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Abstract

This study was carried out to investigate the effect of the chemica

treatment of banana fibers on the physical properties of composites. Banana fibers
were treated with 10% sodium hydroxide and some physical tests were carried out
like: dielectric strength, dielectric constant, and thermal conductivity. The results
were compared with untreated fibers composites and virgin unsaturated polyester.
The results showed that the chemical treatment improved the did ectric strength
and therma conductivity by about 29.37% and 139% respectively compared with
untreated fiber compaosites. Finaly, the dielectric constant value of the treated
fiber composite was found to be lower than the untreated fiber composite and
virgin unsaturated pol yester.

Keywords: Banana fiber, Chemical treatment, Electrica and thermal properties,
Composites.
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Introduction

Composites are widely used
our day to day life. Due to their low
weight and ability to be tailored for
specific end use they have gained a
considerable ground in the high
performance applications, such as
aerospace and automobileindustry[1]
.The overhead for using naturd fibers
istheir cleaning and processing needs.
The application of natural fiber
reinforced composites has been
extended to amost all fidds[2].

During the last couple of
years natural fiber composites have
received considerable attention in the
automotive, packaging, and
construction industries. The uses of
natural fiber  composites are
expanding day by day opening the
new application windows. In recent
years, low cost natura fiber
composites proved of interest for
dielectric applications, showing aso
some potential for future application
as dielectric materials in microchips,
part of transformers, and circuit
boards. These materials can aso be
easily employed for multi-function
applications, as the hollow cellular
structure  of plant fibers proved
effective in providing insulation
against heat and noise[3].

The reinforcing efficiency of
naturd fiber is related to the nature of
cellulose and its crystallinity. The
main components of natura fibers are
cellulose (a-cellulose),
hemicelluloses, lignin, pectins and
waxes. Cdlulose in a nature polymer
consisting of  D-anhydroglucose
(CsH110s) repeating units joined by B-
1, 4-glycosidic linkages at G and C,
position. Each repeating unit contains
three  hydroxyl groups. These
hydroxyl groups and their ability to
hydrogen bond play a major role in
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directing the crysalline packing and
also govern the physica properties of
cellulose [4].Table 1. Presents the
chemical composition of banana fiber

[5].

The study of electrical
properties of natural fiber reinforced
polymer also indicates their suitability
as insulating materials for specia
applications such as suspension
insulators, bushing, studs, <Seeves,
gaskets, spacer panels and switch
boards. However, very little work has
been reported on the electrical
properties of natural fibers [6].
Properties such as density, electrical
resistivity, ultimate tensile strength
and initial modulus are related to the
internal  structure  and chemical
composition of fibers[1].

Natura fibers are amenable to
modification as they bear hydroxyl
groups from cellulose and lignin. The
hydroxyl groups may be involved in
the hydrogen bonding within the
cellulose molecules thereby reducing
the activity towards the matrix.
Chemical modifications may activate
these groups or can introduced new
moieties that can effectively with the
matrix [1][7].

The following reaction takes
place as a result of alkali treatment
[1]:

Fiber-OH + NaOH — Fiber-O -
Na'+H,0

The dectrica properties of
banana  fiber-reinforced phenol
formaldehyde  composites  were
analyzed by Seena and Sabu [8]. Naik
and Mishra investigated the electrical
properties of wood  polymer
composites based on Argo-waste and
novolac [9]. Pothan, et a reported
mechanical and electrical properties of
modified banana  fiber/polyester
composites. The dielectric constant
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values of the treated fiber composites
were found to be lower than the
untreated fiber composites [10].

In this present work the effect
of akali trestment on therma and
electrical properties of banana fiber
reinforced unsaturated polyester was
studied.

Experimental:
1-1 Preparation of banana fiber
and matrix material:

The pseudo stem banana
woven fabric reinforced unsaturated
polyester composite was prepared by
the lay-hand method. The fibers were
extracted from banana stems by hand
and dried in sunlight for 12 hours. The
dried fibers were made in the
configuration of woven fabric.

The matrix material was unsaturated
polyester (up) resin, the curing of (up)
was done a room temperature by the
incorporation of 2 volume percent
methyl  ethyl ketone peroxide
(MEKP).A 1% (volume percent)
cobalt naphenate was added as a
catalyst.

1-2 Mercerization Process (Alkali

Treatment):

Banana fiber woven fabric
was soaked in 10% NaOH for about 3
hours in order to activate the OH
groups of the cellulose and lignin in
the fiber. Sherely and Abderrahim
(2008) indicated that a 10-30%
sodium hydroxide solution produced
the best effects on natural fiber
properties [11]. The fibers were then
washed many times in distilled water
and finaly dried for a certain time
before testing.

1-3 Preparation of Composites:

Unsaturated polyester, its
hardener and catayst were thoroughly
mixed and stirred at low speed until it
become uniform. The matrix was
poured into mold slowly in order to
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avoid air trapping. The mixture was
left for some time so that it becomes a
little tacky. After that, the treated
banana fiber woven fabric with 10%
NaOH was laid on the matrix layer,
which was covered by another layer of
matrix by pouring the matrix dowly
onto the surface of the fiber woven
fabric. The three layered composite
was cured at room temperature until it
was dry. The same steps were used to
make untreated banana fiber woven
fabric reinforced unsaturated
polyester.

The measurements dimensions of all

tests were: diameter 40mm and
thickness 6.73mm.
Physical Test
Dielectric Constant
The instrument which is

utilized to measure the dielectric
constant values of the composites
represents an electrical circuit (in
series connection) which consists of
capacitor, coil, resistor, ammeter and
frequency generator. After was placed
the sample between the capacitors
plates, the frequency of the power
supplier was dternated till get
maximum current value. At this
maximum value, the frequency was
recorded which represents the
resonance frequency vaue (fr). After
that, the (fr) value was determined
without the presence of the sample (i.e
with existence of the air only).

The capacity of the capacitor can be

ca culated from the rel ationship:-
1

Where (L) is the inductance of the coil
Dielectric constant (£,) can be
cal culated from the equation:-

g =C/C, . (2
Where C, is the capacity of the

capacitor with existence of the air
while C is the capacity of the
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capacitor with the presence the sample
[12].
Dielectric Strength

The didectric strength was
carried out using (HV-50Hz 300KV)
testing machine. The dielectric
strength can be obtained from the
following equation:-

'L.l'

D s (3
Where
V= breakdown valtage (KV)
b= thickness of the sample[13]
Thermal conductivity
Lees disc instrument is used to
calculate thermd conductivity of the
samples under test. It consists of three
discs of brass and heater. The heat
transfers from the heater to the next
two discs then to the third disc across
the sample. The temperatures of the
discs (Ta, Ts, Tc) can be measured
with the thermometers which are
located in them. After from (6 Volt)
the power supply was supplied to the
heater, the current value through the
electrical circuit was about (0.25A),
and then the temperatures of the discs
were recorded after reaching the
thermal equilibrium (nearly after
45min).
The values of thermal conductivity are
calculated by applying the equations:-

War el +T) +2mfe, +aof o)+ -asTy

.4
Where
| is the current vdue through the
electrica circuit.
V isthe supplied voltage.
r isthe radius of disc.
Ta, Tg and T¢ are the temperature of
the brass discs A, B and C
respectively.
da, ds and dc are the thickness of the

brassdiscs A, B and C respectively.
dsisthe thickness of the sample.
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From the equation ( 4), the value of
(e) is caculated which represents the
quantity of heat that flows through the
cross sectiond area of the sample per
unit time (W/ mf.C°). K values can be
cadculated from the following
equation:-

K= (:P-TA‘J -

cun e (5)

Where K is the thermal conductivity
coefficient (W/m.C) [14, 15]
Results and Discusson:-
Dielectric Strength

Table 2. shows the influence
of mercerization (alkali treatment) of
banana fibers on the dielectric strength
vaues of banana reinforced (up)
composite. From the table it can be
seen that the didectric srength of the
untreated fiber composite is lower
than that of the virgin (up). This
implies that the conductivity is
increased upon addition of
lignocellulosic fibers. This is due to
the presence of polar groups, which
facilitate the flow of current [10].
Also, it can be seen that the treated
fiber composite improved the
dielectric strength of the virgin (up)
and untreated fiber composite by
approximately 2.49% and 29.37%
respectively. As described earlier,
chemica modification of fibers
resulted in lowering of moisture
content and increased interfacial
adhesion, leading to increase dielectric
strength value [3].
Dielectric Constant

Dielectric constant values of
treated and untreated banana fiber
composites are presented in table 2. It
can be seen that the dielectric constant
of untreated banana composite was
lower than that of the virgin (up). The
presence of naturd fiber in composite
materials increases the air content of a

G
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composite due to the hollow space in
the middle of each fiber, termed the
lumen. The air trapped in the lumen
results in a lower dielectric constant
value [16]. The mercerization
modification of banana fibers
composite resulted in lowering of
dielectric constant. This is due to the
decrease of orientation polarization of
composite containing treated fibers.
Mercerization treatment results in
reduction of moisture absorption
capacity of fibers due to the reduction
in interaction between polar- OH
groups of banana fibers and water
molecules. The resultant decrease of
hydrophilocity of the fibers leads to
lowering of orientation polarization
and subsequently dielectric constant
[3] [17].
Thermal conductivity

From table 2. It can be seen
that the thermal conductivity of the
untreated fiber composite was lower
than that of the virgin (up). It can be
said that banana fiber is a good
thermal insulator. In comparison to
untreated banana fiber composite the
thermal conductivity of treated banana
fiber composite was found to increase
by approximatdy 193%. Chemical
treatment of fibers result in increased

interfacial  adhesion, leading to
decrease in voids subsequently easy
heat transferences [18][5].
Conclusions

The following conclusions
could be drown:-
1-  Didectric strength of composite
improved by about 29.37% due to
mercerization. The
high didectric strength makes these
composites quite suitable for use as
insulator. Whereas untreated fiber
composite  had lower dielectric
strength than that of virgin (up).
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2- Dielectric constant of treated
fiber composite was lower than that of
untreated fiber composite. But
maximum dielectric constant was
observed for Virgin (up).

3 The results of therma
conductivity test showed that the
mercerization of banana fibers
improved the therma property by
approximately 193% compared with
untreated fiber composite.

4-  Virgin (up) showed highest
dielectric constant and thermal
conductivity compared with treated
and untreated fiber composites.
References

[1]. Bei W.”Pre-Treatment of
Flax Fibers for Using in Rotationd
Molded Biocomposites’, M.Sc
Thesis, Department of Agricultural

and Bioresource  Engineering,
University of Saskatchewan,

Saskatchewan, (2004).

[2]. Pratik K.I.,” Composites from
Natura Fibers’, Ph.D Thesis, North
Carolina State University, Raleigh,
USA, (2008).

[3]. Andrzegg K.B., Marta L.,
Abdullah A., and Janusz M.
“Biologica and Electrical

Resistance of Acetylated Flax Fiber
Reinforced Polypropylene
Composites’, Bioresources, Vol.4,
No.1, PP. 111-126, (2009).

[4]. Sjorstrom  E., “In  Wood
Chemistry:  Fundamentals  and
Applications’, Academic  press,
London, (1981).

[5]. Kulkarni A.G. and Rohatgi
P.K.” Electrical Resigtivity and
Dielectric Strength of Plant Fibers,
Journal of Material Science, Vol
16,No0.9, PP.1719-1726, (1981).

[6]. Maya J.J and Rajesh D, A
Recent Developments in Chemical
Modification and Characterization of
Natura Fiber-Reinforced

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal, Vol.28, No.10, 201

Effect of Chemical Treatment on The Some
Electrical And Ther mal Properties For
Unsatur ated Polyester Composites Using
BananaFibers

Compoasites’, Polymer Composites,
PP. 187-297, (2008).

[7]. Maries |.,Nedlakanta N.,
Zacharia O., and Sabu T.,” A Study
of the Mechanical Properties of
Randomly Oriented Short Banana
and Sisd Hybrid Fiber Reinforced
Polyester Composites’, Journa of
Applied Polymer Science, Vol.96,
No.5, PP. 1699-1708, (2005).

[14]. Collieu A.M. and Powney
D.J.,” The Mechanica and Therma
Properties’, Butter and Tanner,
London, (1973).

[15]. Tolf G. and Clain P.,” Fiber
Composite Hybrid
Materias’,Applied Science
Publisher LTD, London, (1981).

[16]. MayaJ., Varughese K.T., and
Sabu T.,” Dielectric Characteristics

[8]. Seena J and Sabu T.”
Electrical Properties of Banana
Fiber-Reinforced Phenol
Formaldehyde Composites, Journd
of Applied Polymer Science,
Vol.109, No.1, PP. 256-263, (2008).

[9]. Nak JB. and Mishra S.,”
Studies on Electrical Properties of
Wood Polymer Composites Based
on Argo-Waste and Novolac’,

of Sisal- Oil Pam Hybrid Biofiber
Reinforced Natural Rubber
Biocomposites’, Journal of Material
Science, Vol.41, No.17, PP. 5538-
5547, (2006).

[17]. Pothan L.A., Simon F.
Spange S., and Thomas S.’XPS
Studies and Chemicaly Modified
Banana Fibers’,
Biomacromo;ecules, Vol.13, No.7,

Journal of Polymer-Plastics PP. 892-898, (2006).

Technology and  Engineering, et el Jde oy [18]
Vol.43, No.4, PP. 10851091, st Jal e A8 e sale gailad

(2004). aslall ad e sk ALl gadd

[10]. Pothan L.A., George C.N.,
Jacob M., and Thomas S.,” Effect of
Chemical Modification on the
Mechanical and Electrical Properties
of Banana Fiber  Polyester
Compoasite’, Composite Materials,
Vol.41, No.19, PP. 237-238, (2007).

[11]. Sherely A.P. and Abderrahim
B.,” Effect of Fiber Loading and

(2006) s o) 5 dnalali gkl

Chemica Treatments on
Thermophysical Properties  of
Banana  Fiber/ Polypropylene

Commingled Composite Materia$,
Compoasites Part A: Applied Science
and Manufacturing, Vol.39, No.9,
PP. 1582-1588, (2008).

[12]. Schwartz S Plastic
Materials and Processes’, H. Good
man, Sidney, (1982).

[13]. Hpper C.A.,” Modern Plastic
Handbook”, Mc Graw Hill Co., New
Y ork, (2000).

196

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal, Vol.28, No.10, 201 Effect of Chemical Treatment on The Some
Electrical And Ther mal Properties For
Unsaturated Polyester Composites Using
Banana Fibers

Table (1) Composition of banana fiber [5].

Cellulose % 63-64
Hemicellulose % 19
Lignin % 5
M oisture content % 10-11

Table(2) Resultsof electrical and thermal tests

Samples Didlectric Didlectric Thermal
strength(KV/mm) constant conductivity(W/m.k)
Treated fibers 9.213 1.02 0.337
composite
Untreated 7.121 113 1115
fibers
composites
Virgin (UP) 8.989 119 0.4

Figure (1) pseudo-stem banana fibersin thewoven fabric configuration
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