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Abstract.

Jute yarns is one of the fibers that It can be supplied at a low price which can be
used in a wide range of Applications of composite materials in industry where it
works as a composite material with polyester. It is widely and practically used in
construction And cars and aviation. In this paper, the composite material was
prepared using polyester resins with different weight ratios of jute yarn at 5,15
and 25%. Manufactured by hand. And after obtaining the composite material with
different weight ratios, mechanical tests were used to analyze and study the
fracture surface through tensile testing and impact testing. The fracture surface
was analyzed using SEM images for all weight ratios. Analysis of the images
found that tensile fracture occurs easily. However, in impact fracture, the fiber
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test is well connected between the substrate and the fibers.
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1. INTRODUCTION

The main sources of jute yarns fiber were the stalk leaf and the areca fruit specifically the lingo
cellulosic and cellulos contents from plant The fiber from the areca nut, which comes from the fruit,
can be light, short, and hairy Because it is pulled from stem, the fiber is stronger Arecanut, sometimes
referred to as betel nut, is produced mostly in the state of Karnataka, accounting for around 62 percent
of global production, followed by researchers the discovery of polymers at 19th century marked a
new starting in both research and commercial applications [1]During this time, synthetic fibers also
came under scrutiny because of their substantial quality and other characteristics that attempted to
Allowance for natural fibers in several application sectors. However, due of the environmental harm
that synthetic fiber production causes in the modern 21st century, researchers are now focusing on
natural fibers.

Natural fibers are primarily recognized for their potential for biodegradation, renewable nature, and
high degrees of stiffness and strength Natural fibers' low density has been recognized as a major
procedure for fusing with composite materials to get superior mechanical qualities with a smaller
specific mass.
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Kenf was a some of the most often used natural fibers., sisl and bagsse etc., [2, 3]. This fibers serve

as the polyester composite matrix's primary reinforcements and contribute significantly to its
execution as a fiber-reinforced polyester composite.
The development of micro cracks is a potential while composite materials are being made, the cracks
behavior of a composite material comprised of natural composite is determined by the type of fiber,
matrix, and strength of the matrix contact, in an effort to pinpoint the brittle structure and its
characteristics, several papers are attempting to explore the crack behavior of natural . Girimurugan,
R., et al. presents a system in 2021 using epoxy and areca nut fiber and both treated and untreated
glass FRC. Hand lay-up was used to make the composite, allowing for analysis of the FRC's
mechanical and chemical characteristics. Significant mechanical and chemical qualities were seen in
the final product.
The suggested FRC can be used to a variety of industries, including construction, the electrical sector,
and electronics [4]. An experimental investigation was undertaken to determine the makeup of the
areca nut FRC in 2019 by Thalib, S., et al. The study's findings demonstrated that modulus of
elasticity depended on heat, with 70% fiber content demonstrating superior performance than 50%
and 45%, respectively [5]. The mechanical characteristics of jute fiber inserted FRC with
polyethylene were evaluated by Rizal, S., et al. (2018). Compression molding was used during the
fabrication procedure

It is abundantly obvious from the experimental results of the study that FRC is better than epoxy
composites based on natural rubber [6]. Areca nut fiber is more accessible than other natural fibers
and has important mechanical and thermal qualities. This fiber has various noteworthy characteristics
that can be used for reinforcement. It was discovered that the following contents ranged from 50 to
70 % in cellulose, 10 to 20 % in hemicellulose, 10 to 14 % in lignin, 0.3 percent in pectin [7].

There are several applications for jute fiber reinforced with polyester and other resin, including
pipes, structures, elevators, and panels. This fiber has a significant flaw that limits its application due
to its weak thermal conductivity, low water sorption, and humectant nature. To determine the tensile
and shear of FRC, a framework made of areca nut and glass was presented. Based on the findings,
it was evident that adding glass and jute fiber to the FRC improved its characteristics. The shear
strength and tensile behavior are being affected more by the hybrid FRC [8].

[9]. The energies of epoxy were discovered to 6 ones lower those of same components of glass and
polyester , was observed by Deo and Acharya K. Mechanical properties for glass fiber with polyester
were examined at 2019 by Rizal., et al. influence fiber orientation was given more weight in this
investigation. The results show that the longitudinally oriented fibers have superior mechanical
characteristics than the fibers arranged in a random pattern [9].

The technology of composite materials has been known for its simplest form, since several centuries,
when it was used in building houses by mixing clay with sawdust for strengthening[10]. Numerous
research of composite materials has been used in various fields, including transportation, aircraft, the
use of lightweight materials[11], as well as in construction, roads[12], and even chemical uses and
adhesives to produce new materials with good specifications [13]. Many scientists have used
cellulosic residues to support and strengthen polymers to produce plastic materials characterized as
being fortified with cellulose fibers [14]. Many experiments have succeeded using coconut shells and
others with polymers for the purpose of producing new composite materials that contain a group of
compounds and are called composite materials. Rice husks were also used on the basis of a source of
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a type of fiber used with polymers for the purpose of strengthening and supporting them in terms of

their tolerance to climatic and external conditions in general [15].

2. EXPERIMENTAL Works

2.1 Materials

Fiber from Jute was typically thought of like leftover trash of seeds after peel. The jute fiber will
first be directed in open zone to eliminate a water before employed as a composite [16]. The fiber
would next treated with various composites, which can improve the fiber surface by forging a strong
link with the composite matrix. The fiber will be physically treated by being boiled for approximately
7 hours at 100 degrees C, followed by sun-drying [17-20]. The fiber's moisture content will be
decreased during this process. The drying process will take roughly an hour to complete. The
attributes of jute fiber are displayed in Table 1.

Table 1: Properties of jute yarns

N° of fabric 1 | 2 | 3 4 5
e 71% Cotton +24% Polyester + 95% Cotton +
Composition 59 Elastane 100% Cotton 59 Elastane
Warp yarn density (ends/cm) 36 28 31 27 30
Weft yarn density(picks/cm) 20 22 20 20 20
Mass (g/m?) 243 328 430 394 416
Thickness (mm) 0.76 0,75 0.9 0.87 0.78
Breaking strength (N) 459.34 528,13 526.64 853,81 453,88
Elongation at break (%) 28.12 25.12 25.19 14,74 27,65
Rigidity (N/m) 37345 37304 40168 56249 37613
. . warp 60 70 80 80 88
Linear density (tex) Weft 36 36 80 50 a2
. warp 674 621 413 413 526
@ Twist (T,
£ wist (T/m) Weft | 314 314 547 524 626
2 . warp 9.47 9.06 9.78 9.78 7,86
g | Breakingstrength (N) [Ny e 1 2.a4 4.44 9.54 8.08 6,68
o
= . warp 6.31 5.17 8.04 8.04 6,45
e Elongation at break (%) ~yoa T 581 5,81 11.36 5.49 6,31
© : warp 15.78 12.94 12.23 12.23 8,93
= T ty (cN/t
enacity (cN/tex) Weft | 12.43 12.43 11.93 13.47 16,03
L warp 432 652 521 521 517
Rigidity (N/m) Weft 623 623 761 1683 643

2.2 Polyester Resin

Polyester resin was frequently accessible from uses and has useful qualities. The epoxy ingredient is
combined with a hardener to speed up hardening. It was combined at a 1:1 ratio. After that, polyester
resin will be applied to the fiber.

2.3 Composite Preparation

Finally, in this procedure, the epoxy composite matrix and areca nut fibers are combined. In a
container, the mixing procedure is carried out. The jute fiber reinforced with polyester composite
was put in compressing mold, and it's then squeezed with a strong force of roughly sixty tons,
removing the air particles within the fiber from the samples. Following molding, fibers are ready of
a twelve-hour activity procedure. For the aim of closing impact load testing, that is finished with a
ten metric linear unit width, within tensile load testing, that finished with three metric linear unit
thickness, 2 varieties of composites were shapely. Following ASTM standards E23-07 for impact
testing and D-638 for tensile testing, the samples were prepared for both types of load tests. The
creation of the composite is depicted in Figure.1
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Figure 1: Jute Yarns and modeling of tensile specimen

2.4 Tensile Testing

In the case of the 3 mm height used in tensile test. Tensile testing was done from ASTM standard D-
638. The milling machine was used to conduct the tensile test. The samples are more carefully
prepared so that they can be putting on machine for tensile tests. After installation, regulated force is
applied, and fiber length was meticulously measured. For all of the operations, the fiber directions of
30 x, 100 x, and 300 x was taken into consideration.

3. FRACTURAL BEHAVIOR

When there is stress between two fiber surfaces, the crack analysis is conducted with the fiber
surfaces. The object is divided into different sizes by the fracture. The data of propagation, length of
crack in item leads to the cracks in the composite of jute fiber. Natural fiber can have critical qualities
like ductility, brittleness, impact resistance, and tensile strength investigated by fracture analysis. The
crack behavior of fiber may be detected with the naked eye as well, but in an examination, one
couldn’t draw conclusion. Instead, one needs to use SEM and other tests to get a conclusion.

the fiber's cracks behavior is seen following in impact procedure, like depicted figure. 2. Figure 2
illustrates the crack behavior of polyester composite reinforced with jute fibers during tensile testing.
3. The jute fiber polyester composite of [5, 15, 25 percent] is offered samples of varied orientations,
and both in two figures depict the macroscopic of crack behavior of proposed samples.

B % R

Figure 2: Samples of impact test of composite Materials

Following the Charpy Impact Test, the samples' increased fiber content and the strength of the
materials' characters are illustrated in figure 2. However, the tensile test samples' unsatisfactory
surface behavior was shown.
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Figure 3: Samples of tensile test of composite Materials

3.1 crack behavior of Fibers

The 5 percent fiber composite specimen's fractural behavior is taken into account along with the
separation of the fiber's layers during energy absorption and attempts to prevent crack opening. When
the sample receives the energy from the fiber during the study of the fractural behaviors, the crack
develops in a longitudinal direction. The samples are impacted by cracks as a result of this process'
detachment of the epoxy from the fiber, which reduces the strength in composite matrix and jute
fiber. Jute fiber and epoxy resin were recommended as a framework in a similar type of method that
was presented by [6]. While the fractural behavior of a specimen made up of 15% fibers reveals the
various fiber orientations from [30, 100, 250x]. SEM pictures were used in this work to assist with
the fractural investigation. The fibers were broken in this procedure with a 15% fiber content in just
one direction, and the longitudinal direction also exhibits a breakage. In Charpy impact loading test,
the composition with a 15% fiber content shown best crack in surface fractural behavior than other
fibers compositions. Both normal and longitudinal fibers routes show uneven surface characteristics
in the fiber orientation of 250x. This can be explained by the fact that it created a smooth surface in
normal axis and rough in the longitudinal direction. This shows that there is no gap with matrix and
fiber indicated by the fiber orientation of 250x. Where void creation from air, the fiber with a 15
percent content demonstrates a significant adhesion with matrix and fiber However, specimen of the
25% fiber content exhibits fractural behavior, revealing the surface examination of the composite.
Since no space between it's in process, it's obvious there is strong adhesion between its according to
25% fractural behavior analysis. Only the fiber's longitudinal direction—where it attempts to form a
fibrous surface—is taken into consideration in this analysis. Similar to that, the analysis of 15% fiber
at this procedure similarly demonstrates smooth cracks and also demonstrated greater ductility in
fiber zone. A summary, the tensile ,impact testing proces's fractural analysis reveals a distinct
distinction between the impact and tensile testat of (5, 15, 25 percent ) of fiber. It was evident during
the tensile testing, where the fiber's fractural activity was quite fibrous and the fiber is 25%, where
fibers are distributed randomly. The velocity in tensile method is significantly lower velocity in the
impact test, with loading velocity for tensile test being two millimeters per minute. When compared
to the tensile testing technique, the load velocity during impact test was significantly speedy. Low
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velocity of tensile during processing can cause fibers removed from processing, and surface fracturing

behavior of fiber can destroyed.

4. SCANNING ELECTRON MICROSCOPE

samples were coating by a gold using the computer-aided coating procedure to improve heat
conductivity and shield the samples from charging prior to SEM analysis. Similar to this, the SEM
processing for fiber cracks was carried out for 5, 15, and 25 %, as shown figures 4. It is evident from
SEM study that the matrix , fiber are well-bonded.

The cracks at contents of 5, 15, 25 percent is shown in Figures . To prevent the development of
cracks in the peripheral direction, the coarse of fibers was removed from the composite after the
flexural test fibers. Figure 5 depicts composite fiber following impact test procedure. All of the
samples in this testing failed to detach during the impact test procedure, which resulted in crack
formation during the impact testing procedure.

Figure 5: SEM of samples impact test

Conclusion

Through the experimental results, it is possible to reach the following conclusions:

1-Jute fibers treated with polyester resin have a good level of ductility, with a percentage of fibers up
to

25% by the Charpy effect test.

Vol. 71 No. 3s2 (2022) 363

http://philstat.org.ph



Mathematical Statistician and Engineering Applications
ISSN: 2094-0343
2326-9865

2- The fracture pattern differs in the impact test from the tensile as it is fine and flat in the impact test
and is rough and fibrous in the tensile test.

3- With the increase in the percentage of fibers in the base material, the bonds between them increase
and the bonds develop between them, but with low percentages of fibers, the latter are single and
separate.

References

1.

10.

11.

12.

13.

14.

Nascimento, D. C. O., Lopes, F. P. D., and Monteiro S. N. (2010). Tensile behavior of
lignocellulosic fiber reinforced polymer composites Part | piassava/epoxy .Revist Matéria, 15:
199-205.

Al-Kaabi, K., Al-Khanbashi, A., and Hammami, A. (2005). Date Palm Fibers as Polymeric
Matrix Rein forcement, Polymer composites, 26: 486-497

Harritte, L. B., J., M., and Martien J. A. V. D. 0. (2006). Mechanical properties of short-flax-
fibre reinforced compounds., Composites, Vol. 37: 1591 1604.

Beg, M. D. H., and Pickering, K. L. (2008). Reprocessing of wood fibre reinforced polypropylene
composites. Part 1l: Hygrothermal ageing and its effects. Composites: Part A, 39(9): 1565-1571.
Priyadarshi Tapas Ranjan SwainA* and Sandhyarani BiswasA. (2014). Physical and Mechanical
Behavior of AI203 Filled Jute Fiber Reinforced Epoxy Composites. International Journal of
Current Engineering and Technology, Special Issue-2.

Yang X, Li L, Shang S and Tao X-m 2010 Synthesis and characterization of layer-aligned
poly(vinyl alcohol)/graphene nanocomposites Polymer 51 3431-5

Bao C, Guo Y, Song L and Hu Y 2011 Poly (vinyl alcohol) nanocomposites based on
grapheneand graphite oxide: a comparative investigation of property and mechanism Journal of
Materials Chemistry 21 13942-50.

A.H. Dhiaa, A.A. Taher, A.A. Diwan, S.M. Thahab, and R.J. Azez, “Study the thermal properties
of PVP/CuNPs composite prepared by different concentrations IOP Conference Series”,
Materials Science and Engineering, Vol. 870, No. 1, Pp. 012153, 2020.

A.A. Taher, AM. Takhakh, and S.M. Thahab, “Experimental study of improvement shear
strength and moisture effect PVP adhesive joints by addition PVA OP Conference Series”,
Materials Science and Engineering, Vol. 454, No. 1, Pp. 012011, 2018.

Sanjay K. Mazumdar " Compsite Manufacturing Materials, Product, and Process Engineering"
CRC Press LLC, 2002.

Ahmed A. Taher, Ayad M. Takhakh, Sabah M. Thahab™ Experimental Study And Prediction The
Mechanical Properties Of Nano-Joining Composite Polymers™2018, Journal of Engineering And
Applied Science, Vol 13, No 23-24.

Lawrence C.Bank: Composites for Constructions-Structural Design with FRPMaterials;John
Willey&Sons, 2006,USA.

Tawfeeq W., Dalmn Y. Taha , Rafal R. " Composite Materials in Wings of Typical Airplane
based on stress Analysis"2016, EJERS, Vol3,Nol1l.

Dipen K., Durgesh D. Pager, Pradeep I. , Emanoil L. "Fiber-Reinforced Polymer Composites:
Manufacturing , Properties, and Application"2019, Polymers 1667.

Vol. 71 No. 3s2 (2022) 364

http://philstat.org.ph



15.

16.

17.

18.

19.

20.

Mathematical Statistician and Engineering Applications

ISSN: 2094-0343

2326-9865

Ahmed A. Taher, Ayad M. Takhakh, Sabah M. Thahab " Experimental Study of Improvement

Shear Strength and Moisture effect of PVP Adhesive Joint dy Addition PVA" 2018,
Turkey,ICONMEAS.

Ahmed A. Taher, Afrah Hassoon Oraibi , Faez Abid Muslim Abd Ali , Hazim Jassim Jaber,
Mechanical Properties of Graphene Oxide/Polyvinyl Chloride Composite Film, International
Journal of Mechanical Engineering, Vol. 7, No. 1, 2022, pp. 669-673.

Al-Akaishi, A. Salih, M.H. Alturaihi, H.J. Jaber, and A.A. Taher, “Experimental Study of
Thermal conductivity of Ag Nanofluid, Vol. 44, No. 4, Pp. 368-372, 2021.

A.S. Hammood, M.H.R. Al karaishi, A.A. Taher, and L.J. Habeeb, “Effect of different natural
composite material lyres on structural analysis of Aircraft body,” Journal of Mechanical
Engineering Research and Developments, VVol. 44, No. 5, Pp. 339-344, 2021.

A.T. Abdalzahra, and A.A. Taher, “A dynamic Analytical Approach to Nonlinear Stall-Spin
Aircraft”, Journal of Mechanical Engineering Research and Developments, Vol. 44, No. 1, Pp.
422-434, 2021.

A.A. Taher, A. Mohammed, M.H. Al-Hatemmi, and H.J. Jabber, “Study rheometric, physic-
mechanical properties of nitrile butadiene rubber blended with hydrogenated nitrile butadiene
rubber as a model of sustainable”, Journal of Green Engineering, Vol. 11, No. 1, Pp. 29 — 38,
2021.

Vol. 71 No. 3s2 (2022) 365

http://philstat.org.ph



