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Trends of

Biodegradable Polymers

POLYMERS are commonly known as plastics. Palymeric
materials are very important for mankind. This is because
polyrneric materials are lightweight, durable and cheap
to produce compared to metal, wood or ceramic. Many
people assumethat polyrmers are the materials for modern
applications. In fact, humans have been using polymers
for thousands of years. For instance, early man first used
natural plant gum to stick together pieces of wood to build
houses. This gum, known asdammat gum, is obtained from
the Ripterocapaceze family of trees in Indie and East Asia,
which isa source of natural polyrmer.

Thefirst synthetic polyrmer was invented by Leo Hendrik
Baekeland in 1907, a thermosetting-phenol-formaldehyde
resin called Bakelite. In just a centuny, the rapid developrment
of pol¢mer technologies has brought lots of convenience to
mankind with the highly effective catalytic polymetization
process. When comrodity polymers such as polyethylene,
polypropylens, polystyrene and pohbgvingl chloride became
available cheaply, people started to exploit palymers forthe
production of disposable packaging produds. Unforunately,
this has resulted in polrer pollution Becoming & serious
issue globally as petroleurn-derived commodity synthetic
pofyrners required hundreds of years to fully degrade into
harmless compounds. For instance, @ phone top-up card
takes over 100 years to deqgrade naturally while an apple
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core will be naturally transformed into organic fertiliser in
just 3 months.

Basically, most biodegradable paolymers are produced
By afamily of polyestera s shown in Figure 1. Biodegradable
pokyrner can be divided into two categories, e petroleumn-
and microarganism-detived types. The former type such as
pohyvinyl alcohol (PYOH) which is 2 non-polyester family,
uses ethyleneto produce vinyl acetate for pofymerisation of
potkvinyl acetate and isfurther hydrolysed into PWOH. This
pokyrner is very sensitive to the volatility of crude oil prices
and is not environment friendly as the production involves
substantial emission of greenhouse gases.

on the other  hand,  microorganism-derived
bindegradable polymers utilize the bio-activity of bacteria
to convert plant products such as starch, into the staring
cherical for polymerization. Polylectic acdd [also known
a5 polylactide — PLA) is the first biodegradable polyrmer
found to be viable for mass production and is produced
with the activity of microorganisms to yield tactic acid
a5 the input for polymerization. FLS is currently wid ey
used to produce products such as containers and fibre
for rmaking textile, packaging, casing, &c (refers Table
1) Polhydroxylalkanoate is also @ product of bacteria
fermentation. These polymers  consume  reneswable
feedstock and the productions create carbon credit.

Biodegradabk Polyester

Aliphatic

‘//f/—\

ARG — Aliphatic-Ammatic
Copolyesters
PEAT — Pol(Butykene Adipates

T hthalkte
Aromatic SIErhaEE,

PET — Poly(Ethylene

Terephthalkte]
PES — Poly(Butylens

y

PLA POL PHA

Mo fied PET

Succinate)
PESA - Poly(Butylens

Succinatesddipate)
PCL — PolyCaprolactone

PHE PHY PHH

PLA — Polyilactc fAcid)
PHB — Folky(Hyd maxy Butyrate])

FHH — Paob(Hywd moy Hexanoats)

PHEIP HY PHEIP HH

PHY — PolyHydroxy Valermte)

Renewable
i S PTMAT — Polky(TetraMethykene

Mon-Renewable

AdipatelTe e phthalkate)

Figure 1 Eiodagradaiie povestor famity

14 | JURUTERA September 2013



In addition, there are also polymer products in the
rmarket called oxo-biodegradable plastic. This so-called
"biodegradable” plastic has csused controversy among
emvironmentalists as it iz actually degraded using 2
controlled catalyst to kick-start | chain-scissioning reaction
toattack the polyrmer macromolecules. This catalyst is made
of series of adtive organo transition metals. When the oxo-
bindegradable polymers are exposed to the ultra-violet and
free oxygen attacks, the chain-scissioning reaction ocours
extensively and finally reduces the plastics into carbon
dioxide [(CO,). In the market, the oxo-degradation additives
are mostly added to polyethylene and polypropylene. This
additive is applied in very little amount (<1%) for its high
effectiveness. Mevertheless, controversy also arises about

Tate 1: Exampes of LA Product Appications

Area of Application | Market Products

CL Chemical  Spun-bond fabrics Medical applications,
Fibers shopping bags, and
bndszape textie s
Cyne-A-Pak Foam meat trays Oyne-A-Pak Mature™
tay
Bodin Foam tray Tray for meat, fish and
[France) cheese E
O3 &l Food serdice ware Cutlery
H
Cango Casings Casings for cosmetics
Cosmetics .
¢
& &
DS Technical  Exhibition grade BEcopunch? camets
Monwoven carpeting ;
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thistype of "eco-friendly” plasticbecauseit is still derived from
petroleurn-based product and its degradation still generates
C0, which isagainst the principle of carbon oredit products.
In short termn consideration, it can help to reduce the burden
of landfillz. Howewer, the use of such oxo-biodegradable
can also cause other serious emvironmental problems, the
most serious of which is that it also takes time to be fully
degraded into CC,. During the early breakdown process
fragrmentation of the plastics will pollute the soil and can be
gccidentally consurmed by the soil habitant organisms.

Various types of eco-packaging are awailkble in the
rmarket and such eco-plastics products need to undergo 2
seties of test to verify its biodeqgradability and compostability.
In the European Union, the compostable packaging rust
fulfill the requirement of EM 13432, while other countries
hiave respective standards to be achieved before they are
allowed to uze the compostable logo on their products
(Table 2].
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Polycapmbctone

Tabde 5 Biopotymer producers amd aooiications

Applications Biodegra bil ity

Chemical Composition

DURECT Corporation-

FCL) B Lacts ™
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cormmercial

Ethicon-Monocryl®-
Suture

Capronore-
Contraceptive implant
Agmtec-Agrothane®-
Faint and metal
protection film

Dolphin-Petcry®-Sutures
Bondek®-Sutures
DexonTh S-3utures
CemeTech®™3utures

Compost Bags
Consumer packaging
AgricultureHorticulture
film

Fubbermaid®,
Calphakbn®, Paper
Mate®

BioTufrm

EcoGen™

DemeTech® sutumes
Duracry® sutures
D-Te k® sutures
Sumgeasy® sytures
Ethicon® PD3* || sutures
OrthoSo k™ pin

Cigarette filter
Textile

Spectacle frames
Film media

Wiound dressing-
ADAPTICm™
Eioceta® Toothbm sh

= 12 months

> 3 months

3-12 months

= ¥ months

= 24 maonths
Cependon
acetate content

year of use and is finally degraded and absorbed by the

bicdegradable pol¢rmers are only produced on | small
scale dther for exploration of cormmercial potential or
rainly for biological applications (refer to Tables 3 and
43, Folycaprokctone [PCL), polyghycolic acid (PGA), and
pokydioxanone [PDO] are the common biodegradable
rmediurm for sutures, pins-anddrug carrier immplants. Mormally
PGA and FDO are preferable materials over PCL in Bio-
rmedical application because PCL takes longer time in wivo
resabsorbable. & clinical study of PCL-based implantable
biodegradable contraceptive indicates that Capronor®
containing levonorgestrel remains intact during the first
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body after two years [Darney, 1989). Both PHE and PHEY
Belong to polyhydroxyalkanoates (FHA) and are developed
using biological fermentation of dextrose. Metabolix and
ADM joint venture under Telles produces PHE with the trade
name of Mirel™. PHE compost bags need 6-12 months to
be naturallydegraded. International stationary manufacturer
Sanford uses PHE in its farmous Paperidate® product range.
FHE iz not easify deqraded under normal condition of usage
or even storage under humid environment but when buried
under soil and compost, the PHB-made Paperhiate® pen
decomposes in about @ year,



FEATURE -

Tabde 4: PLA it bicrmedical Gooi cation s

frea of Applicstion
Paly lactide) Ortho pedic surgery, oral
and maxilbfacial surgery

Takimn Osteotrans™ X, Fixsorb™ MX (screws, nails, pins)
GFunze: Grandfi® Meofo® (sorews, nails, pins)

Arthrex: Bio-Te node sis® interference screw, Bio-Corkscrew® sutume
anchor

Conmed Linvatec: SmartScrew® Smarthail® 3manTack® SmartPin®
Bin 5o ew

Stryker Biosteon® Biozip® interfe ence screw, anchor

Zimmer. Bio-statak® (zuture anchorf) prostatic stent, suture anchar,

bone cement plug

Dermik Labaratories: Sculptra® inectable facial restoration
kensey hash: EpicGuide®

Poly D, L-lactide-co-glwz olide) Suture

Paly (D L-lactide-co-ghycolide]) Drug deliery

8315 Oral, and maxillofacial
Paly [ L-lactide-co-glycolide] SUrgeE ry

St General surge ny

Paly (D, L-lactide-co-ghcolide]) Suture, periodontal
10020

sUrge ry, genaral surgery

l‘.
Paly L-lactide-co-D L-lactide) Ortho paedic surgery
Q312
Paly (L-lactide-co-D-lactide ) 9854
Paly [L-lactide-co-D, L-lactide)
50450
Poly [L-lactide-co-0, L-lactide)
70430
Paly [D-lactide-co-D,L-kctide-co-
L-actide]
Paly (O, L-lactide-co-
caprolactone]

Oral and maxiliofacial
SUTgE ny

Merw Fegeneration

Cellullose acetate is commonly used as cigarette
filter, textile, spectacle frames and film media. Since the
early 20th Century, cellulose acetate is a very important
base material for the film industry. Over the decades the
application of cellulose acetate has changed and today,
a modified cellulose acetate iz suitable to be injection
rmoulded to produce biodegradable plastic articles. Some
series of sunglasses marketed by Louis Vuitton are made of
cellulose acetate. This material comes in 2 wide variety of
colours and textures. They can be adjusted easily, but tend
to get brittle with time.

135 Sport Medicine: Polsorb™ sutue s

Instrument Makar. Biologically Cuiet™
Interfe e nce Screw, Stapk 55515

Biomet ALLthread™ Lacto3arb®, scew, plates, mesh, surgicalclip,
ping, anchor

Ethicon: Wicryl sutume, Wicryl Mesh

FPhusiline® Interference Screw, Sage
ConMed: Bio-Mini Rewo®

Sulzer, Sysorb® Screw [S0/50)
Geistlich: ResorPin® 70530

Fensey kash: Drilbc® Surgical dressing

Ascension Orthopedics: Neum bo®
Paolyganics Wivosorb®

Knitted cellulose acetate fabric treated with specialhy
formulated petrolatum erulsion helps to protect open
wounds and prevents the dressing from adheting to the
wound. However, prolong exposdre to moisture, heat or
acids will reduce acetyl (CH,C) groups that are attached to
the celluloze. Thedeqgradation process causes the release
of acetic acid, which is known as "vinegar syndrome”. This
is because when cellulose acetate film is stored under hot
and hurid conditions, the release of saturation acetic acid
emits a smell. This will also further attack the polymer chain
and deteriorate the celulose. & study of cellulose acetate,
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reported by Buchanan et a/. (1993), showed that cellulose
acetate can be biodegraded in waste-water treatment
assay approximately /0% at 27 days of cellulose diacetate
with the rate of degradation also depending on the degree
of substitution of acetate. A high degree of substitution of
acetate requires longer exposure.

Besides that, most of the mentioned biodegradable
polymers belong to the polyester group (Figure 1). This
Is due to ester containing covalent bond with reactive
polar nature. It can be broken down easily by hydrolysis
reaction. The biodegradable polyester can be divided into
aliphatic and aromatic group with some of the members
derived from renewable and non-renewable sources. PLA
and PHA are both aliphatic polyester using renewable
agricultural sources while PCL and PBS/PBSA are aliphatic
polyester produced from non-renewable feedstock. Most of
the PCL in the market are used in biomedical application
whereas PBS/PBSA, as marketed by Showa Denko under
the tradename Bionolle, is supplied to local Japanese
government programmes for packing domestic solid waste
before collection.

Generally, all aromatic polyesters are produced from
petroleum. Some people think that petroleum-based
biodegradable polymers are more feasible than bio-based
biodegradable polymers. The reason is that bio-based
polymers has raised the issue of competition between
food supply and plastic production, especially as there is
still a shortage of food among many Third World countries.
However, do not let this be an obstacle to developing
bio-based polymers because a small step in developing
renewable technology today can lead to a giant leap In
reducing our dependence on fossil resources.

Besides, BASF has introduced an AAC product
named Ecoflex®. This material is widely used to produce
compostable packaging and films. According to BASF,
the annual production capacity of Ecoflex® has expanded
to 60,000 MT to capture the demand of biodegradable
plastics which is growing at a rate of 20% per year. BASF
also blends polyester with PLA for another product called
Ecovio®. The high melt strength polyester-PLA can be used
directly and processed by conventional blown film lines
without the incorporation of additives. Furthermore, Ecovio®
has extraordinary puncture-and-tear-resistant as well as
weldability characteristics. Another company, Eastman, also
produced AAC with the tradename of Eastar Bio® which has
a highly linear structure while Ecoflex® contains long-chain
branching. A study reported by BASF shows that AAC of
the Ecoflex® has comparable biodegradability as cellulose
biomass which Is able to achieve 90% compostable in
180 days as per CEN EN 13432. Thus, petroleum-based
biodegradable polymer can also be as good as natural
material in term of degradability.

The conventional polyethylene terephthalate (PET)
takes centuries to be naturally degraded. However, PET
with appropriate modification such as copolymerization
with co-monomer ether, amide or aliphatic monomer will
Increase biodegradability. Such modified PET materials
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include polybutylene adipatefterephthalate (PBAT) and
polytetramethylene  adiphatefterephthalate (PTMAT).
Dupont has commercialized Biomax® PTT 1100 with the
plastic melting point of 195°C which makes it suitable for
use as fast-food disposable packaging and cups for hot
food and drinks.

In conclusion, the research and development of
biopolymers have been carried out for many years.
Nevertheless, many people lack knowledge about the
applications of biopolymers. But with NGOs and government
agencies promoting the use of biopolymer as environment-
friendly materials for a sustainable future, it is expected that
the use of biopolymers will grow tremendously in the near
future. |
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