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ABSTRACT: The growing global concern over environment protection has led to the application of natural fiber reinforced polymer
composites as alternative materials in manufacturing sectors. Various natural fibers are therefore being explored for reinforcement of
polymer matrices. In the present work, murta bast fibers of varying length and weight percent are mixed randomly with the epoxy
matrix and the composites are prepared from these mixtures by using the hand lay-up method. The composites are characterized on
the basis of density, thermal gravimetric analysis, infrared spectroscopy, scanning electron microscopy, tensile strength, flexural
strength, compressive strength, impact strength, and Rockwell hardness studies. Tensile, flexural, and compressive moduli of the com-
posites are also determined. The tensile strength of the composite was analyzed in the light of the different analytical models. Compo-
sites containing 30 weight % fibers of length 25 or 35 mm have the optimum mechanical properties. Murta bast fiber has the

characteristics to become a good natural material for reinforcement. © 2016 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2016, 133, 44142.
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INTRODUCTION

The growing global concern over the negative impact of human
activities on environment has led to consider natural fiber rein-
forced polymer composites as one of the alternative materials
for manufacturing eco-friendly and economically viable prod-
ucts for use in automobile, construction, electrical, sports, pack-
aging, household, etc. sectors. This has given an impetus to the
research in the field of polymer composites and researchers are
faced with the challenge of bringing out better composite mate-
rials. As a result, various natural fibers have been explored for
reinforcing polymer matrices.'™” The advantages of using natu-
ral fibers for reinforcement of polymers are easy availability,
renewability, biodegradability, low density, high specific
strength, noncorrosive nature, and low cost. In a recent report*®
the fibers extracted from the core of the stems of murta (Schu-
mannianthus dichotomus) plants (which is referred as murta
core fiber) were used for reinforcing the polymer containing
AW106 epoxy resin and HV953U hardener (in the ratio of 2:1
by volume) and the mechanical properties of the resultant poly-
mer composite were characterized. Murta plants are grown in
Assam and West Bengal states of India, north-eastern parts of
Bangladesh, Myanmar, Thailand, Cambodia, Vietnam, Malaysia,
and Philippines. Murta fibers are exclusively used for making
various handicraft products and out of these products the mat
is very popular in India and Bangladesh. It may be mentioned
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that only the fibers extracted from the outer layer of the stems
of murta (which is referred as murta bast fiber) are used for
making handicraft products. There is just one report on murta
bast fiber reinforced polymer composite by Akter et al.*® where-
in the authors investigated the effect of talc amount on the
characteristics of an unsaturated polyester resin reinforced by
mats of murta bast fiber. The potential use of murta bast fiber
for reinforcement of polymer matrices and the effect of its
length and loading on the properties of polymer composites are
yet to be investigated in detail. Such an investigation is worth
carrying out in view of the significance of natural fiber rein-
forced polymer composites and their applications in various
sectors as already mentioned above. Therefore, in the present
article murta bast fiber is characterized first by determining its
chemical composition and properties, and then the effect of its
length and loading on the various properties of epoxy compos-
ite is investigated.

The main disadvantage about using natural fibers for reinforce-
ment is its incompatibility with polymer matrix because of
hydrophilicity of fiber and hydrophobicity of polymer, which is
overcome by surface modification of the fibers by chemical
treatments. Different chemical treatments are used for surface
modification and the studies carried out by different research
groups®®™® have established that such chemical treatments
improve the mechanical performance of the composites. Among
the different reported,”®™  alkali

methods treatment or
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mercerization is one of the most commonly used methods and
the concentration of sodium hydroxide (NaOH) solution used
varied from 0.5% to 10%. In the present study 2% sodium
hydroxide (NaOH) is arbitrarily chosen for surface modification
of murta bast fiber.

EXPERIMENTAL

Materials

Araldite AW106 epoxy resin and HV953U hardener were pro-
cured from a local supplier and used as supplied. Araldite
AW106 contains bisphenol A diglycidyl ether with an epoxide
equivalent weight equal to 214-221 g eq '. The hardener
HV953U contains N-(3-dimethyaminopropyl) —1,3-propylenedi-
amine. Laboratory reagent grade NaOH (S. D. Fine Chemicals,
India) was used for treating the fibers.

Extraction and Processing of Fibers

The mature stems of the murta plants were collected and every
stem was split lengthwise into four equal parts. From each one-
fourth part of the stem the outer portion was separated and
soaked in water for about one month which made the manual
extraction of the fibers easier. The fibers thus collected were
thoroughly washed with water and then boiled for two hours in
2% (w/w) NaOH solution. The fibers, after removing from the
NaOH solution, were initially washed with water and finally
with distilled water. These fibers were sun dried first, and then
kept in an oven at about 60°C for 24 hours and finally at
100 °C for 2 hours. The treated fibers were cut into required
lengths.

Preparation of the Composite

AW106 epoxy resin and HV953U hardener were mixed in a
stainless steel container in the ratio of 1:1 by volume and added
weighed amount of the chemically treated fibers of chosen
length. The contents were then thoroughly mixed by stirring.
The lengths of the fiber chosen are 15, 25, 35, and 45 mm. Sili-
cone oil was applied on the inner sides of the mould and then
the stirred mixture was cast into the mould of 140 mm X
140 mm X 5 mm size. Releasing the polymer composite from
the mould was made easy by applying silicone oil. The mixture
was spread uniformly over the mould using a steel roller which
also helped to remove any trapped air bubbles. The content was
then kept under pressure for 24 hours at room temperature.
The sheet was removed from the mould and kept in hot air
oven (about 70 °C) for another 24 hours. The prepared com-
posite was cut into equal pieces measuring 140 mm X 25 mm
X 5 mm and these pieces were used for carrying out various
measurements. The pure polymer matrix was also prepared sim-
ilarly without adding the fiber to the resin + hardener (1:1)
mixture.

Measurements

The densities of the polymer, fiber, and the composites were mea-
sured at room temperature (25 = 0.5 °C) by following the ASTM
D792 standard method which is based on the Archimedes” princi-
ple. For water absorption test of the polymer and composites, the
samples of dimension 75 mm X 25 mm X 5 mm were prepared
and then kept in an oven for 24 hours by maintaining the tem-
perature at 80 = 3 °C. The samples were then cooled in desiccator
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and immediately their weights were noted. Thereafter the samples
were immersed in distilled water for 24 hours. The samples were
removed from water one at a time and the surface water was
wiped off with a dry cloth and the weights were again noted.
From the increase in weight of the soaked sample the % of water
absorption was then calculated. The weighing was done in a Met-
tler Toledo AG245 Electronic Balance. The analysis of the untreat-
ed murta fibers for determining the chemical composition was
done by the Indian Jute Industries’ Research Association, Kolkata,
India, by using the reported chemical analysis methods.*'~™**
Thermo gravimetric analysis (TGA) was done by using Perkin
Elmer STA 6000 Simultaneous Thermal Analyzer. The sample
(5 mg) was taken in alumina crucible and the analysis was carried
out under nitrogen atmosphere (maintained with a continuous
flow rate of 100.0 mL min~') at a heating rate of 10 °C min~ ",
JEOL JSM 6360 high-resolution scanning electron microscope
(SEM) was used to take the SEM images of fiber and the compo-
sites at an accelerating voltage of 20 kV. The samples were sputter
coated with a layer of homogenous gold to facilitate dissipation of
charge during imaging. The infrared (IR) spectra of the fiber,
polymer, and composite were taken in Perkin Elmer Spectrum
Two FTIR spectrometer. The sample pellets were made in KBr.
Tensile, flexural, and compressive strengths of the samples were
measured in a Universal Testing Machine (INSTRON Model
8801) at a test speed of 5 mm/min and gauge length of 50 mm.
The Izod impact strength of the samples were measured in a Pen-
dulum Impact Tester (FIE Model IT-30). The Rockwell hardness
of the samples were measured in HRL scale in a Digital Rockwell
Hardness Tester (FIE Model RASNE-1) by using 1/4 inch steel
ball indentor and 60 kg load. The measurements of strengths and
hardness were made in the Mechanical Engineering Department
of Indian Institute of Technology, Guwahati, India, at room tem-
perature (25 = 1 °C). Sample specimens for the different measure-
ments were prepared according to the ASTM standards. In the
case of density, TGA, water absorption, tensile, flexural, compres-
sive, impact, and hardness tests, the measurements were repeated
using three specimens for each of the composite sample. The val-
ues of the different properties reported here are the average
values.

RESULTS AND DISCUSSION

Characteristics of Fiber and Density

The properties and chemical composition of the bast and core
fibers of murta are listed in Table I. The properties and chemi-
cal compositions of a few known natural fibers are also given in
Table 1 for the sake of comparison. The experimental density
values of the composites are presented in Figure 1. The density
of the composites increased with increase in the weight % of
the fiber. Composites are found to have higher density than the
polymer (1.06 g cm™>) and when the fiber load exceeded 20
weight % the composite density even became slightly higher
than the density of the fiber (1.10 g cm™?) indicating thereby
that the composites are compact and have negligible void. As
can be seen from the SEM images (Figure 2) the treatment of
the fiber renders its surface more uneven with formation of pits
and such a surface facilitates better cohesion between the fiber
and matrix. The cohesive interaction between the fiber and the
polymer is also evident from the IR spectra shown in Figure 3.
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Figure 1. Density of the composite as a function of weight % of fiber of
different lengths. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

In the fiber, the IR band at 3490 c¢m ™'
stretching, whereas in the polymer the IR band at 3450 cm ™
corresponds to OH and NH stretching. The increase in intensity
and the broadening of the IR band at 3450 cm ™' of the poly-
mer on fiber loading confirm that enhancement of hydrogen
bonding takes place during formation of composite. The cohe-
sive interaction because of hydrogen bonding between the fiber
and the polymer renders compactness to the composite, which

corresponds to OH
1

probably causes contraction on mixing the polymer and fiber
thereby resulting in the increase of density. The density of the
composite with 35% fiber loading is slightly lower than that of
composite with 30% loading. This may be attributed to agglom-
eration of fibers causing increase in volume of the composite.

Water Absorption

The water absorption behavior of the composites is shown in
Figure 4. The amount of water absorbed by the composite tends
to increase with increase in the weight % of fiber and fiber
length. The maximum water absorbed is about 14% by the
composite with 35 weight % of 45 mm fiber. This appears to be
not very high considering the hydrophilic nature of lignocellu-
losic fibers. For example, jute reinforced polyester composite is
reported® to have about 25% water absorption.

Thermal Behavior

The thermograms obtained from the TGA are shown in Figure
5 and they illustrate the response of the fiber, polymer, and
composites to thermal energy. In the first stage, the fiber loses
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Figure 3. FTIR spectra of the fiber, polymer, and composite (containing
30% fiber). [Color figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com.]

about 6 weight % near 100 °C. This initial weight loss is consid-
ered to be as a result of evaporation of water from the fiber sur-
face, which is a common feature with natural fibers because of
their hydrophilic nature. The second stage between 100 and
240 °C is almost a flat region and the fiber loses an additional
1% weight only, which perhaps is because of removal of the
internal bound water. In the third stage, the sudden thermal
degradation of the fiber begins and continues up to about
350 °C resulting in a weight loss of about 53%. Yang et al.** iso-
lated hemicellulose, cellulose, and lignin from the palm oil
waste samples and determined their individual pyrolysis curves
from TGA. Based on these reported®’ thermograms of the three
major components of natural fibers, an attempt is made here to
calculate the total weight loss of murta fiber at the end of third
stage of degradation. From the reported thermograms it is
found that at 350 °C temperature the weight losses of hemicellu-
lose, cellulose, and lignin are 63%, 50%, and 25%, respectively.
In the light of the composition of murta bast fiber (Table I), at
350 °C the fiber is therefore expected to lose 12%, 28%, and 4%
weights because of degradation of hemicellulose (63% of 19%),
cellulose (50% of 56%), and lignin (25% of 16%), respectively.
The predicted total weight loss of the fiber at 350 °C is then
equal to 51% (44% because of degradation of hemicellulose,
cellulose, and lignin and 7 weight % because of water evapora-
tion). Interestingly, the weight loss at 350 °C that we obtained
from the experimental thermogram shown in Figure 5 is equal

Figure 2. SEM images of (A) untreated and (B) treated fiber.
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Table 1. Composition and Properties of Murta and Other Fibers
Cellulose Hemi-cellulose Lignin Density

Fiber (%) (%) (%) (gem™3) TS (MPa) Ref.

Murta bast fiber 56 19 16 1.10 378=13 Present work
Murta core fiber 38 26 22 0.94 242 + 24 Present work, 24
Jute 71 20 13 1.3 393-773 21

Sisal 65 12 10 1.5 511-635 21

Coir 43 0.3 45 1.2 175 21

bamboo 26-43 30 21-31 0.8 140-230 1,21

Flax 71 21 2 1.50 345-1035 21

Kenaf 72 20 9 930 21

to 53% which is in good agreement with the predicted value.
The fourth stage of thermal degradation of the fiber above
350 °C takes place slowly. According to the TGA results of Yang
et al,” cellulose undergoes fast degradation in one stage
between 315 and 400 °C to lose 95% of its weight, lignin’s deg-
radation takes place very slowly from 240°C onwards (<0.15
weight %/°C) and the degradation of hemicellulose is fast from
220 to 315 °C followed by a very slow degradation (<0.1 weight
%/°C). Therefore, the slow thermal degradation of murta fiber
in the fourth stage is because of the slow degradation of hemi-
cellulose and lignin. The characteristics of thermal degradation
of the polymer and the composites are similar and occur in one
fast step. The polymer (epoxy resin to hardner ratio =1:1) is
thermally stable up to 325 °C which is higher than the thermal
stability of the polymer with epoxy resin to hardner ratio = 1:2
(293 °C).?® Although reinforcement by the natural fiber reduces
the thermal stability of the polymer matrix, the composites with
30-35 weight % fiber still have thermal stability up to nearly
300 °C.

Tensile Strength and Modulus

The measured tensile strength (TS) of the polymer (33.4 MPa)
and composites are shown in Figure 6(A). The TS of a compos-
ite is governed by several factors such as length of the fiber,
amount of the fiber, orientation of fibers in the matrix, distri-
bution of fibers in the matrix, fiber—-matrix adhesion, etc. In the
present study, the composites were prepared from the mixtures
obtained by mixing the fibers randomly with the polymer
matrix, and only length and amount of fiber are used as the
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Figure 4. Amount of water absorbed by the composites as a function of
weight % of fibers of different lengths. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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variables to monitor the characteristics of the composite. The
TS of the composite becomes maximum at a critical length and
amount of the fiber and such type of dependence of TS on fiber
length and amount is a common feature in natural fiber rein-
forced composites.”'®'* When the composite contains 30
weight % of 35 mm fiber the TS is found to become maximum
and is equal to 74.9 MPa, which amounts to an increase of
124% compared to the TS of the neat polymer. It is observed
that the composite containing 30 weight % of 25 mm fiber also
has nearly maximum TS equal to 74.3 MPa. Beyond 30 weight
% fiber load, the TS starts decreasing and this is attributed to
agglomeration of the fibers causing discontinuity in the com-
posite and weakening of fiber—matrix adhesion. The SEM
images shown in Figure 7 confirm the change in the morpholo-
gy of the composite containing 35 weight % fiber which envi-
sages agglomeration of fibers.

The tensile stress versus % strain plots for neat polymer and
composites are shown in Figure 8. From the stress versus strain
plots the tensile modulus (TM) was determined and the values
of TM are shown in Figure 6(B). The trend in the variation of
TM with weight % of fiber of 15 mm length is found to be dif-
ferent from the general behavior. Barring this exceptional trend
in composites containing 15 mm fiber, the variation of TM
with fiber load is similar to that of TS. The TM increases with
increase in fiber load up to 30 weight % and then starts
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Figure 5. Thermograms of the fiber, polymer, and composites obtained

from the TGA. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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Figure 6. Variation of (A) tensile strength and (B) tensile modulus of the
composite as a function of weight % of fiber at fixed fiber lengths. [Color
figure can be viewed in the online issue, which is available at wileyonline-
library.com.]

decreasing on further increase in the amount of fiber. The high-
est TM was observed in composite containing 30 weight % of
35 mm fiber. From Figure 8 it becomes obvious that the fiber
length plays a significant role in the stress versus strain charac-
teristics of a polymer composite. The % elongation at the break
is maximum (6.4%) in the composite containing 30 weight %
of 35 mm fiber. The added fiber thus reinforces the polymer
matrix by enhancing its strength as well as toughness and there-
fore in the composite the energy dissipation takes place more
effectively.

Flexural Strength and Modulus

Similar to TS, the flexural strength (FS) of the polymer becomes
better after fiber loading and FS also attains a maximum value
when the composite contains 30 weight % of 35 mm fiber [Fig-
ure 9(A)]. The maximum value of FS is 156.6 MPa which is
about 69% increase over the FS of neat polymer. Flexural mod-
ulus (FM) of the polymer also increases with fiber loading and
the composite with 25 weight % of 35 mm fiber has highest
FM [Figure 9(B)]. Such observation in which a composite has
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the highest strength and modulus values corresponding to dif-
ferent weight % of fiber was also reported'®*® in other natural
fiber reinforced polymer composites.

Compressive Strength and Modulus

Compressive strength (CS) values of the composite are shown
in Figure 10(A) and CS is found to be maximum when the
composite contains 30% fiber, but the fiber length which pro-
duces maximum compressive strength is 25 mm and not
30 mm. The CS of the neat polymer is 29.7 MPa and the maxi-
mum CS attained by the composite with 25 mm fiber is equal
to 78.2 MPa, an enhancement of about 163%. Compressive
modulus (CM) values are shown in Figure 10(B). Maximum
CM is exhibited by the composite of 30 weight % fiber of
length 35 mm.

Figures 6(B), 8, 9(B), and 10(B) reveal that the modulus behav-
ior does not show any clear trend with respect to fiber length
and fiber load. Sometimes shortest fiber composites are most
stiff, other times they are most compliant. Generally the compo-
sites with 35 mm fibers have the best modulus, but there is
large variation with respect to loading percentage. One of the
probable causes for such irregular trend is that the orientation
of the fibers is not controlled in the present composites. After
random mixing of fiber and polymer, while laying the mixture
on the mould the fibers adopt any orientation which in turn is
expected to depend on the fiber population (load) and length.

Impact Strength and Hardness

The impact strength (IS) values of the composites are shown in
Figure 11(A) as a function of weight % of fiber. The depen-
dence of IS on fiber length and fiber amount is similar to that
of TS, FS, and CS. As in the case of CS, the composite contain-
ing 30 weight % of 25 mm fiber has the maximum IS (75.6 J
m™ "), about 95% more than that of neat fiber (38.8 J m™%).
Reinforcement with murta fiber also led to improvement of the
hardness of the polymer matrix as shown in Figure 11(B). The
maximum hardness (in the HRL scale) is attained by the com-
posite containing 25 weight % of 25 mm fiber (81.9), an
increase of about 84% with respect to the hardness of the poly-
mer matrix (44.5). The cohesive interaction between the fiber
and polymer because of hydrogen bonding may be responsible
for the increase in hardness.

18

Figure 7. SEM images of composites containing (A) 20%, (B) 25%, and (C) 35% fibers of 35 mm length.
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The behavior of the composite with 35% fiber is found to be
quite surprising. All properties of the composite including den-
sity and hardness decrease at 35% fiber irrespective of the fiber
length. This indicates that the composite of 35% fiber is per-
haps not forming well during the fabrication process. The SEM
image shown in Figure 7(C) also indicates that in composite of
35% fiber there is agglomeration of the fibers and detachment
from the polymer matrix which might be the reason for its
poor quality.

Fitting of Tensile Strength Data to Models

An attempt was made to analyze the tensile data of the compo-
sites loaded with 25 and 35 mm fibers on the basis of existing
theoretical models.”*” The first model we applied is the
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Figure 9. Variation of (A) flexural strength and (B) flexural modulus of
the composite as a function of weight % of fiber at fixed fiber lengths.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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isostrain model, which is also called parallel model. The expres-
sion for TS on the basis of this model is written as

TC:Tme-l-Tfo (1)
In eq. (1), Tand V denote tensile strength and volume fraction,
respectively, while the subscripts ¢, m, and f indicate that the respec-
tive property (T or V) is of composite, polymer matrix, and fiber,

respectively. The second model we tried is known as the isostress mod-
el or the series model and the expression for T, is given by the relation

__ T

T,V TV,
Equations (1) and (2) are familiarly known as the rule of mix-
tures and the inverse rule of mixtures, respectively. The volume

(2)
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Figure 10. Variation of (A) compressive strength and (B) compressive
modulus of the composite as a function of weight % of fiber at fixed fiber
lengths. [Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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fraction Vy of the fiber in the composite is determined using the
relation

_ Wy /dy

77 100/d.

where Wris the weight % of the fiber, dfis the density of the fiber,

and d, is the density of the composite. The volume fraction of the

(3)
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the case of eq. (2), stress is assumed to be uniform in both matrix
and fiber. Moreover, both the egs. (1) and (2) are for unidirectional
fibers. The calculated values of TS from egs. (1) and (2) are shown
in Figure 12. The data do not fit to eq. (1). Although the fit to eq.
(2) is much better compared to that to eq. (1), the calculated values
from eq. (2) are lower than the experimental values. Thus the
assumption of uniform strain (isostrain) does not apply in the pre-
sent random oriented short-fiber reinforced polymer composite.
The assumption of uniform stress (isostress) appears to be nearly, if
not fully, applicable to the present composites. We therefore used
the Hirsch model,” which is a hybrid model as it combines the paral-
lel and series models. According to this model, TS of a composite is
expressed by the relation

T, Ty

TC:X(Tme‘FTfo)"‘(l_X)W
m m

4)
The value of the coefficient x is determined by fitting the experi-
mental data to eq. (4). The best fits to the experimental values of
TS of the composites to eq. (4) were obtained when x=0.2 for
25 mm fiber length and x= 0.3 for 35 mm fiber length. Thus, the
value of x is controlled by the fiber length. Besides fiber length,
factors like fiber orientation and stress transfer from fiber to
matrix are also considered to control the value of x. The value of
x reveals that the contribution from the series model to the TS of
the composite is predominant which supports the inference made
above that the tensile property of the composite is governed more
by the uniform stress condition. The best fit values of T, calculat-
ed from eq. (4) are shown in Figure 12. The TS data were also
analyzed by using the Halpin—Tsai (HT) model.”*” The equation
based on the HT model is of the form

matrix V,,, is then equal to 1 — V; In the case of eq. (1), it is assumed T,=T, (M) (5)
that isostrain conditions exist for both matrix and fiber, whereas in 1-BVy
160 160
—a—Expt. g —a—Expt. . ;.‘g
v Model 1 | (A) —v—Model 1| (B) /
140 4 Model 2 ¥ 140 Model 2 %
Model 3 Model 3 V4
& % Model 4 * Model 4 :
S 120- 4 120 1 ®
2 100- R 100 - X
g _ /
o 80 /s 80
.ll_) "(,_—: P /.\\ 7
S s /./ ™ /'.._ ,/l g 3
2 6] / 60  / .
/ e ./ o ] / ’,/’/ - o ”
0 f o " a0 /_— o—9
19&*”’ {a&

0 5 10 15 20 25 30 35

0 5 10 15 20 25 30 35

Weight % Fiber

Figure 12. Experimental and fitted values of TS. (A) 25 mm fiber and (B) 35 mm fiber. Equations used for fitting are (i) eq. (1) (Model 1), (ii) eq. (2)
(Model 2), (iii) eq. (4) (Model 3), and (iv) eq. (5) (Model 4). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.

com.]

Mnh\"‘lfu-'§ WWW.MATERIALSVIEWS.COM
1

44142 (7 of 9)

J. APPL. POLYM. SCI. 2016, DOI: 10.1002/APP.44142



http://wileyonlinelibrary.com
http://wileyonlinelibrary.com
http://wileyonlinelibrary.com
http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

ARTICLE WILEYONLINELIBRARY.COM/APP Applied Polymer
Table II. Comparison of the Mechanical Strengths of a Few Natural Fiber Reinforced Polymer Composites
Composite
Polymer Fiber Fiber Load (%)? TS (MPa) FS (MPa) Ref.
Epoxy 0 334 92.4 Present work
Murta 30 (w) 74.8 156.6
Polylactic acid 0 62 3
Kenaf 40 (v) 74 210 3
Jute 30 (w) 82 — 21
Epoxy 0 24 53 48
Banana 1 layer of mat 46 74 48
Toddy Palm 24 (w) 48 — 8
Jute 35 (v) 66 = 49
Pineapple Leaf 20 (w) 40 — 50
Poly-propylene 0 28 35 6
Jute 30 (w) 48 — 21
Coir 25 (w) 31 57 6
2'w' refers to weight % and 'V’ refers to volume %.
= (Ty/Ti)—1 6) data. The composite attains optimum strength and toughness
(Ty/Tw)+a when the fiber load is 30 weight % and fiber length is 35 mm.

In eq. (5), o =2L/D where L is the length of the fiber loaded in
the matrix and D is the diameter of the fiber used which is
equal to 0.14 = 0.01 mm. The calculated values of TS of the
composite using the HT model are very close to those obtained
from the Parallel model as can be seen from Figure 12. It can
be shown that eq. (5) based on the HT model takes the form of
eq. (1) when L — oo and it also takes the form of eq. (2) when
L — 0. Since for fitting we used the experimental data of the
composite containing 25 and 35 mm fibers, the corresponding
values of o are equal to 357 (for 25 mm) and 500 (for 35 mm)
which are very large and almost fulfils the limit L — oo. This is
the reason for the calculated values of T, from egs. (5) to (1)
are close to each other. The experimental TS data therefore do
not fit into the HT model. It has been observed that to get a
good fit the model used must have at least one adjustable
parameter. All the models however predict increase of TS with
increase in weight % of fiber and the decrease in TS above 30
weight % fiber load cannot be accounted for by any model.

Comparison with Other Composites

Finally, the tensile and flexural strengths of the composite under
study were compared with the strengths of a
reported®®*>*75% polymer composites (Table II). The perfor-
mance of the murta bast fiber in reinforcing polymer matrix
appears to be quite comparable to that of commonly used natu-
ral fibers.

few

CONCLUSIONS

Treated murta bast fiber reinforced epoxy composites are char-
acterized and the tensile strength was analyzed using the known
theoretical models. Only those models having at least one
adjustable parameter are able to give good fit to the tensile
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Impact strength and hardness however become optimum with
30 weight % of 25 mm fiber. Murta fiber undoubtedly improves
the strength and toughness of the polymer matrix, and hence
can be a viable bio-material for reinforcement of polymer
matrices.
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