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Abstract: Bamboo fibre reinforced polypropylene composites at various bamboo fibre loading levels (20 %, 30 %, 40 % and
50 %) with and without coupling agent Maleic Anhydride Polypropylene (MAPP) were prepared by extrusion and moulded
in injection moulding machine. Moulded specimens were characterized by SEM, FTIR, thermal and mechanical properties.
The fibre content of 50 % by weight has been proven to provide adequate reinforcement to increase the mechanical strength
significantly. Thermal stability of bamboo, polypropylene and bamboo fibre reinforced polypropylene composite coupled
with MAPP were analysed by using thermo gravimetric. SEM micrograph confirmed the proper interfacial adhesion between
the wood fibre and PP matrix in the presence of coupling agent. Moisture absorption of coupled and uncoupled composites
were compared and reported. These composites can be used in a variety of applications such as construction, automobiles,
consumer goods etc. They are considered as suitable replacement for solid plastic products and materials.
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Introduction

Due to serious issues of environmental hazards and energy
shortages, natural fibre reinforced composites have gained
great attention [1]. Generally, natural fibers have been used
to fill or reinforce thermoplastics especially polypropylene
composites, have grasped greater attention due to their
added advantage of recyclability [2]. Natural fibres used as
reinforcing material which are polar bio-fillers and
hydrophilic in nature. Polymers which are used as matrix are
non-polar and are hydrophobic in nature. As a result, bio
fillers do not disperse easily in thermoplastic polymers such
as polypropylene. Lower compatibility and interfacial
adhesion of these composites leads to reduce the mechanical
properties of the final products [3]. Therefore, it is essential
to improve the interfacial adhesion between bio filler and
polymer. The resulting compatibilised materials can be used
in industries and engineering applications.

Maleic anhydride polypropylene (MAPP) is a very
effective and commonly used compatibilizer at the interface
of natural fiber and polymer matrix [4]. The molecular
structure of MAPP is shown in Figure 1.
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Figure 1. Molecular structure of MAPP.
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In recent years, various physical and chemical treatments
have been introduced to improve the interfacial adhesion
between the bio-filler and polymer. Among those methods,
coupling with MAPP is found to be the most successful
method [5]. Nearly 40 coupling agents with different
functional groups have been used in wood fibre-filled
thermoplastic composite [6].

The poor wetting of bamboo fibre surfaces upon the
incorporation of unmodified PP due to different surface
energies between the hydrophilic fibre and hydrophobic PP
matrix can be improved by the addition of MAPP. Formation
of hydrogen bonds occurs at the interface between the -OH
group of cellulose or lignin in bamboo fibre with the
anhydride groups in the MAPP. MAPP crystalizes the
bamboo surface and the bamboo fibre acts as a reinforcing
agent as well as a nucleator for MAPP. This surface
crystallization contributes to the better interfacial adhesion
in Bamboo/PP/MAPP composite [7].

Polypropylene has many advantages when compared to
other thermoplastic materials such as poly vinyl chloride,
poly ethylene etc. Poly vinyl chloride products pollute the
surrounding environment and causes problems during
processing, use and disposal. Poly ethylene exhibits poor
performance than PP in terms of mechanical strength and is
more difficult to degrade. Some of the benefits of PP is that it
has good mechanical properties, high temperature of thermal
deformation, possess moderate dimensional stability, flame
resistance and recyclability. The recovered PP showed lower
porosity and water absorption property with high dimensional
stability and high density. Composite materials based on PP
shows excellent mechanical properties such as tensile,
flexural and impact strength when compared to other
thermoplastic materials. Hence it becomes an obvious
choice for the researchers to use PP as polymer matrix in the
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natural fiber composite materials replacing other thermoplastic
materials [8].

Some researchers also showed that alkali treatment process
for the bamboo fibre reinforced epoxy resin composite
improves the interface strength which intern increases the
tensile strength of the composite. Bidirectional bamboo fibre/
epoxy composites shows improved tensile strength in both
the longitudinal and transverse direction when compared to
unidirectional composites and pure epoxy [9].

It has been reported that bamboo fibre as an eco-friendly
material can be used to replace the conventional fibres such
as glass and carbon [10]. Addition of bamboo fibre to
polypropylene causes an increase in the overall crystallization
rate [7]. The new composites developed by bamboo/PP
coupled with MAPP are water resistant, lighter, and cheaper.
Its tensile strength is three times higher than that of the
commercial product [11]. It has also been reported that the
increase in fibre content after 50 % in weight decreases the
tensile strength slightly. Hence, at 50 % loading level,
bamboo fibre showed the maximum tensile strength [10].

When bamboo surface is treated with MAPP, hydroxyl
group of bamboo surface reacts with anhydride group of
MAPP farming ester bonds. This esterification reaction
modifies the bamboo surface. Hydrophilic anhydride groups
of MAPP are prone to compatibilize with hydrophilic
bamboo surface. This promotes the dispersion and surface
wetting of bamboo particles in the PP. The efficient transfer
of stress from PP to the stiffer bamboo leads to the
improvement in the efficient chemical bonding between PP,
MAPP and bamboo particles and thus enhance the
mechanical strength. Thus MAPP played an effective role in
improving the surface wettability of composites [12]. FTIR
spectra clearly confirms the esterification between anhydride
group of MAPP and hydroxyl group of bamboo surface [5].

Figure 2 shows the interaction of MAPP with natural fiber
representing hydrogen bonding. Figure 2 illustrates how
interfacial adhesion occurs when two different materials are
mixed or combined or blended. SEM micrograph proves the
interfacial adhesion among the phases.

Products developed from wood-polymer composite
materials have several advantages as they are cost effective,
environmentally friendly, recyclable, dimensionally stable,
value addition to ligno cellulosic waste materials, superior
strength and stiffer than plastics. Wood-polymer composite
materials are used in various fields such as automobiles,
construction, electronic components, aerospace, modern
packaging system such as natural fibre reinforced wood
polymer composite (WPC) pouches and wrapped to store
food with free of contamination [13].

The present work deals with the effect of coupling agent
(MAPP) on the properties of wood polymer composite.
Bamboo fiber is used as the reinforcement in the
polypropylene matrix to fabricate composites. Cellulose
fibers aligned along its length provide maximum mechanical
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Figure 2. Interaction of MAPP with natural fibre representing
hydrogen bonding [4].

strength to bamboo [14]. Natural bamboo fibers are coarser
and longer with high breaking tenacity and lower elongation
were found to be good for some textile applications [15].
Therefore, bamboo fiber has been selected as the
reinforcement in polypropylene. Water uptake is less when
Polypropylene is used as matrix in composites compared to
the other polymers such as polyethylene and polyvinyl
chloride [16].

Experimental

Polypropylene (H1110MA; melt flow index 11 g/10 m at
230 °C under 2,16 kg load) was purchased from Reliance
industries Ltd. India and used as matrix polymer for
composite. Bamboo was obtained from local source and
MAPP was purchased from Sigma-Aldrich, Bangalore,
India.

Bamboo fibre was initially powdered by using pulveriser
and later it has been dried in oven at 105 °C for about
24 hours to remove the moisture content. The fibre content
in polypropylene was varied at the loading levels of 20 %,
30 %, 40 % and 50 % in the presence of 5 % coupling agent
(MAPP) of the fibre weight. The resulting mixture was then
fed to the twin-screw extruder equipped with a side feeder
and two volumetric feeders. The extrudate was then
collected from steel belt and later it was cut into small pellets
using cutter and these pellets were again kept in oven at
105 °C for about 2 days to remove the moisture content. The
pellets were converted into the desired shapes with the help
of De-Tech 60 LNC4-E (L&T) injection moulding machine
with a load capacity of 60 Ton as per ASTM standards.

Determination of Mechanical Properties

Tensile, flexural and impact strength of samples were
tested using Shimadzu universal testing machine (Model
AGIS10, 10 kN). Tensile tests were carried out in accordance
with ASTM D638-94b [17] with specimen dimension
165.0 mmx13.2 mmx3.2 mm at a cross head speed of
50 mm/min. The recorded value included tensile strength,
tensile modulus, elongation and strain. Flexural strength was
measured according to ASTM D790-92 [18] using a cross
head speed of 2.8 mm/min using a support span of 100 mm
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Figure 3. Composite samples to test tensile and flexural strength.

with dimension of 127.0 mmx13.2 mmX 6.4 mm. Impact
strength was determined as per ASTM D256-93 [19] on a
Ceast impact tester. For notched and un-notched impact
strengths, 1.0 and 5.4 J hammers were used respectively. Five
samples of composites were tested for each property.

Thermo Gravimetric Analysis (TGA)

Thermal stability of the material was evaluated using
TGA. TGA model Q50 was used for thermal analysis in
which the mass loss of the samples measured over time as
the temperature changes. It was carried out in the
atmosphere of nitrogen. About 5-8 mg of the composite
sample was heated from 40 °C to 600 °C at a heating rate of
20 °C/minute. Prior to analysis, all samples were oven dried
at 95 °C for 8 hours.

FTIR Spectroscopy and SEM

FTIR spectroscopy was used to characterize bamboo, PP,
Bamboo-PP composite with and without coupling agent
using a Bruker tensor 27 model FTIR spectrometer with co-
addition of 64 scans at resolution of 4 cm™. SEM was
characterized to know the state of adhesion between bamboo
fibre and PP matrix in coupled and uncoupled composites.

Moisture Absorption

Diffusion of water molecules into the network of
composites affects the mechanical properties. Specimens of
the composites with and without MAPP of varying
proportion were soaked in distilled water. During the
conditioning time, the specimens were periodically removed
for every 48 hours from the water and dried by tissue paper
and weighed using an electrical balance accurate to
0.0001 g. The weight and time were recorded to calculate
the moisture content. The final time at which the experiment
was completed is for 1200 hrs i.e the experiment was carried
out for 50 days.

Moisture absorption is calculated using the formula [20]

my—m,

Moisture absorption = x 100 (%) €))
my
where m is the initial mass of the sample and m, is the mass

of the sample at time 7.
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Results and Discussion

The tensile, flexural strength and stiffness are enhanced by
inclusion of a compatibilizer, MAPP, in matrix material as a
result of improved interfacial bonding [21]. Figure 4 shows
the variation in tensile strength with fibre content for both
coupled and uncoupled samples.

A significant improvement in tensile strength of bamboo
fibre filled polypropylene has been observed with the
addition of MAPP coupling agent. There is an increase of
35 % in the tensile strength of the coupled composite when
compared with the uncoupled ones. The maximum tensile
strength reached for coupled composite is 38.93 N/m” for
50 % fibre weight. The coupling agent MAPP helps to
improve the interfacial adhesion between bamboo and
Polypropylene. It acts as a crosslinking agent between
bamboo and PP due to which there is an enormous increase
in tensile strength of coupled composite when compared
with uncoupled one.

In the present study the particle size of the bamboo
maintained is 500 pm. Bamboo/PP/MAPP composites having
bamboo fibers of different sizes <500 pm, 500-850 um,
850 um to 1 mm and 2 mm shows different mechanical
properties. On increasing the size of bamboo fibres, both
tensile strength and modulus decreases considerably. At the
same composition, smaller fibre has a relatively larger
surface area which results in better contact between fibre and
matrix [22].

In case of uncoupled composite rapid delamination of the
matrix from filler occurs due to the lack of affinity or poor
adhesion between PP and bamboo fiber. This makes the
composite material to break sooner and thus the tensile
strength of the uncoupled composite is less when compared
to coupled composite. This problem doesn’t exist in case of
coupled composite since MAPP improves the affinity
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Figure 4. Variation of tensile strength with fibre content for both
coupled and uncoupled sample.
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Figure 5. Variation of flexural strength with fibre content for both
coupled and uncoupled samples.

between the PP and bamboo fiber. This makes the coupled
composite to break slowly and hence its tensile strength is
more [23].

Figure 5 shows the variation of flexural strength with fibre
content for both coupled and uncoupled samples. There is an
increase of 73 % in the flexural strength in case of coupled
composite when compared to uncoupled composite. The
optimum value of flexural strength for 50 % fibre weight in
case of coupled composite is 52.47 N/m”. The reason for
significant increase in flexural strength is mainly due to the
enhancement in the interfacial adhesion between fibre and
matrix due to the inclusion of coupling agent (MAPP). The
coupling agent also improves the interfacial chemical
bonding between bamboo and polypropylene. Breakage
mechanism for flexural testing method takes place due to the
interlaminar fracture toughness of the composite [24].

Table 1 clearly summarizes the variation of tensile and
flexural moduli with fibre content. A considerable enhancement
in both the moduli values can be seen upon the addition of
coupling agent. Higher modulus is observed in case of
coupled composite when compared with the uncoupled
composite. Enhancement in tensile and flexural modulus of
coupled composite is mainly due to the better interfacial
interaction between fibres and matrix upon the incorporation
of coupling agent.

The values of Young’s modulus provide better information
about the change in tensile properties of the composites
upon the addition of fillers. Table 1 clearly shows that the
tensile or young’s modulus increases with the increase in
fiber content for both coupled and uncoupled composite.
The increase in young’s modulus values on increasing the
fiber content shows that the filler reinforcement with the
polymer matrix improves the tensile properties. More the
percentage of fiber, a good filler reinforcement with the
polymer matrix occurs due to which the mechanical
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Table 1. Variation of tensile and flexural modulus with fibre
content in case of both coupled and uncoupled composites

Fibre Tensile modulus (N/m?)  Flexural modulus (N/m?)
content (%) Coupled Uncoupled Coupled Uncoupled
20 2008.11 1669.45 2139.95 1732.62
30 2698.89 2357.11 3067.12 2499.96
40 2723.42 2458.31 3520.25 2976.88
50 2790.54 2641.68 3781.1 3659.25
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Figure 6. Variation of impact strength with fiber content for both
coupled and uncoupled composites in case of (a) un-notched and
(b) notched samples.

properties of the composite increases.
Figure 6(a) and 6(b) shows the variation in impact strength
with fibre content for both coupled and uncoupled
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composites in case of un-notched and notched samples
respectively.

Ability of the material to resist the fracture is termed as
impact strength. Impact strength of the fibre reinforced
composite depends on many factors such as fibre-matrix
interface, fibre dispersion, nature of the constituent, test
conditions and geometry of the composite. With increasing
filler content, the impact strength of the un-notched sample
decreases even in the presence of coupling agent. This is
attributed to the presence of too many fibre ends which acts
as point of crack initiation leading to the failure of the
composite. Another reason for decrease in impact strength
may be the stiffening of polymer chains due to bonding
between fibre and matrix. However, the impact strength of
the notched sample shows a slight increase in the case of
coupled composite on increasing the fibre content. This is
attributed by the higher energy need to be supplied to the
fibre to pull out at higher filler content [25]. The maximum
impact strength is obtained for the coupled composites with
50 % fibre and the value is found to be 28.17 J/m. The
improvement in the mechanical properties is also attributed
to the fact that cracks and irregular grooves induced by the
modification of bamboo fibre facilitate the infiltration of PP
into bamboo fibre due to the strong capillary effect [26].

As impact takes place, the failure initially occurs in the
farm of micro cracks, as the stress concentration exceeds the
polymer strength which later rapidly spread and eventually
leads to macroscopic failure. Impact strength is sensitive to
voids, particles etc. For uncoupled composite due to the poor
interfacial adhesion between polymer and filler, impact leads
to the formation of void around the filler particles. For this
particular reason the impact strength of the uncoupled
composite decreases for both notched and un-notched
samples [27].

In case of notched samples, the specimen curvature
increases which tend to increase the impact strength of the
composite materials. Increasing notch radius will increase
the impact strength of the material. This shows that the
sample geometry, in particular, the curvature has a significant
influence on the impact strength. As the specimen curvature
increases in the notched samples, too many fiber ends which
acts as point of crack initiations are avoided and results in
the higher impact strength of the composite material. The
influence of the specimen curvature on impact strength
makes a difference in the values of notched and un-notched
samples [27].

The composite properties not only depends on the fiber
content, it also depends on many other parameters which can
be varied to study the properties of the composite. Fiber
type, concentration of coupling agent, fiber strength, fiber
size, fiber species and age of the fiber are the factors that can
be varied along with the fiber content to study the composite
properties. It was reported in the literature that the
concentration of coupling agent more than 9 % decreases the
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Figure 7. TGA of bamboo, PP and coupled composite.

mechanical properties of the composite [12]. In the present
study, 5 % of coupling agent (MAPP) is used.

The size of the bamboo fiber varies between 1-2.5 cm in
length and 0.24-0.4 mm in diameter when it is separated
from bamboo body by mechanical method [28]. Some
researchers attempted to vary the size of the bamboo and
study mechanical properties of the resulting composite. As
the length of the bamboo fiber increases, the tensile strength
of the composite decreases, whereas tensile modulus
increases [29].

Figure 7 shows the thermo gravimetric analysis (TGA) of
bamboo fibre, PP and coupled composite. The nature of
decomposition in case of pure components and its composite
is different. TGA curve of bamboo fibre exhibits weight loss
in two steps. The weight loss occurs up to 240 °C may be
attributed to gradual evaporation of absorbed moisture and
decomposition of volatile compounds. The second step of
weight loss in the temperature range 240 °C to 385 °C is due
to the decomposition of major constituents of the bamboo
fibre such as cellulose, hemicellulose and lignin [30].
Lignocellulose fibres are chemically active and decompose
thermo-chemically between 200°C and 400°C. The
degradation of PP occurred between 415 °C and 500 °C in a
single step process. TGA curve of bamboo-PP composite
with MAPP coupling agent exhibits two major steps of
weight loss. The first step is of bamboo at 240 °C and the
second step corresponds to the decomposition of PP at
415°C. It is noticed that, the TGA curve of coupled
composite in the initial stage of weight loss lies in between
both the constituents. Therefore, it can be confirmed that the
addition of bamboo fibres into PP increases the thermal
stability when compared to bamboo alone.

Table 2 shows some of the major mass loss that takes
place at different temperature in case of bamboo fiber,
polypropylene and MAPP coupled bamboo fiber reinforced
polypropylene composite. The weight loss of bamboo fiber



3188  Fibers and Polymers 2021, Vol.22, No.11

Table 2. Variation of change in temperature and mass loss in case
of bamboo fiber, polypropylene and MAPP coupled composite

Temperature at different weight loss (°C)
Ty Tag T3 Ty Tso
276.44 308.58 326.75 348.79 392.88
Polypropylene 451.27 459.18 461.20 469.27 475.33
MAPP coupled composite 286.53 320.69 344.75 441.17 571.51
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Figure 8. FTIR spectra of (a) uncoupled and MAPP coupled
composite and (b) bamboo and PP.

occurs in the range of 240 °C to 320 °C, 320 °C to 350 °C
and 350 °C to 430 °C are mainly due to the decomposition of
hemicellulose, cellulose and lignin respectively. The most
difficult component of the bamboo to decompose is lignin.
When 5 % of MAPP is coupled for bamboo/PP composite,
MAPP dissolves some of the lignin in fiber which makes it
thermally stable.

From the Table 2, it is clear that the temperature required
for different weight losses is more in case of coupled
composite when compared with the bamboo fiber. This
confirms that the coupled composite is thermally stable
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when compared to bamboo fiber alone. Good thermal
stability of bamboo fiber/PP/MAPP composite have potential
for engineering application [1].

Figure 8(a) shows the FTIR spectra of uncoupled and
MAPP coupled composite. Figure 8(b) represents the FTIR
spectra of bamboo and PP. FTIR spectra confirmed the
typical functional group of bamboo fibre and PP. The spectra
of reaction product of PP, MAPP and the bamboo fibre
provided evidence of chemical coupling between bamboo
and PP.

It is clear from Figure 8(a) that the intensity of -OH
stretching in case of uncoupled composite is at 3429 cm™
and whereas in case of coupled composite it decreased and
shifted to 3239 cm™. The intensity of C-O stretching in case
of uncoupled composite is at 1609 cm™. Whereas in case of
coupled composite it increased and shifted to 1800 cm™.
This confirms the esterification reaction between hydroxyl
groups of bamboo fiber and the anhydride group of MAPP.
This formation of ester bonds on the surfaces increases the
interfacial adhesion among the surfaces. The peaks at
2954 cm™, 3035cm’, and 1361 cm™ were attributed to
asymmetric, symmetric and scissor modes of -CH stretching
respectively [12].

It can be observed from Figure 8(b) that the FTIR
spectrum of bamboo fiber showed the presence of bands at
1601 cm™ and 1461 cm™ for C=C aromatic ring [12]. IR
peak at around 3339 cm™ is attributed to OH stretching of
alcoholic group or it may be due to OH stretching of moisture
content. Peak at 2954 cm™ is due to C-H stretching. Two
small peaks at 1461 cm™ and 1237 cm™ indicate the presence
of C=0 group. Peaks from (600-1000) cm™ is due to carbon
impurities. It is clear from the FTIR spectra that, the
interfacial adhesion between bamboo fibre and PP can be
improved by using MAPP as coupling agent [30].

Figure 9(a) and 9(b) shows the variation of moisture
absorption with time for both coupled and uncoupled
composites respectively. It is clear from the figure that, the
moisture absorption in case of coupled composite is less
than that of uncoupled composite. Moisture absorption in
case of coupled composite is around 4 %, whereas, in case of
uncoupled it is found to be around 8.5 %. It is observed that
the moisture absorption in case of uncoupled composite is
almost twice that of coupled composite. The reason for such
an increase in the moisture absorption of uncoupled
composite may be attributed to the fact that bamboo fibre
consists of cellulose which absorbs water. Initially, water
saturates the cell wall of the fibre and further occupies the
void spaces. Therefore higher filler content may generate
more possibility for water to diffuse into the composite. The
presence of MAPP reduces cellular exposure to water as a
result of better wetting of filler by matrix [31].

Less moisture absorption in coupled composite is more
beneficial in many applications. It is also observed that in
both coupled and uncoupled composites with the increase in
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Figure 9. Variation of moisture absorption with time for the
coupled composites (a) and uncoupled composite (b).

fibre content, the moisture absorption increases. For coupled
composite, the moisture absorption in 20 % fibre content is
found to be 0.5 % and that for 50 % fibre content is found to
be 4 %. Effective wetting and encapsulation of bamboo fibre
prevents fibre from forming a continuous network and does
not allow penetration of water into the fibre. Even in
uncoupled, water uptake is restricted even though there is no
strong wetting or interfacial adhesion between fibre-matrix
interfaces. This is due to the fact that fibre is surrounded by
hydrophobic PP but the use of coupling agent will further
restrict the water absorption of bamboo- PP composites [32].
Study on the moisture absorption is very essential to use
the resulting composite material for outdoor applications.
Moisture uptake effects the mechanical properties of the
composite. Moisture absorption of the composites results in
the swelling of natural fiber which is due to the filling up of
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Figure 10. SEM images of coupled (a) and uncoupled composite
(b) with SEM magnification 1.5kx.

the gaps between fiber and the matrix and thus leads to the
failure of the composite. Both tensile and flexural modulus
and strength decreases after moisture absorption in the
composite. This less moisture absorption of the coupled
composite makes it to be used potentially in the outdoor
application such as in constructions and buildings where
there is a continuous exposure to water. Reduced moisture
uptake of the coupled composite prevents swelling of the
composite material. This helps to retain the quality of a
material in spite of its continuous exposure to moisture for a
longer period [33].

Figure 10(a) and 10(b) shows the SEM images of coupled
and uncoupled composites respectively with SEM
magnification of 1.5kx. Figure 11(a) and 11(b) shows the
SEM images of coupled and uncoupled composites
respectively with SEM magnification of 1.00kx. In case of
uncoupled composite, the recovery of fibre in the matrix is
low, indicating a weak bonding. The fibre/matrix affinity is
low, and the primary mechanism of rupture is fibre pull-out.
However, the SEM images of the coupled composite showed
a good fibre-matrix adhesion. Once again, these observations
provide the evidence for the results obtained from the
mechanical test. In the absence of MAPP, there are many
detached fibres and voids. Interestingly in the presence of
MAPP, the fibres are strongly bonded to PP matrix due to
which there is a significant increase in the mechanical
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Figure 11. SEM images of (a) coupled and (b) uncoupled
composite with SEM magnification 1.00kx.

performance of the coupled composite when compared with
uncoupled composite. This is attributed to good dispersion
and the adhesion between bamboo fibre and PP in the
presence of coupling agent MAPP [34].

The composites without MAPP showed surfaces with
deeper fractures, while the composites with MAPP showed
shallower fractures. MAPP coupled composite shows less
erosion when compared to uncoupled composite. This is
attributed to better contact and encapsulation of PP with
bamboo fiber. The fractures present on the surface of the
composite are the very minute or microscopic changes
confirms the loss of tensile properties in case of uncoupled
composite [35].

Conclusion

Composite without the use of coupling agent (MAPP)
showed a lower strength, lower stiffness and higher water
absorption than the coupled ones. MAPP coupled bamboo
fibre filled polypropylene composite exhibits superior
tensile and flexural strength than uncoupled composite
which is attributed to the proper interfacial adhesion
between the filler and the matrix. The notched sample shows
slight increase in the impact strength of the coupled
composite due to the fibre pull out effect. Thermal stability
of Bamboo-PP composite coupled with MAPP improved
when compared to bamboo alone which indicates better
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adhesion between MAPP coupled bamboo-PP composite.
Coupled composites show less moisture absorption than
uncoupled samples so that it can be used in many
applications where moisture absorption is expected to be
minimum. SEM micrographs confirmed the good interfacial
adhesion and chemical bonding of wood fibre with PP
matrix in the presence of coupling agent. FTIR spectrum
revealed that MAPP acts as an effective coupling agent for
bamboo with PP. It is envisaged that bamboo could be used
as an eco-friendly reinforcement to develop new age
composite materials with PP. With a view of minimising
environmental pollution rather than imparting bamboo as a
strong reinforcing effect, the bamboo-PP composite had
reasonably better properties.
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