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ABSTRACT

The hydration products, microstructure of paste with part of Portland cement replaced by metakaolin were inves-
tigated by Compressive strength and Scanning electron microscopy in this article. The results shown that the
replacement of Portland cement by metakaolin can decrease the amount of Ca(OH),, increase the amount of C-S-H
gel, make the structure denser and improve the microstructure and compressive strength of cement paste.
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INTRODUCTION

Theusesof variousreactive pozzolansas supple-
mentary cementitious materialsarefast growinginthe
development of more durable and high performance
concretd. Sag, fly ash, metakaolin, silicafume, Rice
husk ash etc., are being used as blended mineral ad-
mixturesin cement. Now aday’s, theuse of pozzolanic
material such asmetakaolin areincreased in Portland
cement. It offerscost reduction, energy savings, supe-
rior quality and al so one way to reduce green house
effect and globa warming. Metakaolin (MK), produced
by therma activation of kaoliniteclay inthetempera-
turerange of 650-850°C, isan established pozzoland?.
Thehydration mechanism of cement and metakaolin ce-
ment using Differential Thermal Analyses,
Thermogravimetricanaysis, X-ray Diffraction, Fourier
Transform Infrared Spectroscopy and Scanning Electron
Microscopy were explained by number of authorg®9.
Thesedifferent techniqueshave shown that, inthecase

of metakaolin cement paste hasagreater influenceon
the hydration propertiesand improvethe cementitious
properties. The purpose of this paper isto present a
detailed hydration study on MK admixtured cement
paste hydrated for different intervalsof time.

MATERIALSAND METHODS

43 grade Portland cement (OPC) and the
metakaolin are used their compositions of which are
giveninTABLE 1.

Inthisinvestigation, OPC and 10% Portland ce-
ment isreplaced by the metakaolin, inawater to ce-
ment ratio (W/C) of 0.4 wereused. 7x7x7 cm of mor-
tar cube specimens were used in the compressive
strength test’®. Demoulded at one day, the specimens
werecured inwater at 27 + 3°C until 3, 7 and 28 days
age, and thentested. For microstructurestudy, thefrac-
tured surfacesof hydrated OPC and 10% replacement
of OPC with metakaolin paste were coated with the


mailto:rgopal_ra@rediffmail.com

14

Electron microscopy studies on metakaolin admixtured cement

MMAIJ, 7(1) 2011

Shore Commumnlication ===

‘ SRR € /1
Figure3: Micrograph of OPC +10% M etakaolin hydrated
with 7 days

TABLE 1: Chemical composition of portland cement and
metakaolin (mass%)

: i~ o T
Figure4: Micrograph of OPC +10%
with 28 days

TABLE 2: Compressivestrength of OPC and OPC + 10%
MK M ortar samples

M etakaolin hydrated

Losson Insoluble
ignition  residue
0.79

Samples CaO SO, Al,0; FeO3 MgO SO; MnO

Portland
cement

Metakaolin

6332 21.70 540 340 269 270

0.50 6854 2355 058 0.60 0.02 3.98 1.20

help of gold coater (JEOL auto fine coater modd JFS-
1600) for atimeof 150 secondswith 10 mA.

RESULTSAND DISCUSSION

Compressivestrength results

Theresults of compressive strength of OPC and
10% replacement of OPC mixed with metakaolin are
showninTABLE 2.

When 10% cement replaced by themetakaolin, the
compressivestrength of 3 daysincreasesin 73.50 %, 7
daysincreasesin 26.38% and increases 15.93%in 28
days, when compared to OPC mix. Theresults show
that the part of replacement of Portland cement by the
metakaolin mixes can increasetheearly strength and
adsoincreasethelatter strength. Thisiscloseagreement
with previousresults”.

SEM results

Figure 1-4 Shows SEM observations of OPC and
10% replacement of OPC with metakaolin paste hy-

Samples Compressive strength (M Pa)

3 days 7 days 28 days
OPC 11.7 32.6 47.7
OPC + 10% MK 20.341.255.3

drated in 7 daysand 28 days. Fromfigure 3and 4 the
main constituents of 7 days OPC paste of hydrated
products are needle shape ettringite, fibersof C-S-H
gel and 28 days OPC paste (Figure5) constituents of
plate shaped Ca(OH), crystal'®.

When part of 10% Portland cement isreplaced by
the metakaolin, ettringite and C-S-H are greatly in-
creases and Ca(OH), decreases, whenincreasing the
hydration periodsdueto the pozzolanicreaction. This
fact increases the compressive strength when part of
cement was repl aced by the metakaolin®. Therefore,
themicrostructuresof cement have beenimproved, due
to thereaction of the active metakaolin with Ca(OH),
inthe cement paste. Thesefindingsaretotally agreed
with compressivestrength results.

CONCLUSIONS
All theexperimental resultsindicate that the 10%

replacement of Portland cement by themetakaolin can
changethe compressive strength and shape of the hy-
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drated products of cement. By Scanning electron mi-
croscopy we can observethat the Ca(OH), content is
reduced, the amount of C-S-H gel isincreased. The
metakaolin replacing some of Portland cement is not
only environmental benefitsbut also beneficid for the
improvement of microstructureand theincreaseof com-
pressive strength of cement paste.
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