The Polyethylene Chain

Converting Resources into Virgin Plastics
Otto Parets
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Polyethylene History

1933; Invented at the British industrial giant, Imperial Chemical Industries (ICI). Two
scientists, Reginald Gibson and Eric Fawcett, led the accidental discovery using a
high pressure free radical process (still in use today)

1940’s: LDPE - Used in WWII as a cable insulator

19?_(|)_’B:Pgatalysis development takes off allowing two new polyethylene types — HDPE &

1968: Union Carbide and Dow Chemical each invent a new, low pressure process that
can make both HDPE & LLDPE

1980’s: Work begins on a new set of catalysts called Metallocenes

1990’s — Present: Bi-modal polyethylene is created, as well as many new Metallocene
catalysts to customize polymer types
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PE Demand by Conversion Process @

2009 Global Demand: 67MMT 67 Billion kgs or

148 Billion lbs
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What is Polyethylene?

A Long Chain of Chemically Bonded Ethylene Molecules
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H  H

Ethylene exists as a gas at room temperature with a slight sweet odor
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http://en.wikipedia.org/wiki/File:Ethylene.svg

The Chemistry

H H HHHHHHEHH

I e ol R
| | | | | | | |
HHHHHHHH

/ -

This can gei iedious io draw, so

we ofien use shorthand like this.
(Mote: & line drawn between two atoms
tepresents a patr of electrons shared by
H H thosze atoms, which constitutes a chemical
H H bond. Two lines represent two pairs of
:t :(i — —[—# _¢']Tu shared electrons, a double bond)
H H H

And when we're feeling really lazy we just draw it like this:

CHy=CH, —> —{CH,-CH}-
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http://upload.wikimedia.org/wikipedia/commons/9/9b/Polyethylene-3D-vdW.png

Not All Polyethylene is Created Equally

3 Main Categories
A’
(2N HDPE

HDPE

A molecule of linear polyethylens, or HDFE LDPE

S

A molecule of branched polyethylens, or LDFE Mostly linear, with some branching, LLDPE

We Change the Characteristics of Polyethylene primarily by varying

how “Fat” and how “Long” the Chain is
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Where does Ethylene Come From?

There are four main routes

Fossil Fuel Based Bio-Based

\4

Crude Oill Coal

Fermentation &

Ethanol
Dehydration

v
Natural Gas

(not methane)

Page 7



>

Let’s Start with Crude Oil Natural Gas

Extraction
Ethane/Propane/Butane
Naphtha Steam
Gasoline Cracking
Kerosene
Siesel Ethylene
Lubrication Oils +
Heavy Residue Propylene

+

(other components in smaller
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productlon train

Other hydrocarbons
Additives
Catalyst
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Non-Fossil Fuel Based Route to Polyethylene 4@’

Fermentation L
Polymerization

v
AlaOg

CH3-CH3-OH » CHz=CHz + Hz0

Dehydration
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http://en.wikipedia.org/wiki/File:Polyethylene.jpg

Multiple Chemical Process Routes to
Convert Ethylene to Polyethylene




So Many Uses...
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