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Abstract

This work was focused to the study of the biodegradation of poly lactic acid (PLA) alga composites in compost
environment over a period of 50 days. To highlight the interaction between the natural reinforcement and the
matrix, an in-situ grafting of maleic anhydride directly during the implementation in the extruder, will be
consider to act as a compatibilizing agent (PLA-g-MAH) in the PLA/Algae system. The monitoring of the
degradation process was evaluated by infrared structural analysis, mass loss and mechanical tensile analysis.
The results revealed that the mass change is positive, suggesting that the chain scission phenomenon
predominates over the cross-linking phenomenon. The mass loss increases with the loading rate, processing
and composting time. The tensile test study revealed a decrease in stress and elongation and an increase in
stiffness with the addition of the untreated filler. The treatment resulted in an improvement in mechanical
properties. After 50 days in the compost medium, it was found that all the parameters underwent a clear
decrease due to the chain scission reactions by enzymatic hydrolysis. For the FTIR results, an increase in the
intensity of the O-H absorption band at 3325 cm™ was observed with the untreated load, due to its high OH
concentration. With treatment, this decreases, attributed mainly to the decrease in the hydrophilic character of
the feed after treatment. After 50 days of composting, we have a decrease of the absorption band located at 1120
cm? (v C-0) which corresponds to the hydrolysis of the ester bond. The appearance at 1620 cm™! of a new band
corresponds to the ends of carboxylic acid chains (COO) generated by enzymatic hydrolysis, due to

microorganisms that consume lactic acid and surface oligomers

Keywords: Biodegradation, Marine algae, Mechanical property, Poly lactic acid,

l. Introduction

Nowadays, plastics are present in the life of each individual;
they are use in several applications that it would be very
difficult to do without them. Nevertheless, beyond their
numerous advantages, they generate voluminous waste, which
poses enormous problems related to their treatment at the end
of life [1]. For this reason, the development of new concepts
called "ecological" or "sustainable™ materials from renewable
sources have emerged. This category of materials can solve the
problems of plastic waste, including their ability to degrade
naturally in the environment under the action of living
organisms and their low rates of emission of greenhouse gases,
and they offer distinct advantages over conventional plastics.
These new "green™ materials generally have the advantage of
degrading in a non-toxic way under environmental conditions,
without wasting fossil fuels [2]. This phenomenon known as
"biodegradation” consists in the degradation resulting from a
biological activity (presence of microorganisms) leading to a

modification of the chemical structure of a material. Generally,
this process ends with a phase of bio assimilation, which
consists in a mineralization of the intermediates of degradation
by the microorganisms and ends in aerobic conditions with the
production of simple compounds such as carbon dioxide and
water as well as a new biomass [3].

Poly lactic acid (PLA) is one of these bioplastics,
from the family of aliphatic polyesters. It is considered among
the first renewable polymers capable of competing with
conventional polymers in terms of performance and
environment, because it is three times less CO, emitting and
already available on the market [4]. Developed in 1960 and
1970 for biomedical applications because of its high price and
its ability to be degrade in physiological conditions. However,
with the technological revolutions, the tonnages of its
production, which explode, and the prices, which fall, the PLA
with integrated several other fields of application than the
biomedical such as the automobile transport, the packing, the
products of hygiene, the electronic material, etc. PLA comes
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from renewable resources such as corn or sugar cane. It is
obtains by fermentation of sugar or starch, and then
transformed into a monomer: the lactide. The polymerization
of the latter makes it possible to obtain PLA [5, 6]. To improve
the different properties of this biopolymer, it is mixed with
synthetic polymers or by incorporating natural reinforcement,
which allows the development of bio composites. In this
study, the choice of the reinforcement was made on the brown
algae. Algae are living chlorophyllous photosynthetic
organisms found in aquatic environments [7]. They vary
greatly in shape, colour and size. Some are microscopic, others
macroscopic. Their processing has developed massively in
recent years, with 25 million tons harvested each year for a
market estimated at more than $6 billion. They are an
important source of polysaccharides (carrageenans, alginates,
agar...) whose physicochemical, stabilizing and gelling
properties are of interest to many industrial sectors [8].

The reinforcement of composite materials by plant fillers is in
full expansion of academic and industrial research. Their
potential in terms of mechanical and environmental gains is
undeniable, even if their sensitivity to humidity remains a
barrier [9, 10]. The innovation in this type of material concerns
the interaction between these natural fibers and the matrix,
which leads to incompatibility problems. For this reason,
physical or chemical modifications of the filler are most often
used. This work has a double objective; the first is to develop
a new material based on a biodegradable PLA matrix and
brown algae. To highlight the interaction between the natural
reinforcement and the matrix, an in-situ grafting of maleic
anhydride directly during the implementation in the extruder,
to obtain PLA-g-MA, which will be considered to act as a
compatibilizing agent in the PLA/Algae system. The second is
the monitoring of physico-chemical properties for a better
understanding of the mechanisms involved in the degradation
process.

I1. Material and methods

11.1. Materiels

11.1.1. Poly (lactic acid) (PLA)

The matrix used is the Poly (lactic acid) (PLA) produced by
Nature Works LLC (United States), is supplied by the
company Nature Plast (France), under the trade name Ingeo
"7001D", in the form of granules (figure I11.1), specially

designed for injection blow molding machines. Its main
characteristics are grouped in table 1.
Table 1: Characteristics of the PLA matrix.

Properties Unit

Appearance Transparent

Melt index (210 °C, 2.16 Kg) 6 g/10 min
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Melting temperature 145-160 °C
Glass transition temperature 55-60 °C
Density 1.24

Number average molar mass 75 000 g.mol*!

11.1.2. Brown seaweed meal

The load used in this study is the flour of brown alga of the
species Fucus serratus collected on the beach of Fort-bloqué in
Ploemeur, Lorient (France) during January. Scientific name
Fucus serratus, of color brown olive with the blackish green.
This rockweed presents a very flat thallus has divided fronds,
with toothed edges, measures in general between 40 and 80 cm
length (figurel).

Figure 1: The species Fucus serratus (brown alga)

Before their use, these algae have undergone several pre-
treatments, namely: Sorting: Manually in order to eliminate
any source of contamination. Washing: The algae are rinsed
twice with tap water and then twice with distilled water to
remove all kinds of contamination: sand, insects, water-
soluble compounds. Drying: The seaweeds underwent a
preliminary drying in the open air for three days and then in an
oven at 80 °C for 24 hours to evaporate the water. Grinding
and sieving: The algae were ground in a laboratory grinder and
sieved through a 250um sieve. Then preserved in hermetically
sealed plastic bags.

11.1.3. Other products: Maleic Anhydride (MAH) 99%, and
Dicumy! peroxide (DCP) 98% were purchased from Sigma-
Aldrich, are used for in situ grafting directly in a brabender on
the PLA chain to obtain PLA-g-MAH, which will be
considered as a compatibilizing agent in the PLA/alga system.
All of PLA and algae powder were dried under vacuum oven
at 60°C overnight before use.

11.1.4. Compost
The compost used in the study was recovered from a local
company in the region of El-Kseur, Bejaia,Algeria. The main
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characteristics of this compost are visualized below in figure

Figure 2: The main characteristics of the compost used

11.2 Methods of elaboration of PLA/algae biocomposites
11.2.1. Formulations

The biopolymer (PLA) and the filler (alga powder) are
previously dried at 80° C in an oven for 24 hours, in order to
eliminate the water content. The different percentages were
weighed, and then mixed manually. In total, seven
formulations were prepared, according to the proportions
indicated in Table 2.

Table 2: Compositions of the different formulations

Formulations Noted | PLA | Algae Maleic Benzoyl

powder | anhydride | peroxide
(MAH) | (BOP)

PLA FO 100 | O 0 0

PLA/10% Algae F10 90 10 0 0

PLA/20% Algae F20 80 20 0 0

PLA/30% Algae F30 70 30 0 0

PLA /10% Algae | F10g | 85 10 3 15

/PLA-g-MAH

PLA /20% Algae | F20g | 75 20 3 15

/PLA-g-MAH

PLA /30% Algae | F30g | 65 30 3 15

/PLA-g-MAH

11.2.2. Compression molding

The PLA, PLAJalgae formulations with and without
compatibilizer are prepared in the molten state in a brabender
of model W50 EHT at 185 °C with a rotation speed of 50 rpm
for a residence time of 8 min. The mixture is recovered for use
in compression molding under the following working
conditions: Temperature of 170 °C, under a pressure of 80 KN
and during a residence time of 5 min (a preheating of 3 minutes
is carried out until a preliminary fusion of the mixture, in order
to avoid the presence of air bubbles). Plates of 1 mm thickness
are obtained, and then are cut to be used in the various tests.
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11.2.3. Biodegradation test

The biodegradability tests were performed in polyethylene
bins at room temperature in the composting environment.
Rectangular (length 70 mm, width 10 mm, thickness about 1
mm) and square (20 x 20 mm) samples are buried in containers
containing 2 to 3 kg of industrial compost. A sample is taken
every 25 days over a period of 50 days, with weekly watering
with borehole water [11].

11.2.4. Mass variation

The observation of mass variation is simple and effective
method. It does not require special instrumentation, and is
widely used for the determination of the biodegradability of
polymers in the solid state. Samples are weighed before burial
in the compost to record the initial mass (mo). After collection,
the samples are wiped, dried in an oven at 60 °C for 2h, and
then weighed to obtain the average mass (m¢). The mass loss is
calculated by the equation (1) :

AM % = 27 100
ma

With: Am: Variation in mass
m¢: Mass of the sample after burial.
mo: Initial mass of the sample before burial

11.2.5. Fourier Transform infrared analysis

Spectroscopy in general is a method of analysis based on the
study of interactions between matter and electromagnetic
radiation. The Fourier Transform Infrared (FTIR) is a very
effective method for identifying organic and inorganic
molecules from their vibrational properties (deformation,
elongation). It allows studying the structural modifications of
polymers resulting from chemical treatments, degradation or
aging of various origins.

The FTIR spectra of the different samples were recorded in
absorbance mode using a SHIMADZU FTIR-8400 S model
infrared spectrophotometer, with a resolution of 4 cm™ in the
range 400-4000 cm™ with a number of scans of 32. The
analysis is performed on PLA/Algae composite films.

11.2.6 Tensile test

The tensile test consists in determining the deformation of
the specimen under the application of a load with a defined
speed. This test makes it possible to determine the modulus of
elasticity E (MPa) or Young's modulus, the stress at break (o)
and the elongation at break (g).The tensile test was conducted
at the research unit of the University of Boumerdes at room
temperature on a traction machine brand "Zwick type 8306"
controlled by software. The speed of traction was kept constant
at 5 mm /min. On average, three tests were carried out for each
formulation.
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I11.Results and discussion

111.1 Mass loss

The figure 3 shows the variation in mass of the PLA/algae
composites as a function of the composting time. It can be seen
that the variation is positive (loss of mass), which suggests that
the phenomenon of chain scission predominates over the
phenomenon of cross-linking [12]. We can also note that the
longer the biodegradation time, the greater the loss of mass is
for all the formulations developed.

v" The results obtained reveal that PLA reaches a lower
degree of disintegration, with mass losses of 0.25% and 4%
after 25 and 50 days. This low biodegradation reveals the
difficulty that microorganisms find to attack this material.

v' On the other hand, the composites loaded with the
untreated seaweed powder, they present a higher
biodegradation compared to the virgin PLA, due in particular
to their natural origin that contributes to their biodegradation
more easily. This increase increases with the loading rate and
the composting time. As an example, at 25 days, 4, 11 and 16%
were recorded, for the formulations F10, F20 and F30
respectively and after 50 days, the loss of mass reached 11, 14
and 23% for the same formulations.

v With the treatment, the mass loss decreases compared to
the untreated composites, this is probably due to the presence
of the PLA-g-MAH compatibilizing agent, since the latter
contains several hydrophilic sequences on the main chain that
can be easily accessible sites by microorganisms or their
secretion products.

30
PRt
bt ! -

25

Mass loss (%)

Fi0g F20g F30g

F10 F20 F30

Form ulations

Figure 3: Evolution of mass loss of treated and untreated composites before
and after 50 days in compost.

111.2 Fourier transform infrared analysis (FTIR)

111.2.1. Effect of the load

The figure 4 shows the FTIR spectrum of virgin PLA.

The spectrum of PLA reveals the presence of several
absorption bands [13, 14]:
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e Two peaks centred at 3503 and 2970 cm™ correspond to
the region of the hydroperoxide groups, attributed to the
elongation vibrations of the -CH groups.

e A broad and intense band centred at 1734 cm¥,
corresponding to the absorption of the C=0 carbonyl groups
of the esters present in PLA.

e A series of broad absorption bands centred at 1300 and
1465 cm?, attributed to the -CHs groups present in the form of
a mixture of vibrations, symmetrical and asymmetrical
deformations.

e A series of bands at 1118 and 1020 cm™ corresponding to
the elongation rations of C-O groups.

e Apeakat 866 cm is attributed to the elongation vibrations
of C-C

o we could also note on the spectrum, that there was a rather
spread out peak, centered at 3500 cm* which is typical of the
presence of hydroxyl groups -OH, in our case they are the ends
of chains.

40

—— vergin PLA

2970
e

1734 1465 413001118

\\

1020
” /866

Absorbance

0,0
4000

T T T
1500 1000 500

Wavenumber (cm’)

T T T T
3500 3000 2500 2000

Figure 4: FTIR spectrum of virgin PLA.

The FTIR spectra of the PLA/algae composites are shown in
Figure 5. The same peaks appear as for PLA, but with different
intensities. As an example, an increase in intensity is recorded
for the absorption band recorded at 3325 cm™* that corresponds
to the stretching vibration of the OH bond of the absorbed
water, which reflects the hydrophilic character of the charge.
Moreover, in the peaks at 1620 cm™, which correspond to the
carboxylic groups COO, whose contribution comes from the
alginates contained in the brown algae [15].
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Figure 5: FTIR spectrum of PLA/algae composites

111.2.2. Treatment effect

The compatibilizing agent PLA-g-MAH, was used to
improve the interfacial adhesion between the filler and the
matrix, by creating bonds that did not exist until then and
lowering the hydrophilic character of the natural filler used,
and to highlight this treatment, the FTIR spectra of the
composites untreated and treated with PLA-g-MAH are shown
in Figure 6.

—F10 F10g

—F30—Fang

Absorbance
Absorbance

T T T T T T — T T T T T T
a0 B0 W00 20 200 1500 000 500 4000 3500 3000 2500 2000 1500 1000 500

]
Weve numner (cm”) Weve number (cm”)

Absorbance

1 7\F ‘:\\:’:\};}fﬂ ' I

W00 3500 00 2800 2000 1500 100 500

Wave number (cm”)

Figure 6: FTIR spectra of untreated and treated composites

Effectively, we notice that the treated composites F10g, F230g
and F30g show an absorption band that is located in the region
3500 and 3000 cm?, and which corresponds to the elongation
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vibrations of the hydroxyl groups (-OH), for which we register
a decrease in its intensity compared to the untreated
composites. This decrease is mainly attributed to the decrease
of the hydrophilic character of the filler after the treatment
with PLA-g-MAH.

111.2.3. Aging effect

The pristine PLA samples, recovered after 50 days in compost
media, were analysed by FTIR and the results are shown in
Figure 7. The superposition of the PLA spectra at 0 day and 50
days highlights the decrease of an absorption band at 1120 cm-
L and the appearance of a new band at 1620 cm™.

45+

[—Fo- 0 day

Fo- 50 days|

4,04

1734

3,54
3,04

2,54

Absorbance

0,0 .
4000

T T LI L T T T T T
3500 3000 2500 2000 1500 1000 500

Weve number (cm™)

Figure 7: FTIR spectrum of PLA before and after 50 days in compost

According to the literature [16], the decrease of the absorption
band located at 1120 cm® (vibration of the CO groups) would
correspond to the hydrolysis of the ester bond. The appearance
of a new absorption band at 1620 cm corresponds to the ends
of carboxylic acid chains generated by enzymatic hydrolysis.
The formation of carboxylate ions at the ends of the chains
would be due to the microorganisms consuming the lactic acid
and the surface oligomers.

During the degradation process, the concentration of COO" is
increased by the presence of carboxyl groups resulting from
the hydrolysis mechanism of the ester functions. With each
hydrolyzed ester bond, a new carboxylic acid chain end is
formed, and this catalyzes the hydrolysis reaction of the
remaining ester bonds. The concentration of the concentration
of carboxyl groups increases as the process proceeds,
accelerating the degradation.

The spectra of the PLA/algae composites are shown in
Figure.8.

The same observation is made for the treated and untreated
PLA/algae composites, The spectra highlight the decrease of
the absorption band at 1120 cm™. The decrease of the
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absorption band located at 1120 cm™ (vibration of the CO
groups) would correspond to the hydrolysis of the ester bond.
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Figure 8: FTIR spectra of treated and untreated composites before and after
50 days in compost

111.3 Tensile test

111.3.1. Tensile strength

The evolution of the stress at break of the PLA/algae
composites after 50 days in compost medium was represented
in figure 9.

il EZZ] 0 jours [Z5] 50 jours
/"

50 I
£ Z
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? . 7
& o /
£ 30 -| 7 4/
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7 . Z
Z 20 :
&
= 7

10 7 7

B
0

PLA F10 F20g

Formulations

Figure 9: Evolution of the stress at break of PLA/Alga composites before
and after composting

e |t can be see that the tensile strength of the composites
decreases with the introduction of the algal filler and this
decrease was accentuated with the increase of the filler
rate; it reaches almost half the value of PLA for 30 % wt
of filler going from 58.8 MPa to 30 MPa. This decrease is
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mainly attributed to the poor dispersion of the filler,
forming agglomerates, which induces a decrease in the
bonding strength between the matrix and the filler and
consequently the failure of the stress propagation [17, 18].

e The addition of 5% PLA-g-MAH slightly improved the
strength values of the formulations, indicating better stress
transfer from the matrix to the filler in the presence of the
compatibilizer.

o After 50 days in the compost medium, it can be seen that
the stress at break for the PLA matrix was not influenced
too much, increasing from 58 to 59 MPa. On the other
hand, a clear decrease of the stress is recorded for the
untreated and treated composts. It should be noted that the
F30 and F30g formulations were not tested, as the
specimens were found broken in the composting bins,
during sampling after 50 days.

111.3.2. Elongation at break

The evolution of elongation at break of untreated and treated

composites as a function of composting time is shown in

Figure 10.

3,5+
7] EZ7] 0 day 50 days
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2 =
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Figure 10: Evolution of elongation at break of PLA/Algae composites
before and after composting

e The elongation at break of the composites decreases with
the increase of the algae powder content, reaching a minimum
value (1%) at 30% by weight of filler. This decrease is
attributed to the increased stiffness provided by the filler,
which reduces the plasticity range of the matrix and thus limits
its deformation and flow, which is a common characteristic of
reinforced thermoplastic composites.

e The addition of PLA-g-MAH further reduces the
elongation at break for the 10% filled composites, but slightly
increases for the 20% filled composites. This increase is due
to the accounting agent acting as a plasticizer.

o After 50 days in the compost, we notice that the trend of all
the formulations is characterized by a significant decrease in
the elongation at break. The decrease in elongation at break of
PLA and F10 and F20 composites was estimated at 12.89;
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51.73 and 35% respectively. The same finding for the F10g
and F20g formulations estimated at 83.73 and 46.62%. This
sudden decrease in deformation with the time of composting
is due to the reactions of scission of the chains, increasing the
density of molecules links between the crystalline phases, and
consequently decrease in deformation [19].

111.3.3. Young's modulus

The histograms in figure 11 show the evolution of the Young's
modulus of the different samples as a function of the
composting time.

5000
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Figure 11: Evolution of the Young's modulus of PLA/Alga composites
before and after composting

e The addition of the algae powder results in an increase in
Young's modulus, suggesting a microstructural change within
the polymer. With a 26% improvement with the addition of
30% algae powder, which is due to the increase in the rigid
nature of the filler [20, 21]

e Young's modulus values are higher for composites
compatibilized with PLA-g-MA than non-compatibilized
composites; this can be explained by the correlation between
the improvement of interfacial adhesion between matrix and
filler in the presence of compatibilizer, and the increase in
tensile modulus.

e The modulus decreases as a function of composting time
regardless of the composition of the sample. This decrease is
due to the phenomenon of chain splitting, where the cut chain
fragments have more freedom and more movement [22; 23].

V. Conclusions
This work, relates to the study of the biodegradation of

biocomposites poly (lactic acid) reinforced by the powder of
brown alga (PLA/Alga) in a compost medium over a period of
6 months, but because of lack of time, we carried out just two
samples after 25 and 50 days and the study is still in progress.
At the end of this study, the results obtained allowed us to draw
the following conclusions:

Biopolymer Applications Journal Chadia IHAMOUCHEN et al.Vol 2. N°2 2023, pp. 01-08

The mass variation is positive, which suggests that the

chain scission phenomenon predominates over the cross-
linking phenomenon. The loss of mass increases with the
loading rate, the treatment and the composting time.
The tensile test study revealed a decrease in stress and
elongation and an increase in stiffness with the addition of the
untreated filler. The treatment resulted in an improvement in
mechanical properties. After 50 days in the compost medium,
it was found that all the parameters underwent a clear decrease
due to chain scission reactions by enzymatic hydrolysis. For
the FTIR results, an increase in the intensity of the O-H
absorption band at 3325 cm was observed with the untreated
load, due to its high OH concentration. With treatment, the
latter decreases, attributed mainly to the decrease in the
hydrophilic character of the feedstock after treatment. After 50
days of composting, we have a decrease of the absorption band
located at 1120 cm? (v C-O) which corresponds to the
hydrolysis of the ester bond. The appearance at 1620 cm™ of
a new band which corresponds to the ends of carboxylic acid
chains (COQ) generated by an enzymatic hydrolysis, due to
microorganisms which consume lactic acid and surface
oligomers. Following the spectral analysis carried out by
FTIR, the spectrum showed that the introduction of the agent
Maleic Anhydride (MAH) in the PLA/Algae composites
reduces in a remarkable way the hydroxyl groups, since the
latter contains several hydrophilic sequences on the main chain
that can be sites easily accessible by the microorganisms or by
their secretion products.

The main conclusions of the study may be presented in a
short Conclusions section, which may stand alone or form a
subsection of a Discussion or Results and Discussion section.
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Abstract

The aim of our work is to contribute to the search for solutions to the problem linked to environmental pollution
by plastic materials and lignocellulosic waste. Composites based on polyvinyl chloride/olive pomace flour
(PVC/FGO) with 20% fiber content were prepared. The lack of compatibility between plant fibers and some
polymers is due to the hydrophilic nature of plant fibers and the more hydrophobic nature of the matrix. This
incompatibility causes poor dispersion of the fibers and the formation of a heterogeneous material whose
overall mechanical properties are not satisfactory. In order to improve adhesion at the fiber/matrix interface,
the fibers were modified by gamma irradiation. To complete this work, it is essential to carry out an in-depth
study of the biodegradation of the materials produced. The PVC/FGO composites were subjected underground
under environmental conditions. The changes induced by the exposure of composite materials to

biodegradation were evaluated by optical microscopy and the measurement of mass loss.

Keywords: Composites, Natural Resources, Biodegradation

l. Introduction

Plant-based fiber composites are currently experiencing strong
growth due in particular to the growing interest in them from
the automotive industry. These fibers present an excellent
alternative to glass fibers from an environmental point of view
due to their biodegradability and their much more neutral
combustibility in terms of the release of harmful gases or solid
residues [1]. However, plant fibers, although they have many
qualities, have some major flaws when it comes to combining
them with polymers [2]. Modification of the surface of the
fibers is generally necessary in order to improve their adhesion
with a polymeric matrix and to reduce the absorption of
humidity. It has been shown that appropriate treatment applied
to the fibers can result in compatibility with the polymer
matrix, which improves the quality of the composites [3].
PVC/wood composites are widely used in the field of building
materials, as they offer acceptable mechanical properties, good
chemical and fire resistance, low water absorption and long
service life [4]. In this context, the main objective of this thesis
is the characterization of a composite material based on PVC
reinforced with untreated olive pomace fibers and treated with
gamma irradiation in order to improve the mechanical and
thermal properties. Subsequently, we conducted an in-depth
study of the biodegradation of the materials produced. Several

characterization methods were used such as SEM, TGA, IR, to
monitor the changes in the characteristics of this composite
and its biodegradation over time.

1. Material and methods

PVC type 3000H manufactured by CIRES (USA) was used to
prepare the formulations. The plasticizer added is
dioctylpthalate (DOP). The heat stabilizer used, of industrial
quality, is a mixture of calcium and zinc salts (Ca/Zn), and
stearic acid as a lubricant. The natural filler used is olive
pomace flour, a by-product of oil mills. The pomace was
brought from the Tazmalt region (Beni Mellikeche) of the
wilaya of Bejaia, Algeria [1].

A. Pretreatment of olive pomace
The olive pomace were washed with cold water then with hot
water to remove the remains of the pulp, followed by drying at
room temperature for 48 hours, drying is completed in an oven
for 24 hours at 105°C. The grinding was carried out with
traditional methods using a manual stone mill then with a
coffee grinder. To have a homogeneous particle size, sieving
was carried out using a controlab type sieve shaker "Automatic
Sieve Shaker D411". The dimension of the flour is less than
100 um. The olive pomace flour is washed with acetone for 24
hours using a soxhlet to eliminate any contamination or
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impurity. The recovered flour is steamed at a temperature of
100°C for 24 hours [1].

B. Chemical composition of olive pomace
The chemical composition of olive pomace flour was
determined at the laboratory of advanced polymer materials,
University of Bejaia.
Table 1 Chemical compositions of olive pomace flour [1].

Composition rate in % by
mass

Cellulose 40,56

Hémicellulose 18,10

Lignin 23,43

MS 92,10

Th 07,90

MM 03,61

MG 14,31

C. Samples preparation

The PVC resin and the various additives are mixed in a beaker
using a spatula until the mixture becomes homogeneous. 1 mm
thick sheets of FO (virgin PVC) and composites loaded with
20% untreated and treated pomace flour with y radiation, were
prepared using a LE SCUYER brand calender type M89. The
temperature along the two-roll mixer is maintained at 160°C,
for a residence time of 15 min. The sheets are then cut into the
appropriate shape for the characterize [1].

D. Gamma irradiation of samples

The charge was irradiated at the nuclear research center in
Algiers (CRNA) using the gamma radiation source. These
gamma rays are obtained from the decay of Co60. Several
formulations have been prepared, varying the dose of gamma
irradiation [1]. An unfilled PVVC formulation denoted FO.

A PVC formulation filled with 20% untreated olive pomace
rated F20.

A formulation of PVC filled with 20% olive pomace treated
with gamma irradiation at doses of 10; 25; 50; 60 and 70KGy
rated F20CH10KGy, F20CH25KGy, F20CH50KGy,
F20CH60KGy and F20CH70KGy respectively.

Olive pomace flour treated with gamma radiation at doses of
10; 25; 50; 60 and 70KGy, denoted by: F, F10 KGy, F25 KGy,
F50 KGy, F60 KGy and F70 KGy respectively.

Table 2 Mass composition of PVVC/ olive pomace formulations

[1]

Formulation FO F20 F
F20CH10KGy F10KGy
F20CH25KGy F25KGy
F20CH50KGy F50KGy
Products F20CH60KGY F60KGy
F20CH70KGy F70KGy
PVC 100 80 0
DOP 30 30 0
Ca/Zn 2 2 0
Stearic acid 06 0.6 0

Nadira BELLILI etal. Vol2 N°2, 2023, pp. 09-15

Olive pomace
flour

0.3 20 100
PVC 100 80 0

E. Sample characterization by Scanning Electron
Microscopy (SEM)
Scanning electron microscopy was used to characterize the
surface condition of the filler. The equipment used is a Philips
model scanning electron microscope at the macromolecular
materials laboratory (LMM) of INSA Lyon. [1].

F. Sample characterization by Thermogravimetric
Analysis (ATG/DTG)

Thermogravimetric analysis (TGA) is based on the
determination of the mass loss that a sample undergoes during
its heating. These mass losses are recorded as a function of
temperature in an appropriate interval. This method allows us
to graphically determine the decomposition temperature of the
sample. Measurements of the thermal stability and the rate of
decomposition of the various samples are carried out using a
SETERAM TGT-DTA type thermogravimetric device
controlled by a microcomputer. A mass of 10 to 15 g of a
sample is introduced into an aluminum crucible and the loss in
mass of the sample as a function of temperature is recorded
with a heating rate of 10°C/min in a temperature range ranging
from 25°C to 700°C [1].

1. Study of the biodegradation of prepared

composite materials

The PVC/FGO composites that were subjected underground
under environmental conditions, were evaluated by optical
microscopy, the measurement of mass loss and Fourier
transform infrared spectroscopy.

A. Surface characterization of composites by optical
microscopy

The observation by optical microscopy of the untreated and
treated samples allows us to visualize the surface condition of
different composites under the effect of irradiation and after
their exposure to climatic conditions. Observations are made
using a euromex optical microscope with 100x magnification.

B. Mass loss
After immersing the films to be studied underground for an
extended period, samples are regularly taken. The operating
mode consists in weighing the samples before their
immersions in the basement (mO0).

In each collection, the samples are removed from the soil and
wiped off any surface soil that covers them, using a clean, dry

10
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cloth. Each specimen was weighed again (mass mi). The mass
loss m (%) is calculated by the following equation:

m (%) = ((mi—m0) /m0) x 100
Where:
m (%6):The mass loss m (%)
mO: The mass, in grams, of the initial specimen and before
immersion;
mi: The mass, in grams, of the specimen after immersion.

Eq. (1)

Iv. Results and discussion
A. Study of the morphology of olive pomace flour by
the scanning electron microscope (SEM)

Fig. 1 shows a scanning electron micrograph (SEM) of
untreated Fig. 1.a, and treated olive pomace flour at 70 kGy
Fig.1.b. It is observed that the untreated filler tends to
agglomerate, furthermore, after the irradiation of the olive
pomace flour, the size of the particles are reduced and are well
dispersed [1]. A similar result was found by Bhowmick A-K.,
for clay treated by electron beam irradiation [2].

Figure 1. SEM micrograph of olive pomace flour : a) F, b) F70 kGy.

B. Effect of gamma irradiation on the thermal
stability of olive pomace flour

To study the thermostability of olive pomace flour after
treatment by gamma irradiation, we used thermogravimetry
which consists in monitoring the evaluation of the loss of mass
as a function of temperature. Fig.2.a and Fig.2.b represent the
thermograms giving the variation of the mass loss (TG) and
mass loss rate (DTG) as a function of the temperature of olive
pomace flour before and after treatment at irradiation doses of
10 and 70 kGy [1].
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Figure 2. The thermograms: a) TG of untreated and treated F, b) DTG of
untreated and treated F.

According to fig. 2.a, the thermograms of the mass loss (TG)
of the treated and untreated olive pomace flour show the
appearance of a mass loss around 65 and 68 °C, attributed to
water evaporation [3]. After this temperature, the two flours
are thermally stable up to 216°C, where the temperature at
which the untreated or treated flour begins to decompose is
recorded and this informs us that the irradiation has no effect
on the temperature at which olive pomace flour begins to
decompose.

In the temperature range between 216 ° C and 335 ° C, a
significant loss of mass was observed and which is attributed
to the degradation of hemicellulose, it is of the order of 50%,
51.7% and 50.6% for F, F10kGy and F70kGy respectively.
Hemicellulose is the least stable constituent, it begins to
decompose at 225°C and degrades at 325°C [4].

After 335°C, a second phenomenon of less significant mass
loss was observed, it is due to the degradation of cellulose and
lignin [5]. 13%, 19% and 28.35% are recorded for F, FLOkGy
and F70kGy respectively. Lignin begins to decompose before
cellulose (200°C compared to 375 for cellulose), but its rate of
decomposition is slower than cellulose and it is the last
component to completely degrade [4].

The residue rate tends to decrease for irradiated flour, it goes
from 33% for F to 24 and 13% for F10kGy and F70kGy
respectively.

As indicated in the literature, the carbonization vyield is
proportional to the degradation of cellulose and increases if the
structure degrades and becomes less crystalline [6]. In our
case, the amount of carbon content tends to decrease,
emphasizing that the starting material subjected to thermal
analysis becomes more resistant to the increase in absorbed
dose.

The three phases of mass loss discussed previously,
manifested as peaks in mass loss rate (DGT) thermograms Fig
2.b. These peaks correspond to the maximum mass loss rate
values.

The first peak located between 60 and 66°C corresponds to
water evaporation. It is noted that the water evaporation rate is
higher for the irradiated flour compared to the non-irradiated
flour. 0.77, 1.54 and 1.56%/min are recorded at temperatures
of 66, 64 and 62°C for F, F10kGy and F70kGy respectively.
The second peak located between 258 and 262 °C corresponds
to the decomposition of hemicellulose and to the glycedic
bonds of cellulose [7]. 5%, 6% and 7%/min are noted at
temperatures of 259, 260 and 261°C for F, F10kGy and
F70kGy respectively.

The third peak, which is between 260 and 320°C, is attributed
to the decomposition of cellulose and lignin [8]. 6.12%, 6%
and 7%/min are recorded at temperatures of 318, 311 and
288.5°C for F, F10kGy and F70kGy respectively.

It is noted that gamma irradiation at low doses, namely 10 and
70 kGy, slightly increases the rate of degradation of olive

11
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pomace flour and it can also be concluded that cellulose and
lignin are less sensitive to gamma irradiation than
hemicellulose.

C. Study of the biodegradation of irradiated
composite materials by optical microscope

As it is important to know the morphology of the olive
pomace flour used as filler in the P\VC matrix, we used
optical microscope imaging. Fig. 5 represents the images of
FO obtained by the optical microscope at different immersion
times.

Figure 3. Morphology of FO obtained by optical microscopy: a) before subsoil
immersion, b) after 15 days of immersion, c) after 45 days of immersion, d)
after 75 days of immersion.

According to this figure, we notice a change in the aspect of
the different images obtained for the PVC, according to
immersion time, this change and probably due to the
possibility of migration or reaction of its additives with the
medium where they are introduced.

Fig.4 represents the images of F20 obtained by the optical
microscope at different immersion times.

Figure 4. Morphology of F20 obtained by optical microscopy: a) before
immersion basement, b) after 15 days of immersion, c) after 45 days of
immersion, d) after 75 days of immersion.

Nadira BELLILI et al. Vol2 N°2, 2023, pp. 09-15

Figure 5. Morphology of F20 obtained by optical microscopy: a) before
immersion

During the comparison, between the two fig.4, and 5 which
are, accustomed to FO and F20 successively, we notice for FO
that it has a single regular layer, and does not contains only
additives, while for F20, we note that, it is made up of two
layers which are the reinforcement and the matrix, this
multilayer is due to the incompatibility between the two
phases, where the structure appears in the form of
conglomerates of olive pomace flour partially dispersed in the
PVC matrix.

By comparing the images of F20 at different immersion times,
we notice the increase in the size of the agglomerates. This
increase is due to the swelling of the particles of the filler after
the absorption of water due to rainfall precipitation during this
period.

After 45 and 75 days, the images of the composites show the
progressive reduction in the size of the agglomerates over
time, due to the subtraction of the water previously absorbed,
under the effect of the climatic heat.

Figure 6. Morphology of F20CH10KGy obtained by optical microscopy: a)
before subsoil immersion, b) after 15 days of immersion, c) after 45 days of
immersion, d) after 75 days of immersion.

12



I \\\\\0\

Biopolymer Applications Journal
e-ISSN : 2800-1729

Nadira BELLILI et al. Vol2 N°2, 2023, pp. 09-15

Figure 7. Morphology of F20CH25KGy obtained by optical microscopy: a)
before subsoil immersion, b) After 15 days of immersion, c) After 45 days of
immersion, d) After 75 days of immersion.

Figure 8. Morphology of F20CH50KGy obtained by optical microscopy: a)
before subsoil immersion, b) after 15 days of immersion, c) after 45 days of
immersion, d) after 75 days of immersion.

Figure 9. Morphology of F20CH60KGy obtained by optical microscopy: a)
before subsoil immersion, b) after 15 days of immersion, c) after 45 days of
immersion, d) after 75 days of immersion

Figure 10. Morphology of F20CH70KGy obtained by optical microscopy: a)
before subsoil immersion, b) after 15 days of immersion, c) after 45 days of
immersion, d) after 75 days of immersion.

By analyzing the fig. from 6 to 10, we notice a change in the
size of the olive pomace flour agglomerates after 15 days of
immersion of the samples in the basement thanks to the
absorption of humidity.

After 45 days of immersion of the samples underground, the
figures indicate that the sizes of these agglomerates have
decreased and that their compaction is less.

The same observation was recorded after 75 days, where it is
found that the olive pomace flour particles have become fully
spaced and less dense. This dispersion is further improved by
increasing the dose of the irradiation. It can be seen that the
treatment by gamma irradiation leads to good dispersion of the
filler and better adhesion with the matrix.

In addition, the decrease in agglomerates can be attributed, to
the decomposition of particles of olive pomace flour under the
influence of certain environmental factors such as PH,
microorganisms and other factors, which leads to the
biodegradation of composite materials.

D. Study of the biodegradation of irradiated
composite materials by optical microscope the
measure of the Mass loss

Fig. 11 represents the variation in mass loss of FO and F20 as
a function of immersion time.

13



%

(0]
Bl P()l};l
oo
=
[

|

APPLIC \77,
/.

S

Ao

Biopolymer Applications Journal
e-ISSN : 2800-1729
E=E
i -
% 1.6
-
®
g 1.4 o
3 -
s .
& e /
] >
1.2 = L - -
1% ¢ 10 =] ] 0 £ & 70 L]

Tearmps (purs}

Figure 11. The variation of mass loss of FO and F20 as a function of
immersion time.

From this curve, we clearly see the absence of mass loss of FO,
which is evident for polymeric materials that have a long life.
We note the increase in mass loss of F20, by increasing the
immersion time.

This mass loss is mainly due to the biodegradation of the filler
presented in the PVC matrix. Figure.15 represents the
variation in mass loss of F20, F20CH10KGy, F20CH25KGy,
F20CH50KGyY, F20CH60KGY and F20CH70KGy as a
function of immersion time.

s

7

Pote domat (N

D —— e

~——
-

Figure 12. Curve represents the variation in mass loss of F20, F20CH10KGy,
F20CH25KGy, F20CH50KGy, F20CH60KGy and F20CH70KGy

In this figure, we notice that the mass increased during the first
15 days for all the samples. We explained this increase by the
amount of water absorbed by the hydrophilic reinforcement,
which led to the swelling of its particles.

The composites reinforced by the irradiated filler show a
greater mass loss compared to the composites loaded with the
non-irradiated olive pomace flour. This mass loss became
more important by increasing the radiation dose. It can be
concluded that the treatment with gamma irradiation
contributed to the biodegradation of composites.

V. Conclusion

The study carried out in this work aimed at the influence of
natural fibers on the characteristics of P\VC-based composites

Nadira BELLILI etal. Vol2 N°2, 2023, pp. 09-15

and olive pomace flour. The problem of the absence of
adhesion between the PVC matrix and the olive pomace flour
reinforcement has been treated and improved by low-dose
gamma irradiation. The filler remained thermally stable and its
particle size was reduced and well dispersed.

The study of the biodegradability of the composites developed

has allowed us to conclude that the addition of vegetable fibers
in a thermoplastic matrix is an effective solution to obtain a
biodegradable composite material which decomposes
naturally when it is in contact with various environmental
factors.

This conclusion is confirmed by the photos taken by the optical
microscope, where the reduction in the size of the
agglomerates was observed with a dispersion of the FGO. The
decomposition of composites is evidenced by their loss of
mass.
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Abstract

This work consists in studying the structure-property relationships of polymer blends based on recycled
polypropylene (PP) and poly (ethylene terephthalate). This research reports the results of incorporating a
vegetable filler into the PP / r-PET blend. A synergistic effect is observed during the simultaneous incorporation
of the wood flour and the agent compatibilizing MAPP in the polymer mixture. Composites based on PP / r -
PET was prepared in two steps. Scanning electron microscopy (SEM) analysis of the fractured surface samples
revealed a better interaction between the WF and the polymer mixture. The thermogravimetric analysis (ATG
/ DTG) of the sample showed that the presence of the filler decreases the thermal stability of the composites
compared to the PP / r -PET mixture, but does not accelerate the degradation process. The DSC allows showing
that the incorporation of wood flour in the mixture of polymer PP / PET-r has an influence on the values of Tt
of the two polymers (PP and r -PET), with an increase in the degree of crystallinity was observed.

Keywords: Polypropylene, Polyethylene terephthalate, Wood flour, Composite materials, Thermal properties.

l. Introduction

A recent notion (which is taken more and more into account in
our daily life) is the notion of sustainable development,
depending in part on waste reduction and / or their
management. This involves their treatment with a view to their
recovery or their recycling. A large part of the waste consists
of plastics used in convenience products, household
appliances, construction, transport, etc.

Unfortunately, plastics, in general, have a major drawback,
which is their resistance to biodegradation. One of the possible
solutions to reduce them or eliminating them is recycling. This
can be mechanical or chemical. Mechanical recycling consists
of reusing waste for the manufacture of a finished or semi-
finished material. However, this type of recycling generally
results in the decrease in polymer properties. Among these
plastics, poly (ethylene terephthalate) (PET) is considered one
of the most important technical polymers.

PET is mainly used for the manufacture of films, fibers and
containers (bottles). PET has very good characteristics for its
use in packaging: high transparency in blown containers, good
mechanical properties for minimum thickness, dimensional
stability during handling (even at high temperatures),

relatively low cost (price per container) and low permeability
to gases such as CO2 [1]. For all these reasons, PET is
increasingly used as packaging material. Its widespread use
generates significant quantities of waste that require the
implementation of recycling techniques.

Recycling PET is not easy because of its degradation during
reprocessing, caused by temperature, humidity and
contaminants. Degradation, leads to decrease in molecular
weight and loss of properties [2]. A way to improve the
properties of recycled polymers is to mix them with polymers
not modified (polyolefin) with good properties.

Polypropylene (PP) is widely used in this case [3], because of
its good properties (lightness, transparency, high mechanical
resistance, electrical insulation, inertia to chemical aggression
and use at high temperatures) [4]. It has been reported that
mixtures of polyolefin (especially polyethylene (PE) and PP)
and PET can display good mechanical characteristics and of
permeability.

However, PET and polyolefin have very different strong
chemical structures. , which makes them immiscible with each
other. The major drawback resulting from this incompatibility
is that the resulting mixtures exhibit mechanical properties
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mediocre. The most frequently used means of partially filling
this deficit performance is the compatibilization, which
consists in, creating chemical affinities between constituents
of the mixture in order to reduce interfacial tensions, improve
adhesion between phases and stabilize morphology [5]. Some
of these studies have focused on the techniques to improve the
compatibility between the two polymers [6, 7]. PP grafted with
anhydride maleic (MAPP) can be used as a compatibilizer in
mixtures of PP / PET-r [8- 11]. The strengthening of polymeric
materials is expressed by the improvement of certain
processing and end-use properties.

The last few decades have seen an interest growing for the use
of renewable resources as back-ups in systems composite
polymers. This is due to the growth of environmental
regulations and increased interest in the proper use of
renewable natural resources for develop environmentally
friendly materials. In this way, the incorporation of natural
fibers, especially wood flour as a reinforcing filler, can
produce composites which often exhibit a remarkable
improvement in their properties, for example compared to the
pure polymer. Indeed, the addition of wood flour as a natural
filler renewable in polymer blends aims to produce a unique
combination of high performance, lightness, recyclability,
biodegradability and the advantages of low cost processing.

The incorporation of wood flour in such a matrix polymer
blend can lead to the development of a new group of materials
composites. These advantages have led to the use of natural
fillers such as, potential replacement for traditional
reinforcement materials such as fiberglass, calcium carbonate
and silica in composite systems [12]. However, there are
certain limits to their use for structural applications. The main
problem stems from the inherent incompatibility of most
polymer matrices due to the high cellulose content of natural
fibers.

The presence of polar hydroxyl groups (-OH) on
lignocellulosic material leads to a hydrophilic character of
these fibers, which weakens the interfacial bond with the
hydrophobic organic matrices [13]. The poor compatibility
between the two phases leads to poor interaction and therefore
low capacity of the matrix to transfer charges applied to the
reinforcing fibers. To solve the problem, the maleated
polyolefins are commonly used as coupling agents to establish
a good interaction between each phase in the composite [14].
Several studies have been carried out on the production of
composites of natural fibers based on polyolefin blends (PP /
PE) [15-20], however, little work has focused on polyolefin /
recycled PET as a matrix [21, 22].

1. Material and methods

PP 500P polypropylene with a melt flow index of 3.00 g/10
min was provided by SABIC Basic Industries Corporation
(Saudi Arabia). Poly(ethylene terephthalate) (r-PET), or waste
r- PET, was recovered from waste mineral water bottles. The
size of r-PET pieces ranged from 2 to 5 mm. Maleic anhydride-

Badrina DAIRI et al. Vol 2 N° 2, 2023, pp. 16-22

grafted-polypropylene (MAPP) with a melt flow index of 2.63
9/10 min was provided by Arkema (Insa de Lyon, France). The
WF was extracted from Aleppo pine trees growing in the
Djelfa region in southern Algeria. Average particle size was
approximately 50 um.

Table 1: Formulations of PP/r-PET/WF composites

Sample PP r-PET MAPP Wood

(wt (Wt%) (Wt%) flour

%0) (Wt%o)
PP/r-PET/WF10 70 20 0 10
PP/r-PET/WF20 60 20 0 20
PP/r-PET/WF30 50 20 0 30
PP/r-PET/WF10C 60 20 10 10
PP/r-PET/WF20C 50 20 10 20
PP/r-PET/WF30C 40 20 10 30

The r-PET was dried at 120°C, WF at 105°C, and PP and
MAPP at 90°C. The composites were produced in a two-stage
process: (i) extrusion for pelletizing and (ii) injection molding.
In the first stage, the PP/r-PET blend (matrix) was extruded at
the melting temperature of PET at 265°C and 120 rpm for 2
min using a laboratory scale co-rotating twin-screw mini
extruder (15 mL Micro compounder, DSM Xplore, University
A. Mira of Bejaia, Algeria). After air cooling, the extrudates
were cut into pellets. In the second stage, composites were
produced inthe presence or absence of MAPP at 10%, 20%,
and 30%WF content. The PP/r-PET pellets, WF and 10%
MAPP compatibilizer [23-25] were mixed and fed into the
same twin screw extruder at 180°C and 100 rpm for 10 min to
prevent degradation of the cellulose fibers. Compounding
ratios of the prepared composites are presented in Table 1.The
compounds were subsequently injection molded using a
laboratory scale injection molding machine (12 mL Micro
injection Molder, DSM Xplore, University A. Mira of Bejaia,
Algeria) at 180°C barrel temperature, 90°C mold temperature,
and 10 bars injection and holding pressure. Samples were
molded for mechanical and physical characterization.

Sample morphology was performed on Hitachi S- 3500N
Variable Pressure Scanning Electron Microscope (Hitachi
High Technologies Canada) with an accelerating voltage of
20.0 kV. Specimens were freeze-fractured in liquid nitrogen
and then coated with a thin layer of carbon for characterization.

In thermogravimetric analysis (TGA), the mass of a sample,
maintained in controlled atmosphere, is recorded as a function
of the temperature (rise, fall orisothermal) or time. Saved
thermograms provide informationmainly on the physical
phenomena of vaporization, sublimation or desorption, but
also on decomposition or oxidation reactions, particularly in
the case of polymers [26].

In this study we used a TGA Q500 type device from TA
instruments. He is composed of a sample boat driven by a high
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precision microbalance. The basket is introduced into an oven
allowing the sample to be subjected to a ramp in temperature
from 20 to 600 °C with a speed of 10 °C/ min, under a flow of
inert gas (N2).

The characterization of crystallization and melting of
polymers can be carried out by considering the thermal
exchanges linked to these processes. In fact, heat is released
when the polymer crystallizes as it absorbs heat as it melts.
Analysis Differential Scanning Calorimetry (DSC) is used to
measure the amounts of heat released or absorbed during these
steps, by applying the same temperature program to, the tested
sample and an inert reference. A signal proportional to the
power difference, supplied to the sample and to the reference
(dw / dt) is recorded [27].

This method is widely used for the characterization of
polymers. It provides information on the glass transition of
amorphous polymers, temperature and enthalpies melting and
crystallization of semi- crystalline polymers .She permits, in
particular, to follow the evolution of crystallinity through the
estimation of the crystallinity rate [28].

. Results and discussion

Figure 1 shows the SEM micrograph of the rupture surface of
the PP / PET-r mixture (80/20). It can be seen that PET-r is
dispersed in the continuous phase of PP, in the form of
globular particles. The fractured surface has many voids, and
the interface between the r-PET particles and the continuous
phase of PP can be clearly distinguished, indicating the
immiscibility of both r-PET and PP polymers.

Figure 1: SEM micrograph of the mixture of PP/r-PET (80/20).

Adding 10, 20 and 30% of the cellulosic filler to the PP / r-
PET mixture causes the onset of distinct phases, as shown in
Figure 2. It seems that no interaction has developed between
the phases, which reveal a weak affinity between wood flour
and polymer blend (PP / r-PET). The morphology of surface
shows a rough, irregular and heterogeneous surface as well as
the presence of micro vides and cavities on the surface due to
the release of the load from the matrix PP / r —PET during
fracture. These micro vides become more pronounced as the
rate of load increases (Figures B and C), highlighting the
incompatibility of the phases due to the poor interfacial
adhesion between the WF and the PP /r- PET mixture.

Badrina DAIRI et al. Vol 2 N° 2, 2023, pp. 16-22

Figure 2: SEM micrograph of the composite of PP/r-PET/ WF, in the
absence of MAPP.

Figure 3 show the micrographs, respectively, of composites PP
/r -PET/WF10C, PP/r -PET/WF20C and PP /r -PET / WF30C.
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Figure 3: SEM micrograph of the composite of PP / r -PET /
WF10C/20C/30C, in the presence of MAPP.
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Figure 4: Chemical reactions between: Lignocellulosic loads and
MAPP r -PET and MAPP.

The presence of a compatibilizer considerably modifies the
morphology of the composite. The incorporation of the
copolymer of MAPP (at 10%) as a compatibilizer, results in a
more homogeneous and smooth surface with less cavities and
microvides, in comparison with that of non- compatibilized
composites. Indeed, the micrographs show better adhesion
between the cellulosic filler and the mixture of polymer
resulting from the reduction of the interfacial tension between
the components. This is attributed to the ability of MAPP to
interact with both polypropylene, poly (ethylene terephthalate)
and wood flour. The proposed coupling mechanism is a
binding hydrogen and the covalent bond of the ester produced
by the chemical reaction of anhydride groups of MAPP and
hydroxyl groups on the surface of fibers [29, 30] and also the
chemical reaction between maleic anhydride and terminal
functional groups PET-r as shown in Figure 4. The chemical
reaction between the anhydride maleic (AM) and the —OH
groups of PET-r resulted in a PP-g-PET copolymer during
melting the mixture [31]. The use of MAPP in the composite
has a pronounced effect on the creation of interactions between
the components present in the composites [32].

Thermal properties:

Thermogravimetric analysis (TGA)
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Figure 5: ATG/DTG thermograms of Wood Flour (WF), PP, r-PET
and MAPP.
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From the ATG thermograms (Figure 5), it can be seen that PP,
PET-r and MAPP decompose in a single step, and that the
temperatures at the start of degradation (T degradation 5%) are
377.68°C, 389.46 °C and 391.91 °C, respectively. The latter
(MAPP) exhibits high thermal stability compared to that of PP,
PET-r and cellulosic filler. Conversely, wood flour has three
stages of decomposition. The first at 100 °C is attributed to the
gradual evaporation of the absorbed water. From 200 °C to
350° C, there is degradation of hemicellulose and above 350 °
C; it is associated with decomposition and condensation of
aromatic rings in lignin [33].

Figure 6 represent the ATG and DTG thermograms of the
composites not compatible with PP / r -PET / WF at different
loading rates (10, 20 and 30%).
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Figure 6: ATG/ DTG thermograms of PP / r -PET and PP / PET-r /
WF composites, in absence of MAPP.

From the ATG thermograms shown in Figure 6, we observe
that the Thermal degradation profiles of incompatible
composites are similar. Indeed, we record three stages of
degradation for composites, while we observe that a single
decomposition stage for the polypropylene /poly (ethylene
terephthalate) recycled. We note that the incorporation of
wood flour in the PP / PET-r mixture decreases the
temperature of the onset of decomposition and this decrease is
greater than the charge rate increases. It is estimated at 402.55
°C for PP /r-PET, 347.25 °C, 301.78 °C and 285.61 °C for
non-compatibilized composites PP/ r-PET / WF10, PP /r -PET
/ WF20 and PP /r - PET / WF30, respectively. This decrease
can be attributed to the presence of the three main constituents
(cellulose, hemicellulose and lignin) of the cellulose filler [34].
The cellulosic filler degrades between 200 °C and 350 °C.
While our polymer blend PP/r-PET degrades at temperatures
above 400 °C. Therefore the thermal behavior of the composite
represents the sum of the individual behaviors of these
constituents, lignocellulosic filler and mixture of PP / r -PET.
Around of 485 °C, a level of stability is recorded, attributed to the

formation of ash However, looking at the peaks of the DTG
thermograms shown in Figure 6,

It is noted that the temperatures corresponding to the maximum
speeds of degradation recorded are : 458.33 °C, 461.25 °C and 464.70
°C for the non- compatibilized PP/r-PET/WF composites at different
loading rates, 10%, 20% and 30%, respectively, which are
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significantly higher than that of the PP / r -PET mixture which is
454.36 °C. Apart from the initial decomposition temperature, it can
be clearly seen that the charge Lignocellulosic significantly retards
the degradation of the PP / r - PET mixture. In other words, it acts as
an inhibitor of thermal degradation.

The effect of the compatibilizer on the thermal behavior of
composites PP / r -PET / WF is shown in Figure 7.
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Figure 7: ATG/DTG thermograms of PP / r- PET and PP / PET-r /
WF composites, in presence of MAPP.

In the presence of MAPP in PP / PET-r / WF composites at
different loading rates (10%, 20% and 30% by weight), the
temperatures corresponding to the maximum speeds of
degradations (T to Vmax) are shifted to higher temperatures
compared to those of non- compatibilized composites.

The improvement in the thermal stability of compatibilized
composites is due to better interfacial adhesion and over
intermolecular bonds which produces a reaction esterification
between the hydroxyl groups of the lignocellulosic charge and
the maleic anhydride functional group of MAPP [35, 36].

This result indicated that the use of a compatibilizer in
composite systems improves the thermal stability of
composites [37-40]. However, composites not compatibilized
were easily thermally degraded by the increase in temperature
which is due to poor interfacial adhesion between the polymer
mixtures PP / r-PET and wood flour which degrades the
thermal properties of the materials of composites [41, 42].

Differential Scanning Calorimetry (DSC):
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Figure 8: Evolution of the crystallinity rate of PP / r-PET
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/ WF composites, in the absence and in the presence of
MAPP.

From the results obtained, it can be seen that the
introduction of WF into the mixture of PP/ r -PET increases
the crystallinity rate (Figure 8), the latter increase as the
flour rate increases. It goes from 28.70% for the; mixture
(matrix) PP / r- PET pure at 39.93% for the composite PP
/ r-PET / WF10 at 10% and 45.70% for the PP / r-PET /
WF20 composite at 20% and 49.54% for the PP / r- PET
composite at 30%, respectively. Generally, the
incorporation of the cellulosic filler into the matrix
polymeric occurs in the amorphous zone of the material
and the surface of the filler acts as nucleation sites which
modify the crystallization kinetics of polymers [48, 49].
The presence of wood flour in the PP / r -PET mixture
decreases the Tf of PP and PET-r by compared to the pure
PP / PET-r mixture, there is therefore the formation of
crystals of smaller size or with more flaws. For
compatibilized composites, the DSC data reported in Table
3 determine that the degree of crystallinity is higher than
that of non-composite composites compatible with
different charge rates. According to the literature, this
could be due to stronger interactions between the
lignocellulosic charges (WF) and the polymer mixture. PP
/r-PET is affected by maleic anhydride moieties containing
agent-compatibilizing MAPP. The influence of charge on
the crystallization of PP and r-PET would then be larger. A
similar effect was observed by Luz et al. [44].

I. Conclusions

An innovative composite material based on wood flour and
a polymer blend PP /r-PET was developed using two
extrusion cycles, followed by molding by injection. The
effect of the addition of wood flour (WF) as well as the
compatibilizer MAPP on the morphology and thermal
properties of PP / r -PET / WF composites was studied.
Scanning electron microscopy (SEM) of PP / r-PET / WF
composites has indicated that the addition of MAPP had
beneficial effects on the compatibilized PP / r-PET / WFC
composites, resulting in a homogeneous load distribution
(WF) and a strong adhesion between the filler and the PP /
r- PET mixture.

Thermogravimetric analysis (ATG / DTG) of the samples
reveals that the presence of the load at different contents
(10, 20 and 30%), decreases the thermal stability of
composites compared to PP / r- PET blend, but does not
accelerate the degradation process. However, with the
addition of MAPP an improvement in the thermal stability
of composites is recorded.
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The differential calorimetric analysis shows that the
incorporation of the wood flour in the polymer mixture PP
/ r-PET has an influence on the values of melting
temperatures of the two polymers (PP and r-PET), with an
increase in the rate of crystallinityis observed. The surface
of the flour acts as nucleation sites which modifies the
crystallization kinetics of PP and r -PET.

All these results obtained allow us to conclude that the
presence of wood and the compatibilizer MAPP has a
strengthening effect of the PP / r-PET mixture. This
technology offers a way to use engineering plastics (r-PET)
for applications of WPC (Wood Plastic Composite).
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Abstract

Composites based of low density polyethylene (LDPE) reinforced with acetylated corn flour (ACF) at proportion
of 10, 30 and 50 (%.Wt) were prepared. The biodegradation of resulting composites was studied in the
environment using the soil burial test. The biodegradation were evaluated by different analysis techniques and
were compared with the results recorded on these composites before the biodegradation test. Differential
scanning calorimetry (DSC) analysis showed an increase of the melting enthalpy and crystallinity of LDPE
with evidence of degradation. The biodegradability of the composites was enhanced with increasing ACF
content in the matrix. This result was supported by decrease in mechanical properties, by weight loss and

degraded surface of composites observed through morphological studies.

Keywords: Low density polyethylene, Corn flour, Properties, Biodegradation.

l. Introduction

Synthetic polymers are increasingly present in daily life.
However, they are rarely used alone, but combined with other
materials, thus allowing the properties of each to be associated.

Also, the properties of a single polymer are insufficient to
confer on the object that one wishes to manufacture all the
desired properties in terms of rigidity, mechanical resistance,
lightness or other physico-chemical, electrical, optical
property, which has led to the first research on the
development of plastic materials including renewable raw
materials of natural origin. Passed to the background as an
additional motivation the preservation of the environment and
public health.

In fact, with a concern for the preservation of fossil resources,
and in an effort to reduce pollution, biodegradable composite
materials have been developed alongside traditional
composites. These new materials are of additional interest.
They are easily degradable and therefore harmless to the
environment.

In a mixture or not with others synthetic polymers, raw
material of vegetable origin most widely used are starch. It was
incorporated in conventional plastics with the aim to give a
certain level of biodegradability in the resulting composites
and it is an inexpensive, renewable and natural polymer [1].
However, applications of starch materials are limited by poor
mechanical strength properties and high moisture [2].

To improve the mechanical properties of materials blending
starch with other polymers such as low-density polyethylene
(LDPE), chemically modified starches was used, this
modification often makes the starch more hydrophobic, which
improves the interfacial contact between starch granule and
polymer, thereby enhancing stability of resulting materials in
water [3]. (Kim, 2003) [4]. Cao et al. [5] found 13%
improvement in tensile strength, 14% in flexural strength and
30% in impact respectively for polyester reinforced with
bagasse fiber after alkali treatment.

In this study the possibility to prepare LDPE/acetylated corn
flour blends instead LDPE/acetylated corn starch was
investigated because corn flour is cheaper than corn starch (is
obtained with less processing steps and thus less water and
energy consumption) [6]. In addition, corn flour is completely
biodegradable by microorganisms. It composed of 75-87%
starch and 6-8% protein [7].

Several formulations with LDPE and acetylated corn flour
(ACF) were prepared and characterized. The study of their
biodegradability in a natural environment by burial in soil was
developed and compared to those before degradation.

1. Material and methods

11.1 Materials
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Low density polyethylene (LDPE), BASEL 2420F, was
obtained from Flay packaging, Bejaia, Algeria. Corn flour was
provided by the AGRO CEREALES/Moulin Royal-Akbou
Algeria and it has less than 7 % moisture content and the
particle size was 90 pm. Acetic anhydride and sodium
hydroxide were obtained from Fluka.

11.2 Methods

Acetylation of corn flour

Acetylation was done with the method proposed by Gunaratne
and Corke [8]: Corn flour was dissolved in distilled water. The
pH was adjusted with 1 M NaOH to 8.0-8.5. Acetic anhydride
was added to the blend and then mechanically stirred for 30
min. The blend was washed with distilled water three times
and dried at 35 °C.

Samples preparation

LDPE (FO) and LDPE/ACF composites at ratio of 90:10 (F10),
70:30 (F30) and 50:50 (F50) (wt.%) were prepared using twin-
screw extruder (model Micro compounder DSM Explore). The
extrusion conditions were as follows: the temperature mixing
zone of the barrel was maintained at 150 °C, with a screw
speed of 50 rpm and a mixing time of 5 min. After extrusion,
the products are injected into a mold at 5 atm and at room
temperature. The material was then compacted, and
maintained under pressure and the cooled part is ejected. The
injection mold used in this machine is only one fingerprint in
dumb-bell shape, with the following dimensions: useful length
63 mm, useful width 10 mm and thickness 3 mm.

Biodegradability test

The biodegradability test was produced by burying samples in
the soil. It was carried out as described by Santayanon and
Wootthikanokkhan [9] with some modifications. The soil
burial was recovered from a landfill. Ten specimens of each
formulation were buried at a depth of 10 cm and after 180 days
of burial, they were collected. The specimens were weighed
before and after burial. In the latter case the specimens were
first rinsed with distilled water after removal from the burial
site and then dried at 60 °C for 48 h prior to their weighing and
analyzed. The specimens of each composition were weighed
at precision 0.0001 g.

Spectroscopy analysis (FTIR)

FTIR spectra were recorded wusing an infrared
spectrophotometer Fourier Transform Model SHIMADZU
FTIR. Potassium bromide (KBr) disks were prepared from
powdered samples mixed with dry KBr in the ratio of 1:100.
The spectra were recorded in a transmittance mode from 4000
to 400 cm™ at a resolution of 4 cm'™.

Morphological studies

Samira SAHI et al.Vol 2 N° 2, 2023, pp. 23-27

SEM analyses were performed using Scanning Electron
Microscope (Jeol JSM 6100 Model). The specimens had been
coated with thin film of gold/vanadium before observation.

Differential scanning calorimetry (DSC)

The melting temperatures (Tm), the melting enthalpy (AHm)
and the degree of crystallinity (Xc) of LDPE were determined
using a differential scanning calorimeter (DSC) (model Q200,
TA Instrument). Two heating cycles were used for each
sample. The samples were first heated from -20 to 200 °C at a
constant rate of 20 °C/min to eliminate their thermal history,
and then cooled to -20 °C and immediately reheated to 200 °C.
The second scan was done at the same heating rate. Nitrogen
gas was supplied to purge the system at a flow rate of 150
ml/min. Tr, was determined from the second scan, it was taken
as the maximum of the endothermic melting peak from the
heating scans. AHn was obtained from the areas of melting
peaks. X: was obtained from the ratio between the melting
enthalpy of the samples (AHm) and the melting enthalpy of
100% crystalline LDPE (277,1 J/g) (Pedroso, Rosa, 2005).

Mechanical properties

Measurements of the tensile properties were performed using
a Shimadzu tensile testing machine (Model Autograph AGS-
X 10kN). Measurements were performed at a 10 mm min!
crosshead speed at ambient temperature. The device provides
access to the force F as a function of elongation (L-Lo) where
Lo is the initial length of the film. For each formulation, five
specimens were tested. The Young's modulus, strain and stress
were determined.

Morphological studies

SEM analyses were performed using Scanning Electron
Microscope (Jeol JSM 6100 Model). The specimens had been
coated with thin film of gold/vanadium before observation.

11§
FTIR analysis
The FTIR spectra of corn flour before and after treatment are
shown in Fig. 1. The spectra of corn flour have characteristic
profiles to native starch. According to the literature [10, 11],
the chemical functions for each absorption band which appears
on the FTIR spectra of starch are given as follow:

Results and discussion

There are three characteristic bands of starch between 990 cm-
Land 1160 cm, attributed to C-O bond stretching. The bands
at around 1150 cm™, 1080 cm* were characteristic of C-O-H
in starch, and the band between 990 cm™ and 1030 cm™ was
characteristic of the anhydroglucose ring O-C stretch. The
band at 1655 cm™ is attributed to the water adsorbed in the
amorphous region of starches. The band at 2920 cm? is
characteristic of C-H stretch. An extremely broad band due to
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hydrogen-bonded hydroxyl groups appeared at 3400 cm™
which ascribed to the complex vibrational stretches coupled
with free, inter and intramolecular bound hydroxyl groups,
which made up the gross structure of starch.

The FTIR spectra of native corn flour (NCF) and treated corn
flour (TCF) show similar profiles (Fig. 1) except for the band
located between 3700 and 3000 cm, which is reduced on
ACF.
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Figure 1. FTIR spectra of treated (ACF) and untreated corn
flour (NCF)

The reduction in this band is mainly attributed to the decrease
in the hydrophilic nature of corn flour after treatment, as
following in the reaction (1).

Other relevant peak is that obtained for ACF at 1745 cm?,
arising from the acetyl group (C=0 stretching) in the products
[12].

i
s
S-0-H + 0
(‘)—CHg
0

— St-O-fIJ'CHg + CHy-COONa + 1

(1)

Differential scanning calorimetry (DSC) analysis

Fig. 2 shows the DSC curves obtained during second heating
of the different formulations before (bf) and after (af) 180 days
of burial in soil.

Figure 2. DSC curves of LDPE and LDPE/ACF composites:
(a) before and (b) after 180 days of burial in sol.

We see that the thermograms recorded one endothermic peak
corresponding to the melting temperature of the matrix. The
Tm was taken by the maximum of the endothermic melting
peak.

Table 1 shows the average values of the melting temperature
(Tm), melting enthalpies (AHm) and crystallinity (X¢) of all
composites before and after 180 days of burial in soil.

Table 1. DSC test results of LDPE and LDPE/ACF composites
obtained from the second heating curves, before (Bf) and after (Af)
180 days of burial in soil.

Tu (°C) AHp (/g) X, (%)
Type of Bf |Af |Bf |Af |Bf |Af
formulation
LDPE FO | 1127 | 1128 | 7912 | 97,72 | 28,55 | 35.27
F10
1124 | 1121 | 458 | 76,03 | 16,53 | 30,57
LDPE/ACE
F30 | 1125 | 1140 | 38,07 | 6585 | 13,74 | 2376
F50
1125 | 1128 | 34,13 | 5415 | 1232 | 18,82

We can see that the Ty remained constant for different
samples. This temperature corresponds to that of pure LDPE
which is 110 °C (Pedroso, Rosa, 2005 and Walker et al., 2007).

However, the enthalpy of fusion increased, indicating an
increasing in the crystallinity of LDPE, which may reflect
biodegradation of the amorphous portion of the matrix by the
microorganisms present in the soil. Therefore, microbial
degradation leads to an increase in the overall degree of
crystallinity of the polyethylene sample. These results are
confirmed experimentally by several researchers [13, 14].

Tensile properties

Figs. 3 illustrate a comparison in mechanical properties (a)
Young’s modulus, (b) tensile strength and (c) elongation at
break of pure LDPE and those reinforced with ACF for
different formulations before and after degradation.
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Figure 3. Tensile properties of pure LDPE and LDPE/ACF
composites before and after 180 days of burial in soil (a)
Young’s modulus, (b) tensile strength and (c) elongation at
break.

After 6 month of burial in th soil, the trend remains the same
in all samples and the same behavior was observed for
Modulus, tensile strength and elongation at break (i. e. these
parameters had a trend to decrease with increasing filler
content in the matrix). Comparing these results with those
before degradation, the decrease in these properties can be
seen clearly in particular for formulations F50 indicating that
the samples became weaker after biodegradation. This result
indicated that the addition of ACF enhanced the
biodegradability of LDPE. It was also observed that the
biodegradability of the composites enhanced with increasing
ACF content. Shah et al. [15], indicated that the variations in
the tensile property are often taken as a direct indication of the
biodegradation.

Weight loss

Figure 4, shows the weight loss results recorded for pure LDPE
and its composites with ACF after 180 days burial in soil. The
percentage loss in weight of pure LDPE maintained at 0.12%,
but this loss becomes more important with incorporation and
the increase of ACF content in the matrix, this due to the
presence of corn flour which easily susceptible to the attack of
microorganisms [6]. After burial in sol, we recorded 5.65% in
decrease of weight for LDPE reinforced with 30 (wt.%) of
ACF and it was 7.32% for those blended with 50 (wt.%).
Danjaji et al. [16] recorded 2% in decrease of a weight for
PE/sago starch 40 (wt.%) composite after 12 months inside a
sandy soil containing left-over food. Therefore, we can say that
this method is an accelerated method of degradation compared
to others.
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Figure 4. Weight loss of pure LDPE and LDPE/ACF after 180
days of burial in soil.

Morphological test

SEM micrographs of the pure LDPE and composites with the
highest ACF content (F50) before and after 180 days of burial
in soil are presented in Fig. 5. The latter shows a smooth
surface of pure LDPE. However, LDPE/ACF blends were
sensitive to biodegradation. This result was evident by the
presence of various holes on the surface. These be a sign of the
rate of biodegradation and confirmed the ACF elimination by
microorganisms. Corn flour consumption by bacteria caused
holes in the polymer matrix and eventually the degradation of
LDPE.

Figure 5. SEM micrographs of: pure (a) LDPE before; (b)
LDPE after; (c) LDPE/ACF at 50 (wt.%) before; and (d)
LDPE/ACF at 50 (wt.%) after 180 days of burial in soil.

Iv. Conclusions
Study consists on the incorporation of acetylated corn flour in
LDPE matrix. Soil burial test was carried to evaluate the
biodegradation of resulting composites. As well a comparative
study before and after soil burial was made. Degradation study
shows that landfills soil burial resulting in weight loss,
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presence of the holes in surface and decrease of mechanical
properties. LDPE/ACF composites show rapid degradation
after 180 days in soil. Therefore, the use of ACS as filler in
LDPE is advantageous from both economic and environmental
points of view and has potential applications in the
development of biodegradable composite materials.
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Abstract

This research work consists in studying the structure-properties relationships of biopolymer mixtures based on
poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) and polypropylene (PP) elaborated by casting process
according to the composition in terms of morphology, structure and thermal properties. The results showed a
synergistic effect of glycerol addition on the thermal and morphological properties of the PHBV/PP blends.

Keywords: Blend, Miscibility, Polymer, Plasticization.

l. Introduction

Man has always used natural polymers (cotton, wool, hemp...)
after as materials [1, 2]. However, since the discovery of
polymerization and the production of synthetic polymers, they
have become an essential part of our daily lives and it is now
difficult to do without them. In a century the production of
plastics has grown exponentially, this increased consumption
has generated several problems: the rarefaction of the fossil
resource because they are non-renewable and the pollution of
the environment.

This is why materials from renewable resources are receiving
increasing interest from the academic and industrial world.
They are very varied in nature and often present interesting
characteristics. However, some important properties of
biobased polymers do not yet rival those of conventional
petrochemical polymers such as polyethylene and
polypropylene [3,4]. To be able to replace in the future a
significant part of the polymers of fossil origin by biosourced
polymers, multiple challenges are to be met. A great deal of
research has been conducted over the past decade to develop
more efficient materials from renewable resources, but there is
still a long way to go before they can find their place in the
competitive polymer market.

Among the class of biodegradable polymers derived from
renewable resources, polyesters are undoubtedly those with
the most promising future to replace polyolefin. Among them,

we can mention poly(hydroxyalkanoate) (PHA) or poly(lactic
acid) (PLA) [5,6] which is produced on an industrial scale by
companies such as Nature Works (USA) or PURAC
Biomaterials (Holland). Poly (3-hydroxybutyrate-co-3-
hydroxyvalerate) or PHBYV [7], produced by a wide variety of
bacteria that store them as an intracellular energy reserve [8].
PHBY also has thermal and mechanical properties comparable
to conventional thermoplastics such as polypropylene (PP).
However, their cost is still too high and some of their
properties are still too weak to replace petroleum-based
polymers.

Polymer blending is an approach that allows the development
of new materials with desired properties. Making these blends
from existing polymers is less expensive than developing a
new polymer. Moreover, the processes are generally quite
simple (extrusion, internal mixer, injection...). Polymer blends
are interesting because their properties depend on the parent
polymers, properties that can therefore be varied with the
blend composition [9, 10].

It is in this context that the subject of this work was born, the
study of PHBV/PP mixtures prepared by solvent way (casting)
on a whole range of composition and the highlighting of the
various structure-properties relations. Morphological and
structural characterization and thermal properties of mixtures
will be addressed.
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I1. Material and methods
11.1. Materiels

Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) PHBV was
supplied by Nature plast under the trade name PHI002 with a
melt flow index (MFI) of g/10 min (190 °C/2.16 kg) (I1SO
1133) and a melting temperature of 170-176 °C (values from

supplier datasheets). Isotactic polypropylene (PP500P ©))
used in this study as matrix was provided by SABIC (Saudi
Arabia) with a melt flow index (MFI) of 3 ¢g/10 min
(230°C/2.16 kg) (ASTMD-1238) and a density of 0.9 g/cm3
(values from supplier datasheets). Glycerol (M, 92.09g/mol,
density, 1.26 g/cm?®), chloroform (M, 119.38g/mol, density,
1.47 g/lcm?®), and xylene (M, 106.17, density, 0.86 g/cmd),,
which are provided by Sigma-Aldrich (St. Louis, USA).

11.2. Composites processing

Different formulations of PHBV/PP were prepared by casting
solution. The formulation contain PHBV is mixed in
chloroform which is a good solvent for PHBV and the PP
formulation is mixed in xylene. These two solutions are placed
in a mechanical shaker for three hours at 62°C for PHBV and
two hours at 140 °C for a PP. After mixing the two solutions
PHBV and PP at room temperature for 10 minutes under
stirring adds to this 1 ml of glycerol. The solutions without and
with plasticizer, is deposited on petri dishes so that the solvent
is evaporated. The films should be left in the open air for three
days before placing in the oven at a temperature of 40°C for
24 hours.

The different formulations used are summarized in the Table
1.

Table 1. Samples used in this study

Formulations | PHBV/ | PHBV PP (g) | Xylene [Chloroform
PP (%) | (9) (ml) (ml)
PHBV 100 - 1 - - 100
PP10o - - 1 100

PHBVgPP2 80/20 0.8 0.2 20 80

PHBV7o/PP3, | 70/30 0.7 0.3 30 70

PHBV/PPsx | 60/40 0.6 0.4 40 60

PHBVso/PPsy | 50/50 0.5 0.5 60 40

11.3. Techniques

2.3.1. Microstructural analysis

Shimadzu FTIR 8400S model in the range of 4000-500 cm
measured fourier transform infrared (FTIR) spectra. The
equipment was operated in absorbance mode with four scans
at aresolution of 4 cm™*. Thin films of different samples, which
were between 60 and 80 Im in thickness, were prepared by
compression moulding at 180 °C for 2 min.

Noura HAMOUR et al.Vol 2. N°2 2023, pp. 23-34

2.3.2. Scanning electron microscopy

Scanning electron microscopy (SEM) was used to monitor the
fracture surface of the composites after the samples were
frozen in liquid nitrogen. The SEM analysis was performed
using an FEI CONTA 200 system.

2.3.3. Thermogravimetric analysis (TGA)

TGA experiments were carried out on a Setaram TG-DTA 92—
10 thermal analyzer, using a scanning rate of 10 °C min under
nitrogen in the temperature range starting from 25 °C to 700
°C.

2.3.4. Differential scanning calorimetric analysis (DSC)
The DSC measurements were conducted using a DSC-
LINSEIS differential scanning calorimeter with nitrogen as the
purge gas. Samples of approximately 5-10 mg were analysed
in the temperature range of 25-200 °C with a heating rate of
20 °C.

The crystallinity index of PHBV, PP and PHBV/PP mixtures
can be determined from the following equations:

AH,, 100

X —_—
AHp, ¢
Where, ¢ is the mass fraction of the dispersed phase in the
mixtures, is the enthalpy of fusion (J/g) calculated from the
peak of fusion in the DSC curve and is the heat of fusion for
fully crystalline PHBV (146.6 J/g) [11], and for fully
crystalline PP (209 J/g) [12].

Xc(%) =

I11.Results and discussion
I11.1. Evolution of the chemical structure by IRTF

spectroscopy

Changes in chemical structure in PP/PHBV mixtures were
evaluated by FTIR spectroscopy (Figure 1). From the spectra
of virgin PHBYV (Figure 1 (a)) we observe a band at 2946 cm’
L attributed respectively to the asymmetric and symmetric
elongation of C-H in the CH3z methyl group, the deformation
and symmetry of the CHs; group causes an absorption for
respective wave numbers of 1453 and 1379 and 1303 cm™. An
intense and neat band at 1725 cm? is attributed to the
elongation of the C=0 carbonyl groups of the crystalline parts
in PHBV [13]. The C-O-C elongation absorption bands are
located between 800, 1000 cm, and the band at 1218 cm is
assigned to the vibration of the methylene (CH>) group [14].

Concerning the spectrum of pure PP (Figure 1 (a)) reveals also
the presence of several absorption bands we cite :

A large band with a peak centered at 2938 cm attributed to
the asymmetric elongation vibration of the CH3 group.

A very large band with peaks at 2925 and 2784 cm
corresponding to the asymmetric elongation vibrations of CHy,
CHjs groups. A series of peaks between 1502 and 1342 cm*
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Ao

corresponding to the symmetric deformation of CH3 group and
shear deformation of CH; group. A series of peaks between
1200 and 1000 cm characteristic of elongation deformations
of C-C and C-H bonds [15].

On the spectra of PP/PHBYV mixtures at different compositions
(Figure 1 (b)) show the characteristic bands of both
homopolymers (PP and PHBV) without any change which
indicates the absence of any interaction between these two
materials [16,17].

The spectra of the PP/PHBV mixtures plasticized with
glycerol (Figure 1 (c)) reveal bands positioned at 990, 910 and
844 cm! attributed to the absorbance of the epoxy group, a
band relative to the C=0 group at 1734 cm™* but the intensity
of the bands increases steadily, in addition to the bands
characteristic of polypropylene.

Several changes were observed in the spectra of the plasticized
mixtures, the most important being:

- The appearance of a new band in the 3261 cm* region which
can be attributed to bound hydroxyl groups (-OH). This
intensity is more pronounced for the PHBVe /PP
formulation.

- Increase of the intensity of the 1724 cm™ band of the carbonyl
group (C=0) of the PHBVgo /PP4o formulation.

All these changes confirm the existence of interaction between
the functions of the groups of the PP/PHBV mixture and the
plasticizer (glycerol).

Transmittance (%)
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‘Wavenumber (cm-1)  (¢)

Figure 1. FTIR spectra of the Virgin PHBV, PP (a), PHBV/PP (b)
before plasticized and PHBV/PP (c) after plasticized.

111.2 Microscopic observations

SEM is used to characterize the dispersion state of PP in the
PHBV matrix and evaluate the degree of miscibility between
the two polymers (Figure 2).

Noura HAMOUR et al.Vol 2. N°2 2023, pp. 23-34

Figure 2. SEM Mmicrographs of fractured surfaces (a, b, ¢, d,e and f) for
formulations: (a) virgin PHBV, (b) virgin PP, ((c) PHBV 80/20, (d)
PP/PHBYV 70/30, (e) PP/PHBV 60/40 and (f) PP/PHBYV 50/50 before
plasticized.

The micrographs of PHBV (Figure 2 (a)) and PP (Figure 2 (b))
show an irregular and rough fracture surface due to its crystal
structure. The PHBYV image shows white trace over the entire
surface which is attributed to the presence of organic fillers in
the commercial PHBV [18].

Figure (2 (c, d,e et f)) shows the scanning electron microscopy
images of the fractured surfaces of the different PP/PHBV
blends. The micrographs in figure (2.(c et d) (20% et 30% by
weight of PP) show spherical domains of the minor phase
dispersed in the continuous phase (matrix) and the presence of
void at the interface between the two phases. Moreover, the
surfaces of the particles extracted from the matrix are smooth
and without any visible roughness. All these characteristics are
typical of immiscible mixtures. Similar images were obtained
by Hoseini and al [19], Kim and al [9] for 75/25 LDPE/PLA
blends, and 80/20 and 20/80 LLDPE/PLA blends. Such images
have also been observed for many binary mixtures such as
PE/PP [20], PE/PS [21], PE/collagen [22]. In general, a
roughness of the particle surface is evidence of good interfacial
adhesion between the particles and the matrix [22-24].
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Micrographs of the 50/50 and 40/60 PP/PHBY blends (Figures
(2.e-f)) reveal co-continuous morphologies that result from
coalescence of domains of the same phase. At these
compositions, it becomes difficult to distinguish the dispersed
phase from the matrix [10].

These morphologies consist of only two large polymer
domains, in this case PP and PHBV, extending completely
over the entire structure. However, it is also observed, in the
co-continuous structure, that each continuous phase
encompasses micro-domains of the other phase, i.e., sub-
inclusions of the PP are present inside the PHBV and vice
versa. The formation of these under-inclusions can be
explained by the fact that, at phase inversion, a small amount
of each phase is surrounded by the growing continuous phase
[25].

Regarding the effect of glycerol addition on the morphology
of PP/PHBYV blends, the comparison of different micrographs
show drastic changes in the morphology of the materials
(Figures 3). With the incorporation of 1% of glycerol in
PP/PHBV 80/20 and PP/PHBV 70/30, the size of the PP
nodules is considerably reduced and the dispersed phase
becomes more deformed and less discernible, as can be seen
clearly in Figure 3(a et b). This effect is even more pronounced
in PP/PHBYV 60/40 (Figure 3 (c)) and 50/50 (Figure 3 (d))
mixtures, which reveals an almost homogeneous morphology
at this magnification suggesting an improvement of the
miscibility between the two mixture components.

It can be inferred that the addition of glycerol acted
synergistically to produce smaller nodules and a relatively
uniform distribution of them within the PHBV matrix.

Figure 3. SEM Mmicrographs of fractured surfaces (a, b, c and d) after
plasticized for formulations: (a) PP/PHBYV 80/20, (b) PP/PHBYV 70/30, (c)
PP/PHBYV 60/40 and (d) PP/PHBYV 50/50.

Noura HAMOUR et al.Vol 2. N°2 2023, pp. 23-34

111.3. Thermogravimetric analysis (TGA)

Thermal stability is defined as the maximum temperature the
material can withstand without irreversible mass loss. The
thermogravimetric analysis allows to follow the variation of
the mass of a sample according to the temperature and thus to
reach the parameters of decomposition of a material. To
facilitate reading, it is convenient to represent the derived
curve (DTG) of the TGA. This curve makes it easier to identify
mass loss phenomena since they appear as peaks. Figures 4
and 5 illustrate, respectively, the thermal decomposition
curves (TG) and the curves of their first-order derivatives
(DTG) for PP, PHBV and their mixture, the most important
characteristic temperatures of the different materials are
summarized in Table 2.

Table 2. TGA data for neat PHBV, PP and PHBV/PP blend

Formulations Td Tsoe | Tmax Vmax Residue
(°C) (°C) (°C) (%/mn) rate (%)
PP10o 421 434 440 341 0.85
PHBV100 262 272 280 117 1.35
PHBVo/PP4o 185 270 270 3.2 1.25
PHBVs50/PPso 200 285 272 2.8 0.96
PHBVo/PP4o 240 250 255 1.9 0
(plasticized)
PHBVs50/PPso 240 260 268 1.65 0
(plasticized)

In Figure 4(a) the loss of mass of PP and PHBV took place in
a single regular step, to wait towards the end of very low
masses which are of the order of 0.85 for PP and 1.35 for
PHBV. These results are confirmed in figure 4(b) by the
presence of a single peak in the corresponding DTG curve,
these results are in agreement with that found in literature [26,
27].

—— PP neat
= PHBV neat
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Figure 4. Thermal degradation behavior of the neat PHBV and P : (a) TGA
thermograms and (b) DTG thermograms.
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Examining the results in Table 2, it can be noticed that PP
shows more stability than PHBV where the difference between
the corresponding temperatures at the onset of their
degradation is about 80°C for PP (Td= 421°C) and (Td=
262°C) for PHBV. On the other hand, the decomposition of PP
took place over a larger temperature range than that of PHBV,
which indicates that the decomposition reaction of PHBV is
more rapid than PP. Thus, thermal degradation of PHBV
results in a greater loss of mass (96%) than PP (98%).

According to the literature [28-30], the thermal degradation of
PP occurs by random chain cleavage and follows a radical
mechanism. The main pyrolysis products are homologous
series of alkenes, alkanes and dines [30]. However, the
degradation of PHBV is more complex. Its degradation at
temperatures above 200°C includes intermolecular trans
esterification reactions, which lead to the formation of cyclic
and acrylic oligomers, as well as fragmentation, which leads
to acetaldehyde and carbon dioxide.

Concerning PHBV/PP mixtures, thermogravimetric curves
(Figure 5) show for all compositions, a degradation process in
two steps, confirmed by DTG curves (Figure 5(b)) by the
presence of two distinct peaks.

——FPHBVs0 PPag
——PHBVED PPE
e PHBVED PP40 Plastized
= PHBVE0 PP50 Plastzed

TG (%)

Temperature (*C) (a)

—— PHBVso PPs0
—— PHBV&n PP+
=== PHBVS50 PP50 (Plastized)
" PHBV&0 PP4b (Flastized)

X

DTG (%/mn)

25

2.0 o

4

— —
L] 4100 200 n2 450 L] (L]
Temperature (°C) (b

Figure 5. Thermal degradation behavior of the PHBV/PP blend before and
after Plasticized: (a) TGA thermograms and (b) DTG thermograms.

The temperature of the first decomposition peak is close to the
pure PHBYV peak while the second peak is close to that of pure
PP. Thus, the initial mass loss of the PHBV/PP mixture is

Noura HAMOUR et al.Vol 2. N°2 2023, pp. 23-34

mainly due to the decomposition of PHBV while the second
thermal degradation step is due to the decomposition of PP.
Such findings were made during the thermal degradation of the
studied mixtures by [31, 32], these authors suggest that the
thermal degradation of each component of the studied
mixtures occurs independently i.e. it is not affected by the
presence of the other component. The negligible amounts of
residual masses at 600 °C obtained after the second stage of
decomposition, indicates a complete material degradation,
although the residue beyond 600°C increases with the increase
of the PHBV content.

The TGA and DTG curves of the plasticized formulations
presented in figure 5 (a, b), we clearly observe that the thermal
degradation profiles follow the same trend (two mass losses).
According to the results of Table 2 we notice that the addition
of plasticizer to the mixtures PHBVeo /PP and PHBVsq /PPsg
leads to a decrease of the temperature of onset of degradation
(Td), and this decrease increases with the increase of the
quantity of PHBV. This is due to the flexibility of plasticized
PHBV/PP blends which have a much lower decomposition
temperature than non-plasticized PHBV/PP blends.

111.4. Differential scanning calorimetric analysis (DSC)

DSC was used to study the miscibility and possible
interactions between PHBYV and PP in the mixtures. The values
of melting temperatures (Tm) and crystallinity rate reported in
Table 3.

It can be seen from the results in Table 3 that the values of the
melting temperatures (Tm) remain relatively unchanged
regardless of the proportion of PP in the mixture.

Table 3. Results of melt temperature and crystallinity obtained by DSC

Before plasticiztion After plasticization
Formulabions
T (°C) HK%%) T, (°C) K%
PP PHEV 53 PHEV
PPuo. FEHEV,, 16012 36.8 ! 163.35 31.40 !
PEy.. PHEV 0. 171.10 i i21 170.14 f 43.13
PPy FHEBVie. 17017 302 462 160.12 1712 4145
PP« FHB V0w 1633 2332 361 168.10 032 30.29
PPy FHEV,, 163.3 1211 2450 16722 1533 20.63

Concerning the values of the crystallinity rate of each polymer
decreases with the addition of the other polymer. This decrease
can be attributed to the crystallization of PHBV is limited by
the presence of PP; similar results have also been reported on
the crystallization behavior of other PHBV-based blends [33,
34]. The effect of the addition of glycerol on the crystallinity
of the two polymers in the blend, the results presented on Table
3. It is observed that the percentage of crystallinity tends to
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decrease for both polymers. This may be due to the fact that
glycerol has a significant influence on the flexibility of the
PHBV/PP blend chains and on the intermolecular interactions,
probably explained by a certain affinity between the two
polymers [35].

V. Conclusions

Mixtures based on PHBV and PP with and without plasticizer
(glycerol), were prepared by casting solution.

The morphological study of the different samples, compared
to PHBV alone and PP alone, showed that the PHBV/PP
mixtures form a biphasic system over the entire compositional
range.

The immiscibility between the two components of the
mixtures was revealed using SEM analysis, which clearly
showed the appearance of a co-continuous morphology for the
PHBVs0/PPsy mixture while the other compositions of 80/20,
70/30 mixtures led to a dispersed morphology. The dispersion
of the PP was significantly refined with the incorporation of
the plasticizer (glycerol), due to increased interactions
between the components.

Infrared spectroscopy (FTIR) of the unplasticized PHBV/PP
mixtures showed the absence of any reaction in these mixtures
while the spectra of the plasticized PHBV/PP mixtures showed
the existence of interaction between the different constituents.
Such interaction preventing reactions between the functional
groups of the plasticizer.

Thermal properties (DSC) show that each of the two
constituents (PHBV and PP) influences the crystallization of
the other in the mixtures. The thermogravimetric analysis
showed that the addition of plasticizer to the PHBVgo /PP and
PHBVso /PPso mixtures leads to a decrease of the temperature
of onset of degradation (Td), this decrease increases with the
increase of the PHBV quantity.
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Abstract

The main focus of this work is to study the processability and characteristics of highly algae-loaded thermoplastic polymer
composites. The seaweed powder was characterized in terms of morphology. Polymer/Alg composites were prepared by
extrusion compounding. Polypropylene (PP) was used as the polymer matrix. During extrusion mixing, the composites were
injection molded and characterized for their structural, morphological, and mechanical properties to determine the effect of
the dipersent agent. The results for this research work has shown that algae can be used as a filler in the preparation of

composites and that it is possible to play on the rate of the charge and of the dispersing agent to improve certain targeted
properties for any specific application

Keywords: seaweed powder; Polymer-matrix composites; Polypropylene Mechanical properties; chemical treatment.
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I. Introduction
Composite materials are those materials

which built from two or more constituent materials
with considerably different physical or chemical
properties that when joined, to develop composite.
Composite materials depend on the properties of
constituent materials, the fibers and the resin used
[1]. At present days, the advance composite
material has been broadly used composite in the
engineering field due to their noble mechanical
properties. Advantages of this like as corrosion
resistance, electrical insulation, more stiffness and
strength, fatigue resistance, lesser in weight than
metal, easy process ability at less energy
requirement in tooling and assembly costs widely
acceptable in structure applications [2].
Lots of advanced research literature is mentioned
on composites reinforced with natural fibers so as
to refine the mechanical resistance and mark them
appropriate in many engineering applications [3].
Natural fibers are cheap, eco-friendly, lightweight,
as well as competitive with synthetic material
regarding material properties. To increase the
performance of the bio-based fiber composite the
raw material such as fiber and matrix material
arechemically or physically modified [4].
Indeed, proper interfaces assure the transfer of load
from the matrix to the stiff fibers. Wherefore, weak
interaction notably drops the mechanical properties
of the composite materials [5,6]. The compatibility
and wettability between natural fibers and polymers
can be improved by adding coupling and dispersing
agents [7]. The treatment not merely enhances
interfacial adhesion, but also provides better fibers
dispersion [8]. Chemical treatments have been
postulated asmethods to improve the performance of
biocomposite materials by enhancing the interaction
of NFs with the polymeric matrix. The interaction is
improved when undesirable organic components are
removed and the functionality of cellulosic
components on the fiber is modified [9,10]. Sobczack
et al. reviewed the physicaland chemical treatments
to improve the interaction between natural fibers and
the polymer matrixinterface. These strategies lead to
an increase in the capability for stress transfer at the
interface [11]. Dispersants and coupling agents
supply several advantages and are chosen based upon
the application requirement. Dispersants adhere to
the fiber surface but without a strong link with the
matrix. Coupling agents also adhere to the fiber as
well to the polymer through chemical bonds or
throughchain entanglement. Thus, the dispersant role
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is to foster the homogeneity and limit defect sites by means
of the agglomerate to give better dispersion of the fibers.
Dispersants are a surface-active agent, being composed of
two segments chemically different [12]. For this purpose, a
dispersing agent It was applied in the current work BYK-W
980. It was a composite made of PP and seaweed powder.
Study of mechanical and morphological properties of the
compounds obtained in order to see the effectiveness of the
dispersant on the PP/Alg compounds.

1. Experimental
11.1. .Matrial

Commercial grade of polypropylene ISPLEN PP 040 C1E,
supplied by REPSOL, with a melt index of 3.0 g/10 min (at
230 ° C), were used as the matrix. Pickled seaweed was
collected from the rocks of AINBINIANE ALGIERS.

The algae were initially washed with distilledwater to remove
dust and other waste then dried at room temperature for about
a week. Then, they were dried in an oven at 40°C for about 48
hours and storedin closed containers. In order to obtain the
seaweed flour, they are finely fractionated in a grinder
(RestschZM?200) with an ultra-centrifugal rotor at high speed,
and then sassed using a 0.02 um sieve. Methanol was 99%
pure purchased from Changshu Yangyuan Chemical
Company (Jiansu, China). The dispersing agent has been
kindly given by BYK-CHEMIEwhose properties are Trade
Name: BYK-W 980.

Chemical nature Composition: Solution of a salt of
unsaturated polyamine amides and acidic polyesters.

Acid value (mg KOH/g) =129.

11.2. Seaweed fiber treatment

Due to the hydrophilic character of natural fibers, they are
considered incompatible with the hydrophobic polymer
matrix and for this reason we have resorted to chemical
treatment. In fact, the esparto fiber has been treated with a
dispersing agent: BYK W-980. This chemical modification
was carried out according to the following Protocol: 30g of
esparto fiber was immersed in 100ml of methanol in abeaker
with (2 pigs) by weight of dispersing agent, under stirring
with a mechanical stirrer for one hour atroom temperature. At
the end of the reaction, the mixture was filtered and washed
three times withacetone to remove excess reagent.

11.3. Preparation of composites

The composite preparation process is as follows: the required
quantities of raw materials such as PP, filler (processed and
unprocessed) were loaded into the extruder. The mixture was
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mixed using a twin screw extruder with a rotor speed

of 80 rpm ; and the temperature of the extrusion
operation was maintained in the range of 190 to 230°C.
The extruded product was then cut into pellets and
dried at room temperature. Then, the pellets were
passed through an injection molding machine (Japan
Steel Works, India) set at 190-210°C, 100 rpm and a
holding pressure of 300 bar. Pellets were molded into
conventional shapes and cooled to room temperature
for testing and characterization. A reference sample of
PP was also prepared in a similar manner.

11.4. Characterization
11.4.1. Fourier-transform infrared spectroscopy

(FTIR)
The samples were dried at 80 °C for one hour and used

for infrared  spectroscopy  analysis.  Infrared
measurements  were made on an FTIR
spectrophotometer (SHIMADZU FTIR-8400S). A

resolution of 4 cm-1 was used in the 4000-400 cm™
wavenumber region.

11.4.2. Optical microscopy

The PP et PP/alg composites were imaged by Lecia
DCM8 optical microscopy full version of 3D surface
metrology. The samples were placed at the level of
fracture and the results were obtained in the form of
images.

11.4.3. Mechanical properties

Tensile properties were obtained at room temperature
according to ASTM D638 and using the universal test
machine Instron 5969 equipped with an SVE 2 Non-
Contacting Video Extensometer. The cross-head speed
was fixed at 5 mm/min using a 50 kN load cell. For
each material, six different specimens were subjected
to tensile tests and average values of tensile strength,
Young’s modulus and elongation at break were
calculated.

I11. Results and discussion

I11.1. Fourier Transform Infrared Spectroscopy
(FTIR)

Fig.1 shows the FT-IR (a) spectra of the neat Alg and
Alg/BYK W-980 ; The main changes inthe spectrum
of untreated algae compared to that of BYK W-980
treated algae are as follows :

A reduction in the intensity of the band at 3408 cm™
corresponding to the OH groups is observed, this
reduction is due to the reduction of the hydrophilic
character of the charge.

A band of average intensity towards 2927 cm*
translates the vibrations of elongations of the bonds C-
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H of the group -CH and CH,.

Appearance of an absorption band at 1743 cm™, this band
corresponds to the elongation vibration of the C=0 bond of
the ester function existing in the charge. Decrease of the
bands at 1627 cm™corresponding to the deformation (H-O-H)
of the water absorbed by the charge following the chemical
treatments.

The broad bands in the region of 500-700 cm™ are due to
residual water in the algae.

In parallel the spectrum of PP clearly illustrates the
symmetric and asymmetric elongation vibrations of the C-H
bonds of the aliphatic -CH, group and the CH5 groups in the
range between 2975 and 2840 cm® and the symmetric
deformation vibration of the -CH2 group around 1464 cm™
(fig 1 (b)). The band around 1370 cm™ is characteristic of the
symmetric deformation of the CH; groups at the end of the
chains. An intense band is visualized around 820 cm™ and is
characteristic of the balancing of the methylene groups -
(CH>-) - when nis greater than 4 (-CH,-polymeric) [13].

Also, we notice that the FTIR spectrum of PP/Alg and
PP/Alg/BYK W-980 is identical to that ofPP but it reveals, in
addition to the absorptions of PP, a characteristic band of the
carbonyl group of the alga in the range [1580,1740] cm™ This
is synonymous with the grafting of the filler onto the PP
chains. With an increase in intensity of the bands at 1627 cm’
! and 500-700 cm™ of PP/Alg/PYK W-980 by afor PP/Alg
This is explained by the effect of chemical treatment by the
dispersing agent and the filler/dispersing agent complex is
well bound to the matrix [14].

It is noticed that the band around 2927 cm™ of the filler is
dispersing and this reflects theelongation vibrations of the C-
H bonds of the -CH and CH, group, which is synonymous
with the grafting of the filler onto the PP chains.

(@) = ST Vse

(b) ,: MY W09

Figurel. FTIR spectra : a) the neat Alg and alg/BYK ; b) the PP, PP /Alg
and PP/ Alg/BYK W-980
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111.2. Optical microscopy

To investigate the phase morphology of PP/Alg (b),
PP/Alg /BYK W-980 (c) and virgin PP (a), fracture
surfaces at room temperature of the samples were
observed by optical microscope after being gold
coated (Fig. 2). It is clear that there are surface
morphology  distinctions between the different
samples, as shown in (Fig.2). A visual aspect we
observe the change of color in the case of the
composite by to for to virgin pp due to add load.
Seaweed occurs as flat, brittle flakes. The particle size
distribution before and after sorting and mixing with
PP will be discussed in the breaking section of sorted
PP/Alg composites and unsorted PP/Alg composites
sorted by to for the breaking section of virgin PP. for
all samples have an irregular surface (Fig.2). In the
case of composites filled with raw algae, it is noticed
that the fibers detach and are taken from the PP
matrix. As shown in photo (b) of Figure 2, the
surfaces of the fibers are smooth and clean, which
shows the weak interfacial adhesion between the
fibers and the matrix with the presence of the
aggregates of different sizes form on the surface of the
PP. The photos show the presence of several knots.
However, no clear gap is observed in the interfacial
region between the PP matrix and the algal fiber for
the PP/Alg/BYK W-980 systems photo (c) of Fig 2.
Algae treated with BYK w-980 (Fig.2) are coated with
layers of matrix material which significantly reduce
the differences between them. This is probably due to
the wetting of the algae by the dispersing agent which
reduced the contrast between the fibers and the PP.
These results are in agreement with previous studies
which confirmed that the treatment with the dispersing
agent BYK w- 980 of the natural fibers used as
reinforcements, improves the cohesion between the
fibers and the matrix of the corresponding composite
materials [15]. That change in morphology is an
indication of improvement in PP/Alg miscibility of the
mixture after addition of the dispersing agent
incorporation of algae.
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Figure 2. Optical microscope micrographs of the fracture surface of a PP (a),
(b) PP/Alg, PP/Alg /BYK-980.

111.3. Mechanical properties

To reveal the effect of loads and treatment on mechanical
properties such as tensile strength, elongation at break of
PP/Alg mixture, tensile tests were carried out and the results
are shown in ( Fig 3). Tensile strength (TS) and elongation at
break (EAB) of the composites based on PP loaded with
treated and untreated seaweed and virgin PP. According to
number tensile results the strength of the composite reflects a
considerable loss when adding seaweed fiber in PP matrix.
Indeed, we are registering a drop compared to virgin PP.
This is explained by poor dispersion of the algae fiber in the
polymer which caused a weakening of the interfacial
adhesion of the constituents of the composite increasing;
therefore the transfer of constraints is not guaranteed. When
BYK W-980 dispersant was added to (PP/Alg) composites,
the Tensile strength (TS) and elongation at breaking
(EAB)  have been significantly improved. This significant
improvement in tensile strength is generally attributed to
better interfacial interaction and adhesion between the fibers
and the polymer, leading to a better transfer of the stresses of
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the fiber matrix, the incorporation of the loading with

treatment implied a positive effect on the tensile
strength and the elongation at break. Similar results
have also been demonstrated by other authors for
other polymers reinforced with natural fillers [16].
This increase indicates that the composite stiffness is
increased. The stiffness and good dispersion of the
fibers after processing result in interaction changes
and chain mobility. Thus, the use of dispersing agent
improves the dispersion state of the rigid fiber which
prevents the movement of the continuous PP and
increases the tensile strength which is decreased
elasticity consequently the elongation at break
increases. Finally, these results showed that the
mechanical properties are in agreement with the
morphological and structural results.

@) Tensile strength (TS) MPA

mpp
" PR/alg
u

T

FPfalg FR/algBy K W-350
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Figure3. Tensile strength (TS) (a) and elongation at break (EAB)
(b) of the composites based on PP loaded with treated and untreated
seaweed and virgin PP.

V. Conclusions

A PP matrix, untreated and W-980 dispersing agent
treated algal fibers were used to develop composites.
Mechanical, optical and structural properties were
studied and compared.

Infrared results showed that the structure of the algae
changed after the treatment process. This change was
shown by the decrease of the peak at 3408 cm™ after
the treatment corresponding to the - OH group.

Optical microscopy shows that the treatment improved
the dispersion of the alga in the Pp matrix, as well as
the interfacial adhesion.

The mechanical properties were studied by the tensile
test. This study reveals that the incorporation of
seaweed powder into the PP matrix increases the

Aicha DEHANE etal. Vol 2, N°2, 2023, pp.

stiffness of the composites as well as the stress and
elongation at break increase after the treatment compared to
pure PP and PP/alg.
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