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ABSTRACT

In this research, erosion wear rate and hardness shore D for polymer biocomposite materials
were investigated. The present bio-composites made up of differing weight percentage of
pistachio shell powder (0%, 5%, 7%, and 9%) with epoxy resin was prepared by hand layout
method. The erosion wear rates for bio composites obtained with under constant factors (10
hours, 60° impingement angles, sand silica particles 850um, standoff distance 23 cm, flow
rate 45 L/min, room temperature, nozzle diameter 4mm and pump diameter 50 mm). Results
show that the specimen (epoxy + 9% pistachio shell powder) has the best erosion wear rate
resistance and hardness shore D compared with other specimens, also the specimen reinforced
by 9% pistachio shell have the lower density and highest water absorption percentage and it
is found that the improving percentage for the this specimen in hardness is (11.5%) and in
erosion wear rate is (775%). The study reveals that the addition of pistachio shell powder to
the epoxy reduces its erosion wear rate and semi ductile behavior.
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INTRODUCTION

Over the last years, natural reinforcement received increasing attention as alternative to
synthetic reinforcement both from academic world and various industries. There is a variety of
different natural materials, which can be used as reinforcements of polymer (i.e. thermosets and
thermoplastics) composites. The application of bio composites have a wide range in the
industries, especially with natural waste composites, therefore the properties of the composite
can be carried out with different techniques (Oleiwi J. K. et. al. 2018). The use of biomaterials
such as rice husk, fly ash, wood fiber, carrot fibers act. is gaining popularity in composites due
to these materials available and low-cost filler. The epoxy resins are widely used in various
applications, making the thermosetting polymers very important. This resin strengthens with
different fiber and filler in order to improve mechanical and physical properties, also the
chemical properties of this polymer depend on cross-linking agents, initiators, diced, and other
additives (A. Basim et. al. 2015) Erosion wear represent degradation of specimen subjected to
striking of particles on the surface, where that happened in all applications therefore, there are
many of researcher studied the behavior of erosion wear rate of composite reinforced with
different filler. (Yaming Z. et.al. 2016) investigated the effect of (16% with particle size 110
um) and (84% with particle size 550um) SiC reinforced with epoxy resin on erosion wear and
flexural strength. The results show the (epoxy + 84% 550 um) reduce the erosion rate, while
the (epoxy + 16% 110 um) has the best flexural strength. (R. Ala et.al 2017) evaluated the
erosion wear behavior of polyester resin reinforced with (2%, 4%, 6%, and 8% volume fraction
Al>03 powder and 4% carbon fiber). Results show the specimen (UP+4%C. F+8% Al>03) has
better resistance, erosion wear under factors (425um particle size of silica sand) and (30°
impingement). (H. Jena et.al. 2018) have studied the erosion wear of two groups polymeric
composite: group one constituent from epoxy with (18%, 28%, 33% and 43% weight fraction)
bamboo fiber and second group constituents from epoxy reinforced with 33% weight fraction
bamboo fiber and (1.5%, 3%, 4.5% and 6% weight fraction cenosphere filler. The specimens
reinforced with bamboo fiber and cenosphere filler into epoxy resin give resistance erosion
wear better compared with specimens reinforced with bamboo fiber only. (D. Pani and P.
Mishra 2018) have investigated the erosion wear and hardness for 6 specimens polymer
composite (epoxy+10% wt. Luffa fiber), (epoxy +10% bagasse fibers), (epoxy + 10% coir dust),
(epoxy+5% coir dust+ 5% bagasse fibers), (epoxy+ 5% Luffa fiber+ 5% bagasse fibers) and
(epoxy +5% Luffa fiber+ 5% coir dust +5%bagasse fibers). The results showed that the
specimen (epoxy +5% Luffa fiber+ 5% coir dust +5%bagasse fibers) the best resistance to
erosion compared to other specimens. (C.V. Srinivasa and K.N. Bharath 2011) evaluated the
effect of areca fiber on properties of the epoxy and found that when the fiber volume fraction
increases the mechanical properties (hardness and impact) of the composite increases. (F. R.
Al Khalidi and M. A. Rajab 2018 ) studied the properties (hardness and wear resistance) of
composite materials reinforced by graphite or silica particles or both, and reinforced with
Cuffler fibers and obtained that Hardness values reached their highest value when increasing
the volume fracture to 15% and then decreased to their lowest values at the volumetric fraction
(20%). The aim of this work is utilizing the waste nature material to improve erosion wear and
hardness shore D of epoxy resin.

MATERIALS

Epoxy resin (EUXIT 50 KI) with density of 1.05 gm / cm3 was utilized in this study work
produced by (Al-Rakaez Building Materials in Amman) made in (Egypt Arabic). Unsalted
pistachio shells were obtained from attar in order to avoid hassles of washing. Wash pistachio
shell with distilled water to remove any impurities from the outer surface and dry in air for 24
hours. Then grinding the pistachio shell by using electric mill for 2 hours, after which the
powder is sieved using an electric sieve to find a particle size of < 50 um. The chemical
composition of pistachio shell powder after milling is shown in Table(1)using reagents
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Compton secondary molybdenum rand Barkla scatters HOPG ((X-ray Fluorescence).

PREPARATION OF BIOCOMPOSITES

A glass mold was used for preparing the bio composite specimens. The weight fraction of
pistachio shell powder (5%, 7%, and 9%) was mixed with the epoxy and hardener. After 24 hrs
the samples are taken out from the mold and put specimens in the furnace at 55 for 3 hours to
remove any stresses and complete bonding between resin and filler (Aseel Basim Abdul
Hussein et. al., 2015 & Oleiwi J. K et. al. 2017). Details composition of specimen composites
Is presented in Table(2).

MECHANICAL TESTS
Erosion wear

Erosion testing was carried out as per ASTM G 76 (Annual Book of ASTM, 2013). The
specimens bio composite were cut with a diameter (40 mm) and thickness (5 mm) as shown in
figure(1). This figure represented the device that used for erosion test which is manufactured
locally. The dimensions of tank were (40 cm *20 cm*20 cm). Where the sample for from the
nozzle by distance (23 cm) with diameter of pump is (40 mm) and diameter of nozzle is (4mm).
This test was done by by using angle between the fluid flow and the horizontal axis of the test
specimen (o), at 60°. It is operating flow rate (45 L/min). In this test arrangement silica sand
of size (850 um) was mixed with water from the air compressor and this jet was targeted onto
the test specimens. The conditions under which erosion rate was carried out are listed in Table
(3). The specimen weights were noted down before the test as well as after conducting the
erosion tests. The test is conducted for 10 hours and weighed the specimens to determine the
weight loss. The rate of erosion wear was evaluated by using the following equation (1) (P.
Mishra et. al., 2010 & Reem Alaa Mohammed et.al., 2018).

. AWc
Erosion wear rate = —
AWs

Hardness shore D

The Hardness Shore D test is conducted depend on (ASTM D-2240) at room temperature.
Specimens cut off into a thickness of 4 mm and a diameter of 40mm (Annual Book of ASTM
Standard , 1988).

RESULTES AND DISCUSSION
Wear rate of erosion

The events of wear rate of erosion for the epoxy strengthened with pistachio shell powder are
illustrated in figure (3). Impingement particle creates a rise in temperature of the surface which
gives the matrix deformation simple due to the great temperature known to occur in solid
particle erosion invariably soften the matrix (Tewari U.S. et. al., 2002). On impact, the erodent
particle Kinetic energy is transferred to the composite body that leads to crater formation and
subsequently material loss (Reem Alaa Mohammed et.al., 2018 and Patnaik A. et.al., 2007).
The results display, the specimens strengthened with pistachio shell powder give the lower
erosion wear rate when they are compared with the specimen epoxy. The reason is that the
appearance of pistachio shell powder in the resin matrix assists in absorbing the kinetic energy
offered by the impacted erodent particles and therefore making the energy available for the
plastic deformation of the matrix to become less (Patnaik A. et.al., 2007). It is obvious from
these results the specimen (Epoxy +9% pistachio shell) gives better erosion resistance than
other specimens, due to lower the mean particle size with a good distribution, bonding, high
strength, and stiffness these give an erosion wear rate. The behavior of erosion wear rate of
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composite can be sorted into two groups (ductile and brittle) and depended on the conditions of
experiment and the specimen (A. B. Abdul-Hussein, 2015). Also the results show the higher
value of erosion wear rate happened at 60° of impact angle. This represented the behavior of
specimen’s bio composites to erosion particles. Therefore, the behavior of specimen bio
composite can be termed as semi-ductile in nature.

Hardness shore D

The hardness shore D results of the epoxy reinforced with pistachio shell are shown in figure
(4). From results can be noted the increase hardness with added in pistachio shells content,
indicating 87 with 9 wt % pistachio shell due to Increase in pistachio shell content leads to an
increase in the hardness this may be due to the fact that the hardness is generally considered to
be a property of the surface, also pistachio shell contains elements harder than the pure epoxy
that leads to an increase in hardness. The cause of increasing the hardness value of the bio
composite materials is the addition of filler lead to increased resistance material for plastic
deformation, this result agrees with (R. Alaa Mohammed et.al., 2016 & Ruaa Haitham Abdel-
Rahim et.al., 2019).

Water absorption

The water absorption of the epoxy reinforced with pistachio shell are shown in figure(5). The
results show that the percentage of water absorption increased with increasing in pistachio
shells content and this happened because the matrix materials exhibit low absorption. Thus, the
moisture plays a role in deteriorating the interface between the matrix and the reinforced
material. The reinforced material may absorb small amounts of water. As a consequence, the
adhesion between the matrix material and the reinforced material decreases (I. I. Marhoon,
2016).

Density

The relationship between the density and content of pistachio powder (%)shows in figure(6).
The density of composite sample decreased with increasing the content of pistachio shell and
this is due to This is due to the fact that as the weight fraction of the pistachio shell powder
(having lesser density than matrix) increases, the weight fraction of the matrix (having higher
density) decreases with decreasing the density of the composites (S. P. Priya, et.al., 2006).

CONCLUSIONS
The composite specimens were prepared with different weight (0%, 5%, 7%, and 9%) of
pistachio shell filled in epoxy resin. From the results the following conclusions are drawn:

1. The presence of 9% weight fraction pistachio shell reduces the erosion wear rate of
biocomposite comparison with other specimens and the percentage in improving at (9 wt%) is
(775%).

2. The hardness shore D increased with addition of pistachio shell powder and reach
maximum value at 9% weight fraction pistachio shell and the improving percentage is (11.5%)
compared with other samples.

3. The composites reinforced by (9%) of pistachio shell have the lower density and the
highest water absorption percentage compared with other specimens.
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Table 1: Chemical composition of pistachio shell powder

Chemical composition Wt %
Cellulose 42
Lignin 13.5
cellulose lignin 3.11
Na,O 0.06
MgO 0.01
Cl 0.03
K20 0.08
Ca0 0.07
Fe203 1
Na 0.04
Cl 0.02
K 0.06
Ca 0.05
Fe 0.8

Table 2: Details composition of sample composites

Specimens Composition
Specimen 1 100% Epoxy resin
Specimen 2 | Epoxy + 5% Pistachio shell
Specimen 3 | Epoxy + 7% Pistachio shell
Specimen 4 | Epoxy + 9% Pistachio shell

Table 3 :Factors of erosion wear

Silica sand particle 850 um
Impingement angles 60°

Time test 10 hours
Standoff distance 23 cm

Flow rate 45 L/min
Temperature Room Temperature
Nozzle diameter 4mm

Pump diameter 50mm

TN

5 mm

4
- L

d =40 mm

Fig. (1): Specimen dimensions for erosion wear.
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A glass bath with sand

arains and water for erosion

Pump developed to push
the sample and move it on
sand grains and water

Fig. (2): Erosion wear device.
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Fig.(4) :Hardness Shore D for all specimens.
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Fig. (5): Water absorption(%) for all specimens.
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Fig. (6):Density (g/cmq) for all specimens.
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