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Chapter

Surface Modification of
Bast-Based Natural Fibers through
Environment Friendly Methods

Tayyaba Fatma

Abstract

Nowadays, natural products are extremely preferred among the people. These
natural products are produced by environment friendly sources. In case of textiles,
bast fibers play significant role in producing natural products that are extracted
from the stem of various plant and environment friendly in nature. The bast fibers
can also improve the livelihood of the poor farmers who are involved in the cultiva-
tion of the plants and extraction and processing of the fibers. Therefore, surface
modification of established natural fibers (such as hemp, flax, jute, kenaf, urena,
nettle, and ramie) and explored natural fibers are momentous area for doing
research. And, these modifications can be done through environment friendly
methods such as plasma treatment, and utilization of enzymes, bacteria, and fungi.

Keywords: natural fibers, surface modification, environment friendly methods,
physical and mechanical properties of fibers

1. Introduction

At global level, 58% of synthetic fibers is used in clothing in which 77% polyes-
ter, 9% nylon, 6% acrylic, and 7% cellulosic fibers take place. Hence, the utilization
of synthetic fibers is higher as compared to natural fibers. The synthetic fibers are
generally made from polymers that have been synthetically produced from chemi-
cal compounds, which create lot of air, land, and water pollutions. These synthetic
fibers are more harmful for health of the human being as well as environment
because these cannot easily degrade after its use.

To overcome health-related problems and also for environmental safety, people
are gradually attracted toward more and more use of natural products in both devel-
oped and developing countries. Thus, increasing concerns toward natural products
have led to the search for ecological safe, biodegradable, and recyclable characters
in their production. Though in case of textiles, production of natural products from
natural fibers play a significant role. Natural fibers obtained from natural resources
are one of the proficient fibers that replace the synthetic fibers. Numerous natural
fibers such as cotton, wool, silk, and jute are used at commercial level and estab-
lished as the conventional fibers. Apart from these fibers, some other plant-based
natural fibers are also used that are introduced as bio-fibers or vegetable fibers.

The utility of vegetable fibers for preparation of textiles started prior to recorded
history. Since the dawn of history to present day, the world is being endowed with
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an abundant availability of vegetable fibers such as flax, jute, hemp, ramie, kenaf,
urena, nettle, coir, sisal, pineapple, bamboo, and banana.

Globally, cotton is the leading natural fiber which is produced 25 million tons.
It is an estimated average production of cotton. Wool and silk fibers are produced
around 2.20 and 0.10 million tons per year, respectively. Other vegetable fibers
including jute, flax, kenaf, coir, sisal, ramie, hemp, abaca, kapok, and henequen
are produced in considerably 4.61 million tons [1, 2]. On the basis of morphological
classification, vegetable fibers are categorized into several sub-categories such as
bast fibers, leaf fibers, and seed fibers.

2. Bast fibers introduced as a natural fiber

The bast fibers are usually very long and relatively strong. For this reason, the
bast fiber is considered to be the most important fraction of any plant [3].

The bast fibers are referred to as “soft” fibers, which are obtained from the stems
of plants. Generally, the stem of fiber-yielding plant consists of bark layer, bast
layer, and stem core. The bark layer is the outermost thin skin, that is, cuticle of
stem that holds the bast fibers and protects the whole stem. The bast layer occurs
between the bark layer and stem core, which is introduced as a fibrous layer of plant.
The stem core has two parts, that is, woody tissue (xylem) and pith (Figure1).

The fibrous layers are introduced as forms of primary and secondary fiber
layers, which run parallel to the stem of dicotyledonous plants between the nodes.
These fiber layers are referred to as bast or phloem or soft fibers, and their bundles
vary from stem to stem and in different parts of the stem. There may be as few as 15
bundles to 35 or greater than 35. Each fiber bundle contains 10-40 individual fiber
cells that are pointed. The number of cells in the bundle depends on the position of
bundle in the stem, which means the largest number being found at the middle of
the stem. The size of ultimate fiber cells also varies according to their position in the
stem, which means the cells at the bottom of the stem being about three times as
thick and longer as those at the top of the stem.

The molecular structure of bast fibers is formed by chains of cellulose molecules
and an amorphous matrix of hemicellulose, lignin, pectin, and other substances in
a single fiber unit. Therefore, all bast fibers are cellulosic in nature [4, 5]. The large
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Figure 1.
Microscopic view (cross sectional and longitudinal) of bast fibers. Source: https://textilestudycenter.com/jute-
fibre-properties-and-end-uses/ [Accessed: 09-02-2019].
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S. no. Order Family Botanical name (genus and species)

1 Asterales Compositae Eupatorium cannabinum

2 Gentianales Apocynaceae Apocynum cannabinum, A. venetum, Chonemorpha
macrophylla

3 Asclepiadaceae Asclepias syriaca, A. fruticosa and A. incarnate
Calotropis gigantea

Cryptostegia grandiflora
Marsdenia tenacissima

4 Geraniales Euphorbiaceae Euphorbia gregaria and E. gummifera
Linaceae Linum angustifolium and L. usitatissimum
5 Laminales Labiatae Phlomis lychnitis
6 Loasales Datiscaceae Datisca cannabina
7 Malvales Malvaceae Abutilon angulatum, A. indicum, A. bedfordianum,

A. incanum, A. graveolens

Adansonia digitata

Hibiscus abelmoschus, H. cannabinus, and H. furcatus
Lavatera arborea and L. maritime
Malachva capitata and M. radiate
Pavonia velutina and P, schimperiana
Paritium elatus

Plagianthus betulinus and P. pulchellus
Pseudabutilon spicatum

Sida acuta and S. cordifolia
Sphaeralcea umbellata

Thespesia macrophylla and T populnea
Urena lobata and U. sinuate

Moraceae Artocarpus elastic
Broussonetia papyrifera
Cannabis sativa
Ficus benghalensis and F. nekbudu

Sterculiaceae Abroma augusta
Commersonia fraseri and C. echinata
Dombeya buettneri and D. cannabina
California fremontia
Helicteres isora and H. viscid
Sterculia acerifolia, S. diversifolia, S. lurida and S. villosa

Tiliaceae Cephalonema polyandrum
Corchorus acutangulus (syn. fuscus), C. aestuans,
C. capsularis, C. hirsutus, C. olitorius, and C. siliquosus
Grewia occidentalis and G. oppositifolia
Honckenya ficifolia
Sparmannia africana
Tilia americana, T. europaea and T. japonica
Triumfetta cordifolia, T. pentandra (syn neglecta),
T semitriloba, T. bavtramia and T. vhomboidea

Urticaceae Boehmeria cylindrical, B. nivea, and B. tenacissima
Debregeasia hypoleuca
Girardinia palmata
Laportea gigas
Maoutia puya
Pougolzia hypoleuca and P, viminea
Sarcochlamys pulcherrima
Touchardia latifolia
Urtica dioica, U. urens and U. pilulifera
Villebrunea integrifolia and V. rubescens
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S. no. Order Family Botanical name (genus and species)

8 Myrtales Onagraceae Epilobium angustifolium and E. hirsutum
Lecythidaceae Couratari tauari

9 Polygalales Polygalaceae Securidaca longipedunculata

10 Rosales Leguminosae Acacia leucophloea

Bauhinia vacemosa and B. vahli

Brachystegia spicaeformis and B. tamarindoides
Crotalaria juncea (syn. tenuifolia)

Cytisus scoparius

Pueraria thunbergiana and P. phaseoloides
Sesbania exaltata

Lonchocarpus seviceus

Spartium junceum

Vigna sinensis

Wisteria floribunda

11 Sapindales Anacardiaceae Rhus typhina

12 Thymelaeales Thymelaeaceae Aquilaria agallocha and A. malaccensis
Daphnopsis guacacoa and D. occidentalis
Dirca palustris
Lagetta lintearia

Sources: Mauersberger, Herbert R. Mathew’s Textile Fibers: Their Physical, Microscopic and Chemical Properties.
6th ed. New York: John Wiley & Sons, Inc. and Landon, Chapman and Hall Limited; 1954.

Table 1.
List of potential plant sources of bast fibers.

number of plants included in the bast fiber group, which represents in relation to
the number that are cultivated and processed on a commercial scale. This group is a
very rich potential supply in the field of textiles fibers (Table1).

3. Background information

The history of bast fibers is not clearly defined. But the several evidences indi-
cate that the bast fibers were used by prehistoric people. The ancient people started
their nomadic life by using plant materials for covering and protecting their body,
thatched leaf for shelter, and mats for household and other day to day activities. So,
the bast fibers were specially cultivated by people to fulfill their needs.

Fragments of linen fabric have been found in excavations at the prehistoric lake
regions of Switzerland, which date back to about 10,000 B.C. [6]. The actual sam-
ples of woven linen fabric have been recovered from Egyptian tombs dating from
4000 B.C. [7]. The early cultivation of kenaf fiber goes back to 4000 B.C. in West
Africa [8]. Ramie has been cultivated for hundreds of years in China, Taiwan and
to some extent in Egypt [6]. Hemp is the oldest fiber giving plant, which originated
in Southeast Asia and spread to China. The cultivation date of hemp reports back to
about 4500 B.C. In 3400 B.C., the skill of spinning and weaving of linen fabric was
also well developed in Egypt that indicates the flax was cultivated sometime before
that date. According to historical interest, the best known bast fibers include hemp,
flax, jute, and ramie and minor fibers are kenaf, urena, and nettle [7].

4. Physico-chemical properties of bast fibers

To evaluate the quality of natural fibers, the fiber length and fineness are two
important dimensions which are considered. The length of fiber must be several
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hundred times to the width, which enables fibers to be twisted together to form a
yarn or thread. The length of fiber can be infinitely long but it should not be shorter
than 6-12 mm (%-"2 inch) because it may not hold together for spinning. The
width of the fiber can vary between considerable limits. The natural fibers vary in
fineness from place to place on an individual fiber.

In addition, the fiber must be strong and flexible. Strength is needed to enable the
spinning and weaving processes and to provide strength in the final cloth. Flexibility
gives draping to a textile due to its unique characteristics. Many experts consider
a single fiber strength of 5.0 g/D to be necessary for a fiber suitable in most textile
applications, although certain fibers with strengths as low as 1.0 g/D have been
found suitable for few applications. The elasticity is an important because the indi-
vidual fibers in textiles are often subjected to sudden stresses, and the textile must be
able to give and recover without significant overall deformation of the textile.

The density of a fiber is related to its inherent chemical structure and the pack-
ing of the molecular chains within its structure. The density of a fiber will have a
noticeable effect on its esthetic appeal and its usefulness in given applications. Fiber
density may be used as an aid in fiber identification [9-12].

The cross-sectional shape is important in luster, bulk, body, texture, and hand
or feel of a fabric. The cross-sectional shape may be round, dog-bone, triangular,
lobal, bean-shaped, flat, or straw like. The natural fibers derive their shape from the
way by which the cellulose is built up during plant growth [13].

The estimation of chemical composition is needed for better understanding
regarding the nature of fiber and for making different value-added products. The
main constituent of the vegetable fiber cell is cellulose and represented by the gen-
eral formula C¢H;oOs. Apart from cellulose, vegetable fibers also contain significant
amounts of other chemicals such as hemicellulose, lignin, pectin, resin, mineral
matter, fats, and waxes [14, 15].

Traditionally, bast fibers were used for making carpets, hessian or burlap, sacks,
brooms, and wrapping purposes.

Now-a-days, representative of various industries and research institutes are
producing range of textile and non-textile products in different fields such as
automotive, packaging, horticulture, building, and construction. The bast fibers
are suitable in building and construction as a form of geo-textiles, fiber board
materials, insulation materials, reinforcement, filler, light-weight concrete, and
bricks. High quality thermoplastic and thermosetting composite materials such
as door panels, dashboards, seat backs, package trays, headliners and boot liners
are produced with the help of bast fibers in automotive. Automotive and aircrafts
industries have been actively developing different kinds of natural fibers, mainly
on hemp, flax, and sisal and bio-resin systems for their interior components. High
specific properties with lower prices of natural fiber composites are making it
attractive for various applications.

The bast fibers are also used to produce non-woven fibers that are applied in
various forms and products such as tissues and hygienic products, sorbents in dia-
pers and disposables, insulation mat, filling material in mattresses, and geo-textiles.
Biodegradable pots for plants, mulching materials, packing cloth for agriculture
products, ship towing ropes, tea bags, currency notes, thermal under wears,
stationeries, reusable containers, laboratory equipment, and loudspeakers are also
manufactured by bast fibers. Therefore, it may face a renaissance, not only for old
industrial products but also for the manufacturing of new type of products in the
various fields such as technical textiles, industrial products, paper, and building
materials [16-20].

Current annual requirement of jute, kenaf, and allied fibers distribute in various
sectors such as food grade jute bags, packing materials, family need jute bags, jute
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geo-textiles, and automobiles. It provides work for more than 12 million of farm-
ers, 1 million of industrial workers, and 0.6 million of jute artisans in more than 18
countries from Asia and Africa directly or indirectly.

The bast fibers have played a significant role for both consumer and manufac-
turer. Through dyes and finishes, the manufacturer can enhance the appeal and
functionality of bast fibers, which ultimately increases the demand and sale of their
end products. The bast fibers are also an important for consumers in term of wide
range of value-added natural products. Apart from this, bast fibers can improve
livelihood of the poor farmers who are involved in the cultivation of the plants,
extraction, and processing of the fibers, which play a very important part for their
economic life [21].

5. Advantages and drawbacks of bast fibers

The bast fibers have various properties such as comparable specific strength,
heat, electrical, and sound insulating properties, good moisture absorbency, air
permeability, comfort, low density, low energy requirement, lower pollutant
emission, wide availability, better reactivity, and biodegradability. All these proper-
ties of the bast fibers are strongly influenced with various factors such as chemical
composition, internal fiber structure, micro-fibril angle, and cell dimensions.
These factors differ from plant to plant as well as from different parts of a plant.
The properties of the bast fibers (cellulosic fibers) also depend on their type of
cellulose, because each type of cellulose has its own crystalline organization. Due to
their properties, the bast fibers cover a wide range of application from apparel and
household fabrics to industrial materials.

One of the most important properties of bast fibers is their eco-friendly nature.
Bast fibers are more environment-friendly in term of production and disposal of
their products. So, we can say that the bast fibers have been introduced as an emerg-
ing “green” economy.

Few drawbacks of bast fibers are also available such as high moisture absorption,
poor dimension stability, low thermal stability, low hygroscopicity, low surface
energy, and rough structure along with high impurities content in bast fibers.
Despite the drawbacks of bast fibers, they have been successfully used in certain
applications in the field of insulation, composite, and geotextiles. But these draw-
backs inhibit the growth of its applications [22].

However, to increase their applications and achieve better interface of bast
fibers, the appropriate environment friendly surface modification methods can be
utilize instead of physical and chemical methods for surface modification
[1,23-25].

6. Environment friendly methods for surface modification

Surface modification may be defined as the treatment to modify the surface of
materials using physical, chemical, and biological methods for improving their
properties [26].

By keeping the point in mind, world has also turned its attention to renewable
and sustainable resources or environmental sustainability. Therefore, environment
friendly methods for surface modification of bast fibers can be utilized. These
methods introduced as green surface methods indicate to environment friendly
processes, which are as follows:
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6.1 Plasma treatment

Plasma treatment is introduced as a novel dry technique that significantly
decreases toxic pollutant in the environment. This technique is suitable to modify
the chemical structure along with topography of the surface of the bast fibers.

Basically, plasma is a type of ionized gas consisting of electrons (0-10 eV),
ions (10-30 eV), photons, atoms, and molecules and is called as the fourth state of
matter. Free electrons, photons, and ion clouds begin to be formed, and some atoms
continue to remain neutral and the mixture of atoms, ions, and electrons form the
plasma. Two different types of plasma are available for industrial purposes:

i. Thermal plasma: formed direct or alternating current or radio-frequency
(RF) or microwave sources at high pressure.

ii. Cold or non-equilibrium plasma: specified by an electron temperature
higher than the ion temperature.

The basic function of plasma is to exploit surface of a material by using different
type gases. After treatment, reactive free radicals and groups are produced, surface
energy is increased or decreased and surface crosslinking are introduced [27-29].
There are two types of interactions which are present on the surface of fibers in the
case of plasma treatment.

i. Application of non-polymerizing gases such as helium, oxygen, air, and
nitrogen, which creates chain scission on the surface that results in surface
etching, cleaning, or activation.

ii. Application of polymerizing gases and precursors such as fluorocarbons,
hydrocarbons, and silicon containing monomers, which creates plasma-
induced polymerization or grafting.

6.1.1 Mechanism

In the mechanism of plasma treatment, energetic particles and photons generate
on the surface of fibers and interact strongly with other substrates by using free-
radicals, though various types of changes occur like changes in physical and chemi-
cal properties along with changes in the chemical structure of polymers. These
changes become due to cleaning, ablation or etching, cross-linking, and grafting
modification of surface chemical structure. All these processes, alone or in syner-
gistic combination, improve the functionality of fibers [27].

6.2 Treatment with bacteria

Bacterial cellulose (unlike from the plant cellulose) is natural renewable
polymer, synthesized from the bacteria in appropriate culture medium. Certain
bacteria which belong to the genera such as Acetobacter, Agrobacterium, Alcaligenes,
Pseudomonas, Rhizobium, or Sarcina are used for treatment of plant cellulosic
materials. And, the most efficient bacteria for production of bacterial cellulose are
Acetobacter xylinum. After treatment, the bacterial cellulose is endowed with unique
properties such as high crystallinity index, high tensile strength, good chemical
stability, and high water-holding capacity. Due to these properties, it is emerging as
a biomaterial that has superior structural aspect to the plant cellulose.
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6.2.1 Mechanism

In the optimum culture medium, the bacteria produces about 50-80 cellulose
microfibrils ranging from 3.0 to 3.5 mm thickness, which are free from lignin,
hemicellulose, and other substances [30].

6.3 Treatment with nanocellulose

Nanocellulose is defined as nanosized cellulose fibril that is a light solid sub-
stance obtained from plant resources. It is a pseudo-plastic in nature and also
available as a fluids or gels form in standard conditions. The cross dimensions of
nanocellulose are starting from 5 to 20 nm, and the longitudinal dimension ranges
from a few tens of nanometers to several microns.

The specific properties of nanocellulose are light weight, high strength, and
transparency. Hence, this nanocellulose is applicable in a wide variety of areas.
Nanocellulose is commonly produced from wood pulp of any plant sources by using
mechanical shearing methods such as pulverisette and cryo-crushing or combina-
tion of chemical and mechanical method.

6.3.1 Mechanism

Application of nanocellulosic is performed on the surface of bast fibers for
enhancing their properties [31, 32].

6.4 Fungal treatment

This treatment ultimately increases the interfacial adhesion between fiber and
matrix. Fungal treatment is done by the sterilization of bast fibers at 121.8°C for
15 min. Subsequently, the fibers treated with incubated culture of fungi for 2 weeks
at 27.8°C. And then, the fibers were washed and dried. The species of fungi used
were Phanerochaete sordida (D2B), Pycnoporus species (Pyc), and Schizophyllum
commune (S. com) of the basidiomycetes group, Ophiostoma floccosum (F13) of
the ascomycetes group, and Absidia (B101), a zygomycete. Fungal treatment gave
higher crystallinity index as compared to the untreated fibers. Fungi treatment
can provide low cost, highly efficient, and environmentally friendly alternatives to
surface treatment of bast fibers.

6.4.1 Mechanism

Fungal treatment causes the formation of holes (pits) on the surface of fibers,
which creates roughness on the surface of fibers by removing the lignin content and
increasing the solubility of hemicellulose content.

6.5 Enzymatic treatment

Bio-grafting through enzymes is a comparatively novel modification method
that includes grafting of organic molecules onto bast fibers. The purpose of
biografting is to enhance the performance of bast fibers by improving the proper-
ties such as strength and stiffness, hydrophobicity, assistance to moisture, and
microbial attack. Various enzymes such as laccases, lipases, and peroxidases are used
surface functionalization of bast fibers.
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6.5.1 Mechanism

The enzymes can oxidize in extensive range of natural polymers and gener-
ate reactive species such as phenoxy radicals, thereby increasing the reactivity of
polymers [2].

7. Analysis of bast fibers

The molecular and morphological structure of bast fibers (before and after
treatment) is analyzed by using the following:

1.SEM analysis: the SEM constitutes one of the oldest and most widely used
instruments for surface analysis. It provides a three-dimensional visual image,
and thus, the quantitative analysis is relatively straight forward [33].

2.FTIR analysis: it is another technique to examine the nature of molecular
chains, crystallinity as a form of high crystallinity index, and their correlations
with various bonds [34].

8. Future prospective

Lot of researches may be conducted at various levels such as production and
extraction of plasma, bacterial cellulose, nanocellulose, fungi, and enzymes from
natural resources, way of application on the surface of bast fibers and other related
fibers, and defining its end products.

Development of new bio-composite materials with added functional properties
such as in active and smart packaging system has created further scope for expan-
sion of materials technology. Much research is expected for such biodegradable
nano-composite materials to replace or reduce the use of the existing petro-based
products. Another new approach is GM modification toward higher productivity,
better quality, and higher application areas of natural bast fiber [35].

9. Conclusion

It can be concluded that these environment friendly methods are green
approaches for modifying the surface of bast fibers. Through these methods,
drawback of bast fibers can be improved and also the demand for application
of bast fiber at commercial level can be increased. So, we can say that it is green
concept-based approach toward sustainability of natural resources as a form of
surface modified bast fibers.
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