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ABSTRACT

The present works gossip the upshot of metakaolin on the properties of
Portland cement through magnetic susceptibility study. Cement pastes con-
taining 0%, 10%, 20% and 30% metakaolin in substitution for cement andin
aWater/Cement (W/C) ratio of 0.4 have been prepared. The magnetic sus-
ceptibility at different hydration ages has been determined by Faraday Curie
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balance method and this has been related to changes in setting time and
compressive strength measurement. The results illustrate to facilitate the
magnetic susceptibility increases with increasing metakaolin content in the

cement. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Cement isapowdered material which develops
strong adhesivequalitieswhen mixed with water. Dur-
ing hydration of cement, various phasetransformations
occur. As hydration progressesthe magneti c constitu-
entsof Portland cement and/or the reaction products
acquire magnetic propertiesdueto their dipolealign-
ment withtheexternd field and thereisevery possibil-
ity of changein susceptibility. Susceptibility () mea
surement was used to detect the solubility limit of iron
indifferent formsin C AlY. BeataGoluchowska? re-
ported that the magnetic susceptibility of cement dust
dependson theiron content inraw materias, additives
andfudsintroducedintothekilninwhichtheclinkeris
backed. Accordingto David et d.® clay minerdshave
higher amount of iron oxides and hence enhanced the
susceptibility values. The magnetic susceptibility isan
vitd physical property anditisanother way toandysis
the cementitiousmaterias.

Now adays, thereisanincreasinguseof pozzolanic

materialssuch asmetakaolinin Portland cement. It of -
ferscost reduction, energy savings, superior quaity and
also oneway to reduce greenhouse gases and global
warming. Metakaolin isproduced by thermal activa-
tion of kaoliniteclay inthetemperaturerange of 650-
850°C, isan established pozzol anic component!. The
hydration mechanism of cement and metakaolin
admixtured cement using DTA, XRD, FTIR, SEM,
NM R and Di el ectric measurementswas explained by
number of authorg™9. But, to our knowledge, no mag-
netic susceptibility studieshave been reported sofar on
hydration of cement admixtured with metakaolin at dif-
ferent hydration periods. Many methods areavailable
for measuring magnetic susceptibility but Faraday-Cu-
riebalanceisavery sensitive and versatile method to
measuresmall susceptibility.

Cement nomenclature

C=Ca0; S=S0, H=H.0; CS=3Ca0.S0,,
C,S = 2Ca0.Si0,; CA = 3Ca0.AlLO,; CAF =
4Ca0. AlLLO,.Fe,O,; CH = Ca(OH).,.
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Variations

Inthe present study, the authors present magnetic
susceptibility studies on cement and metakaolin
admixtured cement pastesat different hydrated time
intervalsusing aFaraday-Curiebdanceavailableinthe
Materia Science Laboratory, Department of Physics,
Annamaa University, Tamil Nadu, India

MATERIALSAND METHODS

Metakaolin (MK) wasreceived from M/S.20 Mi-
cronsLimited, Vadodara, Indiaand Ordinary Portland
cement (OPC) isacommercid one. Both sampleswere
subjected to the chemical andysisusing standard pro-
ceduresand aregivenin TABLE 1.

Samplepreparation

Inthisexploration, OPC and metakaolin admixtured
cement pastewas prepared by mixing doubleditilled
water inwater to cement ratio (W/C) of 0.4. Metakaolin
wasreplaced with three different weight percentages
(10%, 20% and 30%) with respect to cement. The
sampleswerethoroughly mixed withwater usngaglass
rod for two minutesand then alowed to hydratein air-
tight plastic containers. The hydration was stopped at
different timeintervalsviz., immediate, every 30 min-
utesfor 10 hoursafter mixing and then 1 day, 2 days, 4
days, 1 week, 2 weeks, 4 weeks by using acetone. To
removewater content the hydrated sampleswere oven-
dried at 105°C for 1 hour*¥. Thedried sampleswere
powdered using agate mortar and used for magnetic
suscepti bility measurements. The sampleshydrated for
morethan 1 day were cured properly.

Setting timetest

Initial and Final setting times of OPC and 10%,
20%, 30% M etakaolin admixtured cement pastefor a
WI/C of 0.4 was measured using aVicat’s apparatus
using the standard proceduré™ and revedledin TABLE
2.

Compressive strength test

Compressive strength of cement and MK
admixtured pastes (TABLE 2) were determined using
Compress on Testing Machine (Techno-Science Trad-
ing Corporation, New Delhi, India) setup availablein
the Department of Structural Engineering, Annamalai
University, Indiaand using standard procedure™.
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EXPERIMENTAL

Figure 1 showsthe Faraday-Curie balance along
with Heyding’stypepolepieces®. It consistsof alight
aluminium beam (AB) of length 25cm suspended by
means of afine copper wireand itsupper end issol-
dered to atorsion head (T). The sampleholder iscon-
nected to thelower end of the glasstube (G) suspended
fromtheleft end of d uminiumbeam. A smdl mirror (m)
isattached at the center of the beam. A circular scale
(S) graduated in degreeisprovided at theupper end of
theglasstubefacilitatetherotation of the samplefrom
0°to 360°. Theright end of thearm carriesadamping
vane (V) madeof aluminium andisdippedinadash-
pot of light viscousoil. Thisarrangement effectively
dampsout dl spuriousvibration. Abovetheduminium
beam thereisabalancing coil (C) comprising of 500
turns of copper wirewound over ahollow rectangular
frame. The powerful horse shoe shaped permanent
magnet (MM) produceastrong radia field enclosing
thecoil ‘C’. Thecoil movingintheradial field consti-
tutes a galvanometer. By passing a suitable current
throughthecoil using potentid divider arrangement, the
deflection canbenullified. A digita millivoltmeter mea:
suresthe current flowing in the balancing coil and di-
rectly displaysthevaueintermsof voltage*.

Calibration

Curie balance has to be calibrated for various
samplesof known susceptibility value. Thesamplein
powder formisfilledin sampleholder and issuspended
in the predetermined region where magneticforceis
uniform and maximum inthenonuniformfield. When
themagneticfieldisswitched on, the sampl e experi-
encesamagnetic force. Thisproduces adeflection of
the beam and the deflection isnoted by mirror (m) and
thelamp and scale arrangement. Theforce exerted on
the sampleis counter-ba anced passing asuitable cur-
rent, by adjustingtheresistancein the potential divider
arrangement and hence the voltage required to com-
pensate the magnetic force on the sampleisnoted. The
sampleisrotated in steps of 20° and at each position
the procedureisrepeated and finally the average an-
nulling voltageVsiscdculated. Theexperimentisre-
peated for empty sampleholder to determineitsannul-
lingvoltageV .. Thedifferenceinvoltage(V.V ) isa
measure of annulling voltagefor thesample. A calibra-
tion graph (Figure 2) is drawn between the known
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TABLE 1: Chemical composition of portland cement and metakaolin (mass%)

Samples CaO SO, AlI,0;3 Fe0O3; MgO SOz MnO Laosson ignition Insoluble residue
Portland cement 63.32 21.70 5.40 340 209 210 0.2 0.79 1.08
Metakaolin 050 6854 2355 058 060 1.03 0.02 3.98 1.20

TABLE 2 : Setting time and compressive strength of
metakaolin admixtur ed cement

Setting time Compressive strength
Samples (h:min) (M Pa)
initial final 1day 21week 4weeks
MK 0% 5.05 650 104 326 47.7
MK10%  4.45 6.25 184 412 55.3
MK20%  3.25 540 214 524 69.3
MK30%  2.30 440 274 574 74.2

susceptibility vaue of different samples (K. Cr,O,,
NiSO, CasO,.7H,0, FeSO,.7H,0, MnSO,, Gd,0O,,
Fe(OH),, HOCI,, Er,0,) and the corresponding an-
nulling voltageper unit mass.

Themagnetic susceptibility at different timeinter-
valsof hydrated cement isobtained fromthecalibra-
tiongraph, usngtheannulling voltage. Thesengtivity of
theinstrument is+ 0.001. All themeasurementswere
taken at 28 + 2°C.

RESULTSAND DISCUSSION

Theobserved susceptibility valuesfor anhydrous
cement and metakaolin are 51.05x10° emu/gm and
123.02x10%emu/gm respectively. Thisvauey>0indi-
catesthe cement and metakaolin samplesare paramag-
netic4%, The positive paramagnetic susceptibility of
the anhydrous cement may be considered asaresultant
of thecontributionfrom all theimpurity ionsand espe-
cialy Fe,O, contained in CA and C AF phases*.
Graphs are drawn between the obtained susceptibility
vauesand different hydrated timeinterval sfor cement
and metakaolin admixtured cement paste (Figure3and
4) inanon-uniformscae.

For hydrated cement paste (Figure 3), they values
arefoundtoincreasefromimmediate and reach amaxi-
mum value during thefirst 2 hours. On contact of ce-
ment withwater duetoinitia dissolution, hydroxyl (OH
) and calcium (Ca?*) ions concentration increasesand
thefirst reaction product ettringite (AF,) formed with
layer of hydrous a uminafrom the reactions between
CA, C,AFand gypsumi*. Initially, the cement mate-
riasareeasily dispersed with water and henceastrong
reective capacity causesan amorphousiron-rich phases

gppearsto form simultaneously withtheAF, phaseand
hencey valuesincreasesupto 2 hours. Moreover, ac-
cording to Mohamed Ahmed et al .1 the Fe,O,hasa
tendency to dissociateand liberate Feion intheform of
Fe?* and Fe*. Thistendency may increase near the
solubility limitof Fein C A. Initidly, theactive substitu-
tion of Fe** for AlI**in C A lattices causesasteep in-
creaseiny values. Thisreplacement was confirmed by
Majumdart*®, M oore*® and Schlaudt and Roy!®!.

After attaining amaximum, susceptibility values
beginto decreasegradually withtimeand reach amini-
mum at aparticular timeinterva. Becausethereaction
of C,A, C AFwithgypsumisdlightly retarded by hy-
drousaumina, theformation of hydration productsis
|ess paramagnetic than reactants. Thefal of suscepti-
bility val ues can be attributed to continuous decrease
of highly magnetic anhydrous cement phase composi-
tion and simultaneousformation of various hydrates.
i.e. productswhich incorporatewater intheir structure.
Theformation of hydration productswhichincorporate
water aschemically bound water, not only lower the
magnetic susceptibility to some extent but also main-
tainsthe susceptibility at relatively lower but till posi-
tive values. Astime advances C A contain more Fe**
than Fe* and Fe** substitutes Ca?* in C A lattices™ .
Thispartia reduction of Fe?* and Fe** leading to de-
creasesthey valuesafter thefirst maximum. Thetime
taken for this paramagnetic susceptibility valuereach-
ing aminimum coincideswell with the starting of fina
setting time of that particular sample measured using
Vicat’s apparatus (TABLE 2). After reaching afirst
minimum they, valuesincreasedightly and then decrease
forming second maximum. Thisisdueto asuddenin-
creaseinthereactivity of unreacted C A. At the start-
ing of final set, therapid conversion of AF intoAF _
takes placeand increasetheiron content!,

After the second maximum, the susceptibility val-
uesdecreasesgradually with hydrationtime. Thisdue
to theformation of hydration products such as cal-
ciumsilicatehydrategel (C-S-H), Ca(OH), and hence
the cement paste becomes condensed and thickeng .,
The C-S-H gdl isoneof themajor strength rendering
components of the hydrated cement and hence in-
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Figure3: M agnetic susceptibility vs. different hydration time

intervalsof cement paste

" ——MK 0%
3
E 200 ——MKI10%
i)
b 160 ——NE2%
21 —— K30
a
=
g o —— MK 0% ()
g [
2
o 4 —— MK 1% (7)
9 - W
‘é 0
2 Tday  Tweek 4weeks —— MK20%(y)
= Hydration time {non-inear scale)

—— MK 30% (3)

Figure5: Relationship of MK replacement in cement vs.
magnetic susceptibility and Compressivestrength

creases the strength of cement with decreasing the
magnetic susceptibility.

From thegraph (Figure4), it isobserved that MK
admixtured cement al so followsthe samefashion as
that of ordinary Portland cement. Itisevidenced that as
the replacement of MK % increases, they valuesaso
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Figure4: M agnetic susceptibility vs. different hydration time
inter valsof metakaolin admixtured cement paste
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Figure6: Variation of magnetic susceptibility vsvarious%
of MK for anhydrous, 2 hour s, fir& minimum and 4 weeks

increases. Thereisaclear trend observed that both the
first minimum and starting of find settingtimeisshort-
ened asthereplacement of MK% isincreased. Thisis
duetothepresenceof siliconandauminiumoxidesin
MK which accel eratesthereaction of thecement. This
increasestheformationrate of AF,intheearly hydra-
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tion period and hence shortensthe setting time?. The
increase and decrease of y valuesfrom immediateto
firgt minimum arefaster when comparedto Portland ce-
ment. Thisresult corroborateswith Helene L ecoanet et
a @ and statethat quickly setting cement hashigh sus-
ceptibility value,

MK reactswith calcium hydroxide produced in
the hydration of Portland cement. Asaconsequence
extracalciumsilicate hydrate (C-S-H) gd isproduced
and it increasesthe strength of the cement but it de-
creases the magnetic susceptibility values after sec-
ond maximum.

Thefigure5 showssummarized resultsof compres-
svedtrength and magnetic susceptibility at 1 day, 1 week
and 4 weeks of cement and MK admixtured cement.
Thegraphsclearly demonstratethat the systematicin-
creasein compressive strength and decreasein mag-
netic susceptibility values are dueto high pozzolanic
activity of metakaolin. Figure 6 showsthevariation of
magneti ¢ susceptibility of MK admixtured cement at
different curing periods. Fromthegraph, aspercentage
replacement level of MK increases, the magnetic sus-
ceptibility valuesd so increaseswhen compared to an-
hydrous and at 4weeksy valueslieslessthan anhy-
drous cement.

CONCLUSIONS

Theresults can be summarized asfollows,

1 Onhydration, before setting time, the produced
amorphousiron-rich phase associated withAF, in
the admixtured cement pasteincreases and hence
high magnetic susceptibility values. After settingtime,
the production of cement gel particlescondenseand
thicken and hencelow susceptibility with high com-
pressive strength.

2 For dl samplesthefirst minimum coincideswith
garting of find settingtime,

3 After 1 day, the compressive strength of the ce-
ment increases with decreas ng magneti c suscepti-
bility withincreasein % replacement of MK.

4 Themagnetic susceptibility study isacorrobora-
tion of thewell known accelerating effect of MK in
the hydration of the Portland cement.
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