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composite; Particle size; Particle 31.277+1.621 N/mm?, respectively. The results obtained from this study reveal that
loading. Newbouldia laevis fibre particles are suitable reinforcement biomaterials for

lightweight composite applications.

1. Introduction

At present, there is an increase in global awareness of the need to develop eco-friendly composite materials for lightweight
engineering applications. This has led to increased research in the field of natural fibre sources as an alternative to synthetics fibre
for the reinforcement of polymer composites; this is due to the harmful effects of the use of synthetic fibres on human health and
the environment [1,2]. Natural products from plants such as groundnut shells, wheat husks and coconut husks, which are regarded
as natural fibres or biowaste materials, are now shredded to particle sizes (natural particulates) and used as reinforcing fillers for
polymer composites [3,4]. These natural plant products are renewable and biodegradable, which makes them safe materials for use
in our environment. In addition, composites of these natural fibres are widely acceptable because of their strength, light weight and
cost of production compared with the use of synthetic fibres such as fibreglass and carbon fibres, which are petroleum-based
materials [5,6]. Many studies have reported improvements in the tensile properties of natural fibre or fibre particle reinforced
composites by varying factors such as fibre particle size and percentage content. Bhaskar and Singh (2013) investigated the effects
of the percentage weight content on the physical and tensile properties of coconut shell particle-reinforced epoxy composites. The
results revealed that the density, ultimate strength, modulus of elasticity and percentage elongation decrease as the percentage
weight of the shell particle increases [7].

Seth et al. (2018) examined the effects of particle size and loading on the tensile and flexural properties of a Doum palm shell
reinforced composite and reported that better properties of the composite were obtained for smaller particles of the fibre [8]. Umaru
et al. (2022) examined the effect of particle size on the tensile properties and density of Delonix Regia seed particle-filled polyester
composites and reported that the tensile strength, tensile modulus, elongation at break and density decrease as the filler particle
size increases from 100 um to 500 pm [9]. Rashed et al. (2008) investigated the impact of the fibre size and percentage on the
tensile strength of jute fibre-reinforced composites. The results revealed an increase in tensile strength as the fibre size and
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percentage increased and then decreased [10]. Wong et al.(2022) investigated the impact of the percentage content of oil palm
empty fruit bunch fibres (OPEB) on the mechanical properties of reinforced composites and reported that the tensile strength
increased by 17.4% as the content increased to 2.5 wt% [11]. Hanana and Rodrigue (2020) investigated the effect of particle size
on composites of wood fibres and polyethene and reported that the tensile modulus increased as the particle size increased from
250 pm to 500 um and that the tensile strength increased as the particle size increased from 250 pm to 355 um [12]. Pandya et al.
(2019) studied the effect of the percentage loading of waste rubber particles on the tensile and flexural strengths of sisal fibre-
reinforced epoxy composites and reported that the maximum tensile strength and flexural strength were achieved at 5 wt% waste
rubber particle loading but decreased beyond the 5 wt% waste rubber particle loading [13].

Vignesh et al. (2021) studied the effects of the fibre content on the tensile properties of Indian mallow fibre/polyester
composites (MFPs) by varying the fibre content from 10 to 50% and reported optimum tensile strengths and moduli of 46 MPa
and 3.56 GPa, respectively, at a 50 wt% fibre content, whereas the elongation at break was 1.39% [14]. Ismail et al. (1997) studied
the effects of filler content and size on the tensile properties of oil palm wood flour-reinforced epoxide natural rubber composites
and reported that the tensile strength and tensile modulus are high at small filler sizes, and that the tensile strength and elongation
at break decrease as the filler content increases [15]. Oghenerukevwe and Uguru (2018) investigated the effect of the hardwood
sawdust/oil bean pod shell filler % content on the mechanical properties of reinforced epoxy hybrid composites. The results
revealed that as the filler loading increased to 50%, the tensile strength increased, and the elongation increased to 40% and then
started to decrease [16]. However, the use of Newbouldia laevis fibre particles as reinforcements for resin matrices in composite
fabrication is less known or explored. The Newbouldia laevis plant, a plant well known as Ogirisi in the Eastern Region of Nigeria,
is an important plant native to tropical Africa. It has a high crude fibre content and is widely planted and researched in the field of
medicine because of its health benefits [17,18]. In this study, fibres from Newbouldia laevis plants were used as a novel material;
they were extracted, treated, ground, sieved to particle sizes and used as reinforcements for the fabrication of the polymer
composite. Finally, the tensile properties were determined on the basis of varying particle sizes and loading of the fibre particle-
polymer composite.

2. Materials and methods

2.1 Fibre Extraction and Processing

The fibre was obtained from the Newbouldia laevis plant (Figure 1(a)) in Enugu State of Nigeria. The sodium hydroxide
(NaOH) pellets, polyester resin (matrix), methyl ethyl ketone peroxide (MEKP) catalyst, cobalt naphthenate accelerator and wax
release agent were purchased from Enugu State in Nigeria.

The plant stem was first harvested and soaked in water (retting) for 28 days (Figure 1(b-c)). This was followed by manual
extraction of the fibres from the outer cuticle and the epidermal layer of the stem. The surface modification of the fibre was
performed by soaking the fibres in sodium hydroxide solution (3 w/v%) for 1 hour [19]. The fibres were then rinsed in water to
remove excess NaOH from the fibre surface before drying in sunlight for 48 hours, as shown in Figure 1(d).

2.2 Fibre Particle Preparation

During tensile testing of a single fibre, the assumption of circularity of the fibre is fairly true for synthetic fibres but
incorrect for natural fibres [20]. Natural fibres are made up of smaller networks of fibres, which this results in irregular shapes and
non-uniform cross-sectional areas due to varying fibre diameters along the fibre length. Hence, during the testing of these fibres,
failure may occur at any weak section along the fibre length. This makes accurate determination of the actual value from mechanical
tests quite difficult because of large discrepancies in the values obtained.

Figure 1:(a) Newbouldia laevis plant; (b) harvested stem; (c) water retting;(d) treated fibres;
(e) sieving process; (f) fibre particle

These large discrepancies in values obtained from tests results in large standard deviations of the fibre properties which affects the
effective use of these composite materials. As part of the solution to this drawback, reducing the fibre to particle sizes (fillers)
increases its surface area and ensures uniform dispersion during mixing with the resin matrix, which results in equal strength in all
directions of the manufactured composite, unlike fibres, which offer unidirectional reinforcement in a composite. Research has
revealed that natural fibre particle-reinforced composites have greater tensile, compressive and flexural strengths than short- and
long-fibre-reinforced composites do [21, 22]. The use of fillers as reinforcements reduces the cost of composite fabrication and
increases the stiffness of the composite material [23]. The fibre particles were prepared by grinding the sun-dried fibres to powder
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via a laboratory grinding machine and then sieved through standard sieves with sizes of 180 um (BSS 85), 250, 355 and 500 pum,
as shown in Figure 1(e-f).

2.3 Polyester and fibres particle densities

A manufacturer-specified polyester matrix with a density of 1.114 g/cm? was used for composite fabrication. The bulk density
was determined according to the ASTM D7481-09 standard method by weighing the fibre particle sample to a marked level in a
measuring cylinder. This process was repeated eight times, and the average value was taken. The bulk density was determined via
Eq. (1):

where d; is the bulk density of the Newbouldia laevis fibre particle, W1 is the weight of the empty measuring cylinder (g), W2
is the weight of the measuring cylinder and fibre (g), and V:is the volume of fibre (ml) [24].

2.4 Composite fabrication

The hand lay-up method was used for this fabrication process. This was done in two stages; First, the composite was fabricated
on the basis of varying fibre particle sizes and subjected to a tensile test. Then, composites based on varying fibre loadings (resin-
fibre weight ratios) were fabricated using the particle size that gave the maximum value of tensile strength from the former tensile
test.

For the first stage, appropriate quantities of each of the sieved Newbouldia laevis fibre particle sizes (180 pm, 250 pm, 350
pm and 500 pm) were mixed with polyester resin at a weight ratio of 30:70 and stirred using a mixer machine at an Rpm of 1400
for 10 minutes. Appropriate amounts of the cobalt naphthenate accelerator and MEKP catalyst were added, and the mixture was
further stirred. The mixture was then applied to the mould and allowed to cure at room temperature for 72 hr. It was demoulded
and trimmed to the sample size according to ASTM standards (Figure 2). The samples were then subjected to a tensile test.

Furthermore, the fibre particle size from the composite, which provided the maximum tensile strength, was used for fabricating
composites by mixing with polyester resins at weight ratios of 10:90, 20:80, 30:70 and 40:60. The mixtures were stirred and
appropriate quantities of cobalt naphthenate accelerator and MEKP catalyst were added and further stirred before being applied to
the mould. The composite samples were then allowed to cure at room temperature for 72 hrs, trimmed to size according to ASTM
standards and subjected to tensile testing.

Figure 2: Composite samples

2.5 Tensile tests

The test was performed according to the ASTM D3039 standard method on a universal tensile testing machine
(Testometric) of 50 kN. For the test, the samples of the Newbouldia laevis fibre particle composites with dimensions of 150 x 25x
4 mm were clamped on the jaws of the machine with a gauge length of 120 mm and tensioned at a crosshead speed of 10 mm/min.
The test values of the force and extension were recorded and used to calculate the ultimate tensile strength (o), yield strength
(o), strain (¢) and elastic modulus (E) via Egs. (2), (3), (4) and (5). Additionally, the elongation at break was determined from

the test.
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where Fr is the maximum load (N), Wc is the width of the composite sample, tc is the thickness of the composite sample, Fy
is the yield force, L, is the new length of the composite sample, Lo is the gauge length of the sample, A ¢ is the gradient stress in
the elastic region (MPa) and A ¢ is the gradient strain in the elastic region.

The composites with varying particle sizes and particle loadings were subjected to tensile tests; in each case, five samples
were tested, and the average values were determined [25, 26].

The results from the experiment were statistically analysed. The standard deviation (S) and 95% confidence interval (C) were
calculated via Egs. (6) and (7).
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where x; represents the sample data and X represents the sample mean.
Furthermore, regression analysis via Pearson product-moment correlation using Minitab 16 software was performed to
determine the relationship from the analysis [27].
A summary of the procedures for fibre extraction, composite fabrication and tensile testing is shown in Figure 3.

: Plant stem harvesting

Fibre Extraction and Processing : Water Retting
1 “Treament with NaOH

Fibre particle preparation

!

Composite fabrication based on particle size

:

Tensile test | ==>| Selection of sample with
1 maximum tensile strength

=== : Grinding
: Sieving (180, 250, 355 and 500um)

Composite fabrication based on fibre particle loading == Fibre particle (10, 20, 30 and 40 wt%)

4

Tensile test

Figure 3: Schematic diagram of the steps for extraction, fabrication and tensile testing
3. Results and discussion

3.1 Bulk density of Newbouldia laevis fibres
The average values obtained from the measurements are shown in Table 1
Table 1: Measurement from bulk density test

Description Value
W1 104.636 g
W2 103.652 g
VE 10 mL

The value of the bulk density of the Newbouldia laevis fibres was found to be 0.09840.005 g/cm?, which is much lower than
that of synthetic fibres, such as glass fibres, whose density is 2.4 g/cm?®. With a density of 0.098 g/cm? for this fibre, the weight of
the composite will be significantly lower than that of the same fibre for the same composite applications; thus, a lighter weight is
derived from the use of this natural fibre particle [28].

3.2 Tensile

The tensile tests results (Figures 4 and 5) revealed that the maximum values of the tensile strength and yield strength were
24.76642.65 N/mm? and 24.714+2.65 N/mm?, respectively, for the composite with a fibre particle size of 180 pm, whereas the
minimum values of the tensile strength and yield strength were 11.447+1.13 N/mm? and 9.734:3.08 N/mm?, respectively, for the
composite with a particle size of 500 um. The results indicate that the tensile and yield strengths decrease as the fibre particle size
increases from 180 um to 500 um. This agrees with the research on sisal fibre particles that revealed an increase in tensile strength
as the particle size was decreased from 300 mm to 150 mm [29]. In addition,there have been similar reports from researchers on
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wood, palm seed and bamboo fibre composites, which revealed that tinier particles had higher strength values than did large-size
fibre particles [30,31,32]. The reason for these trends is that the transfer of stress from the matrix to the fibre depends on the
interfacial region. An effective stress transfer occurs with a strong interface, resulting in increased strength and stiffness [33]. As
the particle size increases, the particle surface area significantly decreases, which leads to poor interfacial interactions between the
fibre particles and the matrix and weak bonding of the constituents of the composites [34].

Furthermore, the regression model (Appendix A) obtained for tensile strength and particle size is shown in Eqg. (8) and the
analysis revealed an R-sq. (adjusted) of 72.38%, a negative correlation (r = — 0.86) and a statistically significant (P<0.05)
relationship between the tensile strength and the particle size of the composite.

Tensile strength = 29.03 — 0.03736 * Particle size (8)
The regression model (Appendix B) obtained for yield strength and particle size is shown in Eg. (9) and the analysis revealed
an R-sg. (adjusted) of 69.24%, a negative correlation (r = — 0.84) and a statistically significant (P<0.05) relationship between the
yield strength and the particle size of the composite.

Yield strength = 30.13 — 0.04327 * Particle size 9)

The elastic modulus result (Figure 6) for the particle size composites shows a maximum average value of 1888 MPa for a
particle size of 180 um, with a sharp decrease for the 250 um particle size, which may be due to the poor distribution of the fibre
particles within the matrix, resulting in poor alignment of the particles within the composite [35]. The regression model (Appendix
C) obtained for elastic modulus and particle size is shown in Eq. (10) and the analysis revealed an R-sq (adjusted) of 0.00%, weak
negative correlation and the relationship between the elastic modulus and the particle size of the composite is not statistically
significant (P > 0.05)

Elastic modulus = 1825 — 0.718 = Particle size (10)

This result reveals that the range in the particle size of Newbouldia laevis in this study has a negligible effect on the elastic
modulus of the composite. This agrees with the findings of the work on periwinkle shell-reinforced polyester composite [36],
epoxy/silica composite [37] and epoxy/alumina trihydrate composite [38].

The result (Figure 7) for the percentage elongation at break of the particle size composite shows a maximum value of 8.299
+ 0.925% for the 250 um particle size fibre composite and a minimum value of 7.052+1.00% for the 500 um particle size
composite. The regression model (Appendix D) obtained is shown in Eq. (11) and the analysis revealed an R-sq (adjusted) of
0.00%, weak negative correlation and the relationship between the percentage elongation at break and the particle size of the
composite is not statistically significant (P > 0.05)

Elongation at break = 8.250 — 0.002257 * Particle size (11)
The result reveals that the particle size of Newbouldia laevis has a negligible effect on the percentage elongation at break of
the composite. This finding agrees with the work on PP-wood flour composite [39].
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Figure 4: Ultimate tensile strength and particle Figure 5: Yield strength and particle size

size

For tensile results (Figures 8 and 9) based on fibre particle loading, the maximum values of the tensile and yield strengths
were found to be 31.35+1.613 N/mm? and 31.2774+1.621 N/mm?, respectively, and were obtained from the 10% fibre particle-
loaded composite, whereas the minimum average values of the tensile and yield strengths were found to be 23.98443.373 N/mm?
and 23.94743.365 N/mm?, respectively, and were obtained from the 40% fibre particle-loaded composite. This signifies that the
tensile and yield strengths decrease as the fibre loading increases from 10% to 40%. This findings agrees with the report on Abaca
fibre which revealed that tensile strength decreased by 23.9% as the fibre loading increased from 30% to 40% [40]. The reason for
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this trend is that as the fibre particle loading increases, the issue of clumping arises, which often leads to agglomeration defects
[34]. These defects lead to poor interfacial adhesion between the fibre particles and the polyester matrix and ultimately result in
weak bonding of the constituents of the composites. Furthermore, the regression model (Appendix E) obtained for tensile strength
and particle loading is shown in Eq. (12) and the analysis revealed an R-sq (adjusted) of 48.6%, a negative correlation (r = — 0.72)
and a statistically significant (P<0.05) relationship between the tensile strength and the particle loading of the composite.
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Figure 6: Elastic modulus and particle size Figure 7: Elongation at break and particle size
Tensile strength = 33.07 — 0.2454 = Particle loading (12)

The regression model (Appendix F) obtained for yield strength and particle loading is shown in Eq. (13) and the analysis
revealed an R-sq (adjusted) of 48.48%, a negative correlation (r = — 0.72) and a statistically significant (P<0.05) relationship
between the yield strength and the particle loading of the composite.

Yield strength = 32.07 — 0.2454 * Particle loading (13)

Additionally, the result (Figure 10) for the elastic modulus based on fibre particle loading shows a minimum value of 1404
MPa at 40% fibre particle loading and a maximum value of 2590 MPa at 10% fibre particle loading. The results show that the
elastic modulus decreases as the fibre particle loading increases. This finding agrees with the findings of Rimdusit et al. (2011),
who studied rubber wood flour polymers and reported that the particle size has an inverse relationship with the tensile modulus
[41]. A similar report from research on nanocomposites reveals that the elastic modulus decreased as the amount of fibre filler
increased; owing to the accumulation of local fibres within the composite [42]. The regression model (Appendix G) obtained for
elastic modulus and particle loading is shown in Eq. (14) and the analysis revealed an R-sq (adjusted) of 49.48%, a negative
correlation (r = — 0.72) and a statistically significant (P<0.05) relationship between the elastic modulus and the particle loading
of the composite.
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Elastic modulus = 2815 — 37.07 = Particle loading (14)
The result (Figure 11) of the percentage elongation at break for the fibre particle loading shows a maximum value of
7.14240.82% for 40% loading and a minimum value of 76.560+0.38% for 10% fibre particle loading.
The regression model (Appendix H) obtained is shown in Eq. (15) and the analysis revealed an R-sq (adjusted) of 11.32%, weak
positive correlation (r = 0.40) and the relationship between the percentage elongation at break and the particle loading of the
composite is not statistically significant (P > 0.05)
Elongation at break = 6.278 — 0.02258 * Particle loading (15)

This reveals that the particle loading has a little or negligible effect on the percentage elongation at break of the composite. Thus,
the density of this natural fibre is lower than that of synthetic fibre as well as its strength compared to that of some natural fibre
composites, such as coir/epoxy composites (17.86 MPa) and coconut shell powder composites (24.36 MPa), indicating that
Newbouldia laevis fibres can be used in lightweight polymer composite applications, such as automobile bumpers and parts,
particle boards and some industrial machine casings [43, 44].
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Figure 10: Elastic modulus and particle loading Figure 11: Elongation at break and particle loading

4. Conclusion

A study on a Newbouldia laevis fibre particle-reinforced composite revealed that the particle size and fibre loading
affect the tensile properties of the composite. The tensile and yield strengths increased significantly as the particle size decreased
from 500 um to 180 um. Additionally, the tensile strength, yield strength and elastic modulus decreased as the fibre particle
loading increased from 10 wt% to 40 wt%. The particle size and loading have a minimal or negligible effect on the percentage
elongation at break of the particulate composite. The maximum values of 31.35+1.613 N/mm? and 31.277+1.621 N/mm?were
obtained from the 10 wt% fibre loading for tensile and yield respectively.
Hence, this study's results reveal that Newbouldia laevis fibre particles are suitable reinforcement biomaterials for lightweight
composite applications.

Disclosure statement
No potential conflicts of interest were reported by the author (s)

ORCID
Peter Okechukwu Chikelu : https://orcid.org/0000-0002-3247-0707

Acknowledgements

The publication of this work was supported by the TETFund Centre of Excellence for BioMedical, Engineering and Agricultural
Translational Studies (TCE-BEATS), Nnamdi Azikiwe University, Awka, Anambra State.

Data availability statement

All data relevant to the study are included in the article. In addition, the sample datasets are available from the corresponding
author upon reasonable request.

REFERENCES
[1] G. Alejandra, V. Clair, R. Antoine, H. Lorie, R. Aline, H. David, and S. Caroline, “Natural fibre polymer composite-A game

changer for the aviation sector, > Journal of Cleaner Production. 2021; Vol. 286, p124986, Issn: 0959-652.
Doi: 10.1016/J.Jclepro.2020. .124986 .


https://orcid.org/0000-0002-3247-0707

Chikelu et al./Unizik Journal of Technology, Production and Mechanical Systems (UJTPMS), 5(1) 222

[2] C. 1. Iduma,“Recent advances in conducting polymer bionanocomposites and hydrogels for biomedical applications,”
International Journal of Polymeric Materials and Polymeric Biomaterials. 2022; 71(7):513-530. Doi: 10.1080/00914037.
2020.1857384.

[3] A. Dorothy, Coconut husk: A waste or a raw material? https://cerathdev.org/ (Accessed 7™ February, 2023).

[4] W. Stelte, N. Reddy, S. Barsherg and A. R. Sanadi, “Coir from coconut processing waste as a raw material for applications
beyond traditional uses,” Bioresources. 2023; 18(1):2187-2212.

[5] M. Poletto, “Polystyrene cellulose fibre composites: Effects of the processing conditions on mechanical and dynamic
mechanical properties, ” Revista Materials. 2016; 21(3):522-559. Doi: 10.1590/51517-70762016003.0053.

[6] M. R. Sanjay, G. R. Arpitha, L. L. Naik, K. Gopalakrishna and B. Yogesha, “Applications of natural fibres and its composites:
An overview,” Journal of Natural Resources. 2016; 7:108-114. Doi: 10.4236/nr.2016.73011.

[7]J. Bhaskar and V. K. Singh, “Physical and mechanical properties of coconut shell particle reinforced epoxy Composite,” Journal
of Materials and Environmental Sciences. 2013; 4(2):227-232.

[8] S. A. Seth, I. S. Aji and A. Tokan, “Effect of particle size and loading on tensile and flexural properties of polypropylene
reinforced Doum palm shell particles composites,” American Scientific Research Journal for Engineering, Technology
and Sciences. 2018; 44(1):231-239.

[9] H. I. Umaru, M. K. Ishiaku and A. A. Kogo, “Effect of particle size on tensile properties and density of Delonixregia seed
particles filled unsaturated polyester resin composite,” Science World Journal. 2022; 17(4):507-511.

[10] H. Rashed, M. Islam and F. Rizvi, “Effects of process parameters on tensile strength of jute fibre reinforced thermoplastic
composites,” Journal of Naval Architecture and Marine Engineering. 2008; 3:1-6. Doi: 10.3329/JNAME.V311.923.

[11] D. Wong, M. Anwar, S. Debnath, A. Hamid, S. Izman, A. Basak and A. Pramani, “Tensile strength and Morphological
behaviour of treated oil palm empty fruit bunch particle reinforced polymeric composite,” Material Science Forum. 2022;
1064:27-37. Doi: 10.4028/p-e12r4q .

[12] F. E. Hanana and D. Rodrigue, “Effect of particle size, fibre content and surface treatment on the mechanical properties of
maple-reinforced LLDPE produced by rotational moulding,” Polymers and Polymer Composites. 2020; 29:343-353.
D0i:10.1177/096739112091 6602

[13]Y. K. Pandya, N. P. Patel, B. N. Patel and N. Suthar, “Investigation of tensile and flexural strength of sisal Fibre-reinforced
epoxy composite with waste-tyre rubber particles as filler,” Proceedings of the international conference on advance
materials: ICAM 2019. (2019). Doi: 10.1063/1.5130245.

[14] V. Vignesh, A. Balaji, N. Nagaprasad, M. Sanjay, A. Khan, A. Asiri, G. Ashraf and S. Siengchin, “Indian Mallow fibre
reinforced polyester composites: mechanical and thermal properties,” Journal of Materials Research and Technology.
2021; 11:274-284. Doi: 10.1016/j.jmrt.2021.01.023.

[15] H. Ismail, H. Rozman, R. Jaffi and Z. Ishak, “Oil palm wood flour reinforced Epoxidized natural fibre Composites: The Effect
of filler content and size,” European Polymer Journal. 1997; 33(10-12):1627-1632. Doi: 10.1016/s0014-3057(97)00020-
7.

[16] P. Oghenerukevwe and H. Uguru, “Effect of fillers loading on the mechanical properties of hardwood sawdust//oil bean shell
reinforced epoxy hybrid composites,” International Journal of Scientific Research in Science, Engineering and
Technology. 2018; 14:620-626. D0i:10.32628/1JSRET184 8159.

[17] T. lwu, “Interaction of condensed tannins with selected proteins,” Phytochemistry. 2011; 25(7):1591-1593.

[18] A. A. Ayoola, A. O. Yusuf and D. G. Oki, “Phytochemical screening and proximate analysis of Newbouldia laevis and Allium
sativum,” Nigeria J. Anim. Sci. 2016; 1:242-256.

[19] L. D. M. Neuba, R. F. P. Junio, A. T. Souza, Y. S. Chaves, S. Tavares, A. C. Palmeira, “Alkaline treatment Investigation for
Sedge fibres (Cyperus malaccensis): A promising enhancement,” Polymers. 2023; 15:2153.

Doi: 10.3390/polym15092153.

[20] N. Soatthiyanon, A. Crosky, M, T. Heitzmann, “Comparison of experimental and calculated tensile properties of flax fibres,”
Journal of Composite Science. 2022; 6(4)100. Doi: 10.3390/jcs 60401 00.

[21] V. K. Thakur and A. S. Singha, “Natural fibres-based polymers: Part I—Mechanical analysis of Pine needles reinforced
biocomposites, ”” Bull. Mater. Sci. 2008; Vol. 33, No. 3, pp. 257-264.

[22] S. Kim, B. Choi and K. Kang, “Measurement of thermophysical properties of particulate-filled polymer Composites,” Journal
of High Temperature —High Pressure. 2008; 37:21-30.

[23] C. S. Mark, W. M. Banks, D. W. Opukuro and R. A. Pethick, “Tensile testing of cellulose-based natural Fibres for structural
composite applications,” Journal of Composite Materials. 2008; 00(00):1-26.

[24] ASTM D7481-09. Standard test method for determining loose and tapped bulk densities of powders using a graduated cylinder.
ASTM International, West Conshohocken, PA 19428-2959, United States (2009)

[25] A. R. Donald, P. F. Pradeep and J. W. Wendelin, Composites: Teamwork and synergy in materials. The Science and
Engineering of Materials. 6™ Edition, Cengage Learning. ISBN: 9780495296027 (2010); p651-663.

[26] F. P. Beer, E. R. Johnson, J. Dewolf and D. Mazurek, Mechanics of Materials. McGraw Hill. ISBN: 978-0-07-015389-9
(2009); p56.

[27] Mendenhall, W., Beaver, R. J. and Beaver, B. M. Introduction to Probability and Statistics, 13" edition. CENGAGE learning,
Canada, 20009.

[28] M. R. Sanjay and S. Suchart, “Lightweight natural fibre composites,” Journal of Applied Agricultural Science and
Technology. 2019; 3(2):178.

[29] Durowaye, S. I., Lawal, G. I., and Olagbaju, O. I. (2014). Microstructure and mechanical Properties of sisal particles reinforced
polypropylene composites. International Journal of Composite Materials, 4(4):190-195.



https://cerathdev.org/

Chikelu et al./Unizik Journal of Technology, Production and Mechanical Systems (UJTPMS), 5(1) 223

[30] N. M. Stark and R. E. Rowlands, “Effects of wood fibre characteristics on Mechanical properties of wood/polypropylene
composites,” Wood Fibre Science. 2003; 35(2):167-174.

[31] Ameh, A.O., Isa, M.T., and Sanusi, T.(2015). Effect of particle size and concentration on the mechanical properties of
polyester/date palm seed particulates composites. Leonardo Electronic Journal of Practices and Technology, 26:65-78

[32]Kumar, V., Kushwaha, P. K., and Kumar, R. (2011). Impedance-spectroscopy analysis of oriented and mercerized bamboo
fiber-reinforced epoxy composite. Journal of Material Science, 46:3445-3451.

[33] L.B. Eric and T.Fabienne, “Mechanical properties of natural fiber composites. Reference module in material science and
materials engineering., doi:10.1016/B978-0-12-819724 -0.00009 - 4.

[34] M. Ramesh, L. N. Rajeshkumar, N. Srinivasan, D. V. Kumar and D. Balaji,“Influence of filler material on Properties of fibre-
reinforced polymer composites: A review,” E- polymer. 2022; 22:898-916. Doi: 10.1515/epoly-2022-0080.

[35] A. Arunit, J. Kers and K. Tall, “Influence of filler proportion on mechanical and physical properties of particulate composite,”
Agronomy Research Biosystem Engineering Special. 2011; 1:23-29.

[36] R.E. Njoku , A.E. Okon and T.C. Ikpaki, “Effects of variation of particle size and weight fraction on the tensile strength and
modulus of periwinkle shell reinforced polyester composite,” Nigerian Journal of Technology, 2011; 30(2):87-93.

[37] Y. Nakamura, M. Yamaguchi,M. Okubo and T. Matsumoto, “Effect of particle size on mechanical properties of epoxy resin
filled with angular-shaped silica,” Journal of Applied Polymer Science,1992; 44:151-158

[38]J. Spanoudakie and R. J. Young, “Crack propagation in a glass particle-filled epoxy resin — effect of particle volume fraction
and size,” Journal of Materials Science, 1984. Vol. 19, 473 - 486.

[39] N. Amir, K., Abolfazl and A. Alireza,* Effects of Particle Size and Coupling Agent Concentration on Mechanical Properties
of Particulate-filled Polymer Composites,” Journal of Thermoplastic Composite Materials, 2010; 23:169-174.
D0i:10.1177/ 0892705709340962

[40] R. Punyamurthy, D. Sampathkumar, B. Bennehalli, R. P. Ranganagowda, P. V. Badyankal, and S. C. Venkateshappa, “Abaca
fibre reinforced hybrid composites,” International Journal of Applied Engineering Research. 2014; 9(23):20273-20286.

[41] S. Rimdusit, W. Smittakon, S. Jittarom and S. Tiptipakorn, “Highly filled polypropylene Rubber wood Flour composites,”
Engineering Journal, 2011; 15(2)17-30.

[42] M. Maghsoudlou, R. Isfahani, S. Saber-Samandari and M. Sadighi, “Effect of interphase, curvature and Agglomeration of
SWCNTS on mechanical properties of polymer-based nanocomposites: Experimental and numerical investigations,”
Composite Part B: Engineering. 2019; 175:107119. Doi: 10.1016/J.compositesB.2019.107119.

[43] S. Harish, D. P. Michael, A. Bensely, D. M. Lal and A. Rajadura, “Mechanical Property evaluation of natural fibre coir
composite,” Materials Characterization, 2009; 60(1):44- 49. Doi: 10.1016/j.matchar.2008.07.001.

[44] R. A. Alshgari, H. Anandaram, A. Kistan, A. Nisha, V. M. Vel, G. Anitha, S. M. Wabaidur, M. A. Islam and A. Alemayehu,
“Experimental investigations on the mechanical characteristics of natural fibre particle-reinforced polymer composites
under cryogenic environment,” Journal of Nanomaterials, 2022; Vol. 2022, Article ID 1864169, 8pages.

Doi: 10.1155/2022/1864169.

Appendix A: Regression for tensile strength vs particle size

Y: Tensile strength((N/mm~2)
X: Particle size (pm)
Fitted Line Plot for Linear Model

Is there a relationship between Y and X? Y = 29.03 - 0.03736 X
0 0.05 0.1 > 0.5 E :
Yes: No E 251 ®
P = 0.000 = hd
The relationship between Tensile strength((N/mm~2) E 0] e -
and Particle size (um) is statistically significant (p < B °
0.05). 5 P
% 15 8
2 . L .
g L]
%o of variation accounted for by model 2 10 e
0% 100% 200 300 400 500

\ Particle size (pm)

R-sq (adj) = 72.38%
72.38% of the variation in Tensile strength((N/mm~2)
can be accounted for by the regression model. The fitted equation for the linear model that describes the
relationship between Y and X is:
Y = 29.03 -0.03736 X
If the model fits the data well, this equation can be used

Comments

Correlation between Y and X to predict Tensile strength((N/mm~2) for a value of
Negative No correlation Positive Particle size (um), or find the settings for Particle size (um)
1 0 1 that correspond to a desired value or range of values for

T - omm Tensie sengmh(@mm2:
?).86 o A statistically significant relationship does not imply that X
The negative correlation (r = -0.86) indicates that when causes Y.

Particle size (um) increases, Tensile strength((N/mm~2)
tends to decrease.
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Appendix B: Regression for yield strength vs particle size

Y: Yield Strength (N/mm~2)
X: Particle size (um)

Is there a relationship between Y and X?

0 0.05 0.1 > 0.5
Yes: No
P = 0.000

The relationship between Yield Strength (N/mm~2) and
Particle size (pm) is statistically significant (p < 0.05).

% of variation accounted for by model
0% 100%

B

R-sq (adj) = 69.24%
69.24% of the variation in Yield Strength (N/mm~2) can
be accounted for by the regression model.

Correlation between Y and X

Negative No correlation Positive
=il 0 1
-0.84

The negative correlation (r = -0.84) indicates that when
Particle size (um) increases, Yield Strength (N/mm~2)
tends to decrease.

Yield Strength (N/mm~2)

Fitted Line Plot for Linear Model
Y = 30.13 - 0.04327 X

30+
[ J
[ 3
[ ]
L ]
20 e o
[ J
8
[ ] : ]
104 °
[ ]
[ ]
200 300 400 500

Particle size (pm)

Comments

The fitted equation for the linear model that describes the
relationship between Y and X is:

Y = 30.13-0.04327 X
If the model fits the data well, this equation can be used
to predict Yield Strength (N/mm#2) for a value of Particle
size (um), or find the settings for Particle size (um) that
correspond to a desired value or range of values for Yield
Strength (N/mm~2).

A statistically significant relationship does not imply that X
causes Y.

Appendix C: Regression for elastic modulus vs particle size

Y: Elastic Modulus (N/mm~2)
X: Particle size (um)

Is there a relationship between Y and X?

0 0.05 0.1 > 0.5

ves | no

P = 0.492

The relationship between Elastic Modulus (N/mm~2)
and Particle size (um) is not statistically significant (p >
0.05).

%o of variation accounted for by model
0% 100%

R-sq (adj) = 0.00%

0.00% of the variation in Elastic Modulus (N/mm~2) can
be accounted for by the regression model.

Correlation between Y and X

Negative No correlation Positive
-1 0 1

-0.16
The correlation between Elastic Modulus (N/mm~#2) and
Particle size (um) is not statistically significant (p >
0.05).

Elastic Modulus (N/mm~2)

Fitted Line Plot for Linear Model
Y = 1825-0.718 X

®
2500 1
[ ]
2000] 3 .
1500 ®
- s
° ]
1000 1
8 [
200 300 400 500

Particle size (pm)

Comments

The fitted equation for the linear model that describes the
relationship between Y and X is:

Y = 1825-0.718 X
If the model fits the data well, this equation can be used
to predict Elastic Modulus (N/mm~2) for a value of Particle
size (um), or find the settings for Particle size (um) that
correspond to a desired value or range of values for Elastic
Modulus (N/mm~2).

A statistically significant relationship does not imply that X
causes Y.
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Appendix D: Regression for elongation at break vs particle size

Y: Elongation at Break(%)
X: Particle size (um)

Is there a relationship between Y and X?

Fitted Line Plot for Linear Model
Y = 8.250 - 0.002257 X

I

R-sq (adj) = 48.66%
48.66% of the variation in Tensile strength((N/mm~2)
can be accounted for by the regression model.

Correlation between Y and X
Negative No correlation Positive

-1 0 1

- am
-0.72

The negative correlation (r = -0.72) indicates that when
Particle loading (%) increases, Tensile
strength((N/mm~2) tends to decrease.

Particle loading (%)

Comments

0 0.05 0.1 > 0.5 10 o
> °
Yes E No § i .
P =0.370 § s ° :
The relationship between Elongation at Break(%) and [ hd °
Particle size (um) is not statistically significant (p > ® hd °
0.05). S 6.
-
& .
c
o
90 of variation accounted for by model = 44 o
v o 200 300 400 500
e partic sze (um)
R-sq (adj) = 0.00% CommentS
0.00% of the variation in Elongation at Break(%) can be
accounted for by the regression model. The fitted equation for the linear model that describes the
relationship between Y and X is:
Y = 8.250 - 0.002257 X
If the model fits the data well, this equation can be used
Correlation between Y and X to predict Elongation at Break(%) for a value of Particle
Negative No correlation Positive size (um), or find the settings for Particle size (um) that
1 0 1 correspond to a desired value or range of values for
-0.21 A statistically significant relationship does not imply that X
The correlation between Elongation at Break(%) and causes Y.
Particle size (um) is not statistically significant (p >
0.05).
Appendix E: Regression for tensile strength vs particle loading
Y: Tensile strength((N/mm~2) ’
X: Particle loading (%)
Fitted Line Plot for Linear Model
Is there a relationship between Y and X? Y = 33.07 - 0.2454 X
0 0.05 0.1 >0.5 ~ 351
<N [
Yes: No £ ° °
£
P = 0.000 > 301 . °
The relationship between Tensile strength((N/mm~2) _‘=~5 ° hd
and Particle loading (%) is statistically significant (p < B ] °
0.05). g 25- s
® Y ' *®
£ °
2
%o of variation accounted for by model 2 20 A .
0y 0, T T T T
W% e 10 20 30 40

The fitted equation for the linear model that describes the
relationship between Y and X is:

Y = 33.07-0.2454 X
If the model fits the data well, this equation can be used
to predict Tensile strength((N/mm~2) for a value of
Particle loading (%), or find the settings for Particle loading
(%) that correspond to a desired value or range of values
for Tensile strength((N/mm~2).

A statistically significant relationship does not imply that X
causes Y.
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Y: Yield Strength (N/mm~2)
X: Particle loading (%)

Is there a relationship between Y and X?

Appendix F: Regression for yield strength vs particle loading

Fitted Line Plot for Linear Model
Y = 32.99 -0.2441 X

0 0.05 0.1 >0.5 _ 351
~ [ 3
Yes No i ® °
P = 0.000 E 304 ¢ .
The relationship between Yield Strength (N/mm~#2) and £ ° hd
Particle loading (%) is statistically significant (p < 0.05). % s °
£ 25 L ]
£ . : °
= o
%o of variation accounted for by model ;-! 20 A .
v wiee 10 20 30 40

I

R-sq (adj) = 48.48%

48.48% of the variation in Yield Strength (N/mm~2) can

be accounted for by the regression model.

Correlation between Y and X

Particle loading (%)

Comments

The fitted equation for the linear model that describes the
relationship between Y and X is:

Y = 32.99 -0.2441 X
If the model fits the data well, this equation can be used
to predict Yield Strength (N/mm~#2) for a value of Particle
loading (%), or find the settings for Particle loading (%)
that correspond to a desired value or range of values for

Negative No correlation Positive
-1 0 1
-0.72

The negative correlation (r = -0.72) indicates that when
Particle loading (%) increases, Yield Strength (N/mm~2)
tends to decrease.

Yield Strength (N/mm~2).

causes Y.

A statistically significant relationship does not imply that X

Appendix G: Regression for elastic modulus vs particle loading

-1

Negative

.

Y: Elastic Modulus (N/mm~2)
X: Particle loading (%)

Is there a relationship between Y and X?

0 0.05 0.1 > 0.5
Yes No
P = 0.000
The relationship between Elastic Modulus (N/mm~2)
and Particle loading (%) is statistically significant (p <
0.05).
%0 of variation accounted for by model
0% 100%

s

R-sq (adj) = 49.84%

49.84% of the variation in Elastic Modulus (N/mm~2)
can be accounted for by the regression model.

Correlation between Y and X
No correlation Positive

0 1

- e

-0.72

The negative correlation (r = -0.72) indicates that when
Particle loading (%) increases, Elastic Modulus
(N/mm~2) tends to decrease.

Elastic Modulus (N/mm~2)

3000

2000

1000

Fitted Line Plot for Linear Model
Y = 2815-37.07 X

[ ]
[ ]
H s
[ ]
[ 3
[
s
[
H .
[ ]
[ ]
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Particle loading (%)

Comments

The fitted equation for the linear model that describes the
relationship between Y and X is:

Y = 2815-37.07 X
If the model fits the data well, this equation can be used
to predict Elastic Modulus (N/mm~2) for a value of Particle
loading (%), or find the settings for Particle loading (%)
that correspond to a desired value or range of values for
Elastic Modulus (N/mm~2).

A statistically significant relationship does not imply that X
causes Y.
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Appendix H: Regression for elongation at break vs particle loading

Y: Elongation at break(%)
X: Particle loading (%)

Is there a relationship between Y and X?
0 0.05 0.1 >0.5

P =0.081
The relationship between Elongation at break(%) and
Particle loading (%) is not statistically significant (p >
0.05).

%06 of variation accounted for by model
0% 100%

R-sq (adj) = 11.32%
11.32% of the variation in Elongation at break(%) can
be accounted for by the regression model.

Correlation between Y and X

Negative No correlation Positive
-1 0 1

0.40
The correlation between Elongation at break(%) and
Particle loading (%) is not statistically significant (p >
0.05).

Elongation at break(%)

Regression for Elongation at break(%o) vs Particle loading (%)
Summary Report

Fitted Line Plot for Linear Model
Y = 6.278 + 0.02258 X

9-
[ ]
8-
H
. ° °
7 ® s
[
®
H
oL 2 ! . .
10 20 30 40

Particle loading (%)

Comments

The fitted equation for the linear model that describes the
relationship between Y and X is:

Y = 6.278 + 0.02258 X
If the model fits the data well, this equation can be used
to predict Elongation at break(%) for a value of Particle
loading (%), or find the settings for Particle loading (%)
that correspond to a desired value or range of values for
Elongation at break(%).

A statistically significant relationship does not imply that X
causes Y.
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