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1. INTRODUCTION

ABSTRACT

Textile and clothing sectors are now in pressing need of sustainable materi-
als to thwart the un-sustainability, which has originated from large scale
disposal of certain contemporary fiber based products. Biosynthetic de-
gradable polymers obtained from renewable materials have emerged to cater
the demand for sustainable textiles. Biological products, such as starch and
cellulose based polymers, have been in use for more than thousands of years
as food, home furnishings and for Apparel. However, with improved under-
standing of science, technology and processing of biological products have
experienced resurgence, with substantial industrial production. Continuous
development in the production technology had enhanced the properties of
natural polymers, such as heat resistant polylactic acid, enabling a wider
range of applications. The sustainable disposal of synthetic fibres has been
considered to be the principal driving force in stimulating the growth of bio-
degradable synthetic fibres. Polyhydroxyalkanoates, Poly-butayrate,
Poly-caprolactone, Polylactic acid, Polytrimethylene terephthalate, Soyabean
protein fibre, Casein and Chitin and Chitosan are some of the recently de-
veloped biopolymers promoting the sustainability. These biopolymers are
becoming increasingly accepted for their attractive properties and their po-
tential diverse applications. This article presents a critical review on existing
natural renewable resources for the production of sustainable biosynthetic

materials for textile application.

Keywords: Biosynthetic, Biodegradable Polymer, Sustainable Polymer,
Polylactic Acid, Polytrimethylene Terephthalate.

source for most textiles and apparel production having

In the 21st century the term “sustainability,” a catch-
phrase inseparable from manufactured products, is
being widely acknowledged by economists, environ-
mentalist (environmentalists) and legislators. Most

of the synthetic polymer based fibers, the primary re-
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been synthesized from the crude petroleum, have reg-
istered tremendous growth since the 1950s. It is clearly
evidenced by the Paris world environment safety
summit that these synthetic polymers have largely

contributed to environmental pollution. Large quanti-
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ties of non-biodegradable plastic waste, consisting of
turn-down sacks, carrier bags and wrapping, are being
buried in landfill across the world every year. The dis-
posal routes such as recycling and incineration are
possible for these materials, but mix- up of various
materials is posing problems to the domestic and in-
dustrial waste streams and separation is costly particu-
larly for small items. Increased greenhouse emissions
leading to global warming is an added problem. Now-
adays, the biodegradable and biosynthetic polymers
synthesized from natural annually renewable crops, are
emerging as a source of raw materials for various ap-
plications including textile and clothing.

A sustainable biosynthetic and biodegradable textile
product is defined as a material designed, produced,
transported, used and discarded with due thoughtful-
ness by taking into account the environmental, social
and economic implications. Nevertheless, with the
application of biotechnology in polymer engineering,
numerous efforts have been made to improve the bio-
degradability of existing PET. This is achieved by sub-
stituting weak link co-monomer such as ether, amide
or aliphatic monomers in the molecular chain which
promotes the biodegradation through hydrolysis. Bio-
synthetic polymers are engineered to degrade when
disposed of in nature by the action of living or
non-living microorganisms converting them into bio-
mass. However, the synthesis and continuous produc-
tion of these biosynthetic sustainable polymers from
the annually renewable resources is one of the toughest
challenges for the polymer industry. In the past decade
an unexpected growth has been seen in the improve-
ment of technology, processes and products derived
from naturally renewable polymer resources such as;
starch, cellulose and lactic acid. Poly-lactideor Poly
(lactic acid) PLA, Polytrimethylene terephthalate
(PTT) and Polyamide 11 (PA1l), Soyabean protein
fibre (SPF), Milk (Casein) and seafood (Chitin and
Chitosan); the emerging biopolymers are being in-

creasingly accepted due to their eco-friendly properties
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and potential for diversified applications with negligi-
ble or no ecological impact. Renewable biopolymers
have a significant contribution towards the develop-
ment of a wider range of disposal materials with negli-
gible impact on the environment. The market potential
for these environmentally friendly, biodegradable
polymers are growing at a rate of 10-20 % annually
[2]. For Biosynthetic polymers, the main constituents
of production are obtained from renewable resources
and are also synthesized from fossil resources [3]. The
prospect of biodegradable polymers has been
acknowledged for a long time as an ultimate resource
to overcome the drawback of petrochemical resources.
However, biodegradable polymers have not found ex-
tensive applications in industries to principally replace
synthetic crude petroleum based plastic materials; rea-
sons being high production costs and under-performing
properties. This overview on biosynthetic and sustain-
able polymers briefly goes over the progress, technical,
social challenges and ecological merits of biodegrada-
ble polymers and covers all natural polymers which are
either in developing stage and or already at marketed
stage.

2. HISTORY OF BIOSYTHETIC

DEGRADABLE POLIMER
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Fig.1 Trend in biopolymer development [4]

Human race is using biodegradable polymer since time
immemorial. The best known example is the natural
gum derived from plants used to join two wooden

pieces and later to provide hydrophobic properties to
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the boat making materials. Natural rubber a biode-
gradable polymer is known to the mankind since 1495.
Figure 1 illustrates the stages of development in bio-
degradable polymer starting from natural polymer.

2.1 Biosynthetic Degradable Polymers

Biosynthetic polymers are those synthesized from bio-
degradable annually renewable resources. These are
also sometimes referred to as agro polymers such as
starch, chitin, protein, biodegradable polyesters such as
poly-hydroxyalkanoates, polylactic acid, and polypep-
tides etc. The concept of renewable biosynthetic poly-
mer cannot be explained without understanding the
complete carbon cycle. The carbon cycle is a complex
process by which carbon is exchanged between the
four main reservoirs of carbon on the planet i.e., the
lithosphere (e.g., limestone), the biosphere (plant and
animal), the hydrosphere (e.g. bicarbonate dissolved in
the oceans), and the atmosphere (CO2). According to
the definition of ASTM D-5488-94d and European
norm EN-13432,biodegradable resource is defined as
capable of being breaking down into carbon dioxide,
methane, water, inorganic compounds, and biomass

under the action of microorganisms [3],[5]. Degra-

dation of a degradable polymer is measured in terms of
duration of application or in relation to human lifetime
rather than on absolute time frame. A distinction be-
tween degradable and non-degradable polymer can be
made by defining a Deborah number which is dimen-
sionless (D). Deborah number is defined by the equa-
tion 2.1

__ Time of degradation

D=

Human life time

For biodegradable polymers D = (D—0) and for
non-biodegradable polymers D = (D—x). The bio-
degradability of the resource can be assessed by sub-
jecting the material to different media such as liquid,
inert, or compost medium [6]. The Figure2 succinctly
illustrates the process of natural recycling of the bio-
degradable polymer originated from natural renewable

resource.

18

The mechanism is the enzymatic action of microor-
ganisms can be measured by conducting standard tests
over a specific period of time. Biodegradation of pol-
ymeric materials is looked upon form the chemical

perspective.

Plants as factories
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Energy (electricity)
{ CO,, Hy0,
r'd Onygen _ biomass,
u— Water A humic matter
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* (carbon sources)
Isolate and puri ( \V ,
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and/or modification processing (films, trays, etc.)

Fig. 2 Process of natural recycling biodegrdable
polymers [7]
The key degradation process is represented by equa-
tions 2.2 & 2.3 as shown below.

Aerobic degradation — CPolymer + 02 = CO2 + H20
+ CResidue + CBiomass ------- 2.2
Anaerobic degradation — CPolymer — CO2 +CH4 +
H20 + CResidue + CBiomass -------- 2.3

2.2 Mechanisms of Polymer Degradation

Polymer biodegradation is known as degradation
caused by biological and non-biological activity. Dif-
ferent mechanisms of hydrolysis are usually present in
most environments. In enzymatic degradation material
is degraded gradually from the surface of the substrate
to inwards and in contrast, chemical hydrolysis of a
solid material can take place throughout its
cross-section, except for very hydrophobic polymers.
Biological degradation takes place through the actions
of enzymes or by products (such as acids and perox-
ides) secreted by microorganisms (bacteria, yeasts,
fungi). Also, microorganisms can eat, and sometimes

digest polymers, and cause mechanical, chemical and
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enzymatic ageing. Two steps occur in the microbial
polymer degradation process, first, a de-polymerization
or chain cleavage step, and second, mineralization.
De-polymerization normally occurs outside the organ-
ism due to the size of the polymer chain and the insol-
uble nature of many polymers. Extracellular enzymes
are responsible for either endothermic or exothermic
process which initiates the biodegradation. During the
degradation process the cell usually derives metabolic
energy from the mineralization process and release by
products such as gases, water, salts, minerals and bio-
mass. Biodegradation process can occur, depending on
the polymer, the organisms and the environment. At a
particular stage in the degradation process, involve-
ment of enzymes is unavoidable. Enzymes are either
living or non-living biological catalysts that can induce
substantial increases in reaction rates in an environ-
ment that is otherwise un-favourable for chemical re-
actions. The enzyme activity is closely related to the
conformational structure, which creates certain regions
at the surface forming an active site. At the active site
the interaction between enzyme and substrate takes
place, leading to the chemical reaction, eventually
giving a particular product. For optimal activity most
enzymes must associate with cofactors, which can be

of inorganic or organic origin.

2.3Classification of Biodegradable Polymers

Biodegradable polymers are categorized into three

main categories [8-10] :

1) Natural polysaccharides and biopolymers (e.g.
cellulose, alginates, wool, silk, chitin, soya bean
protein)

2) From Biotechnology, Synthetic polymers, partic-
ularly aliphatic polyesters [e.g. poly (lactic acid),
Poly (e-caprolactone).

3) Polyesters produced by microorganisms (e.g. pol-
yhydroxyalkanoates)

Figure 3, illustrates the basic division that becomes the

starting raw material for the production of biodegrada-

ble polymers.
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The agro based biodegradable polymers are divided
into two main categories namely: Polysaccharides and

—
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Fig 3: Basic root of the biodegradable polymers [8]

2.3.1 Polysaccharides

Polysaccharides are the most abundantly available
macromolecules in the biosphere. These complex car-
bohydrates constituted of glycosidic bonds are often
one of the main structural elements of plants and ani-
mals exo-skeleton (cellulose, carrageen and chitin).
Polysaccharides can be further divided into three types
namely  Starches, Ligno-cellulose and  Pet-
in’s/Chitosan/Chitin/gums.

2.3.2 Starches

Starch is a well-known low cost polysaccharide abun-
dantly available hydrocolloid biopolymer [11]. Starch
is produced by plants in the form of granules, which
are hydrophilic. The common sources of starch include
potatoes, corn, wheat and rice. It is composed of am-
ylose (poly-a-1,4-D-glucopyranoside), a linear and
crystalline polymer and amylopectin (poly-o-1,4-D
glucopyranoside and a-1,6-D-glucopyranoside), a
branched chain amorphous polymer. Depending on the
resource starch is composed of different proportions of
amylose and amylopectin ranging from about 10-20%
amylose and 80-90% amylopectin [12]-]14]. Figure 4
illustrates the amylose chains, a single or double heli-
cal conformation with a rotation on the (1—4) linkage

[15]. The amylopectin has the same monomeric unit as

amylose as indicated in Figure 5.
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Thermoplastic starch or plasticized starch offers an
attractive alternative for synthetic polymers in specific
applications such as natural fiber reinforced compo-

sites.

CHz0H

OH OH

Fig. 5 Structure of amylopectin molecule

In the recent years considerable research has been fo-
cused on developing a new class of biodegradable or
green composites referred as bio-composites consists
of a biodegradable polymer combined with natural
fibres as reinforcements [16].

2.3.3 Cellulose and Cellulose Acetates

Cellulose is another widely known polysaccharide
produced by plants composed of long linear macromo-
lecular chains of one repeating unit, known as cellobi-
ose usually crystalline, infusible and insoluble in all
organic solvents [17]. Biodegradation of cellulose
proceeds by enzymatic oxidation, with peroxides se-
creted by fungi. Figure 6 shows the molecular structure
of cellulose. Because of its insolubility and infusibility,
cellulose should be transformed to be process-able.
Ethers, esters and acetyls, the derivatives of cellulose
are produced by reaction of one or more of the hy-

droxyl groups present in the repeating unit. Tenite®,
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Bioceta®, Fasal® and Nature-flex®; are some of the
well known trade names of cellulose based polymers.
Cellulose esters are modified polysaccharides. Large
degree of substitutions can be made; however, the me-
chanical properties are inversely proportional to the

degree of substitution.

CH20H CH20H ol
H H
H 4
OH H é OH H o
H OH H OH i

Fig. 6 Molecular structure of cellulose

Cellulose acetate (CA) is one of the most important
cellulose derivatives. Research studies carried out in
computer-generated compost environments revealed
that cellulose acetates with degrees of substitution up
to 2.5 are said to be biodegradable [18]. A decrease in
the degree of substitution of cellulose acetate from 2.5
to 1.7 results in a large increase in the rate of their bi-
odegradation. A fully biodegradable cellulose acetate
has been developed by “Eastman Chemical” [19], [20].

2.3.4 Chitin and Chitosan

CHa0H o
H i
H i
OH H
H
H NHCOCHy B NHcooHs'

Fig. 7 Chemical structure of chitin

Chitin is the second most important biopolymer largely
found in marine objects such as shells of crabs, shrimp,
crawfish and insects.

It is a linear copolymer of N-acetyl glucosamine and
N-glucosamine with $-1,4 linkages randomly or block
distributed throughout the biopolymer chain depending
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on the processing method used to obtain the biopoly-
mer as indicated in Figure 7.

Development in fermentation techniques suggest that
the cultivation of fungi can provide an alternative
source of chitin [21]. Chitin is processed to chitosan by
partial alkaline N-de-acetylation in which glucosamine
units are predominant. The ratio of glucosamine to
acetyl glucosamine is reported as the degree of
deacetylation ranging from 30% to 100% depending on
the preparation method; however, it affects the crystal-
linity, surface energy and degradation rate of chitosan
[22]. Chitosan is insoluble in water and alkaline media
due to its rigid and compact crystalline structure and
strong intra- and intermolecular hydrogen bonding.

Figure 8 shows the molecular structure of Chitosan.

"H)OH

NH)

Fig. 8 Chemical structure of chitosan

Chitosan is soluble only in a few dilute acid solutions
hence, for spinning of biodegradable films it is essen-
tially dissolved in acidic solutions [23]. Enzymes such
as chitosanase or lysozymes are known to degrade
chitosan. Customizedchitosan have been prepared as
N-carboxymethylchitosan or N-carboxyethylchitosan
for its use in cosmetics and in wound treatment [24].
Chemical modifications of both polymers are of spe-
cial interest, due to their retention of polymer basic
molecular structure and their physical and biochemical
properties; thus, numerous derivatives have been de-
veloped in the past decade [25]-[27].

2.3.5 Proteins

The term “‘protein”’ comes from the Greek, proteios,
for “‘primary, first and foremost’’. Proteins are ther-
moplastic hetero-polymers. They are constituted by

both polar and non-polar a-amino acids. Amino acids
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are able to form a lot of intermolecular linkages re-
sulting in different interactions as indicated in Figure
9. These offer a wide possibility of chemical function-

alities and functional properties [28].

Fig. 9 Chemical structures of primary protein
and interaction between the amino acids
indicated by red arrow

In terms of potential resources, soya protein, corn pro-
tein and wheat proteins are among the main plant pro-
teins however, the Casein, collagen protein or gelatine,
and keratin proteins obtained from animals. The bacte-
rial proteins include; Lactate dehydrogenase, chymo-
trypsin, and fumarase etc. The majority of the proteins
are neither soluble nor fusible, especially fibrous pro-
teins as silk, wool and collagen [29]. A definite num-
ber of protein have received much attention by the re-
search community as biodegradable polymers but a
few have led to actual industrial scale-up due to their
high cost of production and low product performance.
Generally, proteins consist of linear polymers chains
built from a series of up to 20 different amino acids
and are folded into 3D structure [30]. The pro-
cess-ability, flexibility, and extensibility of proteins
films are improved by mixing them with plasticizers
[31], [32]. Proteins usually biodegrade naturally in the
presence of enzymes, as protease, and is an amine hy-
drolysis reaction and the biodegradation rate can be
controlled by grafting [17].

2.3.6 Collagen
Collagen is a primary protein mainly extracted from

animal’s tissues. There are in total thirty different types
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of collagen protein that have been identified in nature.
Collagen is a complex biological molecule consisting

of different polypeptide,

D“}C’DH
| H2
H—C—-C.H
C—0H
HN\ /
C
H;
0. .OH
¢ H
H—(:Z—Ci Hydraxyproline
CH
HN !
\C Froline
H;
Glycine
O. .
T
H—C—H
MH,

Fig.10 Molecular structur_e of Collagan and its main
constituents

mainly the glycine, proline, hydroxyproline and lysine
as building blocks as indicated in Figure 10.
Glycine is the main component of collagen molecular
chain which makes it elastic; however, the elastic be-
haviour of the molecular chain can be manipulated by
regulating the amount of glycine [33]. The Collagen is
enzymatically degradable and possesses unique bio-
logical properties and has been extensively studied
looking in at its potential application in the field [34].
The biodegradation of proteins is achieved by en-
zymes, as protease, and is an amine hydrolysis reac-
tion.
De-polymerisation or degradation of collagen results in
a high molecular weight polypeptide termed as gelatin,
a kind of protein that consists of 19 amino acids [78].
The molecular structure of gelatin is shown in Figure
11.
It is usually water soluble and possesses good film
forming properties. The mechanical and physical
properties of these films depend on the properties and

characteristics of the gelatine, especially the amino

22

acid composition and the molecular weight distribu-

tion.

i

Fig. 11 Molecular structure of Gelatin

2.3.7 Micro-organisms Based Degradable Polymers
Polyesters are obtained by polymerisation of natural
monomer units prepared by fermentation process or
produced by a range of microorganisms, cultured un-
der a diverse range of renewable resources and eco-
logical settings [35]. Fermentation of naturally occur-
ring sugars produces different monomers which are
transformed into polymers [36],[37]. In the early
1970’s it was already known that poly(e-caprolactone)
degrades when disposed to bioactive environments
such as soil [38]-[40]. Crude petroleum based synthetic
polyester are hydrophobic in nature and usually
melt-spun into a wide variety of products such as
sheets, bottles and shaped articles which are resulting
inte landfills are—targeted for replacement by biode-
gradable polymers. There are many types of biode-
gradable polyester available in the market and some of
them are in of developing stage. The most important
biodegradable are Polyhydroxy-alkanoates, Polylac-
tic-acid (PLA) Polybutylene-succinate (PBS), Poly-
caprolactone (PCL), Polytrimethylene (PTT) and Pol-
yamide-11 (PA-11), are briefly discussed.
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2.3.8 Polyhydroxy-alkanoates (PHA) Polyester

Polyhydroxyalkanoates are inevitably a key biopoly-
mer belonging to the family of intracellular biopoly-
mers from renewable resources i.e. microbes [41-44].
PHAs can also be produced by plants or transgenic
plants [45, 46]. A number of bacteria can accumulate
PHAs as intracellular reserve materials. Some organ-
isms accumulate PHA from 30% to 80% of their cel-
lular dry weight, in the presence of an abundant source
of carbon and under limited nitrogen [47]. The main
biopolymer of the PHA family is the poly hy-
droxy-butyrate homo polymer (PHB). In recent years,
there has been growing interest in the use of PHB and
PHB co-polymers in the biodegradable plastics indus-
try. The eco-friendly and non-toxic effect of PHBs
makes them a strong possibility for many medical ap-
plications, including drug release, bone regeneration,
and nerve guidance etc; [48]. There are other polyhy-
droxybutyrate-cohydroxyalkanoatescopolyesters —exist
such as polyhydroxybutyrate-co-hydroxyvalerate, pol-
(PHBHYX),
polyhydroxybutyrate-cohydroxyoctanoate(PHBO), and

yhydroxybutyrate-co-hydroxyhexanoate)

polyhydroxybutyrate-co-hydroxyoctadecanoate

(PHBOd). Figure 12 shows the generic formula for the
PHAs where x >= 1 or higher, andR can be either hy-
drogen or hydrocarbon chains of up to around C16 in

length.

R

1
£ e - o
n

H

Fig.12 Generic chemical structure of
Polyhydroxyalkanoates

ICI Zeneca commercialized PHAs produced by micro-
bial fermentation in the late 1980s, under the trade
name Biopol. Initially Biopol was used the polymer to
make shampoo bottles. The physical properties and
environmental acceptability of PHAs can be regulated
by blending them with synthetic or natural polymers.
The PHAs extensively synthesize by microbes
matched by a corresponding abundance of microbes
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that produce PHA-degrading enzymes and have plastic
- like properties; however, their ecological acceptance
makes them an attractive material to replace
non-degradable polyethylene and polypropylene. The
major drawback for broad applications of these poly-

mers is their high production cost [49].

Cell Precipitation
Drying
Press filtration

s

PHA Precipitation

Centrifugation
Ultrafiltratia

“entrifugation

QI PHA Air Dried

FHA I PHA spread
Exfraction

g dried
Packaging %% w =

Fig. 13 General production and extraction
process of PHA

Powdering

However, numerous efforts have been made to reduce
the production cost by exploring new cheap raw mate-
rials [50], [51]. Recent research indicates that the co-
polymer in Escherichia coli, has significant potential to
reduce production cost and simplify refining process.
Boston-based Meta-bolix has been well-known for
established commercial production of PHA. Figure 13
illustrates the schematic of the production and extrac-
tion process followed, which has received many
awards from various organizations for its environmen-
tal protection efforts [77].

2.3.9 Polylactic Acid (PLA)

PLA is a linear chain of recyclable thermoplastic ali-
phatic polyester derived from renewable agriculture
resources such as; corn, sugarcane and beetroot etc
[52]. The discovery of PLA dates back to the 1920s by
Wallace Carothers. Polylactic acid is derived from a
monomer of lactic acid and technically defined by,

Federal Trade Commission [53]. PLA fibres are con-
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sidered as a totally novel class of synthetic fibres pro-
duced from renewable crops and are melt-spinnable
[54]-[57]. Early versions of fibers derived from PLA
suffered from low temperature melting points. Howev-
er, more heat resistant variants have been developed.
Biofront, a polymer based on PLA is intended for use
in clothing applications. Its high melting point of
210°C is better than conventional PLA fibers, which
melt at 170°C. Teijin currently operate a pilot plant
with an annual production capacity of 200 tonnes, and
recently acquired Toyota‘s demonstration plant with
1000 tonnes capacity. Nature Work’s LLC, another
producer of PLA, with a trade name of Ingeo have an
annual production capacity of 140,000 tonnes [58].
There are three basic production routes i.e.; Direct
condensation polymerization forms low molecular
weight PLA. Theophile Jules Pelouze was the first
person to  synthesize  Polylactic acid by
poly-condensation of lactic acid in 1845 [59]. Two
steps polymerization i.e. Ring opening polymerisation
(ROP), which results in higher molecular weight, but is

still  limited by the equilibrium reaction of
poly-condensation due to hydrolysis of ester bonds
[60].

Azeotropic Polycondensation and Solid state polymer-
ization are two main and efficient synthesis methods
identified in the recent years. An Azeotropic distilla-
tion using a high boiling solvent to derive the removal
of water in the direct esterification process to obtain
high molecular weight PLA was patented by Mitsui
Toatsu Chemicals. Nature Works LLC, has developed
a cost effective continuous process for production of
lactic acid based polymers combining the substantial
ecological and economic benefits of synthesizing both
lactide and PLA in the melt rather than in solution and
provides a commercially viable compostable commod-
ity polymer [61], as indicated in Figure 14 below. The
properties of PLA, as a textile fiber, resemble to com-
monly available thermoplastic fibres, in terms of

crimp, surface characteristics, and low hydrophilicity.
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Fig. 14 Non-solvent process for PLA
production ( Nature works LLC)

Fabrics produced from PLA provide a silky feel, dura-
bility, and moisture-management properties and are
expected to provide an alternative to materials derived
from petroleum on bhoth cost and performance basis
including its functional and technical aspects.It has the
potential to provide the textile industry with a novel
product option, viz. an eco-friendly synthetic polymer,
which can be used in a range of apparel and
non-apparel fabric applications [62]-[65]. Many of its
properties are comparable to those of polyethylene
terephthalate (PET) fibre for example, its dimensional
stability and crease resistance [62], [64], [65]. Howev-
er, because it possesses superior moisture management
properties, fabrics containing PLA are being consid-
ered for use in medical, sportswear or active wear,
technical textiles, nonwovens, apparel fashion and
home furnishings and other outerwear outfits.

2.3.10 Polycaprolactone (PCL) and

Polyakyene — Succinates (PAS)

PCL is thermoplastic biodegradable polyester synthe-
sized by chemical conversion of crude oil, followed by
ring-opening polymerization resulting in to a partially
crystalline material having a Tm of 59-64 °C and a T,
of -60 °C [48], [66]. The polymer is regarded as tissue

compatible and was originally used in the medical field
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as a biodegradable suture. Because the homo-polymer
has a degradation time of the order of two years, co-
polymers have been synthesized to accelerate the rate
of bio-absorption. The most important properties of
PCL include excellent water, oil, solvent, and chlorine
resistance, a low melting point, low viscosity, and is
easily process-able thermally hence can be used for
variety of applications. Blending of PCL with fiber
forming polymers such as cellulose, has facilitated the
production of hydro-entangled nonwovens, scrub-suits,
incontinence products, and bandage holders[67]. The
molecular weight and degree of crystallinity decides
the hydrolysis rate and biodegradation of PCL. PCL is
predominantly used as a component in polyester/starch
blends such as Mater-Bi as produced by Novamont.
Caprolactone limits moisture sensitivity, boosts melt
strength, and helps plasticize the starch. In contrast to
PCL, PLA from lactide, and PHAs, a series of biosyn-
thetic polyesters have been primarily developed by
using the traditional polycondensation techniques[7].
2.3.11 Polyglycolide (PGA)

Polyglycolide (PGA), biosynthetic aliphatic polyes-
ter highly crystalline was first 100% absorbable suture,
marketed as Dexon in the 1960s by Davis and
Geckinc., originally located in Brooklyn, NY. Gly-
monomer  is from the

colide synthesized

de-polymerisation  of glycolic acid however
Ring-opening polymerisation yields high molecu-
lar-weight materials, with approximately 1-3% residual
monomer present. Due its high degree of crystallisa-
tion45-55%,high melting point (220-225 °C) and a
glass transition temperature of 35-40 °C, makes it not
soluble in most organic solvents; the exceptions are
highly fluorinated organics such as
PGA fibers exhibit high

strength and modulus and are too stiff to be used as

hexa-fluoro-isopropanol.

sutures except in the form of braided material however,
accompanied with several advantages such as loss of
about 50% of their strength after two weeks and 100%

at four weeks, and are completely absorbed in 4 to 6
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months.  Polyglycolide  polymer  has  been
co-polymerised with other monomers to reduce the
stiffness of the resulting fibers. Polytrimethylene ter-
first

in1941.However until 1949 it was not produced com-

ephthalate  was synthesized and patented
mercially due to one of its the expensive precursor,
1,3-propanediol (PDO) in 1960’s and ethylene oxide
hydro-formulation was developed as an alternative
[68]. In the early 1990s, hydro-formulation catalysts
were created to allow for the economic formulation of
PDO through continuous EO hydro-formulation[68,
69]. It has recently received much attention as an
emerging fibre under the brand name “Sorona” by
DuPont. PTT is synthesized from the condensation
polymerisation of petrochemical-derived terephthalic
acid and 1,3-propanediol, which in the case of Sorona
is derived from sugar. Sorona fibres are claimed to
possess good stain resistant properties, have a soft
handle, with high strength and stiffness characteristics
[70]. PTT is commercially produced by Shell Chemi-
cals and marketed under the trade name “Corterra” has
many characteristics that makes it suitable for a variety
of applications due to superior elastic recovery, good
colour fastness, uniform dye uptake, stain resistance
and low static-charge generation. These developments
PTT to
against PBT and PET, two polyesters that have been

may allow effectively ~ compete
far more successful than PTT to date. PTT is dye-able
without a carrier at boiling temperatures under atmos-
pheric conditions due to its open molecular structure,
providing colour fastness comparable to nylon with
select dyes [71]. PTT allows for additional tonal
shades with pressure dyeing giving designers more
choices for textile colours [72]. Dispersed dyes work
best on PTT fibers, yielding a uniform colour with

good fastness [69], [73].

3. CONCLUSION

This paper presents a critical review on various re-

cently developed biosynthetic fibers and their poten-
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tial. Development of sustainable biosynthetic polymers
has been considered in the wider perspective of the
green industrial revolution to reduce emission of the
greenhouse gases to the environment due to its volume
[74]. Recent developments in the genetic engineering
of metabolic pathways have significantly enhanced the
conversion of renewable feed-stocks to biodegradable
polymer building blocks such as lactic acid [75].
Cloning and expression of genes in plants open up
several possibilities for using photosynthesis to direct-
ly synthesize polymers in plants and can led to
cost-effective biological routes to produce monomers
and polymers however, a broad range of synthetic bi-
odegradable resins based on aliphatic and aromatic
co-polyesters have been commercialized globally[76].
In contrast to, contemporary polymers, bio derived
polyesters break down rapidly in to CO; and water in
appropriate conditions where they are exposed to the
combined attack of water and microbes and meet
composting standards laid down by US, European, and
Japanese, typically breaking down in twelve weeks
under aerobic conditions. The PHA-based biodegrada-
ble polymers market is still very much at the develop-
mental stage with few commercial applications. In
2005, market tonnage was estimated at no more than
around 250-300 tonnes worldwide [48]. Assuming that
producers are successful in bringing down PHA pro-
duction costs and prices, and in developing niche ap-
plications, market tonnage could be around 4,500
tonnes by 2020. PBA Nodax has superior biocompati-
bility compared to other bio-resorbable polymers,
which makes the material suitable for some medical
applications such as drug release, bone regeneration,
and nerve guidance. Nodax can be blended with other
biodegradable polymers such as polylactic acid and
thermoplastic starch for improved processing perfor-
mance. Biosynthetic polyesters like polycaprolactone
or polybutyleneadipate are eco-friendly, but their
melting points of 60°C, are not suitable for many tex-

tile applications. Polycaprolactone market valuation is
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anticipated to increase at a CAGR of 10% over the
forecast period of 2021 to 2031 and reach a valuation
of US$ 545Mn by 2031 [78]. Polylactic acid is polyes-
ter made from the polymerisation of lactic acid; re-
newable resources such as corn starch and sugarcane
are fermented by bacteria to produce the lactic acid.
The PLA polymer is processed into fibre using con-
ventional melt spinning processes. Polylactic acid is
still in development as a textile fibre, particularly more
heat-resistant variants.

Polylactic based fibres exhibit improved water ab-
sorbance and moisture transmittance properties, in
comparison to polypropylene, nylon, and polyester,
allowing for improved breathability of garments such
as shirts, dresses and underwear. Further work is re-
quired to demonstrate the viability of using PLA fibres
in textile applications due to initial problems with low
melting temperature of current materials.PLA is the
most widely used biodegradable polymer in the Asia
Pacific region accounting for nearly 40% of total con-
sumption as in 2005 and estimated to grow by the
volume approx. 3.6 billion kg/year. The global PLA
market size was USD 698,200.9 thousand in 2020 and
is projected to reach USD 2,306,708.2 thousand by
2028, exhibiting a CAGR of 16.3% during the forecast
period [79]. If these polymers displace an equivalent
amount of fossil fuel based contemporary fibres, then
192 trillion of fossil derived fuel will be saved per
year, resulting in a reduction in the emission of CO2
by 10 million tons [48, 66]. Polytrimethylene tereph-
thalate is a synthetic fibre produced from a partially
renewable feedstock having similar properties to poly-
ester but not fully biodegradable. Sugar cane is the
main starting material for production of dextrose,
which is then fermented and purified to produce 1,3
propanediol and is then melted with purified tereph-
thalic acid (PTA) as in polyester production to form
PTT. DuPont’s “Sorona” fibres are claimed to possess
good stain resistant properties, have a soft handle, with

high strength and stiffness characteristics. Synthetic
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biodegradable polymers are expected to show the fast-

est growth rate in the coming years due to extensive

focus on environment friendly materials.
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