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Plastics 101
I.  Background - “The future is just one word….”
http://www.geocities.com/Hollywood/8200/clip.htm

II.Sustainability, and Issues with Plastics and PVC
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Some Definitions

• Polymer- poly-many, meros-part
– long chain of molecules that is made of repeating

parts, called monomers
– can be natural or synthetic

• Plastics
– all plastics are polymers, all polymers not plastics
– typically refers to man-made thermoplastic

polymers (fiber, elastomer, thermoset)
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Monomers / Polymers
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Plastics are Found in Clothing

• Stockings, shirts, windbreakers, pajamas -
processed nylon

• Fleece jackets, vest, and pants - from recycled
plastic soda bottles, PET, or other polyesters

• Sweaters and socks - acrylic
(polyacrylonitrile) and rayon

• Shoe soles - PVC, rubber
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Polyurethane in Clothes
• Trainer Tights - A unique

blend of spun polypropylene
and Lycra® spandex will
keep you working out when
the winter temperature dips
low. Soft, stretchy and really
comfortable, we wear our
Winter Trainers for Nordic
skiing, winter running and
cycling, and even under a ski
suit. They wick moisture
from your skin and disperse it
to the outer layer of fabric, so
you dry quickly and avoid
chills.
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…. at home and by the pool
• The pool - PVC liner, PE and PVC in

inflatable toys, PP chair webbing, goggles
with PC lenses, PS floaters for pool chairs

• Hot tubs - acrylic
(poly(methylmethacrylate))

• Home safety - PVC stair treads, nylon safety
ropes
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Why are Plastics Preferred Materials?

• Lightweight for shipping and storage

• Plastics are inexpensive, in the current (subsidized)
market,.

• Non-breakable in shipping and use

• Malleable for design purposes (e.g. electronics
housings)

• Flexible for use purposes (bendy straws, hoses,
squeezable condiments)
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Why are Plastics Preferred Materials?

• Theoretically able to be made with recycled-content

• Performance multi-functionality

– Fleece pants keep you warm

– A PVC rain jacket or pair of clogs keeps you
waterproof

– Polyester shirts can be spun into unique textures
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Ideal Product/Ideal Plastic

• Meets The Natural Step System Conditions

• MBDC Eco-Effective Design approach for products, Life
Cycle Assessment:

– Consumable (i.e., compostable, biodegradable)

– Stays in Technical Loop (product of service, reusable,
recyclable)

• Green Chemistry Principles for design of materials:

– Minimize hazard in product and process (this includes
human health, safety and ecological harm)18
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Natural Cycles + Society

Slide by Larry Chalfan

Materials
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How Chemistry is Done

In Industry

• Many unintended by-products

• Chemicals created then sent
out into the environment;
recycling is limited.

• No system to respond to
changing natural conditions,
only market conditions.

In Nature

• No unintended chemicals

• All chemicals recycled within
an organism or within the
ecosystem.

• There are feedback
mechanisms to respond to
changing conditions.
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Industrial Ecology Goal
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Life-Cycle Stages

• Design

• Materials

• Production

• Packaging and Distribution

• Use and Maintenance

• End of useful life
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What’s the Problem With Plastics?

• Cheap and dispensible-
plastics do not
biodegrade; who is
responsible for litter
problem in Asia?

Design
Ideal:  timeless, durable,

repairable; but….
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What’s the Problem with Plastics?
Materials

Ideal: feedstock sustainable in origin
or recycled, nontoxic; but….

Crude Oil

       Natural Gas                Naphtha     Gasoline         Kerosene                        Fuel/ Heating Oil                       Lube Oil, Asphalt
                 (methane, ethane
                     and propane)

                                                Ethylene                                            Propylene                                             Benzene, Toluene, Xylene (BTX)

Ethylene            Polyethylene        Ethylene          Acrylonitrile     Polypropylene     Propylene       Benzene            Toluene               Xylene
Oxide                                             Dichloride                                                                Oxide

Ethylene            Vinyl Chloride   Ethyl Acrylate or        +Styrene              Polyurethane    Cyclohexane   Ethyl     Cumene   Toluene          P-Xylene
Glycol                   Monomer        Methyl methacrylate   +Polybutadiene        Foam                                   benzene                 Diisocyanate
                                                                                                                                                                                                          (TDI)

Polyester              Polyvinyl                Acrylic                  ABS         Adipic       Cyclohexanone       Styrene        Phenol/      Polyurethane    Polyester
  Chloride                                                            Acid+HMDA                                                    Acetone

                             (PVC)

                                                                                                         Nylon 6,6        Caprolactam       Polystyrene      Bisphenol A

          Chlorine in Process
           Final Polymer                                                                                                   Nylon 6                                     Polycarbonate
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What’s the Problem with Plastics?
Production

Ideal:processes that are efficient, solar-driven, waste and toxics-free

Responsible Care 
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What’s the Problem with Plastics?
Production

Ideal:processes that are efficient, solar-driven, waste and toxics-free

Responsible Care 
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What’s the Problem with Plastics?
Production

Ideal:processes that are efficient, solar-driven, waste and toxics-free

Responsible Care 
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Risk = Hazard x Exposure

What’s the Problem with Plastics?
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What’s the Problem with Plastics?

• There is no plastic whose environmental
performance cannot be improved by processing
and distribution with renewable energy.

Distribution and packaging
Ideal:  efficient, solar-driven, sustainable, and

compostable/recyclable; but….
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What’s the Problem with Plastics?

• The polymer may be benign but the
modifiers likely won’t be

Use and Maintenance
Ideal:  safe to use, requiring a

minimum of care, and easy to repair;
but….



12

23

Zero Waste Alliance

Additives or Modifiers-up to 60%

• Plasticizers-to improve flexibility (phthalates)

• Heat stabilizers-prevent thermal degradation (lead and
cadmium)

• Compatibilizers-to allow 2 or more  materials to co-
exist in a polymer (i.e., ABS)

• Dyes-to change color

• Fillers- to improve strength

• Light stabilizers-reduce degradation from light

• Anti-oxidants-to prevent oxidation

• Flame retardants
• Others….
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What’s the Problem with Plastics?

• Landfill - volume, leaching of modifiers

• Burn - results depend on quality of incinerator

• Recycle - depends on market and feasibility

End of useful life
Ideal:  product can be composted,

remanufactured, recycled into new product;
but….
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The Plastics Pyramid

Key
1. Polyvinylchloride (PVC)
2. Polyurethane (PU), Polystyrene (PS), Acrylonitrile-

butadiene styrene (ABS), Polycarbonate (PC)
3. Polyethylene-terephthalate (PET)
4. Polyethylene(PE), Polypropylene (PP)
5. Bio-based polymers
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Why Pick on PVC?

When the entire lifecycle is considered, PVC
causes more hazardous by-products than
any other product. The hazard stems from:

• Chlorine chemistry in process and product, and

• Modifiers/additives in products

Overall
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Why Pick on PVC?

Chlorine in process:
    (electrolysis)

NaCl in H2O -----> Na+ + OH- + Cl2  (Chlor-alkali
process)

Ethylene+Cl2----->EDC---->VCM (+HCl)---->stock
PVC

PVC + additives----> formulated products

Manufacture and Processing
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Organochlorines - There’s the Rub

• Toxic organochlorine (OC) by-products are formed
• Chlorination creates entirely new toxic effects

• Some OCs found to interfere with hormone function

• Toxicity increases with each additional Cl substituent

• OCs are more soluble in fats than non-chlorinated forms
based on the work of Henschler (Thornton 2000)

• Vinyl chloride monomer is a known carcinogen; EDC is a
probable carcinogen

• Both are implicated in liver damage, neurological toxicity,
immune suppression and testicular damage
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Organochlorines-There’s the Rub

• Persistent, non-biodegradable-

 Global Distillation Effect

• Bioaccumulating- soluble in fats,

found in polar bears and human breast milk

• >200 OCs detected and identified in humans (fat,

breast milk, semen, blood, breath).  (~83 found in

Bill Moyers)

• Not known to occur naturally in any mammal
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Why Pick on PVC?

• Phthalates are added to soften PVC which is
normally hard and glossy

• Other additives like Cd or Pb are added as
stabilizers

• These additives have known toxic effects to
humans, developmental effects to children .…
and they leach.

Use and Maintenance 
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Why Pick on PVC?
 End of Life

• Incineration can form
dioxins and furans

• Landfills can leach out
the additives

• Recycling is difficult -
PVC in a batch of PET
spoils the whole lot.

– Issue of additives
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The Chlorine Tree
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What are Companies Doing?

- Mattel (teethers and other toys)

- GM (vehicle interiors)

- Nike (apparel and silk screen inks)

- Baxter (IV bags and gloves)

- Aveda (all packages but one)

- Dupont (green chemistry)
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What are Other Countries Doing?

• Sweden - first country to restrict PVC, voted in
1995 to phase-out soft and rigid PVC

• Denmark - introduced a PVC sales tax in 1999,
forbids PVC additives (i.e. phthalates, metals)

• Japan - regulations on dioxin production has lead
to a phase-out of PVC in household goods by
several companies

• Since 1997, PVC toys have been banned in
Austria, France, Greece, Mexico, Norway and
Sweden
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Emerging Technologies
• Polylactide (NatureWorks PLA) by Cargill Dow

• To be launched in 2001 - a $300M effort
• Biobased/biodegradable consumer goods-from cups to textiles
• Attributes similar to PET
• Made with processing energy from waste biomass
• Cost competitive

• Metallocene catalyzed polyolefins (PP and PE)- Current!
• Allows tailoring of process chains for range of polymer qualities
• Minimal use of additives, no chlorine
• Catalyst is reused
• Superior properties and performance compared to other polymers
• Improved clarity, elasticity and toughness, higher temperature use

• Green Chemistry
• Nylon 6,6 synthesis - biosynthesis of adipic acid from glucose
• Polycarbonate synthesis -phosgene free.
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Bio-Based Polymers

GMO Corn Plastic-(PHA)
(Energy for extraction and separation)

(Energy to open cells, separate plastic, concentrate and dry)

Microbes (GMO?)
Corn (or 
other plant)

Sugar Plastic (PHA)

Microbes/Fungus?
Fermentation

Corn (or 
other plant)

Plastic (PLA)Sugar Lactic acid
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benzene

Ni-Al2O3

370-800 psi

Co, O2

120-140 psi
cyclohexane cyclohexanone cyclohexanol

+

O OH

Cu, NH4VO3, 

HNO3

HO2C
CO2H

adipic acid

Traditional Feedstock in the Synthesis
of Adipic Acid

+  N2O
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E. coli

D-glucose
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E. coli

3-dehydroshikimate

CO2H

HO2C

Pt, H2
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(John W. Frost, et al., Michigan State)

cis, cis-muconic acid

OH

HO2C
CO2H

adipic acid

Alternative Feedstock in the Synthesis
of Adipic Acid
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The Use of Phosgene in the Synthesis of
Polycarbonates

HO OHC

CH3

CH3

bisphenol A

polycarbonate

+ COCI2

phosgene

H2O/CH2CI2

interfacial
polymerization

(Kyosuke Komiya, et al., Asahi Chemical)

+ (n-1) NaCl
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Diphenylcarbonate as an Alternative to
Using Phosgene

HO OHC

CH3

CH3

bisphenol A

polycarbonate

Ph—O—C—O—Ph

solid-state
polymerization

O

(Kyosuke Komiya, et al., Asahi Chemical)
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Recycling PET
The Petretec Process

•Converts scrap PET with some amount of contaminant
materials into dimethyl terephthalate (DMT) and ethylene
glycol- the two monomers of PET

•Allows for re-polymerization of monomers to produce first-
quality PET

•Recovered PET was previously useable in  a limited number
of products. PET recovered through Petretec can be reused in
any first-quality application

Scrap PET
1) Dissolution in DMT > 220°C

2) CH3OH (methanol) 260-300°C at
340-650 kPa

DMT

+

Ethylene
glycol
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1999 Presidential Green Chemistry Award
- Dow Agrosciences Sentricon

• Innovative integrated pest management approach

• Monitors and delivers highly specific bait, in very small

quantities - interferes with termite molting.

• Unmatched technical performance, environmental

compatibility, and reduced human risk

• Just in time for an EPA ban on Dursban!

• If you demand it, it will come….
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The Future is Just One Word?

I think he said….
sustainability


