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Introduction

Refractories are mostly made up of Inorganic compounds which are usually derlved from clay, it
I characterized by the abllity to withstand physical, chemical and corrosive attack without
deterloration at elevated temperatures (Musa et al, 2012), These materials are mostly used
I metallurgical Industries  for the linings of Internal furnaces wall, melting, holding  and
transportation of metal and slag. It Is also widely used In varletios of Industries such a5 glass
manufacturing, cement, petroleum and ceramics industries (Walng et al,, 2004),

Inthe last few years, the possibility and significant application of refractory materials in the
Industrial growth of Nigeria have been recelving serlous attention (Abolarin et al,, 2004,
According to Amuda et al, (2005), there will be a high demand for refractory materials with the
anticipated completion and subsequent commissioning of Afackuta Steel industry which hméz‘:
Production capacity of 1.3 million tonnes of liquid steel, Ndanusa et al, (209,5) added that o
Industry will require approximately over sixty million naira for about 45,?"03 w‘ﬂ edme’day
fefractory bricks for lining furnace wall only. The authors further stated m:w
€Onstitute over 80 % of the bricks that will be required for this purpose. It "3‘;:,” Nigeria
that between 1997 and 2002 about $850 million dollar was expendcczga 0';1“ Cracking (FCO)
Ndigenous refineries during its turn around maintenance (TAM). Fluid ber of different grades
I5the most vital unit in the TAM process. This unit is lined with Jarge nu

Ofrefractory pricks (Borode et al.,, 2002). The Chemical, hardware,ndcmd m::’ miaﬁmb :
W€ 3l in serious need of these refractory materials. The % These refractory materizls
- Oreater than 300,000 tonnes as at the year 2000 (Ndallmaniie i W

are Sourced by importat[on (BOI’Ode et al., 2002)- Meanwh
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( clay have been reported across major ol
rising that the growth of refractory industries thecal h
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rtaing, ¢,
the petrochemical metallurgical and other allied industries has necessitated the p, t}'f;,an
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hof . This will lead t 050,
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?ci Isja%/e ?he mﬁch needed foreign exchange (Musa etal, ) a

- its of
In Nigeria abundant dcpos.
(Musg & Aliyu, 2011). But itis surpC
is still at its infancy stage. The pres

 affarts to explore and improve the properties of Niges
ot e s
documented on the properties and application of Niger-la ddf y fcl>r r;z Z\éant 'i't"aUStrlal APplicag,
However most of the clay studied reported are limite glcazyo 08-p7xs A’Om the follys,
geological belt; East (Nnuka & Agho,2000; Chukwudi, il Ame & Obag) .
Osaremwinda & Abel ,2014; Odewale et al, 2015), southwest (Amuda et al, 2y
Omotoyinbo & Oluwole., 2008; Oloruntola ct'al., 2010), NOr.lh central (I'sah, 2010; Musy
al,, 2012, Manukaji, 2013), North East (Abolarin et al,, 2004, Abdullahi & Samaila, 20
Aremu etal,, 201), South South (Osaremwinda & Abel, 2014). ,

This has stimulated the r
relevant industrial applica

It is evident from literature that no attempt has been made to characterize Clay Deposits the
North Western Nigeria specifically Sokoto state to the best of the authors knowledge, This Work
is aimed at characterizing some selected clay samples in North West Nigeria clay deposits Wwith
a view of ascertaining its suitability as a refractory material for relevant application in Nigena;
manufacturing industries.

Materials and Methods

The basic raw materials used in this work are clay obtained from two differes
(Wamakko and Illela) locations within Sokoto states in the northwest Nigeria: Sokoto state

Sample Preparation

fhe clays from the various deposits were crushed and grounded to fine grains, The
samples were: moulded with adequate amount of water and then moulded lnto'm
Wv)()m“”y. slzes of rods of length 85 mm by 45 mm- diameter 1(1('1"whlch the werea;r
dried for 24 hours and oven dried at a temperature of ll()"’(f for 12 hoursyThems
;:’l":’llr‘ h;;::.l :I',‘;,';, '.'\llll:!)h"l'(, W:’lu then fired in an eloctyie lllll”l(!‘ﬁll'lm(‘,(‘. at 1060%”3
were then """’f" "1!‘ llutjf"v.u'l'flu "',"vlnw rate Lo avold the cracking of the rods. The b

L5 % . J
rods ready for teating (Plate 11), PLooper minute to room temperature MI”MW

Charae terization
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Cold Crushing Strength (CCS) = s

Cross sectionai arez

Determination of Refractoriness _ \
The refralctoriness of the rods could not be determined Sxperimentzly becs,
were fired to limited temperatures between 99  _ 1100 °C but wzs ¢
formula (Odo et al., 2009).

— 360%4L 0y 3,
K= 0.228

Determination of Linear Sh

rinkage
Linezr shrinkage was determined by Me3suring the dimensionzl thanges o
wet and fired rods using a Vemier calliper. The linear dried dimensions wars
measured after air drying overnight. The linear shrinkage
relationship shown in equation

Wias Getermined using the
LS = ‘—LL X 100 %

o 5

EL)
Where Al is change in length of the rod and L is the

original length of the rod.
Determination of Apparent Porosity
The 85 mm rod was dried in an oven at 105 °C for 1 hour to dry the Samp
the dried weight in air (Wa) was taken,

es. The weight of
before sample was put into boi
rapped air bubbles. Tt w

iling water for 15
: as then allowed to cool after which the weight
of the soaked sample (Ws) was taken. The sample was removed from water ang deansd wp
and weighed againin airand th e Saturated weight (Wss) determined. Apparent DOrosity was
evaluated using the formula:
AP (%) = volume of water absorbed afrer boiling
bulk vuolume 3
= Wss—Wa X 100 % 3.8)
Wss—Ws

Results and Discussions

Table 1 shows the results of chemical composition respectively for the clay samples:
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Suraia, 2002), THe tesuite also

alhwithin the
WY DK (Grimshaw, 1971 Abubakar et al.
SRR can withstand high temperatiies before
oaing O SING Rproperties and therefire can be used o rnace linings,

colaRs

) oveles specitied e freclay and refvact
N \‘\‘ :_\/, SaUl reveaiad that both clay

Ay
DRME
\

o colkd CTUSHING STrenQth 18 a measure of a Materal to withstand abrasion and load without

aking O disintegration (Muhammady, 2013), The cold erughing strength were found to be
‘“:\“ and 8,28 MPa e Wamakko and Heda, ¢ Ay Samples respectively, These values fall shot
\the standard values of 18 MPa. fo frectay, refractory biick imshaw, 1971), 1 he values (s
1\\\\ than 1593 and 18 MPa for

oo OF Qnibode and Varmakumi clay samples reported in
srevature (Abduliahi & :\‘\"“3"“‘ =007} Apeh et al, 201 D Wamakko clay sample howeve
\\‘,wq a higher value of OCS than 9,88 and 1121 Mpa e
QA ‘

ported for Oghara and Tammah lay.
mhisshows that the \Wamakko clay samples can be used totranspont slag,
\pparent porosity Is the ability of the clay to ba in
usad for measuring the degree of vitrification
(Oloruntola et al, 2010). The apparent PQrosity of 23,26 and 12,61 % were obtalned for Ulela
and \Wamakko clay samples respectively

\  The values for 1llela wetre within the standard range of
20-30 % recommended for fireclay while Wamakko POrosity of 12,61 % exhibits a shortfall of

the stipulated standard, According to Aremu ot al, 2013 these offoct assoclated  thermal
losses at elevated temperature. The author added that the thermal conductivity of a refractor y
materials decreases as its porosity Increases as the pores tends to act as non conduc ling
media. Low porosity of clay makes it's a 900d conductor of heat which makes It application in

construction of oven smelting furnace (Isah, 201 0). The results obtatned for Wamakko and
Mafara clay samples suggest its sultability for such purpose,

Permeable to gases and liqulds, Porosity (s
and [t 1s directly related to shiinkage volume

Thelinear shrinkage is a property of clay material which enables {t's to restst structu al changes
and disintegration when subjected to heat (Folaranmi, 2009), Wamakko and tala clay samplos
were found to have linear shrinkage of 3.52 and 3.24 % rospectively, Hlala clay samplos
conforms to the standard value of 710 10 %

for fireclay, Wamakko donot conform o this
standard but had higher value than 1 and 2 % reported by Apeh et al, (ROTLY and Abdullal and
Samaila, (2007) for Onibode and Yarmarkumi clay samplos

Refractoriness is the maximum temperature a materlal can withstand after Which It will fall
(Folaranm, 2009). The refractoriness of the rods could not be determinad exparimentally
ccause the rods were fired to limited temperatures between 900 < 1100 °C, The values wore
estimated using Shuen's formula, The refractoriness of the clay

samples was found to have
softening temperature greater than 1500 °C which Is In agreement with the relovant standard
SPecification and literature,

Conclusion
heinvestigation carried out on the clay samples from Sokoto showed that the properties of
© Aays samples shows appreclable consistency with standard for fireclay and Industria)
e Tactory bricks except for some slight devlation. Results of chemical analysls claarly revealed
hat the clays are member of the alumina- sllicate famlly and found to ba sultable for use as fire-
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Clay rafractorles, The refractorines the, clay samples were viell afoye | 50 '

wotentlal usage melting metals and non-metals with melting points be)
'T)‘;:Lmr',lry! mdg have vg:y good crushing strength ’rmd satlsfactory a9 ong 1A
physlco-chemical test ravealad that the entire clay gmnpl@s can be | fo,
purposes, Geologleal survay should be carrled out to know the fuantity °’thc°' s,
Further research should be carrled out on blending and the use of local o i
atch aw ashestos, graphite and rice husk to Improve the physical s chgm’“, p‘ﬂd"
Wamakko clay samples with low qualitles, /i
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