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 Polymers are long-chain molecules formed by the addition of 

structural units called monomers one after the other.

 Plastic is the name given to polymers synthesized by humans.



 Rubber, consists of polymers of the organic compound

isoprene, with minor impurities of other organic compounds. 



 The use of rubber is known in the Central American Mayan 

civilization in the 1500s.



 1839 Charles Goodyear developed the vulcanization method.



 Vulcanization of rubber creates di- and polysulfide bonds 

between chains, which limits the degrees of freedom and 

results in chains that tighten more quickly for a given strain, 

thereby increasing the elastic force constant and making the 

rubber harder and less extensible. 

 It works by forming cross-links between sections of polymer 

chain which results in increased rigidity and durability, as well 

as other changes in the mechanical and electrical properties of 

the material.



 1905 Leo Bakeland - Bakelite - electrical insulation

 1927 Large-scale use of polyvinyl chloride (PVC) resins – bottles, 

pipes

 1938 Polystyrene and 1941 Styrofoam transition to widespread

production



 1938 Nylon (aliphatic or semi-aromatic polyamides)

 1941 Polyethylene, the most commonly used plastic.



 Plastics have many superior properties compared to classical 

materials.

 However, most of them are produced from oil, which is an 

exhaustible resource.

 In addition, their long lifespan causes significant 

environmental problems.



 A significant part of the plastic waste released during and after 

use is stored in landfills.



 Plastic waste thrown into the seas forms large piles in the 

oceans.



 Pyrolysis of waste plastics is both expensive and causes the 

release of harmful chemicals into the atmosphere.

 Recycling is a long process and not all plastics can be 

recycled.



 The best solution to this problem is

biodegradable plastics obtained 

from renewable resources.



 It is possible to examine it in three main classes:

 1- Agro-polymer derived biomass products such as starch, 

cellulose and lignin.

 2- Polymers obtained chemically from monomers of 

agricultural origin, such as polylactic acids.

 3- Polymers obtained from microbial sources such as 

polyhydroxyalkanoates.





 Biomass products from agro-polymers such as starch, 

cellulose and lignin.







 Polylactic acid and polyethylene can be given as examples.



 Lactic acid is widely found in nature.

 Although it has been obtained synthetically in history, today more 

than 95% is obtained by microbial fermentation.

 PLA (polylactic acid) is both biodegradable and the most cost-

effective.

 Compared to traditional petroleum-based plastics, its cost is higher 

and its mechanical and physical properties are less desirable.



 Lactic acid and its derivatives are used in many different areas 

such as food, medicine, personal care, electronics, and polymers.



 Lactic acid can be obtained by chemical synthesis or microbial 

fermentation.



 Polylactic acid is the first biodegradable bioplastic produced 

commercially from annual, renewable resources.

 It is obtained by chemical polymerization of lactic acid.



 PLA is a thermoplastic polyester that can be turned into fiber, 

knitted into rigid films, and injected into molds.

 It is primarily used in food packaging, textiles and injection 

molded parts.

 It must be blended with other polymers for flexible film 

applications such as shopping bags.





 As a rigid thermoplastic, PLA exhibits properties similar to 

polyethylene tetraphthalate and polystyrene.

 In addition, it has important unique features such as superior 

transparency, shiny appearance, inflexibility and fold retention 

ability.

 It also has high gas permeability compared to other similar 

polymers.





 Polyhydroxyalkonates are polyesters of hydroxy alkonates that are 

accumulated by many microbial species as a source of reducing 

power, carbon or energy in conditions where nutrient elements such 

as N, P, S, O or Mg are limited and an excess carbon source is 

available.



 These polyesters, whose physicochemical properties are similar to 

petrochemical plastics, are accumulated intracellularly in storage 

granules in microorganisms.
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 The molecular structure and properties of synthesized PHAs vary 

depending on the bacterial and archaeal species used, the medium, and 

the substrate specificity of the enzymes in the biosynthetic pathways.

 Despite their many advantageous properties such as biocompatibility 

and biodegradability, they have not yet been able to replace 

petrochemical plastics due to their high costs.



 PHA is now available on an industrial scale from various microorganisms

such as; 

 Bacillus ssp., 

 Alcaligenes ssp., 

 Pseudomonas ssp., 

 Azotobacter vinelandii,

 Halomonas boliviensis ve 

 recombinant Escherichia coli





 It is a water-insoluble polymer consisting of repeating units containing 

optically active D(-)-3-hydroxy butyric acid, with a methyl group in its 

side chain.

 PHB granules are 100-800 nm in diameter, contain 98% PHB and 2% 

protein, and are surrounded by a membrane 2-4 nm thick.



 PHB granules do not separate from the lumen of the cell and cause the 

osmotic status of the cells to change.

 PHB molecules in the crystal structure have a right-handed helix structure.

Physical Properties PHB

Tm [°C] 175

% Crystalinity [%] 80

MA [Dalton] 5 x 105

Tg [°C] 4

Density [g/cm3] 1.250

Tenzile strength [MPa] 40

Elongation at break [%] 6

UV resistance Good

Solvent resistance Weak

Source Renewable

Cost[$/lb] 3.50



 Poly (3-hydroxybutyrate-co-3-hydroxy valerate) (PHBV) copolymer is 

a biopolyester produced by a specific group of microorganisms under 

specific growth conditions.

Mol % HV 

composition

Tm [°C] Tg [°C] Tensile 

strenght

[MPa]

Elongation at 

break [%]

Elasticity

[MPa]

0 175 9 45 4 3.8

11 157 2 38 5 3.7

20 114 - 5 26 27 1.9

28 102 - 8 21 700 1.5

34 97 - 9 18 970 1.2



 Many microorganisms can degrade PHA in natural environments 

such as soil, sea and lake water.

 Microorganisms colonize the surface of the polymer, secrete 

degradative enzymes and break down PHAs into their subunits.













 PHAs can be produced by fermentation from renewable sources 

instead of fossil fuels, using agricultural raw materials such as 

sugars and fatty acids as carbon and energy sources.



 In PHA production;

 Glycerol, a by-product in biodiesel and soap production,

 sugar industry and waste (molasses and bagasse),

 lignocellulosic materials and their by-products,

 city sewage waste

 solid and wastewater treatment plant wastes

can be utilized. 














