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Horn, Tortoiseshell, Amber

Source:  Susan Mossman, ed., Early Plastics:  Perspectives 1850-1950 
(Science Museum, London: 1997), Plate 2 & Fig 51; 
www.horners.org.uk.

Presenter
Presentation Notes
Less than 200 years ago, our economy was a carbohydrate economy.  

Plants were the primary raw material in the production of dyes, chemicals, paints, inks, solvents, construction materials, even energy.



The first plastics were bio-based plastics.  They were horn, amber, tortoiseshell, shellac, gutta percha and natural rubber.  These materials have been used and molded into many different shapes for centuries.  Remember. The common dictionary definition for a plastic:  “Capable of being molded or shaped into different forms under pressure and/or heat. As opposed to non-plastic substances which must be cut or chiseled



Methods used to mold natural plastics such as heating and pressure molding were later adapted to make semi-synthetic and synthetic plastics. The first injection molding machine was developed for a bio-based plastic.



Ancient Egyptians molded amber, a fossilized resin from trees, into items such as jewelry. Amber cigarette holder.



Horn used as windows in lanterns, to make knife handles, spoons, molded boxes, drinking cups, and in the 19th Century as a substitute for glass.  Impt use was to produce combs, particularly between 1770 and 1880.  Horn was pressed into flat sheets and molded into simple shapes [p. 16]



Lantern with horn panes-19th C 	Comb-1694		Tobacco box- early 18th C

Horn shop:  soften horn with heat, press to mold softened horn into desired forms









Gutta Percha

Source:  Susan Mossman, ed., Early Plastics:  Perspectives 1850-1950 (Science Museum, London: 1997), Plate 3; and 
Plastics Historical Society (London) http://www.plastiquarian.com/gutta.htm.

Presenter
Presentation Notes
Gutta percha, a relative of rubber, comes from trees native to Malaysia.  Could be shaped by softening over heat and pressed into molds as well as extruded. Extrusion process based on early 19th century devices used in Italy to make pasta, and was adapted to produce rods and tubes of gutta percha.  Had excellent insulating capabilities and was used to cover the first submarine cable between France and England in 1851. The 1st transatlantic cable was laid in 1866. 



[gutta percha inkstand c1851, with head of Neptune.  Made to commemorate the laying of the 1st transatlantic cable]





Shellac: Lac Beetle Secretion

Union Cases 
(1854-1870s)

Mirrors

Seals

Gramophone 78 rpms 
(1897-1940s)

Source:  Susan Mossman, ed., Early Plastics:  
Perspectives 1850-1950 (Science Museum, London: 
1997), Plate 4.

Presenter
Presentation Notes
Shellac is the refined secretion of the lac beetle, which lives on certain trees primarily in India, Burma, and Thailand.  Harvested since ancient times.  Became popular in latter half of the 19th century for molding into a variety of shapes.  

In 1854, American Samuel Peck patented technique for combining gum shellac and woody fibers and pressing into molds. Could pick up intricate detail. He made Union Cases, popular as holders for the photographic equivalent of the period.  These early photographs faded in the light.  

1897 – used to make gramophones 78 rpms  (15% shellac resin, 85% ground slate and carbon black).  Superceded in 1948 by vinyl records, which now have been superceded by PC CDs.  Vinyl was less brittle, more flexible than shellac, reduced noise.





Source: Plastics Historical Society (London) www.plastiquarian.com/xylonite.htm; and Susan Mossman, ed., Early Plastics:  
Perspectives 1850-1950 (Science Museum, London: 1997), Plate 9.

Cellulose Nitrate: Celluloid 
(derived from cotton)

Presenter
Presentation Notes
Cotton-cellulose based plastics were developed in the mid 19th century.  In 1845 Christian F. Schönbein, a Swiss-German chemist, accidentally discovered cellulose nitrate when, in his kitchen, he spilled some nitric/sulphuric acid and wiped it up with his wife’s apron.  When put to dry in front of the fire, the cloth disappeared in a puff of smoke.  By March 1846 he was sending samples of his transparent substance to colleagues claiming that it could be made into all sorts of things and forms. [p. 27]



Alexander Parkes, an Englishman, learned of Schönbein’s work and experimented on his own.  He produced cellulose nitrate from nitric acid, sulphuric acid and cotton-derived cellulose. He mixed the cellulose nitrate with vegetable oils and small proportions of organic solvents, creating a moldable dough he named Parkesine.  He received medals for his work (1862, 1867). The Parkesine Co he launched failed to become a commercial success.  He signed over his patent rights to the Xylonite Co. in 1869. One product limitation was its high flammability.  



Cellulose nitrate was used to make a range of objects from the 1870s onward.  Collars, cuffs, and corset claps were popular.  Also widely used to make cosmetic boxes, dental plates, combs, toothbrushes.





John Hyatt’s Billiard Ball
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"Made in 1868 of Cellulose 
Nitrate, Celluloid. The Year 
John Wesley Hyatt Discovered 
This First Plastics Resin."

http://hom
e.planet.nl/~kockpit/history.htm

Presenter
Presentation Notes
In the 1860s, the largest manufacturer of billiard balls in the US offered a $10,000 prize to anyone who could make artificial billiard balls.  They were worried that at the rate African elephants were being killed, the supply of ivory would soon end.  The firm wanted a product with properties similar to ivory, yet derived from a more abundant material.  John Wesley Hyatt, a young printer in Albany, NY, began experimenting.  He made balls of wood pulp, cloth, and paper bound together with adhesives such as shellac and various resins, compressed into a sphere under high temperature and pressure.  He patented the ball in 1865 but it was unsuccessful as it did not have the same hardness and feel as the ivory balls. 

He and his brother Isaiah Smitth Hyatt began experimenting with the cellulose nitrate.  They coated the balls with almost pure gun cotton. Didn’t have a long life as a billiard ball.  The plastic, cellulose nitrate, is more popularly known as gun cotton, a mild explosive. Not a good material for pool balls.  

Hyatt wrote: “Consequently a lighted cigar applied would at once result in a serious flame and occasionally the violent contact of the balls would produce a mild explosion like a percussion guncap.  We had a letter from a billiard saloon proprietor in Colorado, mentioning this fact and saying that he did not care so much about it but that instantly every man in the room pulled a gun.” 

The Hyatt brothers knew of work done by Parkes making a cellulose nitrate dough.  They learned that what Parkes had considered a minor additive – camphor oil (obtained from the laurel tree on the island of Formosa) was actually a key solvent in producing a more workable, stable material.  Isaiah named the new compound “celluloid,” for “cellulose-like.”  Because it could be remelted and used over again, celluloid was the first thermoplastic material.

In the 1870s, the Hyatts started the Albany Billiard Ball Company and the Albany Dental Plate Company, which later they combined to form the Celluloid Mfg Company. Flammability was a problem. The Dental Plate Co was plagued by occasional reports of exploding dentures by cigar smokers.







Casein
Made from milk curds or skimmed milk 

(protein based)

Source: Plastics Historical Society (London) 
http://www.plastiquarian.com/casein1.htm

Presenter
Presentation Notes
Casein is an early plastics made from either milk curds or skimmed milk (protein-based).  Developed in Germany at the end of the 19th Century. The enzyme rennet was used to precipitate casein out of skimmed milk; the  casein was ground to a powder, mixed with water, then, when absorbed, fed into an extruder; the extruded rods could be sliced into button blanks, pen barrels etc or used for molding sheet.  It was used to make a wide variety of buttons in various colors and finishes.  Fish scales were added to produce the pearlized effect found in many casein buttons.  Still used today to make the more expensive buttons.



Chardonnet Silk

Source: Plastics Historical Society (London) www.plastiquarian.com; 
www.museum-of-hosiery.org; and New York Times archives.

Nov. 21, 1889

Presenter
Presentation Notes
In 1884, Frenchman Comte Hilaire de Chardonnet patented artificial silk.  He first used fibers from the bark of the mulberry tree but later used cotton, which was cheaper and more abundant.  Caused sensation at the 1889 Paris Exhibition, garnered the Grand Prix.  At first, commercially successful, however, Chardonnet silk was very flammable.  Joke at time: ideal present for a mother-in-law – box of matches and a dress of Chardonnet silk.  French government banned the production of Chardonnet silk in France.



By the early 1920's there were two types of sheer stockings on the market for ladies to choose: silk and artificial silk.   The manufacturers thought that the word "Artificial was not very appealing, so they held a competition for a new name with a prize of $1,000.  10,000 entries. Didn’t like them.   The committee decided to choose the word rayon taken from the French for  "rays of light.”  From 1924, "Artificial Silk" was known as Rayon.  

For the very first time you could see ladies legs. Hosiery became more of a fashion accessory than ever before.  Growing market.  



Henry Ford’s Biological Car (1941)

body: variety of 
plant fibers
dashboard, wheel, 
seat covers: soy 
protein
tank: filled with 
corn-derived 
ethanol

Presenter
Presentation Notes
In the 1910s Henry Ford experimented with using agricultural materials in his automobiles. Ford was partly motivated by a desire to find nonfood applications for agricultural surpluses. He tried out many agricultural crops, including wheat.  Eventually he focused on soybeans, and in the 1920s began promoting soybean products at every opportunity. He recruited Robert Boyer, a young chemist, to lead the research. In the following few years, uses were found for soy oil in automobile paints and enamels, in rubber substitutes, and in the production of glycerol for shock absorbers. Viscous solutions of soy protein were extruded to form fibers for upholstery cloth. But Ford’s special interest was in converting soy meal into plastics.

Soy meal plastics were used in glove-box doors, gear-shift knobs, horn buttons, accelerator pedals, distributor heads, interior trim, steering wheels, and dashboard panels. Finally Ford gave the go-ahead to produce a completely prototype "plastic car," including an entire plastic body. Ford exhibited the prototype with great fanfare in 1941.

Observing that Ford’s plastic was molded from soybeans and other crops, including wheat, hemp, and flax, dozens of newspapers speculated on what large-scale plastic production could mean to the economy of their communities.

The Tampa (Florida) Times happily observed "many of the products that Ford plans to put into automobiles are produced in Florida…including sugar cane, beeswax, tung oil, pine pitch, jute and ramie." The Tacoma (Washington) Sunday Ledger and News Tribune hoped for the Northwest’s sake that a process might soon be found to turn sawdust into plastic. The Elmira (New York) Star Gazette longed for the day when casein, a milk derivative, might find its way into cars.

Jokes appeared in many editorials. The Cleveland Press wondered why Ford did not strengthen his plastic by adding spinach.  Another popular joke: A man could eat his car and have it too.

late 1940s – crude oil drops to >$1/barrel

by 1975 – no ethanol in our fuel tanks and bioplastics virtually disappear



Presenter
Presentation Notes
In the 1946 movie, It’s a Wonderful Life, there’s a scene in which Jimmy Stewart in on the phone with his brother, who excitedly proclaims he is going to be rich because he is on the ground floor of the next major industry, soybean-derived plastics!



Fast forward 21 years to the 1967 movie, The Graduate, in which Dustin Hoffman receives career advice from Mr. McGuire, a family friend.  The response is one word, “plastics” and everyone who watches knows he means fossil-fuel-based plastics.  



In a quarter century, the carbohydrate economy had virtually disappeared, a victim of low crude oil prices and rapid advances in making an ever-wider variety of low-cost products from crude oil.





US Resin Sales by Market, 2006

Source: American Chemistry Council Plastics Industry Producers Statistics Group, as compiled by Veris Consulting, LLC.
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Presenter
Presentation Notes
After WWII, our waste stream exploded – booming economy led to soaring consumption and therefore, disposal.  



Whereas, once a package was used to protect a product, it became a means of advertising.  By 1971, packaging materials constituted the single largest component of the nation’s MSW stream, accounting for 34% by weight.  



Also by 1971, packaging was accounting for a remarkable percentage of basic material and energy use in the US economy.  It accounted for 47% of all aluminum production, 75% of glass production, 8% of steel production, and 29% of plastic production.  In 1971, the packaging industry used 50% of the US industrial energy consumption.



In less than one generation, the use of single-use plastic packaging, which is largely not recyclable (despite use of recycling arrow emblems), has grown from 120,000 tons in 1960 to 11,240,000 tons per year today. 





Plastic Packaging Discarded
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Source:  US EPA, 2005 data (http://www.epa.gov/epaoswer/non-hw/muncpl/msw99.htm)



Benefits of Bioplastics

Can replace many harmful conventional plastics
Can be fully biodegradable (capable of being 
utilized by living matter)
Can be made from a variety of renewable 
resources
Can be composted locally into a soil amendment
Can help capture food discards and thus reduce 
methane from landfills
Can contribute to healthier rural economies
Can complement zero waste goals

Presenter
Presentation Notes
Pendulum swings back!  Bioplastics re-emerge.



Municipal waste disposed
169.5 million tons per year in 2006
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Presenter
Presentation Notes
Food scraps = 30.57 million tons



Plastics = 27.45 million tons



Biodegradable Product Cos.
Novamont, Mater-BiTM Variety of products from modified starch such as corn

Cereplast Manufactures biodegradable resins for injection 
molding from wheat, corn, and potato starch

NatureWorks Produces PLA from corn starch

Biosphere Industries Rigid packaging primarily from starches such as 
tapioca and potatoes and a small amount of grass 
fiber

Innovia Film packaging from wood-pulp derived cellulose

Earthcycle Packaging Packaging from palm fiber

BASF, Eco-FlexTM Plastic film from aliphatic aromatic copolyester

Source: www.bpiworld.org and company Web sites

Presenter
Presentation Notes
Cereplast (Hawthorne, CA)

Biosphere (CA)

Earthcycle (BC)



Metabolix is another.  Just announced a plant to be managed by Archer Daniels Midland.  PHA compostable in both hot and cold compost and biodegradable even in the marine environment.



Thermal properties  -- melting temp

Mechanical properties -- tensile strength, elongation at break

Surface energy -- printability

Gas barrier properties

Stability to hydrolysis

UV stability

Biodegradability



PHA has  higher heat resistance than PLA

http://www.bpiworld.org/


Bottles

NatureWorks PLA Packaging Applications

Flexible & Films

Serviceware Rigid Containers

Presenter
Presentation Notes
VALUABLE PACKAGING ATTRIBUTES OF NATUREWORKS PLA



Health and Safety

Food contact approval



Emotive Attributes

Renewable Resource-based

Industrially compostable



General Performance

Parts can be made on existing equipment

Recyclable (no special equipment needed)



Special Performance

Excellent twist and deadfold retention

Superior clarity and gloss

Heat sealable (PLA film on PLA trays)

Oil, grease resistance

Industrially compostable





Sample Products

Greenware cups 
(PLA)

BioBag (Mater-Bi)

Earthcycle

Biosphere 
Industries

Presenter
Presentation Notes
Biosphere Industries (CA)

PPM100 new material primarily from starches such as tapioca and potatoes and small % of grass fiber



Earth Cycle (British Columbia) -- long strands of palm fiber add to tensile strength producing strong packaging



PLA requires commercial composting facility. They don’t.  

Palm oil plants are non-GMO



Other Bioplastic Products

CD case made 
from hemp plastics

Rodenburg 
BioPolymers

Vegemat fireworks 
case

Presenter
Presentation Notes
“VEGEMAT [French co.] is the solution to problems of recovering and eliminating debris spread about the countryside after fireworks have been set off.

Civilian pyrotechnics



Rodenberg converts waste potato starch into bioplastic [Dutch co.]



More Bioplastic Products

Plantic confectionery trays

Innovia film packaging

Presenter
Presentation Notes
Plantic -- Australian company makes corn-starch based plastic from GMO free corn grown in Australia



Innovia -- NatureFlex biodegradable film 

Base film derived from wood pulp

Specialty barrier coatings





Not all bioproducts created equal

Biobased content
Material feedstock type
Feedstock location
Biodegradability

Commercial compost sites
Home composting
Marine environment
Anaerobic digestion

Additives and blends
Recyclability
Performance
Products



Belgian Certification/Labeling Program
OK compost:  compostable in a 
professional composting plant without 
affecting the quality of the compost.

OK compost Home: compostable in a 
compost bin or heap. If the composting 
process runs correctly the material will 
break down within 16 weeks. 

OK biodegradable: biodegradable in a 
particular natural environment (e.g., 
soil, air, salt water, fresh water). It 
breaks down into carbon dioxide, 
mineral salts and biomass.



Biobased Products: The Good News

Variety of biobased resins available
Performance improving
Experience and R&D growing
Growth expected
Programs such as the federal biobased 
procurement will open up new markets
Standards in place
Price competitiveness improving
Demand increasing



Biodegradable vs. Biobased

Biobased Product:  “A product determined 
by USDA to be a commercial or industrial 
product (other than food or feed) that is 
composed, in whole or in significant part, of 
biological products or renewable domestic 
agricultural materials (including plant, 
animal, or marine materials) or forestry 
materials.”

Source:  Federal Register, January 1, 2005.



ASTM Standards

D 6866 – defines and quantifies biobased 
content
D 7075 – evaluates and reports on 
environmental performance of biobased 
products using LCA methodology
D 6400 – biodegradation specifications
D 5338 – test method for biodegradation

Presenter
Presentation Notes
This is where ASTM 7075 might be useful.  



When requested, manufacturers and vendors must provide info on lifecycle costs and environmental and health benefits.



BEES = Building for Environmental and Economic Sustainability (National Inst. Of Standards and Technology, Oct. 2002)

Or 3rd party or an in-house conducted analysis using ASTM D 7075



These analyses are focused on testing of biobased products 



Need not be brand name specific.





Degradable Vs. Biodegradable

Degradable
May be invisible to naked eye
Fragment into smaller pieces
No data to document 

biodegradability within one 
growing season

Migrate into water table
Not completely assimilated by 

microbial populations in a 
short time period

Biodegradable
Completely assimilated into 

food  and energy source 
by microbial populations 
in a short time period

Meet ASTM D6400 spec

Presenter
Presentation Notes
The specification standard ASTM D6400 identifies 3 criteria:

Complete biodegradation (using ASTM D5338), measures conversion to C02, water & biomass via microbial assimilation of the test polymer in powder, film, or granule form



Compostable Bags 
(mostly fossil-fuel based)



Nonbiodegradable bioplastics coming



Special Event Composting

Courtesy of City of San Francisco



Whole Foods, San Francisco



Whole Foods, San Francisco



Cedar Grove Composting



Boulder Farmers’ Market





Green the Capitol Initiative



Compostable Foodservice Products

Presenter
Presentation Notes






US Capitol



US Capitol



US Capitol, collection bins



US Capitol, pulverizer





Java Green restaurant, DC



Java Green restaurant, DC



Challenges with Bioplastics

Concern over genetically modified organisms (GMOs)
Desire for sustainably grown biomass
Need to develop composting programs
Concern with nanocomposites and fossil-fuel-plastic 
blends
Lack of adequate labeling
Concern over contamination 
of recycling systems

Presenter
Presentation Notes
A lot of work being done on nanocomposites -- combining polymers with nanoparticles to improve biopolymer performance characteristics, such as enhancing barrier properties.

Nanoparticles at small concentrations can increase mechanical properties by 300x -- at June biodegradable conf.

Goodyear in Japan is using nanoparticles as filler -- effects rebound rate = Biotred.  Mater-Bi



nanoparticles can behave in unpredictable ways.  “They go places in the body previously off-limits to their chunky cousins; they might have altered magnetic properties, they might be able to move from package to person in a way we just don’t yet understand.”  Jim Guest, President, Consumer Reports (Oct. 2006)



Tiny #7 & PLA

Photo courtesy of Sunset Scavenger, San Francisco



SPI Resin Identification Code

“Make the code inconspicuous at the point 
of purchase so it does not influence the 
consumer’s buying decision.”
Do not make recyclability or other 
environmental claims in close proximity to 
the code.

Source: The Society of the Plastics Industry, www.plasticsindustry.org



Color-coded compostable design 
for 400k at SF Festival

Courtesy of City of San Francisco





WhereWhere’’s Waldo? s Waldo? 
Identifying and Sorting BioIdentifying and Sorting Bio--BottlesBottles

Courtesy of Eureka Recycling, Minneapolis, MN (www.eurekarecycling.org)



Tricky?Tricky? 
At 120 feet per minute on a 30” wide conveyor line At 120 feet per minute on a 30” wide conveyor line –– 

It sure is!It sure is!

Courtesy of Eureka Recycling, Minneapolis, MN (www.eurekarecycling.org)

Presenter
Presentation Notes
Optical sorting is technically feasible. Resin detection works, but at what cost?

Optical sorters cost between $125,000 - $200,000 per unit.

One unit to remove PLA with storage hopper and feed and take-away conveyors: estimated $350,000.

Smaller recycling facilities (less than 500 tpd) will be at an increasing competitive disadvantage





Where’s Waldo?Where’s Waldo? 
Identifying and Sorting BioIdentifying and Sorting Bio--BottlesBottles

Courtesy of Eureka Recycling, Minneapolis, MN (www.eurekarecycling.org)



Not just PETNot just PET

Courtesy of Eureka Recycling, Minneapolis, MN (www.eurekarecycling.org)



Noble Juice Bottle



The Framework for 
Sustainable Biomaterials

Sustainably grown feedstocks
No hazardous inputs and impacts during 
production
Healthy and safe during use
Recyclable or compostable and actually recycled 
and composted

Presenter
Presentation Notes
The Collaborative is a new network of organizations working together to spur the introduction and use of biomaterials that are truly sustainable from cradle to cradle.  What do we mean from cradle to cradle?

We are not just interested in biomaterials that are sourced from renewable crops or trees.  We want feedstocks to be sustainably grown and harvested.  We want products without hazardous inputs and impacts, and that are healthy and safe for the environment during use.  We also want products designed for recycling or composting and we want the infrastructure built to enable this.





Recommendations

Don’t forget reuse and source reduction
Encourage non-bottle applications
Focus on substituting for PS, PVC, and PC
Focus on substituting for non-recyclable 
packaging/products
Composting serve as a transition solution
Labeling focused on compost capture
Support composting of compostable bioplastics with 
food scraps and yard trimmings
Build the organics collection and composting 
infrastructure
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