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Preface

In this book, we focus on eco-friendly, biodegradable, and sustainable vegetable
fiber composite preparation, properties, and industrial applications. It is time to
explore green materials, so we decided to discuss the latest technological aspects
of vegetable fiber composite made from the biopolymer that are biodegradable. The
vegetable fiber composite materials for the production of biocomposite because it is
biocompatible, cheap and easy available, low density with high strength, and good
mechanical properties. Present book discusses various properties and applications of
composite materials made from renewable biomaterial and biofibers. They are more
eco-friendly as compared by the composite made from synthetic fibers.

This book will help researchers, scientists, and industries to understand the need
of vegetable fiber composites for the development of safe and sustainable products
for various applications. The characterization of vegetable fiber composites plays a
crucial role to findout its potentiality in different real-world applications. It elaborates
the physical,mechanical,morphological, structural, thermal, and electrical properties
of native or modified fibers-based polymer composites.

Present book covers a review on hybrid vegetable/glass fiber epoxy composites,
mechanical and acoustic properties of wool/glass hybrid composites, potential appli-
cations of Peristophe roxburghiana in textiles, lightweight vegetable-based hybrid
laminated composites, electrochemical sensing applications of vegetable fiber-based
porous carbon materials, vegetable fiber pretensioning influence on the compos-
ites, improvement of fiber matrix adhesion of vegetable natural fibers by chemical
treatment, study of thermal degradation of a phenolic resin, vegetable fibers, and
derived composites,wastemanagement and application of coconut biomass andfiber,
chemical modifications on physical properties of banana fiber-reinforced polyester
composites, review on hemp fiber-reinforced polymer composites, vegetables fibers
and its composite for packaging products, modification of vegetable fiber for natural
fiber composites, Ag nanoparticles/jute fibers bionanocomposites as an efficient
fungi-free material for the automobile industry, tribological behavior of glass fiber-
reinforced polyamide gears, identification of vegetable fiber origin, various natural
fibers and green nano-reinforcements such as microcrystalline cellulose, cellulose
nanocrystals, and bacterial cellulose, development of vegetable fiber-mortar compos-
ites of improved durability, roles of vegetable fibers in green chemistry, tribological
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vi Preface

behavior of glass/sisal fiber-reinforced polyester composite, and the understanding
of fluorination process to hydrophobic natural fibers.

We are highly thankful to all authors who contributed chapters and provide their
valuable ideas and knowledge in this edited book. We attempt to gather all the scat-
tered information of authors from diverse fields around the world (Malaysia, Jordan,
USA, Turkey, India, Saudi Arabia, Bangladesh, Oman, and Sweden) in the areas
of vegetable fibers-based composites and its applications and finally complete this
venture in a fruitful way. We greatly appreciate contributor’s commitment for their
support to compile our ideas in reality.

We are highly thankful to the Springer Nature-Singapore team for their generous
cooperation at every stage of the book production.

Serdang, Malaysia
Jeddah, Saudi Arabia

Mohammad Jawaid
Anish Khan
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Hybrid Vegetable/Glass Fiber Epoxy
Composites: A Systematic Review

Roberta M. Neves, Francisco M. Monticeli, José Humberto S. Almeida,
and Heitor Luiz Ornaghi

1 Introduction

Nowadays, the increasing pressure about the preservation of natural resources and
political awareness on exploring green alternatives to decreasing global fossil fuel
emission [1]. Vegetable fibers arise from natural resources and they fulfill the renewa-
bility and marketing apse requirements. In the last four decades, thermoset compos-
ites with vegetable fibers have been extensively studied are mainly applied in the
automotive interior components [2]. There is an increasing demand for applying
natural composites in other areas, such as in civil structures due to their low density,
good processability, low abrasion, and high resistance to corrosion [3]. However, the
application is restricted to low-medium components and they cannot yet substitute
com synthetic fiber composites, such as glass fiber structures. Seeking at minimizing
these drawbacks and aiming to broaden the range of applications, there are increasing
studies in hybrid synthetic/vegetable fiber-reinforced composites.When the fibers are
adequately combined, the resulting properties can be comparable to pure synthetic
fiber composite and hence replace synthetic fibers, depending upon the application
[4-10].
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Hybrid composites are tailorable materials, which are driven by the role of fibers
arrangement in the composite system. The behavior of hybrid composites considers
the contribution of each reinforcing phase (the type of reinforcement, geometry,
etc.), in which the composite can be manufactured aiming at taking the best charac-
teristics of each fiber. There are innumerous studies regarding glass/vegetable hybrid
composites that can be found in the literature in different databases [4, 10–12]. Often,
the chosen research topic is not immediately found in the performed searches, and
when a review on this particular chosen topic is carried out, several times, it is iden-
tified that previous studies on the same topic have already been done, invalidating
the approach. In this context, a systematic review is a powerful tool that helps the
readers to rapidly find the lacks and most studied topics of a specific subject.

2 Systematic Review

Different than a conventional literature review, a systematic review aims to iden-
tify, evaluate, and summarize the findings of all relevant individual studies over a
defined issue, making the available evidence more accessible to decision-makers
[13]. Primarily, the protocol is employed based on a severe and rigorous scientific
search allowing anticipate potential problems and indicating gaps in knowledge,
which can be used as a starting point for developing new researches. An important
characteristic is that some granting agencies require a systematic review to justify
the planned research [14]. Another important characteristic is preventing arbitrary
decisions (by respecting inclusion criteria and extraction of data), then, it follows a
protocol.

Systematic reviews are very widespread in the area of medicine and health care.
Some systematic reviews were published regarding low health literacy and health
outcomes [15], insomnia, complementary medicine [16], and renal cancer [17].
In the polymeric fields, very few studies were released following the PRISMA
protocol [18, 19]. However, until now, in the composites field, there is no system-
atic review that follows PRISMA methodology focusing on their mechanical,
thermal, and dynamic mechanical properties, especially when it comes to vegetable
fibers/cellulose chemically modified/epoxy composites.

Hence, the main aim of this book chapter is to compile data between 2016
and 2020, about composite laminates with epoxy resin as matrix and hybrid
glass/vegetable fibers as the reinforcing phase. We focus on thermal, mechanical,
and dynamic mechanical properties, as well as the manufacturing process to verify
a future trend or gaps in this area. Moreover, we list the obtained data regarding the
reinforcement type and processing method.
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3 Systematic Review Methodology

The methodological guidelines outline the Transparent Reporting of Systematic
Reviews andMeta-Analyses (PRISMA)1 in which a determined protocol is followed
before carrying out this systematic review. This protocol aims to rationale, hypoth-
esize, and plan the review, being a guide. In this book chapter, three different litera-
ture databases are considered, and only research papers focused on recent studies in
glass/vegetable fiber hybrid composites using epoxy resin as a matrix are taken into
consideration. More details are presented next.

Papers are selected using Scopus (www.scopus.com), Web of Science (www.
webofknowledge.com), and SciFinder (https://sso.cas.org/) databases. The terms of
search are: ([epoxy] AND [hybrid] AND [composites] AND [natural] AND [glass]
AND [fiber]). We choose the word “natural” instead “vegetable” because no paper
was found with this term, despite being a well-accepted term in the field. The results
are limited to papers published from 2016 to 2020. The identified articles have
their titles and abstracts assessed independently by two reviewers (Neves, R.M., and
Ornaghi Jr, H.L.) to screen their allocation in the systematic review.

This book chapter focuses on recent studies in the hybrid glass/vegetable fiber
composites field. The type of vegetal fiber, manufacturing process, and thermal,
mechanical, and dynamic mechanical properties are listed excluding microscopies
(e.g. scanning electron microscopy—SEM, and optical microscopy) and chemical
analyzes (e.g., FTIR, XRD, NMR) as well other results such as flammability, aging,
wettability, and water absorption.

4 Results of Data Collection

The study selection can be better visualized in the flowchart (Fig. 1), in which the
records for every database are identified as well the exclusion criteria and selected
papers by eligibility. The total search is of 285 studies, including all chosen databases.
In this step, conference papers, review studies, studies not presented in English
language, book chapter, editorial, letters, and notes are not considered. With only
research papers remaining, some studieswhich do not account for the present system-
atic review methodology are excluded: studies with other matrices other than epoxy
resin [12 studies], no hybrid composites (7 studies), hybrid composites other than
epoxy glass/fiber/vegetable fibers (14 studies), hybrid composites with epoxy matrix
but without vegetable fibers as reinforcement [15], vegetable hybrid composites with
epoxy matrix but without glass fiber as reinforcement [67], and composites that add
another material as a third component [38] are excluded. After this step, 132 studies
remained. From these, 84 are excluded for duplicity on the databases. After all, 48
meet all selected criteria, then composing the current systematic review.

http://www.scopus.com
http://www.webofknowledge.com
https://sso.cas.org/
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Fig. 1 Systematic review flowchart following PRISMA protocol

The type of glass fiber (chopped, unidirectional, and woven), natural fiber
(chopped, continuous mat, woven, and powder), and composite are presented in
Fig. 2. Highlighting the frequency of appearance in the selected research papers.

5 Results and Discussion

Table 1 presents all results of the 48 selected papers according to PRISMA flowchart
(Fig. 1) summarized in the systematic review search. The type of fiber, processing
manufacturing, and the description of thermal, mechanical, and dynamic mechanical
properties are described in Table 1.

6 Conclusion and Future Perspectives

In this study, a systematic review on glass/vegetable hybrid composites between 2016
and 2020 was performed. The type of reinforcements and manufacturing processes
were included. Thermal, mechanical, and dynamic mechanical properties were also
targeted. The systematic review proved to be a useful tool for both young and the
experienced researchers as a guideline in a specific(s) subject(s). It easily indicates the
trends and lacks in a searched topic. This study showed an enormous lack of thermal
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Fig. 2 Frequency of the glass fibers, natural fiber, and type of composites found on the systematic
review

and dynamic mechanical properties that can be explored for further research. The
main studied aspect is at the mechanical properties point of view, which include
impact, flexural, compressive, and tensile tests, independently of the reinforcement.
Hand lay-up is the most employed manufacturing process, which is certainly asso-
ciated to the low cost of this process. Finally, the most employed type of both glass
and vegetal fiber was woven fabric, being the interleaved composite the most used.
Consequently, the fast and easy identification of studies and the possibility of new
combinations of reinforcements/manufacturing processes and tested propertiesmake
the systematic review a powerful tool in any scientific field.

Vegetable fibers will be continuously employed, and the studies evaluated here
pointed out that there is a growing trend for different reasons given ecological appeal
and environmental benefits or combination with synthetic fibers for different appli-
cations. The weight reduction, easy formability, low cost and ease-processing are
some of the many advantages promoted by the vegetal fibers even when combined
with synthetic fibers. As a result, glass/vegetable hybrid composites will keep
being applied in interior automotive components to add an eco-friendly character
while still meeting design requirements [67]. In addition, the possibility to chemi-
cally/physically modify vegetable fibers aiming to improve their physical–chemical
properties is attractive, although it is still ineffective from the mass production point
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