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Abstract

This paper focused on the thermal technique ofatitiy pozzolanic activity of natural pozzolans,

specifically calcined kaolinite clay in the form wfetakaolin. The effect of heating temperatures ove
the range 450°C-1050°C in steps of 150°C on thgdiekylation of the kaolin and the pozzolanic

activity of the resulting amorphous material weretedmined. The compressive strengths of
metakaolin-concrete samples with 10%, 20% and 3@ftacement of cement, calcined at different
temperatures 450°C, 600°C, 750°C, 900°C and 1080f@parable to the control samples were
analysed to determine the optimum temperature.,ABgtures of mortar containing variable amounts
of kaolin in the ration 5% to 30% in steps of 5%revealcined at the optimum temperature of 750°C
and investigated.

The results showed the optimum heating temperdturthe kaolin to be 750°C and the proportion of
metakaolin in concrete should be 10% of the cemaight. For 10% metakaolin at temperature of
750°C, the strengths were about 109% and 107% whalomortar cubes at 28 days and 90 days
respectively, while those of concrete cubes wefd 8@d 97% of normal concrete cubes. Also, with
replacement proportion range of 15-25% of metaka@lK) in concrete, a relative concrete strength
of 22.23MPa and 23.15MPa for 28 and 60 days resécturing ages can be achieved

Key words: calcined kaolinite clay, metakaolin, thermal procss, pozzolanic activity, blended
mortar, concrete.

1.0 Introduction

In Nigeria, annual cement consumption value is Ifilion metric tonnes out of which only 9.5
metric tonnes are produced locally (Franklin, 2008)e abruptly high demand for cement owed to
increased population and infrastructural develogmbas resulted in the rapid depletion of
unsustainable natural resources, problems of Cadimide (CQ) emission and high cost of cement.
In order to solve these problems, as well as imprmortar/concrete performance, the exploration of
cheaper materials that could be used as partiatisute for cement in mortar and/or concrete has

become a focus point by researchers and specialistger the world.
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In Nigeria, kaolinitic clay seems to have the gesatoverall potential as alternative pozzolanic
material for concrete due to its availability inda quantity and the relatively low price. Nigehnas an
estimated reserve of about two billion metric tofikaolin deposit, scattered in different partshod
country and this includes Ogun, Kogi, Imo, Riveksambra, Bauchi, Kebbi, Ondo, Ekiti,Akwalbom,

Katsina and Plateau States.

Kaolin clay group, which is represented chemicaklyAluminosilicate hydrate (AD;SiO»2H,0), is
normally converted to metakaolin by a process knaagn calcination (thermal treatment) at a
temperature of about 700°C-900°C to drive out cleaftyi-bound water and destroy the crystalline
structure (Kakali et al., 2001). Clay calcinatismiecessary for converting clay to display cemiet-|
behaviour. Metakaolin is more reactive with eitheid or alkalis. It is generally known that pozazol
produced by calcination modifies the propertieiroé and Portland cement mortars and concrete in a
similar manner to natural pozzolan. The metaka@arcts with calcium silica and calcium aluminate
hydrates unlike other natural pozzolan (Zhang amadhbtra, 1995). This reaction takes place early in
the hydration setting period and continues to oadwring hydration, continuing to enhance the

properties of the installed concrete.

Past studies have shown that the use of pozzotrdbtd cement in concrete and mortar can increase
compressive strength, flexural strength, resistaoahemical attack (e.g. sulphate) and even ingrov
durability (Dahl et al., 2007 and Rodriguez, 2006

Chin-Yi and Wei-Hsing (2002) reported that the fesii dehydroxylation is a new phase called
ametakaolinite. During this reaction, dsay Diffraction (XRD) showed, thehigher-order reflections
lost their intensity and vanished inthe XRD backgrd. This result led to the opinion that the
metakaolinite can be amorphous, being a concemtthe short-range order crystalline structure of
metakaolinitepredominatasistice (2005)found out that Metakaolin (MK) is reoby-product of an

industrial process, unlike other supplementary ceitieus materials. However, it is produced under
carefully controlled conditions for specific purgss Metakaolin is produced by heating kaolin, ohe o
the most abundant natural clay minerals, to tentpezs of 650°C-900°C. During the heat treatment,
or calcinations, the structure of kaolin is broldown. The bound hydroxyls are removed from the
disorderliness of alumina and silica layers, thisghly reactive amorphous material with pozzolanic

properties are then produced.

Hui et al (2008) determined the phase transformadimounts of active Silicate (SiCand Aluminate

(Al205) in kaolin using different pre-treated temperatuegimes. This was done with the use of

Fourier Transformation Infrared (FT-IR), chemicatadysis and nitrogen adsorption.The results
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showed that the surface area and pore volume dinkaalcined at medium temperature, was higher
than those at low and high temperature. This is wu¢he fact that with increase in calcination
temperature from 300°C to 900°C, the amount ofvachiluminate (A}Os) in the kaolin microspheres

increased rapidly and then decreased steadily Hleof the active silicate (SiDincreased slightly.

The chemical composition of the silicate (giCaluminate (AlO3z) and ferric (FeOs) summed up to
82.3% in finely ground calcined clay, when considkeas pozzolan material (Dahl et al, 2007). The
obtained pozzolan reduced alkali aggregate reactiooreased sulphate and chloride ingress
resistance. Addition of 15%qufn Micro Light Weight Aggregate in cement contentl wasult to good

resistance to high freezing and thawing cycles.

Having reviewed some of the various works carried on the use of pozzolan as admixture in
concrete and mortar mixes, it is evident that thieoduction of pozzolan as cement replacement
materials in recent years is widely acceptable. dk&olin has not been in use in the Nigerian
construction sector, apart from the fact that kaolay varies in physical properties and compasitio
depending on the environment. However, kaolin izvast quantity in all the geopolitical zones of
Nigeria — a reserve of two billion metric tons dsipoFurther, the high cost of cement in developing
countries coupled with the environmental pollutiamé called for investigation into its partial otlfu

replacement in concrete.

2.0 Materials and=xperimentalMethodology

2.1 Materials
Kaolin used in this study was obtained from vasropilly land mass in Ewekoro, Ogun State area of
Nigeria, where it occurs naturally. The light browaloured kaolin samples naturally deposited in

lumps had yellowish white streaks in it.

Cement used was Ordinary Portland Cement, withgst@s in accordance with BS 12 (1991). The
aggregates were selected based on the limitatiddSo882. The fine aggregate used is natural river
sand and the coarse aggregate is crushed gramitesstobtained from the quarry. The sizes for sand
range from 75micron to 9.5 mm while for granite pgings, ranged between 2.0-19.0 mm. These
materials were dried to control the water contarthe concrete. The water used for this work iarcle
clear and fit for drinking (portable water) whicétisfies the BS 5328 standard for water requirement

for mixing concrete.



2.2  ExperimentalMethodology

2.2.1 Determination of Chemical Composition of Metkaolin (MK)

Each kaolin sample was thermally treated at tenpers of 458Cto1050C at interval of 158C for
duration of 30and60 minutes using Carbolite GPCO0120en to form metakaolin. After thermal
treatment, the metakaolin was left to cool to raemperature and stored in plastic bags. The colour
formation observed is as follows: at 460 light brown to slightly brown colour; at 68D, light brown

to brown colour; at 75T, light brown to dark brown colour; at #@ light brown to slightly reddish
brown colour and at 1080, light brown to reddish brown colour. Figure lowls kaolin samples
exposed to different calcination temperature. Ttagomand minor oxides present in the metakaolin

samples were determined through chemical tests.

K. IN (0°C) METAKAOLIN

P (450°C)

&

Light Brown Colour Light Brown toslighty dark Brown Colour
METAKAOLIN METAKAOLIN

(600°C) (750°C)

Light Brown to Brown Colour Light Brown todark Brown Coliur

WMETAKAOLIN METAKAOLIN

(900°C) (1050°C)

Light Brown to slightly reddish Brown Colour Light Brown to veddish Brown Colowar

Figure 1: Kaolin Samples with different calcination temperature



2.2.2 Blain Fineness Value and Standard Consistency

The densities of metakaolin samples were checkedhenscale of the blain meter cell volume
(1.889cn) in accordance with NF EN 196-6 1990 to deterntireemass of each sample to be used to
determine its blain fineness value. The measuressméthe sample was put in the air permeability
cell and compressed with a plunger. A filter papeas then placed on the cell unit and transferred to
the Blain analyser. Finally, the Blain FinenessWéalor the sample was read on the screen attaohed t
the machine.Standard consistency and setting t{miisl and final) of paste, made from each of the

samples, were determined in accordance with BS9P4-1

2.2.3 Compressive Strength of Metakaolin Concrete/bttar

Six series of concrete mixes were considered mghidy. The 150mm cube specimen were prepared
with the water-cement ratio of 0.6 and mix design the concrete grade 25N/rfino evaluate the
mechanical properties for up to 60 days and rectaklsn accordingly on 7, 28, 42 and 60 days

respectively.

The first series (12 Nos concrete cube specimeas)the control mix, i.e. normal concrete, without
metakaolin replacement. The second series (36 mosrete cube specimens) was concrete with pre-
defined replacement ratio with metakaolin (10%, 2886 30%) treated at temperature of “450The
same methodology was applied to the third, fouitth and sixth series of concrete for the study o
the strength development of concrete containintgiifit percentages of metakaolin at ¥00750C,
90d°C and 1058C. A total of 192 cube specimens were cast. Thecefif calcination on the strength
of metakaolin-concrete was observed and slump dasied out to determine the consistency of

concrete and to check its uniformity from batchoébch

To ascertain pozzolanity of metakaolin, 70mmsandcraortars cubes were prepared from each
sample in the ratio 1:3 (pozzolan blended cemeandard sand) with a water/cement ratio of 0.4 as
specified by BS 4550-3.4-1978. Compressive stremgsh was performed according to BS 1881:
Part103:1983 on the mortar cubes at the ages3f71,28 and 90 days.

3.0 Results and Discussion

3.1  Chemical Composition of Metakaolin (MK)
Table 1 shows the results of the chemical compmusitif calcined kaolin (metakaolin) at different
temperatures for varied calcination duration, ucioed and ordinary Portland cement. From

observation, the silica content of the metakaaitreases with increase in both temperature and time
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of burning i.e. the amount of silica ranges from149% (608C at 30mins) to 51.02% (10%0D at
60mins). The results infer that temperature anddilmation of burning have significant effect on the
chemical composition of the metakaolin. Also, ihdz observed that the maximum value of Loss on
Ignition (LOI) i.e. maximum of 1.7% s far leskain the maximum value 6% recommended by
standards. Hence, all the resulting samples atatdeipozzolans (Shetty,2006). At higher tempeeatur
and longer time of calcination, silica content ighwelative low LOI. Since amorphous silica is an
essential requirement, observations made reveadiat temperature of 780 and 60 minutes
calcination, producing 0.68% of LOI could be coesatl as appropriate conditions to produce

amorphous silica.

The results of chemical composition of metakaolspahowed that it is comparable with standard
(ASTMC618, 1993) and other materials as the contbsikca, alumina and ferric content (85%) was
above 70% and other criteria such as moistureecor@nd LOI limits also indicates that metakaolin
has pozzolanic potential.lt is further revealedTable 1 that the least silica content of metakaolin
(42.50%) with varying calcined temperature is mitr@n twice that of the ordinary Portland cement
(19.05%), but ordinary Portland cement has gree#dne of calcium oxide content (63.45%), as
compared to that of metakaolin (9.83%). The calcaxide content in calcined kaolin decreases with
increase in temperature. The high content of caicoxide in OPC is the main reason for its

cementitious characteristics over any known pozrola

Table 1: Effects of Calcining Temperature on Chemial Composition of Kaolin

Time of Oxides %

Temperature | Calcination
(°C) (min) CaO | SiO, | AlL0; | Fe0; | MgO | Na,0 | K0 | SG; | LOI [ TOTAL
30| 9.83 | 4250 | 32.13| 1.95 | 1.24| 0.16 | 0.15] 0.13] 1.70 | 89.79
450 60| 9.75| 46.51 | 29.00| 1.87 | 1.14| 0.15 | 0.15]/ 0.10] 1.67 | 90.34
30| 9.21 | 45.09 | 31.26| 1.08 | 1.09| 0.13 | 0.12]0.12| 1.69 | 89.79
600 60| 8.85| 49.15| 29.83| 1.04 | 1.01| 0.12 | 0.11]0.10] 1.01 | 91.27
30| 7.57 | 52.45| 30.17| 0.21 | 0.94| 0.10 | 0.09]| 0.07| 1.00 | 92.60
750 60| 7.27 | 54.35| 29.50| 0.00 | 0.92| 0.11 | 0.11] 0.08] 0.68 | 93.02
30| 591 | 46.31 | 26.80| 0.12 | 0.80| 0.07 | 0.06| 0.55| 0.60 | 81.22
900 60| 5.20 | 50.48 | 24.88| 0.10 | 0.78 | 0.06 | 0.10] 0.12] 0.20 | 81.92
30| 6.61 | 46.81 | 25.60| 0.04 | 0.66| 0.05 | 0.15]| 0.11] 0.30 | 80.33
1050 60| 6.77 | 51.02 | 24.50| 0.02 | 0.64| 0.04 | 0.03]0.02] 0.15| 83.19
Uncalcined kaolin| 0.00 | 55.00 | 29.00| 1.00 | 0.50| 0.02 | 3.10| 0.00| 8.80 | 97.42
Ordinary Portland Cement | 63.58| 19.05| 498 | 0.64 | 1.96 | 0.75 | 0.43| 0.50| 0.018 91.91




3.2 Effects of Metakaolin on Physical Properties cDPC

The effects of metakaolin on fineness and spegifavity of cement was assessed. The results are
shown in Table 2. The obtained Blain fineness vdtwemetakaolin alone is 335fkg and is lower
than that of OPC (3557fkg). Substitution of metakaolin for cement at elifint proportion caused
reduction in the surface area (fineness) and remudh the Blain Value of the resulting cement

accordingly.

The hydration process of Portland cement do notluesthe complete dissolution of the cement
grains; rather, the reactions take place betweearnaad the exposed surfaces of the cement patticle
The fineness of the cement has a considerablet effeits rate of reaction, as this will determihe t
surface area exposed to water. Thus, partial substi of OPC with metakaolin (MK) will cause
delay in hydration reaction. The effect of thisthat the strength development is slowed down. Gbst
grinding and adiabatic temperature rise in finanest, are limiting factors in the fineness of cetnen

metakaolincould be used as adiabatic temperatungittaner like any other pozzolanic material.

For the standard consistency test results, iraima final setting times for metakaolin blended ceime
pastes are also shown in Table 2. The trend shioatsds the MK content increases, more water will
be required to produce consistence paste. Farosf when 25% metakaolin is used, about 35.5%
water consistence is needed as against 27% usked®C only. This could be attributed to the delay
in rate of hydration reactions as a result of preseof MK. Similarly, metakaolin causes delay in
setting times (initial and final) of cement pagt@r example, 5% MK content has initial and final
setting times of 128 and 202 minutes as againstahtid193 minutes for normal Portland cement. It

implies that MK can be used in arid environment enchass concrete conditions.

Table 2: Effects of Metakaolin on Physical Propertes and Setting Times of OPC

Retardation
Standard Setting time | Relative to Control,
% Content of | Blain Value | Specific | Consistency (min) (min)

Metakaolin (m2/kg ) Gravity (%) Initial Final | Initial Final

0 355 3.78 27.00 110 193 0 0

5 353 3.77 29.00 128 202 18 9

10 347 3.74 31.00 142 223 32 30

15 342 3.72 32.50 159 224 49 31

20 338 3.69 34.00 217 255 107 62
25 337 3.67 35.50 256 295 146 102




Table 3 shows that the addition of metakaolin inows quantities of 10%, 20% and 30% of cement
and temperature over the range 450-f05@ffects the workability favourably. The workatbyili
improved with increase in the percentage of MK eaht On the average, the different calcination
temperatures affected the workability in the foi@50C resulted in high degree of workability with
MK content more than 10%, 98D resulted in low degree of workability with MK cemt less than
30%. 456C, 600C and 756C resulted in medium degree of workability in akes of MK content in
concrete. Slump appeared to be true in all cagesiéakaolin-concrete. Normal concrete had shear

slump. Average compacting factor of 0.90 was reedtfdr all samples.

Table 3: Workability, Slump and Compacting Factorof MK-Concrete.

Calcination Slump Slump Degree of Compacting
% MK | Temperature | (mm) Type Workability Factor
450°C 25.0( true very low 0.78
600°C 67.00 true medium 0.92
750°C 100.00 true high 0.95
900°C 30.00 true low 0.85
10 1050°C 50.00 true medium 0.92
450°C 52.5( true medium 0.92
600°C 75.00 true medium 0.92
750°C 75.00 true medium 0.92
900°C 45.00 true low 0.85
20 1050°C 115.00 true high 0.95
450°C 75.00 true medium 0.92
600°C 83.00 true medium 0.92
750°C 50.0( true medium 0.92
900°C 50.00 true medium 0.92
30 1050°C 125.00 true high 0.95
Normal Concrete 150.00 shear 150.00 1.95

3.3 Pozzolanic Activity

For a cement to be considered pozzolanic as peVAG®18, it must exhibit a strength index greater
than 75% after 28 days. This index is calculatethasratio of the compressive strength of a mortar
with 20% added metakaolin to that of a referencetamnowvith no additional of metakaolin (ASTM
C311). The kaolin samples heated at temperaturés tpJC exhibit a strength index of 94% after 28
days curing.

The results of strength development of mortar culiesw that the strength development of the

blended mortar cubes is relatively close to therobnThis can be clearly revealed with 5% and 15%

replacements achieving compressive strength of718IRa and 17.72 MPa respectively compared to

19.32 MPa of the control at 28 days. The 15% reptant also exhibits similar strength development

as the control. Compared to 5% replacement, theuatnaf metakaolinite exists in the metakaolin-
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blended mortar cubes are probably too high. Likédg, quantity of calcium hydroxide, produced from
the hydration of cement, is not enough to reach wit the metakaolinite to produce extra CSH. The
calcium hydroxide has been reduced to the minimawell while some metakaolinite are left out

without any chemical reaction.
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Figure 2: Compressive Strength of different Metakabn (MK) Blended Mortar

The mortar cubes with 10% replacement exhibitsktest strength performance in this study. The
strength development for concrete with 10% replaa@mppeared even higher than the normal mortar
cubes (the control) as shown in Figure 2. The cesgive strength of mortar cubes with 20%, 25%
and 30% replacement are generally lower than the&ra@oat all test ages. The development of strength

with age is consistent in all cases.

It is known that kaolin has the particle size rawggirom 0.2 — 15 microns with the specific area of
10000 — 29000 Afkg which is much finer than cement. These finelyidkd cement replacement
materials have a physical effect in that they behaw fillers.At the cement paste-aggregate particle

interface, they produced more efficient packing)stag the concrete to be more homogenous and
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denser. There is a reduction in the amount of limgedesulting in reduced initial and narrower

transition zone microstructurZhang et al (1995) reported that achieving higher compressive strengt
and reduced porosity, reduced calcium hydroxidegesdnand reduced width of the interfacial zone
between the paste and the aggregate. Metakaolidém®nstrated the same attributes as it also
contributes to latter strength development of morRartial replacement by metakaolin results an

increase in the strength of concrete, possiblytdus improved transition zone.

Metakaolin rapidly removes calcium hydroxide i.ea(OH), from the system and accelerates the
ordinary Portland cement (OPC) hydration. The hiydnaof cement is accelerated by the presence of
particles of metakaolin which acted as nucleatit® for the reaction products (calcium hydroxide).
However, the results show that the strength deveduy is retarded at the third day. The compressive
strength of all mixes except 10% replacement ilothian the control. This is generally caused ey th
“dilution effect”, which refers to the lowering of initial hydraulieactivity, subsequently improving
homogeneity by way of reducing coagulation anddasing dispersion of clinker particles resulting
into improved hydration procesAs the replacement rations exceed 10%, the anaiunetakaolinite

is in excess to react with calcium hydroxide. Thesta metakaolinite produce an immediate dilution
effect such that the water-cement ratio is reduc@ancrete strength is reduced in approximate
proportion to the degree of replacement. Againistiickdrop, the 30% replacement endures the most

critical strength loss.

3.4  Effects of Metakaolin on Compressive Strength of Qucrete

The presence of metakaolin (MK) in the concretel$eto a decrease in the strength values with the
increase in MK content for the first 28 days of ingr The compressive strength reduces from
18.85MPa (0% MK) to 13.87MPa (for 7%D calcination and 10% cement replacement) and REP95
(0% MK) to 25.73MPa (for 73T calcination and 10% cement replacement) at 72&8ndays curing
agesThe MK content increases the volume content afalcium aluminate (€\),resulting into
retardation in concrete setting.Thisis in consorawith the work of Hui et al, (2008), where with
increase in the calcination temperature, the amofiattive Aluminate (AlOs) increased rapidly and

later reduced steadily while the active Silicat&piin kaolin microspheres increased slightly.

At 60 days of curing, the compressive strengthhefmetakaolin-concrete cubes produced from 10%,
20% and 30% MK were 27.35, 24.94 and 21.35MPa otisedy which are 96.9%, 88.4% and 75.7%
of normal concrete. This shows the significancpa#zolanic effects as the strength increases with a

or at longer period of curing. However, Figure ®wh that the optimum compressive strength for
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different percentages of metakaolin at differenésagt a temperature of 780 except for 7 days

where the process of pozzolanity has just commenced

Table 4: Compressive Strength of Metakaolin
Calcination.

-Concreat with Age and Temperature of

Calcination Average Strength at Age of Concrete (MPa)
% MK Temperature (°C) 7 days 28 days 42 day: 60 day:
0 (uncalcined) 8.44 15.8¢ 16.0¢ 16.8¢
450 12.90 22.55 23.65 25.52
600 12.95 23.24 24.46 25.90
75C 13.87 25.73 26.96 27.35
900 18.00 20.65 22.03 26.03
10 1050 18.85 20.00 21.74 25.52
0 (uncalcined) 6.19 12.39 13.61 13.74
450 9.86 21.88 21.90 22.29
600 10.50 22.46 22.61 22.90
750 12.00 23.54 23.88 24.94
900 16.61 18.46 20.86 22.46
20 1050 16.63 17.54 20.00 23.59
0 (uncalcined) 4.50 9.66 11.57 11.00
450 6.48 18.98 18.61 17.71
60C 6.93 19.02 18.96 18.96
75C 8.17 20.92 19.17 21.35
900 15.07 19.14 17.55 16.94
30 1050 15.11 18.44 17.13 16.83
Normal Concrete 18.85 25.95 27.13 28.22
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Figure 3(a): Compressive Strengths of Metakaolin-
Concrete at Different Calcination Temperatures at 7
days Curing Period
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Figure 3(c): Compressive Strengths of Metakaolin-
Concrete at Different Calcination Temperatures2at 4
days Curing Period
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days Curing Period days Curing Period

3.5 Effectof Calcination Temperature on MetakaolinConcrete

Calcination is needed to improve the performancéaaflin, converting it to metakaolin. Through
calcination, kaolin will become reactive with calai hydroxide to enhance the strength of
concrete.The results of compression test for vgrgement replacement are shown in Table 4, while
Figure 4 shows the strength performance of 10% Mli€ioed at different temperature. Metakaolin at
750°C has the best performance among other sampleheAtth day, metakaolin-concrete at %50
reached strength of 13.87 MPa. After that, thengtite developed to 25.73 MPa on the 28th day, 26.96
MPa on the forty-second day and reaches an ultistegé@gth of 27.35 MPa on the 60 days. Contrast
to the well-performed metakaolin at 78) metakaolin at 45C is the least performed metakaolin. It
only manages to attain strength of 13.39 MPa aséventh day. The further strength development for
metakaolin-concrete at 4%Dis 22.55 MPa (28 days), 23.65 MPa (42 days) &802MPa (60 days).

Sabir et al (2001) studied that the burning orio@lg temperature of clays is crucial and affetis t
pozzolanic reactivity of the resulting product. Td¢edcining temperature, producing the active state,
usually in the range of 600-800°C. Similarly, inistpaper, starting from 480 to 750C, the
compressive strength of the concrete increases thighrise in calcination temperature until the
optimum temperature of 780. After the calcination temperature increased @6°, the concrete
strength begins to drop. Figure 4 shows the sthepgtformance with 10%MK calcined at different
temperatures.
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Figure 4: Strength Performance with 10% MK Calcinedat Different Calcination Temperature.

Other than the amount of metakaolinite, the catcnatemperature also affects the reactivity of
metakaolinite. From the study done by Kakali et(2D01), metakaolinite has a highly disordered
structure and reacts particularly well with limeddorms, in the presence of water hydrate compounds
of Calcium and Aluminium Silicates. However, theaphous metakaolinite of high surface area is
actually the result of the thermal treatment. Thécioation temperatures determine the degree of

disorder of metakaolinite and hence affect its doahreactivity.

Increased calcination temperature results in higloetent of metakaolinite with higher reactivity.
Metakaolin at 75¢C has higher early and ultimate strength than nasfik at 608C. The improved
performance is not proportional to the temperatinm@ement, where negligible improvement is
observed for temperature of #80and 608C (i.e. 25.50 MPa to 25.59 MPa at 60days) but the
improvement within temperature 6@and 756C (i.e. 25.59 MPa to 27.35 MPa at 60days) is more
conspicuous. This indicates that the performancenefakaolin is not linearly proportional to the

calcination temperatures.
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When the calcination temperature reaches’@5the peak performance of metakaolin-concrete is
achieved. Thus, based on the experimental dataethperature of 78C is the optimum calcination
temperature for this study. At this stage, the kadin has a maximum amount of metakaolinite and
also the highest chemical reactivity. This enaliids have the highest early and ultimate strength,
about 13.87 MPa or 10.7% higher than metakaolB0&iC at 28 days.

As the calcination temperature is increased td©@Ghd above, it is observed that the strength ef th
concrete declines. This is as a result of the stallyzation which occurs when kaolin is heatedhat
temperature above the optimum temperature, hentgngaa reduction in the amount and reactivity of
metakaolinite. In this condition, kaolin activity ieduced.

4.0 Conclusions & Recommendations

Based on the results of our investigations, thiefohg conclusions could be made:

i. Different colour formations were observed for diffet granular kaolin samples at different
calcination temperatures. Metakaolin in cementegaatises reduction in rate of hydration and
retard setting times, as the fineness of blendedece is slightly reduced. On the average,
750°C resulted in medium degree of workability (truensp) in all cases of MK content in

concrete. Water-binder ratio of 0.5 may be appsedgri

ii. Metakaolin mortar exhibits a strength index gre#itan 75% after 28 days in conformity with
ASTM C618. Kaolin samples heated at temperaturasess 600 and 786 exhibit a strength

index of 94%. Hence, metakaolin is a pozzolan.

iii.  The compressive test results shows that concretehes highest strength at early ages (1-7
days) at the calcining temperature of 1%5@ue to the favourable chemical condition that is
promoted by the high content of silica ($OAt the 1056C and 456C, the percentages of
silica content (Sig) are 51.02% and 46.51% respectively.

iv. Compressive strengths of concrete and mortar cdibedifferent replacement ration of

metakaolin at 28 days and 60/90 days respectivelg@mparable to their control

v. The optimum temperature among the range appliethignstudy i.e. 45, 600C, 750C,
90dC and 1058C is 750C because the highest strength of metakaolin ctmaed MK
blended mortar cube for 28 days, 25.73MPa and RBAR@6respectively were reached at %0

and 10% optimum percentage substitute of metakaolin
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Based on the results obtained in this work, iesommended that further investigation be carried ou
to determine the effect of metakaolin Particle sirstribution on the concrete strength, while it is
important to study the different behaviour of metalin-concrete, calcined from different kaolin(g) t

look into the effect of geographic area and bedmtkhe compositions of the clay minerals.
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