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Abstract Recently Polymer/natural fiber composites have
earning major consideration due to the big development in
non-renewable materials. Many studies were carried out to
obtain new composite materials. This review will give
significant information about polymer composite materials
reinforced with natural fiber especially date palm fiber
(DPF). Different machining processes can be applied to
the polymer/DPF composite materials conventional or
non-conventional machining process. Conventional
machining processes like drilling, milling and grinding
can be used to create the final shape of polymer/DPF
composites. Non-conventional machining processes such
as laser beams and water jets are very useful processes
when they are used to modify the shape and size of the
polymer/DPF composites. Developing the machinability
of the natural fiber/polymer composites increased the
ability to use these composites in several engineering
applications. Moreover, this review illustrates the potential
applications of polymer/date palm fiber (DPF) composites
because DPF is eco-friendly, lightweight, obtainable in
nature, has good sound and thermal insulation and is not
expensive material. The applications of polymer/DPF
composites include fabrication of the tunnels for air
conditioning applications, using polymer/DPF composites
in building applications, manufacturing automotive parts
like dashboard panels, and using them in the fabrication of
the home furniture industry.
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For the time being, composites are considered a
substantial material used in different engineering
applications due to their singular properties like good
strength, lightweight, not being expensive and including
advantages of the fillers and neat matrix materials [1-6].
When the composite materials are produced there are
many odds for reinforcement can be used such as synthetic
fibers, natural fibers, hybrid of synthetic/synthetic fibers,
hybrid of natural/natural fibers and hybrid of synthetic/
natural fibers.

The redundant deviations of several composites are
shown in Fig.1. From all last mentioned reinforcements,
natural fibers (NFs) are considered the usually desired
type in the composite materials because natural fibers are
considered eco-friendly materials [7-11]. Natural fibers
(NFs) are assured to be better than man-made fibers for
developing new materials used in various sectors like
energy  conservation  applications and  low-load
applications [12-17].

Composites
(Based on reinforcement)
A\ 4
Particle reinforced Fiber reinforced Structural
composites composites composites

Fig. 1 composites types according to kind of reinforcement [18].

Several fibers are used to reinforce the polymer
matrices to enhance the characteristics of the produced
composites. The fibers can enhance mechanical properties
like tensile strength, tensile modulus, flexural strength,
flexural modulus, hardness and impact strength. Moreover,
fibers can enhance physical properties such as water
absorption, thickness swelling, and density. Thermal
insulation, sound insulation and several special properties
can be improved by reinforcing polymers with fibers.
Many kinds of fibers are considered not expensive
materials especially natural fibers so using these fibers to
reinforce polymer composites are very good choice [19].

The fibers used to reinforce polymer composites may
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be natural fiber or synthetic fiber. Synthetic fiber which
called man-made fiber like glass fiber and carbon fiber.
Many researchers preferred to decrease using man-made
fibers because they are hazardous to the environment.
Natural fibers which include plant fibers and animal fibers
have been widely used recently to reinforce polymer
composites because they are not expensive materials,
lightweight and eco-friendly materials [20-23].

These fibers and particulates, greatly numbers of
them are inorganics, are utilized to reinforce polymer
matrices to improve the composite properties mechanical,
chemical, physical and economic properties [24]. Using
raw natural fibers to reinforce polymer composites faces
many problems such as low bonding and weak adhesion
between fibers and polymer matrices. So the solution for
these problems is using treatments to improve the natural
fiber surface to increase the adhesion between natural
fibers and polymer matrices. The most famous method
used to enhance the natural fiber surface is the chemical
method, especially using NaOH with low concentrations
of about 5 %. This method can clean the fiber surface and
remove the particles and impurities, which positively
affect the adhesion and bonding forces between natural
fiber and polymer matrices. Enhancing the adhesion
between the natural fiber and polymer matrices will
increase the good mechanical and physical characteristics
of the composites [25].

Date palm trees (DPTSs) are plentiful in the Arab zone,
with about 67 % of the DPTs in the world present in Arab
countries. The date palm, coconut and oil palm are the
most substantial trees in the palm family [26]. Within
plowing and collecting of the fruits, trees of date palms
decrease various residues, like fronds, leaf sheath, and
leaflet. The massive wastes from the DPTs may cause
environmental pollution [27]. These wastes can be utilized
to manufacture not expensive and eco-friendly composite
materials [28]. Also, these wastes can be scope
reinforcements for many polymers used in lightweight
applications.

The objective of this work is to study the feasibility
of date palm fiber-reinforced polymer composites in
various industrial applications. Because DPF-reinforced
composite is counted as a very significant material and can
be used in various engineering applications like building
sound and thermal insulations, automotive parts, home
furniture and sports equipment’s. Moreover, polymer/date
palm fiber composites are considered lightweight,
eco-friendly and not expensive materials.

2 Investigation the feasibility for using the
polymer/natural  fiber composite for different
applications

Owing to increasing environment troubles the
researchers wanted to promote biodegradable [29, 30],
recyclable [31], and eco-friendly composite materials [32].
Natural fibers (NFs) such as ramie, date palm, kenaf, jute,
flax, hemp and sisal have the seniority to utilize more than
carbon and glass fibers to reinforce the polymer matrices
owing to their good characteristics [33-38]. These fibers
have great characteristics like strength [39, 40], flexibility,
toughness, and stiffness [41-45]. Furthermore, they are
obtainable [46], also they are renewable and continuous
[47].

To replace the primary raw materials into the final
shape without finding any defects in the manufactured part,
the manufacturer try to use an adequate manufacturing
method. The polymer/DPF composites have many
applications due to the easy fabrication method that can
used to produce the polymer/DPF composites. Also, the
date palm fiber is very compatible with several polymer
matrices such as UPVC, epoxy, polyester and
polypropylene. The low-cost of DPF helped the
manufacturer to develop new polymer composites using it
[48].

The most famous techniques that can be used to
fabricate polymer/DPF composites are injection molding
technique, compression molding technique and hand
lay-up technique. The easy using of these techniques
helped the manufacturer to develop a huge number of
polymer/natural fiber composites that serve different
engineering applications [49].

Many researchers interested recently with developing
composite materials, especially polymer/Natural fiber
composites. Polymer/DPF composites can be used in
several applications due to the ability of date palm fiber to
reinforce different polymer matrices. For example when
date palm fiber is used to reinforce the UPVC matrix, the
resultant composites can be widely used in the building
sector. New buildings used UPVC/natural fiber to
fabricate window and door frames owing to the ability of
this kind of composites to insulate heat, sound and
moisture better than metal frames. Moreover, epoxy/DPF
composites have good mechanical, thermal, acoustic and
physical properties. Epoxy/DPF can be used in buildings
to fabricate the insulating boards in roofs and walls [50].
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3 Advantages and Disadvantages of polymer/natural
fiber composites

Furthermore, superior thermal and mechanical
properties, polymer/natural fiber composites have many
advantages over ordinary materials according to Table. 1.
These advantages are gradually being utilized in the
building sector for infrastructure applications.

Table. 1 Merit Comparison and between FRP and Steel [51].

Property (Parameter) FRP Steel
Strength/stiffness High High
Weight Very High Low
Corrosion resistance Very High Medium
Ease of field construction Very High Medium
Ease of repair Very High High
Fire Medium Low
Transportation Very High Medium
Toughness High High
Acceptance Medium Very High
Maintenance Very High Medium

Note: A higher rating indicates better desirability of the
property.

Some of the marine applications like gates of miter
will strongly benefit by utilizing of polymer/NFs
composites according to high strength, high stiffness,
corrosion resistance and good durability, moreover
considered low-cost materials. Some of the features of
polymer/NF composites are lightweight, rapid installation,
reduced interruption, excellent durability, fatigue
resistance, impact resistance and cost savings [51].

4 Machinability of polymer/natural fiber composites

Manufacturers were carried out to achieve new

polymer composite materials reinforced with natural fibers.

The ability to use several machining processes in
polymer/NF composites played an important role in
developing these kinds of new composites. One of the
most famous examples of natural fibers is the date palm
fiber. Several machining processes can be used in the
polymer/DPF composite materials conventional or
non-conventional machining types in the workshop.
Conventional machining processes such as drilling,
milling and grinding can be used to fabricate the final
shape of polymer/DPF composites. Non-conventional

machining processes like laser beams and water jets are
very significant processes when they used to enhance the
final shape and size of the polymer/DPF composites.
Developing the machinability of the natural fiber/polymer
composites improved the ability to use these composites in
several industrial applications [52, 53]. Several affronts
come through over-machining of the polymer/NF
composites relative to the conventional materials. The
workshop tools of machines can be used to fabricate and
finish the parts fabricated from polymer/natural fiber
composites [54].

As shown in Fig. 2 indicates the machining process
types which mainly divided into two main categories
conventional machining process and non-conventional
machining process. The conventional process includes
drilling, milling, grinding and turning. The
non-conventional machining process includes waterjet,
ultrasonic and laser beam. Both conventional and
non-conventional machining processes can be used to
fabricate and finish the surface of the parts manufactured
from polymer/DPF composites. The machinability of
polymer/DPF composites helped in developing these types
of composites for use in many engineering applications

[55].
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Fig. 2. Machining process types for various materials [56].

5 Potential Applications of using polymer/ DPF
composites

The date palm tree is one of the most ancient and
famous trees grow in hot zones, especially in Arab
countries such as Egypt, Iraq and Saudi Arabia. Date palm
trees produce huge amounts of fiber waste like leaf sheath,
leaf let and trunk of the tree. In many regions, the waste
fiber of date palm trees are burned which pollutes the
environment. Many researchers try to use date palm fiber
to reinforce polymer composites and produce several types
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of composites can be used in different industrial
applications [57].

As illustrated in [58], the KSA produces about
200,000 tons of date palm biomass/year. Moreover, the
obtainability of the DPs in Arab zones with massive
amounts, date palms have the feature of being considered
a renewable material as they can be substituted in a short
time [59]. Commonly, wastes of the date palm are burned
in nature, which causes pollution for the environment
[60-62].

Researchers want to solve the design problems
especially material selections, so they think to use natural
fibers to reinforce polymer composites to benefit from
their advantages. Using natural fibers to reinforce polymer
matrix composites can solve many problems such as low
strength, low impact strength and decreasing mechanical
and physical properties [63].

Using composite materials can solve the problems
found in single polymer matrices [64]. Using simple
manufacturing techniques such as injection molding
compression molding and hand lay-up helped the
designers and manufacturers to develop and use new
polymer/date palm fiber composites in several engineering

applications [65].
51 Production of date palm fiber

The production rate of some natural fibers has been
illustrating in Fig. 3 [29, 66]. The date palm has advanced
ranking among natural fibers as illustrated in [67].
Considering the high production of date palm fibers, these
make can be used in polymer reinforcement to produce
new composites used in several applications such as car
parts and the building sector.
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Fig. 3. Approximate amount of the produced natural fibers in the
world [69].

Date palm is considered a renewable fiber, whose
output can occur in the short-run [59]. It is known that the
Arabic zone produces about 66 % of the world’s date palm
(Fig. 4) [29]. An average of 20 kg of residues can be

produced by a DPT every year. These huge amounts of
date palm fiber can be used to produce huge amounts of
polymer/DPF composites [62, 68]. So, it is suggested to
use such residues in manufacturing the polymer/ date palm
fiber composites to prevent environmental pollution.

leading date producing countries in toones

1600000

1400000

1200000 -

1000000

800000 +

600000

400000 I l

5 |

o (- Hewa e 1 s
FERgfEroiiEsi359%3
& 8= E5 85305328382 388
< m M 20 = -E = = -

Fig. 4. Countries with high date-production [69].

5.2 Using DPF to reinforce polymer composites

Table. 2 illustrates new research used different parts
of the date palm trees to reinforce different polymer
matrices. The most famous polymer matrices used are
polyester, epoxy LDPE and polypropylene due to their
huge engineering applications in many sectors and good
properties. Moreover, using simple manufacturing
methods like injection molding compression molding and
hand lay-up helped the researchers and manufacturers to
produce and use new polymer/date palm fiber composites
in several engineering applications. Using chemical
treating methods for date palm fiber helped in enhancing
the fiber properties and improved the bondability with
different polymer matrices. Also, some natural fibers can
added to date palm fiber in the single polymer matrix to
produce hybrid composites. Hybrid composites have good
mechanical, physical and chemical properties [70].

Table. 2. Various polymer/DPF composites.

Reinforcements Polymers References
DPF Polyester [71]
DPLF Epoxy [72]
DPE Polyethylene [73]
Bleached DPF LDPE [74]
Bleached DPF PP [74]
DPF/coconut cell particulate Epoxy [75]

Note: Low-density polyethylene-(LDPE);
Polypropylene-(PP).

5.3 Hybrid Composites using DPF as a reinforcement
fillers
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The hybrids of polymer composites are blending of
more than one fiber in a single polymer matrix and may
divided into natural/natural, synthetic/synthetic, or
natural/synthetic fibers; these composites have good
strength, low density, and low-cost. In addition, they can
be fabricated easily and have different engineering
applications [76]. Moreover, hybrid polymer composites
have good mechanical and physical properties making
them used in different engineering applications [77].

Many NF can be added to DPF in the same polymer
matrix to improve the proprieties of produced hybrid
polymer composites. Mohamad Reda A. Refaai et al. [78]
investigated the characteristics of epoxy/date palm
fiber/bamboo hybrid composites. Syed Waheedullah Ghori,
and G Srinivasa Rao [79] studied the influence of fiber
content of DPF and Kenaf fiber-reinforced epoxy
composites. Mohammed Y Abdellah et al [80] studied the
properties of DPF/sheep wool hybrid reinforced polyester
matrix. They evaluated the mechanical, sound insulation,
and thermal characteristics of date palm fiber
(DPF)/polyester composite and polyester/date palm
fiber/sheep wool hybrid. A.B.M. Supian et al. [81]
investigated the properties of epoxy/date palm
fiber/bamboo fiber composites. They investigated the
properties of different parts of DPT (leaf sheath and stem)
to reinforce epoxy composites.

6 Evaluation the feasibility of using
polymer/DPF composites in different engineering
applications

Polymer/NF composites have different applications
in various sectors like infrastructure, sports equipment,
household applications, furniture, consumer goods, and
automotive [82-84]. In addition, there are various recent
applications of these composites e.g., photovoltaic, optic,
and electrical, which are being discovered [85-87]. The
most significant purpose of using NF are cost and
environmental saving [88-94].

6.1 Using polymer/DPF composites in fabrication tunnels
for air conditioning application

Polymer/DPF composites and DPF/sheep wool
hybrid reinforced polymer composites are considered
good insulation composite materials so they can be used in
producing tunnels of air conditioning applications because
they can insulate heating and acoustic well, also they are
considered an eco-friendly composite  materials,
lightweight, good strength and low cost. The polymer/NF

composites can utilized as stand-by materials for metal
duct tunnels which insulate with glass wools in air
conditioning applications. Table. 3 shows a comparison
between polyester/DPF-sheep wool hybrid and metal duct
insulation with glass wool used in tunnel fabrication in air
conditioning applications.

Table.3 comparison between polyester/DPF-sheep wool hybrid
and metal duct insulate with glass wool [80, 95, 96].

Polyester/DPF-sheep

Property wool duct Metal duct
Thermal cond., W/m.k 0.051 0.0343
Sound.T. loss, dB 24 20

Cost, EG.P/1 m’ 900 1200
Environmental effect Eco-friendly Not friendly

Production Simple fabrication More complex
Mechanical properties High strength material Low strength
Density Low density Low density

Many researchers indicate the potentiality of using
both polymer/DPF composites and DPF/natural fiber
hybrid to reinforce polymer composites in sound and heat
insulation applications. Israa F Ghazi and Riyam | Jaddan
[97] fabricated polymer/DPF and indicated that they
have good thermal insulation properties.

Fig.5 indicates a lowering in the thermal
conductivity of epoxy/DPF composite owing to
reinforcing epoxy with date palm fiber.
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Fig.5. DPF/ epoxy composite thermal conductivity with the fiber
content [97].

M. Mohammad et al. [98] researched to determine the
acoustic absorption coefficient (o) and noise reduction
coefficient (NCR) of date palm fiber.
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The samples manufactured by DPF have been
compressed using a certain weight to keep the desired
thickness ranging from ten mm to fifty mm. The matrix
has been mixed with coconut fiber at a certain ratio. An
experiment was conducted using an impedance tube to
evaluate the acoustic absorption coefficient values
following 1SO 10534-2:1998 standard procedure. The
experimental results showed that the samples having high
thickness have high values of o and NCR. As shown in [80]
the date palm fiber improved the acoustic insulation
behaviors of the polyester/DPF composite with weight
fractions of 10%, 20%, and 30%. Fig.6 shows the thermal
conductivity of polyester/date palm fiber (DPF)
composites and polyester/DPF and sheep wool hybrids.
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Fig .6. Thermal conductivity of polyester/date palm fiber (DPF)
composites and polyester/DPF and sheep wool hybrids [80].

6.2 Using polymer/DPF composites in construction
application

The use of polymer/NF natural fiber composites is
increasing rapidly to achieve recent global needs from not
expensive constructions [99]. Lumen/\Voids found in in the
natural fibers support these composites to have better
acoustic and thermal insulation behaviors, particularly in
building homes [100]. Some parts in structural sector like
panels and beams were produced from polymer/NF
composites [101].

Saravana and Mohan [102] proved that natural
fiber-reinforced polymer composites are very useful in
producing building materials. Many researchers proved
that NFs are a good choice for building and construction
applications. Swamy et al.[103] using NFs and mixing
with polymer to fabricate new composites and they found

that they have a-good sound insulation properties and they
are helpful for structural and new design home
applications due to the ability of natural fibers to insulate
sound well. Many types of natural fibers like the date palm
fiber, sheep wool fiber and Jute fiber-reinforced polymer
composites are used in structural and building applications
such as manufacturing some parts in ceiling, window and
door frames, floor and wall partitions, mobile or
manufactured buildings and panels for partition etc. [104].
Li and Matuana [105] used polymer/DPF composites to
produce some kinds of window frames.

Maheswari et al. [106] mixed natural fiber with
high-density polyethylene (HDPE) to manufacture-high
performance composites for a-good packaging material
and in different secondary structural applications. In
addition to some studies have evaluated polypropylene/NF
composites for structural and manufacturing feasibility for
insulated panelized construction, used as skin in the panels
[107]. In addition, many researchers have fabricated
cellular beams and plates with polyester/NF composites as
load-bearing structural parts, wherein it was indicated that
NFPCs can be used as load-bearing components with
some enhancement in their performance as structural parts
by arranging the cellular material [108]. Ramnath et al.
[109] illustrated that polymer/NF composites are
convenient for the housing and packaging industry.
Ghavami [110] has illustrated the use of natural fibers to
fabricate structural parts. Green composites have found
different applications in building materials such as doors,
bridges, fencing etc. [111]. Several types of NFs that are
used to reinforce polymer composites and can be used in
structure sector applications are date palm fiber, jute fiber
[112], coir fiber [113], flax fiber [114], corn stalk [115]
and hemp fiber [116].

6.3 Using polymer/DPF composites in automotive
application

Many researchers indicated that regarding precise
decisions for selecting adequate NF composites for a
particular application [42, 117]. Sapuan et al. [117] have
used the Analytical Hierarchy Process (AHP) method to
indicate the adequate natural fiber composite materials for
car dashboard panels, where a database of characteristics
for natural fiber composite materials was systematically
organized.

The behaviors of materials considered in that study
were only the density, the modulus of elasticity and the
tensile strength. They considered 29 kinds of natural fiber
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composite materials to rank their possibility for use in
manufacturing the automotive dashboard panel.

With the world’s requirements in the automotive
sector towards low-cost, lightweight materials and
eco-friendly materials, the use of natural fibers is
increasingly achieving importance. Moreover, the date
palm fiber can reinforce many types of polymer matrices
such as UPVC, epoxy, polyester and polypropylene. The
low-cost and good properties of date palm fibers helped
the manufacturer and designer to manufacture new
polymer composites using it. These composites are used
widely in car parts fabrication. New cars need to be
lightweight and high speed so designers prefer to use
polymer/DPF composites to fabricate many car parts from
these composites. The good mechanical, physical, and
chemical properties of polymer/natural fiber composites
encouraged the manufacturer to use them in car parts
fabrication. Moreover, polymer/natural fiber composites
have good thermal and acoustic insulation properties so
they can be used to fabricate some internal automotive
parts [118].

Recently, NFPCs have been widely used in
manufacturing automotive parts in the Europe zone. Using
natural fibers in manufacturing automotive parts has given
more importance to research in the field of NFPCs.
Natural fiber composites such as polyester/DPF and
Polypropylene/DPF  composites can be used to
manufacture various parts for automobiles is already in
vogue in German automotive industries [119].

6.4 Using polymer/DPF composites in fabrication the
home furniture application

Natural fiber is a category of renewable source and a
new descent of supplements for polymer-based materials
The future possibility of natural reservoirs and solving the
environmental problem have forced us to use natural fiber
materials for the growth of polymer composites [120].
Recently, using natural fibers reinforced polymer
composites from both nonrenewable (petroleum-based)
and renewable resources used to manufacture polymer
composites that are competitive with synthetic composites
are achieving much more attention [121] Natural fibers are
significant materials relative to synthetic fibers owing to
their features, | e, lightweight, less damage to processing
equipment, the enhanced surface finish of molded parts
composite, high mechanical characteristics, and are
considered available material in nature [122].
High-specific behaviors with low cost of natural fibers are
making it fascinating for different applications in several
sectors like home furniture, packing, building sector and

car parts [32].

Low-density PE (LDPE) reinforced with natural
fibers like DPF is another PE-based composite, which has
enhanced mechanical characteristics and is possible for
use in furniture industries applications [123]
Fibrous-shaped fine wood powder was produced by
grinding large pieces of date palm wood and then used as
filler in LDPE matrix after blending both components, the
final composite was fabricated by compression molding
technique. The mechanical characteristics (static and
dynamic), water uptake, and adhesive behaviors of the
manufactured composites were also evaluated. The
influence of filler content ranged from 10 to 70 wt. % on
composite characteristics was also investigated. The
results illustrated that the hardness and stiffness of the
composites calculated from modulus of elasticity were
greatly improved with an increase in the filler loading in
the entire range of concentration, the best result was
1,933MPa for the composite reinforced with 70 wt. % of
the filler. The flexural strength of the composite was also
enhanced by the existence of the filler with a maximum
value of 17.8 MPa for the composite filled with 70 wt. %
of the filler. However, there was an increasing tendency to
uptake water by the composite with increasing fiber
loading detected by the water uptake test. The polarity of
the composite was also enhanced by the addition of DPW
to the LDPE matrix, which was a result of better bonding
between fiber and matrix. All these results showed that
this composite can be used to manufacture different kinds
of furniture [124]. Due to the importance of polymer
composite applications many studies carried out about
these composites [125-127].

7 Conclusions

The focus of the recent world is on the improvement
of composite materials that are lightweight and
eco-friendly. Natural fibers have become a general topic
for discussion related to the standing by of their synthetic
fibers. This is owing to the ability of natural fibers to
decrease the weight of the composite material and their
effective mechanical, physical and thermal characteristics,
as well as their feasible economic features. This work
discussed the potential of using date palm fibers
reinforced polymer composites in different applications
instead of the old materials. The essential purpose of using
date palm fiber to reinforce polymer composites is saving
money and save environment so they can be used to
manufacture tunnels for air conditioning applications.
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Date palm fiber-reinforced polymer composites can be
used in construction applications due to their good
mechanical, physical and thermal properties. Famous
examples of using polymer/DPF composites in
construction application like ceiling, window panels, floor
and wall partitions, mobile or manufactured buildings and
panels for partition etc. Moreover, date palm
fiber-reinforced polymer composites can be used to
fabricate some automotive parts. In addition to, date palm
fiber-reinforced polymer composites can be used to
manufacture various parts of home furniture.
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