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Plastics 101

|. Background - “The futureisjust one word....”
http://www.geocities.com/Hollywood/8200/clip.htm
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Some Definitions

» Polymer- poly-many, meros-part
— long chain of molecules that is made of repeating
parts, called monomers
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Monomers / Polymers
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Plastics are Found in Clothing

o Stockings, shirts, windbreakers, pajamas -
processed nylon

» Fleecejackets, vest, and pants - from recycled
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Polyurethane in Clothes

e 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
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.... at home and by the pool

» The pool - PVC liner, PE and PVCin
inflatable toys, PP chair webbing, goggles
with PC lenses, PS floaters for pool chairs

e Hot tubs - acrylic
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Why are Plastics Preferred Materials?

 Lightweight for shipping and storage

» Plastics are inexpensive, in the current (subsidized)
market,.
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Why are Plastics Preferred Materials?

» Theoretically able to be made with recycled-content
 Performance multi-functionality

— Fleece pants k ouwarm
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Ideal Product/Ideal Plastic

* Meets The Natural Step System Conditions

» MBDC Eco-Effective DesignlJ approach for products, Life
Cycle Assessment:
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Natural Cycles + Society
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How Chemistry is Done

\\\f’““*(;g; :#’F
In Industry %4” In Nature
'xl"

¢ Many unintended by-products ¢ No unintended chemicals
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Industrial Ecology Goal

Current

Linear
System
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Life-Cycle Stages

e Design
» Materials
* Production
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What's the Problem With Plastics?

Design
Ideal: timeless, durable,
repairable; but....
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What's the Problem with Plastics?

Materials
Ideal: feedstock sustainablein origin
or recycled, nontoxic; but....

Natural Gas N: ine Kerosene Fuel/ Heating Oil Lube Oil, Asphalt
(methane, ethane
and prgpane)

Ethylene Benzene, Tolpiene, Xylene (BTX)
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What's the Problem with Plastics?

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

Responsible Carell

EMISSIONS OF PRIORITY COMPOUNDS
3,500 GOAL: 5% REDUCTION

UL PTBs 55
Carcinogens 5
Ozone depletors B
High-volume toxics [0

Tens of Emissions
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What's the Problem with Plastics?

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

Responsible Carel]

CHEMICAL EMISSIOMNS
GOAL: 50% REDUCTION
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What's the Problem with Plastics?

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

Responsible Carel]

LEAKS, BREAKS AND SPILLS
GOAL: 20% REDUCTION
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What's the Problem with Plastics?

Risk = Hazard x Exposure
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What's the Problem with Plastics?

Distribution and packaging
Ideal: efficient, solar-driven, sustainable, and
compostable/recyclable; but....
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What's the Problem with Plastics?

Use and Maintenance
Ideal: safeto use, requiring a
minimum of care, and easy to repair;
but....
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Additives or Modifiers-up to 60%

 Plasticizers-to improve flexibility (phthalates)

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

e Compatibilizers-to allow 2 or more materialsto co-
exist in apolymer (i.e., ABS)
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What's the Problem with Plastics?

End of useful life
Ideal: product can be composted,
remanufactured, recycled into new product;
but....
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The Plastics Pyramid

1. PVC

2 PU,PS, ABS. PC
3. FET

4 PE,PP

5. Biobased
polymers
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Why Pick on PVC?

When the entire lifecycle is considered, PVC
causes more hazardous b

Overall

-products than
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Why Pick on PVC?

Manufacture and Processing

Chlorine in process:
(electralysis)

NaCl in H,O -----> Na* + OH- + Cl,, (Chlor-akali
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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
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Organochlorines-There’s the Rub

* Persistent, non-biodegradabl e-
Global Distillation Effect

» Bioaccumulating- solublein fats,
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Why Pick on PVC?

Use and M aintenance

» Phthalates are added to soften PVC which is
normally hard and glossy
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Why Pick on PVC?
End of Life

* |ncineration can form
dioxins and furans

» Landfills can leach out

2,37 B-tetrachlorodibenzo-p-dioxin (TCDD, Dioxin)

recycling
is a big

pain in
the butt’
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The Chlorine Tree
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What are Companies Doing?

- Mattel (teethers and other toys)
- GM (vehicleinteriors)
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What are Other Countries Doing?

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

* Polylactide (NatureWorks PLA) by Cargill Dow
* To belaunched 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!
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Bio-Based Polymers

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

Microbes (GMO?)

18



Zero Waste Alliance

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

CH,
| H,0/CH,Cl,
| interfacial

Polycarbonates
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Diphenylcarbonate as an Alternativeto

Using Phosgene

[o]

1
|Ph—0—Cc—0—Phl
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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-
uality PET
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1999 Presidential Green Chemistry Award
- Dow Agrosciences Sentriconl]

¢ Innovative integrated pest management approach

« Monitors and delivers highly specific bait, in very small
quantities - interferes with termite molting.
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The Future is Just One Word?

| think he said..),
sustainability A
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