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Introduction 

Higher usage of Portland cement has an impact on 
the environment and manufacture of cement is 
responsible for about 2.5% of total global emissions 
from industrial sources [1]. To reduce the impact on 
environment the effective way is to use alternative 
materials as a partial substitute for cement. This will 
reduce costs, save energy and reduce waste volumes. 
Metakaolin (MK) is such one mineral admixture 
which is produced by thermal treatment of kaolin 
can be used in cement and concrete. The use of MK 
for mortar and concrete has received considerable 
attention in recent years due to its high pozzolanic 
reactivity [1].  

Replacement of cement with flash metakaolin in 
mortars, showed better performance than control 
mortar, particularly in terms of mechanical 
properties. Saving upto 40% of clinker reduces 
energy consumption and amount of Co2 emissions to 
atmosphere [16]. 

The pozzolnic activity of metakaloin is its ability to 
combine with calcium hydroxide to form 
cementetious compounds. The silica and alumina 
contained in the metakaolin are active and react with 

free lime to form C-S-H and alumina-silicates which 
greatly improve the strength and also reduces Alkali 
silica reactions [15]. The amount of calcium 
hydroxide must be able to react with the silicates and 
aluminates of the metakaolin [2].  

The cementing materials that are widely used, 
concrete constituents, are fly ash, granulated blast 
furnace slag, and silica fume [4].Metakaolin is a 
white, artificial pozzolanic product obtained via the 
calcinations of pure kaolin clay in temperatures of 
approximately 650–800 ◦C. As a result of calcinations, 
deformation in the alumina and silica inherent in 
metakaolin takes place. Metakaolin gains an 
amorphous, highly pozzolanic structure [10,11]. 

Concrete and mortar suffer a loss of workability due 
to addition of metakaolin hence there is a need to 
add a superlasticizer. Compressive and flexural 
strengths were improved both at long term [3].The 
use of MK improves long-term strength and 
durability. In addition, it is also possible to obtain 
early strength enhancement through the filling effect 
[5]. 

Research related to the effect of MK on the 
performance of concrete is in progress due to the 
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fact that MK is a relatively new mineral admixture for 
concrete industry. MK is also considered as an 
alternative supplementary cementing material. It is 
comparable to silica fume in pozzolanic reactivity, 
but is lower in price [6]. It is known that three 
mechanisms are effective in the positive contribution 
of metakaolin to the strength and durability of 
concrete and mortar. These are accelerating the 
hydration of cement, pozzolanic reaction and 
increasing compactness by filling in the voids via the 
filler effect [10,12,13,14]. 

Recent works have shown that MK is effective on 
enhancing the durability performance of concrete, 
for example, alkali–silica reaction [7] and resistance 
to sodium sulfate attack [8]. In particular, concerning 
resistance to chloride ingress of MK concrete, few 
studies have been reported. Boddy et al. [9] studied 
long-term testing of the chloride penetration 
resistance of concrete containing high reactivity MK. 
They found that resistance to chloride migration 
increased with increasing MK content and decreasing 
w/b.MK provides good resistance to aggressive 
chloride solution by consuming liberated obtained 
with OPC –MK blended cement mortars with 25% by 
weight of MK [17] 

Experimental Program 

Materials used 

Cement used in this work is OPC 53 grade. 
Aggregate locally available in bapatla, Andhra 
Pradesh, kaolin locally purchased in Guntur, Andhra 
Pradesh and Cerafiber mix from Cera Chem Private 
limited, Chennai. The properties of materials used are 
summarized in subsequent tables. 

Table 1: Properties of Cement 

 

Table 2: Fine aggregate   

 

Table 3: Physical properties of metakaolin 

 

Table 4: Properties of cerafiber-mix 

 

Mix Proportions 

In this investigation a mortar mixture of cement: 
sand = 1:2 by weight was used with constant water-
cement ratio of 0.46 for control mixture. Cement of 
the control mixture was replaced at levels of 5, 
10,15,20,25 and 30 % by weight with metakaolin 
using same water cement ratio 0.46 as control mortar 
and cerafiber-mix is added according to the weight 
of the cement. 
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Table 5: Mix proportion of mortars (by weight-binder ratios) 

 

Results and Analysis 

Workability on Fresh Mortar Mixes 

Flow table test as per IS5512-1983 (studies on 
percentage spread of binder pastes and mortars) was 
conducted on all the types of mixtures to study the 
workability. 

Table 6: Workability of different mortar mixes 

 

All the 7 mortar mixtures prepared for the test 
specimens were cohesive and showed no bleeding 
and segregation. Significant reduction in the flow 
characteristics of mortar mixtures was observed due 
to increase in the level of cement replacement with 
metakaolin. Up to 30% of metakaolin was used to 
replace cement. Comparison of the properties of the 
different cement mortar mixtures with and without 
mineral admixture was done 

Water Absorption 
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Water Absorption for every specimen of size 
160*160*40mm is recorded for every 10 minutes for 
first one hour and thereafter for every one hour and 
for 24 hours is recorded. Water absorption is less for 
the specimens containing metakaolin when 
compared to control mortar mix. With increment of 
% metakaolin the rate of water absorption reduces 
initially. 

Strength 

The specimens were prepared with different 
proportions of replacement of metakaolin. And they 
are tested for flexural strength, compressive strength 
and split tensile strength and results are furnished 
below. 

Table 7: Flexural strength of specimens 

 

Table 8: Compressive strength of specimens 

 

Table 9: Split tensile strength of specimens 
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Variation of CS, FS and STS with MK% 

When the percentages of metakaolin and fibers were 
varied the flexural strength, compressive strength, 
split tensile strength was also varied. At 25% MK the 
strength parameters are higher compared to other 
%. 
 
Durability 
 
Test specimens are casted and allowed for water 
curing for 28 days and then they are set for curing in 
the sulfuric acid. Test specimens to be tested at the 
early age’s i.e 3, 7, 14 were removed at respective 
ages directly from the curing tank and tested. The 
cured specimens were finally tested at 28 days to 
find out the durability properties. 
 

Table 10: Strength and Weight loss values at 28 days with different ratios of H2SO4 
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Conclusions 

The following conclusions were drawn from the 
present investigation  

 The workability of the cement mortar was 
decreased by increasing the percentages of 
metakaolin. 
 Flexural strength was increased upto 0.75% 
cerafiber-mix with 25% of metakaolin and decreased 
at 0.7% fiber and 30% metakaolin. 
 Compressive strength was increased upto 0.75% 
cerafiber-mix with 25% of metakaolin and decreased 
at 0.7 % fiber and 30% metakaolin. 
 Split tensile strength was increased upto 0.75% 
cerafiber-mix with 25% of metakaolin and decreased 
at 0.7% fiber and 30% metakaolin. 
 Compressive strength of the specimens was 
observed increasing upto 0.8% fiber and 20% 
metakaolin. Later on there is decrease in strength for 
25% metakaolin with 0.75 % fiber and 30% 
metakaolin with 0.7 % fiber. 
 A controlled dehumidifying chamber can give 
better results for fresh mortars. 
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