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Abstract

Clay soils are widely used in Akwa Ibom State farigus purposes that require cooling. It is made jrots for
storage of drinking water and as walling matef@ay soils are used as a potential thermal insufatoshelters
and there is need for the thermal properties ottag sample to be investigated. The thermal pitazeof clay
soils from selected parts of Akwa Ibom State haevipusly been investigated but clay from othetpare yet
to be investigated; hence this study investigdtestiermal properties of clay soil from Uruan logalernment
area of the state. The result shows that the dayshmean thermal conductivity of 0.393 Wkit; mean bulk
density of 1.69 x18 kg/nT; mean thermal diffusivity of 1.98™" and mean thermal resistivity is 2.55 mRW
The results show that the clay from Uruan, Nigéwe the lowest absorptivity compared to the claymas

from the areas studied so far. The temperaturdigiceg model also shows that the clay presentsleébst

temperature value during the highest daytime ofvbeh 13 hours and 14 hours. The resistivity andribk
conductivity compares better with the values foolikmobtained elsewhere showing that the clay sanfigim

Uruan local government area, Nigeria contains kaoli
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1.0 INTRODUCTION

Information on the rate of heat flow through maksriwhether through conduction (solid), convectiaguid) or
through the process of radiation (space) is necg#saivil engineering and in building industryrfoomfort of
home seekers. In an event that many building na$esuch as concrete, zinc, glass etc, which aat he
conductors are so expensive there is need foraituocally sourced materials to be used as adtéve
building materials. Common local materials thatlddee used as building materials found in this jpactudes
clay soils, Musa paradisiaca, Thaumatococus danielli, Cocos Nucifera, Macaranga barteri, and oil and raffia
palms etc. These materials could be sourced framr rbanks and in the forest at no financial. Their
effectiveness as thermal insulators especialjhenday time determines the choice of any of theeriads as
used in buildings. Clay is natural and very finaiged, unconsolidated rock material, which develglasticity
when mixed with limited water. Clay soils are founthrough natural processes such as weatheringcobr
within geological formation. Clay is composed ofides of silica, alumina, iron, alkali and alkalieerth, and
some crystalline substances known as clay minéFalaranmi, 2009). The mineral contents of thesg<lare
known to affect some physical properties of theemal such as thermal conductivity, plasticity, aunl and
liquid limit, Clay soils are grouped according teir colors as red, gray, white and yellow (Bamigb2001).
For the purpose of considering clay for buildingides and the need to enhance its civil engine@atential it

is burnt to form bricks as it is hard and strongewlfired.

Thermal properties of any material that determitsesuitability as a thermal insulator are thermal
conductivity, specific heat capacity, thermal diftity, thermal absorptivity and bulk density. Thex
conductivity of a body is the property of the baalgich describes the rate of transport of heat gnérgpugh
the body as a result of temperature gradient. ptoperty of the body could explain why earthen @ots used
to store drinking water and as walling materiahkwa |lbom State.

Various studies have been conducted to investigetehermal properties of different locally sourced
materials in Akwa lbom State, Nigeria. These ineluthermal conductivity ofmusa paradisiaca and
thaumatococus danielli (Essienet al., 2016),Cocos Nucifera (Etuk, et al., 2005) andmacaranga barteri (Etuk
et al., 2009) etc. Thermal conductivity of clay soilerh Salta, Ntewa and Kigombya show values rangeah fr
0.13 Wm'k™* and 0.30 Wrilk™ at room temperature (Mukwasibwe 2007), thermabeetivity of Koalin have
been investigated and value obtained as range bet&& Writk™ to 1.5 Wnk™ (Owalu, 2008).

The comparison of the thermal properties of diffiérelay materials in Akwa Ibom State, Nigeria, as
potential thermal insulators was conducted by Etudd., (2003), similarly Adekunlet al., (2014), Owate and
Edike (1986) investigated the characteristic properof some Nigerian clays from other parts of g
different from those investigated by Etetial.

This study is aimed at investigating the thermalpgirrties of gray clay soil obtained from a rivenba
in Akwa Ibom State, Nigeria and compare the rewith those obtained from other parts of Akwa Ibotat§,
Nigeria. The thermal properties investigated irs thbrk are thermal conductivity (k), specific heapacity (c),
thermal diffusivity (D) and bulk density).
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The thermal conductivity of a porous material igafied as a combination of the contribution of thermal
conductivities of the different phases of the miaterwhich includes solid, liquid and gaseous phkass
presented in equation below (Essetial., 2016)

A=A
The total conductivity ig.,, while the first, second, third terms are the ithedr conductivities contribution from
the respective phases while the coupling term adsdor the gas condition that thermally short wits the high
thermal resistance between the points within thiee§.
The thermal transport equation through a solid riatis given as (Ekpeet al., 1996)
0°T _ peoT
X2 A ot 2

solid + /]rad + /]gas + A

couple 1

The general solution of Eq. (2) is given as
T(x,t) = Ay +> A expfi(mat + 3, x)}
m=1

where

WOC\1/2 ;1 -

5 =m (50
m

Substituting Eq. (4) into Eq. (3) modified thertsport equation to obtain

T(x,t) =T, — A explax)cosiut —t, - 0—;()}

A, is the daily temperature amplitude at %0

t is the time of the day in hours

X is the coordinate through the thickness of théenmsl studied
to is the time of minimum temperature at the surfadeours
a is thermal absorptivity

— -1
w is the angular velocity per da@{— 2
Tnis calculated from the hourly surface temperaawerage T(0°c)

24
T
T.=) 2

Hence Eq. (5) becomes
7l 12ax
T(xt) =T —AexpFax)cos{—(t—-t,———
()mAbp()E(on)}
This is a temperature predictor model for a paldicmaterial in a particular time of the day.

3.0MATERIALSAND METHOD

3.1 Sample collection

The clay sample used for the study was obtainech fitee bank of a river at Ifiayong in Uruan, Akweaoib
State, Nigeria. Uruan situates between latitude4®° and longitude 7° 20" E in the North and Westisl|
bounded in the East by Odukpani Local, GovernmeeAn Cross River State, in the South by Okoboaloc
Government Area, in the West by Nsit Atai and IkpsiAsutan Local Government Areas and in the Nbsth
Itu Local Government Area. The clay samples wekerao the civil engineering laboratory of the Usisity of
Uyo, Uyo, Nigeria for drying, crushing and sievinghe clay was then moulded into three circulampsisaof
11.0 cm diameter each and 0.59 cm, 0.61 cm, argl dh6thickness respectively. The moulded samplegs we
again subjected to slow drying to avoid the probtdnmedistribution of water due to temperature ggatd

3.2 Experimental Procedure

The thermal conductivity of the clay material sedlwas determined using the steady state methad use’s
disc apparatus and according to method of (Esdtiesh., 2016). This involves the measurement of the flow
temperature through the clay materials at steaaty.st steady state, the rate of emission of betie exposed
surface is equal to the heat conducted througimtterial.

The thermal conductivity\] is obtained from a modified Fourier heat equatoren as
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_ mc,Sh
AG, -6) .
where A is the area of the sample if m is the specific heat capacity at constant pressutiee disc J (kgk),
Hf y

h is the thickness (m) of the fibre board, m is teess of the disc and. 8 the slope of the cooling curve

and 0‘ are the upper and lower steady state temperatusssured in k and in Wm'k™. Other thermal
properties such asy@lensity ) were determined experimentally using method @éKE2010) while thermal
diffusivity (D) and thermal absorptivityuf were obtained from Eq. (9) (Khatgy al., 1978 ) and 10 (Sodha
al., 1997 ) and the thermal resistivity (r) the recgaioof the thermal conductivity(Ajibola and Onab@r.995).

- A
e, 9

/ w
a=.|—
4.0 RESULT AND DISCUSSION

The thermal properties of the studied clay sampbbtheir mean value are presented in Table 1. .tidenal
conductivity of the clay sample ranges betweedD-®.405WrK™* with a mean of 0.393 WAK ™ for a mean
bulk density of 1.69 xI®kg/n?, the thermal diffusivity is ranges between 1.7a-210" m’s*with a mean of
1.98nfs* while the mean thermal resistivity is 2.55 mRWrhe mean values of the thermal properties of the
clay sample are substituted into equation 7 to inbth equation 11 as a model to aid in predicting th
temperature of the clay sample for a particulaskiheéss and nature of the sample;

T(x,t) =T, — A, expt1360x) cos{026t —t, — 5194x)}

where & is the angular frequency.

11
Table 1: Thermal properties of the clay sample
Sample |\ px10° C, x10’ D x 10’ o (mh) r (mkw?)

code (Wm?k™) kgm® Jkg'k® ms®

M, 0.403 1.678 1.121 2.142 13.02 2.48
M, 0.405 1.652 1.166 2.103 13.15 2.47
Ms 0.371 1.727 1.264 1.700 14.62 2.70
Mean 0.393 1.686 1.183 1.982 13.60 2.55

The resistivity of this clay sample is within rangkEkaolin clay (Etuket al., 2003) while the thermal
conductivity is within the range obtained elsewhé@walu 2008) and the comparison of the temperature
predictor model of the clay from Uruan local gowveant of Akwa Ibom State with other clays from otbarts
of the state shows the Uruan clay having lower giisdty of 13.60 m'. The clay sample studied has a mean
specific heat capacity of 1.18 J/Kgk which is camgble to the 1.19 J/KgK obtained for kaolin frotm llocal
government area of Akwa |lbom State, Nigeria. (Eatl)., 2003)

5.0 CONCLUSION

From the experimental result, it could be seenttatclay sample from Uruan in Akwa Ibom State haswer
absorptivity compared to clay samples from othetspaf the State. The resistivity and thermal cantigity

compares better with the values for kaolin obtaielséwhere showing that the clay sample from Uaantains
kaolin. The temperature predictor model also shmat &t the highest temperature period of betweelmolBs to
14 hours this clay sample records a low calculé¢sdperature. Therefore the clay sample from Uruas &
better potential as thermal insulator comparechéalready investigated clay samples from othetspafrthe
State.

REFERENCES

Adekunle, A., Ekandem, E. S, Ibe, K. E., AnansoNGand Mondisgha, E. B. (2014). Analysis of therraat
electrical properties of Laterite, Clay and Sana@as and their effects on inhabited buildings ta,0
Ogun State, Nigerialournal of Sustainable Development Studies. 6(2); 391 -412

Ajibola, K. and Onabanjo, O. B (1995): Investigatiof Cocos nucifera as potential insulator for diuigs.
Renewable Energy, 6(1) 81-85

Bamigbala, P.A. (2001). Determination of thermahdaactivity of clay Samples The College RevieAvmulti-

14



Journal of Natural Sciences Research www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) 5-'—.i.’
Vol.6, No.21, 2016 ||$ E

disciplinary Journal. OSSCE, lla- Orangurnb6 — 64.

Ekpe, S.D., Akpabio, L. E., and Eno, E. E (1996heffmal Properties of Soil Samples in Uyo Local
Government Area of Akwa Ibom State. Nigei@lobal Journal of Pure and Applied Sciences, 2(1),
45-52

Essien, I. E, Antia, A. D, Etuk, S. E, Peter, |. ®&lofia, A. E (2016) Investigation of Thermal Peotes of
Plantain (Musa paradisiaca ) and Mfang Aya (Thaogwtcus danielli) as Thermal Radiation
Insulator.Journal of Natural Sciences Research, 6(15); 33-37

Etuk, S. E., Akpabio, L. E and Akpabio, K. E (200Betermination of Thermal Properties of cocos [farai
Trunk for Predicting Temperature Variations witk iThicknessArabian Journal of Sciences and
Engineering, 30(13)

Etuk, S. E.,and Akpan I. O (2010). Comparativedgtaf Thermal Transport in Zea mays Straw and Zagsm
Heartwood (cork) BoardShermal Sciences 14(1), 31-38

Etuk, S. E., Akpabio I. O and Udoh, E. M.(2003pndparison of the thermal properties of clay samples
potential walling material for naturally cooled Mling design.Journal of Environmental Sciences.
15(1); 65-68

Folaranmi, J. 2009. Effect of additives on the thelrconductivity of clay. Leonardo Journal of Scies (LJS)
8(14): 74-77, January - June. Available: httgs/dpademicdirect.org/A14/074 077

Khatry, A. B., Sodha, M. S., and Malik, M. A. 39(8). PeriodicVariation of Ground Temperature vidpth.
Solar Energy, 20(5), 425-427.

Mukwasibwe, S. (2005). Thermal conductivity of etéel Uganda Clays. Master’'s Makerere University

Owalu, J. D. (2008). Effects of Relative Porosity thermal conductivity of Sintered Kaolin from Buwho
quarry in Uganda, masters thesis, Makerere Unityersi

Owate, 1.0 and Edike, E.N. (1986) Characteristioperties of some Nigerian Clay materiaMigerian Journal
of Physics; (8), 88 —92.

Sodha, M.S., Goyal, I.C., Kaushiks, C., Tiwari, &., and Seth,A. K.,(1997). Periodic Heat Transfethw
Temperature Dependent Thermal Conductivitgternational Journal of Heat Mass Transfer, 22(5),
281-777

15



