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Due to environmental and energy conservation concerns, a thrust towards low-cost lightweight materials has resulted in renewed
interest in the development of sustainable materials that can replace nonbiodegradable and environmentally unfriendly materials
in reinforced composites. In this study, mechanical properties of a hybrid composite consisting of polyester resin reinforced with a
blend of sisal and cattail fibres were evaluated.(e composite was fabricated using a hand lay-up technique at varying hybrid fibre
weight fractions (5 to 25wt%) while maintaining a constant fibre blend ratio of 50/50. Composites were also prepared at a constant
fibre weight fraction of 20% while varying the fibre blend ratio between 0 and 100%. Fabricated composites were then char-
acterised in terms of flexural, tensile, compressive, and impact strengths following ASTM and ISO standards. Results showed that,
at a constant fibre blend ratio of 50/50, there was increase in themechanical properties as the fibre weight fraction increased from 5
to 20%. At a constant fibre weight fraction (20%), a positive improvement in flexural, tensile, and compressive properties was
registered as the fibre blend ratio varied between 0 and 75% with optimal values at a sisal/cattail ratio of 75/25. (e current study
suggests that blending sisal and cattail fibres for production of polyester composites yields hybrid composites with enhanced
mechanical properties.

1. Introduction

Hybrid composite materials are made up of two or more
physically distinct and mechanically separable components,
existing in two or more phases [1]. Normally, this aims at
exploiting properties of different fibres while retaining their
desirable individual characteristics in the resultant product.
Since time immemorial, synthetic fibres such as carbon, glass,
and aramid have dominated the composite manufacturing
sector because of their low cost of production and fairly good
mechanical properties [2]. However, with increasing envi-
ronmental concerns, studies on the possibility of replacing
synthetic fibres with natural fibres for polymer composite
manufacture are on the rise [3, 4].

Natural plant fibres possess attractive advantages in
comparison to their traditional synthetic counterparts such as

glass and carbon fibres. While offering low density, high
specific strength, and stiffness, natural fibres produce com-
paratively less toxic fumes when subjected to heat or during
incineration at end life. In addition, they are renewable and
biodegradable reinforcing agents, are not abrasive for pro-
cessing tools, are cheap, and the feedstock for their pro-
duction are usually readily available [5–7]. Unlike synthetic
fibres, such ecologically friendly materials hardly impact the
health of workers using them [5, 8]. Also, their introduction in
composites economises the amount of the polymeric matrix
used, offering obvious economic and environmental advan-
tages [9].(us, the new class of materials can be considered as
a substitute to environmentally unfriendly plastic products in
many nonstructural applications such as ceiling boards, walls,
room partitioning, door panels, automotive industry, elec-
tronics, and food packaging [1].
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Kenya produces approximately 25,310 tonnes of sisal
fibres annually while cattail plant (Typha angustifolia) is a
wild marginal weed present in most wetlands [10, 11]. Sisal
fibres are widely used due to their availability with each plant
producing 200–250 leaves, and each leaf produces
1,000–1,200 fibre bundles [12]. On account of their better
mechanical properties and abundance in most parts of the
country, sisal fibres could be a promising reinforcement
material in hybrid composites. (e use of cattail fibres could
control the invasive cattail weed and create job opportu-
nities, as well as enhance environmental conservation.

Several researchers have investigated the effect of
hybridising natural fibres such as sisal, jute, hemp, coir, and
cattail on polymer matrices and how they improve the
mechanical properties of the resultant polymer composites.
In one of the pioneer studies, Bajwa et al. [13] evaluated a
hypothesized use of cattail as a potential cellulosic raw
material for the manufacture of commercial composite
panels (particleboards). In their study, low-density parti-
cleboards with varying proportions of cattail and wheat
straw mixed with 3% methylene diphenyl diisocyanate resin
(pMDI) had better mechanical properties than the indi-
vidual fibres used singly. A blend consisting of 75% cattail
and 25% wheat straw particles exhibited superior average
mechanical properties for application in the particleboards.
Overall the mixed blends performed better than the control
100% wheat straw or cattail in flexural stiffness and flexural
strength.

In another investigation, Venkateshwaran et al. [14]
reported that the mechanical performance of a hybrid
composite reinforced with banana and sisal fibres in epoxy-
based composites resulted in an increase in the mechanical
properties of the composite. To the best of our knowledge,
no study in open literature has reported on the mechanical
properties of hybridized sisal and cattail fibres used in the
manufacture of composites.(erefore, the present study was
designed to fabricate sisal-cattail fibre-reinforced polyester
hybrid composite as an alternative raw material for non-
structural applications.

2. Materials and Methods

Unsaturated polyester resin (UPR) and methyl ethyl ketone
peroxide (MEKP) were procured from Henkel Chemicals
(E.A.) Ltd, Industrial area, Nairobi, Kenya. Sisal fibres,
traditionally popular for making twine and ropes, were
generously supplied by Lomolo Sisal Estate Ltd, Mogotio,
Baringo county, Kenya. Green mature cattail plant leaves
were obtained from cattail (Typha angustifolia) plants from a
swamp near Moi University staff quarters, Uasin Gishu
county, Eldoret, Kenya.

2.1. Preparation of Cattail Fibres and Polymer Matrix.
Cattail leaves were separated from the stalk grouping at the
base of the leaf followed by mechanical decortication process
to extract the fibres. (e fibres were then carefully dried at
80°C in an oven for 1 hour to remove excess moisture that
would otherwise lead to poor fibre-matrix adhesion.

Mechanical properties of the neat unsaturated polyester
resin (UPR, GP 1778) were density 1.23 g/cm3, tensile
strength 29.20MPa, tensile modulus 2,194.70MPa, flexural
strength 70MPa, impact strength 9 kJ/m2, and an elongation
at break 4.2%.

2.2. Composite Fabrication. Cattail-sisal fibre-reinforced
hybrid composites were prepared by simple hand lay-up
technique as described by Borah et al. [1] with slight
modifications. A mould measuring 310× 310× 25mm was
fabricated using a polished iron metal sheet from which a
composite of dimensions 300× 300mm was prepared. (e
mould was cleaned using acetone followed by application of
the mould release agent (MR8) on the inner surfaces. (e
inner surfaces were then covered with aluminium foil to
minimise the chances of sticking onto the mould surfaces
and to provide good surface finish. (e experimental design
for the amount of matrix material and the reinforcements
used in the polymer composite are summarized in Table 1.

Unsaturated polyester resin (UPR) and hardener
(MEKP) were mixed in a ratio of 1 : 0.02 by mass as per the
manufacturer’s instructions and stirred thoroughly. Cattail
and sisal fibres were weighed using a calibrated Mettler
PM200 digital analytical balance (Marshall Scientific,
Hampton, NH, USA) based on their weight percentages in
the hybrid for each experimental setup and then thoroughly
mixed with hands in a bowl. Hand mixing was preferred
since it allowed separation of similar fibres that tended to
stick together during mixing. (is therefore ensured uni-
form dispersion of the fibres, minimizing defects in the
resultant composites.

(e resin was then mixed with blended fibres and stirred
for 15 minutes to ensure uniform dispersion of fibres within
the resin. (e content was then poured into the mould and
then spread gently to ensure uniform thickness of the re-
sultant composite (Figure 1). To prevent air entrapment
during fabrication, a thin plastic sheet (Velvex) was used to
cover the mould and then pressed gently and uniformly
using a pressure roller. (e target thickness of the composite
was controlled using a distant bar. (is bar prevented the
male mould/lid from going beyond a certain level during
pressing and thus controlling its thickness. (e composites
were allowed to cure at ambient conditions for 6 hours under
3.27 kNm−2 compressive pressure after which they were
trimmed prior to mechanical tests.

2.3. EvaluationofMechanicalProperties. Composite samples
(n� 5) for various mechanical tests were conditioned for 48
hours at ambient conditions of temperature (23± 2°C) and
relative humidity (65%) prior to evaluation. Tensile and
compression tests were conducted using a universal testing
machine (UTM-TH2730, Rycobel, Belgium) with a maxi-
mum load cell of 5 kN. (e tensile and compressive prop-
erties were determined in accordance with ASTM D638-
2014 and ASTM D3410M-2003 standards at loading rates of
2mm/min and 5mm/min, respectively.

(ree-point bending property tests were conducted in
accordance with the ASTM D790-2003 standard using a
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universal material testing machine (Model UT-10, Enkay
Enterprises, India) at a loading rate of 2mm/min. Tensile,
flexural, and compressive moduli were computed from the
stress-strain curves. Impact strength was estimated using a
Charpy impact tester (Model HLE, Enkay Enterprises, India)
as per ISO 179-1:2000 standard.

2.4. Fractography Studies. Surface morphology of untreated
sisal/cattail polyester hybrid composites was investigated
using MSX-500Di Scopeman Digital Microscope (Herter
Instruments, Barcelona, Spain).

2.5. Statistical Analysis. Analytical data were presented as
means± standard deviations of five different measurements.
One-way ANOVA was done followed by Tukey test
(p< 0.05) using SigmaPlot software (v14, Systat Software
Inc., USA). Graphical presentations were done using
Microsoft Excel 2016 (Microsoft Corporation, USA) [15].

3. Results and Discussion

3.1. Flexural, Tensile, and Compressive Strengths of Hybrid
Composites atConstantFibreBlendRatio. Figure 2 shows the
flexural, tensile, and compressive strengths of the com-
posites at a constant fibre blend ratio of 50/50 and varying
fibre weight fractions. (e flexural, tensile, and compressive
strengths increased by 62.3%, 88.75%, and 45.24% as the
hybrid fibre weight fraction increased from 5 to 20wt% with
the maximum values of 44.92, 31.40, and 23.99MPa, re-
spectively (Supplementary File 1).

(ere were significant differences (p< 0.05) between the
mean flexural, tensile, and compressive strengths of the
composites formed by varying hybrid fibre loadings.(is may
be attributed to the increase in the amount of fibres as load
bearing elements in the composites and their uniform dis-
tribution in the matrix as fibre loading increased to 20wt%.
(e recorded values could be due to the better fibre-matrix
bond resulting from uniform distribution of the fibres and the
presence of sisal fibres in the composites (Figure 3) [16, 17].

Figure 1: Fabrication of polyester hybrid composites.

Table 1: Experimental design for fibre weight fraction and fibre blending (sisal/cattail).

Test no. Fibre weight fraction (% wt/wt) Fibre blending
1 5 50/50
2 10 50/50
3 15 50/50
4 20 50/50
5 25 50/50
6 20 0/100
7 20 25/75
8 20 50/50
9 20 75/25
10 20 100/0
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However, there was a drop in flexural, tensile, and com-
pressive strengths by 15.43%, 15.08%, and 20.58%, respec-
tively, as the hybrid fibre weight fraction increased from 20 to
25%. (is could be attributed to the possible poor interfacial
bonding between the fibres and the matrix as a result of
reduced fibre wetting [17–19].

Figure 4 shows a fracture micrograph of the flexural in-
vestigation test specimen for the hybrid composite at 25wt%
and a constant (50/50) percentage of sisal/cattail fibre in the
hybrid.

(is optical image shows fibre-pull-outs for both sisal
and cattail fibres and thus a clear indication that there is poor
stress transfer between the fibres. (is is due to poor fibre
wetting (fibres are clear i.e., no matrix on their surfaces)
which leads to poor matrix-fibre bond and therefore
resulting in higher pull-outs.

3.2. Flexural, Tensile, and Compressive Moduli of Hybrid
Composites atConstantFibreBlendRatio. Figure 5 illustrates
the effect of varying fibre weight fraction at a constant fibre
blend ratio of 50/50 on the flexural, tensile, and compressive
moduli of hybrid composites. It can be seen clearly from the
results that there was an increase in flexural, tensile, and
compressive moduli of the resultant hybrid composites with
increase in hybrid fibre loading.

(e flexural moduli of the hybrid composites increased by
45.32%, 25.99%, and 16.08% as the hybrid fibre loading in-
creased from 5 to 10, 10 to 15, and 15 to 20wt%, respectively,
attaining an optimum value of 4.45GPa. (e flexural moduli
recorded in this study between 5 and 20wt% hybrid fibre
loading are comparable to that of cattail/polyester composites
reported by Rezig et al. [20] whose flexural moduli were
4.80GPa for sea water-treated fibres at 10.3wt%. Such in-
creases in flexural moduli may be attributed to the increase in
the amount of load bearing elements, fibres, and their uni-
form distribution within the composites which make the
composites stiffer. On the contrary, tensile moduli of the
resultant composites improved as the hybrid fibre loading
increased from 5 to 10, 10 to 15, and 15 to 20wt% by 90.53%,

32.54%, and 9.68%, respectively. Amaximum tensile modulus
of 3.81GPa was attained at 20wt%. (e reported value was
close to 3.09 GPa reported for the sisal/polypropylene
composite by Joseph et al. [21]. In addition, the com-
pressive moduli of the composites increased by 49.29%,
52.97%, and 24.38% as the hybrid fibre loading increased
from 5 to 10, 10 to 15, and 15 to 20 wt%, respectively, with
the highest compressive moduli of 2.82 GPa recorded at
20 wt%.

Overall, similar patterns of increase in flexural, tensile,
and compressive moduli to some level with increase in

Sisal/cattail fibres 
evenly dispersed × 30

Figure 3: Micrograph of the sisal/cattail composite with 20%
hybrid fibre weight fraction at constant fibre blend ratio.

Sisal/Cattail fibre pull-outs

× 25

Figure 4: Fracture image of the hybrid composites (20wt% at
constant 50/50 sisal/cattail ratio in the blend) after flexural test.
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Figure 5: Flexural, tensile, and compressive moduli of hybrid
composites at a constant fibre blend ratio of 50/50 and varying
hybrid fibre weight fraction.
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Figure 2: Flexural, tensile, and compressive strengths of hybrid
composites at a constant fibre blend ratio of 50/50 and varying
hybrid fibre weight fraction.
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hybrid fibre loading has been reported by preceding studies
[1, 22, 23]. It is advanced that such increments could be due
to the proper distribution and impregnation of load bearing
elements in the matrix. In the current study, statistical
analysis indicated that hybrid composites fabricated by
varying hybrid weight fractions performed differently
(p< 0.05). Further addition of fibres, i.e., 20–25wt% led to a
drop in flexural, tensile, and compressive moduli. (is can
be attributed to the nonuniform distribution of stresses due
to the development of large stresses at low strains due to
poor impregnation of fibres by the matrix and the possibility
of air space creation at higher fibre loadings [24].

3.3. Impact Strength of Hybrid Composites at Constant Fibre
Blend Ratio. (e results of varying hybrid fibre weight
fraction at a constant fibre blend ratio on the impact strength
of the hybrid composites are shown in Figure 6.

(ere was no significant change (p> 0.05) in impact
strength as the fibre loading increased from 5 to 10wt%.
However, further fibre loading from 10 to 20wt% resulted in
a significant increase (p< 0.05) in impact strength, recording
an optimum value of 25.61 kJ/m2 at 20wt% which was
followed by a drop in impact strength at 20–25wt%. (is
trend was comparable to a previous study where there was
no change in impact strength between 5 and 10wt% fol-
lowed by a moderate increase in impact strength between 10
and 20wt% and a significant drop (p< 0.05) at 25wt% [18].
(e behaviour observed between 5 and 10wt% may be at-
tributed to the brittle nature of the resultant sisal/cattail
hybrid composites where low fibre loadings result in less
longitudinal fibres at the impacted area which subsequently
results in a decrease in the resistance to crack propagation.
Furthermore, there were no observed differences in the
failure modes of the composites within this range. Larger
serrated fracture surfaces were observed at 20wt% as
compared to other composites which had more less sharp
fractures. (is may be the reason why high impact values
were reported at 20 wt% as serrated fractures are reported to
absorb more impact energy [25]. Reduction of impact
strength between 20 and 25wt% may further be due to the
increase in fibre-to-fibre contact resulting in fibre agglom-
eration which eventually leads to a drop in fibre-matrix
stress transfer [19, 26].

3.4. Flexural, Tensile, and Compressive Strengths of Hybrid
Composites at Constant Fibre Weight Fraction. Figure 7
shows the flexural, tensile, and compressive strengths of
hybrid composites produced using a constant fibre weight
fraction of 20% and varying fibre blend ratios.

(e flexural, tensile, and compressive strengths in-
creased by 121.83%, 75.46%, and 62.69% as the percentage of
the sisal fibre in the blend was increased from 0 to 75% to
give peak values of 45.97, 32.39, and 25.43MPa at 75/25
sisal/cattail fibre blend ratios, respectively. Analysis indi-
cated that the flexural, tensile, and compressive strengths for
each set of the composites were significantly different
(p< 0.05) from each other. (ese findings were comparable
with previous studies on sisal/SiC powder polyester

composites with a tensile strength of 28.60MPa [27] and
banana/coconut shell powder epoxy or vinyl ester com-
posites with flexural strengths recorded between 43.08 and
45.28MPa [28]. It is worth noting that better mechanical
properties were reported in hybrid composites than unhy-
bridized cattail/polyester composites. (is reveals a positive
hybridisation effect on cattail fibres [13] and can be at-
tributed to better dispersion of fibres in the hybrid com-
posites compared to those fabricated from 100% cattail fibres
[29].

Flexural, tensile, and compressive strengths of cattail/
polyester composites were much lower compared with sisal/
polyester composites. (is trend can be explained by the fact
that tensile properties of sisal fibres are higher than those of
cattail fibres and thus implying that the reinforcing effect of
sisal fibres in the matrix is better than that of cattail fibres
(Figure 8) [17]. It was also noted that the diameter of the sisal
fibre was less than that of the cattail fibre, and therefore, the
surface area of the fibre exposed to the matrix is higher in
sisal/polyester composites than in cattail/polyester com-
posites [17, 29, 30]. (is therefore ensures good physical
interaction between the fibres and thematrix as well as better
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Figure 6: Impact strength of hybrid composites at a constant fibre
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stress transfer between the fibres and the matrix in sisal fibre-
reinforced composites. (is explains the trend noted in this
study where flexural, tensile, and compressive strengths in-
creasedwith increase in sisal fibres in the hybrid from 0 to 75%
as synergism is created [29]. Furthermore, as the percentage of
sisal fibre loading increased in the hybrid from 75 to 100%, a
drop by 31.20%, 14.59%, and 7.41% in flexural, tensile, and
compressive strengths, respectively, was observed (Supple-
mentary File 1). (e findings are consistent with a previous
finding [29], and it can be attributed to fibre agglomeration
caused by higher sisal fibre loading which leads to decrease in
stress transfer between sisal fibres and the matrix.

3.5. Flexural, Tensile, and Compressive Moduli of Hybrid
Composites with Constant Fibre Weight Fraction.
Figure 9 illustrates the effect of varying fibre blend ratios at a
constant fibre weight fraction of 20wt% on the flexural,
tensile, and compressive moduli of the hybrid composites.

(e flexural, tensile, and compressive moduli of the
hybrid composites increased as the proportion of sisal fibres
in the hybrid increased from 0 to 75% with peak values of
4.26GPa, 3.82GPa, and 2.70GPa, respectively. Further in-
crease in the percentage of sisal in the hybrid from 75% to
100% resulted in a significant decline in flexural, tensile, and
compressive moduli of the composites by 30.16%, 85.78%,
and 73.43%, respectively. (is trend is consistent with
previous studies that produced banana/sisal and cattail/
wheat straw polymer-reinforced hybrid composites [29, 31]
and can be attributed to higher compatibility and uniform
distribution of fibres in the matrix resulting in good transfer
of stress between the matrix and the fibres. Decrease in
flexural, tensile, and compressive moduli of the composites
at higher sisal fibre loading could be attributed to fibre
agglomeration and therefore poor fibre-matrix bond [32].
From these results, there was a positive hybrid effect in
flexural, tensile, and compressive moduli where cattail/
polyester composite modulus was much lower compared
with the sisal/polyester hybrid composites.

3.6. Impact Strength at a Constant Fibre Weight Fraction of
20%andVaryingFibreBlendRatios. Figure 10 delineates the

effect of varying the percentage of the sisal/cattail fibre in the
hybrid at a constant hybrid fibre weight fraction of 20wt%
on impact strength of the composites.

(e impact strength of the hybrid composites improved
steadily as the percentage of the sisal fibre increased from 0
to 100% by 58.72% with a maximum value of 34.40 kJ/m2 at
100/0 sisal/cattail ratio. (is trend is concordant with pre-
vious studies in which sisal/polymer composites exhibited
better impact properties [9, 16, 31, 33]. (e gradual increase
in impact strength with increase in the sisal fibre loading
could be due to its porous nature and the high microfibrillar
angle of sisal fibres [29]. (erefore, impact strength in-
creased as the sisal fibre component of the hybrid was in-
creased, and this could have been because of the better
composite fracture toughness associated with high spiral
angle of sisal fibres as well as their porous nature [34]. (us,
there was a negative hybrid effect on the impact strength of
the composites since sisal/polyester composites revealed
better impact strength properties than cattail/polyester
composites.
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Figure 8: Micrograph showing the reinforcing effect of sisal and
cattail fibres.
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3.7. Surface Morphology. Figure 11 shows fracture micro-
graphs of tensile investigation test specimens for the hybrid
composite at 20wt% and a constant (50/50) percentage of the
sisal/cattail fibre in the hybrid. (e optical images show a
relatively higher percentage of fibre fracture, where more of
these breakages were cattail fibres. Likewise, substantial fibre-
pull-outs were noted, and most of these were sisal fibres.
Higher percentages of fibre breakages (cattail> sisal) may be
attributed to increase in fibre-to-resin ratio from 5 to 20wt%.
Furthermore, serrated breakages of cattail fibres at the frac-
tured edge of the composites instead of fibre-pull-outs were
observed, possibly because of their low tensile strengths (due
to their low cellulose content) as compared with sisal fibres
[34, 35].

On the contrary, the serrated and twisted ends of sisal
fibres observed may be attributed to good interfacial
bonding and better strength of the fibres. (erefore, the
failure mechanism noted here was both fibre-pull-outs
(mainly sisal fibres) and fibre fracture (mainly cattail fibres
and partly sisal fibres).

At 20wt% hybrid fibre weight fraction and 75/25 sisal/
cattail fibre blend, a relatively high fibre-pull-out and low
fibre fracture were observed (Figure 12).(is could be due to
the fact that there were less cattail fibres (25%) in this
fabrication as compared with sisal fibres (75%). (erefore,
the low strength of cattail fibres (due to their low cellulose
content) [34, 35] resulted in most breakages. Since, the
strength of sisal fibres was relatively good, fibre-pull-outs (of

most sisal fibres) and breakages (of some sisal fibres) were
noted. Since the percentage of sisal fibres was higher than
that of cattail fibres, these composites exhibited better
mechanical properties.

(us, the current study augments previous studies which
indicated that hybridization of natural fibres in polymer
composites improves the mechanical properties of the re-
sultant composites [9, 17, 31, 36, 37].

4. Conclusion

(e current study investigated the effects of reinforcement of
polyester composites with sisal/cattail fibre blends. It was

Sisal fibre 
serrated 
fracture

× 30

Sisal fibre pull-out

(a)

× 55

Cattail fibre 
serrated fracture 
along the plane

(b)

Void due to fibre pull-out

× 35

(c)

Figure 11: Hybrid composites with 20wt% hybrid fibre weight fraction and 50/50 sisal/cattail fibre content in the hybrid after tensile test.

Sisal/cattail fibre 
fracture and some 

pull-outs

1.6mm

Figure 12: Hybrid composite at 20wt% hybrid fibre weight
fraction and 75/25 sisal/cattail fibre content in the hybrid after
tensile test.
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noted that polyester hybrid composites fabricated at a
constant fibre weight fraction of 20% had optimal flexural,
tensile, and compressive strengths at a sisal to cattail blend
ratio of 75/25. Impact strength increased with increase in the
sisal content of the fibre blends. Failure mechanism of sisal/
cattail fibre-reinforced polyester composites in this study
was due to fibre-pull-outs (mainly sisal fibres) and fibre
fracture (mainly cattail fibres and partly sisal fibres). Further
research should examine the effect of chemical treatment of
the fibres on the properties of the reinforced hybrid
composites.
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