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INTRODUCTION
A variety of natural, synthetic, and biosynthetic
polymers are bio and environmentally
degradable. A polymer based on a C-C
backbone tends to resist degradation, whereas
heteroatom-containing polymer backbones
confer biodegradability. Biodegradability can,
therefore, be engineered into polymers by the
judicious addition of chemical linkages such as
anhydride, ester, or amide bonds, among
others. The usual mechanism for degradation
is by hydrolysis or enzymatic cleavage of the
labile heteroatom bonds, resulting in a scission
of the polymer backbone. Macroorganisms
can eat and, sometimes, digest polymers, and
also initiate a mechanical, chemical, or
enzymatic aging.1
Biodegradable polymers with hydrolyzable
chemical bonds are researched extensively for
biomedical, pharmaceutical, agricultural, and
packaging applications.2 In order to be used in
medical devices and controlled-drug-release
applications, the biodegradable polymer must
be biocompatible and meet other criteria to be
qualified
as
biomaterial-processable,
sterilizable, and capable of controlled stability
or degradation in response to biological
conditions.3 The chemical nature of the
degradation products, rather than of the
polymer itself, often critically influences
biocompatibility. Poly(esters) based on
polylactide (PLA), polyglycolide (PGA),
polycaprolactone (PCL), and their copolymers
have been extensively employed as
biomaterials.4,5 Degradation of these materials
yields the corresponding hydroxy acids,
making them safe for in vivo use.
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Other bio- and environmentally degradable
polymers include poly(hydroxyalkanoate)s of
the PHB-PHV class, additional poly(ester)s,
and natural polymers, particularly, modified
poly(saccharide)s, e.g., starch, cellulose, and
chitosan. Please refer to the Natural Polymers
section for a list of available poly(saccharides).
2. BACKGROUND OF THE INVENTION
This invention relates to biodegradable
polymers and to methods of making them from
non-biodegradable
polymers
such
as
petroleum -based plastics combined with other
biodegradable polymers, such as for example,
carbohydrates, proteins, lipids orthe like.
It is known to alter polymers such as
petroleum-based plastics by the incorporation
of some carbohydrates to increase their
biodegradability. One prior art biodegradable
polymer and method of making it is disclosed
in U.S. Pat. No. 4,016,117to Griffin, issued
Apr. 5, 1977. In this product, a synthetic resin
incorporates particles of biodegradable
substances and an auto-oxidizable substance.
The processing preserves the starch granules
in the final product. This polymer, when it
contactsa transition metallic salt, auto-oxidizes
to generate a peroxide or a hydroperoxide..
The biodegradable plastics disclosed in these
United States patents have the disadvantages
of only containing from approximately 5
percent to 15 percent carbohydrate while
retaining its characteristics as a plastic
although they may have up to 50percent
starch but become paperlike at such high
levels and lose the typical characteristics of
thermoplastic or thermosetting plastics. The
altered structure reduces the elasticity and
shear strength.
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3. Biodegradable Polymers Classifications

Fig. 1: Classification of the biodegradable polymers.
1. Polymers from biomass such as the
agro-polymers from agro-resources
(e.g., starch, cellulose),
2. Polymers obtained by microbial
production, e.g., the polyhydroxyalkanoates,
3. Polymers
conventionally
and
chemically synthesised and whose the
monomers are obtained from agroresources, e.g., the poly(lactic acid),
4. Polymers whose monomers and
polymers are obtained conventionally,
by chemical synthesis.
4. Polymer properties
Polymer properties are broadly divided into
several classes based on the scale at which
the property is defined as well as upon its
physical basis. The most basic property of a
polymer is the identity of its constituent
monomers. A second set of properties, known
as microstructure, essentially describe the
arrangement of these monomers within the
polymer at the scale of a single chain. These
basic structural properties play a major role in
determining bulk physical properties of the
polymer, which describe how the polymer
behaves as a continuous macroscopic
material. Chemical properties, at the nanoscale, describe how the chains interact
through various physical forces. At the macroscale, they describe how the bulk polymer
interacts with other chemicals and solvents.
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4.1 Monomers / Repeat Units
The identity of the monomer residues (repeat
units) comprising a polymer is its first and
most
important
attribute.
Polymer
nomenclature is generally based upon the type
of monomer residues comprising the polymer.
Polymers that contain only a single type of
repeat unit are known as homopolymers, while
polymers containing a mixture of repeat units
are known as copolymers. Poly(styrene), for
example, is composed only of styrene
monomer residues, and is therefore classified
as a homopolymer. Ethylene-vinyl acetate, on
the other hand, contains more than one variety
of repeat unit and is thus a copolymer. Some
biological polymers are composed of a variety
of different but structurally related monomer
residues; for example, polynucleotides such as
DNA are composed of a variety of nucleotide
subunits.
A polymer molecule containing ionizable
subunits is known as a polyelectrolyte or
ionomer.
4.2 Microstructure
The microstructural properties of a polymer
relate to the physical arrangement of monomer
residues along the backbone of the chain.
These are the elements of polymer structure
that require the breaking of a covalent bond in
order to change. Structure has a strong
influence on the other properties of a polymer.
For example, two samples of natural rubber
may exhibit different durability, even though
their molecules comprise the same monomers.
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4.3 Polymer Architecture

Fig. 2: Polymer Architecture

4.4 Branch point in a polymer
An
important
microstructural
feature
determining polymer properties is the polymer
architecture.
The
simplest
polymer
architecture is a linear chain: a single
backbone with not branches. A related
unbranching architecture is a ring polymer. A
branched polymer molecule is composed of a
main chain with one or more substituent side
chains or branches. Special types of branched
polymers include star polymers, comb
polymers, brush polymers, ladders, and
dendrimers.
Branching of polymer chains affects the ability
of chains to slide past one another by altering
intermolecular forces, in turn affecting bulk
physical polymer properties. Long chain
branches may increase polymer strength,
toughness,
and
the
glass
transition
temperature due to an increase in the number
of entanglements per chain. The effect of such
long-chain branches on the size of the polymer
.

in solution is characterized by the branching
index. Random length and atactic short
chains, on the other hand, may reduce
polymer strength due to disruption of
organization and may likewise reduce the
crystallinity of the polymer.
A good example of this effect is related to the
range of physical attributes of polyethylene.
High-density polyethylene (HDPE) has a very
low degree of branching, is quite stiff, and is
used in applications such as milk jugs. Lowdensity polyethylene (LDPE), on the other
hand, has significant numbers of both long and
short branches, is quite flexible, and is used in
applications such as plastic films.
Dendrimers are a special case of polymer
where every monomer unit is branched. This
tends to reduce intermolecular chain
entanglement and crystallization. Alternatively,
dendritic polymers are not perfectly branched
but share similar properties to dendrimers due
to
their
high
degree
of
branching

Fig. 3: Dendrimer and dendron
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The architecture of the polymer is often
physically determined by the functionality of
the monomers from which it is formed. This
property of a monomer is defined as the
number of reaction sites at which may form
chemical
covalent
bonds.
The basic
functionality required for forming even a linear
chain is two bonding sites. Higher functionality
yields branched or even cross linked or
networked polymer chains.
An effect related to branching is chemical
cross linking - the formation of covalent bonds
between chains. Cross linking tends to
increase Tg and increase strength and
toughness. Among other applications, this
process is used to strengthen rubbers in a
process known as vulcanization, which is
based on cross linking by sulphur. Car tires,
for example, are highly crosslinked in order to
reduce the leaking of air out of the tire and to
toughen their durability. Eraser rubber, on the
other hand, is not cross linked to allow flaking
of the rubber and prevent damage to the
paper.
A cross-link suggests a branch point from
which four or more distinct chains emanate. A
polymer molecule with a high degree of
crosslinking is referred to as a polymer
network.[4]
Sufficiently
high
crosslink
concentrations may lead to the formation of an
infinite network, also known as a gel, in which
networks of chains are of unlimited extent —
essentially all chains have linked into one
molecule.
4.5 Chain length
The physical properties of a polymer are
strongly dependent on the size or length of the
polymer chain.. For example, as chain length
is increased, melting and boiling temperatures
increase quickly. Impact resistance also tends
to increase with chain length, as does the
viscosity, or resistance to flow, of the polymer
in its melt state. Chain length is related to melt
viscosity roughly as 1:103.2, so that a tenfold
increase in polymer chain length results in a
viscosity increase of over 1000 times
Increasing chain length furthermore tends to
decrease chain mobility, increase strength and
toughness, and increase the glass transition
temperature (Tg) This is a result of the
increase in chain interactions such as Van der
Waals attractions and entanglements that
come with increased chain length .These
interactions tend to fix the individual chains
more strongly in position and resist
deformations and matrix breakup, both at
higher stresses and higher temperatures.
A common means of expressing the length of
a chain is the degree of polymerization, which
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quanitifies the number of monomers
incorporated into the chain. As with other
molecules, a polymer's size may also be
expressed in terms of molecular weight. Since
synthetic polymerization techiniques typically
yields a polymer product including a range of
molecular weights, the weight is often
expressed statistically to describe the
distribution of chain lengths present in the
same. Common examples are the number
average molecular weight and weight average
molecular weight. The ratio of these two
values is the polydispersity index, commonly
used to express the "width" of the molecular
weight distribution. A final measurement is
contour length, which can be understood as
the length of the chain backbone in its fully
extended state.
The flexibility of an unbranched chain polymer
is characterized by its persistence length.
4.6 Monomer arrangement in copolymers

Fig. 4: Arrangement in Copolymers
Monomers within a copolymer may be
organized along the backbone in a variety
of ways.

Alternating
copolymers
possess
regularly alternating monomer residues.

Periodic copolymers have monomer
residue types arranged in a repeating
sequence. .

Statistical copolymers have monomer
residues arranged according to a known
statistical rule. A statistical copolymer in which
the probability of finding a particular type of
monomer residue at a particular point in the
chain is equal to the mole fraction of that
monomer residue in the chain may be referred
to as a truly random copolymer.

Block copolymers have two or more
homopolymer subunits linked by covalent
bonds. Polymers with two or three blocks of
two distinct chemical species (e.g., A and B)
are called diblock copolymers and triblock
copolymers, respectively. Polymers with three
blocks, each of a different chemical species
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(e.g., A, B, and C) are termed triblock
terpolymers.

Graft or grafted copolymers contain
side chains that have a different composition
or configuration than the main chain.
4.7 Tacticity
Tacticity describes the relative stereochemistry
of chiral centers in neighboring structural units
within a macromolecule. There are three
types: isotactic (all substituents on the same
side),
atactic
(random
placement
of
substituents), and syndiotactic (alternating
placement of substituents).
4.8 Physical properties
The bulk properties of a polymer are those
most often of end-use interest. These are the
properties that dictate how the polymer
actually behaves on a macroscopic scale.
4.8.1Crystallinity
When applied to polymers, the term crystalline
has a somewhat ambiguous usage. In some
cases, the term crystalline finds identical
usage to that used in conventional
crystallography. For example, the structure of
a crystalline protein or polynucleotide, such as
a sample prepared for x-ray crystallography,
may be defined in terms of a conventional unit
cell composed of one or more polymer
molecules with cell dimensions of hundreds of
angstroms or more.
A synthetic polymer may be lightly described
as crystalline if it contains regions of threedimensional ordering on atomic (rather than
macromolecular) length scales, usually arising
from intramolecular folding and/or stacking of
adjacent chains. Synthetic polymers may
consist of both crystalline and amorphous
regions; the degree of crystallinity may be
expressed in terms of a weight fraction or
volume fraction of crystalline material. Few
synthetic polymers are entirely crystalline.
The crystallinity of polymers is characterized
by their degree of crystallinity, ranging from
zero for a completely noncrystalline polymer to
one for a theoretical completely crystalline
polymer. Increasing degree of crystallinity
tends to make a polymer more rigid. It can
also lead to greater brittleness. Polymers with
a degree of crystallinity approaching zero or
one will tend to be transparent, while polymers
with intermediate degrees of crystallinity will
tend to be opaque due to light scattering by
crystalline or glassy regions. Thus for many
polymers, reduced crystallinity may also be
associated with increased transparency.
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4.8.2 Tensile strength
The tensile strength of a material quantifies
how much stress the material will endure
before failing. This is very important in
applications that rely upon a polymer's
physical strength or durability. For example, a
rubber band with a higher tensile strength will
hold a greater weight before snapping. In
general tensile strength increases with
polymer chain length and crosslinking of
polymer chains.
4.8.3 Young's modulus of elasticity
Young's Modulus quantifies the elasticity of the
polymer. It is defined, for small strains, as the
ratio of rate of change of stress to strain. Like
tensile strength, this is highly relevant in
polymer applications involving the physical
properties of polymers, such as rubber bands.
The modulus is strongly dependent on
temperature.
4.8.4 Transport properties
Transport properties such as diffusivity relate
to how rapidly molecules move through the
polymer matrix. These are very important in
many applications of polymers for films and
membranes.
4.8.5 Melting point
The term melting point, when applied to
polymers, suggests not a solid-liquid phase
transition but a transition from a crystalline or
semi-crystalline phase to a solid amorphous
phase. Though abbreviated as simply Tm, the
property in question is more properly called
the crystalline melting temperature. Among
synthetic polymers, crystalline melting is only
discussed with regards to thermoplastics, as
thermosetting polymers will decompose at
high temperatures rather than melt.
4.8.6 Boiling point
The boiling point of a polymeric material is
strongly dependent on chain length. High
polymers with a large degree of polymerization
do not exhibit a boiling point because they
decompose before reaching theoretical boiling
temperatures. For shorter oligomers, a boiling
transition may be observed and will generally
increase rapidly as chain length is increased.
4.8.7 Glass transition temperature
A parameter of particular interest in synthetic
polymer manufacturing is the glass transition
temperature (Tg), which describes the
temperature at which amorphous polymers
undergo a second-order phase transition from
a rubbery, viscous amorphous solid, or from a
crystalline solid (depending on the degree of
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crystallization) to a brittle, glassy amorphous
solid. The glass transition temperature may be
engineered by altering the degree of branching
or cross linking in the polymer or by the
addition of plasticizer.
4.8.8 Mixing behavior
In general, polymeric mixtures are far less
miscible than mixtures of small molecule
materials. This effect results from the fact that
the driving force for mixing is usually entropy,
not interaction energy. In other words, miscible
materials usually form a solution not because
their interaction with each other is more
favorable than their self-interaction, but
because of an increase in entropy and hence
free energy associated with increasing the
amount of volume available to each
component. This increase in entropy scales
with the number of particles (or moles) being
mixed. Since polymeric molecules are much
larger and hence generally have much higher
specific volumes than small molecules, the
numbers of molecules involved in a polymeric
mixture are far less than the number in a small
molecule mixture of equal volume. The
energetics of mixing, on the other hand, are
comparable on a per volume basis for
polymeric and small molecule mixtures. This
tends to increase the free energy of mixing for
polymer solutions and thus make solvation
less favorable. Thus, concentrated solutions of
polymers are far rarer than those of small
molecules.
In dilute solution, the properties of the polymer
are characterized by the interaction between
the solvent and the polymer. In a good solvent,
the polymer appears swollen and occupies a
large volume. In this scenario, intermolecular
forces between the solvent and monomer
subunits
dominate
over
intramolecular
interactions. In a bad solvent or poor solvent,
intramolecular forces dominate and the chain
contracts. In the theta solvent, or the state of
the polymer solution where the value of the
second virial coefficient becomes 0, the
intermolecular
polymer-solvent
repulsion
balances exactly the intramolecular monomermonomer attraction. Under the theta condition
(also called the Flory condition), the polymer
behaves like an ideal random coil.
4.8.9 Chain conformation
The space occupied by a polymer molecule is
generally expressed in terms of radius of
gyration, which is an average distance from
the center of mass of the chain to the chain
itself. Alternatively, it may be expressed in
terms of pervaded volume, which is the
volume of solution spanned by the polymer
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chain and scales with the cube of the radius of
gyration.
4.8.10 Inclusion of plasticizers
Inclusion of plasticizers tends to lower Tg and
increase polymer flexibility. Plasticizers are
generally small molecules that are chemically
similar to the polymer and create gaps
between polymer chains for greater mobility
and reduced interchain interactions. A good
example of the action of plasticizers is related
to polyvinylchlorides or PVCs. A uPVC, or
unplasticized polyvinylchloride, is used for
things such as pipes. A pipe has no
plasticizers in it, because it needs to remain
strong and heat-resistant. Plasticized PVC is
used for clothing for a flexible quality.
Plasticizers are also put in some types of cling
film to make the polymer more flexible.
4.8.11 Chemical properties
The attractive forces between polymer chains
play a large part in determining a polymer's
properties. Because polymer chains are so
long, these interchain forces are amplified far
beyond the attractions between conventional
molecules. Different side groups on the
polymer can lend the polymer to ionic bonding
or hydrogen bonding between its own chains.
These stronger forces typically result in higher
tensile strength and higher crystaline melting
points.
The intermolecular forces in polymers can be
affected by dipoles in the monomer units.
Polymers containing amide or carbonyl groups
can form hydrogen bonds between adjacent
chains; the partially positively charged
hydrogen atoms in N-H groups of one chain
are strongly attracted to the partially negatively
charged oxygen atoms in C=O groups on
another. These strong hydrogen bonds, for
example, result in the high tensile strength and
melting point of polymers containing urethane
or urea linkages. Polyesters have dipole-dipole
bonding between the oxygen atoms in C=O
groups and the hydrogen atoms in H-C
groups. Dipole bonding is not as strong as
hydrogen bonding, so a polyester's melting
point and strength are lower than Kevlar's
(Twaron), but polyesters have greater
flexibility.
Ethene, however, has no permanent dipole.
The attractive forces between polyethylene
chains arise from weak Vander Waals forces.
Molecules can be thought of as being
surrounded by a cloud of negative electrons.
As two polymer chains approach, their
electron clouds repel one another. This has
the effect of lowering the electron density on
one side of a polymer chain, creating a slight
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positive dipole on this side. This charge is
enough to attract the second polymer chain.
Van der Waals forces are quite weak,
however, so polyethene can have a lower
melting temperature compared to other
polymers.
5. Agro biodegradable polymers
Starch
Natural polymers, such as starch, have a
range of potential applications in markets
currently dominated by petroleum- based
materials. Plants make starch to store energy
for new plants or seeds, to use when they
begin to grow. Plant starch is currently used in:
Adhesives
Starch-based additives are primarily used for
paper bonds, the most important sector being
in corrugated board. Traditional, starch-based
adhesives have faced competition from high
performance synthetic products.
Paints
It has been possible to replace up to 25% of
the petroleum-based monomer with starch
from potato, maize or wheat. Biobased paints
are as durable, glossy and liquid as synthetic
paints. They are potentially biodegradable
after disposal, but durable in use. Current
formulations, however, do take longer to dry
than synthetic paints.
Biodegradable Plastics – starch may be
used in three different ways
(i) adjunct in conventional plastics (6% starch)
(ii) blended with synthetic polymers (60–75%
starch)
(iii) as a thermoplastic (75–95% starch).
These plastics are only suitable for short-life
applications (i.e. traffic cones). Short-life
plastics represent 20% of the total market for
plastics; therefore this presents a major
market for new products. ‘Biodegradable’
means that something can be broken down
and assimilated, by natural means, back into
common earth elements like carbon, oxygen
and hydrogen. Of course, everything in the
world is biodegradable without setting any time
limits. Therefore, international standards, such
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as
the
European
Committee
for
Standardisation (CEN)’s EN13432, DIN
V54900 and ASTM D64099, define precisely
what biodegradable,compostable plastics are:
Single polymers: 60% of organic carbon
degrades to carbon dioxide in soil within 180
days. Polymer blends: 90% of organic carbon
degrades to carbon dioxide in soil within 180
days.
The utilization of natural starch polymers for
biodegradable plastic products has been
hampered by water sensitivity, manufacturing
cost, poor interaction with other ingredients,
and the need for non-traditional processing
equipment and processes. This lack of
commercial success and the low public
awareness of their advantages will only be
overcome if the following goals can be
realized:
Starch is the main storage supply in botanical
resources (cereals, legumes and tubers). It is
a widely available raw material on earth. It
presents different industrial applications in
fields such as food, paper, textile and
adhesive.
Starch granules can be isolated from plants.
Main sources come from wheat, potato, maize,
rice, cassava, pea, waxy maizes, amylomaizes
… According to the resource, native starches
have dimensions ranging from 0.5 to 175
microns and appear in a variety of shape. For
instance, Figure 4 shows micrographs of the
shape of different starch granules (wheat and
pea).
Starch is a polysaccharide consisting in Dglucose units, referred to as homoglucan or
glucopyranose. Starch is composed of two
different macromolecules, amylose and
amylopectin. Amylose (Figure 5a) is a linear or
sparsely branched carbohydrate based on a(14) bonds with a molecular weight of 105-106.
The chains show spiral shaped single or
double helixes. Amylopectin (Figure 5b) is a
highly multiple-branched polymer with a high
molecular weight: 107-109. It is based on a(14) bonds but also on a(1-6) links constituting
branching points occurring every 22-70
glucose units .
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Fig. 5: Micrographs of native starch (SEM observations): wheat starch (left) and pea starch
(left). White scale = 10 microns.
Polysaccharides
This family is represented by different products
such as starch or cellulose based on glucose
units linked in macromolecular chains.
Cellulose is the first agro-polymer in the
biosphere. It is a linear polymer consisting of
b(1-4) linked D-glucose synthesized by plants
and bacteria. According to the botanical
specie, we can measure different cellulose. It
is a cheap semi-crystalline material, which is
widely used in paper production but also as

reinforcing elements in polymer matrixes. To
obtain a thermoplastic material, cellulose is
modified by acetylation (cellulose acetate),
which production actually is low. After acidic
treatment, and elimination of the amorphous
parts of cellulose microfibrils, we obtain the
whiskers (mono-crystals), are used to develop
nanocomposites materials.

(a)
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Fig. 6:(a) Amylose structure, (b) amylopectin structure and cluster model
participation of water molecules. Amylose and
Starch composition is variable according to the
the branching regions of amylopectin form the
botanical origin. Some mutant plant species
amorphous zone in the granule. Amylopectin
present some special composition. We can
is the dominating crystalline component in
find rich-amylose starch with amylomaize (till
native starch with double helix organizations;
80 %) and some rich-amylopectine starch with
we can also find co-crystallization with
waxy maize (>99%).
amylose and single helical crystallization
After the different industrial stages of isolation
between amylose and free fatty acids or lipids.
and refining, starch shows usually some traces
Several types of cristallinity are observed in
of lipids, gluten or phosphate, which can
the granule denoted.
interfere with the starch properties e.g., by the
6. Plasticized Starch-Based Multiphase
formation of lipid complexes or with the gluten,
Systems
by Maillard reactions.
Structures Classification
Starch shows a special granular organization
.a high degree of radial organization from
Two different materials can be associated to
hilum. Macromolecules are mainly oriented
PLS to obtain compostable materials:
according to the radial axis. The ultra-structure
biodegradable polyesters or agro-materials
is obtained by inter-macromolecules hydrogen
(lignins, cellulose …)
links, between hydroxyls groups, with the

Fig. 7: Schematic of multiphase systems based on plasticized
starch - Process and structure.

Vol. 1 (3) Jul-Sep 2012

www.ijpcsonline.com

1308

INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES

ISSN: 22775005

7. Poly (lactic acid)
Synthesis

Lactic acid can be produced in different ways:
chemical or biological i.e., by fermentation of
carbohydrate
from
lactobacillus.
The
enantiomeric monomers (D and L) are
polycondensed via its cyclic dimmer (lactide)
by ring-opening polymerisation (ROP)to a high
molecular weight polymer Compared to the
others biodegradable polyesters, PLA is the
product that at the present has one of the
highest potential due to its availability on the
market and its low price.For instance, CargillDow has developed processes that use corn
and other feedstock to produce different PLA
grades (NatureWorks®) . For this company,
the estimated production in 2006 is 50-70
KTons. Actually, it is the highest production of
biodegradable polyester. In 2007, its price is
less than 3€/Kg. Different companies such as
Mitsui Chemicals (Japan), Galactic (Belgium),
Treofan (Netherland) or Dainippon Ink
Chemicals (Japan) produce smaller PLAs
outputs.
Properties of PLA are highly related to the
ratio between the two mesoforms D and L.
Commercially available, we can find 100% LPLA which present a high cristallinity (C-PLA)
and copolymers of poly(L-lactic acid) and
poly(D,L-lactic acid) which are rather
amorphous (A-PLA). PLA can shows
crystalline polymorphism which can lead to
different melting peaks with a main transition
at 152°C for the D,L-PLA Furthermore, PLA
can be plasticized using oligomeric lactic acid
(OLA), citrate ester or low molecular weight
polyethylene-glycol (PEG) The effect of
plasticization increases the chains mobility and
then favours the PLA organization and
cristallization. We obtain, after plasticization, a
cristallinity ranging between 20 and 30%.
PLA presents a medium water and oxygen
permeability level comparable to polystyrene.
These different properties associated with its
tunability and its availability favour its actual
developments
in
different
packaging
applications (trays, cups, bottle, films
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McCarthy (1999) showed that A-PLA presents
a soil degradation rate much slower compared
to PBSA. PLA is presumed to be
biodegradable although the role of hydrolysis
vs. enzymatic depolymerization in this process
remains open to debate. Composting
conditions are found only in industrial units
with a high temperature (above 50°C) and a
high relative humidity (RH) to promote chain
hydrolysis. But, according to Tuominen et al.
(2002) , PLA biodegradation does not exhibit
any eco-toxicological effect.
REFERENCES
1. BBC News: "All Tesco bags 'to be
degradable dt. 10th May’06"
2. Narayan
R.
Drivers
for
biodegradable/compostable
plastics
and role of composting in waste
management
and
sustainable
agriculture; Report Paper. Orbit
Journal 2001;1(1):1-9.
3. Steinbuchel A. Biopolymers, General
Aspects and Special Applications.
Wiley-VCH: Weinheim (Germany).
2003;10:516 pp.
4. Avella M, Bonadies E and Martuscelli
E. European current standardization
for plastic packaging recoverable
through
composting
and
biodegradation. Polymer testing 2001;
20:517-521.
5. Fritz J, Link U and Braun R.
Environmental
Impacts
of
biobased/biodegradable
Packaging.
Starch. 2001;53:105-109.
6. Karlsson RR and Albertsson AC.
Biodegradable
polymers
and
environmental interaction. Polymer
Eng & Sci. 1998;38(8):1251-1253.
7. Kaplan DJ, Mayer JM, Ball D,
McMassie J, Allen AL and Stenhouse
P. Fundamentals of biodegradable
polymers. In Biodegradable polymers

www.ijpcsonline.com

1309

INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES

8.

9.

10.

11.

12.
13.

14.

15.

16.

17.

and packaging; Ching, C., Kaplan,
D.L., Thomas, E.L.; Eds.; Technomic
publication: Basel, 1993;1-42.
Van de Velde K and Kiekens P.
Biopolymers: overview of several
properties and consequences on their
applications.
Polymer
Testing.
2002;21:433-442.
Rouilly A and Rigal L. Agro-materials:
a bibliographic review. J. Macomol.
Sci.-Part
C.
Polymer
Reviews.
2002;C42(4): 441-479.
Tuominen J, Kylma J, Kapanen A,
Venelampi O, Itavaara M and Seppala
J. Biodegradation of lactic acid based
polymers under controlled composting
conditions and evaluation of the
ecotoxicological
impact.
Biomacromolecules
2002;3(3):445455.
Holmes PA.Biologically produced (R)3-hydroxyalkanoate polymers and
copolymers, In Developments in
crystalline polymers (), Ed. Basset,
C.D., Elsevier: New York, 1988;2:165.
Bastioli C. Properties and applications
of Mater-Bi starch-based materials.
Polym. Deg. Stab. 1998;59:263-272.
El-Hadi A, Schnabel R, Straube E,
Muller G and Henning, S. Correlation
between degree of crystallinity,
morphology,
glass
temperature,
mechanical
properties
and
biodegradation
of
poly(3hydroxyalkanoate) PHAs and their
blends. Polymer testing 2002; 21:665674.
Amass W, Amass A and Tighe B. A
review of biodegradable polymers:
uses, current developments in the
synthesis and characterization of
biodegradable polyesters, blends of
biodegradable polymers and recent
advances in biodegradation studies.
Polym Int 1998;47:89-144.
Shogren RL. Water vapor permeability
of biodegradable polymers. J Env
Polym Deg. 1997;5(2):91-95.
Kotnis MA, O’Brien GS and Willett JL.
Processing and mechanical properties
of
biodegradable
poly(hydroxybutyrate-covalerate)/starch compositions. J Env
Polym Deg. 1995;3(2):97-103.
Shogren RL. Poly(ethylene oxide)coated
granular
starchpoly(hydroxybutyrate-cohydroxyvalerate) composite materials.

Vol. 1 (3) Jul-Sep 2012

ISSN: 22775005

J
of
Environmental
Polymer
Degradation 1995, 3(2):75-80.
18. Ramkumar DHS and Bhattacharia M.
Steady shear and dynamic properties
of biodegradable polyesters. Polym
Eng & Sci. 1998;39(9):1426-1435.

www.ijpcsonline.com

1310

