International Journal of Materials Science and Applications

2019; 8(5): 90-97
http://www.sciencepublishinggroup.com/j/ijmsa
doi: 10.11648/j.ijmsa.20190805.13

otlenecePl

Science Publishing Group

ISSN: 2327-2635 (Print); ISSN: 2327-2643 (Online)

Characterization of the Palmyra Petiole as a Biovegetal
Material of Artisanal Construction in Chad

Ngargueudedjim Kimtangarl’ ’ Djidengar Lazare"?, Deudjonbe Baruc"?, Beda Tibi’,
Nzie Wolfgang®

'Laboratory of Study and Research in Industrial Techniques (LERTI), University of N'Djamena, N'Djamena, Chad

2Faculty of Sciences, University of Ngaoundéré, Ngaoundéré, Cameroon

Email address:
kimta_ernest@yahoo.fr (N. Kimtangar)

*Corresponding author

To cite this article:

Ngargueudedjim Kimtangar, Djidengar Lazare, Deudjonbe Baruc, Beda Tibi, Nzie Wolfgang. Characterization of the Palmyra Petiole as a
Biovegetal Material of Artisanal Construction in Chad. International Journal of Materials Science and Applications.

Vol. 8, No. 5, 2019, pp. 90-97. doi: 10.11648/j.ijmsa.20190805.13

Received: August 14, 2019; Accepted: October 9, 2019; Published: October 23, 2019

Abstract: The palmyra is a wood particularly famous for its resistance to xylophages and various bad weather. But the
determining factors of this resistance are unknown. This base material is available in the form of lignocellulosic waste
generated in large quantities, following its grooming, maintenance and felling. This lignocellulosic waste is not valued in
Chad. Its petiole is the biovegetal material widely used in Chad for the artisanal manufacture of furniture and other works. The
present study concerns the determination of its physical, chemical and mechanical characteristics. We used chemical analyzes,
physical tests and mechanical tests in three-point flexion, intension and in compression. Its contents in cellulose, lignin and
Hemicellulose obtained justify its resistance to physical and chemical degradation and its attack by termites. The values of its
mechanical characteristics obtained place it between the category D50 and D60 of hardwoods. Those of its physical properties
place it among the light woods. This study, the first on the knowledge of the scientific and technical properties of the palmyra
of Chad, opens perspectives on a new field of study on the behaviour of this abundant natural raw material with a view to its
valorisation and its rational use in various fields, such as pulp and building construction and public works.
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Mechanical characteristics: the longitudinal modulus of
elasticity and the maximum tensile stress in bending,
compression and tension in the direction of the fibers.

All analyzes and tests are carried out in the different
laboratories of the Faculty of Exact and Applied Sciences of
the University of N'Djamena.

1. Introduction

The problematic of our study is the lack of scientific data
on the petiole of Chadian Palmyra (Figure 1). This part of the
palmyra is a natural material widely used as fence posts for
fields and concessions. It is also used for making beds, chairs
(Figure 2) and other furniture and house hold structures. Its
current use is done empirically. That is why this study is
conducted to determine its scientific characteristics in order
to consider its rational use and its valuation.

The scientific characteristics determined in this work are:

Chemical properties: contents of cellulose, lignin,
hemicellulose;

Physical characteristics: density, moisture content, dry
matter content, ash content, linear shrinkage, volume
shrinkage and radial shrinkage;

Figure 1. Petiole of the palmyra and its different parts.
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Figure 2. Furniture made with the petiole of the palmyra.(a): rifle, (b):
armchair.

2. Method
2.1. Material of the Study

The material of study of our work is the petiole of the
palmyra aged about 30 years. Of length 150 to 220cm
(Figure 1) in an adult palmyra, the petiole is split at its base
about 20cm, forming the limb. It is by his limb that he
attaches himself to the trunk of his tree. Relatively flattened
on its upper face and convex on its lower face, it is lined with
prickles irregularly distributed on its bordering. Samples are
taken from Koundoul, a town at 25km in south of
N'Djamena.

i .

Figure 3. Samples of petiole, (a): non machined, (b): machined after drying.

2.2. Methodology

To obtain representative samples of the whole, we cut
twenty-five (25) petiole specimens (Figure 3a) on different
similar aged palmyra. These samples were dried in the sun
for one month. Samples for mechanical tests (Figure 3b)
were machined.

2.2.1. Determination of the Chemical Properties of the
Petiole of Palmyra

This part of the study concerns the determination of the
contents of cellulose (C), Hemicellulose (HC), lignin (L) and
extractable matters (minerals, starch, proteins).

The petiole samples of the palmyra were crushed and
powdered. The powder obtained is subsequently sieved
before the chemical tests.

The chemical analysis began with the extraction of
extractable matters. For this, we treated 8g of the dried
petiole powder in 400ml of ethanol-toluene mixture in an
Erlenmeyer flask under roughness and reflux at 80°C for 8
hours.

The percentage W5(%) of the fats and waxes is calculated
using formula (1).

W3 (%) =100(W; = W)/ Wy (1)

W, and W, are the masses of the fibers before and after the
treatment.

For the determination of the percentage of lignin, one gram
(1g) of the residue from the treatment in the ethanol-toluene
mixture is treated with 75% sulphuric acid solution for 2
hours. After the addition of 500ml of water, the solution is
heated to boiling and refluxing for 4 hours. The residue is
then filtered and washed with 500ml of water and dried in the
oven at 100°C and weighed. Since the lignin is in soluble in
75% sulphuric acid, this residue contains essentially lignin.
Its percentage is calculated using formula (2).

L(%) = Ka/(K; (100~ W3)) &)

K, and K, are respectively the masses of the fibers before
and after the treatment with 75% sulphuric acid.

Four grams (4g) of the fat and wax-free residue are treated
in the mixture of glacial acetic acid and sodium hypochloride
in a water bath maintained at a temperature between 70°C
and 80°C for 5 hours with stirring. The residue obtained after
washing and drying contains hollocellulose (HOC) which is
composed of cellulose and hemicellulose. Its percentage is
calculated using formula (3).

HCO(%) = N, /(N; (100 - Wj)) 3)

N, and N are respectively the masses of the fibers before
and after the treatment in the mixture of glacial acetic acid
and sodium hypochloride.

For the determination of cellulose, three grams (3g) of dried
hollocellulose are treated successively in 17.5% sodium hydroxide
solution, 8.3% sodium hydroxide solution and 10% acetic acid
solution. The mass of the residue obtained after filtering and
washing hollocellulose treated with water allows to be calculated
the percentage of cellulose (C%), using formula (4).

(%)= 1\1\% Ws @)

M, and M, are respectively the masses of the fibers before
and after this last treatment.

The rate of Hemicellulose is deduced from the rate of
hollocellulose and cellulose using formula (5):

HC (%) =HCo (%) - (%) (5)

2.2.2. Determination of the Physical Characteristics of the
Petiole

The dehydration method is used to determine the moisture
content. After weighing with the electronic balance, the
crucible containing the sample is kept in the oven for 3 hours
at a constant temperature of 103°C. It is cooled and weighed
every four hours a part until obtaining a mass variation
between two successive weighings less than or equal to
0.5%. Subsequently, the anhydrous test piece is weighed at
0.5% of its mass after cooling in the desiccator. This
weighing must be carried out rapidly in order to avoid
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moisture up take of more than 1%.

The moisture content of the test piece is calculated using
formula (6).

H(%) =100(my, —myg)/mg ©)

my, and my are respectively the gram masses of the crucible

containing the test piece before dehydration and the
anhydrous specimen.

The density (Kg/m®) of wood is a basic physical property
for its qualification. It has an influence on the mechanical
strength of wood.

The dimensions and the mass of the sample measured in
the desiccator are used to calculate its density.

For determining the ash content, we used the principle of
the removal of organic matter in the petiole sample by
calcination at a defined temperature in a given time. The ash
rate TC(%) is calculated using formula (7).

TC (%) =100 (m; = mg)/m @)

my: mass (in gram) of the empty crucible;

m;: mass (in gram) of the crucible and the residue after
calcination;

m: Mass (in gram) of the crucible and the sample before
calcination.

Retractability is the variation of petiole sample size as a
result of varying moisture in the sample

The volume shrinkage (retractability) B(%) is calculated
using formula (8).

B(%) =100 (v} = Vy)/ Vs (8)

Putting force

Captor of T A
displacement N i
Captor of "
displacengent i N
o :{\—::l"
Hydraulic f‘.
system of )
force \
Captor of
pressure

Vi, Vsare respectively the volumes of the test piece in the
wet state and in the anhydrous state.

The longitudinal retractability L(%) is calculated using
formula (9).

L(%)=100 (Ly, - L)/Lg ©)

Ly, L are respectively the lengths of the wet and
anhydrous test pieces, measured in the longitudinal direction
of the fibers.

The transverse shrinkage T(%) is calculated using formula

(10).

T(%)=100(T, - T,)/T, (10)

Ty, Tsare the transverse lengths of the wet and anhydrous
specimen, measured in the direction perpendicular to the
direction of the fibers.

2.2.3. Mechanical Tests

This part of the study concerns the determination of the
longitudinal elastic modulus (Young's modulus) and rupture
strength of the petiole subjected to three-point bending
(perpendicularly to the direction of fibers), axial compression
and axial tensile tests (in the longitudinal direction of fibers).

These three types of mechanical tests are carried out on a
universal machine Model WP300-20 (Figure 4) whose
characteristics are:

Maximum strength: 20kN;

Maximum pressure of the hydraulic system: 100 bars;

Maximum displacement: 50mm with accuracy of 0.0 1mm.

Model P3 strain
indicator and recorder

USB cable

" Supplying of
measurement’
amplificatory

Amplificatory of
measurement with
USB converter

Figure 4. Device of the mechanical tests.

This machine is equipped with a data acquisition system
connected to a computer and a Model P3 extensométrie
bridge.

(1) Three points bending tests
The tree points bending tests carried out consist in
applying a progressive load (in steps of 0.5kN) on the
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specimens until breaking.

The forces and displacements are automatically recorded
in the computer aid of an acquisition system and a data
processing driver. The displacement-force curves were
plotted and displays in real time on the screen.

We assumed that the petiole beams are rectilinear, of
negligible weight in front of the applied load,
macroscopically homogeneous, perfect (without defects such
as knots, wounds).

The rupture stress of the petiole sample is given by:

_3PL

TE (n

T

Where P is the maximum load applied.

L is the distance between the two supports.

b and h are respectively the width and the thickness of the
specimen.

The maximum displacement of the specimen is given by
formula (12).

P2

- (12)
4Ebh3

max

(a)

Figure 5. Test specimens for compression testing; (a): test pieces without strain gauge, (b): specimens equipped with strain gauges.

The stresses and deformations are automatically recorded
on the computer in the case of the determination of the
breaking stress of the specimens without strain gauges. They
are simultaneously recorded in an extensométrie bridge
Model P3 and in the computer in the case of specimens
equipped with strain gauges.

The maximum compressive stress o, (MPa) is calculated
using the relation (15).

o=F/A (15)

Where F is the maximum compression force in Newton
(N), A is the area of the initial section of the sample in mm®.

(iii) Traction tests

The test pieces used are flat (Figure 6).

The Young's modulus is calculated using formula (13):

3
Bzt — (13)
4bh7f ¢

In order to take into account the recommendations of the
European Lumber Standards [1], the Young's modulus value
is calculated at a moisture content of 12% using relation (14).

E;, =Ey(1-0.015x(H -12)) (14)

(i) Compression tests

The tests carried out consist in applying a compressive
force to a test piece which will cause its crushing.

Two types of test pieces are tested:

Six (6) specimens without strain gauge (Figure 5a) are
used for the determination of the breaking stress and the
Young's modulus.

Two other specimens equipped with strain gauges (Figure
Sb) are used for the determination of the Young's modulus.

(b)

Figure 6. Geometry of the tensile test piece.

The tensile test is the most well-known mechanical
characterization of material.

It consists in causing the extension of a specimen by
applying a load at its two ends engaged in the jaws of the
traction machine.
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The tensile strength o, (MPa) is calculated using formula
(16).

O, = Fmax / AO

Where F ., is the maximum compression force in Newton
(N), A is the area of the initial section of the sample in mm®.
Data from specimens that are broken out side of the area of

(16)

the effective length are not considered in the treatment of the
results.

3. Results

Table 1 gives the chemical composition of the palmyra
petiole obtained.

Table 1. Chemical composition of the palmyra petiole obtained.

Cellulose (%) Lignin (%)

Hemicellulose (%)

Extractives (%)

54,51 23

14,49

8,00

Table2 shows the physical characteristics of the petiole obtained.

Table 2. Values of the physical characteristics of the petiole.

. 3 Moisture o Ash content TC  Volume shrinkage Linear shrinkage Transverse
Density MV (kg/m’) content H (%) D7y matter (%) ) B (%) RL (%) shrinkage RT (%)
526.73+36.06 19.27 80.27 0.53+0.1 10.01+0.8 0.18+0.2 3.51+0.9

Figure 7 shows the curve of the evolution of the
displacement as a function of the force.

Bending curves of palmyra's pétiole
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Figure 7. Displacement-Force curves of the specimens subjected to the
bending.

Figures 8 and 9 give the stress-strain curves of the specimens
of the petiole of palmyra solicited in axial compression.

Compression curves of palmyra's petiole whitout strain's
capter
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Figure 8. Compression Stress-Strain curves obtained with specimens without
strain gauges.

Compression expérimental stress-strain curve of
palmyra petiole
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Figure 9. CompressionStress-Strain curves obtained with test pieces equipped with strain gauges, (a): Curve for each specimen, (b): curve with mean values

from the two specimens.
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Figure 10 shows the tensile stress-strain curves of palmyra petiole for each of the six specimens (a) and the tensile stress-

strain curve of the average values for the six specimens (b).

Tensile experimetal stress-strain of palmyra petiole
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Figure 10. Tensilestress-strain curves of the petiole of palmyra; (a): curve for each specimen; (b): curve of plotted with average values of stress and average

values of strain of the six specimens.

4. Discussion

The table 1 shows that the cellulose content (54.51%) is
considerably high relative to the content of lignin (23%) and
Hemicellulose (14.49%). This high rate of cellulose will
allows petiole to roam to be resistant to physical and
chemical degradation. Cellulose is the essential element of
wood burning. Lignin, called the "glue" of wood, encrusts
and strengthens cell membranes. It is like cement between
the fibers of the wood and as a stiffening element inside the
fibers and allows some trees to reach a height of more than
100m [1]. Lignin protects the plant against the attack of
biological agents (bacteria, fungus, termites) [2]. It is found
that the petioles of palmyra are less attacked by the insects.
Hemicelluloses are smaller, branched molecules. They
provide the link between lignin and cellulose in each layer of

the cell wall. Hemicelluloses do not have a significant
mechanical role; but their low content can cause greater
accessibility to cellulose, an increase water absorption and a
decrease of dry mass [3,4]. Note that the contents of its
chemical components are lower than those of the palmyra
(Table 3).

Taking into account the results of the work of Mbaye
Dieng and al. [5], we can say that the extractable materials
contain polyphenols and antioxidants. Komlan Lolo and
Sonnou Tiem [6] find that the determining factors of the
resistance of the palmyra to the xylophages and the various
bad weathers are still unknown. From some wood extracts,
Diinisch O. and al. [7], Grace J. K. and al. [8], Toscioglu C.
and al. [9] have been able to isolate wood preservatives
against termites. The results of their studies enlarge the way
for understanding the natural resistant of any woods.

Table 3. Chemical composition of the palmyra [10,11].

Origin of the palmyra Part of the wood Cellulose (%) Lignin (%) Hemicellulose (%) Extractables (%)
s Duramen 63.21 19.36 09.60

Sapwood 61.89 19.68 11.32
Malfana [6] Duramen 65.66 23.66 9.33 1.33

About the Physical Characterization, table 2 shows that the
petiole of palmyra consists essentially of the dry matter
(80.27%). Its moisture content is 19.27%. The water content
gives an idea on the dimensional change (shrinkage or
swelling), on the density and on the mechanical properties of
the wood. This low value of moisture content is one of the
factors in favour of the non-rot of the petiole of palmyra in
the presence of natural environmental conditions. The ash
content in the petiole of the palmyra is 0.53+0.1%. This low
value of the ash rate justifies the choice of the petiole of
palmyra by the peasant households of Chad as the best

cooking fuel. The average value of the density of the petiole
of the palmyra determined at a moisture content of 19.27% is
526.73 kg/m’. According to wood standards (NFB51004,
NFB51008), its density at a moisture content of 12% is 320
kg/m®. The density of palmyra petiole is similar to those of
bamboo, fir or spruce whose densities are between 300 and
400 kg/m® [1]. Density has no significant effect on the
mechanical state of wood of these species. The density varies
very slightly in softwoods, especially for maritime pine and
Aleppo pine [12]. These values are lower than those of the
palmyra which are given in the table 4. Farid Touloum and B.
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Agoudjil [13, 14] found for the date palm petiole (Deglet-
Nour), a variety of palm, a density between 187 and 389

kg.m™. They attribute this low value of the density to the
high porosity of this wood.

Table 4. Physical properties of palmyra at 12% of moisture content [15].

Part of the Density Moisture Dry matter  Ash content TC Volume Linear shrinkage Transverse
palmyra MV (kg/m’) content H (%) (%) (%) shrinkage B (%) RL (%) shrinkage RT (%)
Duramen 894.40 15.86%=1.18 1.4%0.004 6.05%0.01 2.62%+0.31 0.57%+0.26
Sapwood 44.56%%2.95 1.00%+0.004%

This density value places the palmyra petiole in the
category of very light woods. The values of its volumetric,
longitudinal and tangential shrinkage rates place it in the
mean shrinkage category [1, 16].

About the mechanical characteristics, note that the average
values of fracture stress and Young's modulus in bending of
the palmyra petiole obtained by the least square method are
respectively 6,=65.40+13.95 MPa and E=11410.47+£579.08
MPa at a moisture content of 19.27%. At a moisture content
of 12%, the average Young's modulus is 10166.16 MPa.
These values are lower than those of the palmyra which are
0,=180.01 MPa and E=15044.87 MPa [17, 18]. In
longitudinal compression, the mean value of the Young's
modulus of the palmyra petiole obtained with the specimens
without strain gauge is 1415.74 MPa. The average value of
its breaking stress obtained with these test pieces is
29.8143.17 MPa. That obtained with specimens equipped
with strain gauges is 3568.2+651.07 MPa. We noted a
difference of 2152.46 MPa between the values of the Young's
modulus obtained with the two methods. This difference
highlights the errors that are made in the compression tests
by measuring the overall deformation of the specimen.
Indeed, the over all deformation Consists largely of the
crushing of the two heads of the specimen. The use of the
gauges allows a measuring only the deformation of the
specimen by eliminating the crushing of the heads. The value
of tensile breaking stress in the direction of the fibers
obtained is 6,=37.77£5.69 MPa. The value of longitudinal
elastic modulus in the same direction is E=1138.96+66.16
MPa. The results of the mechanical tests show that the
petiole of palmyra has mechanical characteristics in bending
superior to those of traction and compression. These results
allow us to affirm that the general hypotheses giving a
modulus of elasticity equivalent in compression, traction and
thus in flexion is not valid for the anisotropic materials. In
fact, the flexural strength of wood often exceeds the
compressive strength if the wood is of very good quality.

5. Conclusion

We can say that the main objective of our study, which is
the chemical, physical and mechanical characterization of the
petiole of palmyra, is achieved.

The values of the mechanical characteristics of the petiole
of palmyra determined allow us to classify between the D50
and D60 category of hard wood. Those of the physical
characteristics place it among the light woods and the best
organic. And its chemical characteristics obtained it among
the woods resistant to attack pathogens and decay. Its high

dry matter content is an asset for its use as a pulp material. Its
fibrous character confirms its belonging to noble materials.

Since the petiole of the palmyra is an abundant and easily
reproducing natural resource in Chad, it is conceivable to
undertake a techno-economic study with a view to its
valorisation as a natural raw material for the manufacture of
furniture and decorative objects in modern habitats.

A commercialization study of the palmyra products sector
involving the three research actors (peasants, developers, and
researchers) at the different stages of the research is essential
to develop (enhance) this wood whose current management
of the abundant waste constitutes an economic shortfall.
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