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Abstract

This chapter investigates the main features of biodegradable polymer including,
applications of polymers, the problems of synthetic polymers, why biodegradable
polymers, biodegradable polymers, copolymers. Also, the chapter gives an exam-
ple of biodegradable polymers which is aliphatic polyesters include: polylactide
(PLA), polycaprolactone (PCL) and polyvalerolactone (PVL). Moreover, different
approaches used to synthesis polymers are presented. Depending on the manner
of prepare of the polymer there are different mechanisms are discussed in this
chapter.
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6.1 Introduction

During the past years, several topics of the search-strategic have been
appeared, one of them the combination between techniques of green
chemistry and nanotechnology applications. The nanomaterials are
costly systems based on hazardous heavy metal such as CdS particles and
Ru-compounds [1].

The green chemistry and their principles with metrics of environmen-
tal efficiencies are consider as a main approach to achieve the sustain-
able development that depends on three main categories: environmental,
society, and economy. The principles of green chemistry are included:
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prevention, atom economy, less hazardous chemical synthesis, designing
safer chemicals, safer solvents and auxiliaries, design for energy efficiency,
use of renewable feedstocks, reduce derivatives, catalysis, design for deg-
radation, real-time analysis for pollution prevention, and inherently safer
chemistry for accident prevention [2, 3].

There is a good possibility of using alternative natural molecular dyes
in the field of water purification. The natural dye of anthocyanin used as
safe sensitizer for nanoparticles of titanium dioxide in photo-degradation
process of organic pollutants in water.

The new catalyst TiO,/anthocyanin showed effectively catalyzed the
photo-degradation under solar radiation than the earlier systems previ-
ously used, while avoiding their hazardous nature as well as the possibility
of enhancing their efficiency and ease to recovery from catalytic reaction
by supported onto activated carbon particles, but the process need to reac-
tivate the recovered catalyst by re-treated with fresh dye of anthocyanin
due to their degradation [4].

However, some of science policy reports have mentioned that there is
great opportunity and benefit by providing green nano processes by pro-
ducing nanomaterials and products without pollutants harming the envi-
ronment or human health at stages of managing, design, manufacturing,
and application. Thus, the nanotechnology can help alleviate issues of the
safe sustainable development such as environmental, human health, and
safety risks and support for a sustainable environment in related with
terms of energy, water, food production, raw materials, climate change,
etc. 5, 6].

When the green chemistry principles are applied to nanoscience the
result surely would be practicing green nanoscience that depends over
each principle and methods of designing nanomaterials.

Nowadays, scientists have focused on creating a sustainable green tech-
nologies used in the manufacture of nanomaterials, as in: Nanocatalysis,
Self-Assembly, used of solid state-solventless process, Non-toxic starting
materials, Renewable starting materials, Safe photochemical synthesis,
Aqueous processing, Bio-inspired nanoscale synthesis, Improved synthe-
sis-fewer steps, Microwave techniques, Renewable in nanocomposites,
Non-toxic starting materials, etc.[7].

It has become a trend specialist scientists to prepare biopolymers from
natural sources, as in the corn plant and the roots of sugar beet where the
starch is extracted from these plants and then prepare developed materi-
als as a green nanocatalysts have a direct interest in reducing the reaction
time and temperature in a safe reactors compared to common commercial
processes [8].
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Figure 6.1 Applications of polymers.

6.2 Applications of Polymers

In spite of the huge progresses in science and technology over the last
few decades, humanity is facing gradually complicated challenges in life.
Most the needs of current society, for example, energy, and materials are
extremely reliant on diminishing resources. The progress technology has
assisted humanity to consume the main world’s resources. Polymer is an
example of essential material based on depleting resources [9].

Polymers are used in every part of modern life due to their applications
in all aspects of human life, for example, as packaging material, agriculture,
electric and other every day purposes (Figure 6.1) [10].

Subsequently, the word plastic production increase rapidly, Figure 6.2
shows that the production of plastics during the period 2004 until 2014
and this will continue to increase in future because of the spread of human
population [11].

6.3 The Problems of Synthetic Polymers

The majority of polymers are based on petrochemical resources such as
polyethylene and polypropylene (Figure 6.3) [12]. Such materials brought
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g
|

BLDPE.LLDPE
mHDPE

mPP
mPVC
mPS.EPS

®PET
wPUR
m Others

Figure 6.3 Poly (olefin)s polymers used in the worldwide.

two issues (i) they pile up in the environment because their resistance
toward bacterial degradation[13], For example, (100-400) years required
time to degrade plastic bags in landfill sites as compare with degradable
bags can take much less time [14] (ii) they are derived from diminished
resources. In addition to petroleum price fluctuation can effect on produc-
tion of plastic; bearing these facts in our mind we find that the only way to
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maintain producing plastic, by developing new approaches to synthesize
polymers derived, natural, biodegradable and renewable resources.

6.4 Why Biodegradable Polymers

At present, the challenge is to be able to produce sustainable and biode-
gradable resources because of environmental issues, increasing human
population and human modern lifestyle. Produce biodegradable polymers
are investigated by a numerical study due to their biodegradability, bio-
compatibility and they derived from renewable resources, moreover, there
is an expectation oil will finish in the future. In addition to the usage of
petroleum resources is also causal to the rise of emission of carbon dioxide
into the atmosphere [15].

6.5 Biodegradable Polymers

Biodegradable polymers were date back in 1980s. Biodegradable plastics
can be derived from synthetic or natural sources. Renewable resources are
the main source for biodegradable polymers compared with non-degrad-
able polymers are derived from non-renewable resources.

The environmental conditions and, the chemical structure are effect on
biodegradability of polymers also it is changed by copolymerization. For
example, copolymerization between cyclic esters and chitosan by using the
ring opening polymerization by using different catalysts [16, 17].

6.6 Copolymers

Copolymerization of monomers such as cyclicesters copolymerization
(lactide and e-caprolactone) provides a valuable way to get new prop-
erties for polymers. For example, flexibility and thermal properties of
polylactide homopolymer are less compared to that of polycaprolactone
homopolymer while new copolymers between lactide and lactone has
new flexibility and thermal properties can be used in different applica-
tion [18]. Co-polymer can be produced by two different approaches by
a block or random co-polymer. Feng et al., published work they revealed
that copolymerization between polylactide with polycaprolactone, capa-
ble of producing a material with more rapid polylactide degradation and
polycaprolactone [19].
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6.7 Examples of Biodegradable Polymers is Polyesters

6.7.1 Aliphatic Polyesters Polylactide PLA, Polycaprolactone
PCL and Polyvalerolactone PVL

Aliphatic polyesters (polylactide, polylactones) and their co-polymers have
many applications such as; medical applications as drug delivery systems
(DVL) and scaffolds in tissue engineering [20]. Industry applications in
production of plastic bags due to their biodegradability [21]. Regarding of
availability and toxicity their monomers are derived from renewable and
natural resources (Scheme 6.1), for example, lactide can be prepared from
corn starch, and according to literatures review, there is no toxicity related
with these polymers and therefore they are used for food packaging [22].
(Scheme 6.2) represented polymerization of lactide, e-caprolactone and
d-valerolactone.

6.7.2 Preparation of Polyesters

There are two different commercial ways are used to produce polyester.
The first way is polycondensation of hydroxyl-carboxylic acid and, second
way by the ring opening polymerization of their monomers
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Scheme 6.1 Polylactide source, polymerization and biodegradation.
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6.7.2.1 Polycondensation

In this technique hydroxyl acid or diacidic react with diol to produce a
polyester; this process includes losing water (Scheme 6.3) [23].

Recently, Braud et al. have reported prepare polycaprolactone oligomers
without a catalyst in (6 h) at a temperature from 80 to 150°C [24].

The polycondensation is less expensive; however, not easy to get high
molecular weight polymers.

6.7.2.2 Ring Opening Polymerization (ROP)

Ring opening polymerization is the typical technique with which to produce
polyester from their monomers owing to the fact that control of the end
group, got novel structures, and high molecular weight (Scheme 6.4) [25].
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Scheme 6.2 Cyclicesters (lactide, e-caprolactone and d-valerolactone) polymerization.
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Scheme 6.4 Polymerization of cyclic esters by ROP.

6.7.3 Mechanism of ROP

The ring opening polymerization of cyclicesters have been investigated by
several study including metal alkoxides [26], carboxylates and Schiff base
complexes [27] so as to achieve effective polymer synthesis.

Generally, the ring opening polymerization of cyclicesters can occur by
three different mechanisms; anionic, cationic or coordination- insertion.

6.7.3.1 Cationic Ring Opening Polymerization (CROP)

Cyclicesters react with cationic catalysts to form polyesters by creating of
positive charge species. Electrophilic attack is the property of the (CROP)
which is then attacked by a cyclicesters (Scheme 6.5) [28].

In this mechanism there are two mechanisms can happen; active chain
end or activated monomer. But, using CROP to polymerize cyclicesters
remains uncommon, because of side reaction may happen, difficult to con-
trol the structures and produce low molecular weight polymers [29].

6.7.3.2 Anionic Rring Opening Polymerization (AROP)

In this mechanism, the carbon atom next to the acyl-oxygen or the carbonyl
carbon of the cyclicester monomer broke by the nucleophilic attack. In this
case, acyl-oxygen or alkyl-oxygen cleavage will happen (Scheme 6.6) [30].

6.7.3.3 Coordination-Insertion Polymerization

Two steps can be occurred in the coordination-insertion reaction, first: the
monomer coordinate to the metal and the alkoxide will bind with the acyl
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carbon atom. Second: attachment of the monomer with the alkoxide group
to form new metal alkoxide group then extra insertion reactions happen
(Scheme 6.7) [31].

6.8 Conclusion

Sustainability of biodegradable polymer is widely studied and employed
in different applications. Consequently researching of production of bio-
degradable polymers via a number of methods can be of much impor-
tance. This article given a review on the produce of biodegradable
polymers by different ways including polycondensation and ring opening
polymerization. Mechanism of ring opening polymerization including:
cationic ROP, anionic ROP and coordination-insertion polymerization
are discussed.
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