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ABSTRACT:

Posidonia Oceanica waste was used as reinforcement in a polyethylene matrix and the obtained composites
were characterised by a tensile test and morphological analysis. The ﬁbrous material derived from P. Oceanica
wastes was characterised by morphological, thermal and chemical analysis, and a subsequent treatment with
sodium hydroxide (NaOH) at different weight content (2, 5 and 10 wt%) was considered as an optimised
method for surface modiﬁcation of pristine ﬁbres (PO). The TGA analysis and morphological investigation
of the treated ﬁbres selected the 5 wt% of NaOH as the best treatment. Matrix compatibilisation with maleic
anhydride grafted polyethylene was also considered and the effect on both grafting procedure and alkali
treatment was studied for composites containing 20 wt% of ﬁbres. The results conﬁrmed that it is possible to
aim for a revalorisation of coastal algae and seaweed wastes as raw material for polyoleﬁn matrix composites,
even without applying a strong chemical treatment to the waste.
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1

INTRODUCTION

Recently, there has been considerable expansion in the
research and development of natural ﬁbres as a reinforcement phase in thermoplastic resin matrix. These
reinforced plastics serve as an inexpensive, biodegradable, renewable, and nontoxic alternative to glass or
carbon ﬁbres [1, 2]. The various advantages of natural ﬁbres over man-made glass and carbon ﬁbres are
their low cost, low density and competitive speciﬁc
mechanical properties and reduced energy consumption, as well as their biodegradability. Natural ﬁbres
coming from industrial crops such as ﬂax, kenaf, jute,
etc., have been extensively reported in some cases as
having comparable properties to traditional ﬁbres
such as glass ﬁbre. The use of these ﬁbres is attractive
from both a technical and environmental point of view,
but it is also important to consider ﬁbrous wastes as
potential candidates for green composites [3, 4]. It is
possible to ﬁnd ﬁbrous materials as wastes derived
from different industrial processes, i.e., husk rice,

almond husk, olive pits, sawdust, sugar cane bagasse,
etc. [5–9]; while great amounts of biomass (pine needles, algae wastes, leaves from deciduous forests, corn
stalks, wood wastes, etc.) are continuously generated,
and some of their ﬁnal uses include composting, fuel
manufacturing, conversion to thermal energy, etc.
[10–12]. In some cases it is possible to ﬁnd new attractive uses for these biomass wastes, as for ﬁbrous wastes
derived from algae such as Zostera seagrass [13] or
Posidonia Oceanica [14, 15]. The Posidonia Oceanica is a
Mediterranean endemic alga which appears in large
amounts in the form of balls (aegagropili) along many
coastal beaches as a consequence of storms that tear
off leaves, stems and, in some cases, the whole plant.
These wastes reach the seacoast and the continuous movement over the sand causes the formation of
round balls. These balls are removed from tourist
beaches in order to obtain quality awards. Some studies have focused on the potential use of this ﬁbrous
waste as ﬁller in potato starch-based ﬁlms with varying amounts of P. Oceanica in the 10–30 wt% range
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with interesting results [15]; the ﬁbre from Posidonia
was hot-pressed with wheat gluten protein as bindermatrix material to obtain a new set of polymer composites fully based on renewable resources [14].
Thermoplastic materials that are currently dominant as matrices for natural ﬁbres are polypropylene
(PP), polyethylene, and poly(vinyl chloride), while
thermosets such as phenolics and polyesters are common matrices. For this purpose, organic matrix resin
reinforced with natural ﬁbres such as jute, kenaf,
sisal, coir, straw, hemp, banana, pineapple, rice husk,
bamboo, etc., have been explored over the past two
decades [16]. Considering the practical use of natural ﬁbre-reinforced polymeric composite, there is an
increasing demand (e.g., from automotive companies) for formulations with sound abatement capability as well as reduced weight for fuel efﬁciency.
Natural ﬁbres possess excellent sound absorbing efﬁciency and are more shatter resistant and have better
energy management characteristics than glass-ﬁbrereinforced composites [17]. However, the main disadvantage of natural ﬁbre/plastic composites is the
poor compatibility between the mainly hydrophobic
polymer matrix and the hydrophilic ﬁbres. This leads
to the formation of a weak interface, which results in
poor mechanical properties, where the stress transfer
at the interface between two different phases is determined by the degree of adhesion. A strong adhesion
at the interfaces is needed for an effective transfer
of stress and load distribution throughout the interface [18, 19]. Thus, in order to improve the mechanical properties of composites, an improvement in the
compatibility between the ﬁbres and the matrix has
to be made, i.e., a third component, the so-called
compatibiliser, has to be used or the ﬁbres have to be
surface modiﬁed prior to the preparation of the composites [20, 21]. Formation of an interphase between
the lignocellulosic phase and the polymer matrix
phase, with polymer chains bonded onto the ﬁbres
particles, is probably the best solution to the problem.
Complete matrix fusion to facilitate thorough ﬁbre
impregnation, formation of strong ﬁbre/matrix interfacial bonding, and matrix-to-ﬁbre stress transfer efﬁciency are vital requirements for the manufacture of
reliable, eco-friendly natural composites that possess
better mechanical properties and withstand environmental attacks. For this purpose, Bledzki and Gassan
[22] have stated that the quality of the ﬁbre/matrix
interface is signiﬁcant for the application of natural
ﬁbres as reinforcement ﬁbres for plastics. Physical
and chemical methods can be used to optimise this
interface. These modiﬁcation methods have a different efﬁciency for the adhesion between matrix and
ﬁbre. However, the main problem of natural ﬁbre/
polymer composites is the incompatibility between
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the hydrophilic natural ﬁbres and the hydrophobic
thermoplastic matrices. It necessitates the use of compatibilisers or coupling agents in order to improve the
adhesion between ﬁbre and matrix [23, 24]. Matrix or
ﬁbre modiﬁcation is therefore necessary to improve
the compatibility between ﬁbre and matrix. Maleated
polyoleﬁns are often used to modify the matrix in
order to guarantee the interaction between the anhydride groups of maleated coupling agents and the
hydroxyl groups of natural ﬁbres [25, 26].
Examples of how the grafted matrices can modify
the behaviour of composites based on agro residual
wastes are reported in literature [27–29], while few
investigations can be found on how residual renewable resources, such as algae, can be successfully incorporated in modiﬁed polyoleﬁns [30, 31].
As an example, in Luan et al. [32, 33] the effects of
two additives (carbon nanotubes and MAPP (maleic
anhydride grafted polypropylene) modiﬁer) on polypropylene/seaweed (PP/SW) biocomposites were
investigated by dynamic rheological characterisation and a synergistic effect was observed. Moreover,
surface modiﬁcation of natural ﬁbres with sodium
hydroxide can be considered as one alternative
method aimed at improving the adhesion between
the ﬁbre surface and the polymer matrix, not only
modifying the ﬁbre surface but also increasing ﬁbre
strength [23]. Speciﬁcally, the alkali treatment of
natural ﬁbres was extensively considered in the literature as a possible functionalisation method for polyoleﬁn-based composites [34, 35], while few reported
attempts are available for direct or mediated alkali
treatment of seaweed [36, 37]. Posidonia Oceanica is
a Mediterranean endemic alga characterised by relatively high amounts of extractives, especially for
ethanol/toluene extractives (10.7%) and ash content
(12%), with a relatively high cellulose content (40%).
The lignin content is close to that of softwood, while
the amounts of holocellulose and cellulose were similar to those found in wood and non-wood plants.
These important fractions allow envisaging the valorisation of such crops as cellulose derivatives and/or
as lignocellulosic ﬁbres for ﬁbre-reinforced composite materials or papermaking applications [38].
In the present work, pristine and alkali treated short
ﬁbres extracted from Posidonia Oceanica aegagropili
were used as reinforcement phase both in neat polyethylene matrix (HDPE) and maleic anhydride grafted
polyethylene/HDPE blend. Preliminary analysis of
the ﬁbres was performed in order to verify the morphology and thermal stability of the ﬁbre before and
after the treatment with sodium hydroxide, with the
aim of selecting the best treatment to be applied on
the pristine ﬁbres; after that, different composite systems containing untreated and treated ﬁbres, such as
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neat or grafted polyethylene matrix, were produced
and characterised. The mechanical characterisation
and the morphological analysis of the polyoleﬁn
after the introduction of the Posidonia sea waste were
performed, and the results were revised by trying to
identify the role of the Posidonia in polyoleﬁn-based
matrices in order to understand how compatibilisation of the two combined systems (matrix and ﬁbre)
could modify the mechanical performance of the produced materials.

2

2.2

Posidonia Oceanica Waste Ball
Treatment and Characterisation

The morphology of the extracted ﬁbres from P. Oceanica
balls was investigated by a ﬁeld emission scanning
electron microscope (FESEM, Supra 25-Zeiss). The P.
Oceanica ﬁbres were swollen in distilled water before
FESEM observation. A 1 wt% aqueous solution of ﬁbres
was stirred for 4 h at room temperature. The solution
was then subjected to 1 h sonication over 12 h in 10 min
intervals in order to loosen up the particles. A few drops
of the suspension were cast onto silicon substrate, vacuum dried for 2 h and gold sputtered before the analysis. The same procedure was applied for the preparation
of alkali treated ﬁbres. Fourier infrared (FTIR) spectrum
of Posidonia Oceanica extracted ﬁbres embebbed in KBr
discs was recorded using a Jasco FT-IR 615 spectrometer in the 400–4000 cm-1 range, in transmission mode.
Thermogravimetric measurements (TGA) of pristine
Posidonia Oceanica extracted ﬁbres were performed by
using a Seiko Exstar 6300 analyser, in order to evaluate
the thermal stability of the natural ﬁbre and to select the
temperature process in the following composite production. Heating scans from 30 to 900°C at 10°C min-1
in nitrogen atmosphere were performed.
The ﬁbres treated with the different amounts on
sodium hydroxide were also characterised in order to
establish the best conditions of treatment.

EXPERIMENTAL

2.1 Materials
Posidonia Oceanica waste balls (PO) were collected
from the Campello Beach in Alicante (Spain) by
Aitex (Alcoy, Alicante, Spain) without any cleaning
process; they were washed and rinsed several times
with distilled water in order to eliminate the sand
and other soil contaminants after a milling stage
aimed at converting them into a short ﬁbre form to
use in the composite approach. The ﬁnal length of
the ﬁbres was in the 2–10 mm range. Alkaline treatment of the ﬁbres was performed by boiling the
ﬁbres for 1.5 h at 98°C in a deionised water solution of sodium hydroxide at different weight percent (2, 5 and 10 wt%, namely PO2A, PO5A and
PO10A, respectively); after the treatment, the ﬁbres
were washed with distilled water several times and
dried in a oven at 60°C for 24 h. High density polyethylene supplied by Polimeri Europa (designed as
Eraclene® BC 82, HDPE) was used as thermoplastic matrix. A high density polyethylene grafted with
maleic anhydride (designed as Fusabond® MB265 D,
PE-g-MA) obtained from DuPont, was employed as a
compatibiliser between the above-mentioned matrix
and the P. Oceanica ﬁbres extracted from the waste
balls. Different composites were realized and the
codes used for the identiﬁcation of the materials are
reported in Table 1.

2.3 Composite Processing
Neat PE, PE/PE-g-MA blend and composite formulations reinforced with untreated and alkali treated
Posidonia Oceanica extracted short ﬁbres were manufactured using a twin-screw microextruder (Dsm Explore
5&15 CC Micro Compounder) and the mixing process
parameters (60 rpm screw speed, 3 min mixing time
and temperature proﬁle: 170 – 185 – 200°C) were modulated in order to optimise the material ﬁnal properties.
In order to obtain the desired specimens for the following characterisation, a DSM Xplore 10-mL injection

Table 1 Material formulations.
Materials

68

Matrix (%)

Compatibilizer (%)
(PE-g-MA)

Fiber content (%)
(untreated)

Fiber content (%)
(alkali treated)

PE

100

–

–

–

PE/PE-g-MA

90

10

–

–

PE/20PO

80

–

20

–

PE/20PO5A

80

–

–

20

PE/PE-g-MA/20PO

90

10

20

–

PE/PE-g-MA/20PO5A

80

10

–

20
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moulding machine (Tmould = 30°C, Pinjection = 9 bar, Tinjection
= 190°C) was used and ISO 527–2/1BA tensile dogbone bars were produced.
Composite formulations based on PE/PE-g-MA
were produced considering a 90/10 (wt%) ratio of
neat polymer and compatibiliser, while the composites
were realized considering a ﬁxed amount of 20 wt% of
P. Oceanica ﬁbres in respect to neat matrix (or blend).
These speciﬁc amounts were selected for comparison,
taking into consideration that this content of natural
ﬁbre typically acts as a real reinforcement in the polymeric composites

2.4 Composite Characterisation
Mechanical behaviour of neat and grafted polyethylene systems and P. Oceanica ﬁbre-based composite was
evaluated by failure tensile test of dog-bone-shaped
specimens using a digital Lloyd instrument LR 30K
on the basis of UNI EN ISO 527:2012 with a crosshead
speed of 5 mm/min and a load cell of 30 kN. The data
are expressed as mean value and standard deviation of
at least ﬁve measurements.
Fractured samples from tensile tests were observed
by ﬁeld emission scanning electron microscope
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(FESEM, Supra 25-Zeiss) in order to evaluate the
ﬁbre/matrix interactions. Prior to the sample observation, the fractured surfaces were covered with a gold
layer (sputtering conditions: A for 40 s at 0.08 bar, by
using an AGAR, Auto Sputter Coater).

3
3.1

RESULTS AND DISCUSSION
Characterisation of Posidonia
Oceanica Pristine Fibres

The algae cleaning from the sea sand has been developed and short ﬁbres were extracted from Posidonia
Oceanica balls (Figure 1a). The cleaning and extraction processes are based on a whirlpool technique
and, after drying, the material obtained has considerably clean short ﬁbres. Basically, the main observation is that the raw biomass has a typical compact
lignocellulosic ﬁbrous structure. Indeed, like all
lignocellulosic-based ﬁbres, the Posidonia Oceanica
ones are formed by several microﬁbres (Figure 1b),
which are linked together by lignin [39]. As it is
possible to observe, a large diameter distribution
characterised the extracted ﬁbres and the dimensions vary from about 150 μm to about 40 μm with

Figure 1 (a) P. Oceanica balls collected from the sea and FESEM images of ﬁbers from P. Oceanica aegagropili: (b,c) ﬁbres
conﬁguration and (d) internal structure.
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an average diameter of (84 ± 26) μm, calculated on
50 measurements. It is worthwhile to point out, as
shown in Figure 1c and d, that the ﬁbres have a hollow structure, with the epidermis normally covered
by a cuticle and walls usually thickened and ligniﬁed
[40, 41]. This ﬁbrous conﬁguration (relatively high
aspect ratio) can suggest their application as a reinforcement inside the common thermoplastic (general
purpose or biobased) polymer matrices.
A FTIR analysis of the Posidonia Oceanica (PO) ﬁbre
was also performed, and typical peaks are shown in
Figure 2a. The two peaks at 2918 and 2852 cm-1 were
due to the asymmetric and symmetric C—H stretching vibrations of aliphatic structures such us CH, CH2,
and CH3 groups [42]. The peaks at 1605 and 1432 cm-1
were attributed to asymmetric and symmetric C—O
stretching of carboxylate (COO-), respectively. The
peak at 1605 cm-1 could also include C=C stretching
of aromatic structures, and the peak at 1432 cm-1 could
include stretching and O-H deformation of carboxylic
groups (COOH). Thus, these spectral bands indicative of carboxylates could include contributions from
the vibrations of aromatic and aliphatic carboxylates,
and/or aromatic C=C structures [43]. The small peaks
at 1273 and 1170 cm-1, and the broad one at 1063 cm-1
were probably due to C—O stretching vibrations; particularly, the broad peak at 1063 cm-1 was attributed
to the C—O vibrations associated with polysaccharide
structures [44]. The peak at 898 cm-1 could be due to
out-of-phase asymmetric ring stretching which, along
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with the peaks at 1170 and 1063 cm-1, corresponds to
cellulose [37, 45, 46].
Residual mass (TG) and derivative weight loss
(DTG) curves of Posidonia Oceanica ﬁbre (PO) are shown
in Figure 2b. The thermal degradation of the P. Oceanica
ﬁbres shows several stages, indicating the presence of
different components that decompose at different temperatures. Dehydration, primary devolatilisation, and
consequently char formation are the main steps. There
are three main zones in the pyrolytic process. Generally,
during pyrolysis, the moisture is removed initially at
a temperature below 150°C (the amount of mass loss
material in this ﬁrst step is 15%). Above 150°C and up
to 450°C, the chemical bonds of macromolecules break
to release the volatile compounds and hemicellulose
and cellulose start to break and release more volatiles
(a mass loss of 52% was registered in this second step of
decomposition, with main temperature peaks detected
at 294°C and 335°C). The last decomposition peak,
observed at about 460°C and visible as a shoulder of the
main peak due to the cellulose decomposition, can be
attributed to the degradation of lignin component [47].

3.2

Characterisation of Posidonia
Oceanica Alkali Treated Fibres

Figure 3 shows the morphological, thermal and chemical
characterisation of alkali treated Posidonia Oceanica ﬁbres
with increasing NaOH content. As it is possible to observe,
the pristine ﬁbres (Panel A: a and b) appear separated

Figure 2 (a) FTIR spectrum and (b) weight loss and derivative weight loss curves of P. Oceanica pristine ﬁbre.
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Figure 3 Panel A: FESEM images of (a) pristine and (b) alkali treated P. Oceanica ﬁbres at different NaOH content (2 wt%: c and
d; 5 wt%: e and f; 10 wt%: g and h). Panel B: (a) DTG curves and (b) FTIR spectra of pristine and alkali treated P. Oceanica ﬁbres
at different NaOH content.

into individual microﬁbrils, well individualized and
with a regular, smooth and clean surface. A soft deﬁbrillation process was induced in the case of treatment
with NaOH, and the micrographs obtained in the case
of POA2 ﬁbres (2 wt% NaOH, Panel A: c and d), POA5
ﬁbres (5 wt% NaOH, Panel A: e and f) and POA10 ﬁbres
(10 wt% NaOH, Panel A: g and h) conﬁrm that the
increasing content of sodium hydroxide seems to be detrimental from the point of view of surface regularity of
the ﬁbres, since a more porous structure was observed.
In detail, it can be observed that different percentages of
NaOH caused different levels of treatment on the ﬁbre
surface. For 2 wt% NaOH-treated ﬁbre, some impurities can still be observed though, after the chemical
treatment, a reduction in ﬁbre dimensions was evident
with an average diameter of (12 ± 3) μm. When the ﬁbre
was treated with 5 wt% NaOH and 10 wt% NaOH,
some holes were observed, indicating that the caustic
soda had removed a larger amount of the soluble substances from the respective layers, but the effect seems
to be comparable in the case of POA5 ﬁbres and POA10
ﬁbres also in terms of ﬁnal diameter (11 ± 2) μm in both
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cases. Alkali treatment is believed to have cleared the
micropores in ﬁbres and roughened the ﬁbre surface, as
a consequence of the removal of the impurities on the
surface of the ﬁbres [48]. Even if a porous surface of the
ﬁbres was observed, a compact and non-deﬁbrillated
structure of the macroﬁbril was obtained, indicating
that this level of mercerisation treatment could not be
efﬁcient for the elimination of whole content of lignin
and hemicellulose components from the pristine ﬁbres.
This result was conﬁrmed by thermal analysis
reported in Figure 3 (Panel B: a). For all the studied
alkali treated Posidonia Oceanica ﬁbres, the main degradation peak was shifted to lower temperatures (333°C
for POA5 and POA10, 328°C for POA2, with respect
to the initial 335°C for pristine ﬁbres) with a slightly
reduced thermal stability in comparison with pristine
ﬁbres. Moreover, a less intense peak centered at 290°C
attributed to the decomposition of hemicellulose fraction was detected for alkali treated Posidonia Oceanica
ﬁbre with respect to pristine ﬁbre [49]. This might be
caused by the alkali treatment, which reduced the hemicelluloses and lignin content of the ﬁbre. As a result,
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ﬁbres should become more hydrophobic, enhancing the
possibility for better adherence to the matrix. Even in
the case of thermal analysis, no substantial differences
were registered for POA5 ﬁbres and POA10 ﬁbres.
The FTIR analysis reported in Figure 3 (Panel B: b)
conﬁrms the results of thermogravimetric analysis.
The pristine ﬁbres show a peak due to the residual
hemicellulose at 1715 cm-1 that was not so evident for
the alkali-treated ﬁbres. Moreover, a shift of the peak
at 1061 cm−1 of the original 1056 cm−1 related to the xylane and the glycosidic linkages of hemicellulose was
detected for the three treated ﬁbres. This shift proves
the partial removal of hemicellulose fraction from the
pristine ﬁbres. The peak at 1373 cm−1 was due to the
C-OH stretching of the hydrogen bond intensity of
crystalline cellulose. These peaks remained unchanged
for alkalized ﬁbres, suggesting that the treatment did
not affect the cellulose structure of the ﬁbre.
On the basis of the previously obtained results, the 5
wt% of NaOH was selected as the less detrimental and
useful treatment to be applied on pristine Posidonia
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Oceanica ﬁbres for further evaluation of the treatment
effect on the mechanical properties of the produced
composites due to ﬁbre surface modiﬁcation.

3.3 Mechanical and Morphological
Properties of Posidonia Oceanica
Fibre-Based Composites
Figure 4 shows the stress-strain curves for neat PE and
PE/PE-g-MA blend (Figure 4a), while in Figure 4b the
results of a tensile test for the produced composites are
reported.
As commonly observed in grafted systems, grafting
of maleated polyoleﬁns leads to a signiﬁcant increase in
the plastic region of the stress-strain curve in comparison to the neat matrix (Figure 4a). Despite a yield stress
in the grafted system, a signiﬁcant hardening of the
specimen necked region occurs and the related deformation becomes very relevant, with the elongation at break
for the grafted matrix that amounts to 343%, approximately two times higher than the neat polymer (Table 2).

Figure 4 (a) Stress-strain curves for neat PE and PE/PE-g-MA blend and (b) P. Oceanica ﬁbre-based composites.

Table 2 Results of tensile tests for the neat matrix and Posidonia Oceanica ﬁbre-based composites.
Materials

72

Tensile Strength (MPa)

Young’s Modulus (GPa)

Elongation at Break (%)

PE

36.64 ± 1.31

1.30 ± 0.12

177.53 ± 9.09

PE/PE-g-MA

38.86 ± 0.79

1.03 ± 0.06

343.15 ± 8.44

PE/20PO

38.71 ± 1.69

1.54 ± 0.04

7.81 ± 0.70

PE/20PO5A

40.55 ± 0.56

1.09 ± 0.04

10.5 ± 0.64

PE/PE-g-MA/20PO

45.58 ± 0.21

1.55 ± 0.08

7.30 ± 0.45

PE/PE-g-MA/20PO5A

39.58 ± 0.71

1.15 ± 0.07

13.65 ± 1.45
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The material hardening also leads to an increase of the
related strength at break. Finally, the PE/PE-g-MA blend
also shows a lower Young’s modulus than the neat PE
matrix.
The addition of the P. Oceanica short ﬁbres to the
thermoplastic systems leads to a signiﬁcant increase of
the tensile strength and a considerable decrease of the
elongation at break (Figure 4b). In particular, the plastic deformation occurring after the yielding point can
be considered nearly negligible for all the composite
systems. The inclusion of treated ﬁbres, even in both
the case of neat or grafted polymer, shows a decrease

D. Puglia et al.: Revalorisation of Posidonia Oceanica as Reinforcement

in the material tensile modulus. On the other hand, the
composites containing untreated ﬁbres have a slightly
higher modulus than the matrix.
On the basis of the obtained results, it can be concluded that the best performance in terms of strength
and stiffness could be attributed to the system based on
the untreated Posidonia ﬁbres and the grafted matrix,
meaning that the alkaline ﬁbre treatment of Posidonia
Oceanica negatively affected the mechanical performance of the composites.
The FESEM images obtained from analysis of the
specimens surfaces after the tensile test (Figure 5)

Figure 5 FESEM images of composite fracture surfaces at different magniﬁcations.
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conﬁrmed the previous results, evidencing a very
good ﬁbre homogeneity inside the matrix, as well
as a good interface between the matrix itself and the
ﬁbres in the case of composites containing untreated
ﬁbres (PE/20PO and PE/PE-g-MA/20PO); while a
poor interface was detected in the case of composites containing alkali-treated ﬁbres (PE/20PO5A and
PE/PE-g-MA/20PO5A). Moreover, the addition of
the compatibiliser determined a change in the matrix
morphology with improved interfacial adhesion and
reduced pull-out phenomena, which can be ascribed
to the occurrence of chemical interactions between
maleic anhydride and the hydroxyl groups on the
ﬁbre surface [50]. These micrographs also conﬁrm that
sodium hydroxide treatment could weaken the degree
of adhesion at the interface between the matrix and the
ﬁbre, and also suggest that sodium hydroxide treatment alone may not be sufﬁcient to strengthen the
degree of adhesion at the interface. Further chemical
treatments may be required to improve the strength
of the sodium hydroxide treated natural ﬁbre composites. On the basis of the mechanical response of all the
tested composites, it can be concluded that, in the case
of polyethylene-based composites containing ﬁbres
extracted from P. Oceanica, the compatibiliser has a
signiﬁcant role in the improvement of such properties, while the alkaline treatment seems to weaken the
interface within this speciﬁc ﬁbre.

4

CONCLUSIONS

The manufacture of composites based on Posidonia
Oceanica wastes and thermoplastic matrix is an interesting solution to the management problem associated with algae accumulation. Therefore, this solution
is attractive from both a technical and environmental
point of view. These composites are reinforced with
renewable waste resources and could ﬁnd interesting
applications at an industrial level. A polyethylene/
polyethylene grafted with maleic anhydride blend was
considered as polymer matrix and a 20 wt% of ﬁbre
extracted from P. Oceanica waste balls was added to the
blend. An optimised alkaline treatment was used in
order to investigate the combined effect that a compatibiliser and a chemical surface agent could have on this
speciﬁc ﬁbre when included in a polyoleﬁn matrix. The
effect of an increasing NaOH content (2, 5 and 10 wt%)
on thermal, chemical and morphological behaviour of
the ﬁbres was investigated and the results conﬁrmed
that a 5 wt% NaOH treatment could be considered
useful and not detrimental for the ﬁbres. Composites
based on P. Oceanica were successfully produced by
a melt-blend compounding followed by an injection
moulding procedure. The FESEM investigation of the
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composite fracture surfaces evidenced a good ﬁbre
homogeneity inside the polymer matrix with a very
good interface between the matrix and the reinforcement phase in the case of untreated ﬁbres, while the
mechanical performance of the different composites
seems to be unaffected or worsened in the case of alkali
treated ﬁbres. The results underlined and proved that
it is possible to aim for a revalorisation of coastal algae
and seaweed wastes as raw material for polyoleﬁn
matrix composites, even without applying a strong
chemical treatment to the waste.
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