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Abstract: The replacement of petrochemical fibres with natural fibres for reinforcing polyvinyl chloride matrix biomaterials
is currently being researched and applied in the technical and technological fields. Natural fibres offer environmental
advantages combined with economic advantages related to comparatively lower cost and lower energy consumption. it is in
this context that typha stem fibres extracted from the typha plant found in south-saharan Africa are used in this study for the
manufacture of biocomposites. The objective is to evaluate the thermogravimetric (TG/DTG) and viscoelastic behaviour of
polyolefin matrix biocomposites reinforced with relatively high volume fractions, 25, 35 and 45%, of typha stem powder. The
incorporation of typha stem powder slightly reduces the thermal stability of the biomaterials by decreasing the thermal
degradation onset temperature and the DTG peak temperature compared to pure matrices. The limit for the practical
application of these composites could be set at 270°C, before the onset of major weight loss. Monitoring of the different
materials by rheological measurements during photoaging allowed to understand the mechanisms of photodegradation. The
shear thinnig behaviour observed on the complex viscosity points to possible small changes at the molecular level.
Photochemical degradation over the photo-aging cycles resulted in cut-off and recombination phenomena. Dynamic storage
moduli (G') and loss moduli (G") tend to increase with the proportion of typha powder. The dynamic storage modulus (G') and
loss modulus (G") tend to increase with the proportion of typha powder. We observed a rheofluidic behaviour by shearing of
the melt. The dynamic storage (G') and loss (G") moduli tend to increase with the proportion of typha powder. From a thermal
and rheological point of view, HDPE-based biocomposites show interesting properties for use in applications. The influence of
gamma irradiation leads to a competition between two mechanisms (chain breaks and recombination) of photooxidation that
take place together within the material. Mechanical properties such as tensile and flexural strength are improved with
increasing gamma radiation dose up to 75 kGy.

Keywords: Thermogravimetric Analysis (TGA), Thermal Stability, Photoaging, Mechanical and Viscoelastic Properties




51 Babacar Niang ef al.: Thermomechanical and Structural Analysis of Biocomposites and Gamma Irradiation and
Photoaging on Mechanical and Viscoelastic Properties

1. Introduction

Today's growing population and pollution mean that the
environmental situation in the world is rather unfavourable.
This ever-increasing population requires more and more
food, consumer goods and housing. All this leads to the
growth of cities, industry and an increase in the volume of
municipal solid waste. It is in this context that scientific
research is stimulated with a view to designing and proposing
new materials for the construction, packaging, furnishing and
automotive industries. This collaboration between industry
and the research community has led to satisfactory
improvements in environmentally friendly materials in the
field of polymer science through the development of
biocomposites [1, 2]. The search for new materials,
combining natural fibres with biodegradable or non-
biodegradable polymers, appears to be a viable solution to
current environmental problems. Natural fibres can provide
reinforcement to composites and, in addition, the use of
fibres derived from residues can minimise environmental
pollution and reduce the costs of the materials produced.
Natural fibre reinforced composites are gaining acceptance
in structural applications due to their relatively low cost and
recyclability. The introduction of natural fibres such as
sisal, flax, jute, grewiaoptiva, hibiscus sabdariffa and pine
needles into composite materials promises to produce new
environmentally friendly materials [3, 4]. Natural fibres
are biodegradable and renewable, and have low cost and
low density [5, 6]. Natural fibres are also considered as
biocomposites due to their components such as cell,
lignin, starch and polylactic acid [7, 8]. Many studies have
been conducted to investigate the suitability of natural
fibres for use as reinforcing components. Many
researchers [9, 10] have already investigated natural fibres
as a replacement for glass fibres to improve the
environmental performance of products. In general, the
mechanical properties of the polymer matrix are improved
with the use of natural fibres [11].

In the last decade, the thermoplastic composites industry
has moved from the use of advanced high performance
composites to cost effective engineering composites using
different fibres. Polyethylene (PE) is one of the most widely
used thermoplastics in the world due to its good usable
properties such as toughness, near-zero moisture absorption,
excellent chemical inertness, low coefficient of friction, ease
of processing and low electrical conductivity [12].
Polyethylene is used in many applications such as pipes,
sheets, containers and other products. The mechanical and
physical properties of PE are highly dependent on variables
such as the extent and type of branching, crystal structure and
molecular weight.

New composites that include PE as a matrix are widely
used in many applications with better mechanical and
physical properties compared to the polymer alone.
Polyethylene composites can be used in packaging, electrical,
thermal energy storage, automotive, biomedical and space
applications [13].

Much work has been done to develop PE composites using
various additives. Improving the interfacial bond strength is
one of the main challenges facing scientists, especially for
the addition of natural fibres. High-density polyethylene
consists of long chains, without major branching, with less
than one side chain per 200 carbon atoms in the main chain.
The long linear chains result in regular packing and high
crystallinity due to the stereoregularity of PE molecules.
High density polyethylene is more rigid, due to its higher
crystallinity. High density polyethylene is used in many
products and packaging such as milk jugs, detergent bottles,
margarine tubs, rubbish containers and water pipes [14]. PP
is a commonly used polymer and is widely used in a variety
of applications due to its non-toxicity, low cost, low density
and ease of processing. In addition, it has good mechanical
properties and chemical stability [15], but the main drawback
of this polymer is that it retains its non-renewable origin.
Blending polyolefins with plant fibres has been reported as
an effective way to reduce production costs [16] while
maintaining or increasing matrix properties [17].
Interestingly, polypropylene composites reinforced with plant
fibres have been shown to have good recycling properties
[18]. In the manufacture of composites various natural fibres
have been used as reinforcement, however, there are other
types of fibres in the biomass that are not yet known in the
field.

In the Saint Louis region of Senegal, typha is one of the
most abundant fibres and is used in the manufacture of bags,
mats, handicrafts and in the construction sector. However, the
fibre can also be used as a structural reinforcement for
polymer matrix composites.

In this paper, the incorporation of plant species (Typha)
into the polypropylene matrix and high density polyethylene
to develop composite biomaterials is discussed. The
comparison of viscoelastic properties, crystallization kinetics
and thermal stability will be analysed. The relationship
between the structure of the biomaterials and their properties
will be discussed in this review article.

2. Experimentations
2.1. Materiels

HDPE was supplied in pellet form by Nova Chemicals. Its
melt index was 7.0 g/10 min at 190°C and its density at room
temperature was 0.962 g/cmB. While polypropylene (PP) was
generously provided by Solvay Co (International Chemical
and Pharmaceutical Group). The latter has a density of
0.900g/cm’ and a melt index of 2.5g/10 min.

2.2. Composite Manufacturing Methods

Thus, prior to any mixing operation, the wood powder was
oven dried at 105°C for 24 hours to remove moisture below
1%. No other treatment took place on the polymer before its
use. The composite materials were obtained by mixing in a 7
cm’ co-rotating twin screw minilab mixer. For the extraction
of noxious gases, the fume hood was opened. In a first step,
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the polymer was introduced for 5 min at 180°C and the screw
speed was set at 100 rpm. In a second step, the typha stem
powder is introduced. The system is mixed for 10 min at
180°C at 100 rpm. After this phase, each sample is
sandwiched for 1 min between two Teflon sheets and pressed
at 175°C and 180°C under a pressure of 200 bar to obtain
films of 100 to 200 microns thickness for spectroscopic
analyses, or of a few millimetres thickness for the study of
different macroscopic properties. With the polymer matrix
(HDPE), four formulations were produced with different
contents of typha stem powder at the laboratory of the Institut
de Chimie de Clermont-Ferrand (ICCF) in France (Table 1).
The temperature profile in the machine was kept below
180°C to minimise thermal degradation of the powder.

Table 1. Composition and code of biocomposite samples.

(1-a),

Echantillons PEHD Typha
PEHD 25TT 100 0
PEHD 25TT 75 25
PEHD 35TT 65 35
PEHD 45TT 55 45
(1-b),

Echantillons PP Typha
PP PUR 100 0
PP25TT 75 25
PP35TT 65 35

PP 45 TT 55 45

(a), (b) manufactured by twin-screw extrusion (University of Clermont
Auvergne, France).

2.3. Characterization of Composites

2.3.1. Thermogravimetric Analysis (TGA)

To study the thermal degradation process of
biocomposites, a TGA analysis was performed. A Mettler
Toledo machine operating under a nitrogen atmosphere (20
ml/min) has been used for this purpose. The samples were
analyzed at 30°C - 600°C with a heating rate of 10°C/min
and a mass of =20 mg was used for each sample.

2.3.2. Rheological Characterization

The viscoelastic behaviour of molten polymers can be
determined using oscillatory rheological experiments such as
dynamic mechanical tests, which provide a convenient means
of assessing the frequency dependence of polymer
mechanical properties. A useful representation is to plot the
data points of the experimental frequency sweep in the
complex plane. This means that the values of the imaginary
part (of the complex viscosity) n' are plotted along the
abscissa (X-axis) and the real values (") on the ordinate (Y-
axis) as schematised in Figure 1; where n' is the loss
viscosity, n" is the storage viscosity and o is the frequency
pulsation: @ = 2aN. Usually, the experimental points are
located on an arc of a circle characteristic of a Cole
distribution. Extrapolation of this arc to the zero ordinate
value gives the Newtonian viscosity which is related to the
average molecular weight Mw of the polymer considered by

a power law: (M0 = K (Mw) 3.4) [18, 19]. Melt rheological
measurements of pure HDPE, PP PUR and their composites
were performed with an ARES Rheometer Scientific
mechanical spectrometer in oscillatory frequency sweep
mode with a parallel plate measuring cell. The diameter of
the plates was 8 mm and the gap was 1 to 1.5 mm. The
frequency was between 0.1 rad/s and 100 rad/s. The strain
was kept constant at 5% over the entire frequency range to
ensure linearity. This strain was selected from a dynamic
strain sweep test, in which, within a range of 1% to 10% of
strains, at a fixed frequency of 10 rad/s, the drift deviation
from linearity was monitored; the frequency sweep test was
then performed at a constant temperature of 180°C.

n” () 4

o _
N (o)

hr/2

Figure 1. Cole-cole schema.

2.3.3. Mechanical Properties

The apparatus used is a Lloyd EZ 50 traction bench. The
results are analyzed using the software: NEXYGEN. The
tensile strength and elongation at break of the composite
were measured according to the ASTM D638-10 method at a
crosshead speed of 30 mm/min. Each sample was subjected
to at least 5 repetitive tests to obtain an average.

2.3.4. Irradiation

The biomaterials and virgin HDPE were irradiated using a
Co-60 gamma source. For gamma irradiation, a Co-60
(25kCi) model 650 source is loaded with the GBS-98 source
which consists of 36 double encapsulated capsules. The type
C-252 loaded with Co-60 pellets was used. Biomaterials
were pre-treated with gamma radiation at different doses (5-
100kGy).

3. Results and Discussion
3.1. Thermal Analysis

The thermal degradation of pure polypropylene and their
bio-composites reinforced with typha fibres was analysed in
detail by performing thermogravimetric analyses. Figure 3a
shows the thermogravimetric (TG) and differential
thermogravimetric (DTG) curves of each natural fibre at a
heating rate of 10K / min. The TG / DTG curves in an air
atmosphere were performed to understand the thermal
degradation behaviour of typha fibres, polymers and
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biocomposites with 10, 20 and 30% typha fibres (Figure 3a).
The mass loss up to 220°C was attributed to the evaporation
of water, glycerol and other volatile compounds. Thermal
degradation of typha and hemicelluloses occurs between 250
and 300°C [20], while cellulose is thermally degraded
between 240 and 350°C.
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Figure 2. ATG thermograms of pure PP and its composites.

However, for biocomposites, according to Figure 2, the
decomposition of PP starts at about 400°C (breakage of the
CC chains of the main chain) [21, 22], which is a higher
breakage temperature than that of the fibres [23, 20]. Pure PP
has a one-step decomposition process from 400°C to 500°C.
While composites clearly show a two-step decomposition
process. The first step corresponds to the decomposition of
the fibre and the second step to the decomposition of the
matrix. The addition of fibres therefore reduces the stability
of the polypropylene in the composite. On the other hand,
since typha fibres are characterised by different particle sizes
and geometries, small fibres seem to slightly decrease the
thermal stability compared to larger fibres. This is because
the amount of interface with the fibres is important for small
fibres.

When the small fibres start to form (before the PP), the
surface area of the PP that can start to degrade is then higher
and decomposition is accelerated so that it takes place at a
lower temperature. In general, the addition of typha fibre
decreases the thermal stability of the biocomposite, as the
thermal stability of the fibres is lower than that of PP, so the
degradation of typha fibre can accelerate the decomposition
of Polypropylene [24, 25].

The DTG curves of biocomposites show two zones. The
first zone is characterised by a small variation in mass loss.
The second zone of characteristic mass loss is between
400°C and 500°C. In its temperature range, the initial
samples (reduced to 100%) lose about 80% of their initial
masses. In these zones, if we examine the DTG spectrum, we
observe a peak with a maximum noted at about 464°C,
480°C, and 500°C, respectively for biocomposites containing
25%, 35%, 45% by mass of powder. These results obtained
are confirmed by other research works [26, 27].
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Figure 3. DTG thermograms of pure PP and its composites.

However, for HDPE/Typha stem biocomposites,
thermogravimetric analysis allows the variation of the mass
of a sample to be followed as a function of temperature, and
thus to access the decomposition parameters of a material. It
is convenient to plot the derived curve (DTG) of the TGA,
which allows easy identification of the characteristic
temperatures related to each mass loss phenomenon.

Figures 4 and 5 show the ATG and DTG
thermogravimetric behaviour of high density polyethylene
(HDPE), Typha fibres and composites (HDPE/Typha).

—— PEHD PUR
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—— PEHD 35TT
—— PEHD 45TT
—TIGE PUR

100

80

60

40

Masse en (%)

20

T T 1
0 200 400 600
Température (°C)

Figure 4. ATG thermograms of pure HDPE and its composites.

Many studies [28-30] on the thermal degradation of
polyolefins show that above 500°C the polymer chains are
completely degraded. In the case presented, it is observed
that the decomposition starts at around 370°C up to 410°C.
The decomposition is completely completed above 500°C.

For typha fibres, three regions appear in the mass loss
thermograms (Figure 4):

1. 57-100°C corresponding to dehydration.

2. 210-400°C identified as matrix degradation (HDPE).

3. > 400°C corresponding to the degradation of the plant

fibre (typha).

In a lignocellulosic material subjected to a temperature rise
programme, hemicelluloses generally decompose first at



Advances in Materials 2022; 11(3): 50-59 54

temperatures between 150°C and 350°C, followed by
cellulose by random cleavage of these glycosidic bonds
between 280°C and 350°C and lignin decomposition taking
place between 250°C and 500°C [31, 32]. These reactions
take place mainly in the amorphous region of the plant fibres
and continue to occur until the degree of polymerisation
becomes constant [33].
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Figure 5. DTG decomposition curves for pure HDPE and its composites.

Also due to the high flammability of cellulose, the addition
of wood makes the composite less thermally stable. It has
been observed that its molecular weight decreases sharply
due to the degradation of its macromolecular chains as
confirmed by this work [34, 35].

The degradation mechanism of wood/HDPE composites
has not been sufficiently understood. However, possible
reasons for the increased thermal stability of our blends can
be explained by the fact that the amorphous polymer phase is
initially protected by the surrounding polymer chains. The
degradation temperature range (about 450°C) of this polymer
(HDPE) is shifted to lower temperatures.

Figure 5 shows the same result as Figure 4 in its derived
form (DTG). A two-stage thermal degradation is observed.
The temperature ranges of the first stage correspond as
mentioned before to a dehydration of the wood, a (loss of
bound water). The temperature at the start of dehydration
is taken as a measure of the thermal stability of CBP [26,
36, 37]. The loss of mass as a function of time or
temperature is an irreversible process due in part to
thermal degradation.

The composites clearly show a two-stage process. The
mass loss in the first stages is 8%, 11% and 16.7%
respectively for the 25%, 35% and 45% typha composites.
The second stages correspond to the decomposition of the
polymer matrix chains. The sample loses a total of 92% of its
mass around 600°C. From the curve (Figure 4), an initial
degradation temperature of 210°C is observed. The mass loss
information obtained by thermogravimetric analysis often
does not allow the specification of the types of
decomposition products. This is only possible if the ATG
device is coupled to an infrared spectrometer or a mass
spectrometer.

From the observations, it appears that the incorporation

of typha decreases the overall thermal stability of HDPE.
This may be due to the fact that the extrusion process
favours the splitting of polymer chains, thus increasing the
fragility of the composite materials. The most likely
hypothesis is the reaction of fibre degradation products on
the matrix.

3.2. Rheological Characterization

Rheological characterisation is considered a crucial feature
that allows distinguishing the degree of dispersion of samples
[38]. Based on a dynamic frequency sweep test, the
rheological characterisation was carried out at a temperature
of 190°C and a frequency of 0.05-100 rad/s. The linear
viscoelastic behaviour of pure PP and all formulated
composites was assessed by oscillatory measurements.

In order to further investigate the addition of Typha
fibres on the rheological and structural behaviour of the
materials, the Cole-Cole diagram was used (Figure 6). In
this diagram, the imaginary viscosity component (n") is
plotted against the real viscosity component (n'"). The graph
should look like a semicircle if the system describes a
single relaxation. Due to the heterogeneous nature of our
fibre/matrix blends containing agglomerated fibres, the
semicircle shape of the Cole-Cole graph is modified, the
elastic component of the viscosity, and the relaxation time
increases [39]. Cole-Cole graphs of pure PP revealed a
semicircle shape related to a single relaxation time. In
contrast, the addition of Typha fibres generated an increase
in the elastic behaviour and relaxation time of the structure,
visualised by increases in the values of the viscosity
components. This behaviour indicates the presence of
agglomerated fibres and decreases progressively with
increasing shear rate.
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Figure 6. Cole-cole diagram of pure PP and its composites at T = 190°C.

Furthermore, it is observed that the G' and G" values of
pure PP and biocomposites increase with the rate of
reinforcements. This increase has been observed previously
and could be related to agglomeration phenomena of Typha
fibres that reduce the sliding or flow between them inside
the biocomposite. In fact, at low frequencies, the viscosity
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increases strongly with the Typha powder content, as shown
by the storage modulus of the composites (G') (Figure 7)
since G' is higher than the pure matrix due to the intrinsic
stiffness of the Typha fibre. Shear thinning behaviour of the
melt was observed, the viscosity of the composites is
strongly influenced by the shear rate. The storage modulus,
especially for the highest powder content, shows that the
matrix transfers a large amount of stress to the load and
based on the data of G, serving as a measure of the elastic
behaviour, we can conclude that the composites have an
elastic behaviour [40]. The energy change that occurs
during the shearing process is attributed to the variations of
the dynamic moduli (G" and G"), which is strongly related
to the synergy of the interphases of the matrices in the
blends (Figures 7 and 8). In addition to this, it should be
noted that the shape of the filler, the concentration and
density of the filler and the degree of interaction of the
polymer and the typha fibre can influence the rheological
characteristics of polypropylene, which is in agreement
with the work of several authors [41, 42].
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Figure 7. Frequency variations of storage modules (G ') for pure PP and its
composites at T = 190°C.
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Figure 8. Frequency variations of the loss storage modules (G ") for pure
PP and its composites at T = 190°C.

3.3. Rheological Study of HDPE/Typha Composites

The rheological properties of the samples in the molten
state  were determined by dynamic  mechanical
measurements. The storage modulus G', the loss modulus G"
and the dynamic viscosity n* were measured as a function of
swept frequencies between 0.1 and 100 rad/s. Figures 9, 10
and 11 show the viscoelastic behaviour of the HDPE/TYPHA
materials via the dynamic moduli (G') and (G") and the
complex viscosity.
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Figure 9. The variation of dynamic moduli (G') as a function of frequency
with different percentages of typha stem.
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Figure 10. The variation of the loss modulus (G") as a function of frequency
with different percentages of typha stem.

The dynamic storage (G') and loss moduli (G") tend to
increase with the proportion of typha powder (Figure 9 and
10). This results in a more elastic behaviour for high wood
masses. Obviously, the complex viscosity of the pure
polymer increases progressively with the increase of the
powder content from 25% to 45% (figure 11). This is because
in filled systems, the wood particles disturb the flow of the
pure polymer and hinder the mobility of the chain segments
in the direction of flow. These particles often occur in the
form of aggregates.
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Figure 11. Variation of complex viscosity as a function of frequency of pure
HDPE and its composites at T = 180°C.

This is also due to the inhomogeneous dispersion and
alignment of the cellulose phase in the composites. These
observations are confirmed by those of other authors [32, 43,
44]. Moreover, the moduli G' and G" tend to have the same
values above 35% (Figures 9 and 10). We observed a
rheofluidic behaviour by shearing of the melt. The viscosity
of the composites is strongly influenced by the shear rate.
The composites show approximately the same viscosity
above 35%. This is probably due to the alignment of the
fibres at high shear rates. This reduces collisions between
particles [33, 45]. In effect, the fluidity of the mixture is
increased by increasing the oscillation frequency, which
decreases the complex viscosity. This reduction in viscosity
demonstrates the pseudoplastic nature of the materials in the
molten state.

In the low frequency range, the viscosity increases
significantly with increasing fibre content in the composite
material (Figure 11). The addition of fibres affects the
stiffness, density and viscoelastic behaviour of a polymer
[46-48]. The highest values of complex viscosity were
observed with the composite containing 45% by weight of
typha fibres (Figure 11). Furthermore, the presence of
agglomerates (due to their high fibre content) causes flow
resistance and an increase in the viscosity of the composites.
This behaviour can be explained by a higher interaction rate
between the polymer matrix and the content. This forces the
mixture to have a higher shear stress and longer relaxation
times to the flow of the composites [49]. The rheological
properties of high density polyethylene show the same shear
rheofluidising behaviour. The moduli of elasticity show an
improvement in the dynamic behaviour of the composites.

In Figure 12 below we show the effect of photo-wetting on
the rheological properties. It represents the complex viscosity
of (HDPE 35 TT) films irradiated in SEPAP 12-24. We
observe that with irradiation the viscosity of the
biocomposite increases at low frequencies but with the
increase of the oscillatory frequencies, the value of the
viscosity decreases;

This decrease in viscosity is also due to the increase in
exposure time.
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Figure 12. Complex viscosity curve of (HDPE 35 TT) films irradiated in
SEPAP 12-24.

These behaviours observed during photodegradation
reflect chain breaks in a first step and the formation of a
cross-linking network due to chain recombination in a second
step. It is interesting to observe that the two mechanisms
(chain splitting and recombination) of photooxidation take
place together within the material. Chain splitting
predominates for a population that can then be assimilated to
the HDPE chains in the biocomposite. The cross-linkages of
this population are predominant up to 75h of irradiation, and
then become a minority compared to the macromolecular
chain splittings [50, 51]. Under irradiation, the lignin
component of the plant fibre considered as well as the key
structures involved in its degradation generate phenoxy
radicals, and phenols are also oxidised. The influence of the
presence of fibres in composites is expressed in the durability
of the biocomposite by the modification of the kinetics of
photooxidation. Indeed, the presence of fibres leads to an
increase in the oxidation rate of the polymer matrix after the
induction period. This effect is increasingly accentuated as
the amount of fibre in the composite increases. This can be
explained by the radical species produced by photooxidation
[52]. Thus, the fibre acts as an initiator and/or accelerator of
photooxidation [53].

3.4. Influence of Gamma Irradiation on Mechanical
Properties of Biocomposites HDPE / Typha Stem

The effect of gamma irradiation on the mechanical
properties of HDPE/Typha fibre composites in terms of
Young's modulus, tensile strength and flexural strength are
shown graphically in Figures 13 and 14. It was observed that
the Young's modulus values of pure HDPE (Figure 5)
increase with gamma dose from 5 to 75kGy.

The tensile and flexural strength of the composites
increases from 5 to 75kGy. This could be due to the cross-
linking effect of gamma radiation, as gamma radiation
generates polarsites/free radicals in theHDPE chain in the
form of carbonyl groups due to its oxidation [54]. Gamma
irradiation also produces free radicals in the wood flour.
These free radicals can react to change the chemical
structure, which can be attributed to the formation of cross-
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linking between the wood and HDPE [55] resulting in an
increase in the tensile strength of the composite.
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Figure 13. Tensile and flexural moduli of virgin HDPE and composites
irradiated with gamma dose variations.
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Figure 14. Tensile and flexural strength of pure HDPE and composites
irradiated with varying gamma radiation doses.

This substantial increase in tensile and flexural strength
could be due to competition between cross-linking and
chain scission [56]. The decrease in tensile and flexural
strength above 75 kGy could be due to the predominant
chain-splitting effect of gamma radiation for HDPE at a
higher dose. This decrease in strength at higher gamma
dose could be explained by fibre agglomeration in the
matrix, as high gamma dose also leads to increased fibre-
fibre interaction [57].

4. Conclusion

The study of the physico-chemical, mechanical and
thermal properties of the samples as well as the effects of
chemical treatment on them was carried out in this paper. The
incorporation of typha fibres with a reinforcing character
leads to a loss of ductile behaviour but induces a very
important gain in stiffness and mechanical strength.
Thermogravimetric analysis showed that the incorporation of
typha flour in the polymer matrix leads to a decrease in the
temperature at which the composites start to decompose.
Gamma irradiation leads to an improvement in the
mechanical properties. The gamma dose is increased due to

the stress transfer of the polymer from the semi-crystalline to
the amorphous structure. Mechanical properties such as
tensile and flexural strength are improved with increasing
gamma radiation dose up to 100 kGy. The melt viscoelastic
behaviour of Typha fibre biocomposites shows the
rheofluidizing phenomene by melt shear. It was found that G
and G" increased with the increment of the filler content.
These the reflect a more elastic behaviour for high amounts
of Typha.
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