
 
 
 

 
 

 

1. INTRODUCTION  

 

Due to the increasing population energy consumption in 

the sector of building and the hard economic situation, it is 

necessary to control energy during the building process. One 

of the many difficulties confronting researchers in the field of 

building is the uncovering methods that reduce energy 

consumption as well as the new and innovative techniques 

that decrease heat loss and enhance product quality. 

An analysis of conductive heat transfer through the 

material is very important in an energy-efficient building 

design. Thus, the knowledge of thermal properties, 

particularly thermal conductivity and thermal diffusivity of 

material construction, are of great importance. 

This paper studies the thermophysical properties of 

composite materials of plaster that incorporates palm tree 

fibers. Indeed, the latter are a natural and renewable product 

with good thermophysical and acoustic properties for the 

development of insulating materials. They come from the 

Mediterranean area (Tunisia, Algeria, Morocco, etc.).  A 

number of studies have shown that vegetable-fiber reinforced 

plaster materials possess good thermal properties. Toppi and 

Mozzarella [1] studied the thermal properties of gypsum-

based composite materials with a micro-encapsulated phase 

change material. Mustapha Boumhaout et al. [2] studied the 

thermomechanical properties of a composite material based 

on mortar with a mesh of date palm fibers. A. Djoudi et al. 

[3] used a new composite material of construction made of 

plaster, sand, crushed gravel and date palm trees. The authors 

also proved a decrease in thermal conductivity and density. 

The same behavior was noticed by Abou Bakr Cherki [4] 

who studied the effect of adding cork on the thermal 

conductivity, thermal diffusivity and heat capacity of a 

composite material based on granular cork embedded in 

plaster. Their results show the interest of working with cork 

to reduce thermal conductivity and make a material that has a 

low heat transmission, compared to the plaster without cork. 

Another study was made by Soumia Mounir et al. [5], who 

characterized experimentally the behavior of thermal inertia 

and thermal properties for walls coated by sealants: white 

cement-cork, cement mortar-cork and plaster-cork. H. 

Lakrafli et al. [6] studied the effect of adding leather wastes, 

namely chrome shavings and buffing dust on the thermal 

properties of specimens cement and plaster composites. Their 

results indicated a significant decrease in density and thermal 

conductivity with an increase in content tannery wastes. 

Several methods of steady measurements have been opted 

for in order to determine the thermal properties of porous 

materials through the use of the periodic method, the hot 

plate method, as well as other ones.  Rahmanain and Wang 
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ABSTRACT  

 
This paper presents an experimental and theoretical study of the thermo physical properties of date palm tree 

fiber-reinforced plaster composites. In this work, the thermal conductivity and diffusivity of composites are 

determined by the “DICO” method. The palm tree fibers are incorporated, without any preliminary treatment, 

into a plaster mixture. Four samples containing different percentages of palm tree fibers are realized 

(prepared) and examined. Furthermore, the interface of palm tree fibers is observed by Scanning Electron 

Microscopy (SEM). The experimental results show that the reinforcement of plaster by palm fibers decreases 

the thermal conductivity and diffusivity. Therefore, the measured thermal conductivity is compared with the 

theoretical models (serial model, parallel model, Krischer model and Willy and Southwick model). 

 
Keywords: Palm-tree-fiber, Thermal Conductivity, Thermal Diffusivity, DICO Method, Modeling and 

Measurement. 

576



determined the thermal conductivity for gypsum at a high 

temperature, treating it as a porous material consisting of a 

solid material and pores using the hot plate method [7]. 

Boulaoued et al. [8] used the box method to characterize the 

thermophysical properties of a sample prepared by mixtures 

of cement-date palm fibers. Lachheb et al. [9] utilized the 

periodic method to determine the thermal characterization of 

phase-change composite materials. Amel Limam et al. [10] 

determined the thermal properties of composite materials 

(Aleppo Pine wood, cork) using a heat flow meter apparatus.  

In this work, the enhancement of the thermophysical 

properties of date-palm-tree-fiber reinforced plaster matrix is 

investigated. The thermal conductivity and diffusivity of the 

latter composite are measured by the DICO method. The 

effect of the addition of date palm fibers on the thermal 

conductivity and diffusivity of the plaster matrix is studied. 

Hence, the theoretical values of thermal conductivity 

obtained from the serial, parallel, Krischer, and Willy and 

Southwick models and those determined experimentally are 

compared.  

 

 

2. DESCRIPTION OF USED MATERIALS   

 
This work studies the thermophysical properties of a 

composite material made with gypsum and fibers of palm tree 

trunks. This reinforcement can offer a good thermal 

performance. 

  

2.1 Gypsum 

 
Plaster is a building material used for fire resistant walls 

and ceilings. Plaster starts as a dry powder similar to mortar 

or cement, and like those materials it is mixed with water to 

form a good paste. 

These characteristics make plaster suitable for a finishing 

material, rather than a load-bearing material. The term 

“plaster” refers to gypsum plaster or hemi hydrated gypsum. 

Gypsum plaster is produced by heating gypsum to about 

150°C as follows: 

 

OHOHCaSOHeatOHCaSO 22422 3.24.2   

 

The water-gypsum ratio (w/g) in the mixing process can 

vary from 0.6 to 0.8 or higher. When the dry plaster powder 

is mixed with water, it re-forms into gypsum. The gypsum 

used in this work is located in the vicinity of Tataouine city, 

Tunisia. It is mixed with water, using a water-gypsum plaster 

of 0.8 by mass. It has been found that this gypsum has a 

density of 988.240 kg/m3 corresponding to a thermal 

conductivity of 0.431 W/m K. 

2.2 Date palm fibers (Trunk) 

 
The natural fibers used in this research are the date palms 

collected in the oases of the Tunisian South. Palm tree fibers 

are natural and renewable with very interesting thermal 

properties thanks to their porosity. The part used in this work 

is the trunk, presented in figure 1. The fibers are separated 

into individual fibers of a diameter of 0.7-1.1 mm. 

The fibers of palm trees are characterized by their chemical 

composition, which enormously influences their durability. 

The use of natural original vegetable fibers in construction is 

not new in its principle. Plaster was the first composite 

strengthened with vegetable fibers, then came cement and 

concrete. 

The trunk of palm trees is constituted by three major 

components [11]: cellulose, hemicellulose and lignin. The 

remainder of the composition comprises the extractable, 

water soluble and ash (mineral matter).  

The properties of the reinforcements of used palm tree fibers 

are summarized in Table 1. 

 

  
 

Figure 1. Fibers after being pulled out from date-palm trunks  

 

Table 1. Characteristics of used palm fibers 

 

Reinforcement Date palm fibers 

Type Trunk 

Density 289.588 kg/m3 

Thermal conductivity 0.17 W/m K 

 

 

3. PREPARATION OF SAMPLES 

 

The objective of this work is to improve the thermal 

properties of gypsum, which may be used in walls, so four 

samples are prepared corresponding to four different date 

palm wood percentages (2%, 5%, 8% and 10%), to consider 

the date palm content dependence on the thermal properties 

of composite materials (Figure 2). 

 

 
 

Figure 2. Example of composite samples  

 

577



Table 2. Dry density of five studied composites 

 

Palm mass fibers (%) Dry density (kg/m3) 

0 988.240 

2 976.098 

5 894.735 

8 857.132 

10 825.233 

 

Furthermore, a sample of gypsum plaster without palm tree 

fibers is prepared, having 444412 mm3 dimensions, in 

order to compare the variation in the thermal properties of 

palm-tree-fiber-gypsum with those of gypsum without palm 

tree fibers. For all samples, the percentages for water used in  

 

the plaster is (W/g = 0.8). The dimensions and density of all 

studied samples are summarized in Table 2. 

4. DESCRIPTION OF METHOD USED FOR 

THERMAL CHARACTERIZATION: DICO 

 

The measurements of thermophysical properties, like 

thermal conductivity and thermal diffusivity, are obtained 

using the periodic method DICO, detailed in the literature 

[12]. The general principle of the experimental set-up is 

illustrated in figure 3. 

The method is based on the use of a low temperature 

modulation in a parallelepiped-shaped sample (44mm 
44mm  12mm) and allows obtaining all these thermo 

physical parameters in only one measurement with their 

corresponding statistical confidence bounds [12-13]. 

 

 
 

Figure 3. Experimental set-up of periodic method: DICO 

 

The composite sample is fixed between two metallic plates 

(brass to the lower plate and copper to the top plate) (figure 

4). A good thermal exchange and contact between the 

different elements and the sample is ensured by using 

conducting grease. The front side of the first metallic plate is 

heated periodically using a sum of five sinusoidal signals. 

The temperature is measured using thermocouples placed 

inside both metallic plates [14]. The thermophysical 

parameters of the composite material are identified by 

comparing between the experimental and theoretical heat 

transfer functions [15]. The system under consideration is 

modeled by one dimensional quadruple theory [16]. The 

experimental heat transfer function is calculated at each 

excitation frequency as a ratio between the Fourier transform 

temperature of the front and rear plates. 

5. EFFECTIVE THERMAL CONDUCTIVITY 

MODELS 

 

Different types of theoretical models have been developed 

in the literature to predict the effective thermal conductivity 

of three-phase mixtures. 

In this work, a composite material is taken according to the 

following hypotheses of simplification: 

- Convection is negligible inside the pores; 

- Temperature is low; 

- The material is opaque; 

- The physical characteristics are constant; 

- The mass diffusion is absent; 

- The term source is absent. 

 

 
 

Figure 4. Schematic of experimental method 
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5.1 Effective thermal conductivity of composite according 

to series and parallel models 

 

In this approach, it is considered that the material is formed 

by a solid phase constituted by plaster and fibers of palm 

trees, a gaseous phase (the pores contain air) and a liquid 

phase (water in general). Consequently, the concept of the 

effective thermal conductivity of a solid1 (plaster matrix) 𝜆𝑠1, 

a solid2 (palm tree fibers) 𝜆𝑠2, a liquid phase 𝜆𝑙 and a gaseous 

phase 𝜆𝑔 is introduced. The effective thermal conductivity of 

the serial model is given by: 
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Moreover, the effective thermal conductivity of the parallel 

model is given by the following expression:  

  glsssseffp   2211                      (2) 

 

where ε is the total porosity, 𝜀𝑠1 is the fraction of the solid1, 

𝜀𝑠2 is the fraction of the solid2, and θ is the moisture content.  
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Finally, the effective thermal conductivity of the sample 

shown by the serial and parallel arrangement is given by: 

gls

s

s

s

s

m

effs

R






















)(11

1

1

1

2

1

1

2

1






























         (6) 

and 

 

1
1 1

2 2

2

1 1
1

1 1
effp s

s s
m m

s s

s l g

R R

 
  

 

 

    

   
    
      
       
   

  

                     (7) 

When the material is dry, we use the following expressions 

are used: 
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Figure 5. a) Serial model; b) Parallel model 

 

5.2 Effective thermal conductivity of composite according 

to mixed model 

 

The effective thermal conductivity obtained for the parallel 

and serial models were used in other analytical models 

proposed by Krischer, and Willy and Southwick, which are 

described in the following paragraphs. 

5.2.1 Krischer model 

The effective thermal conductivity, according to the 

Krischer model [17], is a combination between the serial and 

parallel models (figure 7) by a blending factor, named the 

phase distribution factor ( u ). Researchers suppose that the 

volume fraction u of the layers oriented perpendicularly to 

the direction of the heat flow is arranged in series with the 

complementary fraction ( u1 ) of the layers oriented in 
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parallel to the direction of the heat flow. The following 

equation describes the Krischer model: 

 

effseffp

effk uu









1

1                                                         (10) 

 

Carson JK [18] and Harouna Bal et al. [19] utilized the 

Krischer model to predict the effective thermal conductivity 

in porous food and in laterite based bricks, respectively. The 

effective thermal conductivity predicted by the Krischer 

model was in good agreement with the experimental data. 

 

 
 

Figure 6. Krischer model 

 

 
 

Figure 7. Willy and Southwick model 

  

Thus, when u=1, the Krischer model will be reduced to the 

series model; but when the parameter u  is zero, the Krischer 

model will be reduced to the parallel model. Therefore, this 

model may be expected to provide some acceptable 

predictions of the thermal conductivity for the porous media. 

The value of u  used in this study is u=0.25, which has been 

proposed by Amara et al. (2017) [20]. 

5.2.2 Willy and Southwick model 

Willy and Southwick (1954) [21] put forward a model of 

perpendicular heat flux traversing parallel layers disposed in 

parallel with other layers in series: 

 

effseffpeffW S uu  )1(                                           (11) 

 

where u is assumed to be a numerical correlation factor and 

may be defined as a fraction of the material oriented in the 

direction of the heat flow, and the remaining (1-u) fraction is 

oriented perpendicular to the direction of the heat flow 

(Figure 8). The same value of u, suggested by [20], is used. 

6. RESULTS AND DISCUSSION 

 

6.1 SEM analysis 

 

The Scanning Electron Microscope (SEM) images of a 

trunk fiber are depicted in figure 8. This study enables 

knowing the form of the used fibers and having an idea of 

their dispersion in the produced mixtures. The microscope 

examinations are carried out using a JEOL JSM-6301F 

scanning electron microscope.  

Observing these microstructures of date palm fibers, it can 

be seen that the surface of samples is irregular with many 

filaments, impurities, cells and pores, permitting the adhesion 

between the fiber and the plaster matrix. 

Those observations are similar to those brought back in the 

literature on the fibers extracted from date palm trees [22, 

23]. Indeed, all palm-trees fibers have a cylindrical form, and 

each fiber consists of multi cellular fibers containing a central 

void (lumen). Otherwise, the structure and the form of date 

palm trees are similar to those of coir fibers [23, 24]. 

 

 
 

Figure 8. SEM view of a trunk fiber. Scale bar equal to: (a) 

250 m , (b) 100 m , (c) 50 m , (d) 25 m  

 

It can be concluded that the holes confirm that the sample 

structure is very interesting for a good adhesion between date 

palm trees and some matrices. Thus, the date palm tree can be 

a good candidate for the development of suitable composites.  

6.2 Thermophysical properties 

 

In this study, the physical characteristics of different 

elements (air, water) are taken from the literature. Hence, the 
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thermal conductivity of plaster and date palm trees is 

determined by the DICO method. As a result, the density of 

plaster is 𝜌𝑠1=988.240 kg/m and the thermal conductivity of 

plaster is 𝜆𝑠1=0.431 W/mK. 

 
 

Figure 9. Comparison of experimental evolution of effective 

thermal conductivity as a function of fiber mass ratio with 

simulated Krischer model for varied porosity 

 

The density and the thermal conductivity of date-palm-tree 

fibers are determined by the DICO method. Accordingly, the 

density and the thermal conductivity of fibers are respectively 

 

mkgs /588.2892   and KmWs /17.02  . 

In the present work, the best porosity 2.0 (see figure 

9) is used. 

6.2.1 Thermal conductivity 

Table 3 summarizes the experimental values of thermal 

conductivity and those calculated theoretically by the 

proposed models. It may be noted that plaster plays the role 

of a matrix and palm-trees fibers play the role of an insulator 

with λ =0.17 W/mK. The effect of incorporating palm-tree 

fibers in plaster is to decrease its thermal conductivity. 

The drop in thermal conductivity can be explained by the 

fact that the thermal conductivity of palm-tree-fibers is very 

low compared to that of plaster. Furthermore, the decline in 

density entrains a reduction in thermal conductivity. This 

dependence is always verified on materials with a plaster 

matrix and vegetable fibers according to Cherki et al. [4] who 

used granular cork bound with plaster, and according to 

Ashour et al. [27] who used matrix plaster reinforced by 

barley straws. 

The comparison of the experimental measurements of the 

conductivity to theoretical approaches indicates that the 

theoretical results (serial, parallel, Krischer and Willy and 

Southwick model) correspond to the values obtained during 

the experiments. Moreover, it is found that the percentage 

deviation is less for the Krischer model. On this basis, the 

presented theoretical models can be used by engineers and 

researchers to predict the thermal conductivity of the 

composite at a given dosage of palm-tree fibers. 

 

Table 3. Thermal conductivity of composite (plaster + palm tree fibers) 

 

Mass ratios of palm fibers (%) 𝜆𝑒𝑥𝑝(W/mK) 
Krischer model Willy and Southwick model 

𝜆𝑒𝑓𝑓𝐾(W/mK)  Error (%) 𝜆𝑒𝑓𝑓𝑊𝑆(W/mK)  Error (%) 

0 0.431 0.431 0.00 0.431 0.00 

2 0.304 0.224 26.3 0.144 52.6 

5 0.252 0.216 14.3 0.139 44.8 

8 0.237 0.209 11.8 0.135 43.0 

10 0.232 0.205 11.6 0.132 43.1 

 

 
 

Figure 10. Comparison between experimental evolution of 

thermal conductivity as a function of fiber mass ratio and 

thermal conductivity and theoretical models (serial, parallel, 

Krischer and Wily and Southwick models) 

The most insulating material is observed with 10% by 

mass of date palm fibers. The thermal conductivity of 

composites goes down from 0.431 W/m K for the sample 

without fibers to 0.232 W/m K for the most insulating 

material. In addition, it has the advantage of being a natural, 

harmless and less-expensive product. 

Figure 10 presents a comparison between the experimental 

evolution of the thermal conductivity as a function of the 

mass ratio of fibers and the one predicted by theoretical 

models (parallel, serial, Krischer and Willy and Southwick 

model). 

As it can be seen, the Krischer model approaches better 

measurement results. The Krischer model considers both 

layers in parallel and serial layers, which seems more logical. 

This confirms the concordance between the theoretical and 

experimental values. It can be concluded that the values 

calculated by the Krischer model are relatively comparable to 

the experimental ones.  

6.2.2 Thermal diffusivity 

The thermal diffusivity of the composite is an important 

parameter in order to estimate their potential use in building 
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[25]. The characterization results of each sample from the 

experimental method are summarized in figure 11. The 

thermal diffusivity is calculated according to the DICO 

method. 

2 3 4 5 6 7 8 9 10
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Figure 11. Variation in thermal diffusivity of palm-tree-

based material with the fiber mass ratio 

 

The thermal diffusivity measures the rate of heat 

propagation through one material. For palm-tree-fiber-based 

insulators, it is found that an increase in the fiber mass ratio 

leads to a decrease in the effective thermal diffusivity of the 

composite. It is clear that the value of the thermal diffusivity 

of the composite depends on matrix porosity [26, 8]. 

Consequently, the more the medium contains date palm 

fibers, the less it allows heat transmission. Thus, depending 

on this important result in thermal insulation, an insulating 

material should not only have low conductivity but must also 

allow delaying heat transmission.  

In addition to presenting the experimental measurements of 

thermal diffusivity, they are compared with a theoretical 

model.  

The calculated thermal diffusivity 𝛼𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎 𝑙  of a 

composite is related to its thermal conductivity 𝜆𝑒𝑓𝑓𝐾  by the 

following equation: 

 

.


effK
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where ρ and 𝑐𝑝 are the density and the heat capacity, 

respectively. 

The values of specific heat, used to calculate thermal 

diffusivity, are calculated by the following equation:  
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Besides, the density is experimentally measured. 

Table 4 gives the values of the dry thermal diffusivity 

calculated utilizing the theoretical equation. The results 

demonstrate that the thermal diffusivity falls with the 

incorporation of fibers. This result is in agreement with the 

results found for thermal conductivity. 

 

Table 4. Thermal diffusivity of plaster-palm-tree fibers 

 
Mass ratios of palm fibers (%) )/10( 27

exp sm  )/10( 27 smltheoretica

  (%)error  

0 4.225 4.225 0 

2 3.923 3.608 8.0 

5 3.869 3.642 5.8 

8 3.614 3.583 0.9 

10 3.417 3.598 5.3 

 

 

7. CONCLUSION 

 

In this paper, some thermophysical properties, such as 

thermal conductivity and thermal diffusivity of date-palm-

tree fiber reinforcement gypsum have been estimated. The 

goal is to use the composite materials in the manufacture of 

thermal insulation for buildings. Thermophysical property 

measurements of composites have been obtained using the 

method of a periodic temperature slope. The results have 

shown that the incorporation of date palm tree fibers induces 

a decrease in both thermal conductivity and thermal 

diffusivity. This demonstrates that the thermal conductivity of 

the insulating plate realized in our laboratory seems to be 

more important than date palm tree fibers. 

 Therefore, four analytical models have been utilized to 

determine the thermal conductivity. The results suggest that 

the values of obtained various materials are acceptable 

compared with the values given by the DICO method. 

The original insulating materials using palm tree fibers in a 

plaster matrix presents properties that are as a function of the 

fiber content mass ratio and have values that are generally 

comparable to synthetic insulating materials. It cannot be 

denied that the thermal conductivity and diffusivity of these 

insulators decline rapidly as a function of fiber content. 
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NOMENCLATURE 

 

Latin symbols 

 

cp           specific heat capacity (J/kg K) 

m           mass (kg) 

Rm         mass ratio (%) 

u            fraction of series arrangement 

(1-u)      fraction of parallel arrangement 

 

Greek symbols 

 

           porosity  

        density (kg/m3) 

         thermal conductivity (W/m K) 

           thermal diffusivity (m2/s) 

 

Subscripts 

 

s1           solid phase 1 

s2                 solid phase 2 

l             liquid phase  

g            gas phase  

eff          effective 

effs     effective thermal conductivity of layers arranged in 

series 

effp     effective thermal conductivity of layers arranged in 

parallel 

effK       effective thermal conductivity of Krischer model 

effWS    effective thermal conductivity of Southwick model 
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