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ABSTRACT

A study af pozzolamic activity af four EGrhanalan cloys ix presented. The moistire confent, particle
size distribution, and the chemical composition of clays were defermined. X-ray diffractometric
and thermal analysis were also perfarmed to determine the mineralogical composition. Caloinfions
of the clays were carried out at different temperatures hetween SO0-TH00°C anad the pezolnney
produced used te replace 20% Pordland cement by maxs i mortars.  Compressive siremgths of 123
pozzelana cement mortar cubes ot 28 days were determined. The values obtained showed that
Agokwa (AS) and Mankesim (MN) clay samples hecome kighly pozzolaiic af 80O whilst Hwereso
{HW) amd Nionsia (NK) clays fad their optimum calcination at QTP o ST respectively
The compressive strengths were kigher than the 24.1 MNowmy® mimimun standard sel for concreie

andd peweral congtraction.

INTRODUCTION

Pozzolanas are siliceous and aluminous substances.
which, m their finely divided form, react with lirms
in the presence of water al nrdisary temperaturs
to produce cementitions materials (Lea, 1970), They
aeeur in natural and amificial form, Examples of
natural pozzolanas are Ralian it pozeolma, o,
trass, pumicite, santorin carth, and diatomaceous
pathy whilss arificial pozzolanas are chay, shale,
fly ash, bauxite waste, and blast furnace slag

Artificial pozzolanas have (o undergo heat
treatmenl befare they become pozzolanic {Les,
(970, Hammond, 1987, Wild, 199 Wild af al..
1997},

Pozzodanas are ueed to replace Portland cement
up 1o 40% n concrete and masonry wirks for
housing construction (Lea, [970; Malhotra, 1552,
Wild, 1996, Wild atal, 1957). They arc sometirmes

preferably used for construction because of their

fesistance to alkali-aggrepaie reaction, improved
urability due to resistance 1o sulphate attack,
improved workability, and lower cost among others
In some cascs the usc of poreolana reduces
emvromemcntal pollution sieee it mokes use of the
above-mentioned waste materials. Studies have
shown that pozzolana cement produces. strengths
required for concretes and mortars (Hammand,
(98T Malhotra, 1942; Wikd azal,, 1997),

This paper prosents 8 study of the possolanic
activity of four selected clay deposits m (hiana
The chemical and mineralogical composition of the
elays 18 derermined 1o ascertamn their suitability for
porzolana production. The optimum calcination
temperaturc 15 established for the elays by
evaluatim the setting time and compressive strength
of the caloned ¢lay pozzolanas The pozzoianas
are companl to Portiand cement
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Poezolanic activity

Pozzolamic activity of clavs depends on their clay
mingrals, which in tum determine their chemical
compoaitions. Clay minerals are tiny crystaline
bl aluminium silicates with particls size below
Z2um meorporating other metallic wons and some
impuritics. They are cvolved primarily from the
chemical weathermy, of foldspars and micas. These
ervatalline minemlsare siable, non-reactive and thus
noo-pazzolanic (Lea, 1970

The poezolanity of cloys are developed during
calcination betwoen 500 — 900°C by the disruption
of the ervstalline strecture and then grinding them
1o coment Nncncss (<75um). Generally, the active
componenis are either semi-omorphous siliceous
and aluminous compounds with 2 highly distared
crysial structure (e g mtakaokinitc) or amorphous.
glassy phast. These compoumsds arc very unstable
and chemically active

Clays differ in therr chemizal wnd mineralogial
composition so they have different oprimem
temperatures at which calcinmi them gives the
heghest pozeolxive activity. Thare are mamy methody
of determenmg the poziolanity of materials. Thuse
mclude deduenons based on chemical or
mimeralogical compodition, determinntion of e
regctivity of posssiama or compressive strengths
of porzolana coment (ASTM, 19749,

Lime pengtivity fest is an aceclerated cunng test m
which the mortar fest cobes are cuted in a emid
eaviroonmend at 35°C for 7 doys Thes test allows
quite a fast asstssment of the activity of the
pozzolans, but because of the test condifions,
conclusions cannol be made about how strong the
il material 5 godeg b0 be durieg construction
waorks. The compressive strength test method cures
the mortar cubes at ambient temperature for 24
davs, Although the test requires longer time, the
rezulis are more rehable to evalunie low saitable
the: pormslana is for constriction purposes. Thensfon:
tha compressive strempth test is mostly wsed to
cvaluate the pozzolanic activity {pozzolanity} of
materials for construction purposes and this s the
method adopied for the cudy.

MATERIALS AND METHODS

Materials

The Tour clav samples sclocted for the study were
Asokwa (AS) and Hwercso (HW) clays m the

Ashanti Begion, Mankesim (MM} elny in the
Central Region and Mkonsia (MK) clay in the
Brong-Ahaft Region, Other materials used were
ardingry Portland cement, produced in sccordance
with BS 12 standnrds (BSI, 1993}, and sand. The
sand wizs propared such that all passed through a
standard O X-mm sicve bul not more than 10 %
passed through a 0 &-mm sigve

Asaboaa clay is decrved from the weathering of Lower
Faranzn {Middle Precambrian) Phyllites, Hwereso
ciny 5 a rod Inamy one-and 15 a deeply wiatherod soil
v s oF metamonpiie rocks found mthe huid
zone of Ghang Mankesim clay is denved from the
completed wenthered Lower Binminn Schists whale
Mhonsia elay & the residunl product of the westhering
of arkases, sitatone and shabe in sandstons (Frampong
and Ao, 19923,

The physical propertics of the clays and coment
wese determined according to BS 1377 (BS1, 1990),
gnd shown im Tablel. From the particle size
disinbution the clay, silt and sand conlents were
aleo ealelated The chemical compostion of the
clay samples and cement was detcrmined by
sravimetnic methods acoordag i ASTM standards
{ASTM, 1979) and ulso presited in Table 1

Al Four cay samples had high siicd conlent bepwecn
fill-7(%5, an appreeiable amount of ALO, {15-
18%5), and 4 5-9% of Fe.0, . the red samiples having
the hizher values

The mineralogical compositions were analvsed by
Keray diffractometry (XEDY) using o Philips P'W
|7 L0 shiTraciometer with copper anode and 40 kY
pencrator valtage, The peaks on the diffractogram
were identrficd using ASTM identification cards and
the powder diffraction file (PDF) database of
JCPRS-ICDD (1995) software.

Figures 1-4 show the X-ray diffrectograms of the
clay samples, The miun peaks have been morked
a5 shaown. The mapor components of all the samgples
are kaolinite and guartz, Aparl from these, cach
sample containged a small amount of chionw. The
red coloaur af Hwereso and Mkensia clays is due to
the presence of some geethite and homatite:
Muonkesim clay showed o fow weak reflections
associated with muscovite, illite and feldspar
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Table 1. Physical and chemical properties af clay samyles und cerent

Material AS HW AN MK Ciemuem
Colour Yellow  Brownishred  wuow  Brownish red Girey
Muoisture cantenr, % s 73 i 165 .
Specific gravaty 264 272 a7 i 108
Clay, 4 4 E§ | 3 17 .
Bile. % 43 o 1] Iy
Hand, % 14 £ W 47 a
S0, % 8 {17 816 [ T
ALY B 157 1832 it L 5
Fe 0, % 4 a1 44 62 26
) % i1 12 7 1] &
MeD, % i Lrace il 12 25
3, % 0,z i {344 a2 by
Lo, s 53 i3 i% | S
Kaalinite cantent. % e X - A
EpRt e e T e T S ok oA ma
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Fig. 1' Xerax diffractogram of Asokwa clay
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Fig. 2: x-rav diffractopram of Hwesreso clay
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Fig. 4 X-ray diftfractogram of Nkonsia clay

Thermal analvsis was aldo corned owt on the
samples with a MOM Derivatograph, The
instrument records the temperatare (T), the
thermegravimetric curve (TG, the differential
thermogravimetric (DTG} and thermal analvaeg
curves (DTA) simultaneonsty. The position of the
various endothermmic and exothermic peaks on the
DTA curve scrves as a means of qualilative
ufentification on the substsnee. The measurements
of mass losses associated with dehwdration or
decomgosinon provide a quaniiative assessmen|
of the compounds present

Figures 3-8 present the thermal anabysis curves for
the clay samples. The samples gave very ssmlar
eecorduges, s differonce baing the total mass loss
during the anaby=is and the mass loss associated
with the decomposition of koolinite. The thermal
analysis shows mass loases in the 100-300°C
temperature interval on the TG and DTG curves

and corresponding endothermic peaks on the DTA
curves for all four samples. This 15 associated wath
the ¢xpulsion of free and adsorbed water and around
2907°C probably from the debvdration of gocthate
The endothermic. ITA peaks &t 540-350°0 sl
the cxpulsion of straciural water principally from
the erysial Lathes of ksohinte, However, it must be
nated that illite and muscovite aleo bose water at
this temperature range. The mass loss on the TG
curve corresponding to this change is & more
reliable way to determine the kaohnite content of
clay samples. The exothermic DTA peaks at 900-
S30°C show the formation of 2 now phase. mullste
In case of well-crystallized kaolinite this peak
appears lege 1 10GEC {Tamds, 1970)

Based on the mass lesses corresponding to the
waler loss of kaolinite, the amount of kaolimite
present in the samples was estimated together with
the total mass losses and the results aro also
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prescntod tn Table 1 The resulis show that the
kaclinite confents of samples are sumilar, varying
between 36-40 %

Meihods

Culvination

Adr=dred clay samples were crushed and sicved
throagh o 0, 2-mm seeve. The undersize wis oven-
drsed at 105°C for 24 hovrs and then calcined inan
ghectric kiln in batches at 604, 700, 804, 904 and
1000°C. The calemed clays were ball-milied and
pissed through a standard 75-pm sieve and the
undergiae wsed for the tests

Compressive strengih

In order to determine the optimum calcination
temperature for each cloy sample, the compressive
strengths of the pazzolanas were testiod by blonding
them with Portfand cement osing cement
replocemnet of 20% by mass The pozzobanas and
the cement were blended first and then the
aggregates as specified by BS EN 196-1 (BSI,
1946). A binder {cement and poezotana) o samd
ratie of 1:3 was emploved. Afterwards, water
needed was added and maxed for about 4 minutes
A watee binder ratio of (.42 was used o obliun a
workahle ik,

Martar test cubes were then prepared i 7h-man
cube metal moukds. The moulding ivodved taemping
the mortar and vibrating the mould for 2 mmuies
After keeping the moulds under wet sacks for 24
fiours, the cubes were demoulded and cured m
witler at 21100 for 28 daye. The mortar cubes werg
then tested For compressive strength

Kefring rime

The Vicat apparaius was uscd fo determine the
standard consistenciez and sctiing times of the
pozzalana cements and Portland cement as
specified by BS BN 1961 {BS], |Y96)

RESULTS AND DISCUSSION
Compressive strength

The averape compressive sirengths of 10 mortar cubés
for the difforent caloination temperatures ird
presentod i Tabbe 2.

All samples on calcmatzon showed some poezslanic
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notrvity af all temperatures and had compressive
strengths higher thio e minimum standard vhoe
of 24 1 M/mm? required for both concrete and
general constructions (ASTM, 197%), Hwereso
clay, howover, attained this mimmam value at only
ST, The optimum cabeimation temperatures.
which the highest comprossive strengths were
obtined are marked m Table 3. 1o case of Nkonsia
play caleination at 600 and Y00°C gave comparablo
results, hewever, for cost saving on cnergy T lowes
temspieraiure 5 chosen as the optimum

It 15 observed that Hwenso clay gave the kowest
compressive strengths even al s eplimum firing
tempieratuse of 900°C. It had the lowest Si0),
content and Sk, 1 ALD), ratio. These constituemnts
are the most cssential for pozzolanic activity,
Howewer, 1t 15 nol possible 10 prove strong
correlotion betecen the optimum finmg Emperaiure,
compressive strength and the 510, or ALD, conlznm
or kaolinite content of the other samples_ It ts also
noted that the Mankesam clay at the optimum finng
femperztene of B00°C gave o higher compresas
sirength than the controd mix of 36:5 Nimm?® which
did ot eontain pozzriana but only ordinary Portiand
corment,

Jomwemal af seience o techrologry volume 24 mo f, 2004 R



E

et

Fig. & Thermoyrams of Hwesese clay

el e —- =
LI L e ——— Ly = T
s e e g —— - ="
* - -
" =

T, gk o S
e s
e e

B2 journal of science and lechrology volume 24 ma. i, 2004



Evaimation of Pogpmlamic Aotiwly

Mvwrceaty preea A e

Standard consistency and setting times

The standard consistency and the final setting tmes
ofthe pozzolana cements and cedinary Porthand cement
were determined at their respective optimum
termperatures; These are shown in Table 3. The
standard consstencics of the pozzolamg cements wir
a liftle higher than that of Portland cement

Tubke 3. Standord consbstency and seliing dinses il

el an cemenis

Sangle __g;ﬂlml SeHing time, min

oomastency, % [ e Finul
AS i oy 5
HY 74 1Kl I
LS Wi a8 W
B T4 a1 X5
Cantral £ ] 280
CONCLUSION

The analysis of clay samples showed that except
for significant differences in the Fe O, content
mmpacting differsnt coloration o the clays, fhe S0y,
and AlLQ, contents are similar. The main
minezakiyrical components are also quite similar with
the main clay mineral being kaclnite of 36-40 %,
and quartz. Pozzolamic activity of the elaye was
developed by calcining them ar [Emperatures
between 600-1000°C . The optimum calcination
lemperatures arc 8300°C for the Asokwa and
Mankesem clays, 900°C for the Hwereso elity and
BO0C for Nkonsia elay, The study shows that all
four clays are suitable pozzolamas, which can be
used 10 partially replace ordinary Portland cement
for both concrete and general comstruction in
housing
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