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ABSTRACT - By the present paper, an experimental investigation was proposed to compare the morphological,
chemical and mechanical properties of the Petiole Date Palm Wood (PDPW) collected from north and south of
Algeria. Both regions have very distinctive climatic conditions — wet conditions in the north (near the Mediterra-
nean Sea) and semi-arid conditions in the south Biskra. To achieve this aim, large quantities of waste from PDPW
were collected, cleaned, and cut according to the normalization specific to each type of test. After that, scanning
electron micrographs, infrared spectroscopy, dynamic mechanical thermal analysis (DMTA) and thermogravi-
metric analysis were made, and moisture content (MC) and water absorption (WA) were determined, to compare
the effect of the different environmental conditions. From the results obtained, petiole date palm wood typical for
the southern region had a high fiber content, attributed to its low porosity and excellent mechanical properties,
which resulted in low water absorption. In contrast, the northern petiole wood reveals a higher glass transition
temperature (T,) and significant damping coefficient. At comparable relative density values, the specific properties
were found to be comparable to those of balsa, foams and metallic honeycombs.

KEYWORDS: petiole date palm wood; mechanical properties; glass transition, porosity; damping

SAZETAK * U radu Je predstavijeno eksperimentalno istrazivanje morfoloskih, kemijskih i mehanickih svojstava
drva peteljki palme datulje (PDPW) prikupljenih na sjeveru i jugu Alzira. Te dvije regije imaju vrlo razlicite kli-
matske uvjete: na sjeveru su viazni uvjeti (u blizini Sredozemnog mora), a na jugu Biskre klima je polususna. Kako
bi se postigao cilj istrazivanja, skupljene su velike kolicine otpada PDPW-a, koje su ocisc¢ene i izrezane prema
normi za svaku vrstu ispitivanja. Na pripremljenim uzorcima napravljena je pretrazna elektronska mikrografija,
infracrvena spektroskopija, dinamicka mehanicka toplinska analiza i termogravimetrijska analiza te je odreden
sadrzaj vode (MC) i upijanje vode (WA) kako bi se odredio ucinak razlicitih okolisnih uvjeta na svojstva PDPW-a.
Rezultati istrazivanja pokazali su da drvo peteljki palme datulje iz juzne regije ima visok sadrzaj vlakana, Sto se
pripisuje njegovoj niskoj poroznosti i izvrsnim mehanickim svojstvima, a rezultiralo je slabim upijanjem vode.
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Nasuprot tome, drvo peteljke palme datulje iz sjeverne regije ima vecu temperaturu staklista (T,) i koeficijent pri-
gusenja. U usporedbi s materijalima podjednake relativne gustoce, utvrdeno je da su specificna svojstva PDPW-a

usporediva s onima balze, pjene i metalnog saca.

KLJUCNE RIJECI: drvo peteljke palme datulje; mehanicka svojstva, stakliste; poroznost, prigusenje

1 INTRODUCTION
1. UVOD

Wood, a material composed of cellulose, hemi-
celluloses, lignin, and other components, exhibits vis-
coelastic properties. Its use in structural applications
dates back to ancient times (Dave et al., 2018). Due to
its renewability, affordability, specific strength, and
ability to be tailored for various mechanical needs,
wood is a promising ecological substitute for synthetic
materials like carbon, glass fiber, and foams. These
synthetic materials are commonly used in the construc-
tion of bridges, furniture, acoustic panels, and the inte-
rior structures of vehicles and aircraft. Consequently,
researchers have increasingly focused on exploring
wood, either independently or as an additive, in recent
years (Candan ef al., 2016). Atas et al. (2010) have
used the balsa wood as a core of sandwich panels, dem-
onstrating superior impact resistance compared to
those using polyvinyl chloride (PVC) foam. Sofia et al.
(2007) conducted a characterization study on cork oak
wood, suggesting its potential application in solid
wood structures due to its satisfactory physical proper-
ties. Hassanin et al. (2016) produced particleboards
based on pine wood particles and polyester resins and
observed significant increases of 19 % and 311.3 % in
flexural strength and internal bending strength, respec-
tively, compared to commercial wood particleboards.

Climate and environmental factors strongly influ-
ence the properties of biomass due to its hygroscopic
nature (Makarona et al., 2017). Parameters such as
density, wood species, temperature, water absorption
(WA), and moisture content (MC) significantly impact
wood performance (Hamdan ef al., 2000). Hence, it is
crucial to ascertain these factors to ensure the reliabil-
ity of wood applications. Several studies have explored
the relationship between moisture content and mechan-
ical properties of wood. Oloyede e? al. (2000) observed
that drying wood in an oven at 50 °C increases tensile
strength, while using a microwave at maximum power
decreases tensile properties. However, the moisture
content and damping properties of specimens were
proportional during dynamic loading conditions. Ben-
zidane et al. (2018) conducted experimental analyses
on date palm wood under quasi-static and cyclic load-
ing (fatigue), revealing that cutting wood in different
directions significantly affects mechanical stiffness
and dissipative energy. Srivaro ef al. (2015) investi-
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gated the mechanical properties of oil palm wood in
sandwich structures and observed that the longitudinal
fiber direction exhibits greater rigidity compared to the
perpendicular direction.

When using wood materials for industrial struc-
tures or as reinforcement for polymers, thermal stabil-
ity becomes a crucial parameter to consider. Thermo-
gravimetric analysis (TGA) stands out as the most
employed technique for assessing the thermal decom-
position of polymeric materials. Typically, the degra-
dation of wood under the influence of temperature in-
volves four main reactions: evaporation of water
content, decomposition of hemicelluloses followed by
cellulose, and ultimately, a gradual decomposition of
lignin over a broader temperature range (Merzoug et
al., 2020; Maache et al., 2017; Kamperidou, 2021).

The cross-linking of lignin and the orientation of
wood grain significantly influence the viscoelastic
properties of wood materials (Olsson et al., 1992; Plac-
et et al., 2007). The harmonic test, dynamic thermal
mechanical analysis (DMTA), is one of the high preci-
sion techniques to evaluate the viscoelastic properties
and the glass transition of materials. Recently, there
has been a growing interest among researchers in
measuring the viscoelastic properties of wood materi-
als along their longitudinal direction using DMTA
(Backman et al., 2001; Li et al., 2021; Li et al., 2023).
However, there remains a limited amount of research
concerning the dynamic mechanical behavior of wood
along different grain directions.

The date palm tree (Phoenix dactylifera), belong-
ing to the palm tree family, is primarily grown for hu-
man consumption. These trees are widespread across
the Middle East and Northern Africa, with significant
potential. Globally, there are over 100 million date palm
trees (Abdal-hay et al., 2012), and each harvest season
results in approximately 2 million tons of date palm
wood waste. Despite its lightweight nature (with an av-
erage density of 210 kg/m?), from an economic and en-
vironmental perspective, the utilization of date palm
wood waste is a promising project. There appears to be
a lack of investigation into the use of petiole date palm
wood as a core for sandwich composites (Benzidane et
al., 2022). However, no reference is found in the litera-
ture regarding the thermophysical, chemical, and dy-
namic mechanical properties of the petiole date palm
wood. Knowledge of these properties enables the devel-
opment of more effective industrial processes and mate-
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rials. Thus, this research aims to assess the physical,
thermal, and dynamic mechanical properties of petiole
date palm wood coming from two distinct environmen-
tal regions. The results found suggest that the PDPW is
suitable as a core for sandwich composite panels.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

2.1 Materials
2.1. Materijali

Around 18 million date palm trees planted in Al-
geria cover an area of 164 695 hectares. The petiole
wood part is considered a natural unidirectional (UD)-
composite structure. It has an Eiffel’s tower feet shape,
with a symmetry plane (Benzidane et al., 2018). PDPW
used in this study was harvested in two different envi-
ronmental growing regions: the first region was the oa-

a)

Fruits
plodovi

sis area in the south of Algeria (Biskra), where the cli-
mate is hot and dry. The second region is a humid
region close to the Mediterranean (Sidi- bel abbes).
The average age of PDP wood samples ranged from 70
to 80 years.

2.2 Methods
2.2. Metode

2.2.1 Morphological analysis
2.2.1. Morfoloska analiza

Microscopic examinations of the PDPW speci-
mens and their interfacial (fiber/matrix) characteris-
tics were conducted using a Tescan Vega3 scanning
electron microscope (SEM) at 10 kV and 15 kV. The
specimens were coated with gold and mounted on
aluminum holders using double-sided electrically
conducting carbon adhesive tabs before analysis
(Horiyama et al., 2023).

Fruit branches
grane s vocem

Petiole wood
drvo peteljke drva

Figure 1 Date palm tree morphology: a) Date palm trees, b) Zoom on top parts, ¢) Petiole wood, d) Petiole wood collected
Slika 1. Morfologija stabla palme datulje: a) stablo palme datulje, b) povecani gornji dijelovi, ¢) drvo peteljke, d) skupljeno

drvo peteljke
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Figure 2 Measurement steps of MC: a) Normalized specimens, b) Balance, ¢) Oven drying at 103 °C
Slika 2. Koraci pri mjerenju sadrzaja vode: a) pripremljeni uzorci, b) vaganje, ¢) susenje u susioniku na 103 °C

2.2.2 Fourier transfer infrared spectroscopy
(ATR-FTIR)

2.2.2. Infracrvena spektroskopija s Fourierovom
transformacijom (ATR-FTIR)

The ATR-FTIR spectra of the PDPW (Northern /
Southern) were carried out using a Thermo Scientific
Nicolet iS10 type device with its own quantitative
analysis software. The spectrum was obtained with a
scanning speed of 32 acquisitions between 500 and
4000 cm! with a resolution of 2 cm™.

2.2.3 Physical characterization
2.2.3. Odredivanje fiziCkih svojstava

Moisture content

The European standard (EN 322) was followed.
The volume (V) was assessed through the water dis-
placement method and the weights were measured
both in wet and dry conditions (dried at 103 + 2 °C).
PDPW specimens were created with dimension 20 mm
x 20 mm x 20 mm. The moisture content of both
PDPW regions (Northern/ Southern) was evaluated us-
ing the following formula.

M, -M

MC = =100 (1)

h
Where, M, (g) and M, (g) represent the wet and

dry masses, respectively.

Water absorption

The water uptake was carried out for PDPW
specimens for both regions based on ASTM D1037-99
Standard. First, the wood was dried in oven at (103+2)
°C until the weight was constant. Next, the weight was
measured, and it was considered as the initial weight
when using a numerical balance. Then, the specimens
were immersed in distilled water (20 °C) and weighed
at a specific time (24, 48 and 72h). The gain weight
difference was used for the estimation of water uptake
of the specimens. The formula below represents the
water uptake equation used.
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W, —-W.
w4 =—-—-2=100 ()
w,

t

Where, W, (g) represents the wet weight speci-
men and W, (g) represents the oven-dried specimen at
t=0 time interval.

2.2.4 Thermogravimetric analysis (TGA/
DTA)

2.2.4. Termogravimetrijska analiza (TGA/DTA)

Thermogravimetric analysis was conducted us-
ing a Mettler Toledo TGA/DSC 3+ star system (located
at the University 8 Mai 1954, Guelma Algeria) under a
dynamic nitrogen atmosphere heating at room temper-
ature from (20 °C) to 600 °C at a heating rate of 10 °C/
min. Specimens weighing approximately 6 mg were
used, and their weight changes were measured through-
out the process (Ma et al., 2018).

2.2.5 Dynamic Mechanical Thermal
Analysis (DMTA)

2.2.5. Dinami¢ka mehanicka toplinska analiza
(DMTA)

Dynamic Mechanical Thermal Analyzer (Hi-
tachi, Japan) located in the “Thermal Analysis Labora-
tory” and ‘“Nanotechnology Laboratory” at Istanbul
University-Cerrahpasa was used to evaluate viscoelas-

Ox Oy

50 mm

10 mm

Figure 3 DMTA specimens
Slika 3. Uzorci za DMTA analizu
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tic performance properties of PDPW (North/South)
specimens. Dimensions of the samples were 50 mm by
10 mm by 2 mm in both fiber directions (Figure 3). All
analyses were conducted in dual cantilever mode
(3-point bending) at a frequency of 1 Hz, with tempera-
tures ranging from 30 °C to 150 °C and an increased
heating rate of 5 °C/min. Three runs were performed
for each group (Toubia et al., 2019).

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Morphological analysis
3.1. Morfoloska analiza

Scanning electron micrographs of petiole date
palm wood (north and south) are shown in Figure 4.
The transversal surface images of PDPW (northern/

W
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southern) showed quasi-unidirectional natural com-
posite materials: technical and bundle fibers reinforced
tissue parenchyma matrices. The surface of PDPW
from the northern region exhibits a higher presence of
holes compared to that from the southern region. How-
ever, the amount of fibers in PDPW from the southern
region is notably higher than that in PDPW from the
northern region, which significantly affects physical
properties, especially density. Figure 4 (c and d) de-
picts the longitudinal surface of PDP woods, clearly
showing the direction of fibers and their interface with
the matrix. It is evident that PDPWs exhibits better ad-
hesion between its components compared to PDPWn
from the northern region. Micro-cracks are observed in
the inflated parenchyma matrix of PDPW from the
northern region due to environmental factors, a phe-
nomenon also reported by Benzidane ef al. (2018).

Figure 4 SEM images of PDPW from north and south in both grain directions: a) Ox direction PDPW North, b) Ox direction
PDPW South, c¢) Oy direction PDPW North, d) Oy direction PDPW South

Slika 4. SEM fotografije PDPW-a iz sjeverne i juzne regije u oba smjera vlakanaca: a) Ox smjer PDPW-a iz sjeverne regije,
b) Ox smjer PDPW-a iz juzne regije, c) Oy smjer PDPW-a iz sjeverne regije, d) Oy smjer PDPW-a iz juzne regije
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3.2 Chemical analysis (FTIR)
3.2. Kemijska analiza (FTIR)

The infrared spectroscopy was used to define the
chemical composition of PDPW of north and south re-
gions as shown in Figure5. Similar peaks of both spec-
tra correspond to northern and southern PDPW without
deviation (1034, 1240, 1595, 2848, 2925 and 3351), but
with different intensities. The band groups presented on
the spectra are associated with hemicelluloses,
a-cellulose and lignin. For instance, the strong peak at
1034 cm! is associated with the O-H and C-O stretch-
ing mode of polysaccharides in cellulose groups (Ro-
manzini et al., 2012). The band at 1240 cm! is related
to C-O ether, phenol and ester vibration groups, this be-
ing attributed to the presence of waxes, lignin and xylan
units in the wood surface (Esteves et al., 2013). Further,
both peaks 2925 and 2848 cm™ “C-H, and C-H bands”
defined the acetyl group from hemicelluloses and cel-
lulose components. A broad and intense peak was ob-
served at 3351 cm™ associated with hydroxyl groups
O-H present in the cellulose, water, and lignin structure
(Gonultas et al., 2018). The transmittance intensity of

105

—— PDPWn
—— PDPWs

Transmittance / transmitancija, %

90

1000 1500 2000 2500 3000 3500

Wave number / valni broj, cm-!

Figure 5 Fourier transform infrared spectroscopy (FTIR)
spectrogram of PDPW (North/South)

Slika 5. Spektar PDPW-a (sjever/jug) dobiven infracrvenom
spektroskopijom s Fourierovom transformacijom (FTIR)
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Figure 6 Water absorption evaluation of PDPW specimens
Slika 6. Rezultati upijanja vode PDPW uzoraka
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the southern PDPW is the lowest observed, which
means a lower amount of hydroxyl groups and lignin in
this wood region compared to the north region.

3.3 Physical analysis
3.3. Analiza fiziCkih svojstava

3.3.1 Water absorption
3.3.1. Upijanje vode

Figure 6 presents the water absorption patterns
for 24, 48, and 72 hours of PDPWn and PDPWs. The
PDPWs shows a maximum water absorption rate of
74 %, which is 3 % higher than that of PDPWn. It
could be explained by the filling up of capillaries, dif-
fusion phenomena, and the cellular wall of wood. The
high-water absorption phase was observed after 24h.
The PDPWs absorbed 69.02 % of water, which was
higher by 13 % than PDPWn due to the high fiber ratio
and the presence of fewer holes. The free movement of
water due to large holes and porosities in PDPWn re-
sulted in a slow water uptake. Next, the immersion
times of 48 hours and 72 hours showed a small amount
of water absorption, where the PDPWs saw a slight in-
crease of 5 % and 2 %, respectively, while PDPWn in-
creased by 16 % and 4 %. The process of saturation
occurs at a slow pace until the wood grain is complete-
ly saturated, including its fibers.

3.3.2 Moisture content
3.3.2. Sadrzaj vode

Moisture content plays a crucial role in the ther-
mal and mechanical properties of polymeric materials,
especially biomass. Figure 7 presents the evaluation of
PDPW moisture content of both regions Northern and
Southern dried at 102 °C for 24 h. Similar curves are
shown with different values. After one hour of drying,
a high quantity of water was evaporated from both
PDPW. In particular, the PDPWn (lost around 12 % of
its initial weight) due the concentration of water in this
wood region and the easier movement of water in large

—_
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—_— —_
£ [=)}
1 1

—_ —_—
e =) o) (=] o
1 1 1 1 1

L
]

Moisture content / sadrzaj vode, %

[\
1

—e— PDPWn
—=—PDPWs

(=
!
[

T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24
Time / vrijeme, h
Figure 7 Moisture content evaluation of PDPWood specimens

Slika 7. Evaluacija sadrzaja vode PDPW uzoraka
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holes of PDPWn. In comparison to PDPWs, the small-
er hole dimensions, good adhesion between fibers and
matrix, and higher fiber ratio result in less water evapo-
ration. Subsequently, the moisture content gradually
stabilizes for PDPW of both regions. The moisture
content of PDPWs was around 17 %, which is 3 %
higher than that of PDPWn. The morphologies and en-
vironmental factors of PDPW significantly influence
its moisture content properties.

3.4 TGA/DTG
3.4. TGA/DTG

In order to study the thermal stability behavior of
PDPW (Northern/ Southern), all specimens were sub-
jected to heating in the Mettler Toledo TGA/DSC 3+
device. Figure 8 (a, b) displays the TGA curve and its
DTG derivative obtained for the PDPW. Despite show-
ing a similar trend, there were variations in weight loss
percentages, with PDPWn and PDPWs losing 89.97 %
and 92.43 % of their initial weight, respectively. Dur-
ing the initial heating of specimens, the water evapora-
tion started at around 40 °C and was completed at
roughly 128 °C. The same was observed in the case of
balsa and oak wood (Tranvan et al., 2017; Ceylan et
al.,2014). The first decomposition stage was attributed
to water evaporation, accounting for 12.78 % and 11 %
of weight loss for PDPW from the Northern and South-
ern regions, respectively. Subsequently, an active de-
composition stage was evident, comprising three do-
mains (Figure 8): 1) hemicellulose decomposition, 2)
cellulose decomposition, and 3) lignin decomposition
occurring between 405 and 500 °C (Todaro et al.,
2017). The decompositions of hemicelluloses and cel-
lulose presented the major weight loss that occurred in
the temperature range of 175-405 °C, where PDPWn
gradually lost 54.87 % of its weight. Regarding the
PDPWs, a dramatic weight loss of 61.57 % was noted.
Ceylan et al. (2014) explained that decomposition in
the temperature range of 180-350 °C is attributed to the
depolymerization of hemicelluloses and the random
cleavage of glycosidic linkages of cellulose. In addi-
tion, passive decomposition stages displayed quasi-
constant values associated with lignin residues or char,
accounting for 32.35 % PDPWn and 27.43 % of
PDPWs. The products of cellulose degradation contain
non-degraded fillers and carbon residues (Maache et
al.,2017). The petiole date palm wood exhibited a sim-
ilar thermal stability compared to that of balsa wood
(Hellmeister et al., 2021; Marwanto et al., 2021).

3.5 Dynamic Mechanical Thermal Analysis
3.5. Dinamicka mehanicka toplinska analiza

Stiffness, damping and glass transition of PDP
Wood specimens were studied using dynamic mechan-
ical thermal analysis (DMTA). The grain direction and
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Figure 8 Thermogravimetric analysis test results of PDPW
(north/ south)

Slika 8. Rezultati termogravimetrijske analize PDPW-a
(sjever/jug)
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Figure 9 Storage modulus of PDPW (north/south) for both
directions (Ox and Oy)

Slika 9. Modul pohrane PDPW-a (sjever/jug) za oba smjera
(Ox10y)

environment region of specimens were considered as
relevant parameters for the investigation. The results
are plotted as storage modulus (£”), loss modulus (£”)
and loss factor (tan 9d).
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3.5.1 Storage modulus (E’)
3.5.1. Modul pohrane (E£’)

The variation of storage modulus as the function
of temperature for PDP wood specimens at the fre-
quency of 1 Hz is given in Figure 9. The results have
shown similar curves with different values for the same
groups (regions). Values of the specimens of perpen-
dicular fiber direction (Ox) were significantly higher
than those of the corresponding parallel specimens,
where the higher value of 120 MPa was noted for
southern wood. Fiber rate, fiber performance and its
length played a significant role for this property. In the
case of perpendicular fiber direction (Oy), E’ of PDP-
Ws was considerably more important than that of PD-
PWn (higher by 40 %). This could be due to holes ef-
fect, poor interfacial adhesion (fiber/ matrix) and stat
of parenchyma. The storage modulus of all specimens
was unproportioned to the temperature, especially PD-
PWn wood (both directions), where its £’ decreased
dramatically until 70 °C. This diminution is due to the
micro-Brownian movement of polymer chains as the
polymer approaches the glass transition (Ornaghi et
al., 2011). Plus, due to the augmentation of fully sepa-
rated fibers, fibers are not susceptible to bonding again.
It is known that PDPWs undergo a gradual diminution

0.35 —— PDPW Ox North
PN —— PDPW Ox South
, - — — PDPW Oy North
0.30 / S N i PDPW Oy South
0.25
ES
= 0.20
<
ja
0.15+
0.10
0.05 ‘ T T

T T T
20 40 60 80 100 120 140 160
Temperature / temperatura, C°

Figure 10 Loss factor vs temperature of PDPW (north/
south) for both directions (Ox and Oy)

Slika 10. Faktor gubitka s obzirom na temperaturu PDPW-a
(sjever/jug) za oba smjera (Ox i Oy)

Table 1 Glass transition temperature values at 1 Hz and
damping of PDPW

Tablica 1. Vrijednosti temperature staklista PDPW-a pri 1
Hz i prigusenje PDPW-a

Fiber o

PDPW direction |tan d WSIIEH R, 40

. Temperatura, °C

Smjer vlakana

Northern Ox 0.15 67.7
sjeverna regija Oy 0.33 65.43
Southern Ox 0.10 81.44
Jjuzna regija Oy 0.12 79.55
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of E’ before glass transition due to less holes, high fiber
rate and strong interfacial adhesion (Sreekala et al.,
2005). Below T,, northern wood E’ was increased
slightly due to the final evaporation of water from fib-
ers. However, the southern wood continued to diminish
E’ because the evaporation of water was the same for
both fiber and parenchyma matrix.

3.5.2 Loss factor (tan §)
3.5.2. Faktor gubitka (tan o)

Loss factor variation of northern and southern
PDPW for two different fiber directions as the function
of temperature is shown in Figure 10. Tan § is ex-
plained by the report of E”/E’ and it can be called
damping. It was very high in the parallel direction of
PDPWn (0.33), due to the diminution of £” when the
temperature increased. In addition, lower fiber rate and
the presence of porosities led to free mobility of poly-
mer molecules. Besides, it was observed that PDPWn
in the perpendicular fibers was damper (higher by 20
%) than PDPWs in parallel direction even though its
storage modulus was less than that of PDPWn (Ox).
Furthermore, no considerable change between the fiber
direction properties of southern PDPWood was ob-
served. The glass transition of PDPW was similar in
the case of the same regions (Table 1). In other words,
the 7, of PDPW was dependent on the environment
more than on the fiber direction.

4 CONCLUSIONS
4. ZAKLJUCAK

Due to their lightweight nature and mechanical
performance, foams, honeycomb structures, and balsa
wood are widely used in mechanical technology as
core materials for sandwich structures. However, their
prices remain one of the major disadvantages. In this
study, an experimental investigation on the physical,
thermal and dissipative properties of new bio-mass po-
tential, PDPW “Petiole Date Palm Wood”, from two
different Algerian regions was conducted. The North-
ern region (Sidi Bel Abbes), located near the Mediter-
ranean Sea, is characterized by a humid and rainy cli-
mate, while the Southern region (Biskra) is a semi-arid
area with hot and dry weather. The results of this study
can be summarized as follows:

SEM images revealed that the morphology of
PDPW resembles unidirectional composite materials.
The wood from the southern region exhibited a higher
fiber content (technical and bundle fibers) compared to
that from the northern region. Additionally, the pres-
ence of voids was significant in the wood from the
northern region.

The chemical composition of both PDPW was
similar but with varying intensity.
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There was a small difference (3 %) in moisture
content between PDPW from both regions, despite the
different climate conditions. The good interfacial adhe-
sion and high fiber content of PDPW from the southern
region led to gradual water evaporation compared to
that from the northern region. For the latter, the pres-
ence of porosities facilitated easier water evaporation.
Additionally, both PDPW types exhibited significant
initial water absorption, especially in the case of PDP-
Ws, due to their hydrophilic nature. Subsequently, fiber
water absorption occurred.

The dissipative test was carried out on PDPW
specimens for two different fiber directions (Ox and
Oy) using DMTA. Due to the morphology of PDPWs
(good interfacial adhesion, less voids and high fiber
rate) and fiber properties, the storage modulus in per-
pendicular direction (Ox) was higher than in parallel
(Oy) direction by 41 % for PDPWs and by 65 % for
PDPWn. From a loss factor point of view, the fiber di-
rections (perpendicular and parallel) were more affect-
ed by damping than by environmental regions.

The results of this study suggest that PDPW has
the potential to be used as a sandwich core material in
automotive, furniture, and boat interior structures.

Acknowledgements - Zahvala

The authors would like to thank Istanbul Univer-
sity-Cerrahpasa Research Fund for its financial support
in this study (Project Nos. 4806, 19515, 31014, 43150,
and 49525).

The authors would like to thank the Turkish
Academy of Sciences (TUBA) for its financial support
throughout the study process. The authors would also
like to thank the Biomaterials and Nanotechnology Re-
search Group & BioNanoTeam for their valuable con-
tributions during this work.

5 REFERENCES
5. LITERATURA

1. Dave, M. J.; Pandya, T. S.; Stoddard, D.; Street, J., 2018:
Dynamic characterization of biocomposites under high
strain rate compression loading with split Hopkinson
pressure bar and digital image correlation technique. In-
ternational Wood Products Journal, 9 (3): 115-121. htt-
ps://doi.org/10.1080/20426445.2018.1482673

2. Candan, Z.; Gardner, D. J.; Shaler, S. M., 2016: Dynamic
mechanical thermal analysis (DMTA) of cellulose na-
nofibril/nanoclay/pMDI nanocomposites. Composites
Part B, 90: 126-132. https://doi.org/10.1016/j.compos-
itesb.2015.12.016

3. Atas, C.; Sevim, C., 2010: On the impact response of
sandwich composites with cores of balsa wood and PVC
foam. Composite Structures, 93 (1): 40-48. https://doi.
org/10.1016/j.compstruct.2010.06.018

4. Sofia, K.;José, L. L.; Sofia, L.; Helena, P., 2007: Original
article Radial variation of wood density components and
ring width in cork oak trees. Annals of Forest Science,
64: 211-218. https://doi.org/10.1051/forest:2006105

10.

11.

13.

15.

16.

17.

Hassanin, A. H.; Hamouda, T.; Candan, Z.; Kilic, A.; Akbu-
lut, T., 2016: Developing high-performance hybrid green
composites. Composites Part B. Engineering, 92: 384-394.
https://doi.org/10.1016/j.compositesb.2016.02.051
Makarona, E.; Koutzagioti, C.; Salmas, C.; Ntalos, G.;
Skoulikidou, M.-C.; Tsamis, C., 2017: Enhancing wood
resistance to humidity with nanostructured ZnO coatings.
Nano-Structures & Nano-Objects, 10: 57-68. https://doi.
org/10.1016/j.nanos0.2017.03.003

Hamdan, B. S.; Dwianto, W.; Morooka, T.; Norimoto,
M., 2000: Softening Characteristics of Wet Wood under
Quasi Static Loading. Holzforschung, 54 (5): 557-560.
https://doi.org/10.1515/HF.2000.094

Oloyede, A.; Groombridge, P., 2000: The influence of mi-
crowave heating on the mechanical properties of wood.
Journal of Materials Processing Technology, 100 (1-3):
67-73. https://doi.org/10.1016/S0924-0136(99)00454-9
Benzidane, R.; Sereir, Z.; Bennegadi, M. L.; Doumalin,
P.; Poilane, C., 2018: Morphology, static and fatigue be-
havior of a natural UD composite: The date palm petiole
‘wood’. Composite Structures, 203: 110-123. https://doi.
org/10.1016/j.compstruct.2018.06.122

Srivaro, S.; Matan, N.; Lam, D. F., 2015: Stiffness and
strength of oil palm wood core sandwich panel under
center point bending. Materials & Design, 84: 154-162.
https://doi.org/10.1016/j.matdes.2015.06.097

Merzoug, A.; Bouhamida, B.; Sereir, Z., 2020: Quasi-
static and dynamic mechanical thermal performance of
date palm/glass fiber hybrid composites. Journal of In-
dustrial Textiles, 51 (5): 7599S-7621S. https://doi.
org/10.1177/1528083720958036

. Maache, M.; Bezazi, A.; Amroune, S.; Scarpa, F.; Dufresne,

A., 2017: Characterization of a novel natural cellulosic fiber
from Juncuseffusus L. Carbohydrate. Polymers, 171: 163-
172. https://doi.org/10.1016/j.carbpol.2017.04.096
Kamperidou, V., 2021: Chemical and structural charac-
terization of poplar and black pine wood exposed to short
thermal modification. Drvna industrija, 72 (2): 155-167.
https://doi.org/10.5552/drvind.2021.2026

. Olsson, A. M.; Salmén, L., 1992: Viscoelasticity of in

Situ Lignin as Affected by Structure. Viscoelasticity of
Biomaterials.  Chapter 9:  133-143.  https://doi.
org/10.1021/bk-1992-0489.ch009

Placet, V.; Passard, J.; Perré, P., 2007: Viscoelastic prop-
erties of green wood across the grain measured by har-
monic tests in the range of 0-95 °C Hardwood vs. soft-
wood and normal wood vs. reaction wood. Holzforschung,
61: 548-557. https://doi.org/10.1515/HF.2007.093
Backman, A. C.; Lindberg, K. H., 2001: Differences in
wood material responses for radial and tangential direc-
tion as measured by dynamic mechanical thermal analy-
sis. Journal of Materials Science, 36: 3777-3783. https:/
doi.org/10.1023/A:1017986119559

Li, Z.; Jiang, J. L.; Lyu, J. X.; Cao, J. Z., 2021: Ortho-
tropic viscoelastic properties of chinese fir wood satu-
rated with water in frozen and non-frozen states. Forest
Products Journal, 71 (1): 77-83. https://doi.org/10.13073/
FPJ-D-20-00069

. Li, Z.; Jiang, J. L.; Lyu, J.; Cao, J. Z., 2023: Comparative

investigation on the orthotropic viscoelastic properties of
wood during cooling and heating variations. Wood Mate-
rial Science & Engineering, 18 (1): 262-268. https://doi.
org/10.1080/17480272.2021.2017478

. Abdal-hay, A.; Ngakan Putu, G. S.; Jung, D. Y.; Kwang-

Seog, C.; Jae Kyoo, L., 2012: Effect of diameters and
alkali treatment on the tensile properties of date palm

W) DRVNA INDUSTRIJA 75 (4) 431-440 (2024) 439



Bouhamida, Merzoug, Sereir, Kilic, Candan: Chemical, Thermal, and Morphological Properties of Sustainable...

20.

21.

22.

23.

24.

25.

26.

27.

fiber reinforced epoxy composites. International Journal
of Precision Engineering and Manufacturing, 13: 1199-
1206. https://doi.org/10.1007/s12541-012-0159-3
Benzidane, M. A.; Benzidane, R.; Hamamousse, K.; Ad-
jal, Y.; Sereir, Z.; Poilane, C., 2022: Valorization of date
palm wastes as sandwich panels using short rachis fibers
in skin and petiole ‘wood’ as core. Industrial Crops and
Products, 177: 114436. https://doi.org/10.1016/j.ind-
crop.2021.114436

Horiyama, H.; Fujimoto, W.; Kojiro, K; Itoh, T.; Kajita,
H.; Furuta, Y., 2023: Proposal for a new method for sus-
tainable and advanced utilization of oil palm trunk waste.
Bioresources and Bioprocessing, 10: 69. https://doi.
org/10.1186/540643-023-00688-7

Ma, Z.; Wang, J.; Yang, Y.; Zhang, Y.; Zhao, C.; Yu, Y;
Wang, S., 2018: Comparison of the thermal degradation
behaviors and kinetics of palm oil waste under nitrogen
and air atmosphere in tga-ftir with a complementary use
of model-free and model fitting approaches. Journal of
Analytical and Applied Pyrolysis, 13: 12-24. https://doi.
org/10.1016/j.jaap.2018.04.002

Toubia, E. A.; Emami, S.; Klosterman, D., 2019: Degrada-
tion mechanisms of balsa wood and PVC foam sandwich
core composites due to freeze/thaw exposure in saline so-
lution. Journal of Sandwich Structures & Materials, 21 (3):
990-1008. https://doi.org/10.1177/1099636217706895
Gonultas, O.; Candan, Z., 2018: Chemical characterization
and ftir spectroscopy of thermally compressed eucalyptus
wood panels. Maderas. Ciencia y Tecnologia, 20 (3): 431-
442 http://dx.doi.org/10.4067/S0718-221X2018005031301
Esteves, B.; Marques, A. V.; Pereira, H., 2013: Chemical
changes of heat treated pine and eucalypt wood monitored
by FTIR. Maderas. Ciencia y Tecnologia, 15 (2): 245-258.
http://dx.doi.org/10.4067/S0718-221X2013005000020
Romanzini, D.; Junior, H. L. O.; Amico, S. C.; Zattera, A. J.,
2012: Preparation and characterization of ramie-glass fiber
reinforced polymer matrix hybrid composites. Materials
Research Ibero-American Journal of Materials, 15 (3): 415-
420. https://doi.org/10.1590/S1516-14392012005000050
Tranvan, L.; Legrand, V.; Jacquemin, F., 2014: Thermal
decomposition kinetics of balsa wood: Kinetics and deg-
radation mechanisms comparison between dry and mois-

Corresponding address:

ZEKI CANDAN
Department of Forest Industrial Engineering, Istanbul University-Cerrahpasa, istanbul, Tiirkiye; Biomaterials
and Nanotechnology Research Group & BioNanoTeam, istanbul, TURKIYE.

e-mail: zekic@istanbul.edu.tr
ORCID ID: Z. Candan https://orcid.org/0000-0002-4937-7904

440 Q) DRVNA INDUSTRIJA 75 (4) 431-440 (2024)

28.

29.

30.

31.

32.

33.

34.

35.

turized materials. Polymer Degradation and Stability,
110: 208-215. https://doi.org/10.1016/j.polymdegrad-
stab.2014.09.004

Todaro, L.; Rita, A.; Pucciariello, R.; Mecca, M.; Hiziro-
glu, S., 2017: Influence of thermo-vacuum treatment on
thermal degradation of various wood species. European
Journal of Wood and Wood Products, 76: 541-547. htt-
ps://doi.org/10.1007/s00107-017-1230-7

Ceylan, S.; Topgu, Y., 2014: Pyrolysis kinetics of hazel-
nut husk using thermogravimetric analysis. Bioresource
Technology, 156: 182-188. https://doi.org/10.1016/j.bi-
ortech.2014.01.040

Hellmeister, V.; Barbirato, G.; Lopes Junior, W.; Santos, V.;
Fiorelli, J., 2021: Evaluation of balsa wood (ochroma py-
ramidale) waste and osb panels with castor oil polyure-
thane resin. International Wood Products Journal, 12 (4):
267-276. https://doi.org/10.1080/20426445.2021.1977519
Marwanto, M.; Maulana, M. 1.; Febrianto, F.; Wistara, N.
J.; Nikmatin, S.; Masruchin, N.; Zaini, L. H.; Lee, S.-H.;
Kim, N. H., 2021: Characteristics of nanocellulose crys-
tals from balsa and kapok fibers at different ammonium
persulfate concentrations. Wood Science and Technolo-
gy, 55: 1319-1335. https://doi.org/10.1007/s00226-021-
01319-0

Ornaghi Jr., H. L.; Pompeo da Silva, H. S.; Zattera, A. J.;
Amico, S. C., 2011: Hybridization effect on the mechani-
cal and dynamic mechanical properties of curaua com-
posites. Materials Science and Engineering: A, 528 (24):
7285-7289. https://doi.org/10.1016/j.msea.2011.05.078
Sreekala, M. S.; Thomas, S.; Groeninckx, G., 2005: Dy-
namic mechanical properties of oil palm fiber/phenol for-
maldehyde and oil palm fiber/glass hybrid phenol for-
maldehyde composites. Polymer Composites, 26 (3):
388-400. https://doi.org/10.1002/pc.20095

**% EN 322, 1999: Wood based panels — Determination
of moisture content. Institute of European Committee for
Standardization, Brussels.

*** ASTM D1037, 1999: Standard test methods for eval-
uating properties of wood-base fiber and particle panel
materials.



	5_Drv Ind Vol 75 4_0176

