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Abstract
Thermophysical properties of clay sample obtained from Agbani in Enugu State, Nigeria, were
investigated, analyzed and compared with similar properties reported for some walling and
roofing materials, including clay samples from other locations for the purpose of establishing
its suitability as walling material for the design of naturally-cooled building. Agbani clay
sample exhibits bulk density value of (2111.4 ± 13.1) kgm-3, specific heat capacity value
of (1253.99 ± 2.03) J/kgK, thermal conductivity value of (0.1105 ± 0.0014) W/mK, thermal
resistivity value of (9.05 ± 0.11) W-1mK, thermal diffusivity value of (4.17 ± 0.06) x 10-8 m2s-1, and
thermal absorptivity value of (29.52 ± 0.42) m-1. The outcome of the comparison of the values
obtained with values of similar properties reported for other walling materials evidences that
Agbani clay is a better choice material for the design of naturally-cooled building.
Keywords: Agbani, bulk density, thermal conductivity, thermal diffusivity, specific heat capacity
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1. Introduction
Clay soil obtained from Agbani in Enugu State, Nigeria, is
the material of interest in this regard. Clay is natural, soft earth
plastic soil with high percentage of micro pores and highly
known for water logging. It is easily molded when mixed with
water, forming a sticky coherent mass. Clay is hard and brittle
when dried, capable of becoming soft with addition of water,
but remains harder when baked to a red heat without being no
longer affected by action of water. Clay minerals are hydrous,
comprising majorly of alumina, silica and water. Hence,
complex alumino-silicates and sheet silicates are clay minerals.
Clays form major components of soil. Lithified clay minerals
form shale [1]. It is formed as a result of weathering and
breaking down of rocks and minerals [2]. Clays are described
in two different words, that is, a clay-sized particle and a clay
mineral. While clay-sized particle composes of any mineral with
diameter not greater than 1/256 mm, clay mineral is a small
silicate minerals group having a sheet-silicate structure. Most
often, sediments in the clay-sized range composition develops
into clay minerals. However, this is not always the case [2].
Some known properties of clay minerals include microscopic
diameter smaller than 0.002 mm, capacity to absorb water,
ionic double layer, cation exchange capacity, increased number
of charges owing to isomorphous replacement. It is flocculating
and dispersing when in solution [1, 3, 4]. Uses of clay include
but not limited to, ceramics, filler and surface coating for
paper, bricks making, sewer pipes and drain tiles, cement
making, production of refractories, paint making, insulation
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materials, removal of surface contamination, natural medicine
and pelotherapy, export, face powder, polishing powders, lead
pencils, glazes, porcelain, water treatment systems, shower
trays, decorative concrete. Studies on clay samples got from
some locations have been reported.
Recently, Robert et al [3] have reported on comparison of
clay soils of different colors existing under the same conditions
in a location. Ihaddadene et al [5] have reported on clay-based
building material. Armijo et al [6] studied on thermal properties
of mixture of clays with water for applications in pelotherapy.
Babatunde and Adeyemo [7] studied influence of heavy metals
on thermal conductivity of clay as building material. Etuk
et al [8] reported on comparison of the thermal properties of
clay samples as potential walling material for naturally-cooled
building design. Fgaier [9] reported on thermal performance of
unfired clay bricks used in construction in the North of France,
whereas Ekpe and Akpabio [10] reported on comparison of
the thermal properties of soil samples for a passively-cooled
building design, among other reports. Yet, thermal properties
of clay sample found in Agbani in Enugu State, Nigeria, has not
been reported on. The aim of this study is to investigate some
thermophysical properties of clay sample found at the Nigerian
Law School premises located at Agbani, Enugu State, Nigeria,
for the purpose of using it as a walling material for passivelycooled building design. Agbani is in Enugu State located
between Latitudes 6.4497oN and Longitudes 3.4032oE. A model
for forecasting variation of temperature with thickness of the
clay soil sample will be proffered, employing the result of the
investigation. The outcome of the investigation will likely reveal
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the potentials and possible applications of the sample especially
in solving some of the problems caused by the global warming.

2. Theory
Bulk density is a physical parameter of choice to be
investigated. Bulk density, ρ, a very important physical
parameter is mathematically defined as
(1)
where M = mass and V = bulk volume
In materials that are homogeneous as well as isotropic,

(2)

where λ signifies thermal diffusivity, mathematically defined
as [11, 12]
(4)
where k denotes thermal conductivity and c is specific heat
capacity.
Several elements decide soil temperature and solar radiation
is the dominant determinant of it. It causes change in soil
temperature when it is partly absorbed by soil. Robert et al [3],
among other authors, express heat budget equation thus
Heat flow through the soil
= Heat absorbed from the atmosphere
+ Part of solar radiation absorbed – Re-emitted radiant energy
The heat balanced equation in one dimension gives
(5)
where T represents soil temperature, h is heat transfer coefficient
of the soil surface, Tatm is atmospheric air temperature, α is
,I
solar radiation absorptivity at the soil surface
being intensity of solar radiation, ε is long-wave emissivity of
the soil surface, ΔR is the difference between the incident long
wave radiation and the radiation emitted from the surface of
the soil.
The solar temperature, Ts is given as
(6)
The assumed form of general solution to one-dimensional
heat conduction equation as given by several authors including
[3, 10] is expressed as
(7)
resulting in
(8)
as the real part of Eq. 7
and

The variation of soil temperature with depth with respect to
periodic change of soil surface temperature can be predicted
using the modified form of Eq. (8) given as
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(10)

causing Eq. 9 to be

is an expression for one-dimensional unsteady state heat
conduction mathematical model.
The above equation can also be expressed as
(3)

where

(9)
where x = depth or thickness of the soil, t = time of the day (in
hours), t0 = time of minimum temperature at the soil surface
(in hours), As = daily temperature amplitude (in oC) at
is calculated from the hourly temperature average at the soil
(in oC) on 24-hour period thus
surface,

(11)

3. Material and method
The main material used in this study was clay soil sample
obtained from Agbani in Nkanu West Local Government Area
of Enugu State, Nigeria, located between Latitudes 6.4495o N
and Longitudes 3.4032o E.
3.1 Preparation of test sample
The clay sample was first subjected to sun-drying, as picked
from the source (Fig. 1). The dry clay was pulverized and the
existing stones removed, leaving behind a starch-like material free
from large particle sizes. The sieved starch-like clay sample was
divided into four parts by mass. Each portion of the sieved sample
was wetted with clean water. The wetted sample proportions
were molded differently using identical sized mold measuring
20.0 cm × 20.0 cm × 2.0 cm each. Each developed test sample
was compacted to uniform thickness for 48 hours at room
temperature using a laboratory-made compaction machine at
20 kN for simultaneous compression of the prepared samples in
their respective mold.
3.2 Properties determination
Thermal conductivity, k was determined in triplicates, using
three of the molded sun-dried, non-plastic and hard prepared
samples. The standard procedure for measurement of thermal
conductivity employing Heat Flow Meter (HFM 100 series)
described elsewhere ASTM C518 [13], was adopted and
followed for the determination of the thermal conductivity of
the samples. Dry samples were used for the determination to
eliminate the effect of redistribution of water that could emanate
due to the influence of temperature gradient. The samples were
then after cut into small bits. The mass of bits of each sample
was weighed in triplicates with the aid of an electronic weighing
balance, while Modified Water Displacement method was used
to determine bulk density of each bit as described elsewhere
[14]. Bulk density, ρ in each case was computed employing
Eq. (1). The specific heat capacity, c was also determined in
each case by calorimetry method of mixture using temperaturecooling correction as described elsewhere [15, 16, 17, 18].
Thermal diffusivity, λ values of the respective sample as
treated in triplicates were computed using their corresponding
thermal conductivity value, bulk density value, and specific
heat capacity value, with the aid Eq. (4). Thermal absorptivity
value, α for each sample treated also in triplicates was equally
computed. It is expedient to mention here again for the
purpose of clarity that each test in this study was carried out in
triplicates, their mean values were calculated with associated
standard error as seen tabulated in the table of results.
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Fig. 1 Agbani clay soil used in the study
1. ábra A vizsgálatok során használt Agbani agyagos talaj

4. Results and discussion
Table 1 exhibits the measured values obtained for the bulk
density, thermal conductivity, and specific heat capacity for
the clay sample investigated taken in triplicates. Table 2 shows
the summary of the test results as well as summary of mean
measured values and computed test results inclusive.
Trials

Bulk density,
ρ (kg/m3)

Thermal
conductivity,
k (W/mK)

Specific heat
capacity,
c (J/kg/K)

1

2094.5

0.1089

1251.29

2

2133.7

0.1132

1257.39

3

2105.9

0.1093

1253.28

2111.4 ± 13.1

0.1105 ± 0.0014

1253.99 ± 2.03

Mean ±
std. error

Table 1 Measured values obtained
1. táblázat A vizsgálati eredmények

Properties investigated
Bulk density,

Values obtained
2111.4 ± 13.1

Specific heat capacity,

1253.99 ± 2.03

Thermal conductivity,

0.1105 ± 0.0014

Thermal resistivity,

9.05 ± 0.11

Thermal diffusivity,
Thermal absorptivity,

4.17 ± 0.06
29.52 ± 0.42

Table 2 Summary of the test results
2. táblázat A vizsgálati eredmények összefoglalása

The mean bulk density value for our sample recorded in
Table 2 is compared with the bulk density values reported by
Robert et al [3] for clay soils with pink and yellow colors as
2127.372 ± 1.465 kg/m3 and 2023.737 ± 1.435 kg/m3 respectively.
Our sample’s bulk density value is greater than the values
reported for Terra-cotta, kaolinatic, stoneware, ball, kaolin, and
earth-ware clays [8]. This suggests that our sample has pore
size similar to the pink and yellow colored clay, but percentage
pore size higher than the clay samples reported by Etuk et al [8].
That may plausibly be due to differences in particle sizes of the
samples.

The mean specific heat capacity value obtained for our sample
is far less than the values reported by Robert et al [3] for pink clay
(2007.795 ± 1.796 J/kg/K) and yellow clay (1800.248 ± 1.981 J/kg/K)
samples obtained from same topographic relief in Uyo, Akwa
Ibom State, Nigeria. Ours is equally less than the values reported
by Etuk et al [8] for Terra-cotta, kaolinatic, stoneware, ball, and
earth-ware clays as 2.19 × 103 J/kg/K, 1.70 × 103 J/kg/K, 2.94 ×
103 J/kg/K, 1.68 × 103 J/kg/K, and 1.64 × 103 J/kg/K respectively.
However, it is slightly higher than the value reported by Etuk et
al [8] for kaolin as 1.19 × 103 J/kg/K. The differences may be due
to the variations in the alumina as well as oxidized ferric iron
oxide contents of the samples. This assumption follows the fact
that constituents of soil determine the specific heat capacity of
the soil. Considering the volumetric heat capacity value (product
of the value of bulk density value and specific heat capacity value)
recorded for our sample, it can be inferred that the mean value is
about 2.648 MJ/m3/K. This signifies that 2.648 MJ of heat would
be required to change the temperature of a unit volume of clay
sample obtained from Agbani by one Kelvin whereas the specific
heat capacity value recorded for the sample is the amount of heat
required to change the temperature of its unit mass by one Kelvin.
Considering the mean thermal conductivity value recorded
for the test clay sample being lower than the values reported
by Robert et al [3] and Etuk et al [8] ranging between 0.2237
and 0.463 W/mK for pink, yellow, Terra-cotta, Kaolinatic,
stoneware, ball, kaolin, and earth-ware clays obtained from
Uyo, Idim Afia in Eket, Mkpat Enin, Oruk Anam, Ukpom Edem
Inyang in Oruk Anam, Itam in Itu and Ikot Akpan Udo in Ikot
Abasi respectively, it means that more dead air spaces exist in
the test sample obtained from Agbani than others. This gives
rise to a high value of thermal resistivity (inverse of thermal
conductivity). Hence, thermal energy exchange by process of
conduction between the adjacent particles would be greatly
retarded in the case of clay sample from Agbani, which is the test
sample in this work. This is supported by the fact that still air is
a poor heat conductor; hence, the more dead air space a soil has,
the more it can retard heat flow through its thickness as well as
its cross-section. 0.1105 ± 0.0014 W/mK is the recorded thermal
conductivity value for the test clay sample. This value is within
the recommended range for good construction material [19].
The thermal diffusivity value shown by the result in Table 2
is (4.17 ± 0.06) × 10-8 m2/s. This value, when compared with
the values of (6.139 ± 0.006) × 10-8 m2/s to (6.413 ± 0.014) ×
10-8 m2/s and 0.73 × 10-7 m2/s to 1.74 × 10-7 m2/s as reported
by Robert et al [3] and Etuk et al [8] respectively for clay
samples from other locations, shows that clay sample obtained
from Agbani has a lower value of thermal diffusivity. Hence,
clay sample from Agbani would respond more sluggishly to
a change in temperature than the ones reported by Robert et
al [3] and Etuk et al [8]. With this, it is obvious that it would
take a longer time for heat to be spread within the test sample
obtained from Agbani than other clay samples reported on as
stated above. The fact is that the test sample is characterized
by a lower thermal conductivity value than those clay samples
earlier reported by those other researchers above. This can
equally be explained in terms of the linear relationship that
exists between thermal conductivity and thermal diffusivity as
evident in the mathematical model expressed here in Eq. (4).
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Considering thermal absorptivity, the test sample exhibits
a mean value of 29.52 ± 0.42 m-1. This indicates its ability to
absorb thermal radiation which equals its homogeneous
layer internal absorptance. Solar radiation that gets to soil
and is absorbed by the soil determines the soil temperature
variation. A model for predicting soil temperature variation
with thickness, x at any given time for the test clay sample is
derived by substituting the mean value of thermal absorptivity
into Eq. (11), thus yielding
(12)
More so, comparing the results of thermal properties
recorded for the clay sample tested with the range of values
reported by Oktay et al [20], Ajibola and Onabanjo [21] for
some established walling and roofing materials shows thermal
conductivity values for briquette, brick, blockbims, concrete,
plaster, hardwood, plywood, woodchip board, glass to be
within the range 0.124 W/mK to 1.370 W/mK with specific
heat capacity values ranging from 840 J/kgK to 1047 J/kgK
and thermal diffusivity values ranging from 2.99 × 10-7 m2/s to
7.50 × 10-7 m2/s for briquette, brick, blockbims, concrete, and
plaster [20]. The thermal conductivity values of brick, Portland
cement, asbestos mill board, asbestos (loosely packed)
are reported to be 0.69 W/mK, 0.29 W/mK, 0.14 W/mK,
0.15 W/mK respectively [22]. It shows that the values recorded
for Agbani clay sample would make for a more preferred
walling material for a naturally-cooled building design over
some already known and commonly used walling materials.

5. Conclusions
A very close observation has shown that clay sample obtained
from Agbani in Enugu State, Nigeria exhibits a low thermal
conductivity value, hence a higher thermal resistivity than most
of the reported clay samples and other materials commonly
employed as walling materials for building design. Not only
that, its mean specific heat capacity value (approximately 1254
J/kgK) is greater than 840 J/kgK to 1047 J/kgK possessed by
some walling materials used for building purposes. The studied
clay exhibited high mean thermal resistivity value (9.05 ± 0.11)
W-1mK and value (4.17 x 10-8 m2s-1). These are good evidences
to conclude that Agbani clay would make a better walling
material over some established walling materials for naturallycooled building design.
References
[1] Carlson, D. H., Plummer, C. C., McGeary, D. (2006) Physical Geology:
Earth Revealed. McGraw Hill, Boston, pp. 231, 343
[2] Hillier, S. (1995) Erosion, sedimentation and sedimentary origin of clays,
in: Velde B (ed) Origin and Mineralogy of clays. New York, SpringerVerlag, p. 162 – 219
[3] Robert, U. W., Etuk, S. E., Agbasi, O. E., Umoren, G. P. (2020) Comparison
of clay soils of different colors existing under the same conditions in a
location. Imam Journal of Applied Sciences, vol. 5, no. 2, pp. 68 – 73,
https://doi.org/10.4103/ijas.ijas_35_19
[4] Velde, B. (1995) Composition and Mineralogy of clay minerals, in: Velde
B (ed) Origin and Mineralogy of clays. New York, Springer-Verlag, pp.
8 – 41
[5] Ihaddadene, N., Ihaddadene, R., Betka, A., Logerais, P., Delaleux, F., Riou,
O. (2019) Study of the thermal conductivity of a clay-based building
material. IAPE 19 Conference Paper. At: Oxford UK

96

| építôanyag § JSBCM § 2022/3 § Vol. 74, No. 3

[6] Armijo, F., Maraver, F., Pozo, M., Carrelero, M. I., Armijo, R. (2016)
Thermal behavior of clays and clay-water mixtures for pelotherapy.
Applied Clay Science, vol. 126, pp. 50 – 56
[7] Babatunde, G. E., Adeyemo, A. J. (2019) Influence of heavy metals on
thermal conductivity of clay as a building material. Egyptian Journal of
Basic and Applied Sciences, vol. 6, no. 1, pp. 1 – 5
[8] Etuk, S. E., Akpabio, I. O., Udoh, E. M. (2003) Comparison of the thermal
properties of clay soil samples as potential walling material for naturally
cooled building design. Journal of Environmental Science, vol. 15, pp. 65 – 68
[9] Fgaier, F. E., Lafhaj, Z., Brachelet, F., Antczak, E., Chapiseau, C. (2015)
Thermal performance of unfired clay bricks used in construction in the
North of France: Case study, ScienceDirect. www.elsevier.com/locate/cscm
[10] Ekpe, S. D., Akpabio, G. T. (1994) Comparison of the thermal properties
of soil samples for passively cooled building design. Turkish Journal of
Physics, vol. 18, pp. 117 – 122
[11] Incropeda, F. P., Witt, D. (1990) Fundamentals of Heat and Mass Transfer,
3rdedn., John Wiley and Sons, New York, pp. 4, 45 – 51, A7, A9, A10, A11,
A13
[12] Etuk, S. E., Akpabio, L. E., Akpabio, K. E. (2005) Determination of thermal
properties of Cocos nucifera trunk for predicting temperature variation
with its thickness. Arabian Journal for Science and Engineering, vol. 30,
no. 1, pp. 121- 126
[13] ASTM C518. (2017) Standard Test Method for steady state thermal
transmission properties by means of the Heat Flow Meter Apparatus, West
Conshohocken, PA. ASTM International.
[14] Robert, U. W., Etuk, S. E., Agbasi, O. E. (2019a) Modified Water
Displacement Method and its use for determination of bulk density of
porous materials. Journal of Renewable Energy and Mechanics, vol. 1, no.
1, pp. 1 – 16
[15] Okeke, P. N., Osuwa, J. C., Menkiti, A. I., Ofoegbu, C. O., Okeke, C. E.,
Emereoke, H. U. (1991) /Nigerian University Physics Series 2, 2nd edn.,
Ibadan, Nigeria. Physics Writers Series Creation, pp. 222 – 232
[16] Tyler, F. A. (1971) Laboratory manual of Physics, 4th edn., London. Edward
Rnold, pp. 118 – 119
[17] Robert, U. W., Etuk, S. E., Umoren, G. P., Agbasi, O. E. (2019b) Assessment
of Thermal and Mechanical Properties of composite board produced from
coconut (Cocos nucifera) husks, waste newspapers, and cassava starch.
International Journal of Thermophysics, vol. 40, no. 9, p. 83
[18] Robert, U. W., Etuk, S. E., Agbasi, O. E., Umoren, G. P., Inyang, N. J.
(2021) Investigation of thermophysical and mechanical properties of
board produced from coconut (Cocos nucifera) leaflet. Environmental
Technology and Innovation, vol. 24, pp. 1 – 9
[19] Twidell, J., Weir, T. (1990) Renewable Energy Resources, London. E and
FN Spon, p. 416 – 418
[20] Oktay, H., Argunhan, Z., Yumrutas, R., Isik, M. Z., Budak, N. (2016) An
Investigation of the influence of Thermophysical Properties of Multilayer
Walls and Roofs on the Dynamic Thermal Characteristics. Mugla Journal
of Science and Technology, vol. 2, no. 1, pp. 48 – 54
[21] Ajibola, K., Onabanjo, B.O. (1995) Investigation of Cocos nucifera as a
potential insulator for buildings. Renewable Energy, vol. 6, no. 1, pp. 81 – 84.
[22] Engineering Toolbox (2001). http://www.engineeringtoolbox.com/
thermal-conductivity-d_429.html
Ref.:
Etuk, Sunday Edet– Robert, Ubong Williams– Agbasi, Okechukwu
Ebuka– Ekpo, Sunday Samuel: A study on thermophysical
properties of clay from Agbani: its assessment as potential walling
material for naturally-cooled building design
Építőanyag – Journal of Silicate Based and Composite Materials,
Vol. 74, No. 3 (2022), 93–96. p.
https://doi.org/10.14382/epitoanyag-jsbcm.2022.15

