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Plastics are said to be the most versatile materials on earth. Almost all
of the products we use in our daily lives contain plastics. This display
chronicles some of the key discoveries, inventions, and people that
have helped make the plastics industry what it is today.

You will notice that many important developments related to plastics

and rubber happened right here in Massachusetts, beginning with
Charl es Goodyear 6s 1839 discovery
natural rubber in nearby Woburn. Also note that UMass Lowell

(formerly Lowell Technological Institute) was the very first university in

the nation to offer a degree in Plastics Engineering. Take a few minutes

and learn more abouttheii Hi st ory .of Pl asti cso
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Early Polymer History

Timeline - Precursors

1839- Natural Rubber method of processing invented by Charles Goodyear
1843- Vulcanite- Thomas Hancock

1843- GuttaPercha William Montgomerie

1856- Shellac- Alfred Critchlow, Samuel Peck

Timeline - Beginning of the Plastic Era with Semi Synthetics

1839- Polystyrene or PS discovere&duard Simon

1862- Parkesine Alexander Parkes

1863- Cellulose Nitrate or Celluloid John Wesley Hyatt

1872- Polyvinyl Chloride or PVG first created by Eugen Baumann
1894- Viscose Rayon Charles Frederick Cross, Edward John Bevan
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Timeline- Thermosetting Plastics and Thermoplastics

To Po Po  To To Do Do Do Do Do Do o D>

1908- Cellophane Jacques E. Brandenberger

1909- First true plastic Phendtormaldehyde tradenamed Bakeliteeo Hendrik
Baekeland

1926- Vinyl or PVC
1927- Cellulose Acetate

1933- Polyvinylidene chloride or Saran accidentally discovered by Ralph Wiley, a Dow
Chemical lab worker.

1935- Low-density polyethylene or LDPE1936- Acrylic or Polymethyl Methacrylate
1937- Polyurethanes tradenamed Igamid for plastics materials and Perlon for fibers.
1938- Polystyrene made practical

1938- Polytetrafluoroethylene or PTFE tradenamed Tefl&oy Plunkett

1939- Nylon and Neoprene considered a replacement for silk and a synthetic rubber
respectively Wallace Hume Carothers

1941- Polyethylene Terephthalate or PEWhinfield and Dickson
1942- Low Density Polyethylene LDPE

1942- Unsaturated Polyester aizo/caketi?BRIpatented by John Rex Whinfield agd
James Tennant Dickson



Post WWII Polymer Development

1951- High-density polyethylene or HDPE tradenamed Marl@aul Hogan and Robert Banks
1951- Polypropylene or PPPaul Hogan and Robert Banks

1953- Saran Wrap introduced by Dow Chemicals.

1954- Styrofoam (trademarked polystyrene foam insulation) invented by Ray Mcintire @ Dow
19641 Polyimide

1970-Ther mopl astic Polyester this includes t
1978- Linear Low Density Polyethylene

1985- Liquid Crystal Polymers

Dr. A. Sedghi IKIU 6

r

-~

C



History of Polymers

A Naturalpolymerssuchastar, horns,andtree
saps that produce amber and latex, have

alwaysbeenwith us

Natural polymers were
chemically = modified
during the 1800s to
producerubber

Extracting latex
from the rubber
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Good Ol 6 Enoc

A 1760

A Opened business with the use of natural
polymers

A Made combs out of organic proteins
(Keratin and Albuminiod) derived from
animal horns, hoofs, an tortoise shells
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A Greek wordp
A First natural

astikos
nlastics

I Tortoise shell

I Tree resins
I Shellac

Alnsect secretion
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Natural Rubber

A Natural rubber: mainly
polyisopropene

A Tends to be sticky when
hot, brittle when warm

A Does not reform when
stretched
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CHARLES GOODYEAR
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Charles Goodyear spent most of his adult life trying to improve the

properties of natural rubber. Working in Woburn, MA in 1839, Goodyear
discovers that adding sulfur to natural rubber greatly enhances its elasticity
and toughness. Hi s Asul furizedo r
rubber, is still widely used today. While the Goodyear name is famous,
Charles Goodyear never realized4citeghe!fem his invention. 11
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Molded plastic mirror frames and
a hand made compression mold.
(circa 1866)

The mirror frames shown above are
parts ever made. They were compression molded from a shellac based
plastic molding compound known as Florence Compound which was
developed in Florence, MA. lIts inventor, Alfred Critchlow, founded the
Pro Molding Corporation in 1847. Pro is thought to be the very first

plastics molding company to be established in the United States.
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Cellulose

A Cellulose is a common material in plant

A It occurs naturally in almost pure form only
In flbre; Cellulose

Aln eﬁ@irm}agion with and any
i) Wnd{ all plant
material. = o

A Cellu ost aﬁaﬁdanmoa

living terrestrial’bi&rass to


http://en.wikipedia.org/wiki/Cell_wall
http://en.wikipedia.org/wiki/Cell_wall
http://en.wikipedia.org/wiki/Cotton
http://en.wikipedia.org/wiki/Lignin
http://en.wikipedia.org/wiki/Hemicellulose

Cellulose as a Polymer

A Cellulose (betaglucose) are linked together through

1,4

A Cellulose is a straight chain (no coiling occurs).

A In microfibrils, the multiple hydroxide groups
with each other, holding the chains firmly together and
contributing to their high tensile strength.

A This strength is important in cell walls, where they are meshed
Into a carbohydratmatrix, helping keep plants rigid.

A Types of Cellulose:

Alpha cellulose does not dissolve i1a5% solution of sodium
hydroxide a0 °C

Beta cellulose dissolves and then precipitates upon acidification
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http://en.wikipedia.org/wiki/Monomer
http://en.wikipedia.org/wiki/Glycosidic_bond
http://en.wikipedia.org/wiki/Hydrogen_bond

Christian Schoenbine
A Swiss Chemist

A 184® s
A Developed Cellulose nitrate
IMIi x of cotton (wi f eods
sulfuric acid

ORI, ORI,
ORI O
0 MO g Oho O
oMo, oMo,
OMO, ORI,

Early Films
Highly flammable andoexpegiveu 17



Parkes Invents Celluloid

A The first maamade plastic was unveiled by
Alexander Parkes at tH862Great International
Exhibition in London.

I Parkesineorganic material derived from cellulose that
could be molded in heat and retain its shaped when coolec
A Buttons
A Combs =

-
A Pens
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Alexander Parkesl 855

A Rights sold to Daniel Spilll865
I Patented

A Downfall- high cost of the raw materials needed in
Its production.
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Alexander Parkes

A new semi-synthetic plastic was unveiled by Alexander Parkes at the 1862 Great
International Exhibition in London, England. This new material, which the public
dubbed Parkesine, was an organic material consisting of cellulose nitrate and a
solvent. Parkesine could be heated, formed, and it retained its shape when
cooled. The material could be molded or carved into products such as buttons,
combs, picture frames and knife handles. However, Parkesine was never
commercialized due its relatively Bigh- &688tdipared to vulcanized rubber. 20



What Actually Happened?

A Nitration of cellulose under strorarid
conditions produces a material that Is
extremely explosive.

21



The Disallowed Rohr Experiment
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http://en.wikipedia.org/wiki/Image:Explosions.jpg

Guncotton Advantages vs. Gunpowder

A Guncotton has several advantages over gunpowder:

Ignites at a temperature of three hundred degrees
A gunpowder ignites at six hundred degrees

After burning/exploding it leaves no solid residue

i does not foul a gun barrel.

It is smokeless.

Guncotton can be kephder watemwithout being harmed
A Gunpowder does not keep well and is ruined by damp.

A Guncotton can be detonated, even when wet, by using a small primer
of the dry material, and this fact has led to the adoption of guncotton
as a charge for torpedoes or for submarine mines.

Guncotton can be compressed into hard cakes and handled with
perfect safety, provided ordinary care is taken.

Its explosive powers are tremendous.

A For instance, if you hang a ring of small cakes of guncotton round the
trunk of a big tree and fire them, the tree comes down as if a giant

hand with a single blow of a monstrous axe had chopped through it.
Dr. A. Sedghi IKIU 23



Nitrocellulose Applications

A Some of nitrocellulose is used to make propellants
A Majority of NC used in everyday products:
I Paint :
I Varnish 4 ol
I Ink y
I Nail polish!
[
I

)
-5‘-

" Table tennis balls
Movie Films

A Until 1951 . ¢
A Fire hazards e 5.
A Replaced with acetate _——.

safety film ’

"Q
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John Wesley Hyatt

John Wesley Hyatt, a printer and inventor from Albany NY, blended
nitrocellulose with camphor (sap from the laurel tree) to produce a
durable, colorful, and moldable thermoplastic known as celluloid (also
known as Pyroxylin) in 1868. Celluloid was the first commercially
successful semi-synthetic plastic. It was used for products such as
billiard balls, shirt collars, eyBgfas8¥'$rafié&'s and pen housings. 25
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John Wesley Hyatt @

A Billiard Co. in U.S.

I Needed substitute for ivory in making balls

A John Wesley Hyatt developed collodion

i Upon spilling a bottle of collodion in his workshop, he
discovered that the material congealed into a tough,
flexible film

I Camphor and cellulose nitrate
I OccasionaExplosionupon impact / .




Bakelite

A Dr. Leo Baekeland .

I First totally synthetic plasticl907) ¢

i Didnot throw away hi d®foul
A Patented il909
A Thermoset resin

A Replaced rubber for insulation in
electrics

Dr. A. Sedghi IKIU




Dr. Leo H. Baekeland

The first synthetic plastic was discovered in 1907 when a Belgian born chemist, Dr. Leo H.
Baekeland, reacted phenol and formaldehyde under pressure using hexamethylenetetramine
as a catalyst for the reaction. The result
Bakelite. Compared to other plastics available at the time, such as celluloid, Baekel an
thermosetting phenolic was more stable. Once molded, this new material would not burn or
soften when reheated, or dissolve. This benefit made it stand out from the other plastics on

the market. Bakelite was an instant commercial success. It was electrically resistant,
chemically stable, heat resistant, rigid, moisture and weather resistant. It was very widely

used for its electrical insulating capability. Baekeland sold the rights to his invention to the
Eastman Kodak Company that first used it for camera bodies. It is also interesting to note

that J.W. Hyatt, inventor of celluloid and founder of the Hyatt-Burroughs Billiard Ball

Company, personally ordered his company to stop using celluloid and substitute Bakelite for
their billiard balls due to its superior peRbrin&geahi IKIU 28



Bakelite
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Bakelite

APhenolformaldehyde resins
which he calleBakelite.



Most early Athermoseto plastic pa
or transfer molding. These molded phenolic Ekco radio housings are
being deflashed after being gpmpLgssiRR,Molded. (circa 1934) 31




Polyvinyl Chloride (PVC)

A PVC was first created by the
German chemist Eugen
Baumann in872 T

A Patented il1913

A Waldo L.Semon, invented &
way to make polyvinyl
chloride (PVC) useful
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Polyvinyl chloride (PVC) is one of the
most widely used thermoplastics in use
today, particularly in the building and
home construction industries where it is
used for siding, window profiles & pipe.

The commercialization of PVC in 1927 is the direct result of research work
that was conducted by Waldo Semon, a chemist working at the B.F.
Goodrich Rubber Company. While PVC was already known at the time, it
had no commercial value since it could not be processed without
degrading. Semon discovered that PVC could be melt processed without
degrading 1 f a high boiling point
formulations can be either rigid or flexible depending their plasticizer
concentration. The very first aBrpIications for PVC included foul Weathegr

: . A. Sedghi IKIU 3
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Polyvinyl Chloride (PVC)

Baumann's 1872 experiment
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sealed tube
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Applications of PVC
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