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ABSTRACT

Polylactic acid or poly lactide (PLA) is a biodegradable,
thermoplastic, aliphatic polyester derived from renewable
resources, such as corn starch or sugarcanes. It has got a number
of applications. PLA is currently used in a number of biomedical
applications, such as sutures, stents, dialysis media and drug
delivery devices. This paper gives a brief description of its
synthesis, properties and apllications.

INTRODUCTION

Polylactic acid or poly lactide (PLA) is a biodegradable,
thermoplastic, aliphatic polyester derived from renewable
resources, such as corn starch (in the U.S.) or sugarcanes (rest of
world). Although PLA has been known for more than a century, it has
only been of commercial interest in recent years, in light of its
biodegradability. The production of plastics and articles produced
from poly lactic acid expanding systematically since they are
cheap, lucrative, light weight, durable and consumes less energy
for their production. But simultaneously the amount of waste is
increasing because the majority of conventional plastics are
resistant to the long lasting action of weather and drastic
biological condition and do not degraded. Both recycling and
combustion are processes, which permit only a partial solution of
above mentioned problems. In the recent years, intensive
investigation in to biodegradable polymers has been undertaken. It
seems that one polymer which meets our requirements and replace
majority of popular plastics on market is poly lactic
acid.Municipal solid wastes (MSW) including food wastes are
generally incinerated or land filled. But these processes generate
many unnecessary problems. Incineration facilities can be damaged
by temperature fluctuations when food waste with high water content
is burnt in a semi continuous process. In addition, it is difficult
to recover energy from such waste incineration process because the
heating value of food wastes is very low. Further, landfill space
is very limited, and uncontrolled fermentation of organic waste in
landfill makes secondary problems, such as methane emission.
Treatment of biological solid wastes via microbiological processes
improves these wastes and reduces the need for both landfill and
incineration. Direct composting and methane fermentation, which
produces fertilizers and biogas, are the alternative ways to reuse
food wastes. But these processes have been applicable only in rural
areas. On the other hand, there are economical ways and means for
converting food wastes in to natural lactic acid from which
biodegradable poly lactic acid can be manufactured.

Lactic acid has both carboxyl and hydroxyl groups with one
chiral carbon atom, and are widely used in food, pharmaceutical,
and in general chemical industries. In addition, lactic acid can be
polymerized to produce the biodegradable and recyclable polyesteric
poly lactic acid (PLA), which is considered a potential substitute
for plastics produced from petrochemicals. Although the ester bond
of poly L lactic acid (PLLA) is susceptible to some enzyme,
including proteinase and lipases, and PLLA has been recognized as a
biodegradable plastic, and its biodegradation in soil is rather
slow and depends on morphology and thickness. Therefore PLLA may
better be developed as a chemically recyclable plastic with an
appropriate collection system for the used materials and not as a
single use plastic. Recently Cargill-Dow and many companies in the
world have taken up the production of PLLA from cornstarch in the
industrial scale. Such materials are expected to come into
worldwide use, but PLLA and other plant-derived plastics are costly
thus preventing the wide spreading application. In addition the
process used cornstarch feedstock, which is also a source of food
for men and other animals.COMPOSITION OF FOODWASTE

The food materials collected from different hotels, restaurants
and other fast food places were analyzed. They contain
approximately 35 % vegetables, 23 % fish and meat, and 42 % cooked
carbohydrates including rice, bread and noodles. The collected food
wastes on average 1.6 gm/kg wet waste of endogens D- and L-lactic
acid, produced by native lactic acid bacteria during the storage
and transporting of the food wastes. The percents of D-lactic acid
decrease the optical activity of accumulated lactic acid and
decreased PLLA crystalline structure. REMOVAL OF ENDOGENS D-LACTIC
ACID BY PROPIONI BACTERIUM

It is known that P. Fruedenrelchii preferentially consumes D-
and L- lactic acid before sugars as a carbon source under the
acidic condition. Lactic acid in the refuse paste will degraded and
diminished within ten hours at a pH 6.5, where as glucose began to
decrease after several hours of lag and will be then consumed
gradually. This was observed more clearly at pH 5.5. The
microorganisms assimilate only lactic acid and most of the glucose
remained after 24 hours. The characteristics of optically inactive
lactic acid, has a little effect on the amount of sugar available
for subsequent L- lactic acid fermentation.

L-LACTIC ACID FERMENTATION UNDER SEMI SOLID CONDITIONS

After the optically inactive lactic acid was consumed,
polysaccharides including starch were solubilised by glucomilase,
L-rhamnos, which is an L-forming homofermentative strain, was then
inoculated into the treated refuse paste. Nutrient rich food waste
appears to be superior growth medium for fastidious lactic acid
bacteria that generally require a variety of nutritional elements.
The amount of water added was minimized to reduce energy input for
its distillation from the fermentation froth an equal proportion of
water to refuse paste was sufficient to yield the highest
productivity of L-lactic acid. The concentration of total sugar
after solubilization averaged 74 gm/l meaning that the estimated
concentration of carbohydrates in the food waste available for
lactic acid fermentation was estimated to be 143 gm/ kg wet water.
Solubilised sugar including glucose seemed to be involved in the
lactic acid fermentation because over 82% of the total was
converted into L-lactic acid with an average optical purity of over
98%. The amount of accumulated L-lactic acid

depends upon the C/N ratio such as extracted tea residue or fish
food waste, yielded rather less lactic acid. Although the amount of
accumulated lactic acid depending upon the source of the food waste
an average lactic acid yield of more than 10% per total weight of
refuse was confirmed by semisolid two step
fermentation.PURIFICATION OF LACTIC ACID

The filtered concentrated broth containing approximately 35%
L-Lactic acid was esterified with n-Butanol at 150-160oc and
distilled in the form of butyl lactide, which was then hydrolysed
between 95oc and 110oc. soluble proteins and salts were
precipitating with n-Butanol. Esters, such as those of acetic acid
and propanoic acid, were separated during this part of the process.
Optical purity of Lactic acid doesnot change during these
purification steps.

Ammonia stripped at the esterification step was reused to adjust
the culture pH at the fermentation step. Condensed water and
n-Butanol were recycled for subsequent esterification. The
purification of Lactic acid by Butyl esterification is an advantage
that a waste water treatment process is not required. SYNTHESIS OF
POLYLACTIC ACID

Polylactic acid consists mainly the lactide units as the monomer
and comprises one sterioisoform combinations of D- and L- Lactide
in various ratios. A disadvantage of polycondensation is that a low
molecular mass polymer is obtained. There have been studies to
obtain high molar mass polymer by manipulating the equilibrium
between lactic acid, water and poly lactic acid in organic solvent
or multifunctional branching agent was used to give a star shaped
structure. The presence of bi functional agents form telechelic
polymers which can further linked to give high molar mass polymers
using linking agents.Lactic acid polymers by ring opening
polymerization

Bacterial fermentation is used to produce lactic acid from corn
starch or cane sugar. However, lactic acid cannot be directly
polymerized to a useful product, because each polymerization
reaction generates one molecule of water, the presence of which
degrades the forming polymer chain to the point that only very low
molecular weights are observed. Instead, lactic acid is
oligomerized and then catalytically dimerized to make the cyclic
lactide monomer Although dimerization also generates water, it can
be separated prior to polymerization. PLA of high molecular weight
is produced from the lactide monomer by ring-opening polymerization
using most commonly a stannous octoate catalyst, but for laboratory
demonstrations tin(II) chloride is often employed. This mechanism
does not generate additional water, and hence, a wide range of
molecular weights are accessible.

Polymerization of a racemic mixture of L- and D-lactides usually
leads to the synthesis of poly-DL-lactide (PDLLA) which is not
crystalline but amorphous. Use of stereospecific catalysts can lead
to heterotactic PLA which has been found to show crystallinity. The
degree of crystallinity, and hence many important properties, is
controlled by the ratio of D to L enantiomers used.

CHEMICAL AND PHYSICAL PROPERTIESDue to the chiral nature of
lactic acid, several distinct forms of polylactide exist:
poly-L-lactide (PLLA) is the product resulting from polymerization
of L,L-lactide (also known as L-lactide). PLLA has a crystallinity
of around 37%, a glass transition temperature between 50-80C and a
melting temperature between 173-178C.

Polylactic acid can be processed like most thermoplastics into
fiber (for example using conventional melt spinning processes) and
film. The melting temperature of PLLA can be increased 40-50C and
its heat deflection temperature can be increased from approximately
60C to up to 190C by physically blending the polymer with PDLA
(poly-D-lactide). PDLA and PLLA form a highly regular stereocomplex
with increased crystallinity. The temperature stability is
maximised when a 50:50 blend is used, but even at lower
concentrations of 3-10% of PDLA, there is still a substantial
improvement. In the latter case, PDLA acts as a nucleating agent,
thereby increasing the crystallization rate. Biodegradation of PDLA
is slower than for PLA due to the higher crystallinity of PDLA.
PDLA has the useful property of being optically
transparent.APPLICATIONS Biodegradable plastic cups are used in
restaurants.

Stereocomplex blends of PDLA and PLLA have a wide range of
applications, such as woven shirts (ironability), microwavable
trays, hot-fill applications and even engineering plastics (in this
case, the stereocomplex is blended with a rubber-like polymer such
as ABS). Such blends also have good form-stability and visual
transparency, making them useful for low-end packaging
applications. Progress in bio-technology has resulted in the
development of commercial production of the D enantiomer form,
something that was not possible until recently.

PLA is currently used in a number of biomedical applications,
such as sutures, stents, dialysis media and drug delivery devices.
It is also being evaluated as a material for tissue engineering.
Because it is biodegradable, it can also be employed in the
preparation of bioplastic, useful for producing loose-fill
packaging, compost bags, food packaging, and disposable tableware.
In the form of fibers and non-woven textiles.

PLA has many potential uses, such as fibres for clothing, wipes,
carpet tiles, diapers, upholstery, disposable garments, awnings,
feminine hygiene products, nappies,interior and outdoor
furnishings, filtration and agricultural applications PLA has been
used as the hydrophobic block of amphiphilic synthetic block
copolymers used to form the vesicle membrane of polymersomes. PLA
is a sustainable alternative to petrochemical-derived products,
since the lactides from which it is ultimately produced can be
derived from the fermentation of agricultural by-products such as
corn starch or other carbohydrate-rich substances like maize, sugar
or wheat.

PLA is more expensive than many petroleum-derived commodity
plastics, but its price has been falling as production increases.
The demand for corn is growing, both due to the use of corn for
bioethanol and for corn-dependent commodities, including PLA.

PLA has also been developed to serve as sandwich packaging. PLA
has also been used to serve as the binder in Isonat Natisol, an
hemp fiber building insulation.

Its clarity makes it useful for recyclable and biodegradable
packaging, such as bottles, yogurt cups, and candy wrappers. It has
also been used for food service ware, lawn and food waste bags,
coatings for paper and cardboard, sheets and towels, and wall
coverings.Polylactic Acid and Polyethylene Glycol Based
Biodegradable PolymersBiodegradable Polymers based on copolymers of
polylactic acid (PLA) and polyethylene glycol (PEG) offer
scientists new tools for controlled release formulations and
delivery platforms.The biodegradability of polymers based on lactic
acid (LA) and its copolymers with ethylene glycol (EG) opens up new
avenues for: Encapsulation & Drug Delivery Gene Therapy Drug
Targeting Dental & Medical Devices Tissue Engineering Sutures
Micellar Anti-cancer Carriers Orthopedic Fixation Devices
Formulation of Artificial Blood Systems Determination of Cellular
Pathway MechanismsIt offers following advantages Well defined
release process Controlled degradationCONCLUSION In conclusion the
innovative practical process described here can produce high
quality PLLA from food waste. The system is designed as a total
material recycling process for municipal solid waste with minimal
environmental emission and energy savings It has also the potential
to produce PLLA from MSW a valuable renewable product that can be
substituted for currently producing non renewable petrochemical
polymer. This system is also applicable to the production of PLLA
from other waste streams which contain fermentable sugar with high
proportion of water such as agricultural wastes. This is really a
challenging field of research and innovation with unlimited future
prospects.REFERENCE
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