
Introduction

Pistachio husks are produced in large quantities. Tons

of pistachio husks are either burned after harvest or left

in the field every year. Particular attention has not been

paid to using agricultural residue as raw materials in

polymer composite industries. Therefore, the usage of

pistachio husks as filler in polymer composites is very

important from an economical and environmental view

point. Uses of pistachio shells include a medium for

orchids, animal feed, fire starter, additives for wood

items, etc. Fabrication of polymer composites with this

filler is suitable for many engineering applications

(Alsaadi et al., 2018; Maghsoudi et al., 2010).

Interest in composite materials has increased in recent

years as an engineering material due to their unique

properties. This interest has been prominently embodied

in the field of construction uses that require: lightweight

and high resistance (Jaafar and Fadhil, 2017). A

composite material is a substance consisting of two or

more materials, insoluble in one another, which are

combined to form a useful engineering material

possessing certain properties not possessed by the

constituents (Callister, 2006). A polymer composite has

taken great attention among researchers both

thermoplastic and thermo-setting. Epoxy resins are rigid

and brittle in nature; it has chemical resistance and high
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mechanical strength (Mahdi et al., 2020; Shawky et al.,

2011). The light weight of polymers, as well as their

resistance to rust, makes them suitable for work in many

industries and to Strengthen the polymer, which may

be little expensive, low-cost fillers are used that are

added to the polymer to manufacture composites with

commercial uses (Fadhil et al., 2019). Epoxy resin is

one of the most important polymers widely used in

industries due to its properties that it has such as high

thermal stability and resistance to chemicals as well as

its low shrinkage (Jasim et al., 2019). Many researchers

have used epoxy as a basis in the manufacture of

composites and different fillers are added to it according

to the purpose for which the composite is made. In

2016, Jassim reported the used white eggshells powder

as filler and found there is an effect of the filler in

improving the increases the impact strength and high

resistance to water. In 2017, the researcher Jaafar and

Fadhil used aluminum powder as filler; they found that

there is an effect of the filler in improving the mechanical

properties of epoxy resin. In 2017, the researcher Jasim

and others used copper powder as a filler, they found

that there is an effect of the filler in modifying the

thermal conductivity of epoxy resin (Jasim and Fadhil,

2018). In 2019 he also used copper powder as filler;

they found that there is an effect of the filler in improving

the (Tg) and Shore D hardness for epoxy resin (Jasim

et al., 2019). The aim of the work was to modulate the

glass transition temperature, hardness and thermal
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conductivity. This compound can be used to paint

wooden furniture.

Material and Methods

Epoxy resin (G-5533) is used as matrix material, it was

supplied by Iraq Modern Paint Industries Company and

it is converted to the solid state by adding hardener at

a ratio of (3:1), it is a coating used as a middle layer on

concrete surfaces, sections and metal equipment and it

has a high resistance to air, water and mechanical

influences. The physical and chemical properties of

epoxy resin shown in Table 1.

Reinforcement materials. Ashuri pistachio husks

powder from northern Iraq (hw) is used as reinforcement

material. Table 2 shows some basic properties of (hw).

The hand lay-up molding process (Jaafer and Muslem,

2012; Jaafer et al., 2008) was used to prepare six

specimens of (EP/hw) composites (Jobayr et al., 2018).

At first, we prepare epoxy resin mixed with hardener

(3:1) ratio. Then different weight ratios were added

from Pistachio husks powder (hw) (0, 0.5, 1, 1.5, 2,

2.5). To get good homogeneity between EP resin and

Pistachio husks powder. The different ratios of (EP/

hw) shows in Table 3 and Fig. 1 is a photograph of the

samples.

Test devices. Thermal conductivity (K). Lee�s disc

technique is used to calculate the thermal conductivity

of the samples (Jasim and Fadhil, 2018).

Hardness test. It is the degree of surface resistance to

an indentation or scratching abrasion and wear (Jasim

et al., 2019) used Shore A hardness (HT-6510A) to

measure the hardness of the samples.

Differential scanning calorimetry DSC. (DSC131

EVO) is one of the most popular methods that can be

used to measure the glass transition temperature (Tg)

for samples as a function of temperature (Jasim et al.,

2019).

Results and Discussion

Thermal conductivity (K). Figure 2 shows the

obtained results of (K) for EP/hw composites. (K)

values for decrease with increasing filler weight

percentage. The minimum value (0.1673 W/m.K) at

(2.5%) hw, is shown in Table 4. In polymeric materials

(Mahdi et al., 2017) and heat is transferred as an elastic

wave (Anjama et al., 2021; Jassim et al., 2017). The

wave loses part of its energy at the interface region

between the matrix and the reinforcement materials

(Mahdi et al., 2020; Mohammad et al., 2017). The

decrease in (K) is due to the fact that the Pistachio

husks powder good heat insulator. Adding a certain

percentage of pistachio powder to the epoxy resulted

in a decrease in thermal conductivity compared to the

epoxy value pure. This is due to the spread of pistachio

powder randomly in epoxy according to the

manufacturing process. This powder plays an important

role in the process (K).
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Table 1. The physical and chemical properties of (Ep)

Properties Ep

Physical state Dense liquid

Colour Gray

Density (1.4-1.5) Kg/L

Odour Pungent

Spreading rate (3-4) m²/L

Solid by volume 62±2%

Gloss level matt (0-35)

Flash point 26 °C

Table 2. Basic properties of (hw)

Properties Pistachio husk powder (hw)

Form Powder

Colour Light yellow

Purity 99.9%

Average diameter (200 µm)

Table 3. The different ratios of (EP/ hw) composites

EP% hw%

100 0

99.5 0.5

99 1

98.5 1.5

98 2

97.5 2.5

Fig. 1. A photograph of the samples for EP/hw

composites.
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So, that the indenter of the machine will touch the

surface of the pistachio husks powder at the surface

and the hardness values will increase (Jasim and Al-

Sarraf, 2019; Zaidan and Mohammed, 2017). This test

gave us a good picture of the strength of the material

and the overall cohesion of the material. Thus, we can

say that we have obtained a compound that bears more

environmental factors than pure epoxy (Jasim and Al-

Sarraf, 2020).

Glass-transition temperature. Figure 4 shows the

obtained results of glass-transition Temperature (Tg)

for EP/hw composites. Tg values increase with increasing

filler weight percentage. The maximum value (88 °C)

at (2.5%) hw, as shown in Table 6.

Table 4. Thermal conductivity for Ep/hw composites

hw% K (W/m.K)

0 0.8584

0.5 0.8499

1 0.3022

1.5 0.1703

2 0.1700

2.5 0.1673

Hardness tests. Figure 3, shows the obtained results

of shore a hardness for EP/hw composites. Hardness

values increase with increasing filler weight percentage.

The maximum value (78.5) at (2.5%) hw, is shown in

Table 5. The increase in the hardness values with the

increase in the weight percentage of the pistachio husks

powder in the epoxy resin matrix is due to the distribution

of the powder between the chains of the epoxy resin.

Table 5. Shore A hardness for Ep/hw composites

hw% Shore A hardness

0 55.7

0.5 64.7

1 70.3

1.5 72

2 73.3

2.5 78.5

Table 6. Glass-transition temperature for Ep/hw

composites

hw% Tg (°C)

0 67.5

0.5 69

1 73

1.5 78

2 79

2.5 88
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Fig. 2. Thermal conductivity vs hw weight

percentage for Ep/hw composites.
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Fig. 3. Shore A hardness of polymer composites

as function of pistachio husks powder.
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Fig. 4. Tg vs. hw weight percentage for Ep/hw

composites.



Figures 5-10, show the obtained results of heat flow

with sample temperature, through which we calculate

the glass-transition temperature. Upon heating to (Tg),

the solid amorphous polymer changes from a solid to

a rubbery state (Mahdie et al., 2017). The (Tg) value

depends on the molecular weight properties that affect

the chain stiffness. Molecular weight gain also tends to
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Fig. 6. Heat flow vs sample temperature for weight

0.5%.
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Fig. 5. Heat flow vs sample temperature for weight

0%.

raise (Tg), when the molecular weight is too high, due

to the decrease in free volume due to the reduced

mobility of the ends of the polymer chains because the

free volume depends on the concentration of the ends

of the chains (Jasim et al., 2019). The (Tg) increases

with increasing polymer polarity and increasing cohesive

energy density.
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Fig. 7. Heat flow vs sample temperature for weight

1%.
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Fig. 9. Heat flow vs sample temperature for weight

2%.

Fig. 8. Heat flow vs sample temperature for weight

1.5%.

Fig. 10. Heat flow vs sample temperature for

weight 2.5%.
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Conclusion

In this study, we concluded thermal conductivity

decreases with pistachio husk powder concentration

increase and it has a minimal value of (0.1673) for

(2.5% hw). Increase hardness with pistachio husk

powder concentration increase and it has maximum

values of (78.5) for (2.5% hw) and the maximum Glass

transition temperature (Tg) of (EP/hw) composites were

the value (88 °C) at (2.5% hw). Depending on the

results obtained, this compound can be used for painting

wooden furniture. Because it contains pistachio shells

powder, which is an environmentally friendly organic

material and because of the physical and chemical

properties of the epoxy used.
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