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ABSTRACT: Natural materials have been represented as an interesting field of study in composites. Using such 

materials as reinforcement for polymer matrix composites has been focused on. In this study, samples made 

from walnut shells powder (WSP) mixed with polypropylene by 30%, 40%, and 50% weight fractions have 

been tested for mechanical and Tribological properties. Tensile and short beam tests have shown decreasing in 

the ultimate stress as the powder fraction was increased. Modulus of elasticity was noticed to be decreasing as 

the percentage elongation was increased. However, wear results showed enhancement in the specific wear rate 

with increasing the powder fraction. Even more, it was noticed that increasing the normal force has led to 

minimizing material losses. Similar to the wear, the hardness test showed improvement by increasing the 

powder percentage. 
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INTRODUCTION 

Recently, there is interest in recycling waste materials and reusing them as composites. Due to the increasing 

demand for environmentally friendly materials, industrial and agriculture waste has been used as a reinforcing 

material for plastics [1]–[5]. In addition to the advantages of recycling waste materials and using them in 

polymer composites, these materials have reasonable mechanical properties. Its low density, high dimensional 

stability, and high specific properties have made polymer-organic material composites feasible to be used [6]-

[9]. Thus, polymer composites may contain several types of agricultural waste materials such as corncobs, 

nutshell, pepper stem, cereal straw, combined with polymers such as polyethylene, propylene, and polyvinyl 

chloride. One of the advantageous materials to be used is walnut shell powder(WSP) [10]. The availability has 

made it a suitable candidate to replace industrial polymer fills [11]. However, the potential properties of such 

renewable lignocellulosic material have enabled using its shells for blast cleaning and polishing of soft 

materials, fiberglass, wood, plastics, and even stones. Even more, it can be used for burning and fertilizer[12].  

A comparison of pure epoxy and 20%wt of walnut shell powder with 10%wt coconut fiber proved to enhance 

the bio-composites variance and its coefficient even reducing the tensile strength of the epoxy have been 

noticed[13]. Using different weight percentages of walnut shell powder with epoxy resin can be indented 

presenting the mechanical properties[14]. Tensile strength, modulus of elasticity has been noticed to drop with 

increasing the percentages of the powder. This is claimed to poor adhesion between the powder and resin, and 

porosity. But, the elongation of samples was noticed to increase with increasing the percentage. When using 

powder with low-density polyethylene, LDPE[15]. Different weight percentages,0-25% wt., have shown a drop 

in elongation with an increase in the hardness at low %wt., and opposite behavior at high %wt. The lack of 

mixture homogeneity acted to prevent exceeding the walnut shells beyond 25%. Even though, the tensile and 

bending strength of polypropylene- walnut flour composite was noticed to degrade the tensile and bending 

modulus have shown a sufficient enhancement. As the weight percentage of the WSP was increased,30-40%wt, 

the tensile and bending modulus were increased opposing to its strength which proved to be decreased [16], this 

was claimed to the presence of the filler causing a restraint to the polypropylene chain movements, then 

decreasing the ductility.  

Another reason is that poor adhesion between fill and polymer matrix resulting in low tensile performance 

strength. From the previous literature, more researches on these materials are needed to learn more about their 

properties, including the relationship of mixing ratio for walnut reinforcing polypropylene with strength, 
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flexibility, surface hardness, and tribological properties. Thus, this study is dedicated to investigating the 

mechanical and Tribological properties of the propylene matrix reinforced with different percentages of walnut 

powder experimentally. Specimens were prepared for WSP/polypropylene composite by variable wt% ratios. 

The specimens were subjected to mechanical tests, namely: tensile test, hardness test, impact test, and wear test. 

MATERIAL PREPARATION 

The walnut shells were prepared and cleaned with water to remove dust and then dried. A small mill was used to 

grain the shells to microparticles. The walnut powder was then cleaned with sodium hydroxide (70%) and 

distilled water (30%) and dried. Figure (1) shows the grained particles, while table (1) illustrates the chemical 

composition of the walnut shell[15].  

 

 

 

 

 

 

 

 

Figure 1. Walnut Shells &Powder 

Table 1. Chemical Composition of Walnut Shell 

Chemical 

composition 
Cellulose Ash 

Toluene 

Solubility 
Lignin Curtin Chlorine Nitrogen 

wt.% 40- 60 0.9-1.5 0.5-1.0 20-30 0.8-1.59 0.10 0.10 

 

The polyester Polypropylene, which its’ properties are listed in the table (2) as supplied by the manufacturer, has 

been chosen as the matrix material reinforced with the walnut powder. Both powder and resin were 

mechanically mixed with a high-speed stirrer and put in an electric furnace at 120oC for 30 min. Then, it was 

mixed again for 10 min, the process was repeated twice. After the mixture was cooled to 40oC, the hardener was 

added at a 3% fraction and the stirrer was used again for 10 min. The three fractions, 30%, 40%, and 50% of 

walnut composite samples, were prepared in the same manner. Different molds were used for different 

mechanical test samples. Tensile, short beam, impact, hardness, and wear tests have been conducted for the 

three filling fractions. The composite samples were prepared for all the outgoing tests with two specimens that 

were considered for each test at each powder fraction. Considering samples weight and volume the density 

variance with increasing the powder content was calculated, Table (3) illustrates the density change of the 

composite as the powder fraction was increased which indicated a slight decrease in the density.  

Table 2. Mechanical Properties of Propylene 

Density 

(kg/m3) 

Tensile strength 

(GPa) 

Modulus of elasticity, 

E (GPa) 

Elongation 

(%) 

Viscosity 

(cps) 

Gel time 

(minutes) 

1130 0.05 3 2.5 575-675 15-20 

Table 3. Density Change with Powder Fractions 

Powder Fraction % 30% 40% 50% 

Composites Density gm/cm3 1.106 1.03 0.92 
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EXPERIMENTAL TESTS AND RESULTS 

All tests were held according to appropriate standards as will be mentioned and discussed for each test as 

follows.   

Tensile and Short Beam Tests 

Tensile test specimens were prepared and tested according to ASTM Standards D-638. [17]. Figure (2) 

demonstrates the specimens before and after the test. Figure (3) shows the effect of walnut powder fraction 

increment on tensile strength degradation, it can be noticed that as WSP fraction increases by 20%, there is a 

19.5% degradation in the ultimate strength of the resin, and this is claimed due to porosity, poor adhesion, and 

poor interfacial interaction between the resin and shell particles. Also, from the figure (4) the results showed a 

drop in the modulus of elasticity for about 7.7% as the walnut shell particles fraction was increased by 20%, and 

this is due to the increase of the percentage elongation as shown in figure (5). Short beam test (SBT) samples are 

shown in figure (6). The test showed a drawback in ultimate bending strength by 19.5% with the increase of the 

fraction of the particles by 20% as presented in figure (7), this result agrees with  [18]. 

 

     

      

Figure 2. Tensile Strength Samples 
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Figure 3. Tensile Strength 

 

 

      

 

 

 

 

 

 

 

             

Figure 4. Modulus of Elasticity 

 

Figure 5. Elongation % 

 

Figure 6. SBT Samples 
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Figure 7. SBT results 

Impact and Hardness Tests 

The samples used for both impact and surface hardness tests were with the same geometry, as shown in figure 

(8). The impact test was performed using the Pendulum Impact Tester HSM41[19]. The results, as presented in 

figure (9); showed an enhancement in the impact strength by 6% when the % wt of WSP was increased by 18%. 

The hardness of the samples increased 5% with WSP increment by 20 % wt as noticed from the figure (10), this 

is claimed to the improvement in the adhesion and the resistance to the indentation of the samples as stated by 

[20-21]. The improvement of the stiffness and hardiness as the powder was increased was also mentioned in 

[18],[22]. 

  

    

Figure 8. Impact and Hardness Samples 
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Figure 9. Impact Test 

 

Figure 10. Hardness Test 

Wear Test 

Wear samples were prepared with cylindrical glass molds 10mm diameter and 40mm length with a round trip to 

fix the samples firmly during the test. The samples are shown in figure (11). The pin on disc technique was used 

to calculate the material loss in a certain time as mentioned in [23]. The test was performed according to ASTM-

G99 [24]. Figure (12) illustrates the wear test results. From the results, it can be noticed that increasing the WSP 

fraction can decrease the specific wear rate, which is desirable for enhancing the wear resistance. Furthermore, 

the wear rate decreases as the normal force increases which, is resulted from the steadiness of the transfer film 

on the counter surface. It was also noticed that as the displacement increases, the specific wear rate decreases. 

The reason is that the fracture of irregular asperities of the particles, however after that, the smoothing progress 

of the resin and irregular WSP which enhances the wear resistance as presented by Rao and Das[25]. This 

indicated that the surface quality and chemical composition vary with increasing the wear distance resulting in 

the specific wear rate and sliding distance divergence as in [26]-[27]. 
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 Figure 11. Wear Samples  

           

                                     (A)                                                                                          (B) 

 

(C) 

Figure 12. Specific Wear Rate with WSP Fraction%. (A):30%, (B)40%, (C)50% 

CONCLUSION 

Walnut Shell Powder –Polypropylene natural composite has been tested for mechanical and tribological 

properties for three different powder weight fractions 30%, 40%, and 50%. At each fraction, the density of the 

composite was measured and the test results for some mechanical properties have shown that Increasing the 

walnut shell powder content by 20% wt results in decreasing the ultimate tensile and bending stresses by 19.5%, 

and 7.7% for the modulus of elasticity. On the contrary, these drops in strength and elasticity were accompanied 

by an enhancement in surface hardness by 5%. Also, there was an improvement in the impact test and 

enhancement in elongation property.    
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