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Topics

1. History of chemistry, and significant 

discoveries in the 19th century.  Nitrogen 

fertiliser.                                                     

2. Plastics and rubber

3. (a) Polyethylene and (b) Silicones

4. Chlorine containing chemicals and polymers.



Status in 1950

• Ethylene is not polymerised by free radicals 

under normal conditions.

• Does polymerise at high temperature and 

pressure, first manufactured in 1939.  But the 

polymer quality is poor.  Called LDPE.



Discovery

• Prof Karl Zeigler in 1952, trying to make some 
exotic compounds of ethylene and aluminum, 
found he had made polyethylene.

• Was not a free radical process, so he had 
discovered a new reaction and a new polymer.  
Became “Directed Polymerisation”

• Difficult to scale up, probably due to the 
complexity and hazard of the catalyst.

• 1955 Prof G Natta published on the structure of 
the polymer chain. 





Development
• First polyethylene production in 1955.

• First polypropylene production in 1957. 

• Zeigler and Natta shared the Nobel Prize in 1963.

• Ethylene-propylene copolymers made, are 
elastomers with outstanding durability.

• Continued research has led to 3 generations of 
improved catalysts.

• 2010:  100 billion kilos of polyethylene produced in 
the world, the largest volume plastic or chemical.  
This would occupy 1 acre about 20 meters deep.



Processing Videos

• http://www.youtube.com/watch?v=bit-D1NnfjI Injection molding

• examples

• http://www.youtube.com/watch?v=T01i_vp2mJE&NR=1 Blow molding

• Cf with thermoset.  Milk bottles would be 1-stage blow molding

• http://www.youtube.com/watch?v=uw9FYnBp5C8&feature=related blown film extrusion

• Compare with fiber mfg.

• 3-layer laminate, 5 meters wide 

• 10,000 kg/hour







Success

• Great contributions by outstanding scientists for 
over 100 years; from Baekland to Carothers to 
Zeigler, both in materials and understanding.

• Allows highly functional, inexpensive molded 
parts, containers, films, fibers and coatings to be 
made which were not possible 100 years ago.

• Huge growth in production; polyethylene 
growing from almost nothing in 1950 to 100 
billion kilos today. 

• A huge technical success story.



The Cost

• Packaging is the largest application of plastics; 

- used once and disposed.

• Leads to lots of waste for recycle or disposal.

• Not readily biodegradable or suitable for 

incineration.

• Ends up polluting the land and oceans.



Recycling

• Few pairs polymers are compatible when 

mixed.

• Different phases have poor adhesion to each 

other,

• Strength of a polymer mixture is usually poor.

• Mixed polymers have little value as scrap.

• Recycle #1 is thermoplastic polyester

• Recycle #2 is polyethylene.



Great Pacific Garbage Patch


