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Abstract: This study aims to evaluate the erosion behavior and the hardness of hybrid composites made of varying amounts of coconut shells, walnut shells, and carbon fibers dispersed in a polyester matrix. MINITAB (L16) Taguchi experiments were used to determine the optimal combination of parameters. In particular, an erosion device consisting of a motor with a constant flow rate of 45 L/min, a pump with a diameter of 40 mm, a nozzle with a diameter of 5 mm, and a tank made of “perspex glass” 55 cm long, 30 cm tall, and 25 cm wide was used. The tests were conducted by varying the sample-to-nozzle distance, the pattern angle, and the sand particle size. The results have revealed that the presence of 7.5% by weight of waste coconut shell, for conditions corresponding to 90° angle, sand size 425 μm, stand distance 30 cm, gives the best wear resistance (3.04 × 10−5 g/g). The filler content and sand particle size affect the erosive rate, with the angle playing a secondary role. The distance between the sample and the nozzle has a weaker effect on erosive wear. The hardness results show that the models (UP-5% carbon fiber-2.5-3.5-4.5-5.5-6.5-7.5 wt.% waste coconut shell) give the best values for prayer compared to the samples (UP-5 wt.% carbon fiber-2.5-3.5-4.5-5.5-6.5-7.5 wt.% waste walnut shell).
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1  Introduction

Environmental awareness today drives researchers worldwide to develop environmentally friendly solutions for all aspects of life. The availability of waste and natural fibers and ease of manufacturing have tempted researchers to try out locally available inexpensive threads and study their feasibility for reinforcement purposes and to what extent they satisfy the required characteristics of a well-reinforced polymer composite for various applications [1,2]. Due to its low cost and high specific mechanical properties, natural fiber has already displayed its potential to be a promising renewable and biodegradable replacement for the most common synthetic reinforcement, i.e., jute, coconut shell, eggshell, and walnut shell [3]. Fibers and natural waste have received significant attention as reinforcing materials with polymers. The most commonly used thermoset polymers include epoxy resin, unsaturated polyester resins, and vinyl ester. Various polymers, such as thermosetting solids and thermoplastic matrices, can be used when preparing the composites [4]. When subjected to heat, a thermoset is a complex, interconnected substance that loses its mechanical and chemical characteristics and becomes immutable. With a carbon-to-carbon bond in its polymer chain and good mechanical and physical properties, unsaturated polyester resin is a thermosetting polymer created by reacting with an unsaturated monomer or pre-polymer [5]. As a result, it is appropriate for applications requiring high resistance, corrosion resistance, moisture resistance, thermal insulation, and good electrical properties [6]. One of the most widespread issues faced by businesses is wear caused by solid particle erosion. Studies of erosion often focus on the progressive loss of material that occurs during the eroding process. This occurs whenever solid particles are carried by air and then impinge on the surface of the sample at a variety of angles [7]. The erosive particles impact the surface during relative velocity at the component. Standardized techniques are mimicked using an erosion test rig [8]. Many papers have looked at erosion and other properties and tried to figure out what factors affect the highest levels of erosion resistance. Arun et al. [9] illustrated the mechanical and erosive performance of 40 wt.% glass-epoxy hybrid composites under four factors (0-5-10-15 wt.% rice husk); (45, 60, 75, 90 angles); (40, 60, 80, 100 erodent size); and (30, 40, 50, 60 velocities of impact). The samples (Epoxy-40 wt.% glass, 15 wt.% rice husk) performed better than expected in terms of density, hardness, impact, and erosive rate. The tensile and flexural strength decline with adding rice husk into epoxy-40 wt.% glass. Ashish et al. [10] examination of some properties of two groups of hybrid composites: the first: (Ep.-0-5-15-20-25-30 wt.% short of glass fiber) and the second: (Ep.-0-5-15-20-25-30 wt.% short of banana fiber). Used Taguchi’s test design approach to select a parametric analysis of the variable impact velocity, filler content, erodent temperature, impingement angle, stand-off distance, and erodent size. The samples (Ep.-30 wt.% short of glass fiber and 30 wt.% short of banana fiber) have the best properties. Hemalata et al. [11] examined the erosive tests for two groups of samples (Ep.-1.8-2.8-3.3-4.3 wt.% bamboo fiber) and (Ep.-3.3-1.5-3-4.5-6 wt.% cenosphere) under the impact of factors (30, 45, 60, 90 degrees, 33, 48, 70 m/s velocities, 10 mm nozzle to sample distance). The results indicate that composites filled with the cenosphere enhance the erosion wear resistance of the bamboo-epoxy composite. Chellaganesh et al. [12] hybrid composite material both with and without filler (Ep.-60 wt.% hemp fiber-40 wt.% kevlar) and (Ep.-60 wt.% hemp fiber-40 wt.% kevlar-5 wt.% palm and coconut shell) is used for the study of erosive under the influence of variables (45, 90 angles, 2.5 m/s rate flow, 5, 10, 15 times). The samples (Ep.-60 wt.% hemp fiber-40 wt.% kevlar-5 wt.% coconut and palm husk) demonstrated dramatically enhanced erosion behavior. This study aims to verify the erosive behavior and hardness of two groups of samples of hybrid composites. This work differs from the rest of the work of other researchers in the comparison between the composites filled with two types of waste (coconut and walnut shell) reinforced by carbon fiber and polyester, and the study of the erosive wear behavior of these composites under the influence of 4 factors and determining the hardness values for them as well.

2  Scientific Part of Paper

2.1 Materials

The unsaturated polyester resin as a matrix used in this work has (tensile strength of 55–65 MPa, a flexural strength of 182–192 MPa, a density of 1.10–1.11 gm/cm3, elongation at break 1.9–2.3%) equipped by the Company, United Arab Emirates Dubai. Carbon fiber was used as a reinforcement material with properties (tensile strength 2.6 GPa, tensile modulus 240 GPa, density of 1.81 gm/cm3, elongation at break 0.8%) and supplied by the Company, Tenax, USA. In the present work, waste coconut and walnut shells were collected to be recycled and used as fillers with polymer. Initially, waste coconut shells and walnut were washed with distilled water to remove dirt and suspended matter and then dried at room temperature. Grind the coconut husks and walnut husks for 4 h, Figs. 1a and 1b show the steps to obtain shells of coconut and walnut particles, Figs. 2a and 2b show the average particle size of coconut shell particles, where the average particle size of the coconut shell was (43.469 μm), and the average particle size of the walnut shell was (29.053 μm).
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Figure 1: (a–b) Steps for preparing coconut and walnut shell
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Figure 2: (a and b) Analyzer of particle size analyzer of coconut and walnut shells after milling

2.2 Preparing of Hybrid-Composites Samples

Used The hand lay-up approach to prepare hybrid composite matrix materials samples. First, a layer of nylon must be placed over the glass preparation mold with the dimensions (50 cm3 × 50 cm3 × 0.5 cm3) until adhesion between the specimens and the mold to avoid. Hybrid composites fabricated consisting of 5 wt.% carbon fibers, polyester, waste coconut shells, and waste walnut shells by varying the filler content (2.5-3.5-4.5-5.5-6.5-7.5 wt.%). Use a glass rod to mix the unsaturated polyester resin with the fillers to reach a uniform consistency, gradually add the hardener (FARAPOL O 115) to the mixture and continue mixing for 15 min. Pour part of the mixture into the mold and put carbon fibers (5% weight ratio); the remaining mixture was poured into the mold and set for 24 h at room temperature. To eliminate residual tensions and achieve better bonding, the samples are placed in an oven at 55°C for 1 h [13]. Fig. 3 shows some of the samples that were executed in this paper. The samples were cut using a machine (CNC) according to a test for each ASTM (erosive and hardness shore).
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Figure 3: Samples of the composites (UP-5 wt.% carbon fiber-coconut and walnut shells)

2.3 Tests

2.3.1 Erosive Wear

To estimate the erosion rate of all manufactured samples using a (jet) type erosion device according to ASTM G76 [14]. According to Fig. 4, prepared the erosion device locally, consists of a motor with a constant flow rate of 45 L/min, a pump with a diameter of 40 mm, a nozzle with a diameter of 5 mm, and a tank made of “perspex glass” 55 cm long, 30 cm tall, and 25 cm wide. According to ASTM G76, the test samples had the following measurements: 40 mm width and 5 mm thickness. The dimensions of the test samples are 40 mm in width and 5 mm in thickness, as specified by ASTM G76. An electronic scale was used with an accuracy of (0.0001) digits to measure the weight of the samples before and after the erosion experiments. As shown in Eq. (1), the wear behavior rate can be determined [15].


E. R=Δ WcWs
(1)

where:

E.R: Erosive wear rate (g)


ΔWc
 = Weight difference (
samples weight before−samples weight after the test)
(g)


Ws=samples weight before the test (g )
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Figure 4: Erosive test device used in this wor

2.3.2 Hardness “Shore D”

The hardness of the composites was measured using a shore D hardness tester according to AS2240 [16]. This test takes five measurements for each sample and then calculates the average hardness of the models, which dimensions were (40 mm wide and 5 mm thick).

2.3.3 Taguchi Experimental Design

Implemented Taguchi’s experimental design to achieve the best possible results in terms of efficiency, quality, and cost [17]. It is necessary to reduce the number of parameters affecting optimization before using this strategy to ignore non-essential parameters. According to published research, the erosion behavior of composite samples is determined primarily by the impingement angle, particle size, the distance between the model and the nozzle, and filler content [18]. This study uses the L16 orthogonal array design to explore the effects of these four factors, as shown in Table 1. Convert experimental data into signal-to-noise (SN) ratios. In the tests, there are different S/N (Convert experimental data into signal-to-noise) ratios selecting “smaller is better” properties in this work to have the least amount of wear, as shown in Eq. (2) [19].
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S N (Convert experimental data into signal−to−noise)=−10log log 1N (∑⁡Y2)
(2)

where:

N = Number of observations

Y = Erosive rate

3  Results and Discussion

3.1 Erosive Tests

Tables 2 and 3 display the findings of erosion tests performed on polyester-carbon fiber/different weight content of coconut and walnut shells by the planned design. The last column indicates the signal-to-noise ratio of each test run in the Tables. The erosion rate’s S/N ratio has an overall mean of (−9.6575 db) for samples (UP-5 wt.% carbon fiber-7.5 wt.% coconut shell) in Table 2. The erosion rate’s S/N ratio has an overall mean of (−13.6969 db) for samples (UP-5 wt.% carbon fiber-7.5 wt.% walnut shell) in Table 3. The high ratio of (S/N) values gives the best resistance to erosion rate. Because the presence of fibers, coconut husks, and walnuts has provided a better bonding interface to the erosion resistance behavior when compared with the composites without the reinforcement with fillings [20]. The effect of control parameters for the erosive rate of samples of unsaturated polyester-carbon fiber-weight coconut shell and walnut shell samples are shown in Figs. 5 and 6. The possible interactions between the control factors must be considered before any attempt is made to use this straightforward model as a predictor for the performance measure. Therefore, the factorial design includes a specific testing method for the presence of the interaction effects. The analysis of the results shows from Figs. 5a and 5b the conclusion that the combination of factors A4 (3.5 wt.%, 7.5 wt.% coconut shell), B4 (90°, 30°), C1 (425 μm), and D3 (30, and 25 cm) gives the minimum of the erosive rate. The analysis of the results shows from Figs. 6a and 6b the conclusion that the combination of factors A4 (3.5 and 7.5 wt.% walnut shell), B4 (90°), C1 (425 μm), and D3 (30 cm) gives the minimum of the erosive rate.
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Figure 5: (a–b) Control variables S/N for the coconut shell-filled samples
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Figure 6: (a–b) Control variables S/N for the walnut shells-filled samples

The results of the experiments in Figs. 7a and 7b show the effect of the added weight fractions of coconut and walnut shells of unsaturated polyester resin-carbon fiber on the wear behavior. The erosion rate of unreinforced polyester samples was (111.45 × 10−5 g/g) and improved by (45%) when adding the carbon fibers because the fibers’ presence improved the bonding between the resin and the fibers. The experiments showed that weight loss in the erosive test decreases with increased fraction weight of both the coconut and the walnut shells. The erosive resistance of samples filled (2.5-3.5-4.5-5.5-6.5-7.5 wt.% coconut shell) (3.04 × 10−5 g/g) was better compared to samples filled (2.5-3.5-4.5-5.5-6.5-7.5 wt.% walnut shell) (4.62 × 10−5 g/g) at the same variables (90° angle, 425 μm size sand particle, 30 cm stand-off distance). Because the hardness of the material and chemical composition nature of coconut shells was better than the hardness and chemical composition nature of walnut shells, and thus it gave a better relationship with the carbon-fiber resin matrix and improved the erosive resistance. Also, this confirms the bonding quality of the composite material with filler to enhance the mechanical and erosive properties of the material [21].
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Figure 7: (a–b) Effect weight fraction on erosive behavior of polyester-carbon fiber-coconut and walnut shells

The collision angle impact on the erosive wear behavior was studied by conducting experiments under specific operating conditions, as shown in Figs. 8a and 8b. The erosion wear behavior for polymer composites is classified as ductile or brittle; however, this classification is not definite because erosion properties are affected by experimental conditions and target material composition [22]. Commonly recognized that impingement angle is one of the most critical elements in the erosion process, with ductile materials experiencing peak erosion at a (15°–20°) grade and brittle materials seeing peak erosion at standard impact, i.e., at a (90°) impingement angle [23]. The results in Fig. 8 showed that the erosive wear peak was at an impact angle of 45 for the composites filled with carbon and unsaturated polyester resin filled with coconut and walnut husks. In this work, the effect of the solid particles was not purely ductile nor strictly brittle.
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Figure 8: (a–b) Effect of impact angle on erosive behavior of polyester-carbon fiber-coconut shells, walnut shells

Figs. 9a and 9b illustrate the correlation between the sand particle size and the erosive rates. The erosive rate of the composites-polymeric reinforced with coconut, walnut shells, and carbon fibers at different sand sizes 425, 525, 625, and 725 μm was studied. The increase in the sand particle size gradually leads to material loss increase, regardless of the filler content. Still, the loss weight of the composites reinforced with (coconut shells) was less than the composites reinforced with (walnut shells). Smaller particles of sand suffer from particle retardation before impact resulting in lower erosion efficiency of the particles. This will also lead to lower kinetic energy dissipation at the mark and automatically decrease the erosion rate [24]. The highest erosive rate was (3.60 × 10−5, 6.50 × 10−5) at the sand grain size (725 μm), and the best wear resistance was (3.04 × 10−5, 4.62 × 10−5) at the sand grain size (425 μm) for the composites filled with (coconut shells and walnut shell), respectively.
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Figure 9: (a–b) Effect of size sand particles on erosive behavior of polyester-carbon fiber coconut, walnut shells

The distance between the sample and the nozzle significantly affects the composite’s erosive behavior. The relationship distance between a sample and the nozzle on the erosion behavior of all models display in Figs. 10a and 10b. It is clear from the figure rate of erosive composites increases with the reduction of distance between the sample and the nozzle. This work shows the highest erosive rate at a distance (20 and 25 cm) and the lowest erosive rate at a distance (30 and 35 cm). Because the lower the distance, the greater the water movement within the system, thus increasing the erosion process and losing weight, these results are consistent with [25].
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Figure 10: (a–b) Effect of sand off-distance on erosive behavior of polyester-carbon fiber-coconut, walnut shells

Tables 4 and 5 show the value of ANOVA, statistical analysis, the degree of freedom (DF), the adjusted sum of squares (AdjSS), the adjusted sum of mean squares (AdjMS), Fisher’s value (F), and the probability value (p) for erosion value. The ANOVA analysis for samples (UP-UP-5% carbon fiber, UP-5 wt.% carbon fiber, 2.5-3.5-4.5-5.5-6.5-7.5 wt.% coconut shell) showed the (p-value of filler content A) (0.001), (the p value of angle B) (0.04), (p value of sand grain size C) (0.002), and (p value of Off Distance D) (0.035), all value less than (0.05) and this means that these factors have a more significant influence on the rate of erosive behavior. The ANOVA analysis for samples (UP-UP-5 wt.% carbon fiber, UP-5 wt.% carbon fiber, 2.5-3.5-4.5-5.5-6.5-7.5 wt.% walnut shells) showed the (p-value of filler content A) (0.002), (p-value of size sand particles C) (0.001), and (p-value of standoff distance D) (0.04) all value less than (0.05) and this means that these factors have a more significant influence on the rate of erosive behavior. In contrast, the (p value of the angle B) (0.05) has less effect on the erosion behavior rate. Among all the significant variables, filler content (A) and size of sand particles (C) contributed significantly compared to other factors towards increasing the erosive-resistant property of the composites.
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3.2 Hardness Shore D

Shore hardness (D) was measured for all composite material samples after an average of five readings was taken to obtain higher accuracy results, as shown in Tables 6 and 7. Figs. 11a–11b show the values of hardness shore (D) for the prepared specimens (unsaturated polyester resin, unsaturated polyester +5 wt.% carbon fiber, 2.5-3.5-4.5-5.5-6.5-7.5 wt.% walnut, and coconut shell). It is evident from the Figures that there is an apparent effect in the hardness values after adding 5 wt.% carbon fibers. The increase in hardness values is because it is a property of the surface, and the addition of fibers to the polymeric substrate increases flexibility and reduces the resistance of the matrix surface to the indentation [26]. The stiffness improves by adding different weight fractions (walnut and coconut shell) to the polyester resin and carbon fibers. The hardness values of the samples (unsaturated polyester resin, unsaturated polyester +5 wt.% carbon fiber, 2.5-3.5-4.5-5.5-6.5-7.5 wt.% coconut shell ash) were better when compared with the samples (unsaturated polyester resin, unsaturated polyester +5 wt.% carbon fiber, 2.5-3.5-4.5-5.5-6.5-7.5 wt.% walnut shell ash), the reason is that coconut shell contains more solid ash than walnut shell ash, adding to improved stacking and cross-linking that reduces movement polymer particles and makes them more resistant to scratch penetration [27]. The results of the ANOVA test for the unsaturated polyester resin, carbon fiber, and coconut and walnut husk waste samples are shown in Tables 8 and 9. It is clear from the ANOVA analysis that the hardness results have improved positively due to the value of (Sig. less than 0.05) meaning that the added reinforcement materials gave positive properties.
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Figure 11: (a–b) Hardness shore D of polyester-carbon fiber-coconut, walnut shells
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4  Conclusions

The conclusion from the research is that the presence of coconut and walnut shells in an unsaturated polyester resin filled (5 wt.% carbon fiber) significantly reduced the erosive loss and obtained the best erosion rate at (7.5 wt.% of coconut and walnut shells). The samples (UP+5 wt.% carbon fiber +7.5 wt.% coconut shells) and (UP+5 wt.% carbon fiber +7.5 wt.% walnut shells) give erosive rate resistance (3.04 × 10−5 g/g) and (4.62 × 10−5 g/g) respectively at factors (90° angle, sand size 425 μm, stand distance 30 cm). In contrast, the sample (UP) gives a higher erosive rate (111.45 × 10−5 g/g) at a 90° angle, size of sand 725 μm, sand off-distance 35 cm). The filler content and size of the sand particles were the major significant factors influencing the erosive rate, followed by angle. In contrast, the distance between the sample and the nozzle had less effect on the erosive wear. The S/N ratio found that the variables (A4, B1, C1, D2) and (A4, B4, C1, D3) gave the best erosion rate for the reinforced composites. The hardness results showed that the samples (UP-5 wt.% carbon fiber-2.5-3.5-4.5-5.5-6.5-7.5 wt.% waste coconut shell) gave the best values for prayer compared to the samples (UP-5 carbon fiber-2.5-3.5-4.5-5.5-6.5-7.5 wt.%) waste walnut shell. It is possible that future work will include adding other waste, for example (egg shells, banana peels, pomegranate peels, sunflower seed peels, etc.) to epoxy resin, vinyl ester, glass fibers, and Kevlar fiber.
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Table 3: Erosive wear of samples (UP-UP-5 wt.% carbon fiber-2.5-3.5-4.5-5.5-7.5 wt.% walnut shell)

Exp. Samples (wt.) Angle Size of the sand Stand-off Erosive S/N
©) particle (um) distance rate x 107
(cm) (/2

1 Unsaturated polyester 30° 425 20 95.39 —39.5901

2 Unsaturated polyester 45° 525 25 101.86 —40.1601

3 Unsaturated polyester 60’ 625 30 108.26 —40.6894

4 Unsaturated polyester 90° 725 35 111.45 —40.9416

5 Unsaturated polyester-5% 30° 525 30 75.76 —37.5888
carbon fiber

6 Unsaturated polyester-5% 45° 425 35 70.46 —36.9589
carbon fiber

7 Unsaturated polyester-5% 60’ 725 20 88.74 —38.9624
carbon fiber

8 Unsaturated polyester-5% 90° 625 25 82.43 —38.3207
carbon fiber

9 Unsaturated polyester-5% 30° 625 35 75.54 —37.5635
carbon fiber-2.5% walnut shell

10 Unsaturated polyester-5% 45° 725 30 80.43 —38.1084
carbon fiber-2.5% walnut shell

11 Unsaturated polyester-5% 60’ 425 25 64.69 -36.2167
carbon fiber-2.5% walnut shell

12 Unsaturated polyester-5% 90° 525 20 68.71 —36.7404
carbon fiber-2.5% walnut shell

13 Unsaturated polyester-5% 30° 725 25 52.85 —34.4609
carbon fiber-3.5% walnut shell

14  Unsaturated polyester-5% 45° 625 20 43.37 —32.7438
carbon fiber-3.5% walnut shell

15  Unsaturated polyester-5% 60’ 525 35 38.84 -31.7856
carbon fiber-3.5% walnut shell

16  Unsaturated polyester-5% 90° 425 30 33.79 —30.5758
carbon fiber-3.5% walnut shell

17  Unsaturated polyester-5% 30° 425 20 20.02 —26.0380
carbon fiber-4.5% walnut shell

18  Unsaturated polyester-5% 45° 525 25 21.31 —26.4898
carbon fiber-4.5% walnut shell

19  Unsaturated polyester-5% 60° 625 30 22.56 —27.0050
carbon fiber-4.5% walnut shell

20  Unsaturated polyester-5% 90° 725 35 23.75 —27.4766
carbon fiber-4.5% walnut shell

21  Unsaturated polyester-5% 30° 525 30 15.52 —23.8178
carbon fiber-5.5% walnut shell

22 Unsaturated polyester-5% 45° 425 35 14.21 —23.0519
carbon fiber-5.5% walnut shell

23 Unsaturated polyester-5% 60" 725 20 17.60 —24.9103
carbon fiber-5.5% walnut shell

24 Unsaturated polyester-5% 90° 625 25 16.88 —24.5474
carbon fiber-5.5% walnut shell

25  Unsaturated polyester-5% 30° 625 35 12.56 -21.9798
carbon fiber-6.5% walnut shell

26 Unsaturated polyester-5% 45° 725 30 13.36 —22.5161
carbon fiber-6.5% walnut shell

27  Unsaturated polyester-5% 60" 425 25 10.62 —20.5225
carbon fiber-6.5% walnut shell

28  Unsaturated polyester-5% 90° 525 20 11.25 -21.0231
carbon fiber-6.5% walnut shell

29  Unsaturated polyester-5% 30° 725 25 6.50 —16.0418
carbon fiber-7.5% walnut shell

30  Unsaturated polyester-5% 45° 625 20 5.90 -15.4170
carbon fiber-7.5% walnut shell

31  Unsaturated polyester-5% 60° 525 35 5.10 —14.1514
carbon fiber-7.5% walnut shell

32 Unsaturated polyester-5% 90° 425 30 4.62 —13.6969

carbon fiber-7.5% walnut shell
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Table 8: ANOVA analysis for samples (UP-5 wt.% carbon fiber-2.5-3.5-4.5-5.5-6.5-7.5 wt.% coconut shell)

Sum of squares df Mean square F Sig.
Between groups 429.383 7 61.340 770.367 .000
Within groups 1.274 16 .080

Total 430.657 23
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Table 4: Statistical analysis of ANOVA samples (UP-5 wt.% carbon fiber-2.5-3.5-4.5-5.5-6.5-7.5 wt.%
coconut shell)

Source DF Adj SS Ady MS F-value p-value
(A) Specimens (Wt.) 7 41747.3 5963.90 334.80 0.001
(B) Angle (°) 3 4.0 1.34 0.08 0.04
(C) Size sand particles (um) 3 422.4 140.80 7.90 0.002
(D) Stand-off distance (cm) 3 1.9 0.64 0.04 0.035
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Table 9: ANOVA analysis for samples (UP-5 wt.% carbon fiber-2.5-3.5-4.5-5.5-6.5-7.5 wt.% walnut shell)

Sum of squares df Mean square F Sig.
Between groups 167.926 7 23.989 260.51 .000
Within groups 1.473 16 .092

Total 169.400 23
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Table 7: Shore D for samples (UP-5 wt.% carbon fiber-2.5-3.5-4.5-5.5-6.5-7.5 wt.% walnut shell ash)

Samples N Mean Std. deviation  95% confidence interval for mean Minimum Maximum
Lower bound Upper bound
Sample 1 5 74.4000 .20000 73.9032 74.8968 74.20 74.60
Sample 2 5 75.6000 .30100 74.8548 76.3452 75.30 75.90
Sample 3 5 77.4000 .32000 76.6548 78.1452 77.10 77.70
Sample 4 5 78.5000 .30000 77.7548 79.2452 78.20 78.80
Sample 5 5 79.6000 .35000 78.8548 80.3452 79.30 79.90
Sample 6 5 80.4333 .35119 79.5609 81.3057 80.10 80.80
Sample 7 5 81.6000 .30100 80.8548 82.3452 81.30 81.90
Sample 8 5 82.4333 .35200 81.5609 83.3057 82.10 82.80
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Table 1: Variable levels used in the erosive behavior experiment

Control factors I 11 I v Units
Sample content of waste coconut shell, waste walnut 0 5%CF 25% 3.5% Wt

shell (A) 45% 55%  6.5% 7.5%

Angle (B) 30 45 60 90 Degree (°)
Size of sand (C) 425 525 625 725 um
Distance between the sample and the nozzle (D) 20 25 30 35 cm
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(b) Samples reinforced by carbon fiber and walnut shells in unsaturated polyester resin
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Table 6: Shore D for samples (UP-5 wt.% carbon fiber-2.5-3.5-4.5-5.5-6.5-7.5 wt.% coconut shell)
Samples N Mean Std. deviation  95% confidence interval for mean Minimum Maximum
Lower bound Upper bound
Sample 1 5 74.4000 .20000 73.9032 74.8968 74.20 74.60
Sample 2 5 75.6000 .30000 74.8548 76.3452 75.30 75.90
Sample 3 5 78.7167 .28431 78.0104 79.4229 78.40 78.95
Sample 4 5 80.6300 .31607 79.8448 81.4152 80.30 80.93
Sample 5 5 82.4700 .26153 81.8203 83.1197 82.29 82.77
Sample 6 5 84.5333 .25166 83.9082 85.1585 84.30 84.80
Sample 7 5 85.5000 .30450 84.7548 86.2452 85.20 85.80
Sample 8 5 86.4933 .32332 85.6902 87.2965 86.20 86.84
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Table 2: Erosive wear of samples (UP-UP-5 wt.% carbon fiber-2.5-3.5-4.5-5.5-6.5-7.5 wt.% coconut shell)

Exp. Samples (wt.) Angle Size of the sand Stand-off Erosive S/N
(®) particle (um) distance rate x 107
(cm) (2/2)

1 Unsaturated polyester 30° 425 20 95.39 —39.5901

2 Unsaturated polyester 45° 525 25 101.86 —40.1601

3 Unsaturated polyester 60° 625 30 108.26 —40.6894

4 Unsaturated polyester 90° 725 35 111.45 —40.9416

5 Unsaturated polyester-5% 30° 525 30 75.76 —37.5888
carbon fiber

6 Unsaturated polyester-5% 45° 425 35 70.46 —36.9589
carbon fiber

7 Unsaturated polyester-5% 60° 725 20 88.74 —38.9624
carbon fiber

8 Unsaturated polyester-5% 90° 625 25 82.43 —38.3207
carbon fiber

9 Unsaturated polyester-5% 30° 625 35 70.99 -37.0239
carbon fiber-2.5% coconut shell

10 Unsaturated polyester-5% 45° 725 30 76.43 —37.6653
carbon fiber-2.5% coconut shell

11 Unsaturated polyester-5% 60° 425 25 59.85 —35.5413
carbon fiber-2.5% coconut shell

12 Unsaturated polyester-5% 90° 525 20 65.66 —36.3460
carbon fiber-2.5% coconut shell

13 Unsaturated polyester-5% 30° 725 25 49.91 —33.9638
carbon fiber-3.5% coconut shell

14  Unsaturated polyester-5% 45° 625 20 39.81 —31.9998
carbon fiber-3.5% coconut shell

15  Unsaturated polyester-5% 60° 525 35 35.50 -31.0046
carbon fiber-3.5% coconut shell

16  Unsaturated polyester-5% 90° 425 30 31.67 —-30.0130
carbon fiber-3.5% coconut shell

17  Unsaturated polyester-5% 30° 425 20 14.87 —23.4462
carbon fiber-4.5% coconut shell

18  Unsaturated polyester-5% 45° 525 25 15.83 —23.9896
carbon fiber-4.5% coconut shell

19  Unsaturated polyester-5% 60° 625 30 16.89 —24.5526
carbon fiber-4.5% coconut shell

20  Unsaturated polyester-5% 90° 725 35 17.67 —24.9447
carbon fiber-4.5% coconut shell

21  Unsaturated polyester-5% 30° 525 30 9.09 —19.1713
carbon fiber-5.5% coconut shell

22 Unsaturated polyester-5% 45° 425 35 8.13 —18.2018
carbon fiber-5.5% coconut shell

23 Unsaturated polyester-5% 60° 725 20 11.82 —21.4523
carbon fiber-5.5% coconut shell

24 Unsaturated polyester-5% 90° 625 25 10.87 —20.7246
carbon fiber-5.5% coconut shell

25  Unsaturated polyester-5% 30° 625 35 5.32 —14.5182
carbon fiber-6.5% coconut shell

26 Unsaturated polyester-5% 45° 725 30 6.83 —16.6884
carbon fiber-6.5% coconut shell

27  Unsaturated polyester-5% 60° 425 25 4.44 —12.9477
carbon fiber-6.5% coconut shell

28  Unsaturated polyester-5% 90° 525 20 5.95 —15.4903
carbon fiber-6.5% coconut shell

29  Unsaturated polyester-5% 30° 725 25 3.60 —11.1261
carbon fiber-7.5% coconut shell

30  Unsaturated polyester-5% 45° 625 20 3.40 —10.6296
carbon fiber-7.5% coconut shell

31  Unsaturated polyester-5% 60° 525 35 3.28 —12.6289
carbon fiber-7.5% coconut shell

32 Unsaturated polyester-5% 90° 425 30 3.04 —9.6575

carbon fiber-7.5% coconut shell
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(b) Samples filled with carbon fiber and walnut shell in unsaturated polyester resin
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Table 5: Statistical analysis of ANOVA samples (UP-5 wt.% carbon fiber-2.5-3.5-4.5-5.5-6.5-7.5 wt.%
walnut shells)

Source DF Adj SS Ady MS F-value p-value
(A) Specimens (Wt.) 7 37842.6 5406.08 337.77 0.002
(B) Angle (°) 3 2.0 0.67 0.04 0.05
(C) Size sand particles (um) 3 462.1 154.05 9.62 0.001
(D) Stand-off distance (cm) 3 2.8 0.94 0.06 0.04
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