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This study shows the results of an examination on the use of metakaolin (MK) as an additional cementing material to improve 
the mechanical properties and durability of cement paste and mortar. For MK replacement levels were employed in the 
study: 5 %, 10 %, 15 % and 20 % by weight of the Portland cement used. Three series of paste mixture were designed at 
three water–cementations materials (w/cm) ratios of 0.25, 0.30 and 0.40. The performance characteristics of the paste and 
mortars were evaluated by measuring compressive, drying shrinkage, and swelling. The sulfate resistance of the mortar was 
also examined in the present study. The results showed that the inclusion of MK exceptionally reduced the drying shrinkage 
strain and excellent performance of swelling, but increased the strengths of the cement paste in differing degrees, depending 
principally on the MK substitution levels, w/cm ratio, and age of testing. It was also affirmed that the MK provided an 
excellent improvement in resistance to the sulfate sodium (Na2SO4), especially for the high- level MK replacement.

INTRODUCTION

 Concrete Portland the cement will most usually 
remain the building material uses in the world [1].The 
diversity of its application and its intrinsic qualities make 
that its request is in constant growth. It is by definition 
a material is composed, constitutes cement, aggregates 
and of water primarily; however, Cement industry 
was responsible for 5 - 8 % of the emissions of carbon 
dioxide gas in the world [2-3].The cement industry not 
only released carbon dioxide gas but also generated SO3 
and NOx gasses which caused the greenhouse effect and 
incurred severe environmental impacts [4-5].
 A promising option for lowering costs and environ-
mental impact of concrete is to use blended cement 
which reduces the clinker content in the cement by 
replacing it with supplementary cementitious materials 
(SCMs). The most commonly used SCM’s come from 
natural sources or by-products of other industries such 
as blast furnace slag, silica fume, fly ash, rice husk 
ash, etc. [6-8]. Supplementary cementing materials 
are siliceous materials or aluminous silico-aluminous 
presenting a reactive or amorphous phase [9-11] they 
can have hydraulic properties i.e. they hydrate in an 
independent way in contact with water. They can also 
present pozzolanic properties i.e. in the presence of 
water; the addition reacts with the portlandite Ca(OH)2 
to form C–S–H [12]. This reaction is particularly inte-
resting since the portlandite, which contributes little to 

resistance and the high amount of portlandite in cement 
pastes is reported to cause instability of concrete when it 
is exposed the acid solution as well as high temperatures 
[6, 13, 14]. 
 In recent works have shown that the addition of 
MK greatly influenced the mechanical and durability 
properties of concrete, for example, resistance concrete 
at elevated temperature [26], and corrosion resistance 
concrete [27]. In particular, concerning resistance to sul- 
fate attack the test results have shown that the expansion 
has systematically decrease with increasing content MK 
for both types of cement used high and low C3A content 
[28]. Other study have showed that the metakaolin 
decrease not only the quantity of free lime, but also 
those of aluminates available in the interstitial solution. 
Combined with that, the densification of the cement 
matrix by the metakaolin led to the reduction in its 
permeability and its diffusivity significantly increases 
the resistance of the concrete to the migration of the 
ions sulfates [29]. Moreover Bai et al. [30] compared 
the expansion of mortars (w/b = 0.5) containing various 
rates of substitution in metakaolin or fly-ashes, immersed 
in a sodium sulfates solution (sulfate concentration of 
16 g∙l-1). At one year, the mortars containing pozzolans 
almost do not present dimensional variations, whereas 
the mortar which contained 100 % cement Portland 
cement expanded in the following way. The mortar 
which has the best resistance is that which contained 
15 % of metakaolin.
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 The principal objective of the present work is to 
study the effectiveness MK used at various replacements, 
levels 5 %, 10 %, 15 %, and 20 % were considered by 
weight of cement on the performance of the cement and 
mortar concerning compressive and drying shrinkage, 
swelling and sulfate resistance.

EXPERIMENTAL

Materials and Sample Preparation

 The cementitious materials used in this study were 
ordinary Portland cement (OPC) was conforming to 
the European standard EN 197-1. The MK used in this 

study has pink color and obtained by heat treatement of 
Algerian kaolin, at 850°C for 3 hours .The chemical and 
physical properties of these materials are given in Table 
1. Stander sand was employed for manufacturing mortar 
specimens. The fine aggregate was less than 4 mm. The 
specific gravity, absorption and fineness modulus of the 
fine aggregate were 2.63, 0.80 % and 2.53, respectively. 
To obtain a suitable workability, a superplasticizer 
MEDAPLAST-SP40, (sulfonated polynaphthalene type) 
with a solid content of 40 % by weight was used in all 
mortars. 
 The water employed for manufacturing paste and 
mortar specimens is drinking water that contains little 
sulfate and having a temperature of 20 ± 2°C. Its quality 
conforms to the requirements of standard NFP 18-404.
 Three series of paste mixes were prepared at the w/b 
ratios of 0.25, 0.30 and 0.4. Each series included 4 MK 
mixes with 5 %, 10 %, 15 % and 20 % metakaolin and a 
control mix without any mineral admixture. The mortar 
mixes had a proportion of 1binder:3Sand. The binder 
consisted of cement and metakaolin. The cement was 
formulated varying the replacement of MK. The water 
binder (w/b) ratio was kept constant at 0.5. MK was used 
as a replacement of cement on a weight to weight basis. 
The details of the Paste and mortar mixtures are given in 
Table 2 and 3. The paste mixtures were prepared in the 
laboratory using a pan mixer. Cubes of 25 × 25 × 25 mm 
in dimension were cast in the steel mould and compacted 
on a vibrating table. The cubes were removed from the 
moulds 24 h after casting. The mortar mixtures were 
prepared in the laboratory using a pan mixer, and were 
cast in prismatic steel mould of 40 × 40 × 160 mm and 
25 × 25 × 285 mm in dimension and compacted on 
a vibrating table the prism were removed from the 
moulds 24 h after casting.

Table 1.  Properties of Portland cement and Metakaolin used.

Item Portland cement Metakaolin

SiO2 (%) 20.16 53.05
Al2O3 (%)   4.24 37.15
Fe2O3 (%)   3.89   3.12
CaO (%) 61.79   0.22
MgO (%)   1.24   0.55
SO3 (%)   2.12   0.02
Na2O (%) –   0.23
K2O (%)   0.42 –
Insoluble residue (%)   0.64 –
Loss on ignition (%) –   1.4
Free lime (%)   0.30 –
C3S (%) 52.48 –
C2S (%) 13.86 –
C3A (%)   4.65 –
C4AF (%) 11.83 –
Specific gravity (g∙cm-3)   3.15   2.52
Specific surface area (m2∙kg-1) 3020 4500

Table 2.  Mixture proportions of the paste.

 Mixture code W/b ratio Cement type
  Cementitious materials (%)

    Clinker Gypsum MK

 M0 0.25
 M1 0.30 100 % OPC 95 5 0
 M2 0.40
 M3 0.25
 M4 0.30 95 % OPC + 5 % MK 90 5 5
 M5 0.40
 M6 0.25
 M7 0.30 90 % OPC + 10 % MK 85 5 10
 M8 0.40
 M9 0.25
 M10 0.30 85 % OPC + 15 % MK 80 5 15
 M11 0.40
 M12 0.25
 M13 0.30 80 % OPC + 20 % MK 75 5 20
 M14 0.40
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Mechanical Strength Testing

 To evaluate the strength characteristics, of the plain 
and MK paste the compression test was carried out on 
the cube 25 mm cubes were used for the determination 
of compressive strength. The compression load was 
applied using a controls compression machine with 
2000 KN capacity, at the rate of 2400 N/s according 
to ASTM C39. The strength measurements of paste 
were performed at the ages of 7, 28 and 90 days. Three 
specimens were used for each measurement age

Drying Shrinkage and Swelling Tests

 Drying shrinkage measurements were conducted 
in agreement with NF P15-433. The length change 
was measured using a dial gauge extensometer with 
a 160 mm gage length. The measurements of drying 
shrinkage were carried out every 24 h for the first 
three weeks and then three times a week. Variations 
in the drying shrinkage strain were monitored during 
the 120-day drying period (at 23 ± 2°C and 50 ± 5 % 
relative humidity). The measurements of swelling 
started at about 24 h after casting, after specimens were 
demoulded and stored in water, and the average of three 
prism specimens were used for each property.

Sulfate Attack Tests

 For the sulfate attack tests, the mortars specimens 
were immersed in 5 % sodium sulfate (Na2SO4) at labo-
ratory temperature (23 ± 2°C). The sulfate solution was 
renewed every 7 days. The sulfate attack was evaluated 
through the measurement of the expansion in agreement 
with ASTM C-1012 on prismatic specimens measuring 
25 × 25 × 285 mm.

RESULTS AND DISCUSSION

Compressive strengths

 Figures 1, 2 and 3, show the influence of metakaolin 
content on compressive strengths of the paste at 7, 28, 
and 90-day for various water-binder ratios W/ (C+MT). 
At the short- term and in particularly to 7 days, It was 
observed that partial replacement of cement by 10 % 
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Figure 3.  Effect of metakaolin (MK) on the compressive 
strength development of pastes W/(C+MT) = 0.25.

Table 3.  Mixture proportioning of the mortar.

 Replacement Cement MK Water) SandMixture levels of MK
 (%) (g) (g) (g) (g)

MK0 0 450.0 0 225 1350
MK5 5 427.5 22.5 225 1350
MK10 10 405.0 45.0 225 1350
MK15 15 382.5 67.5 225 1350
MK20 20 360.0 90.0 225 1350 24
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Figure 1.  Effect of metakaolin (MK) on the compressive 
strength development of pastes W/(C+MT) = 0.40.
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Figure 2.  Effect of metakaolin (MK) on the compressive 
strength development of pastes W/(C+MT) = 0.30.
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metakaolin presented the highest strengths which ex-
ceed that of reference binder without metakaolin, and 
this whatever the water-binder ratios W/(C+MT). As 
an example, for the water to binder ratio W/(C+MT) = 
= 0.25, 0.30 and 0.40 it reached a value max of strength 
88.50 MPa, 75.05 MPa, and 26.45 MPa respectively. 
The rate of increase in strength is about 7.53 %, 3.5 % 
and 3.9 % respectively compared to the binder of refe-
rence without metakaolin. Moreover, it is noted that the 
increase of the cement content by substitution of meta-
kaolin beyond this proportion 10 % to entrained a slight 
decrease of the strength. It appears therefore that 10 % 
MK is the optimum cement substitution by metakaolin 
at this age. A similar results were found in reference 
[23, 36], showing that the partial substitution of cement 
by metakaolin generates a compressive strength im-
provement, the contribution of metakaolin to improve 
the compressive strength as the combination of three 
main effects of mineral additions on the properties of 
cement materials. These effects are: (i) a physical effect, 
especially to metakaolin particles called “filler effect”; 
(ii) Physico-chemical effect, that acts on the acceleration 
of hydration Portland cement which has maximum 
impact within the first 24 hours; (iii) the chemical effect 
makes the greatest contribution to strength somewhere 
between 7 and 14 days [23, 31-34]. These effects act 
simultaneously and complementarily on improving the 
mechanical performance of cementitious materials. Mo-
reover in the medium and long-term (28 to 90 days), it 
is found that replacement of cement by 15 % metakaolin 
presented the highest strength exceeding that of the 
binder of reference and greater than the cementitious 
mixtures containing 5 %, 10 % and 20 % metakaolin, 
and this irrespective of the W/ratio (C + MT) ratio. 
For example, it reached a value max of 115 MPa and 
120 MPa respectively for 28 and 90 days for water-binder 
ratio W/(C+MT) = 0.25, the rate of increase in strength 
is about 26 % and 10 % respectively for 28 and 90 days. 
The increase, in the content of replacement of cement 
by metakaolin beyond 15 % results by the dilution effect 
of the cement [23, 36], a slight decrease in strengths 
but always with strengths being equivalent seeing 
higher than the binder of reference without metakaolin. 
So it seems that 15 % is the optimum MK cement 
substitution by Metakaolin medium and long term. 
Furthermore, comparing the strength of gain obtained 
at 28 and 90 days, then that registered in the short-term 
to 7 days indicates that metakaolin contribution in the 
development of resistance by their pozzolanic effect is 
relatively medium-term higher comparing to short-term, 
prove that the pozzolanic metakaolin reaction is well 
started at this age. confirms that metakaolin generates 
higher pozzolanic activity, especially for later ages, this 
may explain the significant improvement in the strength 
provided by metakaolin medium and long-term [58, 35].
For the effect, of the water to binder ratio W/(C+MT), 
on the strength development of the mixtures, containing 

different proportion from metakaolin. It is evident to 
remark that the reduction of the water to binder ratio 
W/(C+MT) generates an improvement significant of 
strength and whatever the content of cement substitution 
by metakaolin. As an example, the reduction of the water 
to binder ratios W/(C+MT) from 0.30 to 0.25, The rates 
of improvement of strength for the cement paste without 
metakaolin and with 5 %, 10 %, 15 %, and 20 % of 
metakaolin are of order 15.53 %, 18.00 %, 11.50 % and 
15.70 %, at seven 7 days, respectively. While, the rate of 
improvement of strength, is of order 17 %, 15 %, 15 % 
and 13 %, at 90 days, respectively. That can conclude, 
that the compressive strength varies inversely with the 
water to binder ratio W/(C+MT) and therefore with the 
porosity. The reduction in the quantity of water in the 
paste, with ensuring appropriate consistency generates 
a strength increase is due to a decrease in volume of 
capillary pores which contributed accordingly, the 
increase in strength. A similar results was found in 
reference [37] shown that compressive strength of 
cement paste containing different proportion from the 
sand of dune, is significant increases with the reducing 
in the water to binder ratio W/(C+MT). According to 
the authors, the improvement of strengths is attributed, 
to the change of the structure pores entraining thus an 
increase in the volume of the fine pores to the detriment 
of the large pores.

Drying shrinkage

 Figure 4 shows the strain developments of the drying 
shrinkage of control mortar and mortar incorporating 
various proportions of metakaolin: 5 %, 10 %, 15 % and 
20 %, according to time. From this graph, the following 
comments can be made. In the short-term (≤ 14 days) 
it possible to observed for the first time to fast kinetics 
of the evolution of drying shrinkage up to 14 days and 
then gradually slow kinetics. In the second time that 
except for mortar incorporating 20 % of metakaolin, 
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recorded at 7 days of deformation slightly higher to that 
of control mortar, all mortars, incorporating of meta-
kaolin presenting deformations of drying shrinkage 
lower than that of control mortar without metakaolin. 
As an example, at 14 days, incorporation 5 %, 10 %, 
15 % and 20 % of metakaolin led have a reduction in 
the drying shrinkage of order 11 %, 19 %, 25 % and 
6.75 % respectively compared to the control mortar. In 
intensity term, It clearly observed, that the mortar in-
corporating 15 % of metakaolin produces low deforma-
tions of the drying shrinkage (468.7 μm∙m-1 at 14 days), 
while the mortar is incorporating 10 % of metakaolin 
also produces low deformations of the drying shrinkage 
(20.37 μm∙m-1 at 7 days).The low values, of deformations 
of shrinking of the mortars containing metakaolin, are 
attributed primarily to the effect of filler and pozzolanic 
metakaolin particles that contribute to refining capillary 
porosity and to make the material less sensitive to the 
desiccation, and consequently to decrease its shrinkage. 
Moreover, the pozzolanic reaction of the metakaolin 
generates a reduction in interstitial water in the system; 
therefore less water evaporable will be available during 
the contraction [38]. what could explain the low values 
of shrinkage on the other hand, in the medium term 28 
days just like at 14 days, all the incorporating mortars of 
metakaolin develop shrinkage lower than that of control 
mortar, This observation more illustrates the substantial 
contribution of the metakaolin in the reduction of drying 
shrinkage of medium-term.
 Between 56 and 120 days, one can also observe 
that the deformations generated by the drying shrinkage 
tend to be stabilized, for all the mortars. In terms of 
intensity of deformation, the mortar incorporating 15 % 
of metakaolin will develop the shrinkage deformation 
(793.7 μm∙m-1 at 56 days).However, we notice that 
beyond 56 days the difference between the values of 
drying shrinkage for the mortars containing metakaolin 
tends to decrease, reflect a similar effect of the rate of 
incorporation of metakaolin on the long-term drying 
shrinkage. As an example, drying shrinkage values is 
900 μm∙m-1, 920 μm∙m-1,  856 μm∙m-1 and 900 μm∙m-1 
for mortars incorporating 5 %, 10 %, 15 % and 20 % 
of metakaolin respectively .while the reference mortar 
without metakaolin showed a drying shrinkage of about 
1052 μm∙m-1. These results are in perfect agreement with 
those in reference [38-39] which showing that the drying 
shrinkage is strongly decreased by the presence of the 
metakaolin, of approximately 50 % some are the rate 
of cement substitution by metakaolin. In the same way 
others study, have finds a reduction shrinkage almost a 
third after 156 days for 10 % of metakaolin [22]. Others 
study have shown that the ultrafine additions such as the 
granulated slag and silica can considerably support on 
the one hand the hydration of cement and on the other 
hand the formation of the new hydrates and to increase 
consequently the quantity of crystal hydrates of ettringite 
(AFt phase) and of calcium silicate hydrates (C–S–H) 

in cement paste, which offers a denser structure to the 
hardened concrete and higher strength [40]. This could 
be possibly the mechanism of action of the additions 
ultrafine (the granulated slag and silica) reduce the 
effect of creep and drying shrinkage of the concrete. The 
whole tendency which this releases from these results is 
whatever the level replacement of cement by metakaolin 
the strain developments by the drying shrinkage of the 
mortar with metakaolin it is in order inferior with that of 
the mortars containing cement without metakaolin. 

Swelling

 Figure 5 shows the evolution of swelling of the 
mortars studied according to time and rate of incor-
poration of metakaolin. It is clear to notice that the 
reference mortar present a higher swelling comparing 
mortar containing metakaolin, for all ages to study, and 
so regardless the rate of incorporation of metakaolin. 
For example, to nearly 90 days of exposure, swelling 
of values is 124 μm∙m-1, 143 μm∙m-1, 156 μm∙m-1 and 
118 μm∙m-1 for mortars incorporating 5 %, 10 %, 15 % 
and 20 % of metakaolin respectively, while the reference 
mortar without metakaolin showed a swelling of about 
218 μm∙m-1. On the other, hand for the incorporation 
rate of metakaolin effect on swelling. Can be seen as 
swelling, be proportional to the content of metakaolin. 
The low swelling values observed in mortars containing 
metakaolin is attributed to the densification of the matrix 
as a result of the pozzolanic reaction of metakaolin limit 
the penetration of water and thus reduces the swelling 
phenomenon. In fact, the swelling in water is related to 
the absorption of water by the cement gel water mole-
cules acting against the forces of cohesion and tending 
to move the gel particles thus creating a more swelling 
pressure, the intrusion of water reduces tension gel 
surface, causes by following a small expansion [41]. 
A similar result was found in reference [50, 51, 52, 53] 
Who shown a reduction in swelling, with the increasing 
the level of silica fume according to these study, the 
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decrease in swelling of these types of concretes is related 
to a reduction in the permeability thus entraining a 
reduction of the penetration of water. Furthermore, it is 
remembered that other factors can also cause swelling 
of cement pastes such as the formation of ettringite 
and portlandite early hardening cement whose growth 
pressured the entire structure and causes the swelling 
of cement [8, 43]. Or, in the case of mortar containing 
metakaolin, the portlandite Ca(OH)2 is be consumed by the 
pozzolanic reaction. Indeed, the chemical reaction that is 
established between the active metakaolin with calcium 
hydroxide Ca(OH)2, product at room temperature calcium 
silicate hydrate (C-S-H) additional, and) supplementary, 
and phases C4AH13  (2[Ca2Al(OH)7∙3H2O]), C2ASH8, 
and C3AH6 (Ca3[Al(OH)6]2) [44,24].The product formed 
depends primarily on the AS/CH (Al2Si2O7/Ca(OH)2) 
ratio and the temperature of reaction [45-48]. With 
observed that (1) Ca(OH)2 was significantly small space 
with the age for all the rate of cement replacement by 
metakaolin 0, 10 %, and 20 %; and (2) 20 % of MK were 
required to remove all Ca(OH)2 entirely for concrete at 
28 days. In the same way, Others study have shown , 
that between 30 % and 40 % Mk, is required to remove 
all Ca(OH)2 of the structure of metakaolin cement paste. 
At, the water - binder ratio (w/b) of 0.5, when the paste 
lime during in the water, saturated with lime during 28 
days [49]. Others similar studies, reported that Ca(OH)2 
was quickly consumed, the microstructure was rich 
in calcium silicate hydrates (C-S-H) and stratlingite 
C2ASH8 (2CaO∙SiO2∙Al2O3∙8H2O), and the distribution 
of the size of the pores moved towards smaller [16].

Sulfate attack

 For resistance to the sulfate attack sodium sulfate 
Na2SO4 (5 %), the results of the expansion of the mortars 
containing different content from cement substitution by 
metakaolin 5 %, 10 %, 15 % and 20 % are shown in 
Figure 6. It clear to noticed, that contrary to the cement 
without metakaolin the mortars containing metakaolin 
have shown a better resistance to the solution sodium 
sulfate Na2SO4. It can note a reduction in the expansion 
of the mortars which was proportional to the cement 
replacement level, by metakaolin. At 180 days of 
exposure, the sodium sulfate solution the mortar without 
metakaolin has produced an expansion of order 0.103 % 
which slightly exceeds the limit of maximum expansion 
of 0.10 % to be reached at the six months, recommended 
in standard ASTM C1012. While the mortars containing 
5 % and 10 % of metakaolin exhibited expansions 
of 0.084 %, 0.078 % respectively less than 0.10 % 
expansions at 180 days prescribed by standard ASTM 
C1012, indicating a moderated resistance to sulfate 
attack. Whereas, the other mortar containing higher 
metakaolin level, exhibited little expansion largely 
below the limit prescribed by the standard 0.059 % and 
0.042 % respectively for the mortars containing 15 % and 

20 % of metakaolin indicated high resistance to sulfate 
attack, according to Standard ASTM C1012. Moreover, 
no sign of deterioration after 180 days of exposure in 
sodium sulfate solution. This improvement of resistance 
to the attack by sodium sulfate in the presence of the 
metakaolin the is attributed mainly to the reduction of 
the permeability of these mixtures, and of the decrease 
in the content of hydroxide of calcium Ca(OH)2 which 
is considered the most vulnerable elements in the 
cement matrix. Indeed, the ions sodium sulfate is less 
aggressive at the (C–S–H), than the magnesium sulfate. 
The interaction between the portlandite and sodium 
sulfate has the secondary gypsum formation but also 
the formation hydroxide of sodium (NaOH) which 
causes of stabilizes formation (C–S–H), which caused it 
possible to decrease the processes of deterioration and 
transfers of ions within the cement matrix. Moreover, the 
pozzolanic reaction of metakaolin makes it possible to 
reduce the content of portlandite which is responsible for 
the formation for secondary gypsum (CaSO4∙2H2O) and 
ettringite (3CaO∙Al2O3∙3CaSO4∙32H2O) in the presence 
of the ions sulfate [54-57]. However, others similar 
studies rapport that the metakaolin decrease not only 
the quantity of free lime, but also those of aluminates 
available in the interstitial solution [29]. Combined 
with that, the densification of the cement matrix by 
the metakaolin led to the reduction in its permeability 
and its diffusivity significantly increases the resistance 
of the concrete to the migration of the ions sulfates. 
Furthermore, the results of this  study are  agree with 
the findings with other  similar studies, showing  that 
the mortars  containing pozzolans almost do not present 
dimensional variations, whereas the mortar which 
contained 100 % cement Portland cement expanded 
in the following way. The mortar which has the best 
resistance is that which contained 15 % of metakaolin, 
thus confirming the effectiveness of metakaolin to 
resistance to sulfate of sodium [30]. Similarly, studies 
have conducted on the two types of cement, high 
C3A, and intermediate C3A content; they reported that 
expansion decreased systematically with the increase in 
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Figure 6.  Expansion of mortar immersed in Na2SO4 solution.
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MK content for both types of cement. [28]. According 
to the authors, reduction in CH content is considered to 
be the principal factor by which MK improves sulfate 
resistance, and it suggested that the nature of the sulfate 
containing reaction product formed at high MK levels 
and low CH contents is different from that formed at low 
MK levels and consequently higher CH contents.   

CONCLUSIONS

 In this study, the effect of metakaolin as supple-
mentary cementing materials on mechanical properties 
and durability of cement and mortars was investigated. 
After discussing the results, the following conclusions 
can be drawn:
 The study showed that the MK contributed a sig-
nificant increase the compressive strengths when used up 
to 20 %. Depending essentially, on replacement level of 
MK, w/cm ratio, and testing age. It is also noticed that 
the replacement of cement by 10 % metakaolin gives the 
highest strengths result at the short-term when compared 
to other replacement levels, and highest strengths result 
for replacement of cement by 15 % and 20% metakaolin 
at later ages.
 The study showed that the compressive strength 
of all pastes mixtures is increased considerably, at any 
age by reducing the water content at the lower water to 
binder ratio.
 The study showed that the mortar with MK exhi-
bited remarkably lower shrinkage in comparison to the 
plain mortar without MK. The reduction being greater 

Figure 7.  Specimens mortar exposed to 5 % sodium sulfate solution for 180 days.
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at higher replacement levels, on another hand, the re-
duction of shrinkage for the long term up 120 days does 
not appear to be influenced by replacement level.
 The study showed that the mortars containing 
metakaolin revealed an excellent performance of swel-
ling to water, then mortar without metakaolin, it noticed 
that the increase in the level replacement of cement by 
metakaolin generates an increase in swelling. However, 
the swelling rates of the mortars had a decreasing 
tendency with increased time, particularly for the MK 
mortars.
 The addition of MK as a partial cement replacement 
material provided an excellent improvement in resistance 
to the sodium sulfate Na2SO4. The resistance to the sulfate 
increased substantially with increasing replacement level 
of MK. The better resulted was obtunded for the high-
level MK replacement especially at a replacement level 
of 20 % MK.
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