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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

1950’s:  Catalysis development takes off allowing two new polyethylene types – HDPE & 
LLDPE

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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Blow Molding – 14%

Sheet – 2%

Extrusion Coating – 3%

Injection Molding – 13%

Pipe and Conduit – 7%

Other Non-Extrusion – 3%

Other – 4%

Wire & Cable – 2%

Rotational Molding – 1%

2009 Global Demand: 67MMT

•Food Packaging
•Hygiene & Medical
•Consumer & Ind. Liners
•Stretch Films
•Agricultural Films
•Heavy Duty Ship Sack

Film – 51% 

Source: TPSI; Dow 042010

PE Demand by Conversion Process

Flexible Packaging 

accounts of >50% 

PE consumption

67 Billion kgs or

148 Billion lbs
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What is Polyethylene?

A Long Chain of Chemically Bonded Ethylene Molecules

OR C2H4

Ethylene exists as a gas at room temperature with a slight sweet odor

http://en.wikipedia.org/wiki/File:Ethylene.svg
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The Chemistry

http://upload.wikimedia.org/wikipedia/commons/9/9b/Polyethylene-3D-vdW.png
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Not All Polyethylene is Created Equally

Mostly linear, with some branching, LLDPE

3 Main Categories

HDPE

LLDPE

LDPE

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

Crude Oil Coal

Natural Gas

(not methane)

Bio-Based

Fermentation &  

Ethanol 

Dehydration
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Let’s Start with Crude Oil

Ethane/Propane/Butane

Naphtha

Gasoline

Kerosene

Diesel

Lubrication Oils

Heavy Residue

Natural Gas
Extraction

Ethylene

+

Propylene

+
(other components in smaller 

quantities)

Steam 

Cracking
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Refinery

oil, nat gas

Cracker

ethane, 
naphtha, 

C3, C4

Other hydrocarbons

Additives

Catalyst

PE production train

Ethylene

How Polyethylene is Made
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Fermentation

Dehydration

Polymerization

Non-Fossil Fuel Based Route to Polyethylene

http://en.wikipedia.org/wiki/File:Polyethylene.jpg
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Multiple Chemical Process Routes to 
Convert Ethylene to Polyethylene
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So Many Uses…

http://www.airseacontainers.com/images/IPs_04_HDPE-bottles_01.jpg
http://3.bp.blogspot.com/_A-Uf84AHwTg/SD96dcvQ-cI/AAAAAAAAAZs/s13x-8pGwf8/s320/clorox_bleach_bottle.gif
http://www.google.ca/imgres?imgurl=http://site.unbeatablesale.com/img072/azrpag13878ea.gif&imgrefurl=http://www.dealsrebates.com/tide-laundry-detergent&usg=__1r3pixlChKp9wAOyk61-zoUxJZo=&h=400&w=400&sz=26&hl=en&start=6&itbs=1&tbnid=UXgucRZhdzEfWM:&tbnh=124&tbnw=124&prev=/images%3Fq%3Dtide%2Bbottle%26hl%3Den%26tbs%3Disch:1
http://www.google.ca/imgres?imgurl=http://ecostreet.com/blog/wp-content/uploads/2008/05/milk-bottle.jpg&imgrefurl=http://www.ecostreet.com/blog/recycling/2008/05/23/12-uses-for-used-plastic-milk-bottles/&usg=__uQM3Paeu8iAutl5C7LaDgLRcPuA=&h=300&w=204&sz=9&hl=en&start=2&itbs=1&tbnid=AUE3L2Q3VaEG-M:&tbnh=116&tbnw=79&prev=/images%3Fq%3Dmilk%2Bplastic%2Bbottle%26hl%3Den%26tbs%3Disch:1
http://www.google.ca/imgres?imgurl=http://fsc.hostserver1.co.uk/p/l/19800505.jpg&imgrefurl=http://www.cablehub.co.uk/Products/Telephone%2BCables/External%2BTelephone%2BCable/CW11281198/5%2Bx%2B2%2Bx%2B05mm%2BCW1198%2BArmoured%2BTelephone%2BCable%2BBlack%2BSheath_19800505.htm&usg=__hGUq3ip1YSHCQendg_ZsryPhiC4=&h=600&w=450&sz=27&hl=en&start=15&itbs=1&tbnid=uH52c3WDYTfbuM:&tbnh=135&tbnw=101&prev=/images%3Fq%3Dpolyethylene%2Bwire%2Binsulation%26hl%3Den%26tbs%3Disch:1
http://www.google.ca/imgres?imgurl=http://www.slpipe.com/images/Gas.jpg&imgrefurl=http://www.slpipe.com/pe_products/gas.htm&usg=__zaSSHGgGrYRm2y6DNL2cHQx90RM=&h=350&w=350&sz=30&hl=en&start=1&itbs=1&tbnid=lB2wR-biN4z0NM:&tbnh=120&tbnw=120&prev=/images%3Fq%3Dpolyethylene%2Bgas%2Bpipe%26hl%3Den%26tbs%3Disch:1
http://www.engnet.co.uk/images/companies/S/SPI013_3798.gif
http://www.google.ca/imgres?imgurl=http://i370.photobucket.com/albums/oo149/tstark32/Geomembrane-Placement4.jpg&imgrefurl=http://fgi.eventbrite.com/&usg=__PgAxIl8JdOQ-I0tRltzka-JuabY=&h=350&w=676&sz=23&hl=en&start=2&itbs=1&tbnid=IVYt333mXuUuiM:&tbnh=72&tbnw=139&prev=/images%3Fq%3Dpolyethylene%2Bgeomembrane%26hl%3Den%26tbs%3Disch:1
http://www.google.ca/imgres?imgurl=http://img.diytrade.com/cdimg/351980/2687663/0/1233046508/Polyethylene_PE_Film_LDPE_Film.jpg&imgrefurl=http://www.diytrade.com/china/4/leads/2350332/Polyethylene_PE_Film_LDPE_Film.html&usg=__gx2tpVo1MJz77rLcYpzvqRVAPGo=&h=240&w=240&sz=7&hl=en&start=50&itbs=1&tbnid=HY5NPKgaEDfpnM:&tbnh=110&tbnw=110&prev=/images%3Fq%3Dpolyethylene%2Bfilm%26start%3D40%26hl%3Den%26sa%3DN%26ndsp%3D20%26tbs%3Disch:1
http://www.google.ca/imgres?imgurl=http://www.l3go.bugge.com/articles/miscellaneous/tetra_pak/Tetrapak00.jpg&imgrefurl=http://www.l3go.bugge.com/articles/tetra_pak_storage.shtml&usg=__tCR1piM2_M_NjaOvmf5T32kaV9g=&h=300&w=400&sz=34&hl=en&start=4&itbs=1&tbnid=3qgwd4L2f9kS8M:&tbnh=93&tbnw=124&prev=/images%3Fq%3Dtetra%2Bpak%2Bcontainer%26hl%3Den%26tbs%3Disch:1
http://www.google.ca/imgres?imgurl=http://images.solidcactus.com/autobarn/shro15mooilq.jpg&imgrefurl=http://autopartrr.com/store/Shell_Rotella_15W40_Motor_Oil__Gallon_/&usg=__5tWSe048HO4R2GBDXcomvG7M03w=&h=600&w=302&sz=108&hl=en&start=20&itbs=1&tbnid=zWWUBSVTPsFD8M:&tbnh=135&tbnw=68&prev=/images%3Fq%3Dmotor%2Bpolyethylene%2Boil%2Bbottle%26hl%3Den%26tbs%3Disch:1

