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Abstract

In this research article, natural fibre Jute & Man-made fibre glass are reinforced with polypropylene and epoxy resin
for manufacturing of compression moulding composites at three different fibre volume fraction (10, 20 and 30%0). The
mechanical properties of both fibres composites were tested and compared. The maximum stress at break and flexural
strength for glass fibre reinforced composite found high for 30% fibre volume fraction. The epoxy composite displayed
higher tensile strength, flexural strength and impact strength than polypropylene composite for both jute and glass
fibre reinforced polypropylene composites. Elongation at break and flexural modulus of jute and glass fibre reinforced
polypropylene and epoxy composite showed low significant difference.
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1. Introduction

Composites were a need in the evolution of engineering materials because by a combination of materials it is
possible to overcome, for instance, brittleness and poor process ability of stiff and hard polymers. The
developments in composite material after meeting the challenges of aerospace sector have cascaded down for
catering to domestic and industrial applications. Composites, the wonder material with light weight, high strength-
to-weight ratio and stiffness properties have come a long way in replacing the conventional materials like metals,
wood etc.

Composite materials have been utilized to solve technological problems for a long time but only in the
1960s did these materials start capturing the attention of industries with the introduction of polymeric-based
composites. Since then, composite materials have become common engineering materials and are designed and
manufactured for various applications including automotive components, sporting goods, aerospace parts,
consumer goods, and in the marine and oil industries. The growth in composite usage also came about because of
increased awareness regarding product performance and increased competition in the global market for light
weight components. Among all materials, composite materials have the potential to replace widely used steel and
aluminium, and many times with better performance. Replacing steel components with composite components
can save 60 to 80% in component weight, and 20 to 50% weight by replacing aluminium parts. Today, it appears
that composites are the materials of choice for many engineering applications., For the composite applications
having good bonding between the fibre and the resin matrix, jute have been treated with alkali, a process known
as mercerization, being commercialized for cotton fibres for superior reactivity with dyes (Ott et al 1954). Several
authors have employed the technique on jute and the changes occurring in the fibre properties were investigated
(Sarkar 1935; Mukherjee et al 1993). Sarkar (1935) and Samal et al (1995) have treated jute fibres with NaOH
solution of concentration 1%, 8% for 48 h and 2% for 1 h and showed improvements in fibre properties by 130%
and 13% respectively. Similar treatments were attempted by Gassan and Bledzki (1999a, b) on isometric jute
yarns. They reported an improvement of 120% and 150% in the tensile strength and modulus of jute yarns
respectively treated with 25% NaOH solution for 20 min and 60% improvement in the jute/epoxy composite
properties reinforced with these treated yarns. The improvements have been attributed to the greater reactivity of
the treated fibres with the resin administering superior bonding.

2. Experimental

2.1 Materials and Methods

The Jute fibres were collected from NIRJAFT, Kolkata, West Bengal and glass fibres were purchased
from All India fibres & Polymers suppliers, Mumbai. The Polypropylene (P-445) was supplied by Pluss Polymer.
The polypropylene used had high melt flow index 110 (g/ 10 min) and Epoxy was supplied by Synpol products.
2.2 Preparation of composites

Fibre configuration and volume fraction are two important factors that affect the properties of the
composite. In this research work, the mould of 300 x 300 x 50 mm size is used and the randomly distributed fibres
are reinforced with polypropylene and epoxy resin in three different fibre volume fractions (10 wt. %, 20 wt %
and 30 wt. %) to prepare the composites. The three layers of fibres spread at random with polypropylene and
epoxy resins. The material was then wrapped in an aluminium foil. It was preheated in an oven at 120° C for 30
mins to reduce the moisture present. The composite formation is then carried out on compression moulding
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machine at 180° C for 10 mins at 10 bar pressure. Cooling was carried out for 5 mins. All the composites are
prepared with the same process for analysis of their mechanical properties.

Fig. 1: Compression moulding machine

2.3 Mechanical testing

Tensile tests were carried out by using Instron model 4301 tensile tester with ASTM D 638-77a standards
at specimen length of 100 mm and testing speed of 300 mm/min. Flexural tests were carried out on the same
equipment as per the ASTM D790-71 standards. Impact tests were performed on an Instron charpy impact testing
machine with impact loading of 10 J-hammer for all the samples. ASTM D256-78 standards was used for impact
tests.

3. Result and Discussion

Table 1. Mechanical properties of jute fibre reinforced polypropylene composites.

Table 2. Mechanical properties of jute fibre reinforced epoxy composites.

Sr.No. | Fibre Vol. | Max. stress | Elong. At | Flexural Flexural Impact
fraction MPa Break % Strength MPa Modulus MPa Strength
1 10:90 29.06 3.91 36.21 4211 7.98
2 20:80 36.11 4.03 43.21 3862 9.25
3 30:70 45.63 2.707 44.67 4025 9.90
Sr.No. | Fiber  Vol. | Max. stress | Elong. At | Flexural Flexural Impact
fraction MPa Break % Strength MPa Modulus MPa Strength
1 10:90 2211 3.908 25.13 1825.4 7.21
2 20:80 31.17 3.6 23.46 1803.7 8.89
3 30:70 39.67 3.51 32.17 1920.2 9.63
Table 3. Mechanical properties of Glass fibre reinforced polypropylene composites.
Sr.No. | Fibre Vol. | Max. stress | Elong. At | Flexural Flexural Impact Strength
fraction MPa Break % Strength MPa Modulus MPa
1 10:90 29.62 4.84 29.01 2107 7.92
2 20:80 37.33 3.6 25.87 1975 9.36
3 30:70 41.96 3.27 42.18 2236 9.97
Table 4. Mechanical properties of Glass fibre reinforced epoxy composites.
Sr.No. | Fibre Vol. | Max. stress | Elong. At | Flexural Flexural Modulus | Impact
fraction MPa Break % Strength MPa MPa Strength
1 10:90 33.64 4.27 36.42 3629 7.90
2 20:80 37.58 4.64 44,39 3725 9.79
3 30:70 49.64 3.96 49.21 3974 9.92
3.1 Tensile strength (Maximum Stress at break)
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Fig. 2. Showed the maximum stress at break of jute and glass fibre reinforced polypropylene composites.
Glass fibre PP composite showed the highest (41.96 MPa) Maximum stress at break for 30 % Volume fraction of
fibre in comparison with 10 & 20% volume fraction of glass fibre PP composite, while jute fibre PP composite
also showed highest (39.67 MPa) maximum stress at break.

It is discussed that maximum stress at break of any composite depends on several factors, majorly the
properties of reinforcement, compatibility of fibre with resin and fibre volume fraction. The effect of the fibre
volume fraction on the tensile strength of composite can be seen in Table 1, 2, 3 and 4. The increased tensile
strength observed with increase in fibre volume fraction for both the jute and glass fibre polypropylene and epoxy
composites. The higher tensile strength observed for epoxy composite than polypropylene composite both for jute
and glass fibre reinforced.

Fig. 2. Maximum stress at break of jute and glass fibre reinforced polypropylene composites.
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Fig. 3. Maximum stress at break of jute and glass fibre reinforced epoxy composites.
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3.2 Flexural strength

Table 2 & 4. Showed the flexural strength of jute and glass fibre reinforced epoxy composites. The
increase in flexural strength observed for increase in fibre volume fraction for both jute and glass fibre composite.
Highest (49.21 MPa) flexural strength noticed for 30 % Volume fraction of glass fibre in comparison with 10 &
20% volume fraction of glass fibre epoxy composite.

The effect of the fibre volume fraction on the flexural strength of composite can be seen in Fig.4 and 5.
The increased flexural strength observed with increase in fibre volume fraction for both the jute and glass fibre
polypropylene and epoxy composites. The higher flexural strength of jute and glass fibre reinforced epoxy
composite observed than polypropylene composite.
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Fig. 4. Flexural strength of jute and glass fibre reinforced polypropylene composites.
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Fig. 5. Flexural strength of jute and glass fibre reinforced epoxy composites.
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3.3 Impact Strength

Fig 6 and 7 represents the impact strength (energy observed per cross sectional area) results of the jute
and glass fibre reinforced composites. The jute fibre reinforced composite showed low impact strength compared
to glass fibre reinforced composite for both polypropylene and epoxy resins. It is known that the impact strength
of fibre composites is more practically affected by the interfacial bond strength, the matrix media and the fibre
properties. Impact energy is dissipated by debonding, the fibre and / or matrix fracture and fibre pull out. Fibre
fracture dissipates less energy compared to fibre pull out. The former is common in composites with strong
interfacial bond, while the occurrence of later is the sign of weak bond.

The effect of fibre volume fraction on the impact strength is shown in table 1, 2, 3 and 4. An increase in
impact strength observed with increase in fibre volume fraction for both jute and glass fibre reinforced composites.
The 30 % volume fraction showed highest impact strength for both jute and glass fibre composites.

Fig. 6. Impact strength of jute and glass fibre reinforced Polypropylene composites.
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7. Impact strength of jute and glass fibre reinforced epoxy composites.
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4, Conclusmn
The mechanical properties of jute and glass reinforced polypropylene and epoxy composites have been

investigated. The maximum stress at break and flexural strength increases with increase in fibre volume fraction.
Glass fibre composite showed highest mechanical properties than jute fibre reinforced polypropylene and epoxy
composites. Comparable difference was not observed for elongation at break and flexural modulus for both jute
and glass fibre reinforced polypropylene and epoxy composites. The epoxy composites registered higher
mechanical properties than polypropylene for jute and glass fibre reinforced composites.

Acknowledgements
The authors would like to thank Head, Textile Technology department, VJTI, Mumbai for extending

their support for composite work. Also extending thanks to Director NIRJAFT, Kolkata.

1)

2)
3)
4)
5)
6)

7)
8)

References

Mukhopadhyay, S.; Fangueiro, R.; Shivankar, V., “Variability of tensile properties in fibers extracted from pseudo-stem

of banana plant”. Textile Research Journal, February 2009 Vol.-79 (5) pp- 387-393.

Dixit S. and Verma P, “The effect of Hybridization on Behavior of Jute Fibers Reinforced Polyester Composite Material”,
Research Journal of Chemical Sciences Vol. 2(6), June (2012), PP 91-93

Rakesh Kumar, Sangeeta Oberai, Aparna Sharma,”Chemical modifications of natural fibre for composite material”,
Journal on Der chemical sinica, Pelagia research library VVol. 2(4), 2011, PP 219-228.

D.Nabi sahib and J.P.Jog, “Natural Fibre Polymer composites” Advances in Polymer Technology, Vol. 18(4), 199, PP
351-363.

J.M.Ferreira, J.T.B.Pires, J.D.Costa, Z.Y.Zhang, O.A. Errajhi, M.Richardson, *Fatigue damage analysis of aluminized
glass fiber composites’,Journal of .Material Science & .Engineering, A-407, 2005 PP1-6.

D.N.Goswami, M.F.Ansari, D.Baboo, 2008 “Jute fiber glass plywood/particle board composite’, Indian Journal of
Chemical Technology, Vol. 15, July 2008, pp. 325-331.

P. J. Roe, M. P. Ansell, “Jute reinforced polyester composites”, Journal of materials science 20, 1985, PP 4015-4020.
Dipa Ray and Jogeswari Rout, “Thermoset bio composites” Natural fibers, bio polymers and bio composites, 2005, PP
291-335.



International Journal on Textile Engineering and Processes, ISSN: 2395-3578, Vol 1,
Issue 2, April 2015

9) Brett C, Suddell and William J. Evans, “Natural Fiber Composites in Automotive. Applications”, Hand book on Natural
fibers, bio polymers and bio composites, 2005, PP 140-152.

10) Pedro J. Herrera Franco and Alex Valadez-Gonzalez, Fiber-Matrix Adhesion in Natural Fiber Composites, Hand book
on Natural fibers, bio polymers and bio composites, 2005, PP 120-139.

11) Shyam kumar Shah, Akshay kumar Patil, M. Ramachandran, Kanak Kalita , Effect of Coal Ash as a Filler
on Mechanical Properties of Glass Fiber Reinforced Material, International Journal of Applied
Engineering Research , Volume 9, Number 22 (2014) pp. 14269-14277.

12) D. Pathania and D. Singh, “A review on electrical properties of fiber reinforced polymer Composites™, International
Journal of Theoretical & Applied Sciences, Vol. 1(2), 2009, PP 34-37.

13) Govardhan Goud and R. N. Rao, ” Effect of fibre content and alkali treatment on mechanical properties of Roystonea
regia-reinforced epoxy partially biodegradable composites”, Bulletin on Material Science, Vol. 34,No. 7, December 2011,
pp. 1575-1581.

14) Saira Taj, Munawar Ali Munawar and Shafiullah Khan, “Natural Fiber-Reinforced Polymer Composites™, Proc. Pakistan
Acad. Sci., vol. no. 44(2S), 2007, pp. 129-144.

15) Cristiano Alves, Arlindo Silva, Luis Reis, Paulo Ferrdo and Manuel Freitas, “Sustainable Design of Automotive
Components through Jute Composites: An Integrated Approach, New Trends and Developments in Automotive
Industry”, vol. 18, 2001, pp. 223-254.

16) Lawrence T. Drzal, A. K. Mohanty & M. Misra, “Bio-composite Materials as an alternative to petroleum based
composites for automotive applications” Composite materials and structure center,
(http://www.speautomotive.com/SPEA_CD/SPEA2001/pdf/e/E1.pdf)

17) M. Ramachandran, Application of Natural Fibres in Terry Towel Manufacturing, International Journal on
Textile Engineering and Processes, ISSN: 2395-3578, Vol 1, Issue 1, Jan 2015, pp. 87-91.

18) Centro Ricerche Fiat, “The Research Requirements of the Transport Sectors to Facilitate an Increased Usage of Composite
Materials, Part Il: The Composite Material Research Requirements of the Automotive Industry”. June 2004.
(http://www.ncl.ac.uk/newrail/assets/docs/FinalReport-Automotive.pdf).

10


http://www.speautomotive.com/SPEA_CD/SPEA2001/pdf/e/E1.pdf

