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ABSTRACT

Date palm tree leaf-reinforced polymer composites have important advantages, such as sustainability and low-
cost. In the present study, ternary blend composites of polyvinyl chloride (PVC), low-density polyethylene 

(LDPE), and acrylonitrile butadiene rubber (NBR) copolymer (LDPE/PVC: C0, LDPE/PVC/NBR:C1) as well 
as reinforced composites with 10, 20, and 30 wt.% of alkali treated date palm fiber (TDPF) (C2, C3 and C4 
respectively) were fabricated using a melt blending extrusion process. TDPF and the NBR copolymer were used 
to improve the interfacial bonding, compatibility, and thermo-mechanical properties of the composite, yielding 
the highest tensile strength of 32 MPa for the composite containing 10 wt.% TDPF. Moreover, the morphological 
analysis showed that the incorporation of the NBR copolymer enhanced the compatibility of the blend. Mechanical 
tests revealed that the hardness of the TDPF/PVC/LDPE/NBR composite increased in the order C2 (450 MPa) < 
C3 < C4 (540 MPa). In addition, the flexural and tensile moduli of the composite increased with increasing TDPF 
content, with the highest values (534 and 1585 MPa, respectively) observed for composite C4. Thermal analysis 
revealed increased Tonset and T10% values, indicating an improved thermal stability of the composite. This study 
clearly demonstrates that the (DPF/PVC/LDPE/NBR) composites can be used in various high-tech engineering 
applications, which require excellent properties. Polyolefins J (2023) 10: 225-233
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INTRODUCTION

Over the past few decades, fibers derived from plants, 
such as date palm [1, 2], jute [3], and Aloe vera [4], 
have attracted considerable research attention owing to 
their various economic, technical, and environmental 
benefits [5, 6]. Natural fibers play important roles in 
daily life, with various applications in the construction 
sector [7]. Date palm tree leaves represent a renewable, 
nonabrasive, and abundant lignocellulose source not 
only in Algerian oasis agriculture, but also in all Saharan 
countries in northern Africa [8, 9]. The annual trimming 

of trees results in many new leaves being cut off, which 
creates a significant amount of waste. The estimated 
global production of date palm fiber (DPF) is 1.13 
million tons [10]. Despite having a low specific weight 
and cost, these natural fibers show comparable strength 
and hardness to synthetic fibers, providing excellent 
mechanical characteristics [11]. In fact, this natural 
resource can be turned into a value-added product 
through the manufacture of composites with various 
plastic materials [12]. As such, DPF may be an interesting 
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and eco-friendly alternative for use as a synthetic filler 
or reinforcement in advanced composites [13, 14]. The 
accumulation of various plastic materials in the form of 
waste at landfill sites leads to environmental pollution 
[15]. Recycling is one of the simplest approaches 
to minimize pollution [16]. However, the recycled 
materials exhibit poor behavior and properties, owing 
to the low compatibility and adhesion among deferent 
plastic compounds [11]. More specifically, immiscible 
polymer blends often exhibit inferior thermal and 
mechanical properties to neat polymers [12]. Polyvinyl 
chloride is a flexible material extensively used in the 
construction and building fields [17] with a high strength 
and resistance to corrosion and chemicals [18]. PVC 
has different levels of hardness and softness that allow 
it to be remade without losing its chemical structure or 
qualities [19]. Moreover, this material is sensitive to 
treatments at elevated temperatures, which can lead to 
dehydrochlorination, altering its thermal and strength 
properties [20]. PVC starts to degrade at approximately 
100 °C, which is a much lower temperature compared to 
other polymers, and breaks down even in the presence 
of ultraviolet rays, generating hydrogen chloride (HCl) 
gas [21]. Melt blending processes can be used for mixing 
PVC with different  percentages of polyethylene (PE) 
[22], low density polyethylene (LDPE) [23], recycled 
low density polyethylene (r-LDPE) [24], high-density 
polyethylene (HDPE) [25], polypropylene (PP), and 
polystyrene (PS). An efficient strategy to overcome the 
compatibility and adhesion issues is the introduction 
of small quantities of a third component used as a 
compatibilization agent. This component serves as 
the bridge linking the polymer-polymer interfaces for 
blend compatibilization and/or bio-reinforcement to 
the polymer matrix [25, 26], which may markedly alter 
the mechanical characteristics of the polymer blends. 
Xu and collaborators [27] investigated the effect of the 
acrylonitrile butadiene rubber (NBR) concentration 
(33.5-36.5 wt.%) on the characteristics of a PVC/
LDPE blend, as well as its synergism with dicumyl 
peroxide (DCP). The results showed that NBR not 
only improved phase dispersion but also enhanced the 
interfacial adhesion in PVC/LDPE blends. Despite the 
fact that NBR acts as a compatibilizer in the PVC/LDPE 
blend and enhances the mechanical characteristics. In 
this regard, powdery nitrile rubber (p-NBR), dicumyl 
peroxide, triallyl isocyanurate, and magnesium oxide 
have been used to improve the interfacial compatibility 
of PVC/HDPE blends [28]. In addition, Xu et al. 
investigated the effects of butadiene rubber (BR) on 
the structure and mechanical behavior of PVC/LDPE 

composites, as well as its synergistic effect with 
DCP [29]. According to some reports, the chemical 
compatibilizer significantly enhances the compatibility 
of the PVC/LDPE composites [30-32].

Recently, green composites have attracted much 
attention and found numerous applications owing 
to their improved mechanical, morphological, and 
thermal properties [33]. To fabricate efficient green 
composites, it is important to enhance the bonding 
adhesion between plastic polymer blends and natural 
fibers [34]. Another important strategy for improving 
the behavior of green composites is to enhance the 
compatibility between the natural reinforcer and the 
polymer matrices. Alkaline modification has been 
frequently applied to enhance the interfacial bonding 
as well as the bonding between matrix and fibers by 
reducing the content of non-cellulosic components, 
leading to a significant improvement in the fiber surface 
[35]. To this end, the objective of the present study 
is to fabricate a green composite using PVC, NBR 
copolymer and LDPE reinforced with TDPF, via melt 
blending extrusion. Furthermore, we investigated the 
different behaviors of the fabricated green composites. 
The two main goals of this study are: (i) to identify the 
effects of the alkali surface treatments of DPFs on the 
thermal and mechanical performance of TDPF/PVC/
LDPE/NBR composites; and (ii) to study how the NBR 
copolymer affects the properties of the resulting TDPF/
PVC/LDPE composites.

EXPERIMENTAL 

Raw materials
PVC 4000 M with a K value 67-2, and bis 
(2-ethylhexyl) terephthalate (DOP) and LDPE pellets 
(melting point = 129°C, specific enthalpy of melting = 
106 J/g) were supplied by the “National Petrochemical 
Company (ENIP)” in Skikda, Algeria. Ca/Zn stearate 
was purchased from Nanjing OMYA Fine Chemical 
Ind. Co. Ltd. (Nanjing China). NBR copolymer with 
an acrylonitrile (AN) content of 32 wt.%, sodium 
hydroxide (NaOH), and acetic acid (CH3COOH), 
were purchased from Sigma Aldrich, France. Date 
palm tree leaves were collected from the local Sidi-
Okba oasis in southern Algeria.

Preparation of DPFs
The collected DPFs were immersed into a large glass 
beaker filled with deionized water at 75°C for 2 h to 
remove dust, wax, and impurities. The DPFs were 
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dried under sunshine for 5 days. The dried DPFs were 
crushed into small particles (<1mm) using a coffee 
blender, sieved and stored in polyethylene bags for 
further compounding. 

Alkali modification of DPFs
The DPFs were pre-treated by soaking them in a 2L 
glass beaker filled with NaOH solution (5 wt.%) for 
1 h at 80°C. Then, the sample was fully washed with 
deionized water and neutralized with an acetic acid 
solution. The TDPFs were then filtered and dried in an 
oven at 60°C for 2 days.

Preparation of TDPF/PVC/LDPE/NBR composites
PVC with 5wt.% Ca/Zn and 20wt.% DOP, NBR, 
and LDPE were added slowly and simultaneously in 
a laboratory twin screw extruder, with a processing 
temperature ranging from 165°C to 180°C and a 
speed of 60 rpm. The melt blending temperature was 
increased to 170°C to obtain a homogenous blend. 
The dried TDPFs were added slowly to this polymer 
blend during the melt mixing process. The composite 
sample was cooled to room temperature and ground 
using a grinding machine. The composite samples 
were obtained using a compression molding press 
at 170°C under a pressure of 200 bar for 5 min. The 
sample codes and compositions of the composites are 
presented in Table 1.

Characterization
Mechanical tests
The tensile and flexural properties of the blend and 
composites were measured using an MTS Synergy 
RT1000 machine under ambient conditions. The 
tensile samples were tested according to the ISO 5272 
standard at a crosshead speed of 3 mm/min. Three-
point flexural tests were conducted according to the 
ISO 14125 standard at a crosshead displacement speed 
of 1.5 mm/min. Similarly, the Shore-D hardness test 
was carried out for the blend and TDPE/PVC/LDPE/
NBR composites according to the ASTM D 2240, 
(2016) standard.  At least five samples were tested for 
each formulation. Figure 1 shows the geometry of the 

specimens for tensile and flexural testing.
Morphological properties
Fracture surfaces of the blend and composites were 
prepared by liquid nitrogen freezing followed by 
manually breaking down the frozen samples onto 
thin gold films. Scanning electron microscopy 
(SEM) images were recorded with JEOL JSM-6031 
instrument.

Thermogravimetric analysis (TGA)
Thermal decomposition of the blend and composites 
was performed on a thermogravimetric analyzer 
(TGA/DSC STARE, Mettler Toledo/ TA Instruments) 
in the temperature range of 25 to 600°C, at a heating 
rate of 10°C/min under nitrogen atmosphere.

RESULTS AND DISCUSSION

Mechanical properties of TDPF/PVC/LDPE/NBR 
composites
Figures (2-4) show the mechanical properties of the 
PVC/LDPE, PVC/LDPE/NBR, and TDPF/PVC/
LDPE/NBR composites containing 10, 20, and 30 
wt.% TDPF. As shown in figure 3, the addition of NBR 
to the PVC/LDPE composite improved its tensile 
strength and tensile modulus. This indicates that the 
NBR compatibilizer successfully enhanced the phase 
dispersion between PVC and LDPE. However, the 
addition of NBR as a compatibilizer has the potential 
to increased tensile strength of the blend from 23.6 to 
29.69 MPa (20%) and its tensile modulus from 290.56 

Table 1. Sample code and compositions of TDPF/PVC/
LDPE/NBR composites.

Sample Composition

C0
C1
C2
C3
C4

PVC/LDPE                     20/80
PVC/LDPE/NBR           20/80/10

TDPF/PVC/LDPE/NBR 10/20/80/10
TDPF/PVC/LDPE/NBR 20/20/80/10
TDPF/PVC/LDPE/NBR 30/20/80/10

Figure 1. Geometry of the specimens for tensile and flexural 
testing.
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to 350.69 MPa (17%). According to Fang et al. [31], 
in reactive blending, chlorinated polyethylene (CPE) 
or NBR can be used as compatibilizers to improve the 
mechanical properties of PVC/LDPE composites. 

Figure 3 reveals that the flexural strength and flexural 
modulus increased by 16.7 and 86.94 MPa, respectively, 
after the addition of the NBR compatibilizer, which 
enhanced the interfacial adhesion between PVC and 
LDPE, resulting in improved dispersion. At the same 
time, the interfacial tension decreased, resulting in 
efficient stress transfer [32].

As shown in Figures 2 and 3, the tensile and flexural 
strengths of the C1 sample increased by 2.56 and 5.3 
MPa, respectively, after reinforcement with 10 wt.% 
date palm fiber (sample C2). The addition of 30 wt.% 
TDPF (samples C4) reduced the tensile strength of the 
composites by 5.33 MPa, owing to the weakening of 
the matrix-DPF interface [32]. 

The PVC/LDPE/NBR matrix (C1) exhibited an 
elongation value of 16%. As shown in Figure 4, when 
date palm fibers were introduced into the polymer 

matrix, the percent elongation-at-break decreased. 
The TDPFs deformation is often significantly lower 
than the PVC/LDPE/NBR matrix; therefore, the 
TDPFs induces the matrix to deform more than the 
total deformation of the composites, which causes the 
elongation-at-break to decrease [36] , the addition of 
TDPF to the blend matrix reduced the softness of the 
polymer matrix, resulting in a faster fracture process 
compared to the PVC/LDPE/NBR blend. Hardness is 
one of the key mechanical properties of polymers, as 
evidenced by a variety of applications [37]. Owing to 
the distribution of DPF in the PVC/LDPE/NBR matrix, 
which increased the rigidity of the composites, the 
hardness increased significantly upon TDPF addition.  
The above results illustrate the influence of the NBR 
copolymer on the mechanical behavior of the PVC/
LDPE blend. The incorporation of NBR into the PVC/
LDPE blend promotes the phase dispersion of PVC and 
LDPE and improves the interfacial compatibility. As 
a result, the NBR copolymer used here is compatible 
with PVC. Similar behaviors were also observed by 
Xu et al [29].

Morphology of TDPF/PVC/LDPE/NBR composites
The morphology of an immiscible blend is influenced 
by the mixture composition, manufacturing 
conditions, ingredient viscosity ratio, and surface 
tension. In most cases, immiscible blends have a 
coarse morphology that may coalesce during molding 
or other post-blending procedures. As a result, the 
inclusion of the appropriate compatibilizer may 
increase the miscibility of the system, which generally 
translates into a fine structure unable to coalesce. 
Figure 5a displays the surface characteristics of a 
PVC/LDPE blend, which highlight the existence of 
large PVC agglomerates and holes caused by PVC 

Figure 2. Tensile properties of TDPF/PVC/LDPE/NBR (C0, 
C1, C2, C3 and C4) composites.

Figure 3. Flexural properties of TDPF/PVC/LDPE/NBR (C0, 
C1, C2, C3 and C4) composites.

Figure 4. Shore D hardness and elongation-at-break of 
TDPF/PVC/LDPE/NBR (C0, C1, C2, C3 and C4) composites.
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particles pull-out during fracture. The actual particle 
size of the dispersed PVC phase for the PVC/LDPE 
(20:80) blend was between 3 and 30 µm. This larger 
size is ascribed to the coalescence of PVC particles, 
due to interfacial tension with the LDPE domain. A 
clear lack of adhesion is observed between the PVC 
and LDPE surfaces. Figure 5a reveals the occurrence 
of voids with sizes larger than 20 micrometers. This 
is due to the aggregated PVC particles pulling out 
during fracture, similar to brittle crack growth, which 
is a well-known behavior of immiscible blends [38].

As a result, PVC/LDPE mixtures often have poor 
mechanical qualities. Figure 5b illustrates the impact 
of NBR addition on the particle size of the dispersed 
PVC phase. The average particle size decreased with 
the introduction of NBR. The decrease in the average 
particle size of the dispersed PVC phase improved 
the adhesion between the LDPE and PVC particles. 
In a compatible system, a decrease in particle size 
is generally known to be linked to the suppressed 
coalescence caused by the decreased interfacial 
tension, which leads to enhanced adhesion [39].

Figure 6 shows low and high magnification 
micro-topography images of the fracture surfaces 
of composites incorporating 10 and 30 wt.% TDPF. 
The morphology of the composite loaded with 10 
wt.% TDPF revealed a uniform surface and excellent 
dispersion of TDPFs. Then, the miscibility between 

fiber and polymer was suitably reduced, and TDPF 
agglomeration was observed in the composite 
containing 30 wt.% TDPF, as shown in Figure 6A–
6D. All SEM micrographs are consistent with the 
mechanical properties of the present composites.

Thermal analysis of TDPF/PVC/LDPE/NBR 
composites
As shown in Figures 7 and 8, TGA and DTG analyses 
were performed on PVC/LDPE, PVC/LDPE/NBR, 
and TDPF/PVC/LDPE/NBR composites containing 
10, 20, and 30 wt.% TDPF. The pyrolysis of the blends 
occurred in two stages. The first step was probably 
caused by the dehydrochlorination of minor quantities 
of PVC, which produced PVC macroradicals, followed 
by the dehydrogenation of LDPE, which generated 
LDPE macroradicals. The second stage was most likely 
related to the thermal degradation of LDPE by the 
scission of bonds along its long chains. This resulted 
in shorter-chain LDPE and further PVC degradation, 
followed by the formation of long conjugated double 
bonds or polyene chains. This is consistent with the 
mechanism of macro-radical generation proposed by 
Thongpin et al. [40] and Sombatsompop et al. [41] for 
PVC and LDPE. The temperatures of decomposition 
are shown in Table 3. The addition of NBR to PVC/
LDPE increased the initial thermal degradation 
temperature (Tonset), the temperature associated with 

Table 2. Mechanical properties of blends and composites. 

Sample Tensile 
strength (MPa)

Tensile 
modulus (MPa)

Flexural strength 
(MPa)

Flexural 
modulus (MPa)

Hardness 
(Shore D) 

Elongation-at-
break (%)

C0
C1
C2
C3
C4

23.6 ± 1.14
29.69 ± 2.02
32.25 ± 2.03

30.1 ± 1.9
24.36 ± 1.6

290.56 ± 20.3
350.69 ± 23.6
456.36 ± 27.3
501.65 ± 39.6
534.65 ± 40.9

58.6 ±  4.63
75.3 ±5.33
80.6 ±4.96
77.9 ±6.5

59.36 ±3.65

878.3 ±  88.6
965.24 ±70.32
1280.98 ±99.3
1322.7 ±100

1585.9 ±110.3

270 ± 14.6
400 ±25.2
450 ±26.3

486.32 ±30
540 ±33.01

40.2 ± 0.5
16.05 ±1.02

9.6 ±0.6
11.3 ±0.3
5.7 ±0.45

Figure 5. SEM micrographs of (a) PVC/LDPE (C0) and (b) PVC/LDPE/NBR (C1) blends.

     (a)                 (b)
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the decomposition of the TDPF/PVC/LDPE/NBR 
composite at a 10% rate (T10%). The Tonset and T10% 
values increased by 19 and 37°C, respectively. It has 

been reported that NBR elastomers can delay the PVC 
dehydrochlorination [42].  

According to Figure 8, the curve of C4 sample 

Figure 6. SEM micrographs of TDPF/PVC/LDPE/NBR (C2 and C4) composites at high (A,C) and low (B,D) magnifications.

Figure 7. TGA curves of blends and TDPF/PVC/LDPE/NBR 
(C0, C1, C2, C3 and C4) composites.

Figure 8. DTG curves of blends and TDPF/PVC/LDPE/NBR 
(C0, C1, C2, C3 and C4) composites.

     (a)                 (b)

     (c)                 (d)
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with 30 wt.% fiber loading shows a weight loss of 
approximately 4% between 100 and 150°C, due to 
water evaporation. However, the samples with 10 and 
20 wt.%  fiber contents (C2, and C3, respectively) are 
stable in this range. In the second temperature range, 
between 250 and 500°C, the thermal degradation of 
all composites is divided into three stages. The initial 
stage begins at 250°C and continues up to 400°C, 
resulting in a weight loss of approximately 15%. This 
step is associated with the thermal decomposition of 
hemicelluloses and cellulose [43]. The second stage, 
which occurs at around 420°C, may be attributable to 
NBR decomposition. The last stage is considerably 
faster than the first, and the thermal degradation of the 
composites between 450 and 500°C is attributed to the 
pyrolysis of the polymer matrix and the noncellulosic 
constituents of the fiber [44].

CONCLUSION

In the present work, we successfully fabricated PVC/
LDPE/NBR blend and TDPF-reinforced composites. 
The results indicate that the addition of the NBR 
copolymer as a compatibilizer enhanced the thermo-
mechanical behavior of the PVC/LDPE blend. The 
NBR copolymer assisted the formation of physical 
bonds between the PVC and LDPE polymers, and the 
treated fibers enhanced the interfacial compatibility 
between TDPFs and the PVC/LDPE/NBR blend 
matrix. The synergistic effect between the TDPFs 
and the NBR copolymer (serving as compatibilizer) 
supported the preparation of environmentally friendly 
TDPF/PVC/LDPE/NBR composites with excellent 
thermo-mechanical behavior.
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