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ABSTRACT ARTICLE HISTORY
Thermal conductivity of contaminated clay is an emerging field of interest in Received 26 June 2019
building construction. This study investigated the influence of some heavy Accepted 18 September 2019
metals on thermal conductivity of clay. The objective of this study is to  Published online 7
investigate the influence of heavy metal in clay for energy-efficient in building September 2019

constructions. The clay sample was collected from clay deposit and prepared. KEYWORDS
The samples were mixed (contaminated) with nitrates of Pb, Fe, Zn, Ni and Cu Concentration; thermal
at different concentrations and slabs then were formed. The thermal con- conductivity; clay slab;
ductivity of clay slabs were measured to determine the suitability of con- heavy metals;

taminated clay as building material for heat emitting modern equipment  contamination; building
room. The thermal conductivity of clay slabs contaminated with nitrate of

Pb, Fe, Zn, Ni and Cu ranged 0.06-0.15 Wm 'K™'; 0.06-0.18 Wm™'K™";

0.06-0.22 Wm™'K™"; 0.06-0.19 Wm™'K™" and 0.06-0.38 Wm™'K™", respectively.

Results showed that thermal conductivity of clay increases with increase in

the concentration of heavy metal absorbed by the clay to an optimum level.

Hence, heavy metals influenced the thermal properties of clay building

material.

Introduction Thermal conductivity of a material is an
important engineering property, which is
related to heat transfer characteristics. This
parameter is essential in studying heating, dry-
ing and cooling processes for crop (seeds) and
building materials. Thermal properties of many
materials have been reported in literature, and
most of this information is compiled for engi-
neering research and design purposes [2,3]. The
physical, chemical and mineralogical character-
istics of Odukpani clay deposits and their brick-
forming properties in Cross-River, (Nigeria) have
recently been reported [4,5]. Lead adsorption
on clay and its application were investigated
and conclusion was made [6]. Variation of ther-
mophysical properties of clay with adsorption

Soils have been subject to increasing sources
of metal contamination due to human activ-
ities. Atmospheric deposition, waste disposal,
fertilizer and pesticide applications, industrial
waste and nuclear waste are some of the
sources of heavy metals. Heavy metal contam-
ination of soil is one of the environmental
problems  throughout the world [1].
Obviously, these sources can cause metal accu-
mulation in soils. The excessive amounts of
heavy metals introduced into the soils can
affect soil matrices particularly involving
metal-soil interactions, which further affect
thermal conductivity.
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optimization was reported [7]. The effect of
Cation Exhange Capacity (CEC) of clay on ther-
mal conductivity was investigated. They con-
clude that thermal conductivity depends on
the number of cations adhere to clay surface
[8]. The geotechnical properties of clay materi-
als in Nigeria were investigated by Akpokodje
[9], Akinyemi [10] and Gbadebo [11]. They
reported that differences in mineralogical and
engineering properties of clays were caused by
pedogenic factors such as parent rocks, relief
and climate. Borode et al. [12], reported the
alumina content of some Nigerian clay to be
low, for their use alone without blending.
Obikwelu [13], suggested blending two or
more clays from different locations helps to
improve the characteristics of clay materials for
industrial applications. Abu-Hamdeh [14], ana-
lyzed that the increase of the concentration of
water on bulk density of soils led to decrease in
bulk density. Tang et al. [15], investigated com-
pacted bentonite and the influence of dry den-
sity, water content, and saturation on
conductivity. Abuel-Naga et al. [16], presented
experimental tests showing that the values of
thermal conductivity were higher with the rise
in soil density. O'Donnell et al. [17] considered
a relation between thermal conductivity and
moisture of soil. Noborio and Mcinmset [18]
worked on how salts and water affect thermal
conductivity of soil.

Though clays are regarded as low thermal
conductor, additive agents on clay have not
received good attention. In addition, the func-
tional relationship between thermal conductiv-
ity and the heavy metal concentration has not
received sufficient attention. This study there-
fore aimed at investigating the influence of
heavy metals on thermal conduction of clay
as a building material.

Geographical location of the study area

The study area lies within latitudes 7°23" and 7°
52'N and longitudes 4°58’ and 5°31'E, covering
about 534 km?) in the southwestern sector of

the Nigerian Basement Complex, which formed
the southern part of the Trans-Saharan mobile
belt of Neo-proterozoic (750-500Ma) age [19]
The geology of Nigeria is dominated by sedi-
mentary and crystalline basement complex for-
mations which occur in almost equal
proportions all over the country [20-23]. The
sediment is mainly Upper cretaceous to recent
in age while the basement complex rocks are
thought to be Precambrian.

Theoretical background

The rate heat energy flow in an isotropic mate-
rial [24] is given by;
H=9— a? :
t dx
Where k is the thermal conductivity, A is the
total cross-sectional area of conducting sur-
face, dT is the temperature difference and
dx is the thickness of the conducting surface
separating the two temperatures.
Hence, Equation (1) becomes

~ —Quax

"~ AdtdT
From this equation, thermal conductivity can
be defined as flux of heat (energy per unit area
per unit time) per unit temperature gradient
(temperature per unit length). The S.I unit for
thermal conductivity is W/mk.

2

Materials and methods

Clay sample was collected from lIsan, south-
western part of Nigeria. The sample was pro-
cessed and prepared for used in the Physics
laboratory, University of Ibadan. A 1.0 g of the
clay was poured into Teflon beaker and
digested (using nitric acid extraction method).
Digested solution was analyzed for heavy
metal presence using Atomic Absorption
Spectrophotometer (AAS). The remaining por-
tion of the clay sample was further divided into
six. Each of the five portions was mixed with



different concentration of nitrate of lead, cop-
per, nickel, zinc and iron, respectively, at 400,
800, 1600, 3200 and 6400 ppm while the sixth
serves as control. Slabs were made from the
mixture and oven dried up to 110 °C for 300 s.
The thermal performances of the slabs were
determined by using a KD2 probe thermal
analyzer.

A KD2 probe thermal analyzer consist
a 60 mm single needle sensor with diameter
of 0.9 mm was inserted into the medium being
investigated. The working theory of a KD2 is
based on the assumption that the heat source
placed in an isotropic and homogenous med-
ium is infinitely long under a uniform initial
temperature. The governing equation accord-
ing to Carslaw and Jaeger [24], is:

ﬂ—a ﬂ+r71£ 3
dt  \dr dr

where r is the radial distance (m), T is the
temperature (°C), a is the thermal diffusivity
(m?%/s), and t is the time (s).

A reading is initiated by pressing the left but-
ton on the readout. The controller waits for 90 s
to ensure temperature stability, and then heats
the probe for 30 s. At the end of the reading, the
controller computes the thermal properties
based on the measurement of temperature rise
in the needle during the heating period of the
probe. The temperature change was used to
calculate thermal conductivity using the expres-
sion k=q/(4nm), where k = apc  is the thermal
conductivity (W/(m:-K)), p is the material dry-basis
bulk density, ¢ , is the specific heat at constant
pressure (J/(kgK)), g is the heat produced per
unit time per unit length (W/m) and m is the
slope of the linear relationship between
AT and Int.

Results and discussion

Table 1 shows the thermal conductivity of the
clay mixed at different concentrations. For the
studied clays, the variability of thermal
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Table 1. Variation of thermal conductivities and con-
centration of heavy metals in clay sample.
Thermal conductivity

Concentration ppm W/mK
Ni Cu Pb Zn Fe

0 0.06 0.06 006 0.06 0.06
400 0.09 0.16 0.08 0.09 0.08
800 0.12 0.24 010 0.13 0.11
1600 0.13 0.27 012 0.14 0.3
3200 0.17 0.32 014 020 0.15
6400 0.19 0.38 015 022 0.18

conductivity is obvious when clay was mixed
with nitrate of Lead, Copper, Iron, Nickel and
Zinc.

The thermal conductivity of clay slabs con-
taminated with nitrate of Pb, Fe, Zn, Ni and Cu
ranged  0.06-0.15 Wm'K™';  0.06-0.18
WmT'K™';  0.06-022 WmT'K™; 0.06-0.19
Wm™'K™" and 0.06-0.38 Wm™'K™", respectively.
Results showed that thermal conductivity of
clay increases with increase in the concentra-
tion of heavy metal absorbed by the clay to an
optimum level. Lead nitrate shows lowest
value 0.15 W/mK, and the clay mixed with
copper nitrate shows the highest value 0.38
W/mK at 6400 ppm. Table 1 also shows explicit
relationship between concentration of heavy
metal and thermal conductivity.

Accordingly, the observed variability of ther-
mal conductivity and thermal diffusivity in the
studied clay could be attributed to the concen-
tration of heavy metals.

Figure 1(a—f) presents thermal conductivity
versus concentration of heavy metal. It is
shown from the graph that the increase in
concentration leads to increase in thermal con-
ductivity of clay slab. For example, addition of
lead nitrate increases the thermal conductivity
by approximately 51%, copper by 80%, zinc by
70%, Nickel by 65% and Iron by 60% which is
a very significant amount in terms of energy
saving. This implies that clay slab mixed with
copper conduct heat energy better than other
heavy metals.

The changes in the thermal conductivity
were presented in relation to concentration.
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Figure 1. (a) Thermal conductivity against concentration of lead nitrate. (b) Thermal conductivity against
concentration of copper nitrate. (c) Thermal conductivity against concentration of Nickel nitrate. (d) Thermal
conductivity against concentration of Zinc nitrate. (e) Thermal conductivity against concentration of Iron nitrate.
(f) Thermal conductivity against concentration of selected heavy metals.

Experiments showed that thermal conductivity
increases sharply between 0 ppm and 1000
ppm concentration and gradually increases as
the concentration was above 1000 ppm and
later reach its optimal level as concentration
increases, for all the chemical elements used.

Conclusion

The study investigated the influence of heavy
metals on thermal conductivity of clay as
building material. Results showed that thermal
conductivity of clay increases with increase in

the concentration of heavy metal absorbed by
the clay to an optimum level. Thermal conduc-
tivity values were increased from 5 to 18% and
the thermal diffusivity increased by 20%.
Hence, heavy metals influenced the thermal
properties of clay as a building material.
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