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Abstract: - The objective of this work is the development of a composite material of clay doped with copper 
powder and with thermal properties likely to give it a great importance in the ceramic industry, has been the 
subject of increased attention in recent decades because of their multiple uses as thermal insulators in the fields of 
ceramics and heterogeneous catalysis. Indeed, this study is based on a global approach of the properties of the 
material, accompanied by a thorough analysis of the thermophysical characteristics. The thermal conductivity of 
this material was determined as a function of copper content and temperature. Experiments have shown that 
thermal conductivity increases with the copper content and decreases with temperature, the experience made by 
an apparatus called CT-METRE. A theoretical model of the composite material allowing to approach more finely 
the heat transfers and also to validate the experimental results obtained.   
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1 Introduction 
As for composite materials they are commonly 
defined as being reassembly of two or more 
materials of complementary properties. Generally 
composite materials consist of two essential 
elements, whose contributions are complementary, 
the matrix and the reinforcement. The matrices are 
presented, most often as lightweight materials and 
feeble mechanical resistance. Their essential role in 
composites is to maintain the cohesion of the 
collection [1][2]. By reinforcement, we mean any 
element probable to improve the properties of the 
matrix, in which it is incorporated, its presence in a 
composite material improves its mechanical and 
thermal performance [3] [4]. The material studied in 
this work is obtained by mixing copper and clay into 
powders with water for petrification which results in 
a solid solution of substitution of thermo-physical 
properties depending on its composition and 
temperature. These copper powders make it possible 
to improve the thermal performance of clay by 
modifying its thermo-physical characteristics, which 
are the thermal conductivity obtained 

experimentally by a "CT-METRE" apparatus and 
also by a theoretical model. In our work consists in 
studying by experiment the relation between this 
thermal quantity and the copper content as well as 
their variation with the temperature, therefore the 
study of the influence of the addition of copper 
powder in different contents following 5 %, 10%, 
15%, 20% and 25%, on the thermal behavior of the 
clay with respect to its composition and temperature 
[5] [6][7]. After the calculations and the experiment 
we are led to conclude that the conductivity 
increases with the copper content and decreases 
with the temperature, which is due to the adsorption 
of electropositive atoms of copper on sites with high 
negative charge of clay particles as well as increased 
transport of heat by copper electrons [8].  
 

2 Material development method 
The procedure for crushing clay and copper in a 
crusher: in order to obtain ultrafine powders of 
copper and clay, sieve is then sieved with a sieve 
(diameter 1 μm), then in prepares five pairs of 
samples (the corresponding copper-doped agile) of 
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the following different percentages: 5%, 10%, 15%, 
20%, and 25%. After preparing the five pairs of 
samples the homogeneses with water to obtain them 
in pasty form, then they are placed in a mold of 
dimensions (7cm * 7cm * 5cm) [9]. To develop the 
material in simple rectangular parallelepiped 
geometric form, the heat treatment is carried out in 
the oven (Fig. 2) at 40 ° C for 72 hours in order to 
reduce the water content and finally or compacts the 
material to minimize its porosity [10] [11]. 
 
2.1 Presentation of the assembly 
The measurement of the thermal conductivity of the 
material is carried out by conductimetry using an 
appliance <<CT-METRE>>,(Fig.1) equipped with 
accessories like specific sonde for solid materials, a 
glove box consisting of a thermocouple which 
serves to fix the temperature and an interface that 
couples the editing with a computer to display and 
process the measured numerical values. 
 
The CT-METRE, an easily transportable device, 
was developed with the aim of making it possible to 
accurately assess the thermal characteristics of a 
certain number of materials, such as: brick, rocks, 
earth, aerated concrete, bitumen, powdered 
substances, resins or complex products, etc. 
 
 The operating principle of consists, thanks to the 
association of a heating element and a temperature 
capture (both associated in the same sonde), to 
measure the rise in temperature undergone by the 
capture, during a heating period chosen by the user 
depending on the material to be tested and the type 
of probe used (the ring sonde or the wire sonde). 
 
2.2 Procedure 
The CT-METRE consists of two elements: 
a) The control unit, responsible for generating the 
heating power and interpreting the temperature rise 
curve induced in the material to be tested. 
b) The sonde responsible for transmitting the 
heating power and collecting the induced 
temperature. 
 
First connect the ring sonde (Fig. 3) with the plug 
connected to the appliance <<CT-metre>> (Fig.1), 
then it is inserted between two samples of the same 
size and same shape so that it sweeps the sample in 
volume, the operator starts the measurement by 
pressing the MEASURE button. From this moment, 
the cycle proceeds automatically and at the end of 
the programmed measurement time, the display 
transmits the expected results. This appliance 

measures the thermal conductivity of materials in 
steady-state. 
 

 
 

Fig. 1. General diagram of the <<CT-METRE>> 
allowing the measurement of the thermal 

conductivity of the samples 
 

These four samples have been studied in rectangular 
forms, each sample is divided in two, the heat 
treatment is carried out in the oven at 40 ° C for 72 
hours in order to reduce the water content and 
finally or compacts the material to minimize its 
porosity. (Fig. 2) 
 

 
Fig. 2. The samples in the oven 

 
The ring sonde is made up of a flexible printed 
circuit (thickness 0.2 mm-dimension 60 * 90 mm), 
intended to be inserted between two flat pieces of 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2020.16.34

Abdelkrim Moufakkir, Abderrahim Samaouali, 
Abdellah Elbouzidi, Salah El Alami, 

Abderrahim Dinane

E-ISSN: 2224-3496 325 Volume 16, 2020



the sample to be measured (whose surfaces have 
been previously rectified) (Fig.3). 
 

 
Fig. 3. The Ring sonde 

 
The glove box plays a role in conserving changes in 
the temperature of a sample, the latter consisting of 
three materials each linked to the other and each 
giving their function is as follows: a contact 
thermometer which sets the requested temperature, 
light bulbs in flames during sample launch in the 
glove box to heat the sample and then a fan which 
diffuses the heat in the latter (fig.4.). 

 

 
Fig. 4. Glove box 

 
This following table summarizes the 
mechanical and electrical characteristics of the 
control unit (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 

Size of the box 
(mm) 

400 x 145 x 260  

Weight of the box 
(Kg) 

8  

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

the appliance <<CT-METRE>> 
 

3 Variation of thermal conductivity 
according to the copper composition 
 
Theory: The equivalent conductivity is calculated 
according to the composition (ݔ௖௨,  ௔௥) uses theݔ
values executed in Table 2 is considering the 
material as a binary mixture and the first colon are 
experimental measures: 

 
Fig. 5. Influence of thermal conductivity on copper 

content 
Experience: Five pairs of previously prepared 
samples are taken with different copper content 
(0%, 5%, 10%, 15%, and 20%) and the temperature 
in the glove box is set by means of a contact 
thermocouple successively at (293K, 303K, 313K, 
and 323K) then we have the measurement of the 
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thermal conductivity of each pair of sample by 
introducing it into the CT-metre. 
The following values are obtained for the thermal 
conductivities for each copper content for a given 
temperature (Table 2): 
 

 ᆋ à 
(T=293 

K) 

ᆋ à 
(T=303 

K) 

ᆋ à 
(T=313 

K) 

ᆋ à 
(T=323 

K) 

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

5% 0,851 0,809 0,785 0,762 

10% 0,913 0,869 0,831 0,803 

15% 0,935 0,909 0,87 0,841 

20% 0,951 0,929 0,896 0,862 
 

Table 2: Experimental values of thermal 
conductivity versus copper content at different 

temperatures 
 

From the measurements carried out one draws the 
curves of variation of the thermal conductivity as a 
function of: 
 

 
Fig. 6. Experimental influence of thermal 

conductivity on copper content 
 

Interpretation of the curves 
After to the two figs 5 and 6 above theoretical and 
experimental it is found that the thermal 
conductivity increases according to the copper 
content so a perfect agreement between the 

theoretical model and the experimental 
measurements. 
The increase of the thermal conductivity as a 
function of the copper mass content is due to the 
dipole-charge interactions between the copper atoms 
and the anionic sites of the clay, these interactions 
cause the adsorption of copper atoms on the clay 
and their diffusion through the defects of its 
crystalline structure. Another factor contributes to 
the increase of λ which is the heat transfer due to the 
movement of copper electrons. 
 

4 Variation in thermal conductivity as 
a function of temperature 
 
Theory: we deduce the relation which reflects the 
variation of the thermal conductivity as a function of 
the temperature from the expression of the thermal 
flux [12]. 

݀Ф ൌ .Ԧܬ ݀ܵሬሬሬሬԦ ൌ െߘߣሬԦܶ. ݀ܵሬሬሬሬԦ 

Involved                     ௱Ф
௱்

ൌ ߣ
ௌ

௅
 

With                          ߣ ൌ Ф߂
௅

ௌ௱்
 

After the relation above, thermal conductivity 
decreases with temperature 
If 	ܶ>> ଴ܶ 
 

We have                	ߣ	 ൌ Ф ௅

ௌ 	்
    

For two different temperatures one can write: 

λୟ୰ ൌ Ф
୐

ୗ୘౗౨
 And λୡ୳ ൌ Ф

୐

ୗ୘ౙ౫
 

And then we find: 
ૃୟ୰
ૃୡ୳

ൌ
ୡ୳܂
ୟ୰܂
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Fig. 7. Influence of the Thermal Conductivity of the 

Material on Temperature 
 

Experience: 

 
Fig. 8. Experimental influence of the thermal 
conductivity of the material on Temperature 

 
 
Interpretation the results obtained: 
After the results obtained by the two figs 7 and 8, it 
can be deduced that the thermal conductivity of the 
material decreases with the increase of the 
temperature so λ is a decreasing function with 
temperature [13]. 
Since the average free path of the heat-transmitting 
phonons decreases with temperature due to non-
perfect contacts between the two materials as well 
as the deviations of the crystalline structure of the 
perfect crystal model clay which cause the phonon 
attenuation in the material. 
 
 

 
 

5 Conclusion 
 
It has been found from the theoretical model and 
experimental measurements made by apparatus 
called CT-METRE, that when doping clay with 
powdered copper, we end up with a composite 
material (solid solution of substitution), whose 
thermal conductivity increases with the copper 
content and decreases with temperature. This is due 
to: 
 - The variation of the conductivity with the copper 
content, to the increased transfer of heat by 
electrons in copper as well as the diffusion of 
copper in the clay and the adsorption of its 
electropositive atoms on the anionic sites of the 
clay, which gives it a dual mode of conduction of 
heat by network and by electrons.  
- The variation of the thermal conductivity as a 
function of the temperature it is due to the 
interactions of the atoms of the copper with the 
anionic sites of clay that lead to non-perfect contacts 
of the two materials therefore to the decrease of the 
average free path thermal waves, as well as the 
structural defects existing in the crystalline structure 
of the clay. 
 
Notation 
 
ᆋ              Thermal conductivity (W/m.k) 
T              Temperature (K)                                 
J               Vector heat flow 

            Thermal flow 
dS             Surface element 

          Copper content (%)  
          Clay content (%) 

L              Length of material (cm) 
S              The section (m2) 

         Thermal conductivity of copper (W/m.K) 
      Thermal conductivity of clay (W/m.K) 
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