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The objective of this work is to valorize the waste from date palms tree which is often
abandoned in the palm groves The aim is to produce a new composite based on this waste
that can be used as an alternative material to the conventional insulators. The approach
consists in making a composite material from petiole wood (WPC) in different particle
sizes (0 to 1, 1 to 3 and 3 to 5) mm. We then characterized the physical, thermal and
mechanical properties of this new material (WPC). The results obtained proved the
relative anisotropy of the material and the effect of the particle size distribution on these
properties. The composites (WPC) had low density in the range (0.16-0.56) g/cm? and
also exhibited low thermal conductivity, in the range (0.109-0.122)W/mK < These weak
properties make it possible to use (WPC) as an effective insulator. These characteristics
were quite acceptable in comparison with other thermal insulation materials such as cork
agglomerate and traditional wood. The interesting mechanical properties of the new
composite (WPC) have been shown by the tensile tests and the three-point flexural tests.
These results make it possible to valorize these materials (WPC) for possible industrial

applications.

1. INTRODUCTION

The availability and price of raw materials are essential to
the success of any industrial project, therefore, many
researchers are trying to find alternative materials at low cost
through the use of natural waste or through recycling.

Date palms tree produce huge amounts of dry palms each
year as waste products during their natural growth and during
periodic maintenance. This quantity of waste can reach 82
thousand tons per year only in the region of Biskra (Algeria)
[1]. Figure 1 shows the main constituents of the date palm tree
and the natural evolution of a palm. Recycling and exploiting
this waste instead of burning it would help convert this plant
waste into real wealth that can be used efficiently while
respecting the environment. Indeed, several studies have
shown that the association of this waste from date palm tree
with construction materials [2-7] and polymers [8-13] gives
composite materials with good physical, mechanical and
thermal properties. These results also indicate that the
mechanical properties of the composite material based on this
date palm waste have increased compared to those of the
virgin matrix by nearly 50%. In addition, the density and
thermal conductivity of the composite decreases as the ratio of
these wastes increases. This is due to the good physical,
mechanical and thermal properties of this vegetable waste [8,
10, 14]. In addition, other studies carried out have shown that
date palm wood has very evident physical, thermal and
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mechanical properties compared to traditional wood and other
vegetal materials [4, 15-17]. The results also showed that
wood from date palm petiole exhibits a better thermal
insulation ratio compared to other parts of date palm wood,
because of its low average density between 0.14 and 0.23
g/cm® and its low average thermal conductivity is between
0.058 and 0.098 W/m.K° [18-20]. It was also found that
petiole wood particleboard has good interparticle adhesion due
to its high lignin content. This was demonstrated in the
evaluation study of composite particleboard based on the date
palm byproducts produce by thermopressing without any
pretreatment. This also showed the effect of molding
temperature on the mechanical properties of these
particuleboards [21].

In this context, we confirmed the results obtained by
studying the physical, thermal and mechanical properties of
raw wood in the transverse and longitudinal direction of the
fibers. Through these scientific results, it was necessary to take
advantage of these distinctive properties of petiole wood and
to exploit these materials in the manufacture of insulation
boards as alternative materials to cork boards and others (MDF,
HDF, etc.). Thus, the purpose of this research work is the
implementation and the mechanical, physical and thermal
characterization of new composite panels based on the petiole
wood particles with a natural matrix produced by the
thermopressing molding process which makes it possible to
ensure good particle adhesion. This characterization will make


https://crossmark.crossref.org/dialog/?doi=10.18280/rcma.320107&domain=pdf

it possible to highlight the effect of the particle sizes of the
wood used on the thermal, physical and mechanical properties
of the material. This identification will make it possible to
apply this new material for possible industrial exploitation and
thus to recover date palm tree waste.
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Figure 1. Main constituents of the date palm tree and the
natural evolution of a palm

2. MATERIALS
2.1 Fibrous wood

In this work, we used raw fibrous wood from petioles of the
same date palm tree. Wood particles were prepared from the
wood waste of these petioles by manual cutting for sizes
between 1 and 5 mm. The size of less than 1mm is obtained by
sieving the crushed wood chips using a blade mill. The size of
less than 1 mm is obtained by sieving the crushed wood chips
using a blade grinder.

2.2 Matrix
The matrix used is of natural origin based on date palm tree

lignin obtained by mixing wood glue (vinyl glue) with wood
lignin powder from the petiole. The soft fixing paste (natural

Raw wood

Size of partlcle wood

E i ”
R—
Lignin Vinyl glue

matrix) was obtained with a ratio of 1/5 between the lignin of
petiole and the vinyl glue.

2.3 Composite material

The petiole wood particle composite plates with a natural
matrix were obtained from different particle sizes (0 to 1, 1 to
3 and 3 to 5Smm) which are referenced according to these
maximum sizes (WPC1, WPC3 and WPCS5). The molding of
the plates with a mass ratio (wood-particle / natural matrix) of
4/5 was carried out by the use of a disassemblable metal mold
subjected to a pressure of 10 bars for 45 minutes at a
temperature of 110°C. This thermopressing molding process
which ensures good adhesion between the particles and the
natural matrix. The composite plates of particles obtained are
dried after demolding at a temperature of 70°C. After 72 hours,
the specimens are then cut in accordance with the standards
for each test.

Figure 2 shows the main preparation steps for composite
materials (WPC).

3. SPECIMENS AND TEST METHODS
3.1 Specimens

The test samples were obtained by cutting fibrous wood
from the raw petiole (Raw wood), and the plates of different
sizes of wood particles (WPC1, WPC2 and WPCS) according
to the standards using a wood cutting table. The dimensions of
the specimens test are given in Table 1.

3.2 Physical test

3.2.1 Density and water absorption

The density is measured on several samples taken of raw
wood and composites according to standard NF B51-005
(AFNOR, 1985a). Specimens at 12% humidity are weighed
with an electronic balance (Kern V3.1) with an accuracy of
0.0001g in a chamber conditioned at 20°C and 65% humidity.
The volume of specimens is determined on the basis of
hydrostatic weighing by soaking in a container filled with
propanol. The density (p) at 12% humidity, expressed in
(kg/m?), is then calculated according to the following formula:

Mmy2y

(1

P129 =
Vi29,

where: p;,0, IS the density at 12% moisture, miag: the mass at
12% moisture, Vi2%: the volume at 12% humidity.

Moldin

Wood particulate composites

Natural matrix

Figure 2. Main steps in preparing composite materials (WPC)
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Table 1. Dimensions of the specimens tests

Test Dimensions
Length [mm] Width [mm] Height [mm] Standrds
Physical Density 30 30 30 NF B51-005

test Shrinkage measuring 40 40 40 -

Thermal test 60 60 30 HOTDisk TPS500
. Compression test 30 30 30 B51-0071S0O3132-1975

Mechanical Three-point flexural

test 260 40 30 NF en 1SO 178

test

The water content or water absorption of petiole wood is
determined by the gravimetric method according to standard
NF B51-004 (AFNOR, 1985¢) in a room conditioned at 20°C
and 65% humidity. Raw wood samples and composite
materials (WPC1, WPC3 and WPCS5) specimens are placed in
an oven (BINDER) at a temperature of (110 +1)°C. Specimens
are weighed every 4 hours until the specimen mass stabilizes.
The drying time and temperature were chosen after studying
the effect of these parameters on the humidity rate [15]. The
water absorption Hs is determined by the following formula:

(mh - ms) )

Hs% = ms

100 2

where: (Hs %) is the water absorption, mp: the sample mass
before drying, ms: the sample mass after drying.

3.2.2 Raw wood shrinkage

To determine the linear radial (Rr), tangential (Rf) and
longitudinal (R/) shrinkage of the raw petiole fibrous wood,
we draw two lines through the center of each specimen surface,
one in the radial direction and one in the transverse direction
of the fibers (Figure 3). These reference lines allow repeat
measurements at the same points and locations. Then the
specimens are soaked in a bath of distilled water for three days
to achieve the saturation point of the wood. The 0.001mm
precision dial indicators are then adjusted by taking the initial
dimensions at the center of each sample. The specimens are
then dried in a well-ventilated oven at 110°C for 4 hours
several times until they are returned to anhydrous state. In the
dry state, the radial (Ra), tangential (7a) and longitudinal (La)
dimensions are each time re-measured to determine the linear
shrinkage in the three directions. Linear and volume shrinkage,
expressed as a percentage (%), are calculated using the
following formulas.

R.(%) = %. 100 3)
R.(%) = @ 100 (4)
R(%) = (LSL_iL“) 100 (5)
Ry (%) = % 100 (6)

where: (R, Ry and R)) are the linear shrinkage, (Ra,Taand La)
are the dimensions in the dry state, (Rs,Ts and Ls) are the
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dimensions in the wet state, Ry: the volume shrinkage, Va: the
dry volume, Vs: the wet volume.

Dial Indicators (0.001mm)

Test specimen

Position square

Figure 3. Raw wood shrinkage measuring device
3.3 Thermal test

The thermal properties such as, thermal conductivity,
thermal diffusivity and spect heat of raw material (Raw wood),
were measured in the two directions of the fibers (RWPT and
RWPL) using a HOT Disk TPS500 thermal characterization
device with a maximum temperature probe of 60°C under the
following climatic conditions 36°C temperature and 60%
humidity. In addition, measurements were one-way for the
various composites materials (WPC).

3.4 Mechanical test

The mechanical properties were determined for raw fibrous
wood (Raw wood) and various composites materials (WPC).
Compression tests were performed using an Instron 5969 type
universal machine controlled by computer with Bluehill3
software. For the three-point flexural test, we used a computer-
controlled TEST-type machine with TesT Winner 950
software. The test speed is constant at Smm/min. Cells used
have a maximum capacity of SkN. Compression tests were
performed in the longitudinal (longitudinal direction) and
transverse (Transverse direction) directions of the fibers. The
flexural modulus E; and the flexural stress are determined
respectively according to formulas (7) and (8).

L3 F

f = wnds )
_ 3FL
o= 2bh2 (8)

where: (F) is the applic load, L: the distance between supports,
S: specimen arrow, b: specimen width, /: specimen height.



4. RESULTS AND DISCUSSION
4.1 Physical properties

4.1.1 Density

The measurement of the wood density will determine its
effect on several physical, thermal and mechanical properties
of raw wood. The density of wood is a key factor in the
evaluation of construction and insulation materials. In
principle and in the literature [8, 13-14], the water content and
mechanical properties increase as the density of wood
decreases.

Figure 4 and Table 2 showing the variation of the density of
raw wood and for different composite materials (WPC) at 12%
humidity depending on the size of particle wood.

It can be seen that the density values of the composite
materials (WPC) increase as the size of the wood particles
decreases. The composite material (WPC1) has the highest
density values between (0.48 and 0.55 g / cm®). The density
values of the composite material (WPC5) and the raw wood
are identical in the range (0.14 to 0.24 g/ cm?®). This is due to
the good bond between the small wood particles, as well as the
presence of voids between the large wood particles.

Table 2. Physical properties (density) of raw wood and
composites materials (WPC)

Physical properties

Materials | Density [g/cm?]
Raw wood 0.1940.05
WPC1 0.5340.03
WPC3 0.2340.04
WPC5 0.1840.02
[
o) l [—_JRaw wood
i Iwecl
) WPC3
_— WPC5

3
1

w
N

Density [g/cm

o
1
——

0.0

Size of particle wood [mm]

Figure 4. Density of (Raw wood) and composite materials
(WPC)

4.1.2 Raw wood shrinkage

The shrinkage measurements of the raw wood allow us to
deduce the shrinkage values in different directions as well as
the volume shrinkage with its humidity rate. From this we can
determine the saturation point and the possible domains for
using this type of raw wood.

Figure 5 and Table 3 show the shrinkage of the raw wood
according to the different directions of the raw wood:
longitudinal (R/), radial (R,) and tangential (Rf), as well as the
volume shrinkage (Ry), depending on the variations in the
water absorption rate.
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Table 3. Physical properties (Shrinkage at saturation point)
of raw wood

Physical properties
Direction of shrinkage Shrinkage at saturation point [%6]

Ri 2.2540.20
Rt 22.1940.22
Rr 22.8140.19
Rv 26.9#.10

1 = Radial shrinkage
30

Saturation point

Tangential shrinkage

Longitudinal shrinkage

Volumitric shrinkage

v al

[
—3

1
{

Shrinhage [%]
3
1

10 ‘

0 . , . | . , ; , , .
0 10 20 30 40 50
Water absorption [%]

Figure 5. Raw wood shrinkage as a function of water
absorption rate

It can be seen that the shrinkage in the radial (Rr) and
tangent (R?) directions of the raw wood is identical, their value
varies between 22 and 22.5%; Contrary to what appears a
longitudinal shrinkage (R/) with a very low value of 1 to 2.5%.
The value of the very large shrinkage is 25% for the volume
shrinkage and the saturation point of raw wood is 33%. In
general, the values obtained are higher compared to other
classic wood species Mubala, Eyek and Pins [22]. This is due
to the wood morphology and the nature of the date palm fibers
[2, 15, 18, 23].

4.2 Thermal properties

The results obtained by measuring the thermal properties of
raw wood and composite materials (WPC) characterize the
desired capacity of heat-insulating materials. Thus, the lower
the thermal conductivity A, the more insulating the material
will be, in particular when A <1.

Figure 6 (a) shows that the orientation of the fiber has no
significant influence on the thermal properties of raw wood.
Whereas, the effect of particle size on thermal properties of
composites (WPC) is well illustrated as shown in Figure 6 (b).
This has already been noted in the literature [9, 14, 18, 20].

The thermal conductivity of raw wood and composite
materials (WPC) is in the following intervals: 0.087-0.092 and
0.109-0.122 W/mK®. It can be seen that the thermal
conductivity of composite materials (WPC) decreases with
increasing particle size and becomes very close to the value of
raw wood which had the lowest thermal conductivity value of
0.080 to 0.094W/mK®. In general, the wood from the petioles,
whether it is raw or in this new composite material (WPC), has
good thermal properties and is a good insulator compared to



other vegetal materials such as hemp, bananas, sisal, wood and
cork [9, 14, 18, 20].

0.8

] tZZZﬂ Th.Conductivity [W/mK°]
0.7 AR Th. Diffusivity [mmzs‘s]
1B22 Spec. Heat [MJ,"m3.K°]
0.6
» \
2 o0s |
-
1o
9
-3
S 04
S 04
&
=
£ 03
I
)
=
= 02 |
0.1 4
0.0
RWPT RWPL
Fibres direction in raw wood
(a) Thermal properties of raw wood
0.6 JV/77) Th.Conductivity [W/m.K°]
1 Th.Diffusivity [mm’/s] ﬁ
os | B33 Spec.Heat [MJ/m”.K°]
1N N
2 04
b
&
£
S 03 4
=
g
5 0.2 |
=
= 4
01 | 7 7 7
0.0

WECI WPC3 WPCS
Size of particle wood [mm]

(b) Thermal properties of composite (WPC)

Figure 6. Thermal properties of raw wood and composite
materials (WPC)

Table 4 shows the thermal properties obtained by tests on
raw wood in the longitudinal and transversal directions of the
fibers (RWPT and RWPL) and on the composite materials
(WPC).

4.3 Mechanical properties

From the mechanical tests carried out, the compression test
and the three-point flexural test made it possible to extract the
mechanical properties of this new material, such as the
modulus of elasticity and the maximum stress indicated in

Table 5.

4.3.1 Flexural properties

The results obtained from three-point flexural tests on
specimens made of composite materials of different particle
sizes (WPC) and raw petiole wood are presented in Figure 7.

Figure 7 shows the effect of wood particle size on the
mechanical behavior of these new composite materials (WPC).
It is observed that the values of the mechanical properties
decrease gradually as the size of the particles increases, thus
giving more flexibility to the composite materials (WPC).
Flexural modulus and maximum stress respectively increase
to (38.98%, 20.64%) for composite material (WPC1) and
decrease to (73.20%, 77.96%) for composite material (WPCS5)
by relative to raw wood. This is due to the good adhesion
between the small particles sizes already observed in the
literature [9].
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Figure 7. Flexural properties of raw wood and composite
materials (WPC)

Table 4. Thermal properties of raw wood and composite materials (WPC)

Thermal properties Materials
Raw wood WPC1 WPC3 WPC5
Conductivity [W/mK9 -[88:131188811 0.123#0.001 0.12020.001 0.0930.003
Thermal Diffusivity [mm?/s] Ig:ggigggzl 0.49140.009 00.46140.015 0.58840.017
T:0.13540.004
3
Spect Heat [MJ/m3Kq 1-0.12240 001 0.25240.011 0.259+0.006 0.16240.037

T: tangential direction; L: longitudinal direction
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Table 5. Mechanical properties of raw wood and composite materials (WPC)

Mechanical properties Materials
Raw wood WPC1 WPC3 WPC5
Modulus of elasticity CL 224469  62.73#19.97 97.56+19.86  49.9843.61
Compression [MPa] CT 67+14 118433.72  116.58+16.03 48.84+16.29
test Maximum stress CL 3.70+0.42 1.7430.85 2.0440.65 1.9440.79
[MPa] CT 3.85#0.04 2.4140.06 3.3440.65 1.7940.87
Three-point flexural test Flexural modulus [MPa] 585+0 788435 200451 14548
Maximum stress [MPa] 10.522.5 12.6%2.45 4.01+1.33 2.38+1.66

CL: Longitudinal direction; CT: Transverse direction

4.3.2 Compression properties

Figure 8 shows the variation in mechanical properties for
compression tests on composite materials (WPC) and raw
wood in the longitudinal (CL) and transverse (CT) direction of
the fibers.
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Size of particle wood [mm|

(b) Maximum stress

Figure 8. Compression properties of raw wood and
composite materials (WPC)

It can be seen from the results obtained that the difference
between the mechanical properties of the composite materials
(WPC) in the two directions of the test varies as a function of
the particle size. Indeed, the values of the modulus of elasticity
of raw wood in the transverse direction are very high
compared to that in the longitudinal direction. The mechanical
behavior of the composite material (WPC5) is similar in both
directions of the test, showing the isotropic character of these
tested materials.

On the other hand, the results obtained with the tests on
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composite materials (WPC1 and WPC3) are very different for
the two test directions, which shows the anisotropic character
of these materials. The mixture (glue/wood particles) being
initially isotropic (homogeneous mixture), the anisotropy
comes from the implementation (the pressure on the material
to be molded). In the large particles case, the wood opposes
the processing influence and remains isotropic. In the small
particles case, the opposition of the particles is minimal, and
the processing directly influences the glue and creates the
anisotropy of these composite materials.

We also note that the values of the elastic modulus and the
values of the maximum stress obtained by the longitudinal
compression tests (CL) for the composite materials (WPC1
and WPC3) are almost identical. The weakest mechanical
properties in this test relate to the composite (WPC5) and the
raw petiole wood in the longitudinal direction (CL). This is
due to the large particle size and interface bonding in the
composite, as well as the orientation of the fibers in the raw
wood. The values of the mechanical properties obtained by the
transverse compression test (CT) on the composite materials
(WPC) are in all cases lower than those of raw petiole wood.
Composite materials (WPC) exhibit a high modulus of
elasticity relative to the modulus of agglomerated cork
stressed by compression [24].

5. CONCLUSIONS

The present study examined the physical, thermal and
mechanical properties of date palm wood from the region of
Biskra, Algeria, as well as the characterization of the new
composite material obtained from different particle sizes of
date palm waste from this studied petiole wood.

In general, the results obtained show that the raw wood of
the petiole has the most advantageous physical, thermal and
mechanical properties compared to other composite materials
(WPC). Composite material (WPCS) has a low thermal
conductivity similar to that of raw wood. This may be due to
the very high percentage of vegetal matrix (lignin) in these
materials and its low density. Thus, this low thermal
conductivity value provided by these materials makes them a
good thermal insulator.

As a result of this research work, this study has enabled the
scientific and industrial community to identify the feasibility
and the limits of the possible use of date palm tree waste in
various indusial areas. It is a new, low-cost natural resource
that can be harnessed by the composite insulation materials
industry. As we have found that the mechanical properties
improve with decreasing particle size, the physical and thermal
properties, also improve with increasing particle size. These
results make to valorize these materials (WPC) for possible
industrial applications.

It appears that a complementary study of the influence of



the rate of the natural matrix on the physical, mechanical and
thermal properties of the composite materials (WPC) is
necessary for a future use as a core in sandwich structures and
insulation elements.
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NOMENCLATURE

CT transversal test compression
WPC wood particle composite (Composite materials) Greek symbols
RWPT transversal thermal properties of raw wood
RWPL longitudinal thermal properties of raw wood A thermal conductivity, W/mK<
CL longitudinal test compression
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