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Abstract

-S. Mansouri? - 0. Tanane’ - Y. Abboud’ - A. El Bouari'

The aim of the present work pointed out the introduction of natural alkalised alpha fibres as reinforcement in the prepa-
ration of partially biodegradable green insulation material composite. Thermal conductivity, mechanical properties and
acoustical performances of composites were investigated as a function of fibre content. We found that 10% of alkali
solution improve the hydrophobic character, mechanical and interfacial properties of the fibers. Composites made of
alfa fibers-polyurethane resin has exhibited good mechanical and acoustical properties. At 20% of reinforcement the
Young modulus and tensile stress increased by 48.14% and 74.12%, respectively.
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1 Introduction

Insulating materials contribute significantly to the reduc-
tion of thermal building loads and therefore to moder-
ate energy consumption, their effectiveness depends
mainly on the value of the thermal conductivity (k) which
depends on the density, the porosity and the moisture
content of material. Polymers have become an important
part of materials engineering. The rapid growth of these
new engineering materials is due to their technical specific
properties such as lightweight, chemical stability, elasticity
and their flexible processing methods. Despite the inter-
esting properties of these types of materials, they come
in most cases from petrochemicals origin, which makes
their uses harmful to the environment. Hence, it would
be interesting to replace or reduce them by ecologically
ones. The burgeoning demand for clean environment
has led the innovation of green materials and utilization
of natural materials. This interest has boosted the use of
vegetable fibres as reinforcements in composite materials
thanks to the various benefits that they present such as

their renewable and biodegradable nature and impose no
adverse effects on environment [1]. The Vegetable fibres
are derived from biomass and they can be extracted from
the fruit, the rod or the sheet of a plant. Other than their
ecological character, natural fibers have proved several
advantages such as their mechanical properties, low den-
sity and their insulating nature. These benefits allowed
them to be reinforcement in composite materials. Sev-
eral researchers have studied thermal insulation materi-
als from lignocellulosic fibers. Sair et al. [2, 3] developed
a new low cost composite from hemp fiber and polyure-
thane matrix with a lower thermal conductivity, which was
effective for insulating materials. With the same polymer
matrix Oushabi et al. [4] presented a low-density com-
posite from date palm fiber, with a thermal conductivity
similar to those of insulation material. Zhou et al. [5] have
developed a new composite board from hollow wheat
straw, his products have achieved low-thermal conduc-
tivity thanks to some voids retained between the wheat
straw. Mati-Baouche et al. [6] manufactured new insulating
bio-based composite with chitosan and sunflower’s stalks
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particles, resulting that at a ratio of chitosan of 4.3% (w/w)
and a size grading of particles higher to 3 mm achieved
0.056 W/(m K) in thermal conductivity, this value is com-
petitive with those of other insulating bio-based materials
available on the market. With the increasing demand for
alternative materials, development of materials which can
provide both thermal and sound insulation will become
a necessity. Many natural products have been recently
developed and tested for this purpose. Berardi et al. [7]
have reported the acoustical characteristic of the some
natural fibers like kenaf, wood, hemp, coconut, cork, cane,
cardboard, and sheep wool. The absorption coefficient has
been measured. Natural fibers have shown good sound
absorption coefficients, especially at medium and high
frequencies. Absorption coefficient in order of 0.2-0.4 at
500 Hz, 0.5-0.75 at 1000 Hz, and 0.8-0.95 at 2000 Hz, have
been reported for all fibers. Moreover, they indicate that by
increasing the material thickness, it is possible to obtain
significant sound absorption also at low frequencies.
Alessandro et al. [8] have tested the acoustic insulation
of kenaf fibers, they reported an absorption coefficient of
0.85 in the 500-5000 Hz range and 0.65 at 100-5000 Hz
range. Fouladi et al. [9] have shown that the absorption
coefficient of the natural coir fibers is over 0.7 for frequen-
cies higher than 1360 Hz, 940 Hz and 578 Hz. In another
study the sound absorption coefficient of material sam-
ples made from reeds and batts hemp has shown that a
5 cm layer of reed and 7 cm layer of hemp are sufficient
to obtain a sound absorption coefficient above 80% at
the frequencies higher than 160 Hz [10]. Berardi et al. [11]
have indicate that the acoustic characterization of several
varieties of broom, show good sound absorption values
for the different thicknesses of the sample they Results
are particularly promising especially above 500 Hz, which
encourage the use of this environment-friendly material
for sound absorption treatments. Natural fibers have also
integrated composite materials and proved good insulat-
ing properties. However, lack of good interfacial adhesion
and poor resistance towards moisture makes the use of
natural fiber reinforced composites less attractive. The
effects of fiber surface modification have investigated
by several studies [12-14]. The alkali treatment aroused
more interest, since it brings remarkable performance
by increasing the contact surface fiber-matrix after the
elimination of non-cellulosic compounds at the fiber sur-
faces [12, 13, 15-19]. Rokbi et al. [20] has optimized the
conditions of treatment of alfa fibres for their integration
in of the composite polyester; the results of this study
have shown that a concentration of 10% in NaOH during
24 h allows a good adhesion of the fibres without dam-
age to their internal structures. Bessadok et al. [21] have
shown that the use of solutions of styrene after the alkali
treatment of fibres may be more adequate to increase
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Fig. 1 Extraction, treatment and characterization of alfa fibers

Table 1 Sample designation

Concentration of alkali solution used for treatment of ~ Sample

alfa fiber (%) designa-
tion

0 AF-0

5 AF-5

7.5 AF-7.5

10 AF10

12 AF12

the adhesion of the fibres in composite materials. Maafi
et al. [22] have studied the incorporation of alfa fibres in a
polyurethane matrix, the results of this study showed an
improvement in mechanical and thermal properties but
when the reinforcement rate reaches 20% in weight the
properties fall, this results have been observed for others
fibres with the some matrix [3, 23]. In this paper, potential
uses of Stipa tenacissima L. fibers (Alfa fibres) in the field of
thermal insulation are investigated. Firstly, the alfa fibers
were treated by alkalization in order to increase their adhe-
sions with the polyurethane matrix. The effect of this treat-
ment on the physicochemical properties was studied; the
treated fibers were used for the preparation of the plate’s
composite (polyurethane-alfa fiber) at different load by
weight. These plates were analysed and their insulating
power was determined.

2 Materials and methods
2.1 Fibers treatment

The alfa fibers used in this work are extracted from the
plant Stipa tenacissima L., existed in south of Morocco.
The fibers were recovered manually then cut into 2 cm
in length. The fibers were washed and dried before the
chemical treatment (Fig. 1).

Four aqueous solutions of NaOH with different con-
centrations (Table 1) were prepared by dissolving sodium
hydroxide pellets in distilled water. These concentrations
were chosen to preserve the cellulosic portion of the
fiber. The crushed fibers were immersed in the aqueous
NaOH solution with a ratio of 10% solution-fiber; the solu-
tions are heated at a temperature of 80° C. for 5 h. After
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immersion, the fibers were washed with distilled water,
and then dried at 60 °C for 24 h.

2.2 Composite preparation

The matrix was formulated from a mixture of a polymeric
compound, a multifunctional polyol (Karol LBH 2000 Diols)
with a hydroxyl number of 0.91 MEQ/g and a 4,4-diphe-
nylmethane diisocyanate (Isonate 181MDI Prepolymers)
multifunctional prepolymer (Dow Chemical) with a value
of 32.08 NCO% content.

5%, 10%, 15%, 20%, 25% and 30% by weight of alka-
lized fibers were added to the multifunctional polyol
and the entire system was mechanically stirred and sub-
sequently sonicated the MDI prepolymer was added in
excess, to reach an NCO/OH group ratio equal to 1.3, and
the system was mixed. The mixture was cast into a mold
of 200x 200 x 50 mm and cured for 1 h at 70 °C under mild
pressure (10 MPa). Finally, the composites plates were
removed from the mold and postcured in an oven at 70 °C
for 12 h (Fig. 2).

2.3 Testing methods
2.3.1 Infrared spectroscopy

The chemical change and functional group of untreated
and treated alfa fibers and prepared composite of treated
alfa fibers polyurethane matrix was analysed using spec-
trophotometer Mattson 7000 FTIR instrument for wave-
number ranging from 4000 to 400 cm™".

2.3.2 Morphological study

The surface morphology of treated alfa fibers and com-
posite are examined in a Zeiss Gemini scanning electron
microscope. The fibers are fixed on aluminium stubs by
steel tape and coated with carbon to make the surfaces
conductive, so as to avoid electron charge gathering.

Treated alfa fibers Multifonctionnel polyol

I H ization 1
* MDI prepolymer
e )
[ 2|
L2

I Compression molding I

v Thermal, mechanical,
I Composites plate I—) hydric and acoustical
characterizations

Fig.2 Polyurethane-alfa fiber composite preparation methods

2.3.3 X-ray diffraction

X-ray diffractograms were collected using a sample holder
mounted on a Bruker AXS D8 Diffractometer conducted
using a zone detection system 2D GADDS with mono-
chromatic CuKa radiation (A=0.15418 nm). The intensi-
ties were measured in the range of 20 between 5° and 30°.
Hermans (Eq. 1) and Segal (Eq. 2) approaches already cited
in the literature were used to determinate the crystallinity
index of fibers according to the following equations [24].

Ll Acryst
" Atotal

(1

—
—_
~

Cr.lis the crystalline index
A cryst is the sum of crystalline band areas
(3) Atotalis the total area under the diffractograms.

S

Cl= 1200 — lam % 100 )
1200
(4) 1200 is the maximum intensity of the (200) lattice dif-
fraction

(5) lamis the intensity diffraction of the amorphous band.

2.3.4 Thermogravimetric analysis

The thermal stability of the treated and untreated fibers
was evaluated before the composite preparation. TGA
Q500 V6.7 Build 203 (instrument TA) was used to this aim.
Samples of 10 mg were placed in alumina crucible and
undergo to pyrolysis process with nitrogen (20 ml/min).
Samples were analysed in the same conditions, 25 up to
1000 °C and heating rate of 10 °C/min.

2.3.5 Mechanical properties

The unit fibers before and after treatment and prepared
composites have been characterized by the measure of
the tensile strain and the young modulus, the measures
have been carried out according to the standard ASTM
D 3379-75, using the measurement device Instron MPK
universal, the two ends of fiber are fixed on a cardboard
paper by a polyvinyl glue.

2.3.6 Single fiber pull out

A single fiber is fully embedded in a polyurethane matrix.
The strength required to pull the fiber out of the matrix
is determined, and the corresponding interfacial tensile
strength is calculated using the following (Eq. 3). The test
has been performed for treated and untreated fibers and
the result of each test is the average of five tests.
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Fmax is debonding load,

(2) nisthe number of embedded fibers, in our case n=1
(3) Disthe fiber diameterand L is the embedment length
of the fiber.

2.3.7 Water absorption

The water absorption of all composite samples was inves-
tigated according to ASTM D570. Five samples per formu-
lation were tested for percentage weight gain when sub-
merged in water. The testing was performed on sample
coupons of 40 x40x 20 mm. Composite samples were first
dried in an oven at 50 °C for 24 h, and weighed to record the
dry weight. The samples were then immersed in a water bath
set at room temperature and the sample weight gain was
recorded every 24 h for the duration of 10 days. The percent-
age weight gain each day was calculated as the incremental
water absorption.

2.3.8 Thermal conductivity

Determination of the thermal Conductivity of all materials
prepared in this study was measured using lambda meter EP
500e. the device work with the a hot plate principle held in
accordance with ISO 8302 DIN EN 1946-2 DIN EN 12667 and
ASTM C177 (DIN 52612). The device allows direct measure-
ment of thermal conductivity at different temperatures from
—10to 50 °C with high resolution.

2.3.9 Determination of the acoustic properties

The sound absorption coefficient was measured using an
impedance tube method. This method makes it possible to
measure the acoustic absorption of a material under normal
incidence. Measurement and data processing is performed
according the procedure described in the ASTM-E 1050-86
standard. The frequency range used for the measurement
was 50-2000 Hz. Five readings were taken randomly from
each sample for evaluating acoustic properties.

3 Results and discussion
3.1 Infrared spectroscopy

The FTIR spectra of untreated and alkali Alfa fibers
are presented in (Fig. 3). The spectra of untreated alfa
fibers show the presence of a broad absorption band
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Fig. 3 IR spectra of untreated and alkali alfa fibers

observed in the 3390 cm™" is due to the presence of
hydrogen bonding (OH) stretching vibration. The pres-
ence of a band at 2858 cm™' indicates the existence of
the elongation of aromatic C-H bonds of lignin. The peak
seen at 1732 cm™' reflects the acetyl group of hemicel-
lulose. The band at 1514 cm™' indicate the presence of
C=C bond elongation of the lignin aromatic ring. The
peak at 1210 cm ~!is attributed to the vibration of the
acetyl group in the lignin. The bending peaks observed
at 890 cm™' and at 650 cm™' characterize the C-0-C
stretching vibrations (the glycoside bond) and the defor-
mation vibration of the C-OH bond respectively. How-
ever the (Fig. 3) shows that the spectra of all treated Alfa
fibers have the same appearance. Although the intensity
of some bands appears weaker than untreated alfa fib-
ers. The intensity of the bands characterizing the non-
cellulosic constituents was decreased with the alteration
of the treatment concentration. We concluded that the
alkali treatment decrease numbers of hydroxyl groups
(OH) remove a part of lignin and hemicellulose from
the fiber surface. Both consequences were related to
the direct effect of an adequate Alfa fiber treatment by
NaOH solution. This was in agreement with other results
reported in other works [2, 25].

3.2 Morphological study

The effect of alkali treatment on surface morphology of
the fibers was visualized by scanning electron microscopy.
Figure 4 show the surface morphology of untreated and
treated fibers at different concentrations of NaOH. It is
clearly seen that the untreated Alfa fibers are constituted
by a bundle of microfibrils embedded in a matrix forming
a single fiber, at the surface of this fiber is observed the
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presence of certain non-cellulosic compounds, which has
been identified in other works by the fat, waxes and poly-
saccharides of lignin and hemicellulose. The micrographic
surfaces of the fibers treated at 2.5% show a decrease in
the amounts of non-cellulosic material on the surface
of the fibers, which allows the microfibrils to relax and
reorganize. In fact, these substances have been removed
from the fiber surface because of their solubility in aque-
ous alkaline solutions. The increase in the concentration
of the alkaline solutions leads to the depletion of fibers in
non-cellulosic material, decreases the fiber diameter and
exposes the cellulosic microfibrils on the surface of the
fibers which will facilitate the bonding with the polymeric
materials. However, when the concentration reaches 12%
in NaOH, we notice that the topography of the fibers is
affected and the microfibrils of celluloses are attacked
and damaged. In general, the alkaline treatment removes
amorphous non-cellulosic materials such as lignin and

Fig.4 Microscopic images of
untreated and alkali alfa fibers

hemicellulose [26, 27]. This confirms the diminution and
disappearance of certain infrared bands proven by FTIR
spectroscopy.

3.3 X-ray diffraction

The X-ray diffractograms of the treated and untreated
fibers are shown in (Fig. 5), the spectra show the presence
of characteristic peaks of the cellulose molecule located
at (22°<26>=23°), 15.2° and 16.6° correspond respec-
tively to the crystallographic planes 002, 101 and 101.
The analysis of X-ray diffraction spectra shows that all
the fibers crystallize in a monoclinic system, correspond-
ing to the cellulose crystallization system, the intensity
of the diffraction peaks varies with the concentration of
the treatment, these intensities allowed the calculation
of the crystallinity index measured by the Segal method.
The investigation of the values of the crystallinity index
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Fig.5 X-ray diffractograms of untreated and alkali alfa fibers

Table 2 Crystallinity of untreated and alkali alfa fibers

Sample Crystallinity Degree of crystal- ~ Amorphous (%)
index segal linity Herman'’s

AF-0 64.26 0.5429 35.74

AF-5 68.24 0.5531 31.76

AF-7.5 70.15 0.5708 29.85

AF10 72.29 0.6217 27.71

AF12 69.40 0.5213 30.6

(Table 2) shows an improvement in the degree of crys-
tallinity when the percentage of treatment increases,
which suggests that the alkaline treatment eliminates
the non-crystalline part of the fiber (hemicellulose, lignin
and fats), this improvement was observed up to 10% of
alkali treatment. Several hypotheses are at the base of
this increase, hence the partial elimination of cementi-
tious materials such as lignin giving the opportunity to
cellulosic chains to transform from cellulosic form | to Il
which consists of an antiparallel chain arrangement by
In contrast to cellulose |, this induces a change in the
intermolecular bonds thus modifying the polymorphism
of cellulose, a mechanism that has been proved by previ-
ous works [28, 29]. A high crystallinity index is likely to
produce hard fibers of high interest for the formation of
plant fiber composite [30]. This makes it possible to clas-
sify the treated alfa fibers at 10% as the stiffest fibrous
materials than the treatment concentration, however,
at higher treatment concentrations, it is noted that this
index decreases which can be caused by a destruction of
the cellulose structure [31, 32].
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3.4 Mechanical properties

The natural fibers resistance is affected by many factors,
the high molecular weight of cellulose chains, the crys-
talline structure of fibers and the microfibrillar angle are
the most parameters that influence the mechanical prop-
erties of plant fibers [33-36]. Mechanical properties of
untreated and alkali alfa fibers are presented in (Fig. 6).
An improvement in the tensile strength of the alkali fib-
ers was observed. High value of tensile strength has been
reported for alkaline alfa fibers at 10% given a value of
106 MPa what presents an increase of 58% compared to
untreated fibers. These results are in good agreement with
others bibliographic data [35, 37]. The removal of a cer-
tain amount of lignin, hemicelluloses and other impuri-
ties, allows the detachment, of the microfibrils and their
reorganization along the main axis of the fiber giving rise
to a more rigid structure, the increase in the treatment
percentage eliminates more amount of non-cellulosic
compounds which creates more empty space thus giving
to the microfibrils the opportunity to reorganize. However,
it is found that a gradual increase in the concentration of
sodium hydroxide can damage the crystalline structure
of the cellulose and therefore has a negative effect on the
mechanical properties of the fiber this has been found
when the treatment concentration exceeds 10% of NaOH.
This behavior has been observed in previous work using
date palm, hemp, bamboo and other fibers [38, 39]. The
variation of the Young’s modulus with the alkaline treat-
ment concentration follows closely the same behavior as
that of the tensile strength.

3.5 Single fiber pull out

Several experimental techniques are used to predict
the mechanical behavior of fibers after their insertion
in composite materials [40-43]. These techniques make
it possible to calculate the interfacial shear stress IFSS
by measuring the maximum force exerted on the fiber
to extract it from the composite material. The results
obtained after the tensile tests of the treated fibers with
various percentages of NaOH are presented in (Fig. 7). In
this test we show that removal of fibers from the matrix is
done in three steps. First, the force evolves non-linearly,
oritis transported directly by the matrix and transferred
from the matrix to the fiber by the fiber-matrix interface,
during the second step, the force reaches its maximum
then begins to decrease, this is due to the less interpen-
etration between the matrix and the fiber surface this
reduction in tensile force is triggered by the extraction
of the fibers from the matrix that takes place after the
breakage of the adhesive at the fiber-matrix interface
As a result, the fiber breaks off and begins to slip. These
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Fig. 7 Single fibers pull out test of untreated and alkali alfa fibers

steps have also been observed in several studies [42,
43]. The average interfacial stress (Fig. 8) obtained for
untreated alfa fiber is of the order of 0.7 MPa. The effect
of alkaline treatment on interfacial shear force showed
that the higher the concentration of treatment, the more
the IFSS improves. The optimum IFSS reached 1.5 MPa,
this value was obtained in the case of alfa fibers treated
with 10% NaOH. Indeed, this improvement of the IFSS is
related to the increase in the surface roughness caused
by the removal of the waxy layers and other compo-
nents on the surface of the fiber, which consequently
improves the compatibility between the fibers and the
matrix. From the figure it is noticed that an excess of
treatment deteriorates the IFSS, this can be explained
by the degradation of the fibers [44-46].

7,
AF - 12 L
' v
AF -10 4
AF -7,5 -
/
AF -5 =
AF -0 7 -
0,0 0:4 0:8 1:2 1:6 2:0

Interfacial Shear Strength

Fig. 8 Evolution of interfacial shear strength of untreated and alkali
alfa fibers

3.6 Thermal conductivity

In the field of construction, the thermal conductivity of
building materials is the most influential properties on the
hygrothermal behavior of the building. Indeed, this mag-
nitude characterizes the behavior of the material during
the heat transfer by conduction [47, 48].

The effect of alkaline treatment on the thermal con-
ductivity of alfa fibers (Fig. 9) shows the evolution of
this property. From this figure, it is clear that the thermal
conductivity increase with alkaline treatment. The alka-
line treatment leads to the removal of a certain amount
of impurity and wax on the surface of the fibers which
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Fig. 9 Thermal conductivity of untreated and alkali alfa fibers at
three temperatures

increases the number of pores on the surface of the fib-
ers and therefore the thermal conductivity increases. The
increase in the concentration of the treatment is accom-
panied by the increase of the thermal conductivity that
has been found in another study dealing with palm fibers
[49, 50]. With the increase in temperature, thermal con-
ductivity increases for all samples. This may be due to the
fact that with the increase in temperature, the rate of heat
conduction through the sample increases, which increases
the thermal conductivity. This behavior has been reported
for cellulose nanofibres [49].

3.7 Thermogravimetric analysis

According to many researchers [51, 52], the understanding
of the thermal degradation of natural fibers is based on the
study of the degradation of three components which are
cellulose, hemicellulose and lignin; they consider that the
decomposition of natural fiber is a superposition of the
decomposition of its components. Ferry et al. [53] studied
the pyrolysis of these three constituents under inert gas,
they exhibit different behaviors, this difference is mainly
due to their chemical structures. Hemicellulose (xylan)
begins to degrade earlier and is broken down in two stages
at 220-350 °C, the low thermal stability of this compound
is due to the low degrees of polymerization in comparison
with cellulose and lignin. Cellulose is the most stable com-
pound it is generally found that the decomposition of the
cellulose is carried out according to a rapid depolymeri-
zation process by the cleavage of the glycosyl units lead-
ing to the formation of 1,6-anhydro-b-D-glucopyranose
(levoglucosan) at 370 °C. Lignin degradation occurs over
a wide temperature range (200-500 °C) in several stages.
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In a first step (230-260 °C), low molecular weight products
emerge from the cleavage of the edge of the propionic
chain. Then the main stage of degradation (275-450 °C)
which corresponds to cleavage of the main chain, at this
point, large amounts of methane is released. Above 500 °C,
rearrangement and condensation of the aromatic struc-
ture take place, leading to the formation of significant
amounts of char [53]. By comparing the two thermograms
of the raw and treated fiber in (Fig. 10), we notice that the
first peak 265 °C has disappeared; this could be explained
by the total elimination of waxes, pectins and essential oils
covering the surface and the depolymerization hemicel-
lulose which will facilitate fibrillation of the fiber bundle.
The 2nd peak 325 °C characterizing the decomposition
of the cellulose is moved to higher temperatures 330 °C
after treatment with sodium hydroxide, with more remark-
able mass losses in comparison with the untreated fibers.
This confirms the improvement of the thermal properties
and the stability of the fibers after the alkali treatment.
The alkali treatment of alfa fibers at 10% of NaOH makes
it possible to increase the thermal stability of the fibers,
their mechanical strength, to improve the interfacial fiber
matrix properties and keeps the insulating nature of the
fiber, for these reasons we have studied the effect of the
percentage of fiber on the composites alfa fibers polyure-
thane properties, using alkali fiber at 10% NaOH.

3.8 Testing and characterization of composite
polyurethane-alfa fibers (PUAF)

3.8.1 Moisture absorption
All polymer composites absorb moisture in humid atmos-

phere and when immersed in water. Moisture absorption
affect fibre-matrix interface region by creating poor stress

Mass (%)
DTG (%)

) ) ) ) )
0 100 200 300 400 500 600

Temperature (°C)

Fig. 10 Thermogramme of untreated and alkali alfa fibers at 10% of
NaOH solution
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transfer efficiencies resulting in a reduction of physical and
dimensional properties.

The water absorption percentages as a function of
immersion time for all samples are shown in (Fig. 11).
The same behavior was observed for all samples, the
composite materials absorbed water in two stages. The
first stage (0-16 h) is characterized by a fast absorption
rate, followed by saturation or an equilibrium state after
a prolonged time setting up a Fickian diffusion process.
The water absorption of the composites stabilizes after
2 days of immersion in distilled water. It is found that the
higher water uptake is observed for composite reinforced
with 5% of untreated alfa fibers, and has a poor interfacial
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Fig. 11 Composite water uptake evolution as function of alkali alfa
fibers ratio
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adhesion. The composites prepared with alkali fibers have
alower water absorption value, which proves the improve-
ment of the interfacial adhesion.

For alkali alfa fibers-polyurethane composite we notice
that increasing fiber content in the composite leads to the
increase of water absorption, the level of water uptake is
largely dependent on the amount of accessible hydroxyl
groups, which can form hydrogen bonds with water mol-
ecules. When the fiber content reaches 30% in the com-
posite material, an absorption percentage of 30% can be
achieved, even with alkali fibers. This allows 20% in fiber
content to be set as the loading limit for this property.

3.8.2 Tensile properties

The tensile test results of the pure polyurethane, untreated
alfa fibre reinforced polyurethane, and alkali alfa fibre rein-
forced polyurethane composites are displayed in (Fig. 12).
Results indicates that the Young's modulus of composite
is slightly higher compared to that of pure PU. The addi-
tion of untreated alfa fibres to the polyurethane reduces
considerably the tensile properties and Young's modulus.
On the other hand, the treated Alfa fiber highly improved
the tensile strength, it's clear that tensile stress and Young's
modulus of composites increase significantly (for compos-
ites materials with 5, 10, 15, and 20% of alkali alfa fiber) and
then decreased at higher percentage. The 20% of alkali
fibre content gave the highest strength compared with
other fibre contents, at this % content, the Young’s modu-
lus and the tensile stress increased from 2.7 to 4 GPa, and
14.3-24.9 MPa, so an improvement of 48.14% and 74.12%,
respectively, which might be attributed to the assump-
tion of strong interactions between hydrogen bonding
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Fig. 12 Mechanical proprieties of polyurethane composite as function of alfa fibers content a tensile strength and b Young’s modulus
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of polyurethane matrix and alfa fibers, and uniform stress
transfer due to good fibre dispersion that prevent stress
concentration embedded. For higher fiber contents, up to
30%, we notice a weak resistance that is due to the homo-
geneity and the inability of the fibers to transfer the load
to other fibers and the stresses accumulated at specific
locations in the composites [54]. The incorporation of
alkali alfa fibers in the polyurethane matrix increases the
mechanical properties until a well defined fiber content
then the property deteriorates, this behaviors is shown in
other woks. [20, 55, 56].

3.8.3 Thermal conductivity

Experimental values of the effective thermal conductiv-
ity of polyurethane matrix and all prepared composites.
Figure 13 show that polyurethane thermal conductivity
resin is lower than prepared composites due essentially
to its alveolar structure. The composite reinforced with
untreated alfa fibers show a lower value of thermal con-
ductivity comparing to composite materials reinforced
with the same content of alkali fibers. The insertion of
treated alfa fibers in this materials show an increase in
thermal conductivity of the composite. More the fibers
are introduced in polyurethane matrix higher than the
value of the thermal conductivity of prepared material.
Obtained values for the different formulations vary from
31 to 44 mW, these values are very adequate with those
of the insulating materials used in the thermal insulation,
which makes it possible to qualify our formulations as
thermal insulating materials.
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Fig. 13 Thermal conductivity evolution of composite as function of
alkali alfa fibers ratio
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3.8.4 Acoustic properties

(Figure 14) shows the acoustical performances of com-
posites materials. It is realized that all samples exhibit
the same sound absorption behaviors. The sound
absorption of pure PU foam is 0.1 at 50 Hz with a steady
increase up to 0.19 at 2 kHz [57]. The composite sam-
ples shows higher absorption coefficient compared to
the pure polyurethane resin, this related to the natural
internal structure of the fibers which is considered as
a hollow tubular structure with vast amount of small
holes on the cross section which can reduce the trans-
mission of vibrations by mechanical distribution along
the material [11]. We note that in low frequency (up to
350 Hz) all materials have the same acoustic absorp-
tion coefficient. Beyond 350 Hz, it is clear that the
increase in the alfa fiber content in the composite leads
to high absorption coefficients compared to polyure-
thane. From 650 to 900 Hz we observed that the sound
absorption coefficient decrease, then increases to reach
the largest values. The results can be explained by the
increase of the frictional resistance between the sound
waves and the alfa fibers [58, 59], composites leads to
a great energy dispersal of the sound waves, a second
factor is the irreqular structure of the composite com-
pared to the polyurethane matrix, the porosity of the
fiber bundle and it distribution in composites increase
the sound absorption capabilities. When the acous-
tic wave is incident onto the surface of porous struc-
ture of composites, considerable part of the acoustic
energy can be converted into heat energy thus increase
noise reduction efficiency [60]. The values of sound
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Fig. 14 Sound Absorption coefficient versus frequencies sound
wave of pure polyurethane and polyurethane composite as a func-
tion of alkali alfa fibers ratio



SN Applied Sciences (2019) 1:667 | https://doi.org/10.1007/542452-019-0685-z

Research Article

absorption coefficient vary between 0.05 and 0.35.
However, with increasing fiber content, an increase in
sound absorption coefficient can be observed, espe-
cially at higher concentrations. This behavior was found
in the other works of composites reinforced with natu-
ral fiber [57, 61]. The composites with 30 wt% in fiber
was characterized by an acoustic absorption improve-
ment of about 40%. We can conclude that at higher
fiber content the porosity is greater wich gives better
sound absorption coefficient [62-64] but tensile prop-
erties drop drastically, that suggests the 20% content
of alkali fiber as optimum content.

4 Conclusions

The influence of alkali treatment on physical properties of
alfa fibers was investigated by evaluating the mechanical,
thermal, morphological and interfacial performance of alfa
fibers, We found that alkali treatment improve the physi-
cal properties of the fibers in a determined concentration
of treatment. 10% of alkali solution, at 80 °C for 5 h are
the optimal conditions which lead to the most remark-
able improvement in crystallinity indices, water absorption
rate, mechanical and interfacial properties. The excess in
concentration leads to the destruction of the crystalline
network of the cellulose and subsequently the degra-
dation of the fiber. The thermo-physical properties and
acoustic properties of alkali alfa fibers composites were
investigated as a function of fibers content in composite
it was concluded the following items:

e The composites becomes more mechanically stable
than virgin polyurethane by adding alkali alfa fiber
reinforcement. 20% of alkali alfa fiber gave the best
mechanical properties.

e The sound insulation test verified the relationship
between alfa fiber ratio and acoustical behavior of pre-
pared formulation, indicating that higher ratio leads to
a good insulation materials.

e Depending on saved properties, prepared composites
can be used in the thermal and acoustic insulation
applications in buildings.
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