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This study focuses on the reduction of the environmental impact of plastic waste and the 

valorisation of vegetal wastes produced annually from date palms. This paper presents 

an experimental study on the manufacturing of composite panels based on date palm 

leaflets, DPL, and expanded polystyrene wastes were carried out. Hot compression 

process was proposed with the aim of improving the composite manufacturing techniques 

previously released by the team using a cold compression process. Three composites 

were studied with the weight fraction (wt.%) of 70, 75 and 80 of the DPL as a 

reinforcement. The weight fraction of expanded polystyrene is respectively 30, 25 and 

20 wt.%. Physical and mechanical characterizations of biocomposites were performed 

with the reinforcement size between 0.315 mm and 0.5 mm. The result shows that the 

composite panels have a low density between 414 and 511 kg/m3. The composite panels 

showed an improved maximum stress and flexural modulus that can reach 6.18 MPa and 

13.5 MPa respectively. These values are comparable to the literature values such as 

Medium Density Fibreboard (MDF) (13.5-25 MPa) and the Durian Peel and Coconut 

Coir (DPCC) particleboards (0.8-22.4 MPa), (0.7-43 MPa). However, the water 

absorption result ranging from 77 to 95 % shows that the studied composite panels are 

sensitive to moisture and exhibit high moisture uptake percentage thus limits their 

possibility of use in moist condition. 
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1. INTRODUCTION

Solid waste management is becoming a worldwide 

challenging issue due to the rapid increase in solid waste 

generation [1]. It was reported that the global polymer 

production has risen from 1.5 million tons in 1950 to 359 

million tons in 2018 and is expected to reach approximately 

500 million tons by 2025 [2]. This huge production generates 

large quantities of plastic waste. Expanded polystyrenes (EPS) 

are one of these plastics. They are used for packaging, storing 

materials, and insulations due to their lightweight, excellent 

thermal insulating, and low-cost properties. Nevertheless, the 

disposal of EPS after use takes a large space and causes a 

serious environmental problem as these plastics in landfills 

take a long degradation time [3, 4]. When EPS foam breaks 

apart, the small polystyrene components can be eaten by 

animals or consumed by fish once it breaks down in the ocean. 

Moreover, the process of incineration is expensive and 

generates toxic by-products [2]. 

1.1 Biocomposites based on date palm fibres 

Every year huge quantities of date palm (Phoenix 

dactylifera L.) residues are generated resulting from annual 

cultivation and fruit harvesting. Date palm wastes can be 

estimated to be over 675 000 tons of residues yearly [5]. These 

wastes are generally used to fabricate the modest undeveloped 

objects, or they are burned, or accumulated in agricultural 

lands for a long time which exposes them to the risk of being 

highly flammable. It is one of the severe environmental 

problems. Moreover, date palm fibres have been explored as 

potential reinforcement in polymeric matrices since the 

eighties [6]. Several thermal, mechanical, and microstructure 

studies on the different parts of the date palm tree were studied 

[7-12]. Within this context, Awad et al. [13] elaborated a 

critical review of date palm trees from fibres to their uses in 

biocomposites. 

1.2 Manufacturing process of date palm biocomposites 

Generally, the manufacturing processes of date palm 

polymer composites are similar to those of natural filler 

composites which still use the manufacturing methods of 

composites from conventional fillers such as glass, carbon, 

and Kevlar fibres. Several studies were reported in the 

literature on date palm-reinforced polymer composites using 

the compression moulding process in their composite 

fabrication [14-19]. The final properties of date palm 

polymeric composites are not dependent only on the 

manufacturing process but also related to the drying and the 
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mixing processes before the compression moulding is carried 

out and to the processing parameters (the moulding 

temperature, the pressure and the holding time) during 

compression moulding process. The difference in treating 

these parameters leads to differences in the properties of the 

composite. The drying (moisture removal) and the mixing 

processes in date palm composites manufacturing need to be 

investigated and analysed before the compression moulding is 

conducted. The correct choice of drying temperature and 

duration is important to ensure that all moisture is removed 

from the fibre. For date palm fibres, it is recommended to have 

a moisture level ranging from 1-2% with temperatures ranging 

from 60-70°C for 24 h are optimal to reduce moisture content 

[20-22].  

High pressure may damage the structure of the date palm 

fibre (DPF) and leads to adverse effects on the mechanical 

properties. The last important consideration is the holding 

duration. Insufficient holding time may produce the defects on 

the composite samples [23]. Finally, the cooling step is also an 

important parameter that is neglected and not investigated or 

reported [13]. Thus, the selection of suitable processing 

parameters during the compression moulding process is 

essential in producing composites with excellent performance. 

For this reason, there is a large amount of research studying 

the effect of the previous parameters on the final properties of 

the date palm or natural fibre-reinforced composites reported 

in the literature. Van-Pham et al. [24] studied the effect of 

processing time, temperature, and pressure on mechanical and 

the water absorption behaviour of biocomposites based on 

banana fibres. Authors reported that the highest tensile 

properties (98.7 MPa) and the lowest amount of water 

absorbed were obtained under 170℃. The increase of the 

pressure from 75 to 100 bar allow increase in the mechanical 

properties. However, a further increase in the pressure from 

100 to 125 bar decreased the strengths and the modulus. 

Different temperatures (190°C, 200℃ and 210℃) are 

combined with three pressure levels (3.5, 6.5, and 10 MPa) in 

flax fibre-reinforced Polyamide 11 (PA11) composites in a 

study conducted by Lebaupin et al. [25]. The authors deduced 

that the best mechanical properties (tensile module of 36 GPa 

and tensile strength of 174 MPa) were obtained when a 

temperature of 210℃ were used with gradual levels of 

pressure (25 bars during 2 min, 40 bars during 2 min and 65 

bars until the end of cycle). 

As a processing parameters, Awad [26] investigated the 

effect of temperature, pressure and time on the physical and 

mechanical behaviour of DPF reinforced unsaturated polyester 

resin (UPR). Three different reinforcement weights (10, 15, 

and 20 tons ) were examined for 3, 6, and 9 minutes at 90 and 

110°C. The authors showed an increase of 25% in the flexural 

modulus (Ef) at 3 min and an increase of 7% and 13% at 9 

minutes of processing duration. However, a significant 

decrease in flexural modulus was shown at 6 min. The authors 

stated that composites manufactured at 110°C with a 

processing pressure of 10 tons during 9 minutes showed the 

optimal tensile strength with an enhancement of 25%.  

Amirou et al. [27] studied the mechanical properties of 

Algerian date palm fibres with polylactic acid matrices. The 

biocomposites were moulded under 3 bar and 165℃. The 

results showed that the elasticity modulus of the composites 

could reaches 2708 MPa for untreated fibre and 2951 MPa for 

treated fibre. 

Saleh et al. [28] studied the fatigue behaviour of the 

thermoplastic starch (TPS) reinforced with DPFs where a 

pressure of 5 tons was applied in 130°C for 60 min. Authors 

showed that the flexural strength reaches its optimum values 

of 78.5 MPa and flexural modulus of 3.4 GPa at 50 wt.% fibres. 

A processing temperature of 140°C for 8 min was the 

processing parameters for date palm-reinforced phenolic 

composites using the compression moulding process in a study 

performed by Asim et al. [29]. Other processing temperature 

of 170°C with 150 bar applied pressure were chosen by 

Mahdavi et al. [14] in High-Density Polyethylene 

(HDPE)/date palm composites manufactured by compression 

moulding process. 

In a previous study by the team, Masri et al. [3] used cold 

compression moulding process on the fabrication of composite 

panels based on date palm leaflets, DPL, and expanded 

polystyrene. The Leaflets-Polystyrene Composite (LPC) was 

manufactured using a pressure of 10 bar applied for 10 minutes. 

The authors evaluated different LPC properties of LPC and 

concluded that the cold process allowed to obtain an 

acceptable mechanical behaviour; with 2.8 MPa and 7.8 MPa 

as a maximum stress and flexural modulus respectively, and a 

density of 542 to 824 kg/m3. 

The objective of the present study is to evaluate the hot 

compression moulding process with the aim to improve the 

LPC proprieties, obtained previously by the team with cold 

compression moulding process [3]. Thereby, two LPC 

manufacturing protocols (A and B) are investigated in 

particular by focusing on the physical, and mechanical 

properties of the composite obtained previously by cold 

process.  

 

 

2. MATERIALS AND METHODS 

 

2.1 Materials 

 

2.1.1 Reinforcement preparation 

The lignocellulosic filler chosen as reinforcement in this 

study was obtained from leaflets of leaves of the date palm 

trees "Phoenix dactylifera". The palm leaflets (Figure 1(a)) are 

resulting from the annual pruning of date palm trees; they were 

collected from agricultural farm areas in Biskra Oasis in 

Algeria then, they were naturally dried for 3 months [30] from 

the date of their cut; the leaflets were cleaned to remove dust 

and sand contents on the surface. After cleaning, they were 

ground and then sieved to ensure a size range of (0.1mm D 

0.315 mm). This particle size range is chosen based on the 

following reasons: (i) It was observed during the preliminary 

tests that this size range can be obtained easily in large 

quantities after grounding and sieving processes; (ii) The 

chosen size range stays always within the range of particle size 

studied in the literature [31-36]. 

 

2.1.2 Matrix preparation 

The matrix was prepared by dissolving the recycling EPS 

waste having a density of 20 kg/m3 in gasoline to obtain an 

organic glue with a mass ratio between gasoline and expanded 

polystyrene waste equal to 3. This mass ratio, defined in our 

previous studies [1, 3], allows a better mixing operation during 

the preparation of the biocomposite. To be noted that other 

different proportions were defined in the study [37].  

 

2.1.3 Preparation of the composite panel 

The composite panels were made by mixing EPS and the 

reinforcement with three weights of 70, 75 and 80 wt.% (Table 
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1). These proportions were chosen after many preliminary 

studies made by Masri et al. [3]. The hot compression 

moulding process was used in this study and the composite 

panels were prepared by following two different 

manufacturing protocols (A) and (B) (Table 2). These two 

experimental protocols have been proposed to evaluate the 

effect of the pre-heating step and the final pressing step 

applied without heating. 

 

Table 1. Various tested samples 

 

Protocol Samples 
Matrix 

(wt.%) 

Reinforcement 

(wt.%) 

A 

A1 20 80 

A2 25 75 

A3 30 70 

B 

B1 20 80 

B2 25 75 

B3 30 70 

 

Table 2. Manufacturing process and conditions 

 
  Protocol A Protocol B 

Preparation 

processes 

Drying 

process 

Naturally for 3 

months 

Naturally for 3 

months 

Melt-Mixing 

process 
Room temp 30℃ 

Hot compression 

moulding process 

Pre-heating 

(mixture) 
- 80℃ - 2 min 

Pre-thermo-

pressing 
2 bar - 80℃ - 4 

min 

2 bar - 80℃- 4 

min 

Thermo-

pressing 
10 bar - 80℃ - 

10 min 

10 bar - 80℃- 

10 min 

Pressing 

without 

heating 

10 bar – room 

temp. - 10 min 

10 bar – room 

temp. - 40 min 

Drying  

15 days at 

ambient 

temperature 

15 days 

ambient 

temperature 

 

2.1.4 Protocol (A) 

After mixing, the mixture was poured into a rectangular 

mould. To reduce the air bubbles and stabilize the mixture 

before high pressing, a pre-thermo-pressing step was applied 

during 4 minutes using a hydraulic press with a low pressure 

of 2 bar at 80°C. To ensure a good mixture distribution, the 

pre-thermo-pressing was followed by 10 minutes of a thermo-

pressing step under 10 bar which has been reached gradually 

at 80°C. The final step is to gradually cool the composite for 

10 min under the pursue of 10 bars. This step of pressing 

without heating is assured at room temperature before being 

removed the bio composite from the mould. For better drying 

and the stabilization of the dimensions of the composite, the 

obtained panels (Figure 1 (b)) were kept during 15 days at 

ambient temperature before cutting test specimens. 

 

2.1.5 Protocol (B) 

After the dissolution of the recycling EPS in gasoline, the 

obtained smooth paste was mixed with the reinforcement 

under 30°C. Under this temperature, the glue becomes more 

liquid which makes it possible to achieve a good distribution 

of fibres in the matrix.  

Furthermore, it is known that the mixture under heat 

pressing generates water vapour which cannot be easily 

evacuated and affects the pressing operation. Preheating and 

pre-thermo-pressing steps of the mixture are proposed to 

eliminate the moisture content in the mixture before being high 

load; which makes the pressing operation easier. Thus, the 

mixture was poured into the mould and the whole was 

preheated during 2 minutes at 80°C between the trays of a 

hydraulic press. A pre-thermo-pressing of 2 bar during 4 

minutes was then applied at the same temperature (80℃). The 

pre-thermo-pressing was followed by a thermo-pressing step 

of 10 bar, gradually reached during 10 minutes at 80°C. To 

reduce the vapour pressure in the obtained composite, the 

extension of final press duration was proposed. Then, the 

composite was gradually cooled (pressing without heating) 

under 10 bars during 40 minutes at room temperature. Finally, 

all the obtained composite panels (Figure 1(b)) were kept at 

ambient temperature for 15 days; a sufficient time for drying 

the composite and for the stabilization of its dimensions. 

 

 
(a) 

 
(b) 

 

Figure 1. (a) The dactylifera date palm leaflets, (b) date palm 

composite panels 

 

2.2 Composite characterizations 

 

The bulk density of the biocomposite panels was measured 

in accordance with ISO 1183-1: 2012 standard [38]. 

Rectangular bending specimens were prepared to determine 

the maximum stress (σmax) and (Ef) the flexural modulus of the 

composite material. A universal testing machine Instron 5567 

model with a displacement rate of 2 mm per minute was 

employed to perform the tests. For each weight proportion, 

five specimens were tested according to EN ISO 14125 [39] 

(L =200 ± 1 mm, l = 160 ± 1 mm, h = 10 ± 0.2 mm and width 

b = 15 ± 0.5 mm) (Figure 2). 

The water absorption test was performed according to 

ASTM D570 standard [40] (Figure 2). Ten specimens of 20x 

20x3 mm in size from each material were prepared. The initial 

weight of the test specimen (W0) was measured before 

immersion into distilled water at room temperature. Then the 
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specimens were withdrawn from the water and all surface 

water was wiped out with a dry cloth and immediately 

weighted in a digital weighing balance with a weighing 

precision of 0.001 g. The specimens were submerged again in 

water and the weight of the test specimen (W1) was measured 

again. The test was continued until the saturation state was 

reached. The water absorption was calculated as mentioned 

below in Eq. (1): 

 

WA =
𝑊𝑙 −𝑊0

𝑊0
𝑥100 (1) 

 

where, 

W0= Specimen weight before immersion. 

W1= Specimen weight after the time of immersion in distilled 

water. 

 

   
(a) 

 
(b) 

 

Figure 2. (a) The water absorption test and (b) the three 

bending test 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Density measurements 

 

Density mainly depends on the relative proportion of 

reinforcement and matrix [41]. In the present study, the results 

of the material’s density of various composite samples (A and 

B) are shown in Figure 3. The biocomposite density changes 

with the weight proportion matrix/reinforcement and also the 

manufacturing protocol A or B. From the Figure. 3 it can be 

observed that the density of composites decreases as the 

reinforcement content increases for both A and B composites, 

that mean the composites are lighter when the amount of the 

reinforcement is low. This may be due to the presence of voids 

in the final product favored by the presence of matrix 

aggregates between fibers; in particular with the increase of 

the matrix ratio in the composite. This conclusion is in 

agreement with the results of the morphological study carried 

out previously on the LPC material by the team [3]. The 

authors showed that the matrix appears with more aggregation 

on the fibre surfaces without coating the entire surfaces of the 

large fibres. The authors of the present paper think that this 

phenomenon is further accentuated during the cooling and 

drying process of the samples; especially since the whole 

process is carried out hot. On the other hand, Figure 3 shows 

that the density values of the same matrix ratio are very close 

for A and B composite panels. Then, the preheating and pre-

thermo-pressing conditions not affect the density of the 

obtained composite. 

 

 
 

Figure 3. Density vs. the matrix/reinforcement weight ratios 

in the composite panels 

 

3.2 Flexural bending result 

 

This work, present the evaluation of the mechanical 

behaviour of the composite panels obtained by the 

manufacturing techniques discussed above. Specimens were 

tested and the stress-strain curves were plotted as shown in 

Figure 4. Composites show first a linear behaviour explaining 

the linear increase in the stress with the strain. This part 

presents the elastic zone of the stress-strain curves followed by 

a plastic zone presented by a curvature takes place indicating 

the increased rate of strain produced with increasing stress. 

This part presents the beginning of the separation between the 

matrix and the fibres. In the third phase, final phase, the stress 

begins to decrease with increasing strain until failure of 

composite material.  

From Figure 4. It can be seen that the values of the curve 

slopes decrease in B composite panels. This can be explained 

by the effect of heat expose duration that was longer than A 

composite panels which make the B panels more elastic. The 

amorphous structure of the lignin and hemicellulose and 

cellulose of the date palm particles are the origin of this 

behaviour as this polymer exhibit the same behaviour of glass 

(hard and brittle) at low temperature and low moisture rate, 

and rubbery behaviour (ductile and soft) at high temperature 

and high moisture rate. 

According to Figure 4 both A and B composites shows 

fracture behaviour. 

When a specimen is under the three-bending test, flexural 

and inter-laminar shear stress may exist at the same time. The 

maximum flexural stress exists at the surface of the specimen 

and the maximum inter-laminar shear stress exist at the neutral 

axis of the specimen [42].  
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Depending on which σmax and τmax reaches the 

corresponding critical value two failure modes may occur in 

the composite materials (i): flexural failure modes exist at the 

top and bottom surfaces of the specimen. In this failure mode, 

there is no appreciable decrease in the slope of the curve and 

the specimen fails abruptly or (ii): shear failure mode at the 

neutral axis of the specimen. In this failure mode, the slope of 

the curve decreases gradually to zero and the specimen fails 

less abruptly. In addition, mixed failure mode can occur when 

the appearance of the curve is shown between the two forms 

mentioned above [42, 43]. 

 
(a) 

 
(b) 

 

Figure 4. The stress-strain curves of the three-point bending 

tests of the DPF composite panels 
 

 
(a) 

 
(b) 

 

Figure 5. (a) failure modes under three-point bending test,  

(b) typical stress-strain curves 
 

According to this criterion, both flexural and shears failure 

mode are shown by the stress-strain curves of the studied 

composites (A and B). According to Figure 4, the B 

composites first fail in a flexural mode. It means the failure 

first occurs in the upper and lower composite layers then, a 

shear failure mode takes place as a result of inter-laminar 

stress at the neutral axis of the composites. A similar mixed 

failure mode was observed for the A composites (as shown in 

Figure 5), when the flexural and shear failure takes place 

simultaneously. These observations are agreed with those 

reported in the literature [42-44]. 

The failure modes thus determined previously could be 

checked by visual examinations of the failed specimen (Figure 

6). It was observed that at the top and bottom composite layers, 

fibre breakage was found across the width of the specimen. 

However, no fibre breakage was found at the neutral axis of 

the failed specimen. 

 

 
 

Figure 6. Failed specimens 

 
The results obtained by the three-point bending tests carried 

out on our material allowed for extracting the flexural modulus 

and the maximum stress. Figure 7 shows the flexural modulus 

and the maximum stress as a function of the date palm content 

on the composite and also followed the manufacturing 

protocols A and B. 

0,000 0,005 0,010 0,015 0,020 0,025 0,030 0,035 0,040
0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1,8

2,0

2,2
A

A3

A2

A1

F
le

x
u

ra
l 
s
tr

e
s
s
 (

M
P

a
)

Strain

0,000 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008
0

1

2

3

4

5

6

7
B

Flexural failure mode

Shear failure mode

B3

B2

B1

F
le

x
u

ra
l 
s
tr

e
s
s
 (

M
P

a
)

Strain

0,000 0,005 0,010 0,015 0,020 0,025 0,030
0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

Shear failure mode

Flexural failure mode

F
le

x
u

ra
l 
s
tr

e
s
s
 (

M
P

a
)

Strain

 A

 B

157



 

 
(a) 

 
(b) 

 

Figure 7. Effect of weight ratio of the matrix/reinforcements 

on: (a) the flexural modulus, Ef, and, (b) the maximum stress, 

max, for A and B samples 

 

Date palm content varied from 70 to 80 wt.% to investigate 

its effect on mechanical properties. From the test results, it can 

be noticed that for both A and B composites, the flexural 

modulus and the maximum stress increase with increasing the 

date palm content from 70 to 75 wt.%, and thereafter with 

further increase of date palm content to 80 wt.% both 

properties tend towards lower values. 

The increase in the flexural proprieties in both A and B 

composites with increasing the date palm fibre content can be 

explained by the optimum operation of the transfer of stress 

from the EPS matrix to the DPFs.  This stress transfer is a 

result of good dispersion of the reinforcement in the 

biocomposite which leads to the formation of a good interface 

fibre/matrix. 

The reduction in the mechanical properties for both A and 

B date palm composites at high fibre content (80 wt.%) can be 

explained by (i): a lower transfer of stress from the EPS to the 

DPF as a consequence of a non-uniform distribution of the 

DPFs in the matrix. At higher date palm fibre content 

agglomeration occur resulting in high void spaces and high 

fibre-fibre contact, thus resulting in weak fibre-matrix bonding 

as well as lower stress transfer [45, 46]. (ii): the presence of a 

lot of fibre ends in the DPF composite induce crack initiation 

and biocomposite failure [47, 48].  

From the result, it is clear that samples A2 and B2 (75 wt.% 

fibre content) are showing higher flexural modulus and 

maximum stress in comparison with samples A1 (70 wt.%), 

A3 (80 wt.%), B1 (70 wt.%), and B3 (80 wt.%). These results 

show that the mechanical properties of composite exit an 

optimum value of reinforcement quantities in which the 

composite performs better [49, 50]. Generally, the optimum 

fibre content varies with the nature of both fibre and matrix 

and fibre/matrix interfacial adhesion [47, 48]. In this study, the 

optimum fibre content is 70 wt.%. Saleh et al. [28] 

recommended optimum fibre content was 50 wt.% in which 

composites of starch reinforced with DPF had a flexural and 

fatigue strengths. This is reinforced by findings obtained by 

Mohamed Hamdy Gheith et al. [50] studied DPF reinforced 

epoxy biocomposites and showed better improvement of Ef by 

the addition of 50 wt.% of DPF reinforcement. According to 

Al-Kaabi et al. [46], 9 wt.% is the optimum fibre content for 

DPF/polyester composites. Other optimum fibre contents of 

biocomposites are reported in the literature showing that in 30 

wt.% fibre reinforcement, the jute/HDPE, jute/Polypropylene 

(PP), and Pineapple Leaf Fibre (PALF)/polyester composites 

have the best mechanical properties [51-53] and 45 wt.% for 

coir/polyester and banana/phenol formaldehyde composites 

[54, 55]. However, other studies reported that there is a linear 

relationship between fibre amount and mechanical behaviour 

of the biocomposite [56].  

From Table 3, it is clear that manufacturing protocol B 

exhibit better flexural properties than manufacturing protocol 

A. The flexural modulus and the maximum stress of the A 

composite panel lay in the range of 1.7-6.7 MPa and 0.9-3.1 

MPa respectively. A noteworthy enhancement in both 

properties (Ef and max) was observed in B up to 05.0 - 13.5 

MPa and up to 1.3 - 6.2 MPa, respectively i.e. an increment of 

160 % and 20 % in Ef and max, respectively. This 

improvement is due to the improvement in the manufacturing 

protocol parameters (protocol B), the preparation process, the 

pre-heated mixture, and the press duration of 40 min leads to 

a well dispersion of the reinforcement in the matrix, which 

favorite adhesion at the matrix/fiber interface. This will 

transfer stresses from the matrix to the DPL which improve the 

flexural behavior.  

 

3.3 Water absorption result 

 

The water absorption bar charts of A and B manufactured 

composite panels with immersion time are shown in Figure. 8. 

It was observed that the water absorbed by the biocomposites 

increases with the immersion period for all samples, the water 

absorption process was the same in both cases where it consist 

of two phases. Firstly, the water uptake was sharp and fast for 

all composite panels during the first 24 hours. Secondly, the 

amount of water absorbed increases slowly in comparison with 

the first phase before equilibrium and time of saturation. 

The bar chart of A and B composite panels also shows that 

the water absorption rate increase with increasing fibre content 

in the composite in both cases, the higher filler contents led to 

greater water absorption in the composites. This is due to the 

hydrophilic nature of DPF and it is in agreement with the 

literature [57, 58]. A similar trend was observed in different 

natural filler/fibre fibre-reinforced composites on the effect of 

reinforcement quantity on water absorption [59-61].  

The maximum amount of water absorption of A and B 

composites of this study were 82%-93% and 77%-95%, 

respectively. The cause of these higher values is due to (i): the 

structure of the date palm fibre which facilitates the diffusion 

and the retention of water into the inter fibrillar space [62]. (ii): 

the chemical proprieties of the DPLs which have high 

cellulose contents (33.5-35 wt.%) and hemicellulose (26-28 

wt.%). This latter is the fibre component that is responsible for 
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moisture absorption in natural fibres. In addition, several 

studies [63, 64] have reported that the DPF showed high 

hydrophilic behaviour with saturation water of 98.4 % in 24 

hours. 

When the date palm composite panels are immersed in 

water, intermolecular hydrogen bonding occurs resulting from 

the attachment of water molecules with the hydrophilic groups 

of fibre. These latter swells inside the composite producing 

stresses at the fibre/matrix interface leading to micro-cracks in 

the matrix around swollen fibres. Capillarity and transport 

through these micro-cracks begin and water-soluble 

substances leach from the fibre, resulting in debonding 

between the fibre and the matrix [65, 66]. 

It is also observed that the B biocomposite panels absorb 

slightly less water than the A composite panels. Similar water 

absorption results are observed between A and B 

biocomposites. The amount of water absorbed is affected by 

the void content on the biocomposites and therefore also by its 

density [41]. Theses voids are related to the pores, lumens, 

gaps, and the poor interfacial adhesion between the DPF and 

the matrix [36]. The saturation state for both types of samples 

occurred almost all at the same time (72). 

 

 
(a) 

 
(b) 

 

Figure 8. Water absorption of composites against soaking 

time 

 

3.4 Comparison to other published works 

 

Table 3 summarizes the physico-mechanical properties of 

the DPL-EPS composites, DPF composites manufactured by 

compression moulding process, and other natural fibre 

composites. The density of the studied panels varies from (414 

to 511 kg/m3). The composite panels have a lower density 

compared to LPC materials (542 to 824 kg/m3) obtained by 

Masri et al. [3] it means a significant improvement in the 

density properties shown by the manufacturing process carried 

out in this study (Table 3).  

The flexural modulus and the maximum stress of the 

manufactured composite panels varies from (1.7 to 13.5 MPa) 

and (0.92 to 6.18 MPa) respectively, they exhibit higher Ef and 

σmax compared to the LPC materials (1.2-7.6 MPa) and (0.43-

2.96 MPa) respectively. This indicates a significant 

improvement in the mechanical properties of date palm 

expanded polystyrene composites. The processing parameters 

of (10 bar, 80℃ and 40 min) are suitable for improving the 

mechanical, and physical properties of the date palm expanded 

polystyrene composites. The presence of heat factor as the hot 

compression method was used allowed the expanded 

polystyrene matrix to flow easily to better coat the fibres and 

fill the voids in the sample, resulting in better reinforced 

composite material. The temperature of 80℃ applied in the hot 

compression moulding process has affected positively the 

mechanical and the viscoelastic characteristics of the date 

palm particles which reflect their ability to recover or dissipate 

the deformation they undergo. 

Compared to other date palm composite materials reported 

in the literature using compression molding process in their 

composite manufacturing, the composite panel carried out in 

this study has lower density values in comparison with the 

Medium Density Fibre board (MDF) manufactured from date 

palm residues [67], the TPS /Spadix stems composites [68], 

the Poly-Carbonate (PC)-mix, Poly-Vinyl Chloride (PVC)-

mix and the Polystyrene (PS)-mix [69]. The formulated 

composite panels also show close flexural modulus values 

compared to those of the materials shown in the Table 3 except 

that of date palm MDF, TPS/Spadix stem, and Linear Low-

Density Polyethylene (LLDPE)/ Leaflet flour [30].  

However, the maximum stress of the composite panels 

remains low compared to those of the materials presented in 

the table. The amount of water absorbed in the studied 

composite panels varies from (77% to 95%) and it is close to 

that of date palm MDF (35.8-90.3%) [67]. Nevertheless, the 

material absorbs more water compared to PC-mix, PVC-mix, 

and PS-mix. The highest percentage of water absorbed by the 

composite panels could limit their possibility to use in a high-

humidity environment. Thus, the present authors consider that 

the moisture uptake of the material should be decreased by 

using chemical treatment to reduce the water absorption 

capacity as this latter affect the performance of the composite 

panels. 

Compared to similar biocomposites, the formulated panels 

have a lower density in comparison with MDF [69], close 

density to that of Natural softwood [69], and a higher density 

than the Kenaf binderless board obtained by Xu et al. [70]. The 

composite panels' flexural modulus is similar to the MDF 

(13.5-25 MPa). The amount of water absorbed by the studied 

panels is close to that of Sisal Polymeric composites reported 

by Athijayamani et al (75-89%) [71] lower than kenaf 

binderless board and higher than MDF, Natural hardwood [69], 

and softwood. 

Moreover, the density, the flexural modulus, the maximum 

stress and the water absorption properties of the formulated 

composite panels are all in the range of the Durian Peel and 

Coconut Coir (DPCC) particleboards. (288–910), (0.84-22.4 

MPa), (0.69-43.15 MPa), and (29.09-266.5%), respectively 

[72]. 
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Table 3. Mechanical and physical properties of DPL expanded polystyrene composites with comparable biocomposites from the 

literature 

 

 ρ (kg/m3) Ef (GPa) σfM (MPa) WA (%) 

A1 511.106±40.369 0.383±0.159 2.6362±1.045 93.06±6.286 

A2 477.606±27.138 0.665±0.636 3.1295±2.805 86.23±2.225 

A3 438.885±49.065 0.170 ±0.042 0.9245±0.296 81.53±5.161 

B1 496.540±24.374 1.094±0.085 3.64±1.098 94.74±6.268 

B2 452.584±22.005 1.351±0.138 6.18 ± 0.909 85.78±5.052 

B3 413.519±14.894 0.501±0.076 1.25±0.464 76.78±2.252 

A 439-511 0.17-0.67 0.92-3.13 82-93 

B 414-497 0,50-1.35 1.25-6.18 77-95 

A and B 414-511 0.17-1.35 0.92-6.18 77-95 

LPC [3] 542-824 0.12-0.76 0.43-2.96 / 

Date palm MDF [67] 746.69 2.98 19.22-30.52 35.77-90.3 

TPS /Spadix stems [68] 1254-1431 5.00 73.60 / 

PC-mix [69] 1000 1.68 / 8.7 

PVC-mix [69] 1030 1.89 / 9.01 

PS-mix [69] 870 1.91 / 9.9 

HDPE/ Petiole [14] / 1.85 37.00 / 

HDPE/ Rachis [14] / 1.58 30.00 / 

HDPE/ Trunk [14] / 1.58 33.00 / 

LLDPE/ Leaflet flour [30] / 2.80 29.50 / 

LLDPE/Leaf flour [30] / 0.80 27.00 / 

LLDPE /Rachis flour [30] / 0.75 26.00 / 

45 wt.% DPWF [30] / 0.85-2.8 25.66-28.95 / 

60 wt.% DPWF [30] / 0.66-1.82 20.26-26.85 / 

75 wt.% DPWF [30] / 0.20-0.65 10.26-14.47 / 

DPCC particleboards [72] 288-910 0.084-2,24 0.69-43.15 29.09-266.55 

MDF [69] 650-790 1.35-2.5 9.5-22 31.9 

Natural hard wood [69] 660 / / 29.2 

Natural soft wood [69] 470 / / 42.4 

Kenaf binderless board [70] 150-200 / / 246-325 

Sisal Polymeric composites [71] / / / 75-89 

 

 

4. CONCLUSIONS 

 

In order to reduce the amount waste disposal problems and 

minimizing environmental impact, recycled expanded 

polystyrene and date palm wastes are used as raw materials for 

the development of wood/plastic biocomposites. 

In this study, composite panels from date palm leaflets and 

expanded polystyrene wastes were constructed by hot 

compression moulding method following two manufacturing 

protocols and were compared with the same composite 

material constructed by cold compression moulding process 

previously studied by the team. Three composites were studied 

with 70, 75 and 80 wt.% fraction of the DPLs as a 

reinforcement and EPS as a matrix. 

Compared to the same composite manufactured previously 

by the team using a cold compression process, a significant 

improvement in the mechanical properties of material was 

observed. The density and bending measurements showed that 

the hot compression moulding and initial preparation 

processes have significant positive effects on the 

manufactured composites since they improve their density and 

their flexural properties. The result also showed that panels 

containing 75 wt.% date palm fibres exhibit the highest 

mechanical properties. The presence of heat factor allowed the 

expanded polystyrene matrix to flow easily to better coat the 

fibres and fill the voids in the sample, resulting in better 

reinforced composite material. Furthermore, a hot 

compression moulding process (with 10 bar, 80°C and 40 min) 

was concluded suitable for improving the physical and 

mechanical behaviours of the biocomposite.  

Due to their competitive mechanical properties, the 

developed date palm composite could be used for structural 

applications. 

The hydrophilic nature of the DPF is the cause of the 

increase of the water absorption of the biocomposites with 

fibre wt.%. The biocomposite panels are sensitive to moisture 

and exhibit height moisture uptake percentage thus limiting 

their possibility of use in moist conditions and affecting the 

performance of the composite panels. This aspect should be 

taken into consideration while producing composites that will 

be used in places exposed to moisture. 

As a perspective, a morphological study is necessary to 

obtain more information in particular on the composite density, 

void content and fibre/matrix interactions. 
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NOMENCLATURE 

 

A Manufacturing protocol A 

B Manufacturing protocol B 

b  

Ef 

Width of the test specimen, mm thermal 

Flexural modulus, GPa 

h Thickness of the test specimen, mm 

l Length of specimen, mm 

L Support span length, mm 

m gasoline         Mass of gasoline, g 

m polystyrene    Mass of expanded polystyrene, g 

WA Water absorption, % 

W0                    The weight of specimens before immersion 

WI  The weight of specimens after time of 

immersion 

wt.%  Weight proportions 

 

Greek symbols 

 

σmax The maximum flexural stress, MPa 

τmax The maximum interlaminar shear stress, 

MPa 

ρ  Density, kg/m3 

 

Subscripts 

 

DPF 

DPL 

Date Palm Fibre 

Date palm leaflet 

DPCC Durian Peel and Coconut Coir 

DPWF Date Palm Wood Four 

EPS Expanded Polystyrene 
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HDPE High-Density Polyethylene 

LLDPE Linear Low-Density Polyethylene 

LPC Leaflets-Polystyrene Composite 

mix Mixture of palm leaves and plastic waste  

(PC, PS and PVC) 

MDF Medium Density Fibreboard 

PA11 Polyamide 11 

PALF Pineapple Leaf Fibre 

PP Polypropylene 

PC Poly-Carbonate 

PS Polystyrene 

PVC Poly-Vinyl Chloride 

TPS Thermoplastic Starch 

UPR Unsaturated Polyester Resin 
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