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PLASTIC PRODUCTION

Global production was
245MT in 2006 160

140

Increases by almost 2
10% eve ry year 23 ® Year 1980
USA consumed 39MT ¥ ‘ a2 i 200
in 2010 Ty

& &
& & &° s°

40% of plastic has a &
service life of less than
1 month

Per capita consumption of plastics in Kg/year

Kg/year

&{b

O >
Q‘b \(‘ &

Panda D. Achyut Thermolysis of waste plastics to liquid feul A suitable method for plastic waste management and manufacture of value added products-A world
prospective 6 July 2009. Renewable and Sustainable Energy Reviews



BACKGROUND CONT.

Fossil fuels
However, uses less than other materials

Waste accumulation

C-C backbone resist degradation
Nurdles

Microplastic particles

May absorb organic pollutants

Additive leaching (Plasticizers)

Phthalates disrupt the endocrine system and may be
carcinogenic

Toxic monomers (Vinyl Chloride)



COMMON PLASTIC POLYMERS
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http://illumin.usc.edu/7/recycling-plastics-new-recycling-technology-and-biodegradable-polymer-development/



DEGRADATION PROCESSES

Photo-oxidation
Hydrolysis
Thermal
Mechanical stress
heating/cooling
freezing/thawing
wetting/drying
fungi
waves

http://www.dowcorning.com/content/publishedlit/01-1112-01.pdf



PHOTO-OXIDATION

Folymer ——> FPe+De

Pet0,— > POO
POC e+ PH —— POOH + Pe

FPOOH —— PO+ H
FPH+eOH ——Fet+H, O

P e —— Chain =cisgon reactions

POUS+POO Crogg linking
PO e+ Fe -—> reactions to non-
Petle radical products

http://en.wikipedia.org/wiki/Photo-oxidation_of_polymers
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Termination



HYDROLYSIS

Acid or base catalyzed

(b) Hydrolysis

H — Monomer H Monomer H Monomer — OH

H,O
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H,0
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http://bcs.whfreeman.com/thelifewire8e/pages/bcsmain_body.asp?s=03000&n=00010&i=03010.01&v=chapter&o=|26000 | &ns=0



BIODEGRADABLE POLYMER

Linkages such as anhydride, ester, or amide bonds
Weakens backbone/ Increases hydrolysis

Maintain good mechanical integrity until degraded
May need additives/fillers

Controlled rates of degradation
percent crystallinity

=8 | Crystalline region %

——Amorphous Region %

molecular weight

hydrophobicity

http://web.utk.edu/~mse/Textiles/Polymer%20Crystallinity.htm Fig 1 Mixd Amerplews Coytalline Macrwislocatar Palymer Structary
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PLA USES

Compost bags
Food packaging
Disposable tableware

Biomedical applications

Sutures, stents, &
dialysis media

Drug delivery devices

As a fiber

Upholstery & disposable
garments

Multi-license with GFDL and Creative Commons CC-BY-SA-3.0 and older versions (2.5, 2.0 and 1.0)



RENEWABLE LACTIC ACID SYNTHESIS

Ca|C|um La Ctate / Sgt;:crgzzi / / Water / / l(_:ilt.n;}i /
precipitates and is |

treated with H,S0O, T ——
Prevents hydrolysis / /
Produces Lactic acid & —
CaS0,*2H,0(gypsum) .

2 CaS0,2H,0 — 2 CasS0, / /

+ 2 H,0 (released as
steam) ~200°C

Obtain Anhydrite / /
L(+ )I ct

Purification & Concentration




POLYLACTIC ACID (PLA) SYNTHESIS

Direct polymerization of
LA produces water

Lactides may be prepared
by heating lactic acid in
the presence of an acid
catalyst

Drop in polarity makes
separation of lactides
easier

Lactides undergo ROP in
the presence of a catalyst
(Tin(ll) 2-ethylhexanoate)

| | _ | O |
0 A
HO -
| \HKOH | | /\H'/O |
Lacti.c Acid | | o
Lactide
| Ring Opening Polyme'rization-
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Polylactide (PLA)




» A glass transition
temperature between
60-65 °C

+ the reversible transition
in amorphous materials
(or in amorphous regions
within semicrystalline
materials) from a hard
and relatively brittle state

into a molten or rubber-
like state

http://en.wikipedia.org/wiki/Glass_transition_temperature



MODIFYING PLA PROPERTIES WITH ANHYDRITE

PLA and Anhydrite(All) are melt blended to form
a composite PLA-AII

High rigidity

Good thermal stability

Processing properties(less prone to hydrolysis)
Cannot be recommended for applications

where advanced flame retardant properties are
required



Weight (%)

~ ADJUSTING PLA-All PROPERTIES WITH ORGANO-

MODIFIED LAYERED SILICATES

Organo-modified layered silicates (OMLS) were
added via melt compounding

Increased thermo-mechanical properties

Flame retardant pe;formance
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Murariu: Marius New trends in polylactide (PLA)-based materials: “Green” PLA-Calcium sulfate (nano)composites tailored with flame retardant properties 23
November 2009. Polymer Degradation and Stability
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PROPERTIES OF PLA BLENDS

E/gllitilon of PLA molecular weights and polydispersity indices upon melt-blending.

Sample (%, by weight) Polydispersity index Mn (PLA) Crystallinity(%)
1 PLA (processed) 2.2 64 000 0.1

2 PLA-43% All 2.3 59 000 2.0

3 PLA-40% All-3% B104 2.0 57 000 0.6

4 PLA-40% All-3% C30B 2.0 56 000 0.2

polydispersity index (PDI), is a measure of the distribution of molecular mass in a given
polymer sample. The PDI calculated is the weight average molecular weight divided by
the number average molecular weight

Number average molar mass or M, total weight of all the polymer molecules in a sample,
divided by the total number of polymer molecules in a sample

http://en.wikipedia.org/wiki/Polydispersity_index



PLA DEGRADATION

H,O

Carboxyl
end group
Ester link age

carbonyl group ©

Self -catalyzed
hydrolysis

Depends on the
conditions

Temperature, humidity,
light, & fillers

PLA with no fillers can
degrade within days or
weeks

PLA with fillers a few
years (3-9)

http://illumin.usc.edu/7/recycling-plastics-new-recycling-technology-and-biodegradable-polymer-development/



12 PRINCIPLES OF GREEN CHEMISTRY

1.Waste Prevention

2. Atom Economy

3. Less Hazardous Chemical Process

4. Designing Safer Chemicals

5. Safer Solvents and Auxiliaries

6. Energy Efficiency

/. Renewable Feedstocks

8. Reduce Derivatives

9. Catalysis

10. Design for Degradation

11. Real-time Analysis for Pollution Prevention
12. Safer Chemistry for Accident Prevention

Anastas and Warner “Green Chemistry: Theory and Practice” Oxford University Press,
1998



CONCLUSIONS

Plastics derived from fossil fuels are
unsustainable

Accumulation of plastics causes harm to the
environment and may leach toxic substances
Challenges in designing renewable and
biodegradable polymers

Cost

Maintaining mechanical and thermal properties
Controlling the rate of degradation
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THANK YOU

Any Questions?



