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Abstract

Natural fibers and particles reinforced composites are being broadly used due to their bio and specific properties
such as low density and easy to machine and production with low cost. In this work, water absorption and mechanical
properties such as tensile strength, flexural strength and impact strength of recycled jute fibers reinforced epoxy resin
were enhanced by treating these fibers with alkaline solution. The recycled jute fibers were treated with different
concentration of (NaOH) solution at (25 °C) for a period of (24) hours. From the obtained results, it was found that all
these properties are improved when fibers treated with (7.5wt% NaOH) related to untreated fibers. Conversely, the
mentioned properties of composites decreased after fibers treated with (10wt% NaOH). In addition, the hybrid
composite with recycled jute fibers and recycled walnut shell powder showed obvious enhancement in the above-

mentioned properties.
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1. Introduction

Fabricated fibres such as carbon, glass and
aramid have been utilized for many years in
numerous applications varying from civil
structures to aerospace industry. Due to the high
cost of the materials and manufacturing methods
for these man-made fibers, their wider used in
several composite applications become limited.
Therefore, there is a growing interest in the
applying of the less expensive natural fibres and
particles as reinforcement phase in composites
field because of their lightweight,
biodegradability, renewability and less health
problems for the people producing the composites
[1]. The effect of surface treatment of woven jute
fabrics with silicone on stiffness and strength
properties of Vinylester polymer are investigated

by Basu, it was concluded that all these properties
are slightly improved when compared with alkali
treated [2]. Ratna and coworkers studied the effect
of different natural fibers on the properties of
polyester resin; it was observed that both of the
tensile strength and modulus properties of jowar
fibers is higher than those of sisal and bamboo
fiber composites in their study [3].The effect of
alkali (4-8% by weight) treatment and elevated
temperature (40, 80 and 120 °C) on the
mechanical properties of the bamboo fiber
polyester composites are studied by Manalo, it
was observed that the best mechanical properties
that involved (bending, tensile and compressive
strength and the stiffness) are increased by (7, 10,
81 and 25% respectively) higher than the
untreated composites at (6%) concentration of the
alkaline solution. Also the tensile strength of
bamboo composites are improved when tested up
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to 80 °C [4]. Libo Yan and coworkers studied the
effect of alkali treatment on the microstructure
and the mechanical properties of coir fibers
reinforced polymer and cementitious composites,
it was observed that alkali treatment improve the
compressive stress and strain, flexural strength
and the flexural toughness of coir fiber reinforced
cementitious (CFRC) composites due to the
improvement in fiber cement interfacial adhesion
[5]. The bending behavior of natural sisal fiber
reinforced polyester resin are studied with
Munakaampe, the results show that the prepared
composite exhibit better bending properties than
the plain polymer matrix [6]. In addition, the
impact strength of sisal fibers reinforced polyester
is studied by Easwara Prasad and coworkers; it
was found that, the (10) mm long sisal fibers
treated for (24) hour is insufficient to improve the
impact strength of sisal polyester composites [7].
Natural fibers have mechanical and physical
properties that differs from fiber to fiber and due
to its good mechanical properties such as the
specific strength, addition with, non-abrasive, eco-
friendly and the biodegradable characteristics, the
natural fibers used as an alternative material for
artificial fibers reinforced polymer. [8]

2. Experimental Procedures
2.1. Materials

The raw materials used in this effort involves
the epoxy resin with its hardener triethylene
tetramine (TETA) as a matrix material and the
jute fibers with walnut shell powders which used
as a natural reinforcing materials for epoxy resin.

2.1.a. Matrix material

Epoxy resin with its hardener triethylene
tetramine (TETA) (3:1) ratio (provided from
SIROPOL.GP) are used as a matrix material due
to its high modulus and strength, excellent
chemical resistance, simplicity in processing and
commercially available. In addition, the epoxy
resins are unique among all thermosetting resins
because of several factors including low cure
shrinkage, compatibility with a great number of
materials, strength and durability, adhesion,
corrosion and chemical resistance, and electrical
insulation [9]. Table (2-1) shows the properties of
epoxy resin that used in this work.
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2.1.b. Reinforcing Materials

In this work, two types of natural materials
are used as reinforcing phases; the first is the jute
fibers provided from jute sacks as shown in the
(fig.1) with different weight fraction (0, 2.5, 5,
7.5, and 10%) respectively according to the
following formula:

Wi =we/ we ....(2-1) [10]

Where (Wy) is the weight fraction of fibers,
(wr) is the weight of fibers; (wc) is the weight of
composite. Tables (2-2) and (2-3) show the
composition and the mechanical properties of
jute fibers. The latter is the walnut shell powder
made from crushed walnut shell with (5%)
weight fraction. The main reasons from using
these natural materials is ascribed to their bio-
degradable, non-toxic, recyclable, cheap and
environmentally safe properties combined with
the high tensile properties of the jute fibers
related to other natural materials.

Table 2-1,

Mechanical properties of epoxy resin
Mechanical Property Value
Glass transition temperature 120 - 130 °C
Tensile strength 60-80 MPa
Tensile Modulus 3.5-4 GPa
Elongation at break 0.8%
Flexural strength 55-65 MPa
Compressive Strength 170-182 MPa
Density 1.54 g/cm?

Fig.1. Jute sacks.

Table 2-2,
Chemical composition of jute fibers. [11]

Component Content (26)

Cellulose
Hemicellulose

Pectin

Lignin

VWater soluble
VW ax

VWater
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Table 2-3,
Mechanical properties of jute fibers. [11]

UTsS
(MPa)

Tensile Elongation Specific Specific
modulus (%) strength modulus
(GPa) (MPa)  (GPa)

460-533 2.5-13 1.16 340 42.7

2.2. Alkaline treatment

In order to enhance the morphology of the
surface and the bonding properties of natural
materials with epoxy resin, alkaline treatment are
applied to these materials with (7.5% and 10%)
of NaOH solution for (24 hr.) at ambient
temperature. After that, the jute fibers and the
walnut shell powders are washed with distilled
water (pH=7) at room temperature to eliminate
the alkali solution and then dried in oven at 70
°C. Fig.2 shows the natural materials that used in
this work.

into a plastic cup until obtain a homogeneous
mixture and then, the mixture poured into a wood
mold for different dimensions according to
American Society for Testing and Materials
(ASTM) standards for each required test. The
curing time taken by composites was (24) hr.

On the other hand, the hybrid composites are
prepared by the same approach but by
incorporating the best ratio of jute fibers that
gives the best mechanical properties with 5%
weight fraction of walnut shell powders inside
epoxy matrix resin and examine its influences on
the above-mentioned properties.

3. Characterization

In order to determine the required properties,
three samples are prepared for each test by
cutting the prepared composite and hybrid
composite into the required geometry according
to the ASTM standard and applied the procedures
of each required test.

3.1. Tensile Strength Measurements

The tensile strength is measured based on the
ASTM D3039 [12] specification by the universal
testing machine at a strain rate of 10 mm/min.
The geometry of the tensile test specimen with
(10%) weight fraction of jute fibers before
machined shown in the fig.3.

(b)

Fig. 2. Walnut shell powders (a), Jute fibers (b).

2.3. Procedure

By means of hand lay-up procedure,
composite and hybrid composite materials are
prepared in this work, in order to prepare the
composite materials, the jute fibers are cut into
short fibers with different length (10, 15, and 20
mm) respectively and then mixed with epoxy
resin and its hardener for (3) minute with
different weight fraction (0, 2.5, 5, 7.5, and 10%)
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Fig. 3. Tension test geometry according to ASTM
D3039. (a) Photo, (b) Schematic.
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3.2. Impact Measurement

The impact strength of the prepared composite
determined by the Izod impact test according to
ASTM standard D-256 [13]. The geometry of
impact test specimen with (10%) weight fraction of

jute fibers shown in the fig.4.

(a)

Impact

—— 28— {7 -——-—Pi pe— 10—~

R025 | j':
5
459
(b)

Fig. 4. Impact test geometry according to ASTM
standard D-256. (a) Photo, (b) Schematic.

b 1) —

3.3. Flexural strength measurement

The flexural strength test is carried out
according to the ASTM D790 [14] by using
Universal Testing Machine with span length of
(50) mm at the speed to 2mm/min. The geometry
of the flexural test specimen with (10%) weight
fraction of jute fibers shown in the fig.5.
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Fig. 5. Flexural test geometry according to the
ASTM D790. (a) Photo, (b) Schematic.

3.4. Water Absorption Measurement

Water absorption measurement is determined
by immersing the prepared composite specimens
into distilled water at ambient temperature for
about (24) hr. After that, the specimens remove
from solution and wiped dry to remove the
surface moisture. Then the specimens are
weighted with digital scale in order to calculate
the water absorption according to the following
formula.

Water absorption (%) = [(wet weight-sample
weight)/sample weight]*100.

Where wet weight is the weight after immersing
and sample weight is the weight before
immersing.

3.5. SEM Characterization

SEM characterization type (TESCAN Vega II
XMU) is used in this work, which provides high-
resolution images. Separate at least three small
samples from each specimen to ensure about
homogeneity and unified structure. After that, the
samples are cleaned, dried and finally mounted on
a stub of metal with adhesive, coated with (40-60)
nm of the gold due to its high conductivity and its
relatively small grain size that enables very high-
resolution imaging.

4. Results and Discussion

The effects of untreated jute fibers with
different weight fraction on the tensile, flexural
and impact strength of epoxy resin are shown in
fig.6, fig.7 and fig.8. It was found from the
obtained results, all these properties are slightly
enhanced when reinforced with untreated jute
fibers and this enhancement increased with
increasing the weight fraction of the fibers.
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Fig. 6. Tensile strength verses weight fraction of
untreated jute fibers.
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Flextual strength (MPa)

Wight fraction of untreatad jute fibers (%)

Fig. 7. Flexural strength verses weight fraction of
untreated jute fibers.

Impact strength (KJ/m2)

L] 4% 5 L&} w

Wight fraction of untreated jute fibers (%)

Fig. 8. Impact strength verses weight fraction of
untreated jute fibers.

In order to investigate the behavior of epoxy
resin and epoxy-jute fibers composite material,
stress-strain curve is necessary for this purpose.
Fig. 9 shows the stress-strain curve for epoxy
resin and epoxy resin reinforced with 10% jute
fibers.

49

so0 | Epoxy-10%Jute

80 |

60 |

Stress (MPa)

40

20 |

0 0.005 0.0 0.015 0.02 0.025 0.03 0.035
Strain

Fig. 9. Stress-strain curve for epoxy resin and
epoxy resin reinforced with 10% jute fibers.

It was observed from the behavior of stress-
strain curve in fig.9, the prepared composite
composed of epoxy resin with 10% jute fibers
exhibit high tensile strength and tensile modulus
with high strain when compared with epoxy resin
matrix alone.

Water absorption (%)

Wight fraction of untreated jute fibers (%)

Fig. 10. Water absorption verses weight fraction of
untreated jute fibers.

In addition, fig.10 shows the effect of
untreated jute fibers on water absorption of epoxy
resin when reinforced with the same weight
fractions. The results show that, there is an
obviously increased in the water absorption of
epoxy resin when modified with these natural
fibers and this increment increased with
increasing the weight fraction of jute fibers.

The increment in the water absorption of the
prepared composite is ascribed to the
"hydrophilic" behavior of the jute fibers, which is
mismatched with the "hydrophobic" behavior of
polymer resin. This behavior lead to poor
resistant to the moisture and high water
absorption which result in degradation in the
mechanical properties of prepared composite and
the interfacial bonding between natural jute fibers
and polyester resin as shown in fig.11.
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Mechanical properties before and after water
absorption
116
99
78 80 ]
59
: . i
Impact strength Flexural strength Tensile strength
(KI/mZ) {Mpa) (Mpa)
u Before 116 |0 93
B After 78 43 59
u Before mAfter

Fig. 11. Degradation in mechanical properties for
10% jute fibers reinforced epoxy resin after water
absorption.

The results that obtained from fig.11 exhibited
the catastrophic effect of the water absorption of
these natural fibers on the mechanical properties
of epoxy resin by reducing the interfacial
bonding between polymer matrix and natural
fibers. For these reasons, there is an urgent need
to modify the nature of these fibers by using
suitable chemical treatment. Surface modification
with chemical solution is the most common way
for overcoming these problems. In this context,
the jute fibers and walnut shell powders are
treated with alkaline solution of (NaOH) with
different concentration of (2.5, 5, 7.5 and 10%
respectively). The results show obviously
enhancement in the mentioned mechanical
properties and water absorption when fibers
treated with alkaline solution and this
enhancement increased with increasing the
concentration of solution until (7.5%) of NaOH
solution related to untreated fibers as shown in
the fig.12 and fig.13.

The improvement in the properties is
attributed to the removal of lignin, waxy
materials, and natural oils that covering the
outside surface of the fiber cell wall as illustrated
in SEM image (see fig.14) which lead to surface
roughness of the natural fibers and good
interfacial bonding between polymer resin and
theses fibers. In addition, alkaline treatment
improve fibers hydrophobic, interfacial bonding
and the wettability of the natural fibers leading to
decreasing in the water absorption and
enhancement in the mentioned mechanical of
properties of composites. On contrary, the results
exhibited deteriorated in mechanical properties
when fibers treated with (10%) of NaOH
solution, the reduction in properties is attributed
to the high "alkali concentration" which causes
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an extra elimination of covering materials and
"lignin" content that is necessary for bonding the
"cellulose fibrils" with each other results in
damaging of the fiber surface topography and
fiber structure.

Mechanical properties before and after alkaline
treatment
112 163
116
| treated (7.5% haOH)
_ - - -
mtreated (10% NaOH] Impact strength Flexural strength Ten |I st en [‘II
(KIfm32) (Mpa)
116 80 99
04 172 123 162
W reated (10% NaOH) 105 1M 123

Fig. 12. Mechanical properties before and after
alkaline treatment.

Water absorption before and after alkaline
treatment

Water abrsor prion (%)

® untregted 26
= treated (7.5% NaOH) 14
W treated (10% NaiOH) 17

Fig. 13. Water absorption before and after alkaline
treatment.

GEMMAG 800k« DetBSE
GEM HV: 2000k WD:9.502 mm 5um
Date(midh): 0872917 Vac: Hivac

A: Before alkaline treatment.



Hamza M. Kamal Al-Khwarizmi Engineering Journal, Vol. 14, No. 4, P.P. 45- 53 (2018)

SEMMAG:8.00ke  Det BSE Lo s o 1o v us | VEGAITESCAN
ISEM HY: 2000k WD:7.750 mm 5pm {
Date(ridh): 082917 Vac: Hivac RHRC“

B: After alkaline treatment.

Fig. 14. SEM image of jute fibers before and after
alkaline treatment.

Fig.15 and fig.16. show the influence of
hybrid composite that composed of (10%) treated
jute fibers and (5%) walnut shell powder on the
mechanical properties and water absorption of
epoxy resin, it was observed from obtained
results, there is reasonable improvement in these
properties when compared with only (10%)
treated jute fibers reinforced epoxy resin plain
composite.

Mechanical properties of hybrid composite
related to plain composite

189
172 171 463

135 129
b cemposte I l I I

B Hybrid compasite Impact
strength

(KIfm2]

B Plain composite 172 129 163
W Hybrid composite 189 135 171

Flexural Tensile
strength (Mpa) strergth (Mpa)

Fig. 15. Mechanical properties of the prepared
hybrid composite related to plain composite.

Water absorption of hybrid composite related to
plain composite

Water absorption (%)
o Plain com posite 1.4

B Hybrid composite 091

Fig. 16. Water absorption of the prepared hybrid
composite related to plain composite.
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The development in the properties is ascribed to
the well dispersion of walnut shell powder and jute
fibers in matrix as seen in fig.17b related to plain
composite (fig.17a) and the compatibility between
the natural walnut shell powder and epoxy resin that
lead to modify the matrix by inhibiting the crack
propagation and enhance the mechanical properties.
In addition, the walnut shell powder plays
significant role in binding the jute fibers inside the
resin matrix and decrease the hydrophilicity of
composites that result in reduction in the water
absorption properties of epoxy resin.

A\

— o 4 V. r

SEM MAG: 1.000kx WD 13.98 mm
SEM HV. 15.00 kv Diel: BSE Detector 20pm !
Datefidi): 002117 Vac: Hivac RAZ| n

Fig. 17. a. SEM image of prepared plain composite
composed of (10%) treated jute fibers reinforced
epoxy resin.

EEMMAG 1.00 ke WD:16.28mm
SEM HY. 1500 kY Del BSE Delecior oum i
Date(midiy): 092117 Vae: Hivac AT H

Fig. 17. b. SEM image of prepared hybrid
composite composed of (10%) treated jute fibers
and (5%) walnut shell powder reinforced epoxy
resin.

5. Conclusions

This effort focused on the preparation of
sustainable hybrid composite with minimum cost
and environmental pollution by incorporating
recycled natural materials in the epoxy resin. In
this work, the tensile strength, impact strength,
flexural strength and water absorption properties
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of epoxy resin reinforced by recycled natural

materials are studied. The main conclusions can

be summarized into the following:

1. The mechanical properties of epoxy resin are
slightly enhanced when reinforced with
different weight fraction of untreated jute
fibers and this enhancement increased with
increasing the weight fraction of the fibers
until (10%wt) which gives the best mechanical
properties.

2. There is an obviously increased in the water
absorption of epoxy resin when modified with
different weight fraction of the untreated jute
fibers and this increment increased with
increasing the weight fraction of jute fibers.

3. The results exhibited obviously enhancement
in the mentioned mechanical properties and the
water absorption properties of epoxy resin
reinforced with (10%wt) jute fibers when these
fibers treated with (7.5% of NaOH alkaline
solution) compared with untreated fibers due to
the modification in the surface characterization
of these natural materials.

4. The high concentration of alkaline solution
result in degradation in the above mentioned-
properties because of the aggressive influence
of high concentration of alkaline solution on
the surface topography of jute fibers.

5. The hybrid composite of epoxy resin
reinforced with (10%wt) recycled jute fibers

and (5%wt) walnut shell powder show
reasonable enhancement in the above-
mentioned  properties related to plain
composite.
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