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Abstract: Due to worldwide infrastructural development, since 20th century use of concrete has tremendously increased
which resulted in heavy manufacturing of cement. Production of cement results in heavy environmental pollution due to
emission of CO2 gas. Also the raw materials used for the manufacturing of cement are quarried from the natural
geological formations. Researchers have started working on partial supplementation of ordinary portland cement
mineral or raw materials by naturally occuring, manufactured, or manmade waste. Various types of pozzolonic materials
viz.fly ash, silica fume;metakaolin, blast furnace slag etc. are available which has cementiteous properties. Blending
these materials with ordinary portland cement can improve the cementing and mechanical properties of cement. These
days use of metakaolin is tremendously gaining popularity in partial replacement of cement due to its fineness in
improving various strengths and parameters of mortars and concrete.
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I. INTRODUCTION
These days use of high strength concrete (HSC) has increased tremendously in recent past years. HSC has led
to design smaller sections with high strengths, reduced weights and increased aesthetics. This achieved
economical designs and longer spans which also helps in earthquake resistant structures. HSC generally refers
to a compressive strength higher than 42 MPa. HSC being more brittle than normal strength concrete, short
discrete crimped steel fibers are included to increase the ductility of concrete. The use of Ordinary Portland
Cement (OPC) has tremendously increased since the beginning of 21st century. The raw materials used for the
manufacturing of OPC are quarried from the natural geological formations. The extreme usage of these raw
materials has already exploited the natural resources. It is the proper time to have the substitute or replacement
of part and percentage of cement by other natural or artificial materials without compromising the strength
and characteristics of the cementious material. Addition of minerals to cement for the manufacturing of
cement concrete includes natural as well as artificial pozzolona viz. metakaolin, fly ash, blast furnace slag,
volcanic ash, silica fumes etc. Various researchers have worked on different admixtures that can substitute
OPC with some optimum percentage.

The utilization of calcined clay in the form of Metakaolin (MK) as a pozzolanic addition for mortar and
concrete has received considerable interest in recent years. Much of this interest has been focused on removal
of the CH, which is produced by the hydration of cement and which is associated with poor durability.
Reduction of CH makes the concrete and mortars more resistive to sulphate attack and reduces the effect of
alkali - silica reaction. This provides enhanced strength which is derived from the additional cementitious
phases generated by the reaction of CH with MK. MK is processed from high - purity kaolin clay by
calcination at moderate temperature (6500C-8000C). The silica and alumina in the MK reacts effectively with
the CH. The principal reasons for the use of clay-based pozzolans in mortar and concrete have been due to
availability of materials and durability enhancement. In addition, it depends on the calcining temperature and
clay type. It is also possible to obtain enhancement in strength, particularly during the strength of curing. The
very early strength enhancement is due to a combination of the filler effect and acceleration of cement
hydration. Consequently, these effects are improved by the pozzolanic reaction between MK and the CH
produced during the hydration of cement.
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Therefore MK is a very effective pozzolan and results in enhanced early strength with no detriment to the
long-term strength. MK modifies the pore structure in cement paste, mortar and concrete and makes the mixes
more resistive to the diffusion of harmful ions and penetration of water which lead to degradation of the
matrix. Presently Metakaolin is more expensive than Portland cement, as is Silica Fume, even though
moderately low temperatures are required for its processing and its overall production cost is significantly less
than that of Portland cement.

The mineral composition of cement and metakaolinhigly resembles with each other along with their functions.
Table 1. Shows the major minerals in ordinary portland cement and metakaolin along with their functions as a
binding material.

Table 1. Mineral Composition of Ordinary Portland cement and Metakaolin

Major
Minerals

Abbrevation Percentage (%) Function of Minerals

Cement Metakaolin

Lime Cao 60.2-66.3 2.00 Controls strength and soundness

Silica SiO2 18.6-23.4 51.52 Gives strength, excessive quantity
causes slow setting

Alumina Al2O3 2.4-6.3 40.18 Quick setting, excess lowers
strength

Iron oxide Fe2O3 1.3-6.1 1.23 Imparts color

Magnesium
Oxide

MgO 0.6-4.8 0.12 Color and excess cause cracking

Sodium
Oxide

Na2O 0.05-1.2 0.08 Controls residues, excess causes
cracking

Sulphour SO3 1.7-4.6 0 Makes cement unsound

II. LITERATURE SURVEY
Several researchers have studied on various parameters by replacing the cement by metakaolin, which
includes fineness, mineral composition, workability, various strengths of cement mortars and concrete,
permeability, chloride permeability, resistance to chemical attack, sorphtivity, durability, alkali aggregate
reactivity etc.

F.Curcioet al(1998) in their investigation, super-plasticized mortars containing Metakaolin (MK) as 15%
replacement of cement and with a water/binder ratio of 0.33 have been characterized with four commercially
available MK samples have been studied and compared to silica fume. Three out of four Metakaolin samples
showed improvement in compressive strength at early ages, when compared to SF, but at 90 days and later the
difference is reduced. The difference in the compressive strength between the specimens with micro fillers
and the control decreases after 28 days, because of a smaller slowdown of the hydration rate in the control.
This can be related to the fineness of the micro-filler in the specimens with Metakaolin. At 90 and 180 days
Metakaolin and silica fume specimens gave similar strengths. [1]

F.Curcioet al(1998) in their investigation, cement pastes containing Metakaolin have been studied with a co-
axial cylinder rotational viscometer. They show a dilatent behavior that is strongly dependent on the water
/binder ratio, on the level of cement replacement by Metakaolin and on the fineness of the latter. Dilatency is
caused by the angular and plate like shape of Metakaolin particles. They concluded that, dilatancy is governed
by water to binder ratio, amount of Metakaolin and its fineness. Finally, the dilatant properties can be
explained by considering the plate like and angular shape of MK particles in comparison with SF. [2]

J.M. Kinuthiaet al. (1999) an experimental investigation is made by the authors in studying the workability
of concrete incorporating combinations of pulverized fuel ash (PFA) and Metakaolin (MK) as partial
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replacements for Portland cement (PC). The aim of the research work is to explore the potential of using PFA
and MK as blends with PC in terms of the flow properties of the resulting concrete. Mixtures containing 0, 10,
20, 30 and 40% total replacement of cement with combinations of Metakaolin (0-15%) and PFA (0-40% for
concretes with water-to-binders ratios of 0.4, 0.5 and 0.6 were prepared. Workability of the concrete was
measured by the slump, compacting factor and vee-bee time tests. The following conclusions are made by the
authors.

i. The workability of PC-MK concrete is substantially reduced with an increase in MK content. The
workability reduction caused by MK is attributed to its high chemical activity and high specific surface,
resulting in increased intake and hence greater water requirement. The influence of MK on compaction and
flow is reduced to the thixotropic nature of clay suspension and to a reduction of void space due to the
improved dispersal of the MK particles.
ii. The workability of PC-PFA concrete without super plasticizer increases significantly with increase in
PFA content. For PFA contents above 10% PFA workability falls. The reduction in workability is attributed to
flocculation/coagulation at low PFA concentration and the increase in workability at high concentration is
attributed to neutralization of positive charges on cement particles and their resultant dispersal. When super
plasticizer is used as a dispersing agent, no fall in workability is observed.

iii. Loss of workability due to the present of MK can be compensated for by the incorporation of PFA.
The degree of restoration of workability, provided by PFA, is influenced significantly by the cement
replacement level, the MK/PFA ratio and the W/b ratio-dispersed mixture is a critical MK/PFA ratio at which
the loss in workability imparted by the MK is exactly compensated for by the gain in workability imparted by
the PFA. [3]

Kinuthia J.M. et al (2000) The contribution by the authors in this paper forms a part of an ongoing
investigation examining the potential of using Metakaolin, pulverized fuel ash (MK-PFA) blended for
cements in concrete. The investigation involves the examination of the effect of the blends on the strength
development and factors affecting durability including chloride penetration, carbonation and water transport
properties. The following conclusions were made by the authors:

i. Although the early compressive strength of concrete is reduced by the incorporation of PFA as a
partial replacement for cement, pozzolanic action develops in the medium term and up to 30% PFA may be
used without detriment to the strength at 90 days. PFA is particularly effective in this respect at the
moderately low water-to-binder ratios of 0.4 and 0.5.Up to 15% partial cement replacement by Metakaolin
results in considerable enhancement in strength in both the short and the medium term. The strength
enhancement is obtained for all the water to binder ratios used (0.4-0.6).
ii. The contrasting roles played by PFA and Metakaolin in the strength development, particularly at the

early stages, can be compared to produce effective blends for cement. At short curing times, only mixtures
with low PC replacement levels and high MK/PFA ratios achieve strength in excess of the control. However,
after 90 days curing, mixtures with high PC replacement levels and low MK/PFA ratios also achieve strengths
in excess of the control.
iii. The incorporation of small quantities of PFA, as partial cement replacement, results in an acceleration
of PC hydration, which in turn gives rise to increased strength.[4]

M.Frias, et al(2000) In their experimental work, the influence of the pozzolanic activity of the
Metakaolin(MK) on the hydration heat has been studied in comparison to the behaviors of other traditional
pozzolanic materials such as flyash and silica fume. The results revealed that MK mortars produce a slight
heating increase when compared to a 100% Portland cement mortar, due to the high pozzolanic activity of
MK. With respect to the hydration heat, MK-blended mortar showed closer behaviors to silica fume than to
fly ash.[5]

MoisesFrais, et al. (2000) the authors shows the results of an investigation focusing on the effect of
Metakaolin (MK) on the micro-structure of MK-blended pastes. Pastes containing 0%, 10%, 15%, 20% and
25% of MK were prepared at a constant water/binder ratio of 0.55 and cured at 200c for hydration periods
from 1 to 360 days. They investigated total capillary and gel porosity evolution with the curing period and
also estimated the degree of hydration in the ordinary Portland cement and Metakaolin blended pastes. The
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values of the degree of hydration are calculated from the amount of Ca(OH)2 present in the paste and from the
data of differential thermal analysis (DTA) thermogravimetry (TG). A good association between porosity and
degree of hydration has been established.

The total porosity decreases up to 28-56 days of curing time. They observed that, up to 28 to 56 days of curing
the porosity is same for all the mixes. Beyond 56 days the porosity of all the Metakaolin mixes increasing
when compared with OPC mix. Similar phenomenon is observed for capillary porosity. The best evidence of
the influence of MK on the refineness of the pore structure was detected in pores with radius smaller than 100
0A. Between 7-90 days, the gel porosity of MK mixes increase, while the OPC mix remains practically
constant. The results show the necessity of obtaining important improvement in the porosity reducing the
average pore diameter and gel porosity. Measured lime contents show the total consumption of MK (10% to
15%) at 90 days of hydration time. A good statistical relationship has been found between the degree of
hydration and the porosity.[6]

Brooks et al. (2000)after studying the effect of silica fume, Metakaolin, fly ash and ground granulated blast
furnace slag on setting times of high strength concrete, they concluded that there was increase in the retarding
effect up to 10% replacement of cement by Metakaolin and as the percentage replacement is increased, the
retarding effect is reduced.[7]

Shannag (2000) designed and studied very high compressive strength of 69 to 110 MPa along with
incorporation of locally available natural pozzolana and silica fume. He concluded that 15% replacement of
cement with silica fume along with 15% natural pozzolan gave relatively higher strength than without natural
pozzolan. [8]

A.Shvarzman, et al(2001) The effect of heat treatment parameters on the dehydroxylation/amorphization
process of the kaolinite based materials such as natural and artificial kaolin clays with different amounts of
amorphous phase (Metakaolin) was investigated by the above authors. The process of
dehydroxylation/amorphization of kaolinite was characterized by DTA/TGA with mass-spectrometry and x-
ray power diffraction. The influence of the heat treatment, temperature and content of the amorphization phase
on pozzolanic activity was studied. The results obtained are important for an optimization of the process of the
Metakaolin large scale production and its use as a pozzolanic admixture. At the calcination temperature below
4500C kaolin clays show relatively low level of the dehydroxylation degree, less than 0.18. In the range from
4500C to 5700C, the degree of dehydroxylation sharply increased to 0.95, and finally at the temperature range
between 570 and 7000C the kaolinite was fully dehydroxylated since the only moderate change of degree of
dehydroxylation was observed in this range (from 0.95 to 1.0). It was found that the dehydroxylation is
accompanied with the kaolinite amorphization which affects the activity of additives. A method of qualitative
evaluation of amorphous phase content (APC) in treated materials was developed and applied for
characterization of the investigated samples. Therefore, even with the partial dehydroxylation of kaolinite
accompanied with approximately 55% ammorphization, the material may be considered as very active
pozzolanic admixture (according to ASTM 618). This finding seems to be extremely important for reduced
energy demand during the production of Metakaolin. [9]

K.A.Gruber, et al(2001) the investigations carried out by the above authors revealed that the temperature rise
in MK-PC mortars (above 5% MK and up to at least 15% MK) is greater than that in equivalent PC mortar
(other than at very low MK levels). The increase in heat evolution during initial hours of hydration was
resulted from the combined effect of accelerated Portland cement hydration and pozzolanic reaction. The
temperature rise in PFA-PC mortars is less than that in equivalent PC mortars, this is attributed to the dilution
of the PC by the PFA coupled with the latter‟s negligible pozzolanic activity during the reaction, both the rate
of heat evolution and the total heat evolved. [10]

Xia Oquianet al(2001) studied the stress–strain relationships of concrete containing 0% to 15% of
Metakaolin at an incremental rate of 5%. They concluded that incorporation of Metakaolin up to 15% has
increased the tensile and compressive strength and also peak strain is increased at increasing rate of
Metakaolin up to 15%. Incorporation of Metakaolin has slightly increased the compressive elasticity modulus.
[11]
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Poon et al(2001) investigated the rate of pozzolanic reaction of Metakaolin in high performance cement
mortars. They studied the hydration progress of Metakaolin in terms of its compressive strength, porosity and
pore size distribution. They concluded that the higher pozzolanic reactivity results in a higher rate on strength
development and its pore structure refinement for the cement pastes at earlier ages.[12]

W.Aquino, et al(2001) Attempt is made by the authors to study the influence of SF (Silica Fume) and HRM
(High Reactivity Metakaolin) on the chemistry of ASR (Alkali Silica reaction) products. They observed that
silica fume and high reactivity Metakaolin reduce expansion due to ASR. Also they observed that the calcium
content of ASR products is increasing with time in all the samples without mineral admixtures and a lower
level of calcium was detected in samples containing mineral admixtures. In addition, X-ray micro-analysis
showed that calcium content increases with time in ASR products. It was found that as ASR reaction
proceeds, the calcium to silica reaction of the reaction products increases following a linear trend. From the
results it is suggested that calcium in gel products may be responsible for expansion. [13]

D.M.Royet al(2001)In their investigation, effects of aggressive chemical environments were evaluated on the
mortars prepared with low-calcium fly ash/Metakaolin (MK)/silica fume (SF)/ordinary Portland cement
(OPC) and at various replacement levels. The natural adverse chemical environmental conditions were
simulated using sulphuric acid, hydrochloric acid, nitric acid, acetic acid, phosphoric acid and a mixture of
sodium and magnesium sulphates. They proposed resistance of the above mortars against the chemical
environment was in concurrence with compressive strength measurements.

The results show some interesting trends with respect to acid resistance. Substitution of SF, MK, or FA under
certain conditions has been shown to increase the chemical resistance of such mortars over those with plain
Portland cement. The mortar made from all three series showed poor resistance to higher acid concentrations
of 5% sulphuric acid, 5% acetic acid, and 5% phosphoric acid environments. Chemical resistance increased in
the order of SF to MK to FA series and decreased as the replacement level is increased from 0-10% weight
replacement level to 15-30% weight level. They observed that compressive strength is increasing in the order
of fly ash to Silica fume to Metakaolin. [14]

MegatJohari M.A. et al(2001) In their investigation, the effect of Metakaolin (MK) on the creep and
shrinkage of concrete mixes containing 0%, 5%, 10% and 15% MK has been studied. The outcomes showed
that autogenous shrinkage measured from the time of initial set at the early age of the concrete was decreased
with the inclusion of MK, but the long – term autogenous shrinkage measured for the age of 24 hrs was
increased at 5% replacement level, the effect of Metakaolin has increased the total autogenous shrinkage
considering from the time of initial set. While at replacement levels of 10% and 15% it reduced the total
autogenous shrinkage. The total shrinkage (autogenous plus drying shrinkage) measured from 24 hrs was
reduced by the use of MK, while drying shrinkage was significantly less for the MK concrete than for the
control concrete. At higher Metakaolin replacement levels, the total creep, basic creep as well as drying creep
was significantly reduced. On overall, compared with the control concrete, the greater part of the total
shrinkage of the MK concrete is constituted by autogenous shrinkage, the smaller part being drying shrinkage.
Particularly at higher Metakaolin replacement levels, drying creep, basic creep and total creep were greatly
reduced. [15]

Jamal M.Khatibet al(2003) in their investigation, the water absorption (WA) by total immersion and by
capillary rise of concrete containing Metakaolin (MK) is studied. Cement was partially replaced with up to
20% MK. The results show that the presence of Metakaolin is greatly beneficial in reducing the water
absorption by capillary action. There is a systematic reduction in water absorption by capillary action with the
increase in Metakaolin content in concrete. Between 14 and 28 days curing, there is slight increase in
absorption by total immersion and by capillary rise for all MK concretes.

The partial replacement of cement with MK reduces the water penetration in to concrete by capillary action.
The water absorption of concrete by total immersion, however is slightly increased in concrete containing
Metakaolin. WA decreases with duration of curing for all MK concretes up to 14 days. Between 14 and 28
days of curing, there is a slight increase in water absorption. After 28 days of curing there is little change in
WA. An increase in the total pore volume leads to an increase in water absorption. [21]
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Sabir, B.B. et al(2002) The authors reports the influence of the composition of Portland cement, pulverized
fuel ash and Metakaolin (PC-PFA-MK) binders on sorptivity and strength development of Portland Cement –
Pulverised Fuel Ash - Metakaolin concrete cured both in water and in air and on carbonation depth, and
relates this to measured changes in absorptivity of the concrete. Concrete mixtures covering four different
total cement replacement levels (10%, 20%, 30% and 40%) for PC-PFA-MK concrete with various MK/PFA
proportions, water and air cured for upto 18 months were investigated. The change in compressive strength
and absorptivity with age at all cement replacement levels under both water and air curing are compared with
those of the control Portland cement concrete. The results presented in this paper from part of an investigation
in to the optimization of a ternary blended cementitious system based on ordinary Portland cement, Pulverised
Fuel Ash and Metakaolin for the development of HPC. Increasing replacement of PC with PFA in PC-PFA air
(CO2 enriched) cured concrete increases carbonation depth whereas systematically replacing the PFA with
MK in PC-PFA-MK concrete reduces carbonation depth. [17]

Jain-Tong Ding et al(2002) investigated the properties of concrete by incorporating 0% to 15% cement
replacement by Metakaolin (or) silica fume. They concluded that by incorporation of Metakaolin and silica
fume, they can reduce the free drying shrinkage and restrained shrinkage cracking width. Also they can reduce
the chloride diffusion rate significantly. [16]

Luccourardet al. (2003) studied the durability of mortars containing Metakaolin. The studies on transport and
chemical behaviors by means of chloride diffusion tests and sulfate immersion were carried out. They
concluded that 10% to 15% replacement of cement by Metakaolin lead to low decrease of workability and
best mechanical performance and inhibition effect on chloride diffusion and sulfate attack for 20%
Metakaolin. [20]

T.Ramlochan, et al(2003) the expansive behaviors of heat cured mortars containing pozzolans and slag was
investigated by the authors. In almost all the mortars, the addition of any amount of pozzolans and slag to the
mixture usually reduced the onset of expansion, the rate of expansion, and long-term expansion. However, the
efficiency of a particular pozzolan (or) slag in controlling expansion may depend on its Al2O3 content.
Metakaolin, which contains a higher amount of reactive Al2O3, was the most effective at controlling
expansion at relatively low cement replacement levels. Slag and fly ash which are also sources of Al2O3 were
also effective at suppressing expansion at higher replacement levels. Silica fume was less effective at
controlling expansion at conventional replacement levels, and even at higher replacement levels expansion
may be delayed. [18]

Zongjin Li, et al(2003) in their investigation, the physical and mechanical properties of Portland cement (PC)
containing Metakaolin (MK) or combination of MK and slag and the compatibility between such materials
and super-plasticizers were studied. The following conclusions are made by the authors:

MK is a new active mineral admixture used in cement concrete products. It has a positive effect on the
mechanical properties of cement. However, MK blended cement has a poorer fluidity compared to Portland
cement under the condition which used the same amount of super plasticizer. By the addition of ultrafine slag
this can be improved. By incorporating 10% MK and 20% (or) 30% ultra-fine slag jointly into PC, not only
the fluidity of blended cements was improved, but above the 28-day compressive strength of the cements was
enhanced. Metakaolin is a high active pozzolanic mineral admixture. The formula can prompt the hydration of
PC, shorten the setting time of cement, increase the water requirement and increase the fluidity losing of the
fresh paste. However, slag can delay the reaction of cement hydration and prolong the setting time of cement
paste. Both MK and slag can react with CH released by cement clinker hydration to produce secondary C-S-H
gel inside the cement paste matrix. Therefore the macroscopic property of cement was improved. XRD
analysis indicates that more Calcium Hydroxide was consumed after adding both mineral admixtures. [19]

Jamal Khatibet al(2003) investigated the water absorption by total immersion and by capillary rise of
concrete containing Metakaolin up to 20% replacement level. They concluded that water absorption of curing
for all Metakaolin concretes up to 14 days and between 14 and 28 days of curing there is a small variation in
absorption. [21]
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E.Badogianniset al(2004) in their investigation, the effect of Metakaolin on concrete, kaolin was thermally
treated at defined conditions, and the produced Metakaolin was superfine ground. For comparison, a
commercial MK of high purity was used and the strength development of Metakaolin concrete was evaluated
using the K - value (efficiency factor). The produced Metakaolin as well as the commercial one imparted
similar behaviour with respect to the concrete strength. Both conventional and commercial Metakaolins
demonstrate very high K-values (close to 3.0 at 28 days) and are depicted as HR pozzolanic materials that
may lead towards concrete production with an exceptional performance. [22]

Juengeret al (2004) studied the alkali-silica reactivity of large silica fume derived particles. They reported
that under accelerated testing agglomerated silica fume decrease expansion when used as a 5% replacement of
reactive sand. [23]

Fabien Lagieret al (2007) in their investigation, the research on two Metakaolins which vary principally in
their surface area, and Portland cements of varying composition were examined via isothermal calorimetry for
pastes at water cementitious materials ratio of 0.50 containing 8% cement replacement by weight of
Metakaolin. The following preliminary conclusions are made by the authors:

i. The Metakaolins examined appear to have a catalyzing effect on cement hydration, leading to
acceleration in the reaction rates, an increased in cumulative heat evolved during early hydration and for some
cements apparently an increased intensity in heat evolved during certain periods of each hydration. The
surface area of the Metakaolin also seems to influence these early hydration behaviors, with the higher surface
area material producing a greater rate of heat evolution, greater cumulative heat, and greater intensity during
early hydration. It is proposed that the Metakaolin may act to enhance dissolution of cementitious phases and
or by providing nucleation, in addition to increasing the solubilized aluminium in the system at early ages.
ii. Strongly exothermic reactions appear to occur between the cements and Metakaolin examined,
particulars in the first 24 hours, and these reactions seem to be most closely allied with the “Third Peak”
experiential in calorimetry related to the reaction of calcium aluminate phases.

iii. The reaction of MK appears to be quite sensitive to variation in total alkali content in the cement.
When the alkali content increases the beginning of MK appears to result in amplification of the third peak
viewed during calorimetry. It is proposed that an increasing rate of Metakaolin dissolution with increasing
cement alkali-content may accelerate (or) intensify the reaction of C3A phase. [24]

David G. Snelsonet al. (2008) investigated the effect of using Metakaolin and flyash as partial replacements
with cement on the rate of heat evolution during hydration. It was observed that adding flyash to Portland
cement enhanced the Portland cement hydration in the very early stages of hydration, but at extended periods
an increase in flyash replacement causes a systematic reduction in heat output. When combining Metakaolin
and flyash in ternary blending, the Metakaolin has a dominant influence on the heat output versus time
profiles.[25]

III. CONCLUSIONS BASED ON LITERATURE
It can be concluded that the partial replacement of cement by metakaolin has a good influence on the strengths
of the cement mortars and concrete. The mineral morphology of both cement and metakaolin being identical
contributes as a better binding material. Following advantages can be derived by use of 10 to 15% metakaolin
by weight of cement with optimum fiber content varying from 1 to 3% by weight of cement.

1) It increases strengths of all basic properties viz. compressive strengths, flexure strengths, split strengths,
tensile strengths etc.

2) It reduces efflorescence which occurs when calcium is transported by water to the surface where it
combines with carbon dioxide from the atmosphere to make calcium carbonate, which precipitates on the
surface as a white residue.

3) It increases resistance to chemical attack, and reduces alkali silica reactivity.

4) It enhances workability and finishing of concrete.

5) It reduces shrinkage due to particle packing.



839 R.R. Pawar, D.S. Wadje, G.R. Gandhe

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

6) It can be used in formation of high performance, high strength, and lightweight concrete, precast and
poured-mold concrete, fibercement and ferrocement products, glass fiber reinforced concrete,
Countertops, art sculptures, mortar and stucco etc.

7) Helps in reducing the consumption of cement. This leads to saving of natural resources and reduction in
the emission of green-house gases like CO2.
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