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EFFECT OF CEC OF CLAY ON THERMAL CONDUCTIVITY
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ABSTRACT
The thermal conductivity of clay doped with different concentrations of nitrate of heavy
metals is presented in this study. Clay sample from Omi Adio, Ibadan, Southwestern part of Nigeria was used to
investigate this work. Cation exchange, which occurs naturally with soil water, was the method explored to carry out
the investigation. A microprocessor-based thermal analyzer was used to determine the thermal conductivity while
Atomic absorption spectrophotometer was used to determine the heavy metal concentration. 52.0 g clay sample was
mixed with 70 cm3 of nitrate of Pb (II), Cd (II), Zn (II), Cr (II), Fe (II), Hg(II), Cu (II), and Ni (II) solutions at
different concentrations; after which slabs of dimensions 4cm x 4cm x 1cm were made from the mixture of the clay
sample with aqueous solutions of different concentrations and the thermal conductivities determined. Thermal
conductivity values were plotted against concentration of nitrate of heavy metals; 400 ppm, 800 ppm, 1600 ppm,
3200 ppm and 6400 ppm. Results showed that thermal conductivity of clay increases with increase in the
concentration of heavy metal adsorbed by the clay to an optimum level. The lowest thermal conductivity was found
to be 0.06W/mK (for control clay) and the highest was found to be 0.38W/mK (at 6400ppm, Copper). For all the
samples, thermal conductivity increases as the concentration of heavy metals increases to a certain optimum level
above which cation exchange is no longer possible. From the results, it was concluded that the increase of
concentration of heavy metals adsorbed by clay during cation exchange process contributes to its thermal
conductivity.
Keywords: Adsorption, Clay, Concentration, Thermal conductivity, Heavy metals

heat throughout the soil, by radiation,
conduction and convection.

1. INTRODUCTION
Heat is a form of energy and regarded as a
process of transfer from one place to another
through a conductor as a result of a
temperature different between its ends. It
can be stored by all kinds of materials. Some
materials have ability to store large quantity
(good conductor) of heat while others at
small quantity (poor conductor). Materials
such as rocks, soil, metals etc conduct heat
easily. Soil is the most common product of
weathering
and
formed
by
the
decomposition and disintegration of rocks.
The thermal properties of soil are a
component of soil physics that has found
important uses in climatology, engineering
and agriculture. These properties influence
how energy is partitioned in the soil profile.
While related to soil temperature, it is more
accurately associated with the transfer of

Clay is defined as a natural, earthy, fine
grained material which develops plasticity
when mixed with a limited amount of water,
composed primarily of silica, alumina and
water, etc [20]. It is characterized from other
small particle present in the soil by their
small particle size which is less than 2µm in
diameter, affinity for water, high plasticity
index, cation exchange capacity, chemical
and mineral content. However, clay may
contain heavy metals depending on the
prevailing geologic minerals. Heavy metals
are a group of elements on the periodic table
of elements, having specific gravities greater
than 4.0 [1].
Clays are of immense geological, industrial
and agricultural importance [14][6]. The
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mineral assemblage of clays helps in
understanding and management of erosion
and flood related problems [13], and in the
construction of tunnels, road cuts, fills and
dams [16]. Depending on the physical and
chemical characteristics, clays may find
application in a number of industries such as
paint, plastics, ceramics, pharmaceutical,
ink, catalysts, and fibre glass among others
[22][14][7].

conductor, additive agents on clay has not
received good attention. In addition, the
functional relationship between thermal
conductivity and the heavy metal contents
has not received attention. This study
therefore aimed at investigating the variation
of thermal conduction of clay with
adsorption optimization.

2. THEORETICAL
BACKGROUND

The physical, chemical and mineralogical
characteristics of Odukpani clay deposits
and their brick forming properties have been
reported [3][16]. The results obtained for
these deposits and those from Calabar, Cross
River state, Nigeria revealed that their
properties are useful for several applications
[3].

In an isotropic medium,
is the thermal
conductivity in the Fourier expression for
the heat flux

Knowledge of soil thermal properties is an
important factor in understanding mass and
energy exchange processes in the soil
atmosphere [18]. The chemical composition
of soils will therefore indirectly relate to
their thermal conductivities. Thermal
conductivity of a material is an important
engineering property which is related to heat
transfer characteristics. This parameter is
essential in studying heating, drying and
cooling processes for crop (seeds) and
building materials. Thermal properties of
many materials have been reported in the
literature, and most of these data are
compiled by Polley [17] and ASAE [2] for
engineering research and design purposes.
Soil thermal properties have direct influence
on seed germination, seedling emergence
and subsequent crop growth [9]. According
to Usowicz [21], this knowledge can also
help in controlling the thermal-moisture
regime of soils. Soil properties often
correlate with metal adsorption which
include soil pH [5][11], soil CEC (cation
exchange capacity) [10][19], soil organic
matter [8][24], and clay content [12].
Though, clays are regarded as low thermal

A is the total cross-sectional area of
conducting surface,
is the temperature
difference and
is the thickness of the
conducting surface separating the two
temperatures.
Hence;

is the quantity of heat energy conducted
per unit time, and
is time taken to
conduct heat energy through .

3. MATERIALS AND METHODS
Clay sample used in this study was sourced
from Bricks and Clay product, Omi- Adio,
Ibadan, in the south western part of Nigeria.
It is located on Longitude 30301 and Latitude
7o321.
The clay sample collected was crushed with
pestle and mortar and sieved. The sieved
2
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sample was put into polythene bag. The
crushing and sieving were done in order to
make the sample homogenous and fit for the
experimental work.

done on the sample after nitrate of heavy
metals had been added.
3.3 Preparation of Nitrate of Heavy
Metals Stock Solutions

Sample was digested by using Nitric acid
extraction method. The sample was first
digested to know the initial concentration of
heavy metal present in it.

The concentrations of nitrate of heavy
metals needed for this work were prepared
from stock solution using dilution method.
6400 ppm of Lead, Zinc, Cromium, Iron,
Mercury, Cadmium, Nickel, and Copper
nitrate solution were prepared as the stock
solution. Concentration of heavy metal
nitrate solutions prepared was 400 ppm, 800
ppm, 1600 ppm, 3200 ppm and 6400 ppm.

3.1 Experimental procedure for digested
sample
Nitric acid extraction method involves
digestion of sample in a mixture of HNO3,
HF and HClO4, Nitric acid, Hydrofluoric
acid and Perchloric acid, respectively.

10.23 g, of Pb(N03)2 salt that contained 6.4
g of Pb was weighed and transferred
quantitatively to one litre standard flask. Deionized water was then poured into the flask
up to the mark. This concentration was 6400
ppm stock solution. The method of
preparation of this stock solution was based
on mass - volume relationship.

One gram of each of the samples was
weighed into a Teflon beaker while 10 ml of
concentrated nitric acid (HNO3) was added
and heated. About 70% of the mixture was
allowed to dry off and 10 ml of hydrofluoric
acid (HF) was added to the mixture,
followed by evaporation to about 20% total
volume. After 5 ml of perchloric acid
(HClO4) was added, the whole mixture was
allowed to dry by evaporation. One millilitre
nitric acid was added to dissolve the residue
and about 10 ml distilled water was added
and allowed to boil and later transferred to a
25 ml standard flask filled to the mark with
deionised water.

3.4 Formation of slabs from clay sample:
Dry clay sample of mass 52.0 g (volume, 43
cm3) was put in the beaker. Nitrate of
prepared lead solution 70 cm3, was added to
the measured powder clay. The solute
(powder clay) and solvent (lead nitrate
solution) were mixed together with the help
of stirrer. Some minute later, the mixture
was gently poured into a funnel containing
filter paper and was left for two days under
unpolluted
condition,
to
avoid
contamination. Thereafter, the residue was
placed and dressed in a clean frame of
dimension 4cm x 4cm x 1cm. After two
days, the slab was taken out of the frame and
sun-dried in a pollution free environment.
The procedure was repeated for different
concentration of nitrate of heavy metals at
400 ppm, 800 ppm 1600 ppm, 3200 ppm
and 6400 ppm. After sun-drying, samples
were oven dried.

3.2 Experimental Analysis of digested
samples
The digested samples were taken for heavy
metal analysis using Atomic absorption
Spectrophotometer. Samples were analyzed
for the following metals; Lead (Pb),
Chromium (Cr), Nickel (Ni), Cadmium
(Cd), Manganese (Mn), Copper (Cu) and
Zinc (Zn) (Table1). The concentration of
these heavy metals in the clay sample were
obtained in part per million (ppm) from the
machine. Second elemental analysis was

3

Malaysian Journal of Science 35 (2): 107- 116 (2016)

3.5 Measurement of thermal conductivity
The thermal conductivities measurements
were carried out using a KD2 thermal
property analyzer. KD2 thermal property
analyzer is an instrument that measure
thermal conductivity, thermal diffusivity and
temperature. It is a compact portable meter
consisting of a hand held read-out unit and a
6 cm single needle sensor with diameter of
0.9 mm that can be inserted into the medium
under investigation. The theory is based on
the assumption that the heat source placed in
an isotropic and homogenous medium is
infinitely long under a uniform initial
temperature.

where r is the radial distance (m), T is the
temperature (°C), α is the thermal diffusivity
(m2/s), and t is the time (s).

4 RESULTS AND DISCUSSIONS
The clay soil sample collected from Omi
adio, Ibadan, Ido local government was used
to form slabs of different concentration of
nitrate of heavy metals as shown on Table1 Table3. After oven-dried, their thermal
conductivities were determined, using KD2
thermal analyzer and are presented on Table
1. Before the introduction of different nitrate
of heavy metals thermal conductivity of this
sample was 0.06 W(mK)-1. In this study, the
thermal conductivity of clay increased with
an increase in the amount of nitrate of heavy
metals solution. The results of this work are
presented in tabular form. Table 1 shows the
thermal
conductivity
and
different
concentration of heavy metals, Table 2
shows the concentration of heavy metals in
the filtrate and Table 3 shows the
concentration of heavy metals retained in the
sample

The controller of the KD2 thermal property
analyzer was first precondition for about
60s. The reason for this is to allow the
instrument to attain the operational
temperature and heats the probe for effective
measurement of thermal conductivity. The
heating process enables the controller to
compute the thermal conductivity of the
sample.
The governing equation
Carslaw and Jaeger [4] is:

according

to

Table 1: Thermal conductivity and concentration of nitrate of heavy meatals.
CONCENTRATION
(PPM)
400
800
1600
3200
6400

THERMAL CONDUCTIVITY, k (W/mK)
BP
Cu
Cd
Cr
Ni
Hg
0.06
0.16 0.09 0.10 0.09
0.06
0.11
0.24 0.12 0.12 0.11
0.09
0.13
0.27 0.14 0.14 0.13
0.10
0.16
0.32 0.14 0.15 0.14
0.10
0.17
0.38 0.14 0.16 0.14
0.11

4

Zn
0.10
0.13
0.14
0.15
0.16

Al
0.11
0.13
0.16
0.19
0.23

Fe
0.09
0.11
0.12
0.20
0.22
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Table 2: Concentration ( in ppm) of heavy metals in the filtrate after adsorption process.
Concentration
Used
ppm
400
800
1600
3200
6400

Lead
Copper
(Pb) ppm (Cu) ppm

Cadmium
(Cd) ppm

Chromium ( Nickel
Cr)
(Ni) ppm
ppm

Zinc
(Zn)
ppm

0.93
1.28
1.47
2.08
2761.28

0.14
0.09
0.21
1501.52
4700.36

0.29
0.46
0.63
0.64
2000.82

0.11
0.21
0.62
0.84
2000.89

0.25
0.28
0.29
0.33
1000.33

0.27
0.49
0.58
0.74
3000.81

Table 3: The amount of concentration remained on the clay sample as a result of cation
exchange of heavy metal that had taken place.
Lead(Pb)
ppm

Copper
(Cu)
ppm

Cadmium
(Cd) ppm

Chromium ( Nickel
Cr) ppm
(Ni) ppm

Zinc
(Zn)
ppm

400

399.81

402.63

400.00

402.56

401.49

408.38

800
1600

799.46

802.60

800.05

802.39

801.32

808.28

1599.25

1602.60

1599.93

1602.22

1601.18

1607.87

3200

3198.66

3202.55

1698.32

3202.21

3201.02

3207.65

6400

3639.45

5402.55

1699.78

4402.03

3400.95

4407.60

Concentration
Used
ppm

Figure 2: Graph of thermal conductivity
against concentration of Copper nitrate.

Figure 1: Graph of thermal conductivity
against concentration of lead nitrate.
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Figure 3: Graph of thermal conductivity
against concentration of cadmium nitrate.

Figure 6: Graph of thermal conductivity
against concentration of mercury nitrate.

Figure 4: Graph of thermal conductivity
against concentration of Chromium nitrate.

Figure 7: Graph of thermal conductivity
against concentration of Zinc nitrate.

Figure 5: Graph of thermal conductivity
against concentration of Nickel nitrate.

Figure 8: Graph of thermal conductivity
against concentration of Aluminium nitrate.

6

Malaysian Journal of Science 35 (2): 107- 116 (2016)

Figure 9: Graph of thermal conductivity against concentration of Iron nitrate.

This means that clay sample doped with
aluminium can still take more ions in as
much saturation has not reached.

4.1 Effect of concentration on thermal
conductivity
Table 1 and Figure1-9 showed that the
thermal conductivity of clay increases with
increase in the concentration of heavy metal
adsorbed by the clay. It increases to a certain
level (optimum) above which cation
exchange is no longer possible due to
inability to adsorp more ions. Sample
containing solution of Cadmium ion reached
its peak value before others. Its optimum
(peak) value was reached when the
concentration of Cadmium was 1600 ppm
and it remains constant as the concentration
increases. This was due to its saturation
level and at this point it can no longer
adsorb cadmium again. So, beyond
1600ppm concentration there is constant in
thermal conductivity.

These results above are useful information
for soil scientist, agriculturist and engineers.
Since thermal conductivity performance is
an important criterion of building materials
because the thermal conductivity influences
the selection of building materials in
engineering application [23]. In soil science,
it has direct influence on seed germination
and crop growth [9]. If the concentration of
these heavy metals increases in the soil it
will lead to increase in the rate of heat
conduction as temperature changes.
4.2 Effect of Cation exchange on thermal
conductivity
The negative charges of clay are neutralizes
by a swarm of positive charged ions
(cation). These cations, which are held
electrostaticaly on the surface of the soil, are
called adsorbed cations. Adsorbed cations
can be replaced or exchange by other cations
from the soil solution. The process of
replacement is known as cation exchange.
This process of cation exchange was
explored in this work and deduces that
thermal conductivity of clay sample increase
as the concentration of cation attached at the
surface of clay increases.

Others showed rapid increase of thermal
conductivity at low concentration of heavy
metals ions and at high concentration, there
was gradual increase. Later thermal
conductivity of mercury and Nickel nitrate
solution ion remains constant at 1600ppm to
6400ppm while Lead, Iron, Chromium, Zinc
and Aluminium showed slight increase.
Clays doped with Cadmium nitrate reached
its thermal equilibrium/optimum at 1600
ppm while Nickel at 3200 ppm others still
increase as their concentration increases.
7
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Thermal conductivity of clay doped with
lead nitrate ranges from 0.09W/mk at 400
ppm to 0.22W/mk at 6400 ppm. Samples
with Mercury nitrate solution has thermal
conductivity range from 0.06W/mk to
0.11W/mk. Similarly, samples with copper
nitrate solution has 0.16W/mk to 0.38W/mk,
Iron nitrate solution (0.09 – 0.22 W/mk),
Cadmium nitrate solution (0.09 – 0.14
W/mk), Chromium nitrate solution (0.10 –
0.16 W/mk), Nickel nitrate solution (0.09 –
0.14 W/mk), Zinc nitrate solution (0.10 –
0.18 W/mk), Aluminium nitrate solution
(0.11 – 0.23 W/mk),

with different concentration of heavy metals.
The study also discovered that elemental
composition of the material contributed to
the rate at which heat was conducted
through it. In other words, thermal
conductivity of clay can be influenced by
cation exchange capacity and elemental
composition of the material. Thermal
conductivity of clay can be increased by
adsorption of heavy metals and cation
exchange process. Results obtained showed
that thermal conductivity of clay increases
with increase in the concentration of heavy
metal adsorbed by the clay to a point where
saturation occurs and beyond this point
exchange of cation is not possible. The
lowest thermal conductivity was found to be
0.06W/mK (for control clay) and the highest
was found to be 0.38W/mK (at 6400ppm,
Copper). For all the samples, thermal
conductivity increases as the concentration
of heavy metals increases to a certain
optimum level above which cation exchange
is no longer possible. It was therefore
concluded that the increase of concentration
of heavy metals adsorbed by clay during
cation exchange process caused variation in
thermal conductivity. That is, the cation
exchange capacity of clay has great effect on
thermal conductivity of any material.

From the graph, we deduce that thermal
conductivity increases sharply with increase
in concentration when the ions in the sample
have not reached saturated value and
gradually when the ions in the sample
approaches or are close to saturation point.
The results showed that the thermal
conductivity of clay increases up to a point
as the concentration of heavy metal
increases. In fact, observation shows that
thermal conductivity of clay depends
majorly on the elemental composition of the
clay concerned and the strength of
adsorption rate of clay. At 400 ppm up to
6400 ppm, clay reached in copper has the
highest thermal conductivity followed by
clay reached in Iron, Zinc and next by Lead.
The implication of this is that soil reached in
copper will conduct more heat than other
metals, even if the concentrations of other
heavy metals in soil are more than the
concentration of copper.
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5 CONCLUSION
The thermal conductivity of clay was
measured using the heat wire (KD2 thermal
analyzer) method. According to this
research, thermal conductivity of clay
increases as the adsorption of heavy metal
increases. This means that cation exchange
influenced the heat conduction of clay doped
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