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Abstract

Environmental concerns and the depletion of petroleum resources have spurred
research into natural fibres as sustainable alternatives to synthetic fibres as the
reinforcement phase in polymer composites. Given that the local availability of
materials is a crucial component in the sustainability framework, there is a need
to map out the fibres used to develop natural fibre composites across geographical
regions to optimize local resource utilization. Through a systematic review of pub-
lications sourced from Scopus and Web of Science databases, this study examines
the contributions made by Africa to develop green polymer composites. The bib-
liometric data from both databases were systematically merged, and bibliometric
analysis was carried out to identify trends and relevant relationships and provide
a more general insight into Africa’s progress in the natural fibre polymer compos-
ite field. A meta-analysis was then conducted to identify the natural fibres exclu-
sively sourced from Africa that have been used to develop polymer composites.
The study also discussed natural fibre classifications with respect to fibre type and
form. Sisal, palm varieties (particularly date palm), alfa, jute and members of the
Musaceae family (i.e., banana, plantain and enset) were found to be the most used
African-sourced fibres. This study is a step to creating a more extensive global nat-
ural fibre database that seeks to provide more precise knowledge, enhance
research efficiency, and ensure the utilization of local materials in creating more
sustainable composites.

Highlights

« The use of local materials is a key component of sustainable development
« A natural fibre database can foster sustainability in the composite industry
« Egypt, Morocco, and Tunisia are leading Africa's composite research

« Research prioritizes composite material science over practical applications
« Sisal, date palm, alfa and jute are the most used natural fibres in Africa

KEYWORDS

Africa, bibliometric analysis, composites, natural fibre, polymer-matrix composites

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.
© 2024 The Authors. Polymer Composites published by Wiley Periodicals LLC on behalf of Society of Plastics Engineers.

Polymer Composites. 2024;45:9677-9702.

wileyonlinelibrary.com/journal/pc 9677


https://orcid.org/0000-0002-1556-5069
mailto:chin9ere@gmail.com
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/pc
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fpc.28482&domain=pdf&date_stamp=2024-04-26

9678 | Wl LEY— nspIRNG Polymer

NWANKWO ET AL.

PROFEssiONALs  COMPOSITES

1 | INTRODUCTION

A composite material is one that is comprised of two or
more materials combined at a macroscopic level through
a specialized process. The individual components come
with distinct physical and chemical properties that when
combined result in a material with unique properties
superior to that of the individual elements." A composite
material primarily consists of two phases; a continuous
phase (matrix) and a discontinous phase (reinforcement)
which are insoluble to each other.” The matrix provides
the rigidity and form of the composite, while the reinfor-
cing material typically determines the strength and stiff-
ness of the composite.> With respect to the nature of the
matrix phase, there are mainly three types of composites
used in Engineering applications: polymer matrix com-
posites (PMC), metal matrix composites (MMC), and
ceramic matrix composites (CMC); PMCs dominate the
market.* Carbon, glass, and aramid fibres have estab-
lished themselves as reinforcement choice in PMCs due
to their exceptional strength-to-weight ratios, rendering
them indispensable across various sectors.’” While syn-
thetic fibres offer significant value, they also present a
multitude of sustainability challenges, including depen-
dence on fossil fuels,® high embodied energy,7 and chal-
lenges in recycling.®

The growing awareness of climate change has made it
imperative to integrate sustainable development into all
sectors as humanity strives to prevent more environmen-
tal harm. Sustainability has also become a global phe-
nomenon with the introduction of the Sustainable
Development Goals.® This trend is also evident in the
engineering field, where there is a growing emphasis on
adopting more environmentally friendly materials as
opposed to traditional synthetic options. Specifically, goal
nine calls for sustainable industrialization and encour-
ages innovation, and goal twelve seeks to ensure sustain-
able consumption and production patterns, calling for
the more efficient use of our natural resources, reduction
in waste generation and the use of circular economic
principles in waste management.” Hence, the environ-
mental impact of engineering materials from manufac-
ture to disposal is a significant consideration in material
development. As such, researchers and engineers are
now navigating toward leveraging the potential of natural
fibres in developing engineering composites in place of
synthetic options across various industries: construction,
sports and leisure, consumer goods, pipes and small-scale
wind energy.'® Using natural fibre composites (NFCs)
across these industries is a promising option to address
current environmental concerns, lower energy demands,
and potentially diminish carbon footprints."' Natural
fibres from plant and animal origins offer attributes that

resonate with certain sustainable principles. These fibres
often have lower embodied energy, are biodegradable,
can be sourced from renewable agricultural resources,
and have lower costs than synthetic fibres.'* They also
boast of low density and good mechanical and thermal
properties, making them suitable for developing engi-
neering composites.'> These advantages have led to the
rise in demand for natural fibres in recent years. The
global natural fibre market was valued at US$4.5 billion
in 2022 and is projected to be US$9.2 billion by 2031.**

Despite noticeable growth in the natural fibre indus-
try, many regions globally still underutilise their avail-
able natural fibre resources, presenting an opportunity to
leverage them to develop more sustainable composites."”
A review of the production of some of the most used nat-
ural fibres—Abaca, coir, cotton, flax, jute, kenaf, ramie,
sisal and hemp from 2010 to 2022 showed that Asia cur-
rently leads the world production with 61.5% followed by
South America, North America, Africa, Europe and
Oceania with 17.6%, 10.5%, 5.0%, 3.5% and 2.0% respec-
tively.'® While Europe's share in global natural fibre pro-
duction is comparatively modest, it boasts the largest
market for NFCs,'” primarily driven by government poli-
cies around a circular economy. In addition to govern-
ment policies and standardization, Laasri advocates for a
global digital NFC management model to catalogue natu-
ral fibres according to geographic regions to create aware-
ness of multiple supply points, ensuring the security of
natural fibre supply.'® Some authors have considered a
natural fibre database concept but at local levels. Kari-
mah et al. advocated for Indonesia's natural fibre data-
base.'” Hayajneh et al. evaluated the physical and
mechanical properties of fifteen different natural fibres as
potential raw material sources for biomaterials as a seed
step to creating a database for Jordan.”® Balakrishnan
et al. created a process for selecting natural fibres found
in Malaysia using an analytical hierarchy process.*' Their
study acknowledged the importance of the local availabil-
ity of natural fibres in the material development process
and considered it a selection criterion.

The merits of the NFC industry concerning sustainabil-
ity are well established in the literature. Consequently,
many studies seek to create and evaluate the properties of
the developed sustainable composites. However, only a few
studies actively point researchers to which natural fibres
should be considered raw materials for composite develop-
ment based on their geography. Economic viability is cru-
cial in selecting and accepting raw materials.** Opting for
locally sourced materials reduces carbon emissions linked
to transportation and the associated costs. As the natural
fibre industry employs about 4% of the world's population,
its sustained use will help alleviate poverty and, with some
plants, contribute to food security.”> Given this, there is a
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need to understand the global distribution of natural fibres,
providing researchers with valuable guidance to appropriate
raw material selection. This paper seeks to answer the ques-
tion, “What natural fibres have been used to develop poly-
mer composites in Africa?”’. It aims to review Africa's
natural fibre landscape through the lens of polymer com-
posites by (1) retrieving available studies on polymer com-
posites composed of natural fibres with African affiliation
to carry out bibliometric mapping of the research field,
understanding the collaborations and knowledge flow, and
(2) identifying the natural fibres sourced from Africa used
to develop polymer composites in view of the fibre types
and forms. The rest of this paper is organized as follows.
Section 2 presents the research methodology and the litera-
ture retrieval strategy. It also presents a method for merging
bibliometric data from Scopus and Web of Science (WoS)
databases into a unified .csv file. The result of the biblio-
metric analysis is presented in Section 3. Section 4 presents
the results of the meta-analysis. Sections 5 and 6 outline the
implications and conclusions of the study.

2 | RESEARCH METHODOLOGY

A two-step process was employed to identify studies that
utilized fibres sourced from within Africa. The first step
entailed identifying studies that had fabricated natural
fibre polymer composites with an African affiliation. This
process was done systematically, guided by the PRISMA
2020 statement.”* This rigorous approach was done to
prevent selection bias and accurately capture the existing
knowledge.”> Subsequently, a comprehensive biblio-
metric analysis of the retrieved articles was conducted,
serving as a crucial tool to identify the prominent con-
tributors and contributions within the field. This step
facilitated an objective mapping of the knowledge area
and the identification of key research themes, enhancing
our understanding of the broader landscape. In the sec-
ond step, a deeper exploration of initially the identified
documents was conducted to isolate studies that used
fibres specifically sourced within Africa. The resulting
dataset was then presented using descriptive statistics
and discussed, shedding light on the utilization of African
fibre sources and the forms in which they were used to
develop polymer composites for use across different
industries. Figure 1 delineates the research design.

The main sources of articles for conducting literature
reviews are Elsevier's Scopus and Thomson Reuters’ Web
of Science. Sanchez et al.*® recommended combining
Scopus and WoS bibliometric data, highlighting their
distinct coverage profiles and the notable portion of
exclusive articles present in each, thus advocating for
a comprehensive approach. However, Echchakoui®’
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highlights that the difficulties arising from manually inte-
grating data across diverse databases due to varying tag field
formats lead many researchers to choose a single database.
Authors, such as Boumaaza et al.,"* opted to analyze results
independently. Following this observation, Echchakoui*’
proposed a method to merge datasets from different data-
bases for bibliometric analysis using some software coding
with R software and VBA code in Excel. Building on this,
Caputo and Kargina® offered a simplified approach using
Microsoft Excel tailored for integration into the open-source
Bibliometrix software. This study builds on the methods of
the mentioned authors and presents a process of merging
Scopus and WoS data for use in any bibliometric software
reliant on the .csv file format.

2.1 | Data set retrieval and filtration
Documents were retrieved from Scopus and WoS core col-
lection databases. Using the search string, “natural AND
(fibre OR fiber) AND (composite OR biocomposite) AND
(polymer OR plastic)’, both databases were explored
(accessed on 13th November 2023), yielding 13,014 and
7904 outcomes from Scopus and WoS, respectively. Subse-
quently, a more precise refinement was done, restricting
the source to include journal articles and documents with
an African affiliation. After applying these criteria, the
result yielded 553 and 533 documents from Scopus and
WoS, respectively, deemed eligible for subsequent screen-
ing. Subsequently, the bibliometric data of the qualifying
documents was exported to MS Excel to identify duplicate
entries within both the Scopus and WoS datasets. This task
was accomplished with the “highlight cell rules-duplicate
values” conditional formatting feature, revealing 320 dupli-
cate records.

Additionally, it was determined that certain instances
marked by minute deviations in punctuation or the inclu-
sion of specialized characters within article titles had
eluded initial detection as duplicate entries. Some exam-
ples of this are presented in Table 1. In response, a sec-
ondary manual inspection was done, unveiling an
additional 35 duplicate records. Upon successfully identi-
fying duplicate documents, the revised tally of documents
eligible for further screening stood at 731 records. The
titles and abstracts of these entries were then scrutinized,
and only studies with fabricated polymer composites
reinforced with natural fibres from plant and animal
sources were considered for further analysis. Studies on
carbon, glass, and basalt fibres, as well as those solely
on fibre characterization without concurrent polymer
composite development, were excluded. Following this
filtration, 467 documents were considered for the biblio-
metric analysis.
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(n =13014) (n =7904)
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records - Relation analysis (network visualization)
!
[ Interpretation and Discussion }
- J
Unified records
(n=731) \
Extended Discussion
Relevant records Fibres sourced from Africa

(n =467)

FIGURE 1 Research design.

TABLE 1 Article title discrepancies from Scopus and WoS.
Scopus Web of science
Hybrid polyester Hybrid polyester

composites reinforced
with curaua fibres and
nanoclays

Exploration of mechanical
properties of enset—sisal
hybrid polymer
composite

Biocomposites of alfa fibers
dispersed in the Mater-
Bi® type bioplastic:
Morphology, mechanical
and thermal properties

composites reinforced
with curaua fibres and
nanoclays

Exploration of mechanical
properties of enset-sisal
hybrid polymer
composite

Biocomposites of alfa fibers
dispersed in the Mater-Bi
(R) type bioplastic:
Morphology, mechanical
and thermal properties

2.2 | Analytical tools

The analysis and graphical representation of the biblio-
metric data was conducted using VOSviewer (version
1.6.19),” the online scientometrics tool, ScienceScape®
by médialab Sciences Po and Biblioshiny, a web applica-
tion from the open source R package, Bibliometrix.*!

(n = 260)

2.3 | Merging Scopus and WoS data

The bibliometric data from Scopus and WoS were com-
bined using the methodology delineated by Caputo and
Kargina,®® albeit with certain adaptations to accommo-
date the unique attributes of VOSviewer. The biblio-
graphic entries were extracted and saved as “.csv” files
from their respective databases. The Scopus file was cho-
sen as the reference format since it returned more articles
(553) than that of WoS (533). The duplicate records iden-
tified earlier were removed from the WoS records. The
remaining records were then copied into the Scopus file
for a unified global file. Although the column headings
from WoS are largely like those from Scopus, adjustments
were made to restructure the WoS columns to align with
the sequence of the Scopus columns.

Certain entries required modifications to conform to
the Scopus format. Specifically, adjustments were made
to the author format within the WoS dataset, transition-
ing from the WoS format (i.e., Attia, MM; Ahmed, O;
Kobesy, O; Malek, AS) to the Scopus format (i.e., Attia
M.M., Ahmed O., Kobesy O., Malek A.S.). Also, the publi-
cation source column titled “source title” was scanned to
ensure a uniform presentation of titles; for instance,
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“adsorption science & technology” in WoS was changed
to its Scopus equivalent, “adsorption science and technol-
ogy”. It was also noted that the “affiliations” column
entries in WoS did not include the countries, impacting
the co-authorship country network generated by VOS-
viewer. To address this, entries under the “addresses” col-
umn were copied to the “affiliations” column, and the
authors' names were removed after that so as not to dis-
rupt the bibliometric networks generated. Entries from
the WoS “addresses” column found their place under the
“authors with affiliations” heading in Scopus. A practical
illustration of this revision is shown in Table 2.

3 | RESULTS OF BIBLIOMETRIC
ANALYSIS

A bibliometric review is a quantitative approach that uses
the bibliometric data from selected studies, including

{
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citation patterns, publication and authorship patterns, to
map the intellectual structure of a research field, track
research trends over time, and identify emerging areas of
interest.”>**>* Though the reviewed studies were limited
to those with an African affiliation, the bibliometric anal-
ysis offered some insights into the broader natural fibre
composite research domain.

3.1 | Publication output

Figure 2 presents the annual output trend across the
467 documents under consideration in this investigation.
The graphical representation delineates publication outputs
from both Scopus and WoS databases, in conjunction with
a “Global” dataset, integrating the outputs from both
sources while disregarding duplicate records. The labels on
the graph correspond to the number of articles in the global
dataset. The graph shows an increasing interest in the

TABLE 2 Sample of WoS data fields modified to Scopus format.
Original WoS format Modified to Scopus format
Affiliations Addresses Affiliations Authors with affiliations

Durban University [Krishna, K. Venkata;

Durban Univ Of Technol, Dept

[Krishna, K. Venkata; Kanny, K.]

of Technology Kanny, K.] Durban Mech Engn, Composites Res Durban Univ of Technol, Dept
Univ of Technol, Dept Grp, ZA-4000 Durban, South Mech Engn, Composites Res Grp,
Mech Engn, Composites Africa ZA-4000 Durban, South Africa
Res Grp, ZA-4000
Durban, South Africa
120
Scopus WoS Global
103
100
» 80
c
£ 8
3
2
=
o 60 54
bS]
E:
£ i
Z 40 ‘
32
29
26
21 22 20
20 13/N\13 > //
100000001011 012 2/
FIGURE 2 Annual publication in 0 N 4 6 o o N w6 e o e e 6 e o a o«
. . [e2) D (o2} D o o o o o — - — — - [ o o
sales force literature in Scopus, WoS, 2 2 2 2 g g 2 g g g g2 g g2 g g g =2

and merged databases.

Publication Year
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Main keywords

mechanical properties (122 papers)
natural fiber (90 papers)
composites (78 papers)
biocomposites (40 papers)
polymer-matrix composites (32 papers)
hybrid composites (27 papers)
tensile strength (24 papers)

fiber (23 papers)

sem (23 papers)

polypropylene (22 papers)

thermal properties (22 papers)
alkali treatment (20 papers)

date palm fiber (17 papers)

water absorption (16 papers)

alfa fiber (15 papers)

flax fiber (15 papers)

kenaf fiber (15 papers)

natural fiber composites (15 papers)
jute fiber (14 papers)

morphology (14 papers)
poly(lactic acid) (14 papers)
polymer composite (14 papers)
sisal fiber (14 papers)

chemical treatment (11 papers)
interfacial adhesion (11 papers)
mechanical testing (11 papers)
rsm (11 papers)

banana fiber (10 papers)
biodegradability (10 papers)

epoxy (10 papers)

composites part b: engineering |:|

composites science and technology =1
materials and design

composites part a: appled science and manufacturing []

journal of appied polymer science []
materials ==
polymer bulletin []

polymer composites |:|
journal of composite materials [I

journal of natural fiers [:|

journal of polymers and the environment [ |
international polymer processing =

\ fibers and polymers D

" carbohydrate polymers []

I of advanced i 09y
polymers and polymer composites [_|

journal of thermoplastic composite materials [
journal of reinforced plastics and composites |:|
industrial crops and products [|

polymers =1

journal of materials research and technology |

journal of polymer engineering ==1
bioresources 1

hefiyon 1

malerials research express ==
journal of industrial texties ==

Main journals
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« journal of nanomaterials (13 papers)
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 journal of natural fibers (12 papers)

« journal of materials research and technology (10
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¢ journal of polymers and the environment (10 papers)
« journal of reinforced plastics and composites (10

papers)

industrial crops and products (9 papers)
journal of applied polymer science (9 papers)
materials and design (9 papers)

polymers (9 papers)
international journal of advanced manufacturing
technology (8 papers)

polymers and polymer composites (8 papers)
carbohydrate polymers (7 papers)
journal of thermoplastic composite materials (7

papers)

polymer bulletin (7 papers)

advances in polymer technology (6 papers)
. posites part a: applied sci and

manufacturing (6 papers)

« internati I journal of poly science (6 papers)
journal of industrial textiles (6 papers)
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bioresources (4 papers)
. posi i and technology (4 papers)
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journal of polymer engineering (4 papers)

ing (4 papers)

materials (4 papers)
materials research express (4 papers)

Relationships between the top authors (left), main keywords (middle) and top document sources (right)

subject, particularly over the past decade. Notably, the inau-
gural study by Bisanda®® presented a sisal/natural resin bio-
composite for the production of roofing panels proposed as
an economical housing solution in Tanzania. However,

research in this sphere across Africa encountered a phase of
little productivity until 2008, which saw the publication of
five studies. It is also noted that the publication trajectory
peaked at 103 documents in 2022, about 91% more than the
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previous peak in 2020. The exponential growth in research
output shows the increasing interest in this field. It is
important to acknowledge that the current year, 2023,
is represented as a partial year within the data scope, imply-
ing that not all anticipated documents for this timeframe
have been published yet. A three-field Sankey diagram
(Figure 3) was used to show the relationships between the
top authors (left), main keywords (middle) and top docu-
ment sources (right) and was prepared using ScienceScape.
The 467 records considered in this study were sourced from
174 journals. The Journal of Composite Materials, pub-
lished by Sage, Advances in Materials Science and Engi-
neering, published by Hindawi, and Polymer Composites,
published by Wiley, had the most publications in the
research area.

3.2 | Publication domains
Figure 4 presents the classification of the retrieved docu-
ment by different subject areas obtained from both Scopus
and WoS. This classification was done to identify the indus-
tries for which polymer composites were developed. The
largest sectors, 39% and 21%, were attributed to the Material
Science and Engineering sectors. The other affiliated areas
were closely related to the science around polymer compos-
ite material development and little to the sectors related to
the industrial application of these polymer composites. This
implies that the research on polymer composites is mainly
focused on material development with physical, mechanical
and chemical characterization rather than the application
of the developed composites.

Upon closer scrutiny of the 467 examined documents,
only a few studies revealed composites designed explicitly

10%

FIGURE 4 Domain classification of
studies.

21%

{
PROFESSIONALS  COMPOSITES

for targeted applications, as outlined in Table 3. Addi-
tionally, other studies explored the development of com-
posites for potential applications, including wind turbine
blades,***” automobile body parts,***° ballistic armour
components,”** non-structural building panels,*>**
pressure vessels,*® electric circuit boards,*® and composite
film for packaging applications.*”**

3.3 | Co-author analysis

In bibliometric analysis, mapping co-authorship relation-
ships can present valuable insights regarding collabora-
tions within a field. This section presents a co-authorship
network and a network of co-authors’ countries.

3.3.1 | Co-authorship network

The co-authorship network helps identify the leading
authors and their networks in a research field. The

TABLE 3 Natural fibre polymer composites applications.

S/N Application Source

Chair/stool**~**; telephone
stand>’

1. Architecture: small-
scale furniture

2. Structural building Structural retrofitting®®%;
materials rebar®* **

3. Non-structural Tiles®>%; roofing panel®”;
building composite panels®”°%;
materials particle board®

4. Automotive Car window regulator
components handle”; break pad”™
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FIGURE 5 Co-authorship network.

bibliometric data was cleaned to prevent separate calcula-
tions of author names with different representations
(i.e., Achaby M.E. was the same author as El Achaby M.).
This cleaning saw the number of authors go from 1631 to
1605. The co-authorship network, which presents data
from the merged dataset, is presented in Figure 5. For
this network, the minimum number of author occur-
rences was set to four; of the 1605 authors recognized,
63 met the threshold. The colours depict the average pub-
lication year, and the size of the bubbles corresponds to
the number of documents per author. The author-
affiliated countries were also manually included to
better understand the network links. The largest network
was that of Bouhfid R., Qaiss A., and six other authors
from Morocco.

3.3.2 | Networks of countries

Figure 6 presents a general network of international
co-authorships between countries. It provides an over-
view of collaborations in the field and helps under-
stand the knowledge flow. The colours depict the

average publication year, and the size of the bubbles
corresponds to the number of documents per author.
The connection between two nodes (countries) sig-
nifies a collaborative association; the greater the den-
sity of link lines, the stronger the collaboration
between the respective countries. The study area
involved up to 59 countries, and the leading publica-
tion output was from India, Ethiopia, Egypt, Nigeria
and France. Though the initial document search was
limited to African countries, India still recorded the
highest publication rate due to the strong collaboration
between itself and Ethiopia in recent years. There was
also a strong collaboration between France and
Tunisia, Egypt and Germany, Nigeria and Malaysia,
and France and Algeria. There have been noticeable
collaborations generally between African countries and
countries in Asia and Europe, but minimal collabora-
tion within African countries.

The citation data was obtained from VOSviewer and
overlayed with the publication output network using a
simple graphics editor to show the most influential coun-
tries in the research area. The red bubbles correspond to
the number of citations per country. With this, it can be
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FIGURE 6 Network of co-authors’ countries.

observed that France, Egypt, Morocco, Tunisia,
South Africa and Nigeria have the most influential work.

3.4 | Keyword analysis

Keyword analysis presents an outlook on the research
trend within a study area. There are keywords explicitly
listed by the authors and others generated from the
vocabulary used in the articles. The second set of key-
words is classified as “index keywords” in Scopus and
“keywords plus” in WoS. The “author keywords” were
used for the keyword analysis because they provide
insight into main topics and research trends. Though not
every article listed author keywords, the data presented
reflects 81.37% of the articles under consideration.

In this study, we addressed the issue of inconsistent
keyword data and removed coding errors by ‘“clean-
ing”.”>”® The keywords were processed to merge various
keywords with the same meaning but written in different
styles (i.e., alkali treatment, alkali chemical treatment
and alkaline treatment were all recoded to alkali treat-
ment, which was the most reoccurring of the three
terms). Nonetheless, keywords with only partial similar-
ity were not merged, as they could convey distinct

meanings (i.e., interface and interfacial adhesion; poly-
mer composite and polymer matrix). Also, words with
different linguistic forms were reconciled to a single form
in all instances (i.e., fiber, fibers, fibre and fibres were all
recoded to fiber which was the most reoccurring of the
three terms). This process saw the number of unique key-
words go from 1087 to 758.

The keyword word cloud in Figure 7 was generated
through the “Biblioshiny app” of the “Bibliometrix” soft-
ware. The visualization was based on the top 62 keywords
with a minimum of six occurrences. The themes were
around mechanical and physical properties (mechanical
properties, tensile strength, SEM, thermal properties, water
absorption, morphology, finite element analysis, mechani-
cal testing, flexural properties, RSM, thermal stability, ther-
mogravimetric analysis, rheology, microstructure, thermal
analysis, thermal conductivity and wear); natural fibers
(natural fiber, fiber, date palm fiber, kenaf fiber, alfa fiber,
jute fiber, alkali treatment, flax fiber, sisal fiber, banana
fiber, cellulose fiber, glass fiber, hemp fiber, sugarcane
bagasse and wood flour); composite design (chemical treat-
ment, interfacial adhesion, optimization, biodegradability,
reinforcement, Taguchi, surface treatment); composites
(composites, biocomposites, polymer-matrix composites,
hybrid composites, natural fiber composites, polymer
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natural fiber-reinforced polymers
thermogravimetric analysis POlymer composite

polystyrene pOIY(laCt,iC aCid) thermal prOPGrtieS morphology polyethylene
chemical treatment DIOCOMpPOSIites PO polypropylene fiexural properties

polymerg|kali treatment
hybrid composites n atu I‘al l
reinforcement "©SINS nfip w _ ISM I

s echanica

theology hdpe green composite

damage wear fiber

prope

injecti Idi i sem .
e s St et COMPOSItES water avsorption ™o

! cellulose fiber ._microstructur

interfacial adhesionp0|ymer-_matr|X _
wood flour biodegradabilityﬂax fiber kenaf fiber

surface treatment
sugarcane bagasse

composite, recycling, natural fibre-reinforced polymers,
hand layup, injection molding, damage, NFRP and green
composite) and polymers (polypropylene, poly(lactic acid),
epoxy, HDPE, polyethylene, polymer, polystyrene resins,
biopolymer and polyester).

4 | FIBRES SOURCED FROM
AFRICA

Of the 467 documents considered in this study, 260 were
found to have used natural fibres sourced from within
Africa. This section focuses on these 260 publications,
providing insights into the specific fibre form and type
concerning Africa’s natural fibre landscape.

41 | Fibre form

In an accurate sense, the term fibre refers to a material
with a long axis much greater than its diameter. How-
ever, in this paper, the term fibre has been used loosely
to refer to the reinforcing component of polymer compos-
ites, irrespective of its morphology and volume fraction
in the composite. It is also noted that short fibres or parti-
cles are sometimes regarded as fillers rather than rein-
forcements in composites.”* PMCs can be classified based
on the architecture of their reinforcing material as fibre-
reinforced composites, particle-reinforced composites
and consolidated/structural composites (Figure 8). Fibre-
reinforced composites can be categorized into two main
types: continuous and discontinuous fibres. Continuous
fibre composites comprise long, continuous fibres that
can be unidirectional, woven, in braid or yarn form
within the matrix.”> Discontinuous fibre, on the other
hand, incorporates shorter fibres that may be randomly
distributed or aligned within the matrix. Discontinuous
fibre composites can have short fibres (1-5 mm) or long
fibres (5-50 mm).”® Particle-reinforced composites are cate-
gorised into large particles and dispersion-strengthened

natural fiber composites thermal conductivity

(. FIGURE 7 Keyword analysis.
thermal stability
[ date palm fiber guch
« jute fiber optimization
I recycling
biopolymer
mechanical testing
Cl e . banana fiber
CompOS|teS thermal analysis
finite element analysis
Composites
. J
T 1
Fibre-reinforced Particle-reinforced .
Icr:vr:‘::sit:;e ) { composites ‘ { Structural composites ‘
l—l—l I;I:l
Discontinuous Dispersion

fibre

Continuous fibre

Large particle [ strengthened

FIGURE 8 Classification of polymer composites based on fibre
form.”
Dispersion
Strengthened ]
0.6%

|

Large Particle
Particles 38%
36.9%

Continuous

Braid/Yarn 20.1%

1.6%
Unidirectional

8.9% Multidirectional

9.6%

Non-woven
5.1%

FIGURE 9
based on reinforcement forms.

Distribution of natural fibre polymer composites

composites. With the latter, particles are much smaller,
having at least one of its dimensions in the nano range
(< 100 nm).”””® Structural composites can be a combina-
tion of composite and homogenous materials, with their
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TABLE 4 Natural fibres sourced within Africa to develop polymer composites.

S/N  Fibre
1. Abutilon straw
2. Alfa
3. Almond shell
4. Argan nut shell
5. Arundo donax L.
6. Bamboo
7. Banana
8. Bark cloth
9. Coconut/coir
10. Corn
11. Cotton
12. Enset (false banana)
13. Flax
14. Hemp
15. Jute
16. Kenaf
17. Luffa cylindrical
18. Momordica Augustisepala
19. Olive
20. Opuntia ficus-indica
21. Palm varieties
Date palm
Deleb palm
Desert palm
Doum palm
Oil palm
Raffia palm
22. Pine cone
23. Pineapple leaf
24. Plantain
25. Rice
26. Sisal
27. Sorghum
28. Bagasse
29. Typha
30. Urena lobata
31. Wood

Part
Stalk
Stem
Seed
Seed
Cane
Cane

Pseudostem, bunch stalk

Tree bark

Fruit

Cob, husk, silk, flour
Seed

Pseudostem

Bast

Bast

Bast

Bast

Fruit
Stem
Fruit

Stem

Trunk, leaf, fruit, cluster arm

Fruit

Leaf

Leaf, petiole, fruit

Fruit

Leaf

Cone

Leaf

Pseudostem, empty fruit bunch
Straw, grain husk

Leaf

Stalk, grain bran

Cane

Stem, leaf
Bast

Stem

Country

Sudanlll,llZ

Algeria**'*"121; Morocco®®'?*™'%”; Tunisia®”'?*1%°
Nigeria'*’; Tunisia'*!
Morocco #7144

Algerial45’l46

Ethiopia®”'*; Nigeria'*®

Cameroon'*’; Egypt'**"'*%; Mauritius'>*; Morocco'**;
Nigeria”"'*>!%; South Africa'>”~'*

Ugandal6l—165

Cote dvIVoire127,166,l67; Nigeria70,l687l70

172-174

Algeria'”"; Egypt
Morocco®®; Nigeria'®®; Egypt'>?

Ethiopia65,175—179

Algeria84,180; Egypt63,7l,80,150,181—183 South Africa184,185
Egypt'®°; Ethiopia'®’; Morocco'®®; South Africa'®
Algeria43,84,180,l90—192; Egypt63,64,172,193—195; Ethiopia37,187;
Morocco*H#-821%; Nigeria

Egypt197; Nigeriasg’lgg’lgg; South Africa?®®?°%; Sudan®*®

85,168

Egypt'*'; Nigeria®®*; Algeria®>; Morocco®*®

Nigeria2®7-2%

Algeria®'®'*; Morocco?'®; Tunisia®'®

Morocco'®7-2172%: Tynisia®*°

Algeria'®221-231; Egypt!50232-234; Bthiopia®S; Nigeria'”’;
Tunisia®®236-237

Nigeria®*®
Algeria?®241
Morocco®**~**%; Nigeria®*’
Cote d'Ivoire**®; Nigeria**’

Nigeria'®®

Morocco?>%%!

Ethiopia®; Nigeria*-**2%*; South Africa’>®
Nigeria*®2°°2° South Africas'2¢*

Egypt44,47,67,83,152,2647269; Kenya270; Nigeria271

Algeria®*'®°; Botswana®’?; Cameroun®’?; Egypt83274-27¢

Ethiopia65,101,147,176,187,277—282; Kenya60,283; MOI‘OCCO
Nigeria®>168198:286. South Africa®®’~*%!; Tanzania®>*%;
Tunisia®*?

294,

Egypt™*; Nigeria®>®

Egypt
Nigeria

150,152,172,183,264,296- 270,

299 Kenya®’°; Morrocco'?7>%;

168,301,302

Senegal®®®; Tunisia®**
Nigeria®*>3%
Algeria307‘3°8; Egypt309,310; Kenya270 Nigeria68’311‘312; South

Africa®'?; Tunisia'*

(Continues)

_WILEY_L**

284,285,
5
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TABLE 4 (Continued)
S/N Fibre Part
32. Cow tail Animal hair
33. Human hair Animal hair
34. Wool Animal hair

35. Shrimp shell (chitin) Animal shell

properties determined not solely by the characteristics of
the individual components but also by the geometric
arrangement of the different structural components.”
Sandwich composites,”® laminates,**® and honeycomb
composites®® are types of structural composites. These
composites can have their reinforcements in the form of
fibres, particles, or a combination of different forms.

Figure 9 presents the polymer composite types of
the reviewed documents based on reinforcement form.
Sixty two percent of the developed composites were
fibre-reinforced, while 38% were particle-reinforced
composites. Particles for reinforcing polymer compos-
ites can be obtained from various natural sources since
they will be reduced to powder. These sources range
from plant leaves, stems and seeds to animal shells. On
the other hand, the reinforcement for fibre-reinforced
polymer composites is typically from long fibre sources
such as sisal, jute, kenaf, flax banana and plantain
fibres.

4.2 | Fibre type

Natural fibres can be classified based on their source as
animal, mineral and plant fibres. Plant fibres are pri-
marily used in NFCs, and they can be further broadly
classified based on the part of the plant from which the
fibres are extracted. These classifications include bast
fibres (e.g., jute, flax, hemp, kenaf), leaf fibres
(e.g., sisal, pineapple), seed fibres (e.g., cotton), fruit
fibres (e.g., coir), stalk fibres (e.g., rice, wheat), and
cane fibres (e.g., bamboo). Table 4 overviews the fibres
used to fabricate polymer composites within the
reviewed documents. This table highlights fibres used
in at least two instances across the reviewed docu-
ments. Other fibres that were used in only one study
include African walnut shell (Nigeria),*> ampelocissus
cavicaulis (Nigeria),*® cassava cortex (Nigeria),®’
chicken feathers (Morocco),*® cissus populnea
(Nigeria),*® coffee husk (Ethiopia),”® combretum
dolichopetalum (Nigeria),”’ cyanara cardunculus L.
(Algeria),”® dioscorea alata (Nigeria),”® diss grass
(Algeria),”* egg shell (Nigeria),” el retma (Algeria),”®
eucalyptus capsule (Morocco),”” grapevine (Tunisia),”®

Country
Nigeria3 i
Nigeria3 14,515

Egypt®®*%; Morocco®*®; Nigeria*'*>'®; Tunisia'*"'*

Egypt*'®; Morocco®*; South Africa®!’

groundnut shell (Nigeria),”” Mediterranean saltbush
(Algeria),"® Nacha-hibiscus (Ethiopia),'"® natural
cork (Tunisia),'®® orange peels (Algeria),'**> posidonia
oceanica (Tunisia),'® raw pepper (Morocco),'*® reed
fibres (Egypt),'°® screwpine (Mauritius),'”” sunflowers
trimmings (Egypt),'%® teff straw (Ethiopia),'* and tri-
umfetta cordifolia (Cameroon).''°

The reviewed documents featured natural fibres
sourced from eighteen African countries, with the most
used fibres being sisal, palm varieties, alfa and jute, as
shown in Figure 10. Sisal emerged as the most used natu-
ral fibre in 10 of the 18 contributing countries. Sisal also
the premier crop in Africa’'s natural fibre polymer
research.” Its fibres are typically extracted from the sisal
plant leaves, whose length varies from 0.6 to 1.5 m.*'®
Palm trees are a group of tropical and subtropical plants
characterized by long trunks and fan-like leaves. Polymer
composites were made with fibres from various palm spe-
cies, including date palm, deleb palm, doum palm, oil
palm, raffia palm and Washingtonia Filifera (desert)
palms. It is worth noting that coir, obtained from the
coconut tree, is also a palm variety but was classified in
its category because of its popularity. Among the various
palm varieties that emerged, date palm was the most
used, accounting for 62% of all the studies involving the
different palm varieties. Date palm is native to North
Africa and the Middle East. Though it serves great agri-
cultural and economic importance in the region, 2.8 mil-
lion tons of biomass are generated annually from date
fruit harvesting and palm pruning, leading to serious
waste management concerns.*******” Fibres can be
extracted from various parts of the palm tree, such as the
leaflets, rachis, petiole, cluster arm, trunk, fruits and
seeds. When extracted, these fibres have different physi-
cal and mechanical properties.”*> Alfa is a tussock grass
that grows to 1 m in height in the dry parts of North
Africa and the southern parts of Europe.'** !¢ Jute is one
of the most commonly used natural fibres for engineered
composites. Fibres are typically extracted from the bast of
the plant and can get to 2-3.5 m tall.>*® Banana, plantain
and enset (also referred to as false banana), all members
of the Musaceae family, have also been commonly used.
Fibres are typically extracted from their pseudostem but
can also be obtained from the fruit bunches.
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FIGURE 10 Africa’s natural fibre sources.

5 | IMPLICATIONS
Table 5 presents the percentage production of selected
fibre crops from 2010 to 2021 by the Food and Agricul-
ture Organization of the United Nations.’'® The crops
listed were specifically focused on long natural fibre
sources since natural fibre particles can be obtained from
an endless list of natural sources. It can be observed that
Africa’s contribution to the production of major fibre
crops is low, typically falling below 10%. However,
bananas, dates, pineapples, plantains, and sisal are excep-
tions. Africa can significantly contribute to the global
supply chain of natural fibre, focusing on plantain (and
other closely related crops), dates, and sisal. Africa has
contributed the largest share to plantains with 69.57%
and the second largest share of dates and sisal with
42.93% and 30.34%, respectively, since 2010.

For the NFC sector to develop effectively, there is a
need for adequate regulation. Regulatory frameworks

aimed at promoting research and development for mate-
rials for NFCs and ensuring the quality and performance
of such materials are maintained. In addition to this,
Laasri'® proposed a framework that ensures the supply of
quality fibres, including a global database of the availabil-
ity of different natural fibres by region. This current study
is a step in that direction. Aside from the technological
implications of the natural fibre industry, its develop-
ment can help the economy of local communities and
ensure food security.”?

6 | PERSPECTIVES FOR FUTURE
RESEARCH

There is a need to explore more practical industrial appli-
cations of engineering composites. While numerous stud-
ies have assessed the mechanical properties of natural
fibre polymer composites, there remains a considerable
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TABLE 5 Total production of major natural fibre source crops by continents from 2010 to 2022.>*°
Total production of plant fibre crops (Million Tonnes)

Plant fibre crop Africa N. America S. America Asia Europe Oceania
Bananas 234.28 (17.04%)  136.52 (9.93%) 235.90 (17.16%)  743.13 (54.05%) 5.83(0.42%)  19.26 (1.40%)
Coir, raw 0.50 (3.49%) 0.00 0.00 13.92 (96.51%) 0.00 0.00

Dates 42.55 (42.93%) 0.57 (0.57%) 0.00 (0.00%) 55.82 (56.31%) 0.18 (0.18%) 0.00

Flax, processed but not 0.10 (1.02%) 0.00 0.07 (0.70%) 0.32 (3.32%) 9.01 (94.96%) 0.00

spun
Jute, raw or retted 0.10 (0.25%) 0.00 (0.01%) 0.01 (0.03%) 40.30 (99.72%) 0.00 0.00
Kenaf, and other textile 0.20 (6.91%) 0.15 (5.27%) 0.19 (6.69%) 1.76 (60.70%) 0.59 (20.43%)  0.00

bast fibres, raw or
retted

Maize (corn) 953.67 (7.55%)  4707.72 (37.29%)

Oil palm fruit 245.20 (5.75%) 81.26 (1.91%)
Pineapples 57.31 (18.51%) 59.93 (19.36%)
Plantains and cooking 310.82 (69.57%) 32.95 (7.37%)
bananas
Rice 390.14 (4.39%)  145.50 (1.64%)
Sisal, raw 0.98 (30.34%) 0.32(9.98%)
Sugar cane 1116.04 (5.01%)  1939.67 (8.70%)
True hemp, raw or 0.00 0.00
retted
Total (7.25%) (14.24%)

Note: Values in parenthesis represent the percent production of each continent.

gap in developing prototypes suitable for real-world
applications across diverse industries.

Additionally, further research is needed to establish
more comprehensive natural fibre mappings for other
regions to ensure more efficient utilization of locally
available fibres on a global scale.

7 | CONCLUSIONS

The bibliometric analysis revealed Africa's growing inter-
est in natural fibre polymer composites, especially over
the past decade. The research domains revealed a strong
emphasis on the science of composite material develop-
ment over practical industrial applications. Within the
continent, Ethiopia, Egypt, Nigeria, Tunisia, and Algeria
are leading in terms of research output, while Egypt and
Morocco have the most influential work in terms of cita-
tion count. The collaboration networks highlighted part-
nerships between African countries and international
counterparts, notably France, Germany, Malaysia, and in
more recent years, India. However, intra-African collabo-
ration remains limited. The keyword analysis saw the
major themes around mechanical and physical

1601.72 (12.69%) 3955.83 (31.33%) 1399.63 (11.09%)
147.16 (3.45%)

53.61 (17.32%)

54.59 (12.22%)

298.16 (3.35%)

10040.91 (45.05%) 8795.31 (39.46%)

(24.36%)

7.35 (0.06%)
32.46 (0.76%)
1.46 (0.47%)
0.08 (0.02%)

3756.50 (88.13%) 0.00
137.28 (44.34%) 0.01 (0.00%)
48.36 (10.82%) 0.00

8006.53 (89.99%)  49.52 (0.56%) 6.90 (0.08%)
0.18 (5.49%) 0.00 0.00

0.05 (0.00%)  395.37 (1.77%)

147 (62.44%)  0.00

1.74 (54.19%)

0.05 (2.18%) 0.83 (35.38%)

(50.02%) (3.19%) (0.94%)

properties, various natural fibre types, composite design,
composite types, fabrication techniques, and polymer
types.

From the 467 documents considered for the review,
260 studies were identified to have developed polymer
composites with natural fibres sourced from within
Africa. Natural fibre polymer composites have been
developed as fibre-reinforced, particle-reinforced, and
structural composites. Thirty-five types of natural fibres
found in Africa have been used to develop polymer com-
posites. Sisal, date palm, alfa, jute, and the Musaceae
family (including banana, plantain, and enset) are the
most used fibres in the region. This paper is a valuable
resource for researchers, engineers, and policymakers
interested in advancing sustainable material develop-
ment. It provides a natural fibre catalogue to help select
appropriate, locally sourced raw materials to create more
sustainable polymer composites.

ACKNOWLEDGMENTS

This research is funded by the Intra-Africa Mobility
Scheme of the European Union in partnership with the
African Union under the Africa Sustainable Infrastruc-
ture Mobility (ASIM) scheme. Opinions and conclusions

85US01 SUOLILLIOD BAI1R1D) 3(qealjdde ay) Aq pausenoh ae 3 ie YO ‘8sN JO S3|NJ 10y Ariq 1T aUIUQ AB[IAA UO (SUONIPUOD-PUR-SWLIB)/W0D A3 1M Aeiq Ul uo//Sdiy) SUORIPUOD pue SwWB | 8U1 89S “[20Z/0T/60] Uo ArigiauliuQ A|IM “TdN HeulH eLeBIN Aq z8y8z-2d/Z00T OT/I0p/Woo" A3 1M Aeiq 1pu|U0'SUO 11 [gndadsy//sdny wolj pepeojumod ‘TT ‘7202 ‘695087ST



NWANKWO ET AL.

INSPIRING
PLASTICS

rmer  WILEY-[*®

are those of the authors and are not necessarily attribut-
able to ASIM. The work is supported and part of collabo-
rative research at the Centre of Applied Research and
Innovation in the Built Environment (CARINBE).

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request.

ORCID

Chinyere O. Nwankwo

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

1556-5069

REFERENCES

1.

10.

11.

12.

Mallick PK. In: Mallick PK, ed. Fiber-Reinforced Composites:
Materials, Manufacturing, and Design. 3rd ed. Taylor & Fran-
cis Group; 2007.

Shah AUM, Sultan MTH, Jawaid M, Cardona F, Talib ARA. A
review on the tensile properties of bamboo fiber reinforced
polymer composites. Bioresources. 2016;11(4):10654-10676.
doi:10.15376/biores.11.4.Shah

Nwankwo CO, Ede AN, Olofinnade OM, Osofero AI. NFRP
strengthening of reinforced concrete beams. IOP Conf Ser
Mater Sci Eng. 2019;640:012074. doi:10.1088/1757-899X/640/
1/012074

Yang Y, Boom R, Irion B, jan van Heerden D, Kuiper P, De
Wit H. Recycling of composite materials. Chem Eng Process
Process Intensif. 2012;51:53-68. doi:10.1016/j.cep.2011.09.007
Igbal M, Islam M, Ananda J, Lau K-t. Potentiality of utilising
natural textile materials for engineering composites applica-
tions. Mater Des. 2014;59:359-368. d0i:10.1016/j.matdes.2014.
03.022

Hermansson F, Heimersson S, Janssen M, Svanstrom M. Can
carbon fiber composites have a lower environmental impact
than fiberglass? Resour Conserv Recycl. 2022;181:181. doi:10.
1016/j.resconrec.2022.106234

Lee LS, Jain R. The role of FRP composites in a sustainable
world. Clean Techn Environ Policy. 2009;11(3):247-249. doi:10.
1007/s10098-009-0253-0

Zhang J, Chevali VS, Wang H, Wang CH. Current status of
carbon fibre and carbon fibre composites recycling. Compos
Part B Eng. 2020;193:108053. doi:10.1016/j.compositesb.2020.
108053

United Nations. Transforming Our World: The 2030 Agenda
for Sustainable Development. 2015. doi:10.1080/02513625.
2015.1038080

Shah DU. Developing plant fibre composites for structural
applications by optimising composite parameters: a critical
review. J Mater Sci. 2013;48:6083-6107. do0i:10.1007/s10853-
013-7458-7

Zwawi M. A review on natural fiber bio-composites, surface
modifications and applications. Molecules. 2021;26(2):404. doi:
10.3390/molecules26020404

Molina NF, Brito YF, Benavides JMP. Recycling of residual
polymers reinforced with natural fibers as a sustainable alter-
native: A review. Polymers (Basel). 2021;13(21):3612. doi:10.
3390/polym13213612

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

{
PROFESSIONALS  COMPOSITES

Boumaaza M, Belaadi A, Bourchak M. Systematic Review on
Reinforcing Mortars with Natural Fibers: Challenges of
Environment-Friendly Option. J Nat Fibers. 2022;19(16):
14262-14286. doi:10.1080/15440478.2022.2060408
Transparency Market Research. Natural Fiber Market. Nat-
ural Fiber Market Outlook 2031. 2023 Accessed October
3, 2023. https://www.transparencymarketresearch.com/natural-
fiber-market.html

Viisdnen T, Haapala A, Lappalainen R, Tomppo L. Utiliza-
tion of agricultural and forest industry waste and residues in
natural fiber-polymer composites: A review. Waste Manag.
2016;54:62-73. doi:10.1016/j.wasman.2016.04.037

Nwankwo CO, Mahachi J, Olukanni DO, Musonda I. Natural
fibres and biopolymers in FRP composites for strengthening
concrete structures: A mixed review. Constr Build Mater.
2023;363(August  2022):129661. doi:10.1016/j.conbuildmat.
2022.129661

Girijappa YGT, Rangapp SM, Parameswaranpillai J,
Siengchin S. Natural Fibers as Sustainable and Renewable
Resource for Development of Eco-Friendly Composites: A
Comprehensive Review. Front Mater. 2019;6:6. doi:10.3389/
fmats.2019.00226

Laasri L. Natural fiber composite features, applications, and
markets. Multiscale Textile Preforms and Structures for Natural
Fiber Composites. Woodhead Publishing; 2023:31-61. doi:10.
1016/B978-0-323-95329-0.00005-3

Karimah A, Ridho MR, Munawar SS, et al. A Comprehensive
Review on Natural Fibers: Technological and Socio-
Economical Aspects. Polymers (Basel). 2021;13(4280):1-27.
doi:10.3390/polym13244280

Hayajneh M, Al-oqla FM, Aldhirat A, Hayajneh M. Physical
and Mechanical Inherent Characteristic Investigations of Var-
ious Jordanian Natural Fiber Species to Reveal Their Potential
for Green Biomaterials Physical and Mechanical Inherent
Characteristic Investigations of Various Jordanian Natural
Fiber Species to Reveal Their Potential for Green Biomate-
rials. J Nat Fibers. 2022;19(13):7199-7212. do0i:10.1080/
15440478.2021.1944432

Balakrishnan TS, Thariq M, Sultan H, Naveen J, Sebaey TA.
Selection of Natural Fibre for Pultruded Hybrid
Synthetic/Natural Fibre Reinforced Polymer Composites
Using Analytical Hierarchy Process for Structural Applica-
tions. Polymers (Basel). 2022;14(15):3178. doi:10.3390/
polym14153178

Bamigboye GO, Davies I, Nwankwo C, Michaels T,
Adeyemi G, Ozuor O. Innovation in Construction Materials-
A Review. IOP Conf Ser Mater Sci Eng. 2019;640(1):012070.
doi:10.1088/1757-899X/640/1/012070

Townsend T, Sette J. Natural Fibres and the World Economy.
In: Fangueiro R, Rana S, eds. Advances in Science and Tech-
nology Towards Industrial Applications; 2016:381-390. doi:10.
1007/978-94-017-7515-1_30

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: An updated guideline for reporting systematic
reviews. Res Methods Report. 2021;372(71):1-9. doi:10.1136/
bmj.n71

Linnenluecke MK, Marrone M, Singh AK. Conducting sys-
tematic literature reviews and bibliometric analyses. Aust
J Manag. 2020;45(2):175-194. doi:10.1177/03128962198
77678

85UB01 7 SUOWILLIOD 3AIIeR1D) 3[dfedt [dde U Aq pauenob ae il VO ‘85N JO 3N o Akeiqi8ulUO 8|1 LD (SUORIPUOD-PUE-SWLBIALID"AB | 1M Afe.d]1Bul [Uo//:Sty) SUORIPUOD Pue SWLB | 8U) 89S *[rZ02/0T/60] Uo AriqiTauliuo &M TN HeuiH eleBIN Aq Z8v8z 9d/Z00T 0T/I0p/uoo A3 | im Afeid jeul [uo'suo iedljgndedst//Sdny Wwoy pepeojumod ‘TT ‘#202 ‘69508ST


https://orcid.org/0000-0002-1556-5069
https://orcid.org/0000-0002-1556-5069
https://orcid.org/0000-0002-1556-5069
info:doi/10.15376/biores.11.4.Shah
info:doi/10.1088/1757-899X/640/1/012074
info:doi/10.1088/1757-899X/640/1/012074
info:doi/10.1016/j.cep.2011.09.007
info:doi/10.1016/j.matdes.2014.03.022
info:doi/10.1016/j.matdes.2014.03.022
info:doi/10.1016/j.resconrec.2022.106234
info:doi/10.1016/j.resconrec.2022.106234
info:doi/10.1007/s10098-009-0253-0
info:doi/10.1007/s10098-009-0253-0
info:doi/10.1016/j.compositesb.2020.108053
info:doi/10.1016/j.compositesb.2020.108053
info:doi/10.1080/02513625.2015.1038080
info:doi/10.1080/02513625.2015.1038080
info:doi/10.1007/s10853-013-7458-7
info:doi/10.1007/s10853-013-7458-7
info:doi/10.3390/molecules26020404
info:doi/10.3390/polym13213612
info:doi/10.3390/polym13213612
info:doi/10.1080/15440478.2022.2060408
https://www.transparencymarketresearch.com/natural-fiber-market.html
https://www.transparencymarketresearch.com/natural-fiber-market.html
info:doi/10.1016/j.wasman.2016.04.037
info:doi/10.1016/j.conbuildmat.2022.129661
info:doi/10.1016/j.conbuildmat.2022.129661
info:doi/10.3389/fmats.2019.00226
info:doi/10.3389/fmats.2019.00226
info:doi/10.1016/B978-0-323-95329-0.00005-3
info:doi/10.1016/B978-0-323-95329-0.00005-3
info:doi/10.3390/polym13244280
info:doi/10.1080/15440478.2021.1944432
info:doi/10.1080/15440478.2021.1944432
info:doi/10.3390/polym14153178
info:doi/10.3390/polym14153178
info:doi/10.1088/1757-899X/640/1/012070
info:doi/10.1007/978-94-017-7515-1_30
info:doi/10.1007/978-94-017-7515-1_30
info:doi/10.1136/bmj.n71
info:doi/10.1136/bmj.n71
info:doi/10.1177/0312896219877678
info:doi/10.1177/0312896219877678

ﬂLW l L E Y_ PLASTICS

26.
27.
28.
29.
30.
31.

32.

33.
34.
35.

36.

37.

38.

39.

40.

41.

INSPIRING Pglymer

NWANKWO ET AL.

PROFEssiONALs  COMPOSITES

Sanchez AD, de la Cruz Del Rio Rama M, Garcia JA. Biblio-
metric analysis of publications on wine tourism in the data-
bases Scopus and WoS. Eur Res Manag Bus Econ. 2017;23(1):
8-15. d0i:10.1016/j.iedeen.2016.02.001

Echchakoui S. Why and how to merge Scopus and Web of Sci-
ence during bibliometric analysis: the case of sales force litera-
ture from 1912 to 2019. J Mark Anal. 2020;8(3):165-184. doi:
10.1057/s41270-020-00081-9

Caputo A, Kargina M. A user-friendly method to merge Sco-
pus and Web of Science data during bibliometric analysis.
J Mark Anal. 2022;10(1):82-88. d0i:10.1057/s41270-021-
00142-7

Jan N, Ludo VE. Software survey: VOSviewer, a computer
program for bibliometric mapping. Scientometrics. 2010;84:
523-538. d0i:10.1007/s11192-009-0146-3

Sciences-Po. Sciencescape. https://medialab.github.io/sciencescape/
Aria M, Cuccurullo C. bibliometrix: An R-tool for comprehen-
sive science mapping analysis. J Informetr. 2017;11(4):959-975.
doi:10.1016/j.j0i.2017.08.007

Onososen AO, Musonda I. Research focus for construction
robotics and human-robot teams towards resilience in con-
struction: scientometric review. J Eng Des Technol. 2022;21(2):
502-526. do0i:10.1108/JEDT-10-2021-0590

Matsimbe J, Olukanni DO, Musonda I. A Bibliometric Analy-
sis of Research Trends in Geopolymer. Materials. 2022;15(19):
6979. doi:10.3390/ma15196979

Ellegaard O, Wallin JA. The bibliometric analysis of scholarly
production: How great is the impact ? Scientometrics. 2015;
105(3):1809-1831. d0i:10.1007/s11192-015-1645-z

Bisanda ETN. The manufacture of roofing panels from sisal
fibre reinforced composites. J Mater Process Technol. 1993;
38(1-2):369-379. doi:10.1016/0924-0136(93)90209-O

Lamhour K, Rouway M, Tizliouine A, El Hachemi OL,
Salhi H, Cherkaoui O. Experimental study on the proper-
ties of Alfa/wool woven fabrics reinforced epoxy compos-
ite as an application in wind turbine blades. J Compos
Mater. 2022;56(21):3253-3268. do0i:10.1177/002199832211
11493

Mekonnen BY, Mamo YJ. Tensile and flexural analysis of a
hybrid bamboo/jute fiber-reinforced composite with polyester
matrix as a sustainable green material for wind turbine
blades. Int J Eng Trans B Appl. 2020;33(2):314-319. doi:10.
5829/1JE.2020.33.02B.16

Alshahrani H, Sebaey TA, Awd Allah MM, Abd El-baky MA.
Jute-basalt reinforced epoxy hybrid composites for lightweight
structural automotive applications. J Compos Mater. 2023;
57(7):1315-1330. do0i:10.1177/00219983231155013

Aynalem GF, Sirahbizu B. Effect of A1203 on the tensile and
impact strength of flax/unsaturated polyester composite with
emphasis on automobile body applications. Adv Mater Sci
Eng. 2021;2021:1-9. doi:10.1155/2021/6641029

Thueze CC, Obiafudo OJ, Okafor CE. Biofibers in poly-
mer matrixes: an application for auto body fender. Int J
Plast Technol. 2017;21(1):171-193. doi:10.1007/s12588-
017-9179-2

Zaini M, Ait El Fqih M, Mohamed MI, Bouab W, Chafiq J.
Experiment and Simulation Study of the Effect of Fillers on
Mechanical Properties of Sustainable Composite. Stroj Cas.
2022;72(2):239-246. d0i:10.2478/scjme-2022-0032

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Gabriel S, Langdon GS, von Klemperer CJ, Kim Yuen SC.
Blast behaviour of fibre reinforced polymers containing sus-
tainable constituents. J Reinf Plast Compos. 2022;41(19-20):
771-790. doi:10.1177/07316844211072529

Laraba SR, Rezzoug A, Halimi R, et al. Development of sand-
wich using low-cost natural fibers: Alfa-Epoxy composite core
and jute/metallic mesh-Epoxy hybrid skin composite. Ind
Crop Prod. 2022;184(February):115093. doi:10.1016/j.indcrop.
2022.115093

Dahy H. Efficient Fabrication of Sustainable Building Prod-
ucts from Annually Generated Non-wood Cellulosic Fibres
and Bioplastics with Improved Flammability Resistance.
Waste Biomass Valorization. 2019;10(5):1167-1175. doi:10.
1007/s12649-017-0135-3

Samuel BO, Sumaila M, Dan-Asabe B. Multi-parameter optimi-
zation (grey relational analysis) and modeling of a cellulosic
plant/glass fiber hybrid reinforced polymer composite (PxGyez)
for offshore pressure vessels development. Funct Compos Struct.
2022;4(3):035001. doi:10.1088/2631-6331/ac7dd8

Chandrika VS, Anamika A, Jeeva C, et al. Natural Fiber
Incorporated Polymer Matrix Composites for Electronic Cir-
cuit Board Applications. Adv Mater Sci Eng. 2022;2022:1-9.
doi:10.1155/2022/3035169

Elhussieny A, Faisal M, D'Angelo G, Aboulkhair NT,
Everitt NM, Fahim IS. Valorisation of shrimp and rice straw
waste into food packaging applications. Ain Shams Eng J.
2020;11(4):1219-1226. doi:10.1016/].as€j.2020.01.008

Kharrat F, Khlif M, Hilliou L, et al. Minimally processed date
palm (Phoenix dactylifera L.) leaves as natural fillers and pro-
cessing aids in poly(lactic acid) composites designed for the
extrusion film blowing of thin packages. Ind Crop Prod. 2020;
154:154.

Pittiglio A, Simpson A, Costalonga Martins V, Dahy H. Fibrx
Rocking Chair: Design and Application of Tailored Timber as
an Embedded Frame for Natural Fibre-Reinforced Polymer
(NFRP) Coreless Winding. Polymers (Basel). 2023;15(3):495.
doi:10.3390/polym15030495

Nguyen MT, Solueva D, Spyridonos E, Dahy H. Mycomerge:
Fabrication of Mycelium-Based Natural Fiber Reinforced
Composites on a Rattan Framework. Biomimetics. 2022;7(2):
42. doi:10.3390/biomimetics7020042

Lehrecke A, Tucker C, Yang X, Baszynski P, Dahy H. Tailored
lace: moldless fabrication of 3D bio-composite structures
through an integrative design and fabrication process. Appl
Sci. 2021;11(22):10989. doi:10.3390/app112210989

Sippach T, Dahy H, Uhlig K, Grisin B, Carosella S,
Middendorf P. Structural Optimization through Biomimetic-
Inspired Material-Specific Application of Plant-Based Natural
Fiber-Reinforced Polymer Composites (NFRP) for Future Sus-
tainable Lightweight Architecture. Polymers (Basel). 2020;12
(3048):1-16. d0i:10.3390/polym12123048

Martins VC, Cutajar S, van der Hoven CV, Baszynski P,
Dahy H. FlexFlax stool: Validation of moldless fabrication of
complex spatial forms of natural fiber-reinforced polymer
(NFRP) structures through an integrative approach of tailored
fiber placement and coreless filament winding techniques.
Appl Sci. 2020;10(9):3278. d0i:10.3390/app10093278

Rihaczek G, Klammer M, Basnak O, et al. Curved foldable tai-
lored fiber reinforcements for moldless customized bio-composite

85UB01 7 SUOWILLIOD 3AIIeR1D) 3[dfedt [dde U Aq pauenob ae il VO ‘85N JO 3N o Akeiqi8ulUO 8|1 LD (SUORIPUOD-PUE-SWLBIALID"AB | 1M Afe.d]1Bul [Uo//:Sty) SUORIPUOD Pue SWLB | 8U) 89S *[rZ02/0T/60] Uo AriqiTauliuo &M TN HeuiH eleBIN Aq Z8v8z 9d/Z00T 0T/I0p/uoo A3 | im Afeid jeul [uo'suo iedljgndedst//Sdny Wwoy pepeojumod ‘TT ‘#202 ‘69508ST


info:doi/10.1016/j.iedeen.2016.02.001
info:doi/10.1057/s41270-020-00081-9
info:doi/10.1057/s41270-021-00142-7
info:doi/10.1057/s41270-021-00142-7
info:doi/10.1007/s11192-009-0146-3
https://medialab.github.io/sciencescape/
info:doi/10.1016/j.joi.2017.08.007
info:doi/10.1108/JEDT-10-2021-0590
info:doi/10.3390/ma15196979
info:doi/10.1007/s11192-015-1645-z
info:doi/10.1016/0924-0136(93)90209-O
info:doi/10.1177/00219983221111493
info:doi/10.1177/00219983221111493
info:doi/10.5829/IJE.2020.33.02B.16
info:doi/10.5829/IJE.2020.33.02B.16
info:doi/10.1177/00219983231155013
info:doi/10.1155/2021/6641029
info:doi/10.1007/s12588-017-9179-2
info:doi/10.1007/s12588-017-9179-2
info:doi/10.2478/scjme-2022-0032
info:doi/10.1177/07316844211072529
info:doi/10.1016/j.indcrop.2022.115093
info:doi/10.1016/j.indcrop.2022.115093
info:doi/10.1007/s12649-017-0135-3
info:doi/10.1007/s12649-017-0135-3
info:doi/10.1088/2631-6331/ac7dd8
info:doi/10.1155/2022/3035169
info:doi/10.1016/j.asej.2020.01.008
info:doi/10.3390/polym15030495
info:doi/10.3390/biomimetics7020042
info:doi/10.3390/app112210989
info:doi/10.3390/polym12123048
info:doi/10.3390/app10093278

NWANKWO ET AL.

INSPIRING

PLASTICS Polymer _W I L E Y 9693

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

structures. proof of concept: Biomimetic NFRP stools. Polymers
(Basel). 2020;12(9):2000. doi:10.3390/polym12092000

Vijay R, Vinod A, Kathiravan R, Siengchin S, Singaravelu DL.
Evaluation of Azadirachta indica seed/spent Camellia sinensis
bio-filler based jute fabrics—epoxy composites: Experimental
and numerical studies. J Ind Text. 2020;49(9):1252-1277. doi:
10.1177/1528083718811086

Archana DP, Reddy HNJ, Prabhakar R, Aswath MU, Paruti B.
Effect of Wrapping on Post-Tensioned Beams Strengthened
with Natural Sisal and Jute FRP Using Finite Element Analy-
sis. Adv Civ Eng. 2023;2023:1-12. d0i:10.1155/2023/7955733
Helaili S, Guizani A, Chafra M. Valorization of the use of nat-
ural Alfa (Stipa tenacissima L.) fiber in composite reinforcing
plates based on natural fibers and metal fabric. Innov Infra-
struct Solut. 2023;8(7):2-13. d0i:10.1007/s41062-023-01159-w
Archana DP, Jagannatha Reddy HN, Jeevan N, Prabhakara R,
Aswath MU, Paruti B. Natural Jute Fibre-Reinforced Polymer
Composite System for Posttensioned Beam Strengthening in
Flexure. Adv Mater Sci Eng. 2021;2021:1-14. d0i:10.1155/2021/
2905150

Nwankwo CO, Ede AN. Flexural strengthening of reinforced
concrete beam using a natural fibre reinforced polymer lami-
nate: an experimental and numerical study. Mater Struct
Constr. 2020;53(6):142. d0i:10.1617/s11527-020-01573-x
M'Bara DS, Matallah M, Mutuku R, Nyomboi T. Shear assess-
ment of failed RC beams retrofitted by sisal mat polymer com-
posite. Int J Geomate. 2019;16(53):86-94. d0i:10.21660/2019.53.
80594

Ed-dariy Y, Lamdouar N, Cherradi T, Rotaru A, Mihai P.
Effect of alkali treatment of Jute fibers on the compressive
strength of normal-strength concrete members strengthened
with JFRP composites. J Applied Sci Eng. 2020;23(4):677-685.
doi:10.6180/jase.202012_23(4).0012

Elbehiry A, Elnawawy O, Kassem M, Zaher A, Mostafa M.
FEM evaluation of reinforced concrete beams by hybrid and
banana fiber bars (BFB). Case Stud Constr Mater. 2021;14:
€00479. doi:10.1016/j.cscm.2020.00479

Sharkawi AM, Mehriz AM, Showaib EA, Hassanin A. Perfor-
mance of sustainable natural yarn reinforced polymer bars for
construction applications. Constr Build Mater. 2018;158:359-
368. doi:10.1016/j.conbuildmat.2017.09.182

Attia MM, Ahmed O, Kobesy O, Malek AS. Behavior of FRP
rods under uniaxial tensile strength with multiple materials
as an alternative to steel rebar. Case Stud Constr Mater. 2022;
17(June):e01241. doi:10.1016/j.cscm.2022.e01241

Chaka KT, Ahmed FE, Zegeye LH, Worku BG. Compressive
Strength of Floor Tile Composites from Recycled PET Rein-
forced with Natural Fibers. J Nat Fibers. 2023;20(1):1-14. doi:
10.1080/15440478.2022.2146249

Gebremedhin N, Rotich GK. Manufacturing of Bathroom
Wall Tile Composites from Recycled Low-Density Polyethyl-
ene Reinforced with Pineapple Leaf Fiber. Int J Polym Sci.
2020;2020:1-9. doi:10.1155/2020/2732571

Tawfik ME, Eskander SB, Nawwar GAM. Hard wood-
composites made of rice straw and recycled polystyrene foam
wastes. J Appl Polym Sci. 2017;134(18):1-9. d0i:10.1002/app.
44770

Suoware TO, Edelugo SO, Ezema IC. Impact of hybrid flame
flammability and

retardant on the thermomechanical

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

{
PROFESSIONALS  COMPOSITES

properties of wood sawdust polymer composite panel. Fire
Mater. 2019;43(4):335-343. doi:10.1002/fam.2704

Nassef M, Elbasyoni AM, Badr AA, Alnahrawy A,
Hassanin AH. Manufacturing and utilization of novel sustain-
able composites using pulled wool fibers waste from leather
tanneries: Mechanical, physical, and dynamic characteriza-
tion. J Ind Text. 2022;51(4_suppl):5708S-5727S. doi:10.1177/
15280837211073358

Okafor CE, Onovo AC, Imoisili PE, Kulkarni KM, Thueze CC.
Optimal route to robust hybridization of banana-coir fibre
particulate in polymer matrix for automotive applications.
Materialia. 2021;16(April):101098. doi:10.1016/j.mtla.2021.
101098

Taha I. Investigation of flax fibre reinforced epoxy friction
composites. Mater Werkst. 2012;43(12):1059-1066. doi:10.1002/
mawe.201200067

Alhwiti TAH. A Novel Method for Visualizing Keywords in Bib-
liometrics Science. Auburn University; 2017.

Zhang X. A bibliometric analysis of second language acquisi-
tion between 1997 and 2018. Stud Second Lang Acquis. 2020;
42(17):199-222. doi:10.1017/S0272263119000573

Luyt AS. Natural fibre reinforced polymer composites—
Are short natural fibres really reinforcements or just
fillers? Express Polym Lett. 2009;3(6):332. doi:10.3144/
expresspolymlett.2009.41

Jeong E, Kim Y, Hong S, Yoon K, Lee S. Innovative Injection
Molding Process for the Fabrication of Woven Fabric Rein-
forced Thermoplastic Composites. Polymers (Basel). 2022;
14(1577):1-13. d0i:10.3390/polym14081577

Petroudy SRD. Physical and Mechanical Properties of Natural
Fibers. In: Fan M, Fu F, eds. Advanced High Strength
Natural Fibre Composites in Construction. Woodhead Publish-
ing; 2017:59-83.

Hosseini SB. Natural fiber polymer nanocomposites. Fiber-
Reinforced Nanocomposites: Fundamentals and Applications.
Elsevier; 2020:279-299. doi:10.1016/B978-0-12-819904-6.00013-X
Egbo MK. A fundamental review on composite materials and
some of their applications in biomedical engineering. J King
Saud Univ—Eng Sci. 2021;33(8):557-568. d0i:10.1016/j.jksues.
2020.07.007

Callister WD. Fundamentals of Materials Science and Engi-
neering. John Wiley & Sons; 2007.

Abd El-Baky MA, Attia MA, Abdelhaleem MM, Hassan MA.
Flax/basalt/E-glass Fibers Reinforced Epoxy Composites with
Enhanced Mechanical Properties. J Nat Fibers. 2022;19(3):
954-968. doi:10.1080/15440478.2020.1775750

Khalili H, Jabor Tlemcani SE, Moumou M, et al. Effect of Fab-
ric Layering Sequence and Architecture on Mechanical Prop-
erties of Clay, Jute, and Glass Fibers Reinforced Polyester
Laminated Hybrid Composites. J Nat Fibers. 2022;19(17):
15531-15540. doi:10.1080/15440478.2022.2128966

Ouarhim W, Essabir H, Bensalah MO, Rodrigue D,
Bouhfid R. Qaiss A el kacem. Hybrid composites and intra-ply
hybrid composites based on jute and glass fibers: A compara-
tive study on moisture absorption and mechanical properties.
Mater Today Commun. 2020;22(March 2019):100861. doi:10.
1016/j.mtcomm.2019.100861

Ali-Eldin SS, Abd El-Moezz SM, Megahed M, Abdalla WS.
Study of Hybridization Effect of New Developed Rice Straw

85UB01 7 SUOWILLIOD 3AIIeR1D) 3[dfedt [dde U Aq pauenob ae il VO ‘85N JO 3N o Akeiqi8ulUO 8|1 LD (SUORIPUOD-PUE-SWLBIALID"AB | 1M Afe.d]1Bul [Uo//:Sty) SUORIPUOD Pue SWLB | 8U) 89S *[rZ02/0T/60] Uo AriqiTauliuo &M TN HeuiH eleBIN Aq Z8v8z 9d/Z00T 0T/I0p/uoo A3 | im Afeid jeul [uo'suo iedljgndedst//Sdny Wwoy pepeojumod ‘TT ‘#202 ‘69508ST


info:doi/10.3390/polym12092000
info:doi/10.1177/1528083718811086
info:doi/10.1155/2023/7955733
info:doi/10.1007/s41062-023-01159-w
info:doi/10.1155/2021/2905150
info:doi/10.1155/2021/2905150
info:doi/10.1617/s11527-020-01573-x
info:doi/10.21660/2019.53.80594
info:doi/10.21660/2019.53.80594
info:doi/10.6180/jase.202012_23(4).0012
info:doi/10.1016/j.cscm.2020.e00479
info:doi/10.1016/j.conbuildmat.2017.09.182
info:doi/10.1016/j.cscm.2022.e01241
info:doi/10.1080/15440478.2022.2146249
info:doi/10.1155/2020/2732571
info:doi/10.1002/app.44770
info:doi/10.1002/app.44770
info:doi/10.1002/fam.2704
info:doi/10.1177/15280837211073358
info:doi/10.1177/15280837211073358
info:doi/10.1016/j.mtla.2021.101098
info:doi/10.1016/j.mtla.2021.101098
info:doi/10.1002/mawe.201200067
info:doi/10.1002/mawe.201200067
info:doi/10.1017/S0272263119000573
info:doi/10.3144/expresspolymlett.2009.41
info:doi/10.3144/expresspolymlett.2009.41
info:doi/10.3390/polym14081577
info:doi/10.1016/B978-0-12-819904-6.00013-X
info:doi/10.1016/j.jksues.2020.07.007
info:doi/10.1016/j.jksues.2020.07.007
info:doi/10.1080/15440478.2020.1775750
info:doi/10.1080/15440478.2022.2128966
info:doi/10.1016/j.mtcomm.2019.100861
info:doi/10.1016/j.mtcomm.2019.100861

mw l L E Y_ PLASTICS

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

INSPIRING Pglymer

NWANKWO ET AL.

PROFEssiONALs  COMPOSITES

mat/ Glass Fiber Reinforced Polyester Composite. J Nat
Fibers.  2021;18(8):1194-1206.  doi:10.1080/15440478.2019.
1688749

Cherief M, Belaadi A, Boumaaza M, Bourchak M. The Effect
of Geometry on the Flexural Properties of Cellular Structures
Reinforced with Natural Fibres: Statistical Approach. J Nat
Fibers. 2022;19(14):8448-8462. do0i:10.1080/15440478.2021.
1964134

Balogun OA, Daramola OO, Adediran AA, Akinwande AA,
Bello OS. Investigation of Jute/Tetracarpidium conophorum
reinforced polypropylene composites for automobile applica-
tion: Mechanical, wear and flow properties. Alex Eng J. 2023;
65:327-341. d0i:10.1016/j.2€j.2022.10.026

Adeyi AJ, Adeyi O, Oke EO, Olalere OA, Oyelami S,
Ogunsola AD. Effect of varied fiber alkali treatments on the
tensile strength of Ampelocissus cavicaulis reinforced polyes-
ter composites: Prediction, optimization, uncertainty and sen-
sitivity analysis. Adv Ind Eng Polym Res. 2021;4(1):29-40. doi:
10.1016/j.aiepr.2020.12.002

Omah AD, Omah EC, Offor PO, Mgbemene CA, Eke MN.
Feasibility study on the use of carbonized cassava cortex as
reinforcement in polymer-matrix composites. Cogent Eng.
2018;5(1):1-20. d0i:10.1080/23311916.2018.1545557

Mrajji O, Wazna MEL, Samouh Z, Bouari AEL, Cherkaoui O,
El Moznine R. The effect of nonwoven structure on thermo-
mechanical properties of feather waste reinforced polyester
composite. J Ind Text. 2022;51(5_suppl):8490S-8516S. doi:10.
1177/1528083720947734

Azeez TO, Onukwuli DO, Nwabanne JT, Banigo AT. Cissus
Populnea Fiber—Unsaturated Polyester Composites: Mechan-
ical Properties and Interfacial Adhesion. J Nat Fibers. 2020;
17(9):1281-1294. doi:10.1080/15440478.2018.1558159

Amena BT, Altenbach H, Tibba GS, Hossain N. Investigation
of Mechanical Properties of Coffee Husk-HDPE-ABS Polymer
Composite Using Injection-Molding Method. J Compos Sci.
2022;6(12):354. doi:10.3390/jcs6120354

Oladimeji AT, Dominic OO, Echeng WP, Chukwudi MM.
Influence of chemical surface modifications on mechanical
properties of combretum dolichopetalum fibre—High density
polyethylene (HDPE) composites. Pakistan J Sci Ind Res Ser A
Phys Sci. 2018;61(1):28-34. doi:10.52763/pjsir.phys.sci.61.1.
2018.28.34

Issasfa B, Benmansour T, Valle V, Bouakba M. Experimental
study of mechanical behaviour of renewable fibre reinforced
composite materials type (Cynara cardunculus L/polyester).
Rev Compos Mater Av. 2020;30(1):1-8. doi:10.18280/rcma.
300101

Okafor CE, Kebodi LC, Kandasamy J, May M, Ekengwu IE.
Properties and performance index of natural fiber reinforced
cross-ply composites made from Dioscorea alata stem fibers.
Compos Part C Open Access. 2022;7(November 2021):100213.
doi:10.1016/j.jcomc.2021.100213

Sarasini F, Tirillo J, Maffei G, et al. Thermal and mechanical
behavior of thermoplastic composites reinforced with fibers
enzymatically extracted from Ampelodesmos mauritanicus.
Polym Eng Sci. 2019;59(12):2418-2428. doi:10.1002/pen.25093
Oladele IO, Abiodun Makinde-Isola B, Agbeboh NI,
Iwarere BO. Thermal Stability, Moisture Uptake Potentials
and Mechanical Properties of Modified Plant Based Cellulosic

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Fiber-Animal Wastes Hybrid Reinforced Epoxy Composites.
J Nat Fibers. 2022;19(12):4427-4442. doi:10.1080/15440478.
2020.1863290

Larous A, Guessoum M, Nekkaa S, Fois M. Novel Biocompo-
sites Based on El Retma Natural Fiber and PLA/PC Mixture
Compatibilized Using Samarium Acetylacetonate Catalyzed
Interchange Reactions. Polym Sci Ser B. 2022;64(3):313-325.
doi:10.1134/S1560090422200052

Ouarhim W, Bensalah MO, Rodrigue D, Essabir H,
Bouhfid R. Qaiss A el kacem. Production and Characteriza-
tion of High Density Polyethylene Reinforced by Eucalyptus
Capsule Fibers. J Bionic Eng. 2018;15(3):558-566. doi:10.1007/
$42235-018-0046-4

Mansouri S, Khiari R, Bettaieb F, Abou-Zeid RE, Malek F,
Mhenni F. Characterization of Composite Materials Based on
LDPE Loaded With Agricultural Tunisian Waste. Polym Com-
pos. 2015;36(5):817-824. d0i:10.1002/pc.23001

Usman MA, Momohjimoh I, Usman AO. Mechanical, physi-
cal and biodegradability performances of treated and
untreated groundnut shell powder recycled polypropylene
composites. Mater Res Express. 2020;7(3):035302. doi:10.1088/
2053-1591/ab750e

Boudjema HL, Bendaikha H. Composite materials derived
from biodegradable starch polymer and Atriplex halimus
fibers. E-Polymers. 2015;15(6):419-426. doi:10.1515/epoly-
2015-0118

Miliket TA, Ageze MB, Tigabu MT, Zeleke MA. Experimental
characterizations of hybrid natural fiber-reinforced composite
for wind turbine blades. Heliyon. 2022;8(3):e09092. doi:10.
1016/j.heliyon.2022.09092

Ben Abdallah F, Ben Cheikh R, Baklouti M, Denchev Z,
Cunha AM. Characterization of composite materials based on
PP-cork blends. J Reinf Plast Compos. 2006;25(14):1499-1506.
doi:10.1177/0731684406066745

Chelali H, Meghezzi A, Berkouk A, Soltani MT, Winning G.
Mechanical, curing parameters and water absorption of
hybrid date palm leaf-orange peel fibers reinforced unsatu-
rated polyester composites. Rev Compos Mater Av. 2021;31(3):
139-144. doi:10.18280/rcma.310304

Haddar M, Ben Slim Y, Koubaa S. Mechanical and water
absorption behavior of thermoset matrices reinforced with
natural fiber. Polym Compos. 2022;43(6):3481-3495. doi:10.
1002/pc.26630

Semlali ABFZ, Oumam M, Hannache H, Kassab Z, El
Achaby M. Starch bio-nanocomposites based on phosphory-
lated and sulphated cellulose nanocrystals extracted from pep-
per plant residue: effect of surface functionality on property
improvements. Cellulose. 2023;30(8):5051-5070. doi:10.1007/
$10570-023-05199-4

Abou-Zeid RE, El-Wakil NA, Fahmy Y. Thermoplastic com-
posites from natural reed fibers. Egypt J Chem. 2015;58(3):287-
298. doi:10.21608/ejchem.2015.986

Ramasawmy H, Chummun J, Bhurtun AB. Characterization
of the tensile strength of chemically treated Pandanus utilis
(screwpine) fibres for potential application as reinforcement
in epoxy composite. Int J Plast Technol. 2017;21(1):144-170.
doi:10.1007/s12588-017-9177-4

Hasanin MS, Abd El-Aziz ME, El-Nagar I, Hassan YR,
Youssef AM. Green enhancement of wood plastic composite

85UB01 7 SUOWILLIOD 3AIIeR1D) 3[dfedt [dde U Aq pauenob ae il VO ‘85N JO 3N o Akeiqi8ulUO 8|1 LD (SUORIPUOD-PUE-SWLBIALID"AB | 1M Afe.d]1Bul [Uo//:Sty) SUORIPUOD Pue SWLB | 8U) 89S *[rZ02/0T/60] Uo AriqiTauliuo &M TN HeuiH eleBIN Aq Z8v8z 9d/Z00T 0T/I0p/uoo A3 | im Afeid jeul [uo'suo iedljgndedst//Sdny Wwoy pepeojumod ‘TT ‘#202 ‘69508ST


info:doi/10.1080/15440478.2019.1688749
info:doi/10.1080/15440478.2019.1688749
info:doi/10.1080/15440478.2021.1964134
info:doi/10.1080/15440478.2021.1964134
info:doi/10.1016/j.aej.2022.10.026
info:doi/10.1016/j.aiepr.2020.12.002
info:doi/10.1080/23311916.2018.1545557
info:doi/10.1177/1528083720947734
info:doi/10.1177/1528083720947734
info:doi/10.1080/15440478.2018.1558159
info:doi/10.3390/jcs6120354
info:doi/10.52763/pjsir.phys.sci.61.1.2018.28.34
info:doi/10.52763/pjsir.phys.sci.61.1.2018.28.34
info:doi/10.18280/rcma.300101
info:doi/10.18280/rcma.300101
info:doi/10.1016/j.jcomc.2021.100213
info:doi/10.1002/pen.25093
info:doi/10.1080/15440478.2020.1863290
info:doi/10.1080/15440478.2020.1863290
info:doi/10.1134/S1560090422200052
info:doi/10.1007/s42235-018-0046-4
info:doi/10.1007/s42235-018-0046-4
info:doi/10.1002/pc.23001
info:doi/10.1088/2053-1591/ab750e
info:doi/10.1088/2053-1591/ab750e
info:doi/10.1515/epoly-2015-0118
info:doi/10.1515/epoly-2015-0118
info:doi/10.1016/j.heliyon.2022.e09092
info:doi/10.1016/j.heliyon.2022.e09092
info:doi/10.1177/0731684406066745
info:doi/10.18280/rcma.310304
info:doi/10.1002/pc.26630
info:doi/10.1002/pc.26630
info:doi/10.1007/s10570-023-05199-4
info:doi/10.1007/s10570-023-05199-4
info:doi/10.21608/ejchem.2015.986
info:doi/10.1007/s12588-017-9177-4

NWANKWO ET AL.

INSPIRING
PLASTICS

rmer  WILEY-*%

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

based on agriculture wastes compatibility via fungal enzymes.
Sci Rep. 2022;12(1):19197. doi:10.1038/s41598-022-21705-3
Prabhu SV, Wilson VH, Anand KT, et al. Water Absorption
Behavior of Teff (Eragrostis tef) Straw Fiber-Reinforced Epoxy
Composite: RSM-Based Statistical Modeling and Kinetic Anal-
ysis. Adv Polym Technol. 2022;2022:1-6. doi:10.1155/2022/
8188894

Mewoli A, Segovia C, Soppie AG, et al. Investigation of the
performance of needle-punched nonwoven fabrics using Tri-
umfetta cordifolia and thermoplastic fibers, compared to other
commercial bast fibers used in preformed biosourced compos-
ites. Heliyon. 2023;9:9. doi:10.1016/j.heliyon.2023.e17888
Wang H, Hassan EAM, Memon H, Elagib THH, Allaldris FA.
Characterization of Natural Composites Fabricated from
Abutilon-Fiber-Reinforced Poly (Lactic Acid). PRO. 2019;
7(583):1-12. doi:10.3390/pr7090583

Wang H, Memon H, Hassan EAM, Elagib THH,
Hassan FEAA, Yu M. Rheological and Dynamic Mechanical
Properties of Abutilon Natural Straw and Polylactic Acid Bio-
composites. Int J Polym Sci. 2019;2019:1-8. doi:10.1155/2019/
8732520

Chabira AS, Bouremel C, Sakri A, Boutarfaia A. Synthesis and
characterization of biocomposites based polypropylene/
thermoplastic starch-reinforced with natural stipa tenacissima
fibers and PP-g-MA. Metall Mater Eng. 2022;28(3):487-501. doi:
10.30544/858

Kadem S, Irinislimane R, Belhaneche-Bensemra N. Novel Bio-
composites Based on Sunflower Oil and Alfa Fibers as Renew-
able Resources. J Polym Environ. 2018;26(7):3086-3096. doi:10.
1007/s10924-018-1196-5

Benyahia A, Merrouche A, Rahmouni ZEA, Rokbi M,
Serge W, Kouadri Z. Study of the alkali treatment effect on
the mechanical behavior of the composite unsaturated
polyester-Alfa fibers. Mech Ind. 2014;15(1):69-73. d0i:10.1051/
meca/2013082

Maghchiche A. Characterisation of esparto grass fibers rein-
forced biodegradable polymer composites. Biosci Biotechnol
Res Asia. 2013;10(2):665-673. doi:10.13005/bbra/1179
Hammiche D, Boukerrou A, Grohens Y, Guermazi N,
Arrakhiz FE. Mechanical properties and biodegradation of
biocomposites based on poly (hydroxybutyrate-co-valerate)
and alfa fibers. J Polym Res. 2020;27(10):308. doi:10.1007/
$10965-020-02284-1

Siahmed F, Lounis A, Faghi L. Elaboration, characterization,
and degradation of composite material: Lignocellulosic/unsa-
turated polyester. J Compos Mater. 2013;47(23):2965-2972. doi:
10.1177/0021998312460559

Hammiche D, Boukerrou A, Djidjelli H, Beztout M. Effect of a
new compatibilizing agent PVC-g-MA on the physical and
electrical properties of PVC/ALFA composites. Ann Chim
DES Mater. 2011;36(3):125-137. doi:10.1002/app

Grine M, Slamani M, Arslane M, Rokbi M, Francois J. Investi-
gation of the machining behavior of unidirectional Alfa (Stipa
tenacissima L.)/ epoxy composite material. Int J Adv Manuf
Technol. 2023;128:3183-3196. d0i:10.1007/s00170-023-12119-0
Azzedine M, Azzedine B, Nadir D, et al. Effect of Alkaline
Treatment on Mechanical Properties of Alfa Fiber/Unsatu-
rated Polyester Composite. Cellul Chem Technol. 2023;
57(5-6):607-615.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

{
PROFESSIONALS  COMPOSITES

Chichane A, Boujmal R, El Barkany A. A comparative study
of analytical and numerical models of mechanical properties
of composites and hybrid composites reinforced with natural
reinforcements. Polym Polym Compos. 2023;31:1-13. doi:10.
1177/09673911231172491

Boujmal R, Kakou CA, Nekhlaoui S, et al. Alfa fibers/clay
hybrid composites based on polypropylene: Mechanical, ther-
mal, and structural properties. J Thermoplast Compos Mater.
2018;31(7):974-991. doi:10.1177/0892705717729197

Hadjadj A, Jbara O, Tara A, et al. Effects of cellulose fiber
content on physical properties of polyurethane based compos-
ites. Compos  Struct. 2016;135:217-223.  doi:10.1016/j.
compstruct.2015.09.043

El-Abbassi FE, Assarar M, Ayad R, Lamdouar N. Effect of alkali
treatment on Alfa fibre as reinforcement for polypropylene based
eco-composites: Mechanical behaviour and water ageing. Compos
Struct. 2015;133:451-457. doi:10.1016/j.compstruct.2015.07.112
Arrakhiz FZ, Elachaby M, Bouhfid R, Vaudreuil S, Essassi M,
Qaiss A. Mechanical and thermal properties of polypropylene
reinforced with Alfa fiber under different chemical treatment.
Mater Des. 2012;35:318-322. doi:10.1016/j.matdes.2011.09.023
Arrakhiz FZ, Malha M, Bouhfid R, Benmoussa K, Qaiss A.
Tensile, flexural and torsional properties of chemically treated
alfa, coir and bagasse reinforced polypropylene. Compos Part
B Eng. 2013;47:35-41. doi:10.1016/j.compositesb.2012.10.046
Helaili S, Chafra M. Identification of mechanical properties of a
braided alfa stem (Stipa tenacissima L.) by an inverse method.
J Compos Mater. 2022;57(3):443-450. doi:10.1177/0021998322
1147685

Kechaou B, Salvia M, Fakhfakh Z, et al. Electron beam irradi-
ation in natural fibres reinforced polymers (NFRP). Nucl Instr
Method Phys Res Sect B Beam Interact Mater Atoms. 2008;
266(21):4742-4748. doi:10.1016/j.nimb.2008.06.028
Abdelmouleh M, Boufi S, Belgacem MN, Dufresne A. Short
natural-fibre reinforced polyethylene and natural rubber com-
posites: Effect of silane coupling agents and fibres loading.
Compos Sci Technol. 2007;67(7-8):1627-1639. doi:10.1016/j.
compscitech.2006.07.003

Masmoudi F, Bessadok A, Dammak M, Jaziri M, Ammar E.
Biodegradable packaging materials conception based on
starch and polylactic acid (PLA) reinforced with cellulose.
Environ Sci Pollut Res. 2016;23(20):20904-20914. doi:10.1007/
$11356-016-7276-y

Helaili S, Chafra M, Chevalier Y. Natural fiber alfa/epoxy ran-
domly reinforced composite mechanical properties identifica-
tion. Structure. 2021;34(August):542-549. doi:10.1016/j.istruc.
2021.07.095

Ellouze A, Jesson DA, Abel ML, Ben Cheikh R, Watts JF. An
advance in the use of natural resources: characterisation of
the quality of impregnation of bleached alfa pulpboard by
unsaturated polyester resin and evaluation of the obtained
composite material's properties. Ind Crop Prod. 2020;153:
112520. doi:10.1016/j.indcrop.2020.112520

Werchefani M, Lacoste C, Elloumi A, Belghith H,
Gargouri A, Bradai C. Enzyme-treated Tunisian Alfa fibers
reinforced polylactic acid composites: An investigation in
morphological, thermal, mechanical, and water resistance
properties. Polym Compos. 2020;41(5):1721-1735. doi:10.1002/
pc.25492

85UB01 7 SUOWILLIOD 3AIIeR1D) 3[dfedt [dde U Aq pauenob ae il VO ‘85N JO 3N o Akeiqi8ulUO 8|1 LD (SUORIPUOD-PUE-SWLBIALID"AB | 1M Afe.d]1Bul [Uo//:Sty) SUORIPUOD Pue SWLB | 8U) 89S *[rZ02/0T/60] Uo AriqiTauliuo &M TN HeuiH eleBIN Aq Z8v8z 9d/Z00T 0T/I0p/uoo A3 | im Afeid jeul [uo'suo iedljgndedst//Sdny Wwoy pepeojumod ‘TT ‘#202 ‘69508ST


info:doi/10.1038/s41598-022-21705-3
info:doi/10.1155/2022/8188894
info:doi/10.1155/2022/8188894
info:doi/10.1016/j.heliyon.2023.e17888
info:doi/10.3390/pr7090583
info:doi/10.1155/2019/8732520
info:doi/10.1155/2019/8732520
info:doi/10.30544/858
info:doi/10.1007/s10924-018-1196-5
info:doi/10.1007/s10924-018-1196-5
info:doi/10.1051/meca/2013082
info:doi/10.1051/meca/2013082
info:doi/10.13005/bbra/1179
info:doi/10.1007/s10965-020-02284-1
info:doi/10.1007/s10965-020-02284-1
info:doi/10.1177/0021998312460559
info:doi/10.1002/app
info:doi/10.1007/s00170-023-12119-0
info:doi/10.1177/09673911231172491
info:doi/10.1177/09673911231172491
info:doi/10.1177/0892705717729197
info:doi/10.1016/j.compstruct.2015.09.043
info:doi/10.1016/j.compstruct.2015.09.043
info:doi/10.1016/j.compstruct.2015.07.112
info:doi/10.1016/j.matdes.2011.09.023
info:doi/10.1016/j.compositesb.2012.10.046
info:doi/10.1177/00219983221147685
info:doi/10.1177/00219983221147685
info:doi/10.1016/j.nimb.2008.06.028
info:doi/10.1016/j.compscitech.2006.07.003
info:doi/10.1016/j.compscitech.2006.07.003
info:doi/10.1007/s11356-016-7276-y
info:doi/10.1007/s11356-016-7276-y
info:doi/10.1016/j.istruc.2021.07.095
info:doi/10.1016/j.istruc.2021.07.095
info:doi/10.1016/j.indcrop.2020.112520
info:doi/10.1002/pc.25492
info:doi/10.1002/pc.25492

mw l L E Y_ PLASTICS

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

INSPIRING Pglymer

NWANKWO ET AL.

PROFEssiONALs  COMPOSITES

Zrida M, Laurent H, Rio G. Numerical study of mechanical
behaviour of a polypropylene reinforced with Alfa fibres.
J Compos Mater. 2016;50(21):2883-2893. doi:10.1177/00219
98315615201

Elfehri Borchani K, Carrot C, Jaziri M. Biocomposites of Alfa
fibers dispersed in the Mater-Bi® type bioplastic: Morphology,
mechanical and thermal properties. Compos Part A Appl Sci
Manuf.  2015;78:371-379.  doi:10.1016/j.compositesa.2015.
08.023

Omri MA, Triki A, Guicha M, et al. Adhesion analysis of non-
woven natural fibres in unsaturated polyester resin. Appl Phys
A Mater Sci Process. 2015;118(3):1067-1078. doi:10.1007/
$00339-014-8875-4

Helaili S, Chafra M. Anisotropic visco-elastic properties iden-
tification of a natural biodegradable ALFA fiber composite.
J Compos Mater. 2014;48(13):1645-1658. doi:10.1177/
0021998313488811

Triki A, Guicha M, Ben Hassen M, Arous M, Fakhfakh Z.
Studies of dielectric relaxation in natural fibres reinforced
unsaturated polyester. J Mater Sci. 2011;46(11):3698-3707. doi:
10.1007/s10853-010-5136-6

Durowaye S, Lawal G, Sekunowo O, Onwuegbuchulem A.
Synthesis and characterization of hybrid polypropylene matrix
composites reinforced with carbonized Terminalia catappa
shell particles and Turritela communis shell particles.
J Taibah Univ Sci. 2018;12(1):79-86. do0i:10.1080/16583655.
2018.1451112

Boujelben M, Abid M, Kharrat M, Dammak M. Production
and mechanical characterization of LLDPE biocomposite
filled with almond shell powder. Polym Polym Compos. 2021;
29(4):271-276. doi:10.1177/0967391120910869

Ait Laaziz S, Hilali EM. Adhesion and Young's Modulus Esti-
mation for Chemically Treated Argan Nut Shell Particles
Reinforced Poly-Lactic Acid Polymer. J Macromol Sci Part B
Phys. 2020;59(2):77-89. doi:10.1080/00222348.2019.1689651
Essabir H, Bensalah MO, Rodrigue D, Bouhfid R, Qaiss AEK.
Biocomposites based on Argan nut shell and a polymer
matrix: Effect of filler content and coupling agent. Carbohydr
Polym. 2016;143:70-83. d0i:10.1016/j.carbpol.2016.02.002
Essabir H, Hilali E, Elgharad A, et al. Mechanical and thermal
properties of bio-composites based on polypropylene rein-
forced with Nut-shells of Argan particles. Mater Des. 2013;49:
442-448. doi:10.1016/j.matdes.2013.01.025

Bessa W, Trache D, Derradji M, Ambar H, Benziane M,
Guedouar B. Effect of different chemical treatments and load-
ings of Arundo donax L. fibers on the dynamic mechanical,
thermal, and morphological properties of bisphenol A aniline
based polybenzoxazine composites. Polym Compos. 2021;
42(10):5199-5208. doi:10.1002/pc.26215

Chikouche MDL, Merrouche A, Azizi A, Rokbi M, Walter S.
Influence of alkali treatment on the mechanical properties of
new cane fibre/polyester composites. J Reinf Plast Compos.
2015;34(16):1329-1339. doi:10.1177/0731684415591093

Ganta MG, Patel M. Experimental Comparison of the Effect
of Fiber Orientation on Mechanical Properties of Natural
Fiber Reinforced Composites (NFRCs). J Inst Eng Ser D. 2023;
140(1):1-7. doi:10.1007/s40033-023-00520-8

Adefisan OO, McDonald AG. Evaluation of the strength, sorp-
tion and thermal properties of bamboo plastic composites.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Maderas Cienc y Tecnol. 2019;21(1):3-14. doi:10.4067/S0718-
221X2019005000101

Kuete MA, Van Velthem P, Ballout W, et al. Integrated
Approach to Eco-Friendly Thermoplastic Composites Based
on Chemically Recycled PET Co-Polymers Reinforced with
Treated Banana Fibres. Polymers (Basel). 2022;14(22):1-22.
doi:10.3390/polym14224791

Ibrahim H, Mehanny S, Darwish L, Farag M. A Comparative
Study on the Mechanical and Biodegradation Characteristics
of Starch-Based Composites Reinforced with Different Ligno-
cellulosic Fibers. J Polym Environ. 2018;26(6):2434-2447. doi:
10.1007/s10924-017-1143-x

Ibrahim MM, Dufresne A, El-Zawawy WK, Agblevor FA.
Banana fibers and microfibrils as lignocellulosic reinforce-
ments in polymer composites. Carbohydr Polym. 2010;81(4):
811-819. doi:10.1016/j.carbpol.2010.03.057

Habibi Y, El-Zawawy WK, Ibrahim MM, Dufresne A.
Processing and characterization of reinforced polyethylene
composites made with lignocellulosic fibers from Egyptian
agro-industrial residues. Compos Sci Technol. 2008;68(7-8):
1877-1885. doi:10.1016/j.compscitech.2008.01.008

Soburrun V, Ramasawmy H. Effective Treatment of Musa
acuminata Fibre Using Wood Ash Solution to Produce
Bio-Composite with Enhanced Mechanical Properties. Waste
Biomass Valorization. 2022;13(1):255-269. do0i:10.1007/s12649-
021-01524-9

N, El Qoubaa Z, Chouiyakh H, Faqir M,
Essadiqi E. Banana Fiber Extraction and Surface Charac-
terization of Hybrid Banana Reinforced Composite. J Nat
Fibers. 2022;19(16):12982-12995. doi:10.1080/15440478.2022.
2080789

Esonye C, Ogah AO, Ikezue EN, Ibeabuchi VT. Multi-
objectives Statistical Optimization and micro-mechanics
Mathematical Modelling of Musa Acuminate fibre-vinyl Ester
Composite Reinforcement. Fibers Polym. 2022;23(11):3163-
3178. doi:10.1007/s12221-022-0280-6

Ogunsile BO, Oladeji TG. Utilization of banana stalk fiber as
reinforcement in low density polyethylene composite. Rev
Mater. 2016;21(4):953-963. doi:10.1590/S1517-707620160004.
0088

Mohan TP, Kanny K. Compressive characteristics of
unmodified and nanoclay treated banana fiber reinforced
epoxy composite cylinders. Compos Part B Eng. 2019;169:118-
125. doi:10.1016/j.compositesb.2019.03.071

Mohan TP, Kanny K. Tribological properties of nanoclay-
infused banana fiber reinforced epoxy composites. J Tribol.
2019;141(5):052003. d0i:10.1115/1.4042873

Mohan TP, Kanny K. Nanoclay infused banana fiber and its
effects on mechanical and thermal properties of composites.
J Compos Mater. 2016;50(9):1261-1276. doi:10.1177/
0021998315590265

Paul V, Kanny K, Redhi GG. Mechanical, thermal and mor-
phological properties of a bio-based composite derived from
banana plant source. Compos Part A Appl Sci Manuf. 2015;68:
90-100. doi:10.1016/j.compositesa.2014.08.032

Rwawiire S, Tomkova B. Thermal, static, and dynamic
mechanical properties of bark cloth (ficus brachypoda) lami-
nar epoxy composites. Polym Compos. 2015;38(1):199-204. doi:
10.1002/pc.23576

Bekraoui

85UB01 7 SUOWILLIOD 3AIIeR1D) 3[dfedt [dde U Aq pauenob ae il VO ‘85N JO 3N o Akeiqi8ulUO 8|1 LD (SUORIPUOD-PUE-SWLBIALID"AB | 1M Afe.d]1Bul [Uo//:Sty) SUORIPUOD Pue SWLB | 8U) 89S *[rZ02/0T/60] Uo AriqiTauliuo &M TN HeuiH eleBIN Aq Z8v8z 9d/Z00T 0T/I0p/uoo A3 | im Afeid jeul [uo'suo iedljgndedst//Sdny Wwoy pepeojumod ‘TT ‘#202 ‘69508ST


info:doi/10.1177/0021998315615201
info:doi/10.1177/0021998315615201
info:doi/10.1016/j.compositesa.2015.08.023
info:doi/10.1016/j.compositesa.2015.08.023
info:doi/10.1007/s00339-014-8875-4
info:doi/10.1007/s00339-014-8875-4
info:doi/10.1177/0021998313488811
info:doi/10.1177/0021998313488811
info:doi/10.1007/s10853-010-5136-6
info:doi/10.1080/16583655.2018.1451112
info:doi/10.1080/16583655.2018.1451112
info:doi/10.1177/0967391120910869
info:doi/10.1080/00222348.2019.1689651
info:doi/10.1016/j.carbpol.2016.02.002
info:doi/10.1016/j.matdes.2013.01.025
info:doi/10.1002/pc.26215
info:doi/10.1177/0731684415591093
info:doi/10.1007/s40033-023-00520-8
info:doi/10.4067/S0718-221X2019005000101
info:doi/10.4067/S0718-221X2019005000101
info:doi/10.3390/polym14224791
info:doi/10.1007/s10924-017-1143-x
info:doi/10.1016/j.carbpol.2010.03.057
info:doi/10.1016/j.compscitech.2008.01.008
info:doi/10.1007/s12649-021-01524-9
info:doi/10.1007/s12649-021-01524-9
info:doi/10.1080/15440478.2022.2080789
info:doi/10.1080/15440478.2022.2080789
info:doi/10.1007/s12221-022-0280-6
info:doi/10.1590/S1517-707620160004.0088
info:doi/10.1590/S1517-707620160004.0088
info:doi/10.1016/j.compositesb.2019.03.071
info:doi/10.1115/1.4042873
info:doi/10.1177/0021998315590265
info:doi/10.1177/0021998315590265
info:doi/10.1016/j.compositesa.2014.08.032
info:doi/10.1002/pc.23576

NWANKWO ET AL.

INSPIRING
PLASTICS

rmer  WILEY-*®”

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

Rwawiire S, Tomkova B, Wiener J, et al. Short-term creep of
barkcloth reinforced laminar epoxy composites. Compos Part
B Eng. 2016;103:131-138. do0i:10.1016/j.compositesb.2016.
08.027

Rwawiire S, Tomkova B, Gliscinska E, et al. Investigation of
sound absorption properties of bark cloth nonwoven fabric
and composites. Autex Res J. 2015;15(3):173-180. doi:10.1515/
aut-2015-0010

Rwawiire S, Tomkova B, Militky J, Jabbar A, Kale BM. Devel-
opment of a biocomposite based on green epoxy polymer and
natural cellulose fabric (bark cloth) for automotive instrument
panel applications. Compos Part B Eng. 2015;81:149-157. doi:
10.1016/j.compositesb.2015.06.021

Rwawiire S, Tomkova B, Militky J, Kale BM, Prucha P. Effect
of Layering Pattern on the Mechanical Properties of Bark
Cloth (Ficus natalensis) Epoxy Composites. Int J Polym Anal
Charact.  2015;20(2):160-171.  doi:10.1080/1023666X.2015.
988534

Raji M, Essabir H, ElAchaby M, Bouhfid R, Qaiss AEK. Mor-
phology control of poly(lactic) acid/polypropylene blend com-
posite by using silanized cellulose fibers extracted from coir
fibers. Cellulose. 2022;29(12):6759-6782. do0i:10.1007/s10570-
022-04675-7

Semlali AouraghHassani FZ, Achaby ME, Bensalah MO,
Rodrigue D, Bouhfid R, Qaiss AEK. Injection molding of short
fiber thermoplastic bio-composites: Prediction of the fiber ori-
entation. J Compos Mater. 2020;54(30):4787-4797. doi:10.1177/
0021998320938454

Balogun OA, Daramola OO, Adediran AA, et al. Develop-
ment of sustainable polymeric materials for ceiling tiles
application and optimization by digital logic method using
thermal insulation properties as the functional require-
ment. Mater Today Proc. 2022;65:2254-2259. doi:10.1016/j.
matpr.2022.07.092

Agbabiaka OG, Oladele IO, Olorunleye PT. Investigating the
influence of alkalization on the mechanical and water absorp-
tion properties of coconut and sponge fibers reinforced poly-
propylene composites. Leonardo Electron J Pract Technol.
2014;13(25):223-231.

Ejiogu IK, Ibeneme U, Ishidi EY, Tenebe OG, Ayo MD. Biode-
gradable hybrid polymer composite reinforced with coconut
shell and sweet date seed (Phoenix dactylifera) powder: a
physico-mechanical study; part A. Multiscale Multidiscip
Model Exp Des. 2020;3(1):41-51. doi:10.1007/s41939-019-
00060-3

Sahi S, Djidjelli H, Boukerrou A. Biodegradation study of bio-
corn flour filled low density polyethylene composites assessed
by natural soil. J Polym Eng. 2016;36(3):245-252. doi:10.1515/
polyeng-2014-0384

Elgamsy R, Allah Abo Elmagd A, Elrahman Mokhtar A, et al.
Developing fire retardant composites of biodegradable poly-
ethylene reinforced with agricultural wastes. Ain Shams Eng
J. 2022;13(6):101768. doi:10.1016/].as€j.2022.101768

Fouly A, Abdo HS, Seikh AH, et al. Evaluation of mechanical
and tribological properties of corn cob-reinforced epoxy-based
composites—theoretical and experimental study. Polymers
(Basel). 2021;13(24):4407. doi:10.3390/polym13244407
Youssef AM, El-Gendy A, Kamel S. Evaluation of corn husk

fibers reinforced recycled low density polyethylene

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

{
PROFESSIONALS  COMPOSITES

composites. Mater Chem Phys. 2015;152:26-33. doi:10.1016/j.
matchemphys.2014.12.004

Bekele AE, Lemu HG, Jiru MG. Study of the Effects of Alkali
Treatment and Fiber Orientation on Mechanical Properties of
Enset/Sisal Polymer Hybrid Composite. J Compos Sci. 2023;
7(1):1-11. doi:10.3390/jcs7010037

Bekele AE, Lemu HG, Jiru MG. Exploration of Mechanical
Properties of Enset-Sisal Hybrid Polymer Composite. Fibers.
2022;10(2):14. doi:10.3390/fib10020014

Dessie E, Yiping Q, Tesfaye T, Gideon RK, Fanxizi L. Effect of
Surface Treatment on the Mechanical Performance of Unidi-
rectional Enset Fiber Reinforced Polypropylene Composite.
J Nat Fibers. 2022;19(14):9111-9124. do0i:10.1080/15440478.
2021.1982441

Seifu B, Singh B, Moera Gutu J, Legesse D. Mechanical behav-
iours of hybrid ensete/sisal fiber, reinforced polyethylene
composite materials for injection moulding. SN Appl Sci.
2020;2(5):1-25. doi:10.1007/s42452-020-2679-2

Negawo TA, Polat Y, Kilic A. Effect of compatibilizer and
fiber loading on ensete fiber-reinforced HDPE green compos-
ites: Physical, mechanical, and morphological properties.
Compos Sci Technol. 2021;213(June):108937. doi:10.1016/j.
compscitech.2021.108937

Asma B, Hamdi L, Ali B, Youcef M. Flexural Mechanical
Properties of Natural Fibre Reinforced Polymer Composites —
A Statistical Investigation. Fibers Polym. 2020;21(10):2321-
2337. d0i:10.1007/s12221-020-1299-1

Saleh MA, Taha I, Ebeid SJ. Correlation of injection moulding
parameters with mechanical and morphological aspects of
natural fibre reinforced thermoplastics: Korrelation von
Spritzgieflparametern mit mechanischen und morpholo-
gischen Aspekten von naturfaserverstirkten Thermoplasten.
Mater Werkst. 2018;49(2):193-205. doi:10.1002/mawe.20170
0200

Ibrahim H, Farag M, Megahed H, Mehanny S. Characteristics
of starch-based biodegradable composites reinforced with date
palm and flax fibers. Carbohydr Polym. 2014;101(1):11-19. doi:
10.1016/j.carbpol.2013.08.051

Elnaggar MY, Fathy ES. Effect of gamma irradiation on the
waste polyethylene/bagasse composites reinforced with flax
and sisal fibers for use in wood applications. J Add Technol.
2023;40(1):201-216. d0i:10.1002/vnl.22042

Kumar R, Yakubu MK, Anandjiwala RD. Biodegradation of
flax fiber reinforced poly lactic acid. Express Polym Lett. 2010;
4(7):423-430. doi:10.3144/expresspolymlett.2010.53

Erasmus E, Anandjiwala R. Studies on enhancement of
mechanical properties and interfacial adhesion of flax rein-
forced polypropylene composites. J Thermoplast Compos
Mater. 2009;22(5):485-502. doi:10.1177/0892705709105972
Dewidar M, Bakrey M, Hashim AM, Abdel-Haleem A,
Diab K. Mechanical properties of polypropylene reinforced
hemp fiber composite. Mater Phys Mech. 2012;15(2):119-125.
Yallew TB, Kassegn E, Aregawi S, Gebresias A. Study on effect
of process parameters on tensile properties of compression
molded natural fiber reinforced polymer composites. SN Appl
Sci. 2020;2(3):1-8. doi:10.1007/s42452-020-2101-0

Elkhaoulani A, Arrakhiz FZ, Benmoussa K, Bouhfid R,
Qaiss A. Mechanical and thermal properties of polymer com-
posite based on fibers: hemp

natural Moroccan

85UB01 7 SUOWILLIOD 3AIIeR1D) 3[dfedt [dde U Aq pauenob ae il VO ‘85N JO 3N o Akeiqi8ulUO 8|1 LD (SUORIPUOD-PUE-SWLBIALID"AB | 1M Afe.d]1Bul [Uo//:Sty) SUORIPUOD Pue SWLB | 8U) 89S *[rZ02/0T/60] Uo AriqiTauliuo &M TN HeuiH eleBIN Aq Z8v8z 9d/Z00T 0T/I0p/uoo A3 | im Afeid jeul [uo'suo iedljgndedst//Sdny Wwoy pepeojumod ‘TT ‘#202 ‘69508ST


info:doi/10.1016/j.compositesb.2016.08.027
info:doi/10.1016/j.compositesb.2016.08.027
info:doi/10.1515/aut-2015-0010
info:doi/10.1515/aut-2015-0010
info:doi/10.1016/j.compositesb.2015.06.021
info:doi/10.1080/1023666X.2015.988534
info:doi/10.1080/1023666X.2015.988534
info:doi/10.1007/s10570-022-04675-7
info:doi/10.1007/s10570-022-04675-7
info:doi/10.1177/0021998320938454
info:doi/10.1177/0021998320938454
info:doi/10.1016/j.matpr.2022.07.092
info:doi/10.1016/j.matpr.2022.07.092
info:doi/10.1007/s41939-019-00060-3
info:doi/10.1007/s41939-019-00060-3
info:doi/10.1515/polyeng-2014-0384
info:doi/10.1515/polyeng-2014-0384
info:doi/10.1016/j.asej.2022.101768
info:doi/10.3390/polym13244407
info:doi/10.1016/j.matchemphys.2014.12.004
info:doi/10.1016/j.matchemphys.2014.12.004
info:doi/10.3390/jcs7010037
info:doi/10.3390/fib10020014
info:doi/10.1080/15440478.2021.1982441
info:doi/10.1080/15440478.2021.1982441
info:doi/10.1007/s42452-020-2679-2
info:doi/10.1016/j.compscitech.2021.108937
info:doi/10.1016/j.compscitech.2021.108937
info:doi/10.1007/s12221-020-1299-1
info:doi/10.1002/mawe.201700200
info:doi/10.1002/mawe.201700200
info:doi/10.1016/j.carbpol.2013.08.051
info:doi/10.1002/vnl.22042
info:doi/10.3144/expresspolymlett.2010.53
info:doi/10.1177/0892705709105972
info:doi/10.1007/s42452-020-2101-0

mw l L E Y_ PLASTICS

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

INSPIRING Pglymer

NWANKWO ET AL.

PROFEssiONALs  COMPOSITES

fibers/polypropylene. Mater Des. 2013;49:203-208. doi:10.
1016/j.matdes.2013.01.063

Khoathane MC, Vorster OC, Sadiku ER. Hemp fiber-
reinforced 1-pentene/polypropylene copolymer: The effect of
fiber loading on the mechanical and thermal characteristics
of the composites. J Reinf Plast Compos. 2008;27(14):1533-
1544. doi:10.1177/0731684407086325

Alia A, Fantozzi G, Godin N, Osmani H, Reynaud P. Mechan-
ical behaviour of jute fibre-reinforced polyester composite:
Characterization of damage mechanisms using acoustic emis-
sion and microstructural observations. J Compos Mater. 2019;
53(24):3377-3394. d0i:10.1177/0021998318822128

Mokhtari A, Ould Ouali M, Tala-Ighil N. Damage modelling
in thermoplastic composites reinforced with natural fibres
under compressive loading. Int J Damage Mech. 2015;24(8):
1239-1260. doi:10.1177/1056789515573900

Boubekeur B, Belhaneche-Bensemra N, Massardier V. Valori-
zation of waste jute fibers in developing low-density polyeth-
ylene /poly lactic acid bio-based composites. J Reinf Plast
Compos. 2015;34(8):649-661. doi:10.1177/0731684415576354
El Messiry M, Mohamed A. Analysis of cyclic load die
forming for woven jute fabric 3D reinforcement polymeric
composites. J Ind Text. 2018;47(7):1681-1701. doi:10.1177/
1528083717705624

Ramadan N, Taha I, Hammouda R, Abdellatif MH. Behaviour
of hybrid SiC/jute epoxy composites manufactured by vacuum
assisted resin infusion. Polym Polym Compos. 2017;25(5):333-
344. doi:10.1177/096739111702500503

El-Sabbagh A, Taha I. Characterization of the draping
behavior of jute woven fabrics for applications of natural-
fiber/epoxy composites. J Appl Polym Sci. 2013;130(3):1453-
1465. doi:10.1002/app.39261

Abdellaoui H, Bensalah H, Echaabi J, Bouhfid R, Qaiss A.
Fabrication, characterization and modelling of laminated
composites based on woven jute fibres reinforced epoxy resin.
Mater Des. 2015;68:104-113. doi:10.1016/j.matdes.2014.11.059
Moustafa H, EI-Wakil AEAA, Nour MT, Youssef AM. Kenaf
fibre treatment and its impact on the static, dynamic, hydro-
phobicity and barrier properties of sustainable polystyrene
biocomposites. RSC Adv. 2020;10(49):29296-29305. doi:10.
1039/d0ra05334a

Igba IO, Nwigbo SC. Development of natural fibres reinforced
composites for the production of orthopaedic cast. J Med Eng
Technol.  2020;44(8):498-507.  doi:10.1080/03091902.2020.
1831631

Abdullahi T, Harun Z, Othman MHD, et al. West African
kenaf (Hibiscus Cannabinus L.) natural fiber composite for
application in automotive industry. Malaysian J Fundam Appl
Sci. 2018;14(4):397-402. doi:10.11113/mjfas.v14n4.1212
Mohan TP, Kanny K. Mechanical properties and failure analy-
sis of short kenaf fibre reinforced composites processed by
resin casting and vacuum infusion methods. Polym Polym
Compos. 2018;26(2):189-204. doi:10.1177/096739111802600207
Moyo M, Kanny K, Velmurugan R. The efficacy of nanoclay
loading in the medium velocity impact resistance of
kenaf/PLA biocomposites. Appl Nanosci. 2021;11(2):441-453.
doi:10.1007/s13204-020-01602-9

Krishna KV, Kanny K. The effect of treatment on kenaf fiber
using green approach and their reinforced epoxy composites.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

Compos Part B Eng. 2016;104:111-117.
compositesb.2016.08.010

Bledzki AK, Franciszczak P, Osman Z, Elbadawi M. Polypro-
pylene biocomposites reinforced with softwood, abaca, jute,
and kenaf fibers. Ind Crop Prod. 2015;70:91-99. doi:10.1016/j.
indcrop.2015.03.013

Adeniyi AG, Abdulkareem SA, Adeyanju CA, et al. Produc-
tion and properties of the fibrillated plastic composite from
recycled polystyrene and Luffa cylindrica. Polym Bull. 2022;
80:0123456789. d0i:10.1007/s00289-022-04511-9

Grabi M, Chellil A, Habibi M, Laperriere L. Alkaline Treat-
ment's Effect on Mechanical Properties and Damage Assess-
ment Through Acoustic Emission of Luffa Fiber Composite.
Fibers Polym. 2022;23(10):2855-2865. d0i:10.1007/s12221-022-
4676-0

Essabir H, Hilali E, El Minor H, Bensalah MO, Bouhfid R,
Qaiss A. Mechanical and thermal properties of polymer com-
posite based on natural fibers Moroccan Luffa sponge high
density polyethylene. J Biobased Mater Bioenergy. 2015;9(3):
350-357. d0i:10.1166/jbmb.2015.1524

Adeyi AJ, Durowoju MO, Adeyi O, Oke EO, Olalere OA,
Ogunsola AD. Momordica augustisepala L. stem fibre rein-
forced thermoplastic starch: Mechanical property character-
ization and fuzzy logic artificial intelligent modelling.
Results Eng. 2021;10(March):100222. doi:10.1016/j.rineng.
2021.100222

Ezechukwu VC, Nwobi-Okoye CC, Atanmo PN. Surface mod-
ification of Momordica angustisepala fiber using temperature-
activated amino-functionalized alkali-silane treatment. Int J
Adv Manuf Technol. 2020;109(5-6):1397-1407. doi:10.1007/
$00170-020-05697-w

Adeyi AJ, Durowoju MO, Adeyi O. Experimental studies and
artificial neural networks (ANN) modeling of moisture
absorption characteristics of polyester/momodical fibre rein-
forced composite. Int J Mech Eng Technol. 2018;9(11):1453-
1467.

Krim S, Boukerrou A, Djidjelli H, Beaugrand J, Hammiche D.
Reprocessing of composites based on polypropylene loaded
with olive husk flour. Compos Mech Comput Appl. 2018;9(2):
163-187. doi:10.1615/CompMechComputApplint].2018024680
Hassaini L, Kaci M, Benhamida A, Bruzaud S, Pillin I,
Grohens Y. The effects of PHBV-g-MA compatibilizer on mor-
phology and properties of poly(3-hydroxybutyrate-Co-
3-hydroxyvalerate)/olive husk flour composites. J Adhes Sci
Technol. 2016;30(19):2061-2080. doi:10.1080/01694243.2016.
1168961

Hamida B, Ahmed M, Nadia N, Samira M. Mechanical prop-
erties of polystyrene/olive stone flour composites. Res J Pharm
Biol Chem Sci. 2015;6(3):127-132.

Boussehel H, Meghezzi A, Nebbache N, Maou S, Slimani M,
Loucif A. The effect of alkali treatment on the mechanical
and water absorption characteristics of olive stone flour rein-
forced polystyrene composites. Res J Pharm Biol Chem Sci.
2016;7(1):26-33.

Saidani K, Racelma G, Cheraitia K, Lounis A. Elaboration
and Study of the Properties of a Polyester Composite
Made of Oleaster Fibers Treated and Untreated. J Nat
Fibers. 2022;19(16):14414-14421.  doi:10.1080/15440478.
2022.2064395

doi:10.1016/j.

85UB01 7 SUOWILLIOD 3AIIeR1D) 3[dfedt [dde U Aq pauenob ae il VO ‘85N JO 3N o Akeiqi8ulUO 8|1 LD (SUORIPUOD-PUE-SWLBIALID"AB | 1M Afe.d]1Bul [Uo//:Sty) SUORIPUOD Pue SWLB | 8U) 89S *[rZ02/0T/60] Uo AriqiTauliuo &M TN HeuiH eleBIN Aq Z8v8z 9d/Z00T 0T/I0p/uoo A3 | im Afeid jeul [uo'suo iedljgndedst//Sdny Wwoy pepeojumod ‘TT ‘#202 ‘69508ST


info:doi/10.1016/j.matdes.2013.01.063
info:doi/10.1016/j.matdes.2013.01.063
info:doi/10.1177/0731684407086325
info:doi/10.1177/0021998318822128
info:doi/10.1177/1056789515573900
info:doi/10.1177/0731684415576354
info:doi/10.1177/1528083717705624
info:doi/10.1177/1528083717705624
info:doi/10.1177/096739111702500503
info:doi/10.1002/app.39261
info:doi/10.1016/j.matdes.2014.11.059
info:doi/10.1039/d0ra05334a
info:doi/10.1039/d0ra05334a
info:doi/10.1080/03091902.2020.1831631
info:doi/10.1080/03091902.2020.1831631
info:doi/10.11113/mjfas.v14n4.1212
info:doi/10.1177/096739111802600207
info:doi/10.1007/s13204-020-01602-9
info:doi/10.1016/j.compositesb.2016.08.010
info:doi/10.1016/j.compositesb.2016.08.010
info:doi/10.1016/j.indcrop.2015.03.013
info:doi/10.1016/j.indcrop.2015.03.013
info:doi/10.1007/s00289-022-04511-9
info:doi/10.1007/s12221-022-4676-0
info:doi/10.1007/s12221-022-4676-0
info:doi/10.1166/jbmb.2015.1524
info:doi/10.1016/j.rineng.2021.100222
info:doi/10.1016/j.rineng.2021.100222
info:doi/10.1007/s00170-020-05697-w
info:doi/10.1007/s00170-020-05697-w
info:doi/10.1615/CompMechComputApplIntJ.2018024680
info:doi/10.1080/01694243.2016.1168961
info:doi/10.1080/01694243.2016.1168961
info:doi/10.1080/15440478.2022.2064395
info:doi/10.1080/15440478.2022.2064395

NWANKWO ET AL.

INSPIRING
PLASTICS

rmer  WILEY-[*®

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

Oulidi O, Nakkabi A, Elaraaj I, Fahim M, El Moualij N. Incor-
poration of olive pomace as a natural filler in to the PA6
matrix: Effect on the structure and thermal properties of syn-
thetic Polyamide 6. Chem Eng J Adv. 2022;12(September):
100399. doi:10.1016/].ceja.2022.100399

Khemakhem M, Jaziri M. Composites Based on (Ethylene-
Propylene) Copolymer and Olive Solid Waste: Rheological,
Thermal, Mechanical, and Morphological Behaviors. Polym
Eng Sci. 2016;56:27-35. doi:10.1002/pen.24188

Ait Benhamou A, Boussetta A, Nadifiyine M, Moubarik A.
Effect of alkali treatment and coupling agent on thermal and
mechanical properties of Opuntia ficus-indica cladodes fibers
reinforced HDPE composites. Polym Bull. 2022;79(4):2089-
2111. doi:10.1007/s00289-021-03619-8

Benhamou A, Boussetta A, Grimi N, et al. Characteristics of
cellulose fibers from Opuntia ficus indica cladodes and its use
as reinforcement for PET based composites. J Nat Fibers.
2022;19(13):6148-6164. doi:10.1080/15440478.2021.1904484
Malainine ME, Mahrouz M, Dufresne A. Lignocellulosic flour
from cladodes of Opuntia ficus-indica reinforced
poly(propylene) composites. Macromol Mater Eng. 2004;
289(10):855-863. doi:10.1002/mame.200400103

Mannai F, Elhleli H, Dufresne A, Elaloui E, Moussaoui Y.
Opuntia (Cactaceae) Fibrous Network-reinforced Composites:
Thermal, Viscoelastic, Interfacial Adhesion and Biodegrada-
tion Behavior. Fibers Polym. 2020;21(10):2353-2363. doi:10.
1007/s12221-020-9675-4

Benyettou R, Amroune S, Slamani M, et al. Assessment of
induced delamination drilling of natural fiber reinforced com-
posites: A statistical analysis. J Mater Res Technol. 2022;21:
131-152. d0i:10.1016/j.jmrt.2022.08.161

Rabhi S, Abdi S, Halimi R, Benghanem N. Green epoxy
resin/date stone flour biocomposites: Effect of filler chemical
treatments on elastic properties. Polym Compos. 2021;42(9):
4736-4753. d0i:10.1002/pc.26183

Benyettou R, Amroune S, Slamani M, Saada K. Modelling and
optimization of the absorption rate of date palm fiber rein-
forced composite using response surface methodology. Alex
Eng J. 2023;79(May):545-555. doi:10.1016/j.aej.2023.08.042
Berkouk A, Meghezzi A, Chelali H, Soltani MT. Mechanical,
Morphological, Thermal and Dynamic Study of Composites of
Unsaturated Polyesters-Date Palm Leaf Fiber DPLF. Int Inf
Eng Technol Assoc. 2021;31(6):317-323.

Maou S, Meghezzi A, Grohens Y, Meftah Y, Kervoelen A,
Magueresse A. Effect of various chemical modifications of
date palm fibers (DPFs) on the thermo-physical properties
of polyvinyl chloride (PVC)-high-density polyethylene
(HDPE) composites. Ind Crop Prod. 2021;171(August):113974.
doi:10.1016/j.indcrop.2021.113974

Boussehel H, Mazouzi DE, Belghar N, Guerira B, Lachi M.
Effect of chemicals treatments on the morphological, mechan-
ical, thermal and water uptake properties of polyvinyl
chloride/ palm fibers composites. Rev Compos Mater Av. 2019;
29(1):1-8. d0i:10.18280/rcma.290101

Masri T, Ounis H, Sedira L, Kaci A, Benchabane A. Character-
ization of new composite material based on date palm leaflets
and expanded polystyrene wastes. Constr Build Mater. 2018;
164:410-418. doi:10.1016/j.conbuildmat.2017.12.197

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

{
PROFESSIONALS  COMPOSITES

Mahmoudi N. Use of date palm fibers as reinforcement for
thermoplastic-based composites. Mech Ind. 2013;14(1):71-77.
doi:10.1051/meca/2012043

Sahi S, Djidjelli H, Touazi S, Boukerrou A. Valorisation des
déchets ligno-cellulosiques pour la préparation d'un nouveau
matériau composite PVC/farine des noyaux de dattes. Mater
Tech. 2021;109(102):102. doi:10.1051/mattech/2021014

Rabhi S, Benghanem N, Abdi S. Comparative study of two
biocomposites: Effect of date stone flour treated with potas-
sium permanganate as a filler on the morphological and elas-
tic properties. J Compos Mater. 2022;56(7):1071-1089. doi:10.
1177/00219983211066990

Benarab A, Bldzquez-blazquez E, Krache R, Benavente R,
Cerrada ML, Pérez E. Composites of a polypropylene random
copolymer and date stone flour: Crystalline details and
mechanical response. Polymers (Basel). 2021;13(17):2957. doi:
10.3390/polym13172957

Abdellah MY, Sadek MG, Alharthi H, Abdel-Jaber GT.
Mechanical, thermal, and acoustic properties of natural fibre-
reinforced polyester. Proc Inst Mech Eng Part E J Process Mech
Eng. 2023;0(0):1-13. d0i:10.1177/09544089231157638

Awad S, Hamouda T, Midani M, Zhou Y, Katsou E, Fan M.
Date palm fibre geometry and its effect on the physical and
mechanical properties of recycled polyvinyl chloride compos-
ite. Ind Crop Prod. 2021;174(July):114172. doi:10.1016/j.
indcrop.2021.114172

Abdelkawy MA, Itsuno S, El-Badawi MA, Aly EA. Thermal
and morphological characterization of biowaste date palm
fiber-reinforced polybenzoxazine and epoxy composites.
Polym Compos. 2023;44(10):6393-6402. doi:10.1002/pc.27566
Fenta EW, Tsegaw AA. Study the effects of fiber loading and
orientation on the tensile properties of date palm
fiber-reinforced polyester composite. Polym Bull. 2023;81:
1549-1562. doi:10.1007/500289-023-04786-6

Chaari R, Kharrat F, Khlif M, Bradai C, Lacoste C, Dony P.
Investigating the influence of the aging process on the rheo-
logical and mechanical properties of composites based on PBS
matrix and enzymatically treated date palm fibers. J Compos
Mater. 2023;57:3189-3199. doi:10.1177/00219983231184631
Belgacem C, Serra-Parareda F, Tarrés Q, Mutjé P, Delgado-
Aguilar M, Boufi S. Valorization of date palm waste for plastic
reinforcement: Macro and micromechanics of flexural
strength. Polymers (Basel). 2021;13(11):1751. doi:10.3390/
polym13111751

Iliyasu I, Bello JB, Oyedeji AN, Salami KA, Oyedeji EO.
Response surface methodology for the optimization of the
effect of fibre parameters on the physical and mechanical
properties of deleb palm fibre reinforced epoxy composites.
Sci African. 2022;16:1-11. doi:10.1016/j.sciaf.2022.e01269
Belaadi A, Boumaaza M, Alshahrani H, Bourchak M,
Jawaid M. Dirilling performance prediction of HDPE/-
Washingtonia fiber biocomposite using RSM, ANN, and GA
optimization. Int J Adv Manuf Technol. 2022;123(5-6):1543-
1564. doi:10.1007/s00170-022-10248-6

Edinne GD, Ramdane Y, Nouredine O, Nadir B. Modal analy-
sis of biocomposite materials beams reinforced by
Washingtonia Filifera natural fibers. J Vibro Eng. 2022;24(8):
1502-1511. d0i:10.21595/jve.2022.22847

85UB01 7 SUOWILLIOD 3AIIeR1D) 3[dfedt [dde U Aq pauenob ae il VO ‘85N JO 3N o Akeiqi8ulUO 8|1 LD (SUORIPUOD-PUE-SWLBIALID"AB | 1M Afe.d]1Bul [Uo//:Sty) SUORIPUOD Pue SWLB | 8U) 89S *[rZ02/0T/60] Uo AriqiTauliuo &M TN HeuiH eleBIN Aq Z8v8z 9d/Z00T 0T/I0p/uoo A3 | im Afeid jeul [uo'suo iedljgndedst//Sdny Wwoy pepeojumod ‘TT ‘#202 ‘69508ST


info:doi/10.1016/j.ceja.2022.100399
info:doi/10.1002/pen.24188
info:doi/10.1007/s00289-021-03619-8
info:doi/10.1080/15440478.2021.1904484
info:doi/10.1002/mame.200400103
info:doi/10.1007/s12221-020-9675-4
info:doi/10.1007/s12221-020-9675-4
info:doi/10.1016/j.jmrt.2022.08.161
info:doi/10.1002/pc.26183
info:doi/10.1016/j.aej.2023.08.042
info:doi/10.1016/j.indcrop.2021.113974
info:doi/10.18280/rcma.290101
info:doi/10.1016/j.conbuildmat.2017.12.197
info:doi/10.1051/meca/2012043
info:doi/10.1051/mattech/2021014
info:doi/10.1177/00219983211066990
info:doi/10.1177/00219983211066990
info:doi/10.3390/polym13172957
info:doi/10.1177/09544089231157638
info:doi/10.1016/j.indcrop.2021.114172
info:doi/10.1016/j.indcrop.2021.114172
info:doi/10.1002/pc.27566
info:doi/10.1007/s00289-023-04786-6
info:doi/10.1177/00219983231184631
info:doi/10.3390/polym13111751
info:doi/10.3390/polym13111751
info:doi/10.1016/j.sciaf.2022.e01269
info:doi/10.1007/s00170-022-10248-6
info:doi/10.21595/jve.2022.22847

ﬂLW l L E Y_ PLASTICS

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

INSPIRING Pglymer

NWANKWO ET AL.

PROFEssiONALs  COMPOSITES

Bahlouli S, Belaadi A, Makhlouf A, Alshahrani H,
Khan MKA, Jawaid M. Effect of Fiber Loading on Thermal
Properties of Cellulosic Washingtonia Reinforced HDPE Bio-
composites. Polymers (Basel). 2023;15(2910):1-20. doi:10.3390/
polym15132910

Essabir H, Jawaid M, Qaiss AEK, Bouhfid R. Mechanical and
thermal properties of polypropylene reinforced with doum
fiber: Impact of fibrillization. In: Jawaid M, Sapuan SM,
Alothman OY, eds. Green Biocompos. 2017;255-270. doi:10.
1007/978-3-319-46610-1_11

Essabir H, Elkhaoulani A, Benmoussa K, Bouhfid R,
Arrakhiz FZ, Qaiss A. Dynamic mechanical thermal behavior
analysis of doum fibers reinforced polypropylene composites.
Mater Des. 2013;51:780-788. doi:10.1016/j.matdes.2013.04.092
Arrakhiz FZ, El Achaby M, Malha M, et al. Mechanical and
thermal properties of natural fibers reinforced polymer com-
posites: Doum/low density polyethylene. Mater Des. 2013;43:
200-205. doi:10.1016/j.matdes.2012.06.056

Fardioui M, Guedira T, Qaiss AEK, Bouhfid R. A Comparative
Study of Doum fiber and Shrimp Chitin Based Reinforced
Low Density Polyethylene Biocomposites. J Polym Environ.
2018;26(2):443-451. d0i:10.1007/510924-017-0955-Z

Malha M, Nekhlaoui S, Essabir H, et al. Mechanical and ther-
mal properties of compatibilized polypropylene reinforced by
woven doum. J Appl Polym Sci. 2013;130(6):4347-4356. doi:10.
1002/app.39619

Alabi AA, Samuel BO, Peter ME, Tahir SM. Optimization and
modelling of the fracture inhibition potential of heat treated
doum palm nut fibres in phenolic resin matrix polymer com-
posite: A Taguchi approach. Funct Compos Struct. 2022;4(1):
015004. doi:10.1088/2631-6331/ac5466

Essabir H, Boujmal R, Bensalah MO, Rodrigue D, Bouhfid R,
Qaiss AEK. Mechanical and thermal properties of hybrid
composites: Oil-palm fiber/clay reinforced high density poly-
ethylene. Mech Mater. 2016;98:36-43. doi:10.1016/j.mechmat.
2016.04.008

Obasi CH, Obidiegwu UM, Onyeagoro NG, et al. Molecular
Transport of Xylene Through Palm Pressed Fibre Filled Low
Density Polyethylene: Role of Fibre Content, Alkali Treat-
ment and Particle Size. J Polym Environ. 2017;25(3):544-555.
doi:10.1007/s10924-016-0835-y

Arrakhiz FZ, Benmoussa K, Bouhfid R, Qaiss A. Pine cone
fiber/clay hybrid composite: Mechanical and thermal proper-
ties. Mater Des. 2013;50:376-381. doi:10.1016/j.matdes.2013.
03.033

Arrakhiz FZ, El Achaby M, Benmoussa K, Bouhfid R,
Essassi EM, Qaiss A. Evaluation of mechanical and thermal
properties of Pine cone fibers reinforced compatibilized poly-
propylene. Mater Des. 2012;40:528-535. doi:10.1016/j.matdes.
2012.04.032

Samuel BO, Sumaila M, Dan-Asabe B. Manufacturing of a
natural fiber/glass fiber hybrid reinforced polymer composite
(PxGyEz) for high flexural strength: an optimization
approach. Int J Adv Manuf Technol. 2022;119(3-4):2077-2088.
doi:10.1007/s00170-021-08377-5

Samuel BO, Sumaila M, Dan-Asabe B. Multi-objective opti-
mization and modeling of a natural fiber hybrid reinforced
composite (PxGyEz) for wind turbine blade development
using grey relational analysis and regression analysis. Mech

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

Adv Mater Struct. 2022;31(3):640-658. doi:10.1080/15376494.
2022.2118404

Samuel BO, Sumaila M, Dan-asabe B. Modeling and optimiza-
tion of the manufacturing parameters of a hybrid fiber rein-
forced polymer composite PXGyEz. Int J Adv Manuf Technol.
2022;118(5-6):1441-1452. d0i:10.1007/s00170-021-07930-6
Justice M, Puseletso J, Mpho M, Mngomezulu M, Tywabi-
ngeva Z. Chemical, thermal and morphological properties of
polybutylene succinate-waste pineapple leaf fibres composites.
Heliyon. 2023;9(11):e21238. d0i:10.1016/j.heliyon.2023.e21238
Thueze CC, Okafor CE, Obuka SN, Abdulrahman J,
Onwurah UO. Integrity and cost evaluation of natural
fibers/HDPE composite tailored for piping applications.
J Thermoplast Compos Mater. 2023;36(1):372-398. d0i:10.1177/
08927057211010878

Imoisili PE, Ukoba K, Jen TC. Physical, mechanical and ther-
mal properties of high frequency microwave treated plantain
(Musa Paradisiaca) fibre/MWCNT hybrid epoxy nanocompo-
sites. J Mater Res Technol. 2020;9(3):4933-4939. doi:10.1016/j.
jmrt.2020.03.012

Ehi PI, Tonye DI, Victor PA, Elvis OA. Effect of high-
frequency microwave radiation on the mechanical properties
of plantain (Musa paradisiaca) fibre/epoxy biocomposite.
J Phys Sci. 2018;29(3):23-35. d0i:10.21315/jps2018.29.3.3
Adeniyi AG, Onifade DV, Abdulkareem SA, Amosa MK,
Ighalo JO. Valorization of Plantain Stalk and Polystyrene
Wastes for Composite Development. J Polym Environ. 2020;
28(10):2644-2651. doi:10.1007/510924-020-01796-7
Oluwagbenga AS, Oluwole OI, Ilesanmi A, Akinlabi O, Olan-
rewaju OF. Development of hybrid plantain fiber/calcite parti-
cles reinforced polyvinyl chloride biocomposites for
automobile applications. J Thermoplast Compos Mater. 2023;
0(0):1-19. d0i:10.1177/08927057231208143

Imoisili PE, Jen TC. Mechanical and Acoustic Performance of
Plantain (Musa Paradisiacal) Fibre Reinforced Epoxy Bio-
Composite. J Nat Fibers. 2022;19(15):11658-11665. doi:10.
1080/15440478.2022.2036289

Imoisili PE, Jen TC. Mechanical and water absorption behav-
iour of potassium permanganate (KMnO4) treated plantain
(Musa Paradisiacal) fibre/epoxy bio-composites. J Mater Res
Technol. 2020;9(4):8705-8713. doi:10.1016/j.jmrt.2020.05.121
Imoisili PE, Adeleke O, Makhatha ME, Jen T. Response Sur-
face Methodology (RSM)—Artificial Neural Networks (ANN)
Aided Prediction of The Impact Strength of Natural
Fibre/Carbon Nanotubes Hybrid Reinforced Polymer Nano-
composite. Eng Sci. 2023;22(852):1-16.

Youssef AM, El-Samahy MA, Abdel Rehim MH. Preparation
of conductive paper composites based on natural cellulosic
fibers for packaging applications. Carbohydr Polym. 2012;
89(4):1027-1032. do0i:10.1016/j.carbpol.2012.03.044

Zaafarani NN, Nour M, El-Kassas AM, Elsheikh A. A new
recycled high-impact polystyrene-rice straw composite: eco-
friendly fabrication and characterization. Int J Environ Sci
Technol. 2023;21:0123456789. doi:10.1007/s13762-023-
05039-9

Elhussieny A, Faisal M, D'Angelo G, Aboulkhair NT,
Everitt NM, Fahim IS. Biodegradable plastics with natural
additives as a replacement for synthetic plastics. Int J Ind
Syst Eng. 2021;39(4):520-535. doi:10.1504/1JISE.2021.120622

85UB01 7 SUOWILLIOD 3AIIeR1D) 3[dfedt [dde U Aq pauenob ae il VO ‘85N JO 3N o Akeiqi8ulUO 8|1 LD (SUORIPUOD-PUE-SWLBIALID"AB | 1M Afe.d]1Bul [Uo//:Sty) SUORIPUOD Pue SWLB | 8U) 89S *[rZ02/0T/60] Uo AriqiTauliuo &M TN HeuiH eleBIN Aq Z8v8z 9d/Z00T 0T/I0p/uoo A3 | im Afeid jeul [uo'suo iedljgndedst//Sdny Wwoy pepeojumod ‘TT ‘#202 ‘69508ST


info:doi/10.3390/polym15132910
info:doi/10.3390/polym15132910
info:doi/10.1007/978-3-319-46610-1_11
info:doi/10.1007/978-3-319-46610-1_11
info:doi/10.1016/j.matdes.2013.04.092
info:doi/10.1016/j.matdes.2012.06.056
info:doi/10.1007/s10924-017-0955-z
info:doi/10.1002/app.39619
info:doi/10.1002/app.39619
info:doi/10.1088/2631-6331/ac5466
info:doi/10.1016/j.mechmat.2016.04.008
info:doi/10.1016/j.mechmat.2016.04.008
info:doi/10.1007/s10924-016-0835-y
info:doi/10.1016/j.matdes.2013.03.033
info:doi/10.1016/j.matdes.2013.03.033
info:doi/10.1016/j.matdes.2012.04.032
info:doi/10.1016/j.matdes.2012.04.032
info:doi/10.1007/s00170-021-08377-5
info:doi/10.1080/15376494.2022.2118404
info:doi/10.1080/15376494.2022.2118404
info:doi/10.1007/s00170-021-07930-6
info:doi/10.1016/j.heliyon.2023.e21238
info:doi/10.1177/08927057211010878
info:doi/10.1177/08927057211010878
info:doi/10.1016/j.jmrt.2020.03.012
info:doi/10.1016/j.jmrt.2020.03.012
info:doi/10.21315/jps2018.29.3.3
info:doi/10.1007/s10924-020-01796-7
info:doi/10.1177/08927057231208143
info:doi/10.1080/15440478.2022.2036289
info:doi/10.1080/15440478.2022.2036289
info:doi/10.1016/j.jmrt.2020.05.121
info:doi/10.1016/j.carbpol.2012.03.044
info:doi/10.1007/s13762-023-05039-9
info:doi/10.1007/s13762-023-05039-9
info:doi/10.1504/IJISE.2021.120622

NWANKWO ET AL.

INSPIRING
PLASTICS

rmer WILEY-L™

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

2717.

278.

279.

280.

Megahed M, Ali-Eldin SS, Abd El Moezz SM, Abdalla WS.
Synthesis of developed rice straw sheets and glass fiber-
reinforced polyester composites. J Compos Mater. 2020;54(23):
3381-3394. d0i:10.1177/0021998320915641

Abdel-Hakim AA, Abdel-Salam Sabbah I, Metwally MS, El
Begawy S, Elshafie ES. Mechanical Properties and Morphol-
ogy Studies of Nanocomposites Based on RSF/Nanoclay Modi-
fied /HDPE Nanocomposites. Life Sci J. 2012;9(3):134-142.
El-Saied H, Basta AH, Hassanen ME, Korte H, Helal A.
Behaviour of Rice-Byproducts and Optimizing the Conditions
for Production of High Performance Natural Fiber Polymer
Composites. J Polym Environ. 2012;20(3):838-847. d0i:10.1007/
$10924-012-0439-0

Wambua PM, Mayaka AN, Odhong EOV. Recycling and fibre
reinforcement of thermoplastic wastes to produce composites
for construction works. Res J Appl Sci Eng Technol. 2012;4(7):
703-708.

Ighalo JO, Adeniyi AG, Owolabi OO, Abdulkareem SA. Mois-
ture absorption, thermal and microstructural properties of
polymer composites developed from rice husk and polystyrene
wastes. Int J Sustain Eng. 2021;14(5):1049-1058. doi:10.1080/
19397038.2021.1892234

Mokaloba N, Kommula VP. Exploration of Local cellulosic-
fiber; Its Modification and Potential use by the Industry. MRS
Adv. 2018;3(34-35):2015-2025. d0i:10.1557/adv.2018.400
Carlos NDL, Aime EB, Emmanuel NA, Solange FM,
Kunwufine D, Lidwine WNT. Performance of Cameroonian
natural rubber as a polymer matrix for ecofriendly fiberboard:
Modeling of water absorption and prediction of mechanical
properties. J Compos Mater. 2023;57(22):3585-3597. doi:10.
1177/00219983231190999

Abdel-Hamid SMS, Al-Qabandi OA, Elminshawy NAS, et al.
Fabrication and characterization of microcellular polyure-
thane sisal biocomposites. Molecules. 2019;24(24):1-16. doi:10.
3390/molecules24244585

Bassyouni M. Dynamic mechanical properties and characteri-
zation of chemically treated sisal fiber-reinforced polypropyl-
ene biocomposites. J Reinf Plast Compos. 2018;37(23):1402-
1417. doi:10.1177/0731684418798049

Abou-Kandil AI, Shehata AB, Yousef E, El-Sabbagh I,
Salem K. Effect of microstructural changes on thermal, elec-
trical, and mechanical properties of HDPE reinforced by sisal
fibers. J Thermoplast Compos Mater. 2017;30(10):1373-1392.
doi:10.1177/0892705716679479

Gurmu DN, Lemu HG. Experimental Investigation on Effect
of Weight Fraction of Sisal Fiber on Mechanical Properties of
Sisal-E-Glass Hybrid Polymer Composites. Adv Mater Sci Eng.
2023;2023:1-12. d0i:10.1155/2023/3948500

Adugna Ayalew A, Fenta WA. Characterization of Chemi-
cally Treated Sisal Fiber/Polyester Composites. J Eng
(United Kingdom). 2022;2022:1-11. doi:10.1155/2022/8583213
Mohammed NH, Wolla DW. Optimization of machining
parameters in drilling hybrid sisal-cotton fiber reinforced
polyester composites. AIMS Mater Sci. 2022;9(1):119-134. doi:
10.3934/MATERSCI.2022008

Dress GA, Woldemariam MH, Redda DT. Influence of Fiber
Orientation on Impact Resistance Behavior of Woven Sisal
Fiber Reinforced Polyester Composite. Adv Mater Sci Eng.
2021;2021:1-11. do0i:10.1155/2021/6669600

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

{
PROFESSIONALS  COMPOSITES

Somashekar S, Shanthakumar GC. Effect of fiber content and
screw speed on mechanical characterization of sisal fiber rein-
forced polypropylene composites. Int J Innov Technol Explor
Eng. 2019;8(6):9-13. d0i:10.35940/ijitee.F1003.0486S419
Berhanu Yallew T, Mokonen M, Tesfay T. Investigations on
Tribological Performance of Sisal Fiber Reinforced Polypro-
pylene Composites. Momona Ethiop J Sci. 2022;14(1):48-61.
doi:10.4314/mejs.v14il.3

Webo W, Maringa M, Masu L. The Combined Effect of Mer-
cerisation, Silane Treatment and Acid Hydrolysis on the
Mechanical Properties of Sisal Fibre/Epoxy Resin Composites.
MRS Adv. 2020;5(23-24):1225-1233. d0i:10.1557/adv.2020.122
Abed A, Samouh Z, Cochrane C, et al. Piezo-Resistive Proper-
ties of Bio-Based Sensor Yarn Made with Sisal Fibre. Sensors.
2021;21:4083. doi:10.3390/s21124083

Samouh Z, Molnar K, Boussu F, Cherkaoui O, El Moznine R.
Mechanical and thermal characterization of sisal fiber rein-
forced polylactic acid composites. Polym Adv Technol. 2019;
30(3):529-537. d0i:10.1002/pat.4488

Adeniyi AG, Adeoye SA, Onifade DV, Ighalo JO. Multi-scale
finite element analysis of effective elastic property of sisal
fiber-reinforced polystyrene composites. Mech Adv Mater

Struct.  2021;28(12):1245-1253.  d0i:10.1080/15376494.2019.
1660016
Ibrahim ID, Jamiru T, Sadiku RE, Kupolati WK,

Agwuncha SC. Dependency of the Mechanical Properties of
Sisal Fiber Reinforced Recycled Polypropylene Composites on
Fiber Surface Treatment, Fiber Content and Nanoclay.
J Polym Environ. 2017;25(2):427-434. doi:10.1007/s10924-016-
0823-2

Mofokeng JP, Luyt AS, Tabi T, Kovacs J. Comparison of injec-
tion moulded, natural fibre-reinforced composites with PP
and PLA as matrices. J Thermoplast Compos Mater. 2012;
25(8):927-948. doi:10.1177/0892705711423291

Mohan TP, Kanny K. Chemical treatment of sisal fiber using
alkali and clay method. Compos Part A Appl Sci Manuf. 2012;
43(11):1989-1998. doi:10.1016/j.compositesa.2012.07.012
Ahmad EEM, Luyt AS. Effects of organic peroxide and poly-
mer chain structure on mechanical and dynamic mechanical
properties of sisal fiber reinforced polyethylene composites.
J Appl Polym Sci. 2012;125:2216-2222.

Ahmad EEM, Luyt AS. Effects of organic peroxide and poly-
mer chain structure on morphology and thermal properties of
sisal fibre reinforced polyethylene composites. Compos Part A
Appl  Sci  Manuf.  2012;43(4):703-710.  doi:10.1016/j.
compositesa.2011.12.011

Towo AN, Ansell MP. Fatigue of sisal fibre reinforced com-
posites: Constant-life diagrams and hysteresis loop capture.
Compos Sci Technol. 2008;68(3-4):915-924. doi:10.1016/j.
compscitech.2007.08.021

Glouia Y, Chaabouni Y, El Oudiani A, Maatoug I, Msahli S.
Finite element analysis of mechanical response of cellulosic
fiber-reinforced composites. Int J Adv Manuf Technol. 2019;
103(9-12):4671-4680. d0i:10.1007/s00170-019-03838-4

Bakeer B, Taha I, El-Mously H. Mechanical Behaviour of
Sorghum Stalk Rind Reinforced Maleic Anhydride Grafted
Polyethylene under Different Environmental Conditions.
Polym Polym Compos. 2016;24(1):35-44. doi:10.1177/096739
111602400105

85UB01 7 SUOWILLIOD 3AIIeR1D) 3[dfedt [dde U Aq pauenob ae il VO ‘85N JO 3N o Akeiqi8ulUO 8|1 LD (SUORIPUOD-PUE-SWLBIALID"AB | 1M Afe.d]1Bul [Uo//:Sty) SUORIPUOD Pue SWLB | 8U) 89S *[rZ02/0T/60] Uo AriqiTauliuo &M TN HeuiH eleBIN Aq Z8v8z 9d/Z00T 0T/I0p/uoo A3 | im Afeid jeul [uo'suo iedljgndedst//Sdny Wwoy pepeojumod ‘TT ‘#202 ‘69508ST


info:doi/10.1177/0021998320915641
info:doi/10.1007/s10924-012-0439-0
info:doi/10.1007/s10924-012-0439-0
info:doi/10.1080/19397038.2021.1892234
info:doi/10.1080/19397038.2021.1892234
info:doi/10.1557/adv.2018.400
info:doi/10.1177/00219983231190999
info:doi/10.1177/00219983231190999
info:doi/10.3390/molecules24244585
info:doi/10.3390/molecules24244585
info:doi/10.1177/0731684418798049
info:doi/10.1177/0892705716679479
info:doi/10.1155/2023/3948500
info:doi/10.1155/2022/8583213
info:doi/10.3934/MATERSCI.2022008
info:doi/10.1155/2021/6669600
info:doi/10.35940/ijitee.F1003.0486S419
info:doi/10.4314/mejs.v14i1.3
info:doi/10.1557/adv.2020.122
info:doi/10.3390/s21124083
info:doi/10.1002/pat.4488
info:doi/10.1080/15376494.2019.1660016
info:doi/10.1080/15376494.2019.1660016
info:doi/10.1007/s10924-016-0823-2
info:doi/10.1007/s10924-016-0823-2
info:doi/10.1177/0892705711423291
info:doi/10.1016/j.compositesa.2012.07.012
info:doi/10.1016/j.compositesa.2011.12.011
info:doi/10.1016/j.compositesa.2011.12.011
info:doi/10.1016/j.compscitech.2007.08.021
info:doi/10.1016/j.compscitech.2007.08.021
info:doi/10.1007/s00170-019-03838-4
info:doi/10.1177/096739111602400105
info:doi/10.1177/096739111602400105

MW l L E Y_ PLASTICS

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

INSPIRING Pglymer

NWANKWO ET AL.

PROFEssiONALs  COMPOSITES

Ogah AO. Characterization of Sorghum Bran/Recycled Low
Density Polyethylene for the Manufacturing of Polymer Com-
posites. J Polym Environ. 2017;25(3):533-543. doi:10.1007/
$10924-016-0830-3

Saber D, Abdelnaby AH, Abdelhaleim AM. Fabrication of eco-
friendly composites using low-density polyethylene and sugar-
cane bagasse: Characteristics' degradation. Text Res J. 2023;93:
3666-3679. doi:10.1177/00405175231161281

Saber E, El-Sayed NS, Nagieb ZA, Ismail A, Kamel S. Charac-
terization of plastic composite based on HIPS loaded with
bagasse. Egypt J Chem. 2017;60(6):1-10. doi:10.21608/ejchem.
2017.1473.1099

El-Sayed Abdo A, Ali MAM, Ismail MR. Natural fibre high-
density polyethylene and lead oxide composites for radiation
shielding. Radiat Phys Chem. 2003;66(3):185-195. doi:10.1016/
S0969-806X(02)00470-X

EL-Zayat MM, Abdel-Hakim A, Mohamed MA. Effect of
gamma radiation on the physico mechanical properties
of recycled HDPE/modified sugarcane bagasse composite.
J Macromol Sci Part A Pure Appl Chem. 2019;56(2):127-135.
doi:10.1080/10601325.2018.1549949

Moubarik A, Grimi N, Boussetta N. Structural and thermal
characterization of Moroccan sugar cane bagasse cellulose
fibers and their applications as a reinforcing agent in low den-
sity polyethylene. Compos Part B Eng. 2013;52:233-238. doi:10.
1016/j.compositesb.2013.04.040

Oladele 10, Akinwekomi AD, Ibrahim IO, Adegun MH, Talabi SI.
Assessment of Impact Energy, Wear Behavior, Thermal Resis-
tance and Water Absorption Properties of Hybrid Bagasse Fiber/-
CaCO3Reinforced Polypropylene Composites. Int Polym Process.
2021;36(2):205-212. doi:10.1515/ipp-2020-3984

Oladele IO, Ibrahim IO, Akinwekomi AD, Talabi SI. Effect of
mercerization on the mechanical and thermal response
of hybrid bagasse fiber/CaCO 3 reinforced polypropylene
composites. Polym Test. 2019;76(January):192-198. doi:10.
1016/j.polymertesting.2019.03.021

Niang B, Schiavone N, Askanian H, Verney V, Ndiaye D,
Diop AB. Development and Characterization of PBSA-Based
Green Composites in 3D-Printing by Fused Deposition Model-
ling. Materials (Basel). 2022;15(21):1-12. doi:10.3390/ma15217570
Sana R, Foued K, Yosser BM, Mounir J, Slah M, Bernard D.
Flexural properties of typha natural fiber-reinforced polyester
composites. Fibers Polym. 2015;16(11):2451-2457. doi:10.1007/
$12221-015-5306-x

Njoku CE, Omotoyinbo JA, Alaneme KK, Daramola MO.
Physical and abrasive wear behaviour of Urena lobata fiber-
reinforced polymer composites. J Reinf Plast Compos. 2021;
40(9-10):341-351. doi:10.1177/0731684420960210

Njoku CE, Omotoyinbo JA, Alaneme KK, Daramola MO.
Structural Characterization and Mechanical Behaviour of
Sodium Hydroxide-Treated Urena lobata Fiber Reinforced
Polypropylene Matrix Composites. Fibers Polym. 2020;21(12):
2983-2992. doi:10.1007/s12221-020-1289-3

Boudjellal A, Trache D, Khimeche K, Hafsaoui SL,
Bekhouche S, Guettiche D. Synthesis and characterization of
wood flour modified by graphene oxide for reinforcement
applications. Int Polym Process. 2022;31(1):83-92. doi:10.1515/
ipp-2021-4148

Boubekeur B, Belhaneche-Bensemra N, Massardier V. Low-
Density Polyethylene/Poly(Lactic Acid) Blends Reinforced by

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

Waste Wood Flour. J Vinyl Addit Technol. 2020;26(4):443-451.
doi:10.1002/vnl.21759

Naguib HM, Taha EO, Ahmed MA, Kandil UF. Enhanced
wooden polymer composites based on polyethylene and nano-
modified wooden flour. Egypt J Pet. 2022;31(4):39-45. doi:10.
1016/j.ejpe.2022.10.002

Youssef AM, Hasanin MS, Abd El-Aziz ME, Darwesh OM.
Green, economic, and partially biodegradable wood plastic
composites via enzymatic surface modification of lignocellu-
losic fibers. Heliyon. 2019;5(3):e01332. doi:10.1016/j.heliyon.
2019.e01332

Adeniyi AG, Abdulkareem SA, Adeoye SA, Ighalo JO.
Preparation and properties of wood dust (isoberlinia doka)
reinforced polystyrene composites. Polym Bull. 2022;79(6):
4361-4379. doi:10.1007/s00289-021-03718-6

Olakanmi EO, Ogunesan EA, Vunain E, Lafia-Araga RA,
Doyoyo M, Meijboom R. Mechanism of Fiber/Matrix Bond
and Properties of Wood Polymer Composites Produced From
Alkaline-Treated Daniella oliveri Wood Flour. Polym Compos.
2016;37(9):2657-2672. doi:10.1002/pc.23460

Effah B, Van Reenen A, Meincken M. Mechanical properties
of wood-plastic composites made from various wood species
with different compatibilisers. Eur J Wood Wood Prod. 2018;
76(1):57-68. doi:10.1007/s00107-017-1186-7

Arinze RU, Oramah E, Chukwuma EC, et al. Reinforcement
of polypropylene with natural fibers: Mitigation of environ-
mental pollution. Environ Challenges. 2023;11:100688. doi:10.
1016/j.envc.2023.100688

Arinze RU, Oramah E, Chukwuma EC, Okoye NH, Chris-
Okafor PU. Mechanical impact evaluation of natural fibres
with LDPE plastic composites: Waste management in perspec-
tive. Curr Res Green Sustain Chem. 2022;5(May):100344. doi:
10.1016/j.crgsc.2022.100344

Elhussieny A, Faisal M, D'Angelo G, Everitt NM, Fahim IS.
Experimental investigation of chitosan film reinforced by chi-
tin fibers and chitin whiskers extracted from shrimp shell
waste. J Eng Sci Technol. 2020;15(4):2730-2745.

Motloung MP, Mofokeng TG, Bandyopadhyay J, Ray SS.
Properties and Soil Degradation Characteristics of Chitin-
Reinforced Poly(butylene succinate)/Hydroxyapatite Compos-
ites. Macromol Mater Eng. 2023;2300293:1-12. doi:10.1002/
mame.202300293

Bismarck A, Mishra S, Lampke T. Plant Fibers as Reinforce-
ment for Green Composites. In: Mohanty AK, Misra M,
Drzal LT, eds. Natural Fibers Biopolymers and Biocomposites.
Taylor & Francis; 2005.

Food and Agriculture Organization of the United Nations.
FAOSTAT. Crops and livestock products. Published 2023.
Accessed October 3, 2023. https://www.fao.org/faostat/en/
#data/QCL

How to cite this article: Nwankwo CO,
Mahachi J, Olukanni DO, Musonda I. Africa's
natural fibres used in polymer composites: A
systematic review. Polym Compos. 2024;45(11):
9677-9702. d0i:10.1002/pc.28482

85UB01 7 SUOWILLIOD 3AIIeR1D) 3[dfedt [dde U Aq pauenob ae il VO ‘85N JO 3N o Akeiqi8ulUO 8|1 LD (SUORIPUOD-PUE-SWLBIALID"AB | 1M Afe.d]1Bul [Uo//:Sty) SUORIPUOD Pue SWLB | 8U) 89S *[rZ02/0T/60] Uo AriqiTauliuo &M TN HeuiH eleBIN Aq Z8v8z 9d/Z00T 0T/I0p/uoo A3 | im Afeid jeul [uo'suo iedljgndedst//Sdny Wwoy pepeojumod ‘TT ‘#202 ‘69508ST


info:doi/10.1007/s10924-016-0830-3
info:doi/10.1007/s10924-016-0830-3
info:doi/10.1177/00405175231161281
info:doi/10.21608/ejchem.2017.1473.1099
info:doi/10.21608/ejchem.2017.1473.1099
info:doi/10.1016/S0969-806X(02)00470-X
info:doi/10.1016/S0969-806X(02)00470-X
info:doi/10.1080/10601325.2018.1549949
info:doi/10.1016/j.compositesb.2013.04.040
info:doi/10.1016/j.compositesb.2013.04.040
info:doi/10.1515/ipp-2020-3984
info:doi/10.1016/j.polymertesting.2019.03.021
info:doi/10.1016/j.polymertesting.2019.03.021
info:doi/10.3390/ma15217570
info:doi/10.1007/s12221-015-5306-x
info:doi/10.1007/s12221-015-5306-x
info:doi/10.1177/0731684420960210
info:doi/10.1007/s12221-020-1289-3
info:doi/10.1515/ipp-2021-4148
info:doi/10.1515/ipp-2021-4148
info:doi/10.1002/vnl.21759
info:doi/10.1016/j.ejpe.2022.10.002
info:doi/10.1016/j.ejpe.2022.10.002
info:doi/10.1016/j.heliyon.2019.e01332
info:doi/10.1016/j.heliyon.2019.e01332
info:doi/10.1007/s00289-021-03718-6
info:doi/10.1002/pc.23460
info:doi/10.1007/s00107-017-1186-7
info:doi/10.1016/j.envc.2023.100688
info:doi/10.1016/j.envc.2023.100688
info:doi/10.1016/j.crgsc.2022.100344
info:doi/10.1002/mame.202300293
info:doi/10.1002/mame.202300293
https://www.fao.org/faostat/en/#data/QCL
https://www.fao.org/faostat/en/#data/QCL
info:doi/10.1002/pc.28482

	Africa's natural fibres used in polymer composites: A systematic review
	1  INTRODUCTION
	2  RESEARCH METHODOLOGY
	2.1  Data set retrieval and filtration
	2.2  Analytical tools
	2.3  Merging Scopus and WoS data

	3  RESULTS OF BIBLIOMETRIC ANALYSIS
	3.1  Publication output
	3.2  Publication domains
	3.3  Co-author analysis
	3.3.1  Co-authorship network
	3.3.2  Networks of countries

	3.4  Keyword analysis

	4  FIBRES SOURCED FROM AFRICA
	4.1  Fibre form
	4.2  Fibre type

	5  IMPLICATIONS
	6  PERSPECTIVES FOR FUTURE RESEARCH
	7  CONCLUSIONS
	ACKNOWLEDGMENTS
	DATA AVAILABILITY STATEMENT

	REFERENCES


