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Abstract
This research focuses on assessing the potential use of the power of local palm �ber (Zahedi) as an eco-
friendly composite in order to help the sustainable development. Local date palm �bers are separated
into individual �bers and washed in water and then heated in an oven at 60 ° C to dry completely in order
to investigation of physical properties. The developed composites were characterized in different ratio
and compared in terms of physical and morphological properties. Afterwards, the analysis of scanning
electron microscopy (SEM) and dispersive energy spectroscopy (EDS) from date palm �bers of Zahedi
was carried out to determine the chemical and microstructure composition of the �bers. It was found that
carbon and oxygen, are the only compatible and primary compounds in this palm �ber. Analyzing in the
longitudinal direction of the �bers, it can be mentioned that the surface of the samples in nanoscale is
irregular with many impurities, cells and pores. Also, the Scanning Electron Microscopy analysis of the
�ber diameter shows the average range of the diameter is 107–135 µm. Plant-based composites were
characterized in seven ratios by combining the date palm �bers with industrial cornstarch as a matrix
which creates the insulator composite totally natural. The amount of thickness swelling and water
absorption observed in this study was approved and appropriate for a volume ratio of 1:1 in comparison
with other studied compounds. The thermal resistance of the three specimens tested by experiment. To
evaluate the insulation capability, the specimens were placed at a chamber in a position to act as an
obstacle to the thermal transmission. In this case, by increasing the temperature up to 80°c on one side
(inside the chamber) and recording the temperature rise on the opposite side, the thermal insulation
ability of the specimens was assessed. According to the results of the practical experiments, combining
date palm �ber (DPF) with cornstarch resin as a matrix illustrated that the composite material is
applicable, safe and useful as a thermal insulation material at a maximum of 80 °c which is appropriate
for preventing heat transfer in buildings.

Introduction
Today, the use of heat-resistant materials, especially in buildings, has been a fundamental issue in the
construction industry with the aim of saving energy (Djoudi, 2014). Saving energy in buildings is used as
a way to decline energy consumption, carbon emissions, and their destructive effects on our living
environment (Cao, 2016). One of the factors in saving energy is attention to heat transfer that change the
temperature through the walls by the process of conduction and radiation (Oshabi, 2015). Currently, most
wall insulation materials are made from mineral wool, expanded polystyrene, or polyurethane. Although
these materials have good physical properties, including low thermal conductivity and �re resistance, they
are very expensive and hazardous to environmental and human health (Morad, 2013). These substances
may be the cause of environmental hazards. Small particles of �berglass insulation can pose a health
hazard and irritate the breath or skin (Occupational Safety and Health Organization, 2003). these �bers
may cause coughing and sore throat. (Infante, Schuman, & Dement, 1994). Most thermal insulations
contain formaldehyde resin which can affect sensitive individuals and cause asthma (US Environmental
Protection Agency, 2000). Cellulose insulation with toxic chemicals, such as boric acid, has been reported
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to be harmful to human health (US Department of Occupational Safety and Health (OSHA), 1999). The
harmful nature and high cost of making these composites have made research activities in recent times
necessary to �nd alternative thermal insulation products. 

Natural �bers, as a good alternative, have attracted the attention of scientists and researchers due to their
environmentally friendly properties, which makes them known as potential reinforcers in polymer
composites instead of synthetic �bers. (K.I.Alzebdeh, 2017). The thermal effect of these insulating
materials is comparable to ordinary, mineral, and glass �ber-based products. Extensive research on the
features of plant thermal insulation has shown that these materials have good thermal insulation
properties compared to commonly used insulation materials such as mineral wool, expanded polystyrene,
and polyurethane. In the case of bio-based resources, the possibility of providing a new source of income
for domestic agriculture can be an important factor in the production and use of bio-based materials.
(Steffensa, 2017).

Nowadays, one of the good bio-based materials is a tropical tree of date palm found primarily in the
Middle East. According to the UN Food & Agriculture Organization (FAO), the Persian Gulf countries
account for approximately 50 percent of the global date production (Wet. FAO, 2018). There are more
than 3,000 species of date palms around the world including 250 in Tunisia, 370 in Iraq and 244 in
Morocco. Among countries, Iran has the largest number of palm species by about 400 species. (Zaid,
2002) and has the potential to use date �bers in industrial applications. The southern provinces of the
country such as Khuzestan, Sistan and Baluchestan and Bushehr are among the major producers of this
product. Therefore, by using these �bers as a reinforcer, it is possible to produce high-value products from
a cheap and low-cost material, and by doing so, it can signi�cantly contribute to the environment and the
agricultural industry. In Iran, the area of date palm groves is estimated at 22 hectares, which is about 20
to 22% of the world's groves. In order to harvest quality dates, palms must be pruned every year. The
average waste from pruning each palm is about 17 to 34 kg, which, considering about 27 million palm
trunks in the country, produces at least 270,000 kg of waste per year, which is not currently used
industrially. (M.Karizaki, 2017) In Iran, palm �bers were used to make a local rope named Sis. Also, the
elastic property of palm �bers was applied to strengthen the corners of the king dome in the Bam,
historical Citadel which shows the good properties of this material against tensile force. (Barsam, 2019). 

 Recently, lots of study has been done comprehensively and extensively on the study of properties of
palm �ber. Some recently reported about of date material compositions are presented in Table 1. In the
research by Salih and et al, the properties of palm tree wastes have been investigated in two ways. The
�rst factor examined the tensile properties of four parts of the stem, spike, trunk and leaf and the second
factor tested the �ber length effect in three different sizes. The results of these two studies have shown
that among the four mentioned sections, palm tree leaves and among three different sizes, 20-40 mm
size have caused the highest tensile strength in the composite. Also, one investigation of the thermal
properties of the �ber was made in a species of the local Palm of Morocco which the results have shown
that these �bers, have the capability of retaining oxygen and can be mentioned as a natural insulation (B.
Beighi, 1998). 
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Date palm fibers Polymer Matrix References
DPF (petiole, bunches and rachis) Gypsum (Chikhi, 2016)

Date palm spikelet Mortar (Abdelazizab, 2016)
Hybridized date palm leaf/Glass fibers Epoxy (Gheith, et al., 2019)

stem, spike, trunk and leaf - (Dr. Sihama E.Salih, 2013)
Date palm mesh fibers Cement-based mortar (Benaimeche, et al., 2018)

Date palm fiber phenolic resin (Kashizadeh, 2019)
DPF/Graphite filler Epoxy (Shalwan & Yousif, 2014)

Date palm wood flour (rachis, leaflet and leaf) Polyethylene (Mirmehdi, et al., 2014)
Date palm wastes Linear Low density polyethylene matrix (Alshabanat, 2019)

Hybridized date palm and flax fibers Thermoplastic starch (Ibrahim, et al., 2014)

Date palm fibers low-density polyethylene (LDPE) (K.I.Alzebdeh, 2017)

Table.1: Reported studies on date palm composites. 

However, there is insu�cient information on the various physics-related properties of such insulating
materials. Thus, the purpose of this study is to evaluate the feasibility of using the local date palm �bers
harvested from a southern region in Iran, as a plant-based composite material for the reduction of heat
loss in air conditioning zones. In addition, this paper discusses the suitability of DPF for thermal
insulation by examining thermal resistance and morphological characteristics. The need for alternative
wastes is inevitable due to the rapid depletion of natural resources. The new plant-based insulating
material differs from other materials in the literature data that have produced similar materials using
cornstarch as an adhesive.

Experimental Procedure
2.1. Materials and process

Date palm �bers used in this study were harvested in 2019. These materials are date palm �bers (DPF) of
Zahedi (Local name), collected from the province of Kerman in Iran (Figure. 1) The main production of
Zahedi dates is in a region called Posht Kuh in Bushehr province. This kind of palm can be transported
and stored conveniently, due to its dry nature. Also, it has a long shelf life of about two years in cold and
dry places. (M.Karizaki, 2017). Date palm �ber (DPF) has a natural texture and is pulled out from the top
of trunk of palm tree in a form of nearly mesh and almost rectangular mesh (30 to 50 cm length and 20
to 30 cm width) and several layers from the tree trunk. This mesh network can be separated into
independent �bers with diameters from 0.1 to 0.8 mm shown in the �gure 2. 

2.1.1. Mechanical properties:

Mechanical properties are physical features that a material shows upon the application of forces.
Mechanical properties of plant-based composites depend on the feature of the �ber. Even a small change
in the physical character of the �ber in composite may result in signi�cant changes in the overall
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mechanical properties of composites. Modulus of elasticity, tensile strength, elongation are examples of
mechanical features. Fibers with different lengths of 20, 30 and 40 mm were used. The mechanical
properties of �bers are shown in the table 2.

Specimen’s length

(mm)

Tensile strength

(Mpa)

Elongation

(%)

Elasticity modulus

(GPA)

20 290±20 11±2 5.25±3

50 245±30 12±2 5.00±2

100 170±4 16±3 4.74±2

Table.2: Mechanical properties of fibers

2.1.2. Composite preparation:

In this research, the �bers are separated from a surface of the palm tree trunk. Using a cutting mill with a
sieve of 20 mm mesh, grinding of date palm �bers was done. various particle sizes were obtained from
20 to 100 mm and saved at room temperature (25° C). For the combination with industrial cornstarch,
�bers were �nally selected in pieces 20 mm long (Figure.3). The grinding machine is used for the
agricultural wastes, which were ground in a mixture of corn starch. The production steps and typical
insulating composite specimen produced (25 × 25 × 8 cm in size) is presented in the �gure 4.

Using a length of 20 mm due to the high modulus of elasticity and cornstarch, the samples were obtained
in the volume ratio of 1:1, 1:2, 1:3, 2:3, 2:1, 3:1, 3:2. To make the insulation material natural, industrial
cornstarch was applied as a matrix and bind to �bers. About 90% of the volume of consumption by
cornstarch products are used to make paper and paperboard because of its elasticity; in tile manufacture
of textiles; �eld as adhesives in making cardboard, cartons, boxboard, insulation board, and gummed
labels and tapes. (Russell, 1973) Other items are for making sample mixers and square molds without
holes.

2.1.3. Density:

Using a length of 20 mm due to the high modulus of elasticity and cornstarch, the samples were obtained
in the ratio of 1:1, 1:2, 1:3, 2:3, 2:1, 3:1, 3:2. Seven samples were tested and the results of the tested
samples were presented (�gure 5, �gure 6, table 3). Density was determined according to BS EN 323:
1993 using Eq: 
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Where M is the mass and V is the volume of the composite sample. The relationship between �bers and
resin is presented in the �gure 7. To show the graph appropriately, the amount of density was divided by
100.

Specimen number 1 2 3 4 5 6 7

Cornstarch (Gram) 3000 2000 3000 1000 2000 1000 1000

Date palm fiber (Gram) 650 650 1300 650 1950 1300 1950

Density (Kg/m3) 1143 1065 1047 992 798 760 720

Weight ratio of DPF to Cornstarch 0.22 0.33 0.43 0.65 0.98 1.30 1.95

Volume ratio of DPF to Cornstarch 1:3 1:2 2:3 1:1 3:2 2:1 3:1

Table 3: Prepared sample in deferent proportion. 

2.1.4. Thermodynamic properties:   

The aim of a temperature test is to verify the resistance of a specimen to the environmental in�uence of
temperature. In this study, mini-desktop temperature test chamber is the apparatus to test temperature
resistance. These series are manufactured under the (ATM) model and are designed for setting in
laboratories suffering from lack of space or want to test their smallest size, parts, materials and
productivity at the lowest cost. This model of chambers with a minimum temperature of -40 and -70 and
a maximum temperature of + 180 ° C. are available in sizes 37, 55 and 75 liters, (Figure 8). To evaluate
the insulation capability, the specimens are placed in a position to act as an obstacle to the thermal
transmission. Then, by increasing the temperature up to 80°c on one side (inside to the chamber) and
recording the temperature rise on the opposite side, the thermal insulation ability of the samples is
assessed.

2.1.5. Water Absorption:

Test Water absorption tests were carried out for each specimen, with dimensions of 40 mm × 40 mm × 50
mm, as per ASTM D 570-98 (2018). This experimental system to study water absorption has a duty to
test of control over the uniformity of a product. This function is especially useful for sheet, rod and tube
arms when tested on the �nal product. The initial specimen’s weight (Wd) was measured and recorded
before immersion in water. Then, specimen weight (Wn) was measured again and noted each 24 hours
for a week. The water absorption percentage of the composites were counted using Equation (2):

Water absorption = (W n – W d) / W d × 100   (%)    (2)
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Where Wn is the specimens’ weight after immersion into the water and Wd is the specimens’ weight
before immersion into water.

2.1.6. Thickness Swelling Test:

Thickness swelling of each composite sample, with dimensions of 40 mm × 40 mm × 50 mm, was
assessed according to ASTM D 570-98 (2018). The initial thickness of all seven samples was recorded
before placing them in distilled water. By immersing the samples for one week, the thickness of the
samples was recorded every 24 hours. The thickness swelling of the specimens was done using Equation
(3):

Thickness swelling ( ) = (T1 - T0 / T0) × 100   (3)

Where T0 is the thickness before soaking and the thickness of specimen after soaking is T1.

2.1.7 Morphological analysis (SEM and EDS analysis)

Using Nova Nano SEM 450 (SEM) scanning electron microscope, microscopic studies were performed.
Energy dispersive spectroscopy (EDS) was applied to analyze the chemical combination of palm �ber
samples using Nova Nano SEM 450. (Figure 9)

Energy dispersive spectroscopy (EDS) was applied to analyze the chemical composition of palm �ber
samples using Nova Nano SEM 450. (Figure 9) The EDS process illustrates x-rays emitted from the
specimen when they are bombarded by an x- ray to specify the elemental combination. properties of
materials can be tested in scale of 1 µm or less. When the specimen is bombarded by electron beam,
electrons are emitted from the atoms containing the sample's surface. The resulting electron vacancies
are completed by electrons from a higher state, and an x-ray is emitted to balance the energy division
between the two electrons' states. The x-ray energy is a feature of the element from which it was emitted.

The EDS X-ray detector illustrates the relative frequency of the emitted X-rays in comparison with their
energy. The detector is mainly lithium-containing silicon. This detector converts electrons re�ected by the
sample surface into a signal that can be viewed as images on a monitor. When the X-ray hits the detector,
it generates a rod pulse equal to the X-ray energy. The bar pulse is transformed to a voltage pulse by a
charge-sensitive preampli�er. The signal is then transmitted to a multi-channel analyzer in which the
pulses are sorted by voltage. The amount of energy determined in each measurement is sent to the
computer as an X-ray image to display and evaluate the data. The spectrum of x-ray energy is evaluated
to determine the elemental combination of the sampled volume. Using a process known as X-ray
mapping, information about the elemental combination of a sample can then be overlaid on top of the
magni�ed image of the sample (Wiley, 2015).

2.1.8. Thermal conductivity 
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Heat transfer occurs in objects when a temperature gradient is created between two points in objects. To
create this gradient, the sample was placed in a heat resistance machine and by installing four
thermocouples in the four corners of the sample for 140 minutes up to a maximum temperature of 80
degrees, the heat transfer rate between the two surfaces of the sample is tested. Also, the thermal
conductivity of samples is determined using comparison with literary data. According to the report of
Agoudjil et al, these parameters have been obtained at room temperature with their corresponding
statistical con�dence bounds (Agoudjil, 2011).  

Results And Discussion
4.1. Structure and morphology

In order to investigate the structure of pores and their distribution, the Nova Nano SEM 450 scanning
electron microscope with a working voltage of 0.30 / 30 kV was applied to observe the surface structure
of palm �bers. Prior to observation, a small portion of the �bers was prepared and mounted on an
aluminum foil with a thin layer of gold to prevent electrostatic charge during the SEM examination. The
elemental samples of date palm �bers were determined from the peak areas of the trunk. These �gures
illustrate SEM images of a sample Zahedi- DPF in a longitudinal direction of �bers is scaled from 500 to
5 µm. Examining the nanostructures in the samples, it is observed that the surface of the samples is
irregular with many impurities, cells, and pores (�gure.10). The results presented in �gure 12 show the
presence of oxygen and carbon atoms with signi�cant atomic percentages and carbon is the
predominant element that con�rms the presence of cellulosic carboxylic groups. Carbon and oxygen are
two major elements with 51.40% and 44.72% respectively. Other minor components in the test obtained
from the analysis included sodium, magnesium, silicon, sulfur, and calcium. Figure 11 shows the irregular
surface of �bers with many cells, which allows for proper adhesion between the �ber and the matrix and
refers to the porous structure of the �bers, which con�rms their hydrophilic properties.

4-2. Energy dispersive spectroscopy (EDS) results

The images above (Figure 12) show the spectrum obtained from the analysis of a sample of date �ber
material by EDS X-ray. The energy of each of the peaks shown in this diagram is assigned to a speci�c
atom. Also, the number of elements in the sample based on weight and atomic percentages is shown
below the �gures. In this experiment, two different points of the �bers were analyzed: the �rst point was
related to the outer part of the �ber. It was detected that carbon and oxygen are the main compatible
compounds in this date with 51.40 and 44.72% atomic percentages, respectively, the only permanent and
essential components in palm �ber. The second point tested is basically made of fewer compounds, but
The two elements, carbon and oxygen were also observed as permanent components of the �bers.

4.3. Water Absorption:

Figure 13 shows the percentage of water uptake of date / corn starch �ber compounds. It is clear that the
DPF composition in the corn starch matrix rises their water uptake values as the immersion time
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increases, as the samples become saturated after approximately eight days. This behavior can be
interpreted by the hydrophilic character of palm �ber, which is due to the existence of polar groups that
form a strong hydrogen bond between cell and water molecules.

This behavior can be explained by the fact that water uptake is generally affected by the presence of
pores, cracks, holes, cavities, defects, poor surface adhesion and micro cracks at the interface between
the DPF and the cornstarch matrix. Strong adhesion shows less space in the composites, which can store
water molecules and thus reduce water absorption. In contrast, more water absorption leads to the
creation of micro cracks, which eventually leads to cavities and free space inside the composites due to
the swelling of the �bers. The void / free space created contributes to the potential failure mechanism of
these composites.

4.4. Thickness Swelling Test:

From Figure 14, it can be also observed that the specimen No.7 shows higher thickness swelling behavior.
These statements are also in line with those of other researchers such as Edhirej, A et al and Senthil
Kumar, K et al. Signi�cantly, research has shown that swelling minimizes the surface adhesion thickness
that affects mechanical properties. In fact, the thickness swelling and water absorption of palm �ber-
reinforced composites are two of their basic pitfalls since the existence of humidity results in the
breakdown of the �ber-matrix surface or in delamination, �ber separating and, �nally, the creation of
micro voids and interfacial gaps induced by moisture which, in turn, affect their mechanical features.
Supplementary to this, the statements have been studied and reviewed by other researchers.

4.5. Thermodynamic Test

Regarding to the results of water absorption and swelling thickness three specimens were opted to
investigate the heat resistance test. considering the minimum, moderate and maximum percentages of
water absorption and swelling thickness, samples examined were No.1, No.4 and, No.7. The results are
shown in the �gure 15. To make a same condition for comparing, each specimen was exposed to 80.3°c
temperature in the hot side. Among three specimens, No.1 witnesses the maximum temperature of 35.7
°c in the cold side during the 142.5 minutes. For Specimen No.4 and No.7 the maximum temperature of
the cold side during the experiment was 24.4°c and 36.6°c at the same time, respectively.

4-5.1 Investigation of thermal resistance on the optimal specimen

As is mentioned, the goal of this experiment is to assess the feasibility of applying the mixture of palm
�bers and cornstarch, as a plant-based composite material for the reduction of heat loss in air
conditioning zones. To prepare the desired composite, the industrial starch was mixed with a suitable
percentage of date palm �bers (DPF) in a volume ratio of 1:1, and after soaking the starch particles and
�bers, the mixture is kneaded well to remove the air bubbles trapped inside it. In this way, the hardness of
the composite also increases. DPF and cornstarch should �rst be dry-mixed to have a uniform color on a
clean masonry platform and then mixed by adding clean water slowly and gradually to have consistency.
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In order to evaluate the insulation capability, the specimen was placed at a chamber in a position to act
as an obstacle to the thermal transmission. In this case, by increasing the temperature up to 80°c on one
side (inside to the chamber) and recording the temperature rise on the opposite side, the thermal
insulation ability of the specimen was assessed. The thermal resistance test was performed by
increasing the burner output both gradually and rapidly over a speci�ed period of time. The graph shown
(Figure.16) is the result of a thermal resistance test. In the vertical axis the temperature is from zero to 90
degrees Celsius and in the horizontal axis the time is up to 160 minutes, the red graph presents the heat
transferred to the hot side surface and inside the furnace and the blue graph shows the cold surface
temperature. The wall between these two surfaces is completely vacuumed to prevent heat loss. As
shown in the �gure, by increasing the burner output at the hot surface, the heated surface temperature
�rst reaches linearly up to 40 °C in the �rst 8 minutes. Then, the temperature is gradually increased, with a
gentle slope and downward concavity to about 60 ° C in 80 minutes. While the temperature on the hot
side rises to 80 °C with a steep slope and is still exposed to a maximum temperature of 80 °C for 42
minutes, only a slight change is observed in the cold surface of the sample, which also It can be ambient
temperature �uctuations in the chamber inside the device. The maximum temperature of the cold side
during the experiment is 24.4 °C. In general, this process means that this composite material can be used
as a thermal insulation material below 80 °C, is safe and useful, which can be suitable for use to prevent
heat transfer in construction application.

As it was determined from the results of the EDS analysis, carbon and oxygen are the only permanent
and fundamental components in these materials proved by the EDS test of Zahedi-DPF. In the study by
Agoudjil et al, the constituent elements in the �bers of several palm species in Morocco were examined
with the SEM apparatus. In table (4) "Zahedi" species with its constituent elements as well as the weight
percentage of each element is written in the �rst row of the table. The other species tested by Agoudjil et
al are also listed under Zahedi species, respectively. To better compare between these species, all the
constituent elements of the species are shown in �gure 16, and then the closest species to Zahedi �bers
in terms of weight percentage of constituent elements are speci�ed separately (�gure.17).

As is mentioned in the �gure 17, the literature data showed the medium value of quanti�cation EDS tests
for each variety and part of date palm samples. Also, in the graph below, it can be seen the amount of
Carbon and Oxygen as primary elements and other components in the Zahedi-DPF and the petiole of
Elghers, PEG, are relatively similar to each other. This can be attributed to the similar chemical
composition of the soil environment and local climate in which the plants are growing. By comparing the
numbers of elements reported by Agoudjil et al (Agoudjil 2011) with those of in this case study, the
thermal conductivity of PEG (Petiole of Elghers-variety) is approximately similar to that of DPF of Zahedi.
Hence, according to the table (5), the thermal conductivity of the sample studied in this work is
approximately 0.072W (Wm-1K-1) at atmospheric pressure (Table 5). This is close to the thermal
conductivity of many insulator materials, such as wood �ber insulation boards, which are used for
thermal and acoustic insulation on ceilings, walls or �oors. However, most of the board insulations are a
combination of materials with different functions. Since DPF is a good material to improve the tensile
and �exural strength in plasterboards it can be also used as an improver for other natural materials
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(Azami 2015). Therefore, due to the similarity of its constituent elements with the species studied in this
study (Zahedi species), the thermal resistance of Zahedi species can be estimated approximately.
Therefore, with these conditions, it is possible to prepare and test the natural insulation composite from
the desired �bers and natural resin, assuming that these �bers have the ability to resist heat transfer.

Table.4: medium value of quanti�cation EDS tests for each variety and part of date palm samples from
literary data (Agoudjil, 2011)

Table 5: Thermal conductivity coe�cients obtained from research of Agoudjil et.al (Agoudjil, 2011) 

It can be mentioned that adding the �bers decreases the thermal conductivity of the materials, and
consequently increases the thermal resistance. This fact may present two interpretations: The �rst
subject, has connection with the insulating properties of palm �bers, which has a low heat conductivity.
The thermal conductivity of a compound object relies on those of inclusions which constitute it. The
lower the thermal conductivity of inclusions, the more the composite is insulating. The second case is
that the addition of natural �bers to strengthen building materials leads to an increase in the ratio of
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cavities and voids in them, led to a decline in the density of the composite and therefore its heat
conductivity. Figure 18 shows the relationship between density and ratio of �bers to cornstarch in
different specimens. From the above, it can be concluded that the natural �bers in industrial corn starch
play an important role in improving thermal conductivity. Results with observations reported by several
researchers such as: A. Oushabi et al, Negi et al, in their study on the effect of natural �bers on the
thermal properties of concrete, and V. Hospodarova et al, in their research (HOSPODAROVA, 2017) 

It can be seen from previous results, as the content of �bers increase in the specimen, the sample is made
lighter in weight and the density decreases. however, the thermal resistance improves and creates the
plant-based composite more eco-e�cient by applying the best proportion. This is a desirable
characteristic of ideal production sort and encourages various applying and use in the �eld.
 Although there is a determining relationship between thermal resistance and density, the quality of
composites in terms of mechanical properties is the other substantial item that must be considered.  The
observations are in agreement with the results reported in the literature data. (DJOUDI, 2014) , (BEDERINA,
2007)   According to the Figure 19, based on results, the density decreases with the increase in water
absorption and swelling thickness percentage. Also, compared to the graph of water absorption and
swelling thickness on the tenth day, the amount of thickness swelling is less than water absorption in
specimen No.1 and No.2. Due to the fact that the higher the content of �bers, the higher the density and
consistency of the sample would be, so, the lower the thickness swelling and distortion compared to
water absorption percentage could be reasonable. However, by increasing the ratio of the �ber to matrix
and decreasing the density consequently, the percentage of distortion and swelling thickness in the
specimens No.6 and No.7 has increased compared to the percentage of water absorption. Among
specimens, in No.3, No.4 and No 5, the percentage of thickness swelling and water is less than other
samples. Considering the effect of coherence between resin and �bers in thickness swelling and water
absorption percentage, this point can be mentioned that consistency and coherence between materials in
these specimens are well established. 

Totally, it can be mentioned that to have an optimal insulation, increasing the percentage of �bers to
decrease the density in composite is not the only item that should be considered, but the coherence
between the �bers and the matrix, the percentage of water absorption, swelling thickness, mechanical
properties and resistance against moisture are the other important factors should be pointed out. To
prevent mold in buildings in hot and humid climates, the humidity and temperature of the environment
should be kept low. However, the materials proposed in the present study can be used both indoors and
outdoors since they are protected with a surface of protective painting. 

To continue the investigation of this subject can be mentioned: 

working to improve the penetration of the corn starch between �bers in order to fabricate plant-based
composite with better mechanical properties.

Other mechanical properties and IR-spectroscopy and the other strategies that can be used for
assessing the quality of thermal conductivity and thermal diffusivity.
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comprehensive study of the effects of composite moisture content on the mechanical features.

Conclusion
The number of people suffering from chemical allergies are increasing and natural building materials can
help to reduce it. Formaldehyde and other chemicals are often used in the manufacture of construction
products. The emission of these gases not only reduces the quality of indoor air but also their transfer to
the open-air causes air pollution in the world and the environment.  Choosing natural building materials
without chemicals will lead to safer indoor air quality and reduced health risks for homeowners.

Some resources are renewable (such as trees and �bers) and some are so abundant that they are
considered almost inexhaustible (such as rock and soil). These local natural materials require less
processing or transportation and their economic and environmental costs are low. Therefore, by adapting
these materials to today's technical and engineering requirements, they can be used to provide housing
for low-income people. For sustainable development, it is necessary to distribute limited local �nancial
resources within and among the locals instead of leaving the area. Also, technical knowledge in various
�elds, including construction in the region, should be expanded and maintained. On the other hand, eco-
friendly materials give the building an "indigenous" quality or a sense of belonging to the place, which is
pleasant. In this article, date palm �bers, which is one of the most widely used ecological materials that
can be applied in Iran, were studied as a thermal insulation. After experimental testing of �bers, obtaining
the chemical composition of its constituents by EDS, investigation of seven samples in terms of water
saturation and swelling properties and thermal resistance test, the optimal insulation sample was
obtained. Considering the proposed factors mentioned in this study, combining the same volume ratio of
date palm �bers with industrial corn starch, the best specimen was experimentally obtained. The result
showed no changes in heat transfer by using the composite, the eco-friendly material, in maximum
temperature up to 80 °c. This result shows that date palm �bers have a positive effect on energy
optimization in buildings.
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Figures

Figure 1

Details of date palm tree 

Figure 2
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Date palm �bers with approximately 20 to 30 cm width and Separated date palm �bers with dimeters of
0.1 to 0.8 mm

Figure 3

Date palm �bers in different sizes of 20mm,50 mm and 100 mm respectively from A to C. According to
the table 2, the length of 20 mm (A) was used in preparing seven samples due to high modulus of
elasticity.

Figure 4

Requirement for making specimens: Date palm �bers, Corn starch, Mixer, Molding container.
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Figure 5

Prepared sample in deferent proportion.

Figure 6

Sample of specimen procedure (ratio 1:1), According to the table 3.

Figure 7

Comparison between �ber content in the specimens and density (kg/m3) /100.

Figure 8

Environmental Testing Chambers – ETC in Razi metallurgical research center.

Figure 9

Nova Nano SEM 450 for scanning electron microscope (SEM) 
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Figure 10

SEM images of a sample Zahedi-DPF in a longitudinal direction of �bers is scales from 500 to 5 µm
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Figure 11

Surface of the samples in scale of 5 and 2 µm.

Figure 12

The result of EDS test of Zahedi-DPF

Figure 13

Water absorption tendencies of plant-based composite. Horizontal axis: Immersion (day), Vertical axis:
Water absorption (%)
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Figure 14

Thickness swelling test. Horizontal axis: Immersion (day), Vertical axis: Thickness swelling (%)

Figure 15

Results of thermal resistance test for selected specimens No 1, No 4, No 7.
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Figure 16

The result of thermal resistance test on specimen No.4.

Figure 17

Comparison between EDS test of Zahedi-DPF and samples from literary data

Figure 18

Relationship between Density and content of date palm �ber.
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Figure 19

Comparison with density, swelling thickness, water saturation.


