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Abstract

Plastic materials called synthetic polymers are comparatively new ones that are synthesized chemically,
different with natural materials such as wood, paper, stone, metal, glass, etc. Especially, the usage of the
plastic materials in food industry is really various in packaging film, flexible packaging material and
containers for a variety of foodstuffs. However, it is true that the environmental contamination problems
such as environmental hormone leakage due to incineration or reclamation, difficulty in securing a
reclaiming site, and detection of deadly poisonous dioxin, etc generated by incomplete incineration of
waste plastic materials became social issues. To solve these problems, it is urgent to develop and com-
mercialize degradable plastics that can be stably and conveniently used as like general plastics during
the use and that are environment-intimate and non-harmful plastics easily decomposed by sunlight, soil
microbes, heat generated from a reclaimed land and so on after the use.
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Table 1. Restriction in the usage of non-degradable plastic in various countries

Country

Contents

o under the progress in restriction of the usage of non-degradable plastic in 31 states
o obligatory use of degradable PE plastic for the Six-Pack-Ring in 9 states such as Maryland, etc

e levy on non-degradable plastic food packaging
o recovery of plastics in terms of materials

USA e restriction of the usage of single use stuffs: one city in New Jersey

o restriction of the usage of Styrofoam
- enforced: Minnesota, Florida, Maine

- progressed: New York, Pennsylvania, Wisconsin

- restricted use in public places: Massachusetts

o levy on non-degradable plastic shopping bags from 1989

[taly

o restriction of the usage of PVC shopping bags from July, 1989
o obligatory use of degradable plastic for single use shopping bags from 1991

o obligatory recovery of beverage containers made from plastic

» obligatory deposit of PET containers from March, 1989
Germany e restriction of the usage of PVC containers in several provinces

» onerous sale in single use bags (400~800 won)

Denmark

« under the progress in restriction of the usage of non-degradable PVC for the packaging material
e restriction of the usage of single use beverage containers

Swiss e under the progress in restriction of the usage of non-degradable PVC containers

Austria e under the progress in restriction of the usage of non-degradable PVC for the packaging materials

Japan

o recommend the self-constraint of the use of the singe use plastic stuffs
 obligatory reuse of plastic (except for non-degradable plastic) form 2000

Taiwan

o recommend the self-constraint of the use of plastic stuffs in restaurants
o obligatory 40% use of paper for food containers such as Ramen, etc
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Table 2. Comparison among bio-degradable, photo-degradable and muti-degradable plastics

Bio-degradable plastic Photo-degradable plastic Multi-degradable plastic

- degradable by microorganisms - degradable by UV and heat - degradable by

Non-degradable plastic

Principle - difficult to be degradable

of - degradable by heat, oxidation and enzyme in a short in A short period microorganisms, heat,
degradation and UV in an infinite period period oxidation and UV in a short
period
Productivity - high - low - high - high

- not machine and
temperature dependent

- machine dependent

- low machine and
temperature dependent

- low machine and
temperature dependent

- can reuse 95% of the loss
during processing

- possible to be 80% of
recycle after use

Reuse
processing

- cannot use the loss during

- impossible to be recycled

- can reuse 95% of the loss
during processing

- possible to be 70% of
recycle after use

- can reuse 95% of the loss
during processing

- possible to be 70% of
recycle after use

Equipment - do not need additional
investment

- need additional investment - do not need additional

- do not need additional

investment investment

Period of - open condition: non-
degradation degradable
- in soil: difficult to be estimated

- open condition: 3 ~ 6 months - open condition:
- in soil: 3 ~ 6 months

2~5 years - open condition: 2~3 years

- in soil: more than 50 years - in soil: 3~6 years

Merits - low cost - perfect degradation - low cost - low cost
- superior rheological - commonly used (PE, PP) - commonly used (PE, PP)
property
Faults - environmental contamination - high cost - need direct sunlight -
- low elasticity - applicable only for films
- can be used for specific plastic
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Table 3. Usages and applications of degradable plastics
Plastics Usage Application

Bio-degradable
- PP substitutes

- food containers, single use stuffs, tray

- PHB, polysaccharides
- PCL, PLA, PG, etc

- medical - natural polysaccharides, oils, chitins,
starches
Bio-disintegrated - disposable diaper liners, trash bags, - PE + starch
shopping bag, mulch film, etc -PE +PCL, etc

- PCL, general use blends

Multi-degradable

- food containers, single use stuffs, tray
- packaging materials, mulch films
- cups, shopping bags

- PE, PP + chemical agents, photo-
degradation agents, stabilizers,
unsaturated fatty acids

Photo-degradable  Addition of photo-

degradation agents materials

- mulch film, shopping bag, food packaging

- PE + metal ions

Copolymerization

- paper coating, tray, grocery
bags, cups, plates, mulch film, etc

- PS, PE, PP + copolymers of vinyl-
ketone
- PE + copotymers of Ethylene-CO
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Table 4. Additives for multi-degradation of plastics

Functions

Materials

Other

Bio-degradable polymers

cellulose, cellulose derivatives, polycaprolactone (PCL), fatty acid
esters, starches, PLA, PHA, PHB, etc

Stabilizers

antioxidants such as benzene propanoic acid, etc

delay of initiation for the reaction
of oxidation

Chemical degradation
accelerator

1-st transition metal, 2-nd transition metal, aromatic ketone group
(benzophenone etc.), photo-degradation agents,

Oxidizable components

Unsaturated fatty acids, fatty acid esters, naturat lipids, natural or  double bonds
synthetic rubber and their complexes
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Table 5. Manufacturers of degradable plastics*

Jole 2gRel & ugd 7o) W
Hol] (F) HE|FEAESZcL, (F) dHAEEA T

Polymer developer Brand Main components Marketer
Bayer BAK 1095 Polyester amide -
BioPlastics Envar Starch + PCL Grand River Technologies
Cargill Dow Polymers EcoPLA® Polylactic acid Duro Bag Mfg. Co.
Chronopol Heplon™ Polylactide -
DuPont Biomax® Polyester, Copolymer -
Eastman Eastar Bio™ Polyester made of conventional -
Copokyester 14766 diacids and diols
EPL pcp™ PE + additives Technicoast; Symphony
Environment Ltd.; Sera Trade

Indaco Bio-Solo™ Reuse PE+ activator Indaco Mfg. Ltd.
Monsanto Biopol™ Polyhydroxy butyrate/valerate WalkiWisa (Europe)

copolymer Mondanto Japan
Novon Intl DegraNovon® Polyolefine + additives CES, Inc. (N.America)

Planet Polymer Technologies EnviroPlastic® C

PCL based resin

(No starch or PE)
Showa Highpolymer Bionolle® Lipid polyesters
Technicoat Tech-No-Bag™ PE + additives
Union Carbide TONE® P-787 PCL
Willow Ridge Polystarch® PE + starch

Petoskey Plastucs (MI)
Compost 2000 (Canada)

Showa Denko
Technicoat Ltd.

*referred to riggle (1998)
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