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Brief history of plastics

- Plastics are a wide range of synthetic or semi-synthetic materials that use
polymers as a main ingredient

- Organic polymers
- Chemical modification of organic polymers
- Completely synthetic plastics




- 1839 - discovery of vulcanization process (Charles Goodyear)
- 1907 - the world's first fully synthetic plastic Bakelite (Leo Baekeland)
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Environmental effects of using plastics

- Plastics are resistant to many natural degradation processes
- Problematic of microplastics




Solution of plastics pollution - Recycling
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Solution of plastics pollution - Decomposition of plastics

- Photo-oxidation process
- Decomposition of plastics by various types of bacteria, fungi or larvae
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Solution of plastics pollution — Alternative materials

- Using degradable materials
- Bioplastics




What is bioplastic?

- Biodegradable, biobased, or both

2

BioPlastics
Eg Bio-PE, Bio-PET,
PA, PEF etc

A Bio based

BioPlastics
Eg PLA, PHA, PBA,
Starch Blends

Non Biodegradable

Conventional Plastics
Eg PE, PP, PET, PS, ABS etc

BioPlastics
Eg PBAT, PBS, PCL

Fossil fuel (Oil) based

Biodegradable*

*Industrial or Home compostable



What is bioplastic?

Global production capacities of bioplastics 2020
(by material type)

- Biodegradable, biobased, or both
- Bioplastics represents 1% of
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*PEF is currently in development and predicted to be available in commercial scale in 2023.
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Biobased and biodegradable bioplastics
- two ways of production

- Polymers are extracted - Polymers are produced
from biomass by microorganisms
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microorganisms PHAs bioplastic

biomass biopolymer bioplastic



Polymers extracted from biomass .. = ..

- polymers
- starch, cellulose, lignin, chitin, carrageenan, agar, ...
« casein, keratin

- biomass resources
« land crops (corn, potato, rice), seaweed, cotton
« wood industry byproducts (wood chips, sawdust)

« food waste (corn husks, fruit peels and seeds, spent coffee
grounds)



From biomass to bioplastic R~

- polymer is extracted from biomass
U - polymer is dissolved in water
- additional biopolymers, plasticizers, fillers are added

]
! | - melt-processing — gelatinization

&L ° film is made



Currently on the market 3z

- Starch blends (TPS - thermoplastic starch)
- food packaging
« poor water resistance

- Polymers from algin and carrageenan
extracted from seaweeds
- edible food packaging

(¢) Gracilaria sp. (d) Gelidium sp.

- Casein protein polymers
 adhesives, edible food packaging
« controlled release drug delivery systems

(e) Sargassum sp.

Fig. 1. Popular seaweeds used in bioplastics production.



Currently on the market

- Chitin based polymers
« marine crustaceans (crab, lobster)
« hazardous substances used for extraction

- Cellulose acetate
* fibers, films
 hazardous substances

- Polylactic acid




Polylactic acid PLA

- Starch cleavage by heat or acids/enzymaticaly to glucose
- Fermentation of glucose to lactic acid
- Polymerization of lactic acid to PLA

Prepolymerization ¢Ha ? ¢ Polymerization
> o) OH
HO o
ol CHy], O

2)

Prepolymer
Q CHs, O] CHs
H5;C i i O OH
3 \T)LOH (1)  Direct polycondensation , HO 0)\”/
Ol CHi|, ©O
Lactic acid Poly(lactic acid)

Ring-opening polymerization
O
A’% W)ﬂ \.l)'LO
=% gl
CHJ
CHs |,

O

Oligomer Lactide



Polylactic acid PLA

- Starch source: corn, cassava,

- Properties:
* biodegradable?
* degradation rate between 3-5 years
* specific conditions (60 °C, moisture, soil or compost)
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Polymers produced by microorganisms
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- PHA (Polyhydroxyalkanoates) are the only biopolyesters completely
synthesized by biological means
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Polyhydroxyalkanoates PHA
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Other alternatives
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Summary

Type of polymer

Production

Biodegradable

+

PLA
polylactic acid

microbial
and chemical

Slowly and only
under specific
conditions (60 °C)

* suitable for wide variety of
applications
* less energy for production

* problematic degradation
* occupation of land
* may decrease microbial

diversity
Starch blends chemical Yes * availabilty and low cost of Poor gas barrier properties
starch and water resistance
Seaweed polymers | chemical Easily e easy cultivation Low thermal stability
e chemical-independent
production
PHA microbial Yes * independence from the High production price

polyhydroxyalkano
ates

agricultural sector
(cyanobacteria, microalgae)
® may increase microbial
diversity in area of its
degradation
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