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Abstract: - The purpose of this work is to study the influence of the percentage of porosity, that is to say the 
volume of air compared to total volume on the thermal conductivity of clay at different degrees of temperature, 
this study is very interesting because clay is used in several fields for example construction, pottery, etc, and 
also in certain regions of the world as a building material and especially in countries which at a higher 
temperature, for this we perform together experiments on a mass of clay with a cubic shape of dimensions 
(10cm * 10cm * 10cm), but with each experiment we varied the percentage of porosity, then we relied on the 
CT-METRE device to measure the thermal conductivity.    
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1 Introduction 
The term clay comes from the Greek word "argilos", 
whose root argos means white, they are 
aluminosilicates whose structure is formed by a 
stack of sheets [1]. Clay is a material of sedimentary 
rock, often composed of minerals AL2O3 [2], used 
by man since the most ancient and necessary for 
daily life, which we find in nature in different 
colors, composed of red and yellow [3][4]. Clay is 
considered to be the oldest building material, and 
until now it is the most widely used in the world, it 
is natural, durable and less expensive [5-8]. Clay 
can be used in several fields, for example as a 
building material. In the form of clay bricks, also in 
the pottery sector, also in the field of monument 
restoration, unlike new modern building materials 
[9], clay naturally preserves half of the old wood. Its 
use saves time and cost, protects us from heat peaks 
as well as cold nails [10], it allows to store a large 
part of the energy and energy efficiency, while the 
study of thermal insulation plays a very important 
role so we are adding other works. In this work 
consists in studying the effect of the porosity ratio 

on the thermal conductivity at different temperature 
degrees of the state of a clay composite material in 
this material capable of adding more value to the 
clay properties that we have shown at starting from 
the experimental results by means of a "CT-Metre" 
apparatus. We conclude that the thermal 
conductivity decreases with increasing porosity so 
we can choose a material with reliable mechanical 
characteristics and we take into account the 
percentage of porosity depending on the region in 
which we want to make our construction [11-13]. 
(Clay Prepared taken from Oulja Sale)  
 

2 Experimental protocol 
We prepare five pairs clay samples of cubic shape 
of dimensions (10cm * 10cm * 10cm) [3] by a mold 
then we leave a sample as it is, and we build others 
in such a way that the porosity represented 5% for 
the second, and the others 10%, 20%, 30%. Then we 
put them in the oven at 40 ° C for 72 hours, to 
eliminate the amount of water that existed when the 
samples wet [14][15][4]. Then we do the following 
procedure we measure the thermal conductivity for 
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each sample in different temperature (T = 293K, 
303K, 313K, 323K). Some relevant studies can be 
found in [16],[17] and [18]. 
 
2.1 Presentation of the assembly 
The thermal conductivity of a material is measured 
by measuring the conductivity using a "CT-Metre" 
(Figure 1) equipped with accessories such as sondes 
(Figure 3) for solids, A glove box composed a 
thermocouple used to stabilize the temperature and 
an interface which assembles the assembly with a 
computer in order to display and process the 
measured digital values. Again, CT METRE, an 
easy-to-carry device, was developed to facilitate an 
accurate assessment of the thermal properties of a 
number of materials, such as bricks, rocks, earth and 
aerated concrete. Bitumen, pulverized materials, 
resins or complex products [3]. 
 
2.2 Description of the CT-Metre 

The CT-Metre consists of two phases, firstly the 
control unit, responsible for generating the heating 
power and analyzing the temperature rise graph 
induced in the material to be tested. And secondly 
by the sonde is busy allocating the power. Heating 
and to capture the induced temperature [3]. 
Connect the ring sonde (Figure 3.) to the plug 
connected to the "CT-Metre" device and then insert 
it between two samples of the same size and shape 
so that it scans the sample in volume. After pressing 
the button that exists on the device after it displays 
the results on software that already install on the 
computer.  

 
Figure 1. General diagram of the "CT-Metre" 

These five samples were studied in cubic forms, 
each sample is divided into two, heat treatment is 
then carried out in the oven at 40 °C for 72 hours for 
the reason of reducing the water and finally or 
overloading the material. (Figure 2.) 

 Figure 2. The samples in the oven 

The ring sonde consists of a flexible printed circle with 
a thickness of 0.2 mm and dimensions 60 * 90 mm, 
intended to be inserted between two flat parts of the 
sample to be measured. 

 

Figure 3. The Ring sonde 

The glove box its role is the conversation of the 
temperature changes of a sample, the latter 
composed of three bodies linked to each other and 
each giving their function is as follows: a contact 
thermometer which adjusts the requested 
temperature, bulbs in flames during launch of the 
sample in the glove box to heat the sample and then 
a fan which brews the heat in the latter (Figure 4) 
[3]. 
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Figure 4. Glove box 

 
The following table illustrates the mechanical and 
electrical characteristics of the CT-Metre device 
(Table 1). 
 
 

Characteristics Values 

power delivered for the 
ring sonde (w) 

From 0 to  2,5 

heating time (s) 400 

measure time (s) 500 

Resistance (ohm) 2,5 

Cabinet size (mm) 400 x 145 x 260 

Box weight (Kg) 8 

Power supply 230Vac/ 50-60 Hz 
Table 1. Mechanical and electrical characteristics of 

the CT-Metre device [3] 
 

3 Variation of thermal conductivity as 

a function of porosity for different 

temperature values 

 
After measuring the samples on the CT-Metre, we 
obtain the following experimental results (Table 2.) 
 
 

𝑥𝑎𝑖𝑟 𝞴  at 𝞴 at 𝞴    at 𝞴   at 

(%) 
(T=293
K) 

(T=303
K) 

(T=313 
K) 

(T=323K
) 

0 0,785 0,741 0,715 0,701 

5 0,721 0,704 0,665 0,641 

10 0,685 0,666 0,645 0,630 

20 0,565 0,540 0,512 0,486 

30 0,487 0,420 0,390 0,357 
Table 2. Experimental measurements of thermal 
conductivity as a function of porosity at different 

temperature values 
 

And from table 2 we can plot each percentage of 
porosity as a function of temperature we obtain the 
following curves, this curves is represented the 
change in porosity on the thermal conductivity at 
different temperature values (Figure 5). 
 
(a) 

 
 
 
 
 
 
 
 
(b) 
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(c) 

 
 
(d) 

 
 
 
(e) 

 
Figure 5. (a, b, c, d, e) Influence of thermal 

conductivity on porosity at different temperatures 
successively (293K, 303K, 313K, 323K and all 

temperature) 
 

 
In general, we find that the thermal conductivity 
decreases with the increase in the porosity 
percentage in each material, for the first sample 
when the porosity was 0% the thermal conductivity 
is 0.785 W.m-1.K-1 at temperature T = 293 K and 
decreases until reaching 0.701 W.m-1.K-1 at 
temperature T = 323 K, and for the percentage 
sample 5% the thermal conductivity is 0,721 W.m-

1.K-1 at temperature T = 293 K and decreases until 
reaching 0.641W W.m-1.K-1 at temperature T = 323 
K, we observe the thermal conductivity value 
decreases from sample to sample at the same 
temperature, this decrease aggravated with the 
percentage increase in porosity and becomes 0.487 
W.m-1.K-1 at temperature T = 293 K for the sample 
of 30%.   
 
We can interpret these results by the fact that the 
thermal conductivity decreases with the increase in 
air which contains the sample therefore the thermal 
conductivity is inversely proportional with the 
quantity of air which exists in the pores.  
 
4 Variation of thermal conductivity as 

a function of temperature for different 

values of porosity 

After having measured the samples on the CT-
Metre, we obtain the following experimental results 
in Table 2. And from these measurements, we can 
also conclude the influence of thermal conductivity 
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as a function of temperature for different porosity 
values, we can plot these curves (Figure 6), which 
represent the change in thermal conductivity versus 
temperature at different percentage of porosity (0%, 
5%, 10%, 20%, and 30%). 

(a)

(b)

(c)

(d)

(e)

(f)

 

Figure 6. (a, b, c, d, e, f) Influence of thermal 
conductivity on temperature at different porosity 

values successively (0%, 5%, 10%, 20%, 30% and 
all percentage of porosity) 
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It is noted that the thermal conductivity decreases 
with the increase in temperature for all the samples 
but this very remarkable decrease when the porosity 
increases for example the thermal conductivity is 
0.785 W.m−1K−1 at temperature T = 293 K for the 
0% sample its value decreases with increasing 
temperature and reaches 0.701 W.m−1K−1 at 
temperature T = 323 K, when the value of porosity 
is increased to 5% la thermal conductivity decreases 
further is becomes 0.721 W.m−1K−1 at temperature 
T = 293 K and decreases until it reaches 0.641 
W.m−1K−1 at temperature T = 323 K the decrease 
becomes more apparent the decrease in temperature 
and the increase in porosity temperature and 
becomes 0.357 W.m−1K−1 at temperature T = 323 
K for the sample of 30%. We can interpret these 
results by that the increase in temperature damages 
the crystal lattices of solid clay that is to say the 
solid becomes bad electrical conductor by 
consequence bad thermal conductor therefore the 
increase in temperature leads to a decrease in 
thermal conductivity. 

5 Conclusion 

The decrease in thermal conductivity with porosity, 
is aggravated with the increase in porosity that is to 
say the amount of air and the air has a mass and 
gases in general its viscosity decreases with the 
increase in temperature the viscosity decreases 
means that the interactions between weak particles 
which leads to a decrease in thermal conductivity. 

The decrease in thermal conductivity as a function 
of temperature its origin at the interference of air 
atoms with the anionic sites of clay which end up at 
imperfect touches therefore a decrease in the 
efficiency of thermal waves, therefore decrease in 
thermal conductivity with increasing temperature. 

In the field of clay construction, the porosity of the 
sample must be taken into account, which plays an 
important role in protecting people against 
temperature and cold.  

Nomenclature 

𝞴       Thermal conductivity (W.𝑚−1𝐾−1) 

T      Temperature (K)  

𝒙𝒂𝒊𝒓  Porosity (%) 

CT-Metre: Device in Laboratory of 
Thermodynamic - Energy, Energy Center, Faculty 

of Sciences, Mohammed V University, Rabat, 
Morocco. 
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