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ABSTRACT

In recent times, increasing attention has been paid to the use of renewable resources particularly of plant origin
keeping in view the ecological concerns of such materials. On the other hand, despite abundant availability of
lignocellulose materials, very few attempts have been made about their utilization, probably due to lack of sufficient
structure/property data. Systematic studies to know their properties may bridge this gap while leading to value
addition to these natural materials. Wood Plastic Composite (WPC) is a very promising and sustainable green
material to achieve durability without using toxic chemicals. The term WPC refers to any composite that contains
plant fiber and thermosets or thermoplastics. In comparison to other fibrous materials, plant fibers are in general
suitable to reinforce due to relative high strength and stiffness, low cost, low density, low biodegradability and
annually renewable. By using the WPC, it is possible to reduce the environmental problems of today. Thus, it
replaces wood products and saves the earth from deforestation and increases the economy of farmers by proper
utilization of agricultural waste/ by-products.
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Much of the agricultural by-product are not used
economically. Probably the most prominent example of
this is rice straw, sugarcane bagasse etc. They are
burned in the field, creating economic waste as well as
environmental problems like air pollution, smog
formation, loss of soil moisture etc. An integrated
approach on the farmer’s level is needed by which a
closed system is pursued in order to make efficient use
of agricultural produce and by-products. In view of the
actual rising food prices, high population growth rate,
and higher energy prices; efficiency and improvement
of the whole production chain process becomes more
important. In this context, the beneficial reuse of
agricultural waste will be economically profitable for
both the farmers and the industries. By doing so, it will
add to the income of the farmers also. Improving the
position of small farmers is expected to contribute to
social stability in the communities.

To manage waste agricultural biomass and to
convert it into a material resource, considerable efforts
are being made by many Governments and other entities.
There are still major gaps to be filled, especially due to

its “not insight and not in mind” phenomenon. There is
a lack of awareness and capacity to divert most of the
waste for material and energy recovery. The large
unused volume of biomass can be converted to an
enormous amount of energy and raw materials. As raw
materials and biomass wastes have attractive potentials
for large-scale industries and community-level
enterprises. The major unutilized agriculture waste
products are as following:-

Table 1: Agricultural crops and their waste

                    Crop                   Waste

Coconut - Fronds, husk, shell
Coffee - Hull, husk, ground
Corn - Cob, stover, stalks, leaves
Cotton - stalks
Nuts - Hulls
Peanuts - Shells
Rice - Hull/husk, straw, stalks
Sugarcane - Bagasse

The major conversion technologies for converting
biomass waste to composite materials and their products
are illustrated below.
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Table 2: Conversion Technology

Conversion Process Biomass Waste Product
Bio-reduction Pineapple leaves Animal feed,

industrial
Sugarcane residues absorbents

and additives
Wheat straw for beverages
Cotton gin

Bio-refinery system Rice husk Silica, Metal
Finishing,
Water Soluble
Oil &
Synthetic
Lubricant

Sugarcane bagasse Panel boards
Wheat straw

Sugarcane bagasse is a plentiful lignocellulosic
waste typically found in tropical countries that process
sugarcane, such as Brazil, India, Cuba, and China. It is
called bagasse (BG) or cane-chuff, and it is obtained as
a left-over matter after liquor extraction in a sugar
factory. About 54 million tons of bagasse is produced
annually throughout the world. In general, sugar factories
generate approximately 270 kg of bagasse (50%
moisture) per metric ton of sugarcane [1]. Bagasse fiber
bundles are unusually coarse and stiff material. It is
used either as a fuel  for the boilers by the sugar factory
or as a raw material for the manufacture of pulp and
paper products, various types of building boards, and
certain chemicals. It is suitable for making non-woven
products.

In the present investigation, bagasse was selected
as the filler material. This material is abundantly available
at very low cost. In all the cases discontinuous glass
fibers (GF) are also incorporated in the material system.
Glass fibers are the most widely used reinforcement
material for commercial plastics. Glass fiber reinforced
materials exhibit low specific gravity, high strength and
stiffness, good dimensional stability and resistance
against heat, cold, moisture and corrosion. They improve
mechanical properties of denture base polymers, have
easy manipulation, and are esthetic. Reinforcement with
fibers enhances the mechanical characteristics of
denture bases, such as the transverse strength, ultimate
tensile strength and impact strength.

In the present investigation, the objective of studying
the feasibility of manufacturing composite boards by
mixing of fibrous bagasse fiber and glass fiber by means
of a flat press process.

METHODOLOGY
Matrix Material :
Epoxy Resin CY230 : Epoxy resin is widely used in
industrial application because of their high strength and
mechanical adhesiveness characteristic. It is also good
solvent and have good chemical resistant over a wide
range of temperature. Araldite CY 230 purchased from
M/s Petro Araldite Pvt. Limited, Chennai, India, is used
in the present investigation.
Hardener HY951 : Hardener HY951 purchased from
M/s Petro Araldite Pvt. Limited, Chennai, India, is used
as curing agent. In the present investigation 8 % wt/wt
have been used in all material developed. The weight
percentage of hardener used in the present investigation
is as per recommendations of [3].
Reinforcing element: Reinforcing agents are added to
the resin to improve the mechanical strength and failure
rates of the material.
Bagasse Fiber: The bagasse fiber used in the present
investigation was arranged from nearby Kichha Sugar
Mill, Uttarakhand, India. The collected sugarcane
bagasse was dried in sun for a week and subsequently
cut into small pieces. It was then ground in a ball mill to
convert into small pieces of fibers. Then the material
was washed in water to remove the pulps. It was again
dried in sun for a week and also dried in oven in 1000C
to remove moisture content. Two Sieves of required
(ASTM-30 & ASTM -60) size were used to get the
final fiber size for casting.
Glass- fiber:  Glass fiber of grade E-Class of surfacing
mats composed of continuous glass filaments in random
pattern purchased from M/s Petro Araldite Pvt. Limited,
Chennai, India, M/s CIBATUL Limited, India is used
as reinforcing agent. The glass fiber was extracted from
the mat and was cut into the size of 2 to 3 mm. In the
present investigation 5 % wt/wt have been used in all
material developed.
Method: Epoxy resin (CY 230), hardener (HY 951),
bagasse fiber and glass fiber with different weight
percentage were used. Different mixtures of bagasse
fiber (15, 20, 25, 30 wt%), glass fiber (5 wt%) and epoxy
resin were prepared by mechanical stirring at 3,000 rpm.
The curing curve of epoxy CY 230 is shown in Figure
1. Based on the curing curve, the solution obtained by
mixing bagasse and glass fiber in resin is kept in the
furnace at a temperature of 90 ± 10 °C for two hours
[4]. At each interval of 30 minutes the solution is taken
out from the electric furnace and remixed by mechanical



Indian Research Journal of  Extension Education Special Issue (Volume I), January, 2012 91

stirrer at same speed. After two hours the whole solution
is taken out and allowed to cool to a temperature of
45°C. When a temperature of 45°C has been attained
the hardener HY-951 (8 weight per cent) is mixed
immediately [4]. Due to addition of hardener high viscous
solution is obtained which is remixed mechanically at
high speed by the mechanical stirrer. The viscous
solution so obtained is poured into different moulds for
sample preparation. Tensile and compression tests are
conducted on 100 kN servo hydraulic universal testing
machine (ADMET, USA) under displacement mode of
control of 1 mm/min. The results are presented and
discussed in subsequent sections.

Figure 1: Curing curve of CY 230 epoxy based composite

RESULTS AND DISCUSSIONS
Density: Density is one of the most important

mechanical properties of the material. The density of
bagasse-glass fiber reinforced composite with different
composition of composites are presented in Table 3.

Table 3 reveals that increase in wt% of reinforced
particles, i.e. the bagasse-glass fiber in the resin solution
decreases the density. The decrease in density can be
related to the fact that the fibers are light in weight but
occupy substantial amount of space. Hence there is a
general decrease in the density of all the composite
materials with regards to the epoxy resin.

In the present investigation, density of bagasse-
glass fiber filled composite is found to be 1.04 gm/cm³
for 15wt% bagasse filled composites, 0.99 gm/cm³ for
20 % bagasse, 0.86 gm/cm³ for 25% bagasse and 0.80
gm/cm³ for 30 % bagasse with 5% glass fiber reinforced
composite. This is lower than the pure epoxy resin which
is 1.176gm/cm³. Hence, it can be concluded that proper
combination of the bagasse and glass fiber hybrid
composite material may have a varieties of industrial
application when weight and strength would be the
critical parameter in the design.
Water absorption capacity:  Water absorption
capacity is another crucial factor to be taken into account
when considering the effect of water on the composite
material developed. The effect is presented in Table 4.

The effect of water absorption is important incase
the material that has been developed is used where the
applications come in contact of water. The water
absorption capacity was found to be maximum for 30%
bagasse-5% glass fiber reinforced composite. This
substantial increase with regards to the epoxy resin can

Table 3: Density of epoxy resin and bagasse-glass fiber reinforced composite

S. No. 15% BG 5% GF 20% BG 5% GF 25% BG 5% GF 30% BG 5% GF Epoxy 10% BG
(gm/cm³) (gm/cm³) (gm/cm³) (gm/cm³) (gm/cm³)

1 1.02 1.00 0.82 0.80 1.159 1.11
2 1.03 0.97 0.90 0.79 1.184 1.10
3 1.06 0.99 0.86 0.82 1.186 1.08
Mean 1.04 0.99 0.86 0.80 1.176 1.097
S D 0.02 0.02 0.04 0.02 0.015 0.015

Table 4: Water absorption capacity

S. No. 15% BG 5% GF 20% BG 5% GF 25% BG 5% GF 30% BG 5% GF Epoxy 10% BG

1 2.69 2.80 2.91 2.98 0.633 2.63
2 2.72 2.83 2.87 2.97 0.699 3.08
3 2.70 2.79 2.89 3.01 0.609 2.66
Mean 2.70 2.81 2.89 2.99 0.647 2.79
S D 0.02 0.02 0.02 0.02 0.0466 0.252
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be due to the fact that here the present bagasse-glass
fibers have maximum capacity of water absorption in
comparison to the resin particles.
Mechaical properties:  Mechanical Properties are also
critical factors to be taken into account when proposing
the developed material in place of commercially available
board. Addition of fiber increases the modulus of
elasticity of the epoxy. Mixing of bagasse with glass
fiber also improves the modulus of elasticity. Addition
of bagasse fibers decreases the ultimate tensile strength.
Addition of fibers increases the capacity of water
absorption. This test is necessary where composites are

used in moisture affected areas. Addition of bagasse
fiber reduces bending strength. But addition of glass
fiber further increases the bending strength in
comparison to commercially available bagasse based
composite. It is found that 30% bagasse and 5% glass
fiber-mixed composite have approximately same
hardness in comparison to commercially available
bagasse board. Keeping the above in consideration
while designing any commercial product related to
agricultural use or other, farmers may develop different
type of products to enhance their economy by the use
of agricultural waste and natural resins etc.

Table 5: Tensile properties of the composite materials and epoxy resin.

Property 15% BG 20% BG 25% BG 30% BG commercially available
5% GF 5% GF 5% GF 5% GF bagasse board

E, (MPa) 10.20 08.00 05.20 04.00  03.23
Ultimate stress, (MPa)  04.69 04.33 02.87 01.56 02.50
Percentage elongation 20.50 26.40 46.60 56.70 48.00

Table 6: Flexure strength, compressive strength, hardness and density of composite materials.

Property 15% BG 20% BG 25% BG 30% BG commercially available
5% GF 5% GF 5% GF 5% GF bagasse board

Flexure strength, (N-m) 03.96 03.53 01.41 00.82 00.75
Compressive strength, (MPa) 09.60 05.92 04.57 01.83 02.30
Hardness (R-scale) 53.00 47.60 45.00 39.80 32.00
Density (g/mm2) 01.04 00.99 00.86 00.80 00.87
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