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Mechanical properties of (LDPE-463)/Citrus Aurantium shell
composite are assessed with respect to the effect of Citrus aurantium shell
content varying from 2.5% to 50%. An obvious decrease in the
mechanical parameters is recorded after adding Citrus aurantium shell of
a high weight ratio. The mechanical properties of loaded film have been
evaluated through several parameters concerning the elastic deformation
based on measuring the load — elongation characteristics. The melt index
is found to be increased up to 56.5 with increasing the filler concentration
up to 50%, while the incorporation of the filler has adversely affected
mechanical properties by reducing the tensile at yield and break, impact
and elongation. This reduction is due to two reasons poor interaction
between filler particles and LDPE chains and low molecular weight of the
short molecular chains of the composite thus resulting in a lower tensile
strength and elongation at yield and break and may be related to
particles/matrix interface which depends on the properties of both the
filler and the host polymer. Finally the filler contributes to reducing the
cost due to the change made in melt index, viscosity and the reducing of
LDPE in the composite matrix.

Introduction :

A number of additives have been added to the polymer to serve
different industrial requirements. Among these are lubricants, antioxidant,
ant blocking agent, slip agent, antistatic, stabilizer, color compounds,
foaming agent and fillers (1-2). The term filler is very broad and
encompasses a very wide range of materials including variety of solid
particulate materials (inorganic, organic) that may be irregular, acicular,
fibrous or plate-like in shape and which are used in reasonably large
volume loadings in plastics(3). Traditionally, fillers are considered as
additives, which, due to their unfavorable geometrical features, surface
area or surface chemical composition, could only moderately increase the
modulus of the polymer, while strength (tensile, flexural) re-mained
unchanged or even decreased. Their major contribution is in lowering the
cost of materials by replacing the more expensive polymer; other possible
economic advantages are faster molding cycles as a result of increased
thermal conductivity and fewer rejected parts due to warpage. Depending
on the type of filler, other polymer properties could be affected; for
example, melt viscosity could be significantly increased through the
incorporation of fibrous materials. On the other hand, mold shrinkage and
thermal expansion would be reduced, a common effect of most inorganic
fillers. Almost 85% of polymers produced worldwide are thermoplastics
(4-5) where polyethylene is one of these polymers and the basic
characteristics of low density polyethylene behind its potential
mechanical properties are candidate it’s utilization in different
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applications compared to others. The basic characteristics of mechanical
properties of solid are usually determined by testing results dependencies,
such as stress-strain diagram where the tensile stress-strain is most widely
used(6). Owing to the viscoelastic nature of polymers, the test is only a
rough guide to how a polymer will behave in a finished product(4,6). The
tensile test is widely used for measuring stiffness, strength, dimension
stability and ductility of the polymer. Finally Global demand for
fillers/reinforcing fillers, including calcium carbonate, aluminum
trihydrate, talc, kaolin, mica, wollastonite, glass fiber, aramid fiber,
carbon fiber, and carbon black for the plastics industry is estimated to be
about 15 million tons(7). In order to convert low-value citrus aurantium
resources into high-value product, citrus aurantium shell is combined
with thermoplastic resin resulting in particles of citrus aurantium shell —
plastic composite.

The present paper summarizes the obtained results of mechanical
properties of (IDPE- citrus aurantium shell) for different doping weight
percentage (2,5 %- 50%) .Parameters such as elongation, tensile at yield,
tensile at break, impact and melt index are taken in to contribution.

Experimental Procedure:

Additive-free LDPE (SCILEN 22004) grade is supplied from the
state company for petrochemical industry (SCPI) of (MI=0.39
gm/10min.) and (density = 0.922 gm/cc). The citrus aurantium shell is
obtained from local market. The average citrus aurantium shell particle
size used in this work is (< 125)um. Six concentrations of sawdust
particles 2.5, 5, 10, 15, 25, 30 and 50 wt% are used in the LDPE
compounds. Citrus aurantium shell as a fine powder is mixed with LDPE
using Rheomix mixer 600 instrument attached to Haake Rehochard meter
with following conditions; mixing time 15 min; mixing temperature
160°C; mixing velocity 32 RPM . After that the final mold product is
introduced in a laboratory compress under 5 ton at 175°C for 3 minutes
in a square frame where the pressure rises gradually up to 15 ton for a (6)
minutes and after this period the sample sheet is cooled up to reach room
temperature. This sheet of final product is used to prepare Samples
dumbbell in shape for measuring the mechanical properties and melt
index by using Instron instrument model 1193 with following conditions;
chart speed (10) mm/min., crosshead speed 50 mm/min. The test
specimen is positioned vertically in the grips of device then the grips are
tightened evenly and firmly to prevent any slippage. The relationship
between elongation and load is obtained directly from the instrument. All
measurements are made according to [ASTM D638 1977] (8).

To measure the tensile strength of a polymer sample, we usually
stretch it using Instron machine. This machine simply clamps each end of
the sample and stretches the sample. It measures the amount of force (F)
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it is exerting. When we know the force being exerted on the sample, we
then divide that number by the cross-sectional area (4) of our sample. The
answer is the stress that our sample is experiencing by increasing the
amount of force, and stress naturally, on the sample until it breaks. The
stress needed to break the sample is the tensile strength of the material.

Elongation is a type of deformation where the sample deforms by
stretching, and becomes longer. We call this elongation. Usually we talk
about percent elongation, which is just the length the polymer sample is
after it is stretched (L), divided by the original length of the sample (L),
and then multiplied by 100.

i X 100 = % elongation
Lo

To measure tensile modulus, we do the same thing as we did to
measure strength and ultimate elongation. This time we measure the
stress we're exerting on the material, just like we did when we measured
tensile strength. We slowly increase the amount of stress, and then we
measure the elongation the sample undergoes at each stress level. We
keep doing this until the sample breaks. Then we make a plot of stress
versus elongation.

This plot is called a stress-strain curve. (Strain is any kind of
deformation, including elongation. Elongation is the word we use if we're
talking specifically about tensile strain.) The height of the curve when the
sample breaks is the tensile strength, of course, and the tensile modulus is
the slope of this plot. That plot of stress versus strain can give us another
very valuable piece of information. Toughness is the measure of the area
underneath the stress-strain curve. Toughness is really a measure of the
energy a sample can absorb before it breaks.

Melt Flow Index is the output rate (flow) in grammes that occurs in
10 minutes through a standard die of 2.0955 £+ 0.0051 mm diameter and
8.000 £ 0.025mm in length when a fixed pressure is applied to the melt
via a piston and a load of total mass of 2.16 kg at a temperature of 190°C
(some polymers are measured at a higher temperature, some use different
weights and some even different orifice sizes). In this research the melt
flow index was measured according to ASTM D-1238 (10-11).

Results and Discussion:

Melt index as a function of citrus aurantium shell concentration is
measured to determine the rheological properties and the viability of the
composite. Figure (1) shows the values of melt index of the composite
increase as the content of filler increased. The increment in melt flow
index values indicates the viscosity of the composite decreased which is
not similar to the most filled thermoplastic and in disagreement with that
reported by researchers before(12). The increment maybe due to the citrus
aurantium particle melting and losing their original shape to functioned as
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soft particulate fillers when processed with good dispersion of filler
particles during melt compounding.

Experimental data of tensile at yield, tensile at break, elongation,
impact are calculated. The effect that a filler will have on tensile strength
depends on how much force it takes to pull it out of the polymer matrix
where in our study the tensile strength is decreased . The obtained results
of tensile strength at break and tensile at yield of (LDPE/citrus aurantium
particle) composite are shown in figure (2) and figure(3). These results
stating that the tensile strength at break decreased as the filler content
increased. These results can be explained in terms of the small aspect
ratio (the aspect ratio here is the ratio after compounding where a filler
aspect ratio can be reduced by particle breakage during melt
compounding) of our filler which deceases the tensile of break and yield
because there is no more surface to grip the polymer.

Figure (4) shows the variation of Izod impact with filler
concentration where a sharp decrease is obtained with filler ratio. The
decrease in Impact may be explained in terms of the crack propagation
through the polymer matrix which leads to the decrease impact strength
where the little interaction between LDPE and added filler specially at a
high ratio is responsible for non improvement of the 1zod impact. The
poor ability of material to tolerate load which consequently results in non
improved distribution of stress and poor mechanical properties (13). The
same behavior is obtained for the changes made to the Elongation of
LDPE due to adding a different filler concentration as shown in figure
(5). The Elongation of the composite is significantly less than that at a
higher filler content. This result can be explained in to term of the
interfacial properties of filler particles in LDPE at a lower Citrus
aurantium shell content and by the distance between Citrus aurantium
shell particles at a higher filler content respectively (14). In general, A
polyethylene resin with small Melt flow index (MFI) values has a high
molecular weight and long molecular chain thus the short molecular chain
and high molecular weight do not help improving the interfacial adhesion
between polyethylene macromolecules by polymer chain entanglement
.Furthermore energy absorption to the impact load with respect to the
LDPE with a short molecular chain and low molecular weight is not
much sufficient due to high molecular weight and long molecular chain,
thus resulting in non improvement of the elongation of LDPE/Citrus
aurantium shell particles(15).

Conclusion:

Many changes in mechanical properties of the composite are due to
the reinforcement of Citrus aurantium shell particles and poor interaction
between filler particles and polymer chains specially at higher filler
contents.

Melt flow index (MFI) significantly affect mechanical properties.
The processing of doped samples is easier than that of pure samples. The
tensile and impact strength decrease with an increase in the MFI value.
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The poor mechanical performance of the composite indicates the inherent
difficulty of good adhesion between the Citrus aurantium shell particles
and LDPE chains.
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Figure(1) Variation of melt index with concentration %
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Figure(2) Variation of tensile at break with filler concentartion
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Figure(3) Vaiation of strength at yield with concentration
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Figure(5) Variation of Elongation with concentration




