

cement made by supplanting bond with metakaolin. 

III. MATERIALS AND THEIR PROPERTIES 

 CEMENT: In this experiment Portland pozzolanic 

cement (PPC) with fly ash and the Sc is 3.15   

 FINE AGGREGATE: River sand of size less than 4.75 

mm and the Sfa is 2.63  

 COARSE AGGREGATE: Crushed aggregate available 

from nearby quarry sources. Good grading aggregate 

passing through 20mm IS sieve and retained on 12.5mm.   

 WATER:     Potable fresh water has been used for mixing 

and curing.  

 SUPER PLASTICIZER: A high range of water reducing 

agent GLENIUM B233 was used. It was used in the 

range of 700ml per bag.   

 ACID: The acid used in the investigation is H2SO4 of 3% 

concentration.   
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 METAKAOLIN: The mineral admixture metakaolin 

(Al2Si2O7) is used in varying proportions.   

PROPERTY VALUE 

Sp. Gravity 2.6 

Physical form powder 

Colour white 

Table 1: Physical Properties of Metakaolin 

INGREDIENTS % BY WEIGHT 

SiO2 51.52 

Al2O3 40.18 

Fe2O3 1.23 

CaO 2 

MgO 0.12 

K2O 0.53 

TiO2 2.27 

Na2O 0.08 

Table 2: Chemical Composition of Metakaolin 

WAT

ER 

CEME

NT 

FINE 

AGGREAGTE 

COARSE 

AGGREGATE 

185.4

7 
463.5 437.68 1245.7 

0.40: 0.1: 0.94: 2.68 

Table 3: Mix Ratio Details 

IV. METHODOLOGY 

A. Determination of Effective Water - Cement Ratio   

The successful water – bond proportion for the blend 

configuration was controlled by leading droop test. The droop 

test was directed by utilizing droop cone mechanical 

assembly for the plan blend proportion with a water-concrete 

proportion of 0.35. The water bond proportion was 

progressively expanded in little extents until the droop 

acquired to the ideal range (75-100 mm). Super plasticizer of 

14 ml was included for each 1 kg of bond. After progressive 

tests the successful water – bond proportion of 0.38 was 

received.  

B. Blending Procedure  

The Portland pozzolanic bond was supplanted at the pace of 

5%, 7.5%, 10%, 12.5%, 15% of that of metakaolin. The water 

to concrete proportion of 0.38 was embraced for all the 

blends. The super plasticizer of 14ml was included for each 

1kg of bond.  

C. Casting and Testing of Test Specimens  

The compressive quality test for each blend of 3 solid 3D 

squares of size 150X150X150 mm were casted. The molds 

have been evacuated following 24 hours and the examples 

were kept in a perfect water tank. The examples were tried 

for 28 days' compressive quality test. For corrosive assault 

test, for each blend 3 solid 3D squares were casted. The molds 

were evacuated following 24 hours and the examples were 

kept in water with H2SO4 centralization of 3%. The 

examples have been tried following a time of 28 days. 

 

 
Fig. 1: Compression testing machine 

 
Fig. 2: Concrete cube   subjected to sulphate attack 

V. RESULTS AND DISCUSSION 

A. For Compressive Strength  

The compressive strength of control 5%, 7.5%, 10%, 12.5% 

and 15% of metakaolin imparted specimens were tested after 

their specific age of curing. The air-dried specimens were 

tested in Compression Testing Machine (CTM) by the 

application of compressive loads uniformly on the specimens 

of dimension150mm x 150mm x 150mm. The obtained 

failure load in KN is noted and the mean compressive 

strength of the specimens was taken into consideration for 

analysis of Compressive Strength.  

B. Mean Compressive Strength  

The following table contains the mean compressive strength 

in MPa obtained from compressive strength of 3 specimens 

each of control, 5%, 7.5%, 10%, 12.5% and 15% Metakaolin 

with water-cement ratio of 0.38.  

 
Fig. 3: Graph showing compressive strength with various 

percentage of metakaolin 

The above graphical representation denotes the 

compressive strength of control specimen as well as 
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specimens with various percentage of Metakaolin. The 

Compressive Strength of control specimen is 52.70 MPa and 

for 5% -M, 7.5%-M, 10%-M, 12.5%-M and 15%-M 

specimens obtained are 56.96, 59.04, 55.48, 53.26 and 50.74 

respectively.  

 
Fig. 4: Percentage of compressive strength 

C. Sulphate Attack Test  

The compressive strength of control, 5%, 7.5%, 10%, 12.5% 

and 15% of metakaolin imparted specimens which subjected 

to sulphate solutions were tested after their specific age of 

curing. The air-dried specimens were tested in Compression 

Testing Machine (CTM) by the application of compressive 

loads uniformly on the specimens of dimension 150mm x 

150mm x 150mm. The obtained failure load in KN is noted 

and the mean compressive strength of the specimens was 

taken into consideration for analysis of Compressive 

Strength. 

 
Fig. 5: Graph showing compressive strength (sulphate 

attack) with various percentage of metakaolin 

 
Fig. 6: Graph showing percentage of metakaolin Vs increase 

of compressive strength 

VI. INFERENCE AND CONCLUSION  

The compressive strength of concrete cube squares 

increments by the expansion of metakaolin. It demonstrates 

better outcomes contrasted and control concrete. The 

compressive quality of cubes increments with the expansion 

in metakaolin substance to 7.5 % and after that there is a slight 

decrease in quality for proportions of 10%, 12.5%, and 15%. 

The greatest quality is gotten in 7.5% of metakaolin. This is 

the ideal level of metakaolin accessible to respond with 

calcium hydroxide. which quickens the hydration of concrete 

and structures C-S-H gel. It was additionally seen that 

supplanting of bond with metakaolin demonstrated better 

opposition against to sulfate assault. In this way, the ideal 

measure of metakaolin can be utilized as a halfway 

substitution of bond in cement. 
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