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Plastics 101
I.  Background - ÒThe future is just one wordÉ .Ó
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
Ðlong chain of molecules that is made of repeating

parts, called monomers
Ðcan be natural or synthetic

¥ Plastics
Ðall plastics are polymers, all polymers not plastics
Ðtypically refers to man-made thermoplastic

polymers (fiber, elastomer, thermoset)
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Monomers / Polymers
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A vinyl chloride
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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 Lycrä  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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É . 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

Ð Fleece pants keep you warm

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

Ð 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 Designä  approach for products, Life
Cycle Assessment:
ÐConsumable (i.e., compostable, biodegradable)

ÐStays in Technical Loop (product of service, reusable,
recyclable)

¥ Green Chemistry Principles for design of materials:
ÐMinimize 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
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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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WhatÕs the Problem With Plastics?

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

Design
Ideal:  timeless, durable,

repairable; butÉ .
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WhatÕs the Problem with Plastics?
Materials

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

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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WhatÕs the Problem with Plastics?
Production

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

Responsible Careä  
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WhatÕs the Problem with Plastics?
Production

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

Responsible Careä  




