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Abstract—The increasing demand for concrete has intensified research efforts aimed at improving
its various properties, such as strength, durability, service life, and sustainability requirements. This
review addresses the role of using metakaolin (MK) as a partial replacement for cement in
enhancing the mechanical properties and durability of concrete. This approach aims to reduce
reliance on cement, which is one of the most costly and environmentally impactful components of
concrete, while also promoting sustainability in the construction sector. Results from previous
studies indicate that the incorporation of metakaolin (MK) in concrete mixtures leads to a
noticeable improvement in concrete strength, with reported increases ranging from 10% to 20%
compared to reference concrete. Concrete containing metakaolin has shown improved durability
properties, including increased resistance to sulfate attack and reduced penetration of chloride ions
and other harmful substances. On the other hand, studies have shown that the use of MK leads to
higher water absorption and increased viscosity, which may result in a reduction in workability of
up to 20%. This review concludes that metakaolin MK represents an effective option, particularly in
regions where it is abundantly available, due to its significant role in enhancing durability and
improving the mechanical properties of concrete.

Keywords—Metakaolin; Sustainable concrete; Mechanical properties; Pozzolanic reaction;
Deterioration mechanisms.
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Chemical composition Cement (%) Metakaolin (%)
Silica (Si02) 17-25 50-60
Alumina (A1203) 3-8 3040
Magnesium oxide (MgO) 1-3 0-2
Potassium oxide (K20) 0-1 0.5-1.5
Sulfuric anhydride (SO4) 1-3 1-3
Calcium oxide (CaO) 60—65 0-0.5
Ferric oxide calcium oxide (Fe203) 0.5-6 0.5-5

[12] ol slSlinall Ll Jidaill 2 Jgan

Salsy) A Al B 4l C 4l D 4l ASTé\: I:‘*m‘
Si0. 53.42 70.33 57.95 58.46

ALLOs 40.84 25.32 24.52 34.36

Fe20s 0.975 1.05 9.973 2.266

SiO: + ALOs + FexOs g seaxe 95.2 96.7 92.4 95.1 %70 Y 2l

MgO 0.13 0.14 0.724 0.28

CaO 0.1 0.0801 0.133 0.162

K20 0.16 0.366 2.919 1.44

Na.O 0.22 0.35 0.35 0.22

SOs 0.033 0.016 0.28 0 %4 i) 2all
TiO: 3.019 1.51 1.12 1.37

MnO 0.0088 0 0.034 0

P05 0.137 0 0.241 0.11
Cr20s 0 0.011 0 0

SrO 0.034 0.0063 0.0167 0.0209

L.O.I 0.88 0.76 1.68 1.25 %10 (i) 2all
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Calglstisal 59 (MPa) Cnd glSisal) o S
(%) (MPa)
5 28 38 43 13% [18]
10 28 40 48 20% [19]
15 28 42 50 19% [20]
20 28 45 44 2% [21]
10 90 45 56 24% [18]
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