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Liquid crystals can be made into polymers. Combining liquid crystal and polymer 
properties (the properties of plastics or rubbers) creates materials with unique 
characteristics. Two key examples of these types of materials are found in man-made and 
natural high yield strength polymers and in liquid crystal elastomers. 
Man-made:   Kevlar® Research in 1965 by DuPont 

scientists into liquid-
crystalline polymer solutions 
formed the basis for the 
commercial preparation of 
the Kevlar® polyaramid fibre. 

Kevlar® is a high yield strength polymer made from a nematic solution (the solvent is 
concentrated sulphuric acid). Due to their stiff, elongated shape, the polymer molecules 
are ordered in the solution to form a nematic phase. The polymer is cold-spun from the 
liquid crystal solution, and extruded through a spinneret to give highly oriented fibres. 
The rod-like molecules and the extrusion process make Kevlar® fibres anisotropic - they 
therefore provide high strength, toughness and modulus (stiffness) along the fibre axis 
whilst maintaining flexibility perpendicular to it. 

• Kevlar® fibre is 5 times stronger than steel on an equal weight basis. 

• After weaving the fibres, Kevlar® fabric is used to produce lightweight and flexible 
protective clothing such as bullet proof vests and cut resistant Kevlar® gloves. 

• Kevlar® is used in tyres and airplane parts and even suspension bridge cables! 
Naturally Occurring:  Spider Silk 

 

Spider silk is a protein or polypeptide fibre 
spun by the spinnerets in spiders’ glands 
at a temperature of 37 °C. The process is 
very similar to that used in the processing 
of Kevlar®. 
In the silk glands, glycoproteins coat the 
polypeptide fibre. The coating makes the 
silk fibres water-soluble 

Highly concentrated solutions of rod-like glycoprotein-coated polymer strands form a 
nematic state in water. Thus, cold-spinning from a liquid crystal solution is possible and 
extruding through the spider’s spinneret gives highly oriented fibres. 

• Spider silk is remarkably strong: its yield strength per weight is superior to steel. 

• Spider silk is extremely lightweight, even more so than Kevlar®. 

• Spider silk is tough and elastic; it can stretch reversibly up to 140% of its length. 
Spider silk has significant potential for practical applications and exploits renewable 
resources for its production. However, attempts at reproducing it by inserting spider genes 
into bacteria or farmable animals have so far been unsuccessful. (Spiders, in contrast to 
silkworms, cannot be farmed). It appears that more than just the spider silk protein is 
needed to produce high-quality silk and that the properties are influenced significantly by 
the extrusion process which is regulated in the spider’s spinnerets, orienting the protein 
strands and turning them into solid but elastic, high strength silk fibres. 

http://www2.dupont.com/Kevlar/en_US/;  http://www.amnh.org/exhibitions/spidersilk/  

http://www2.dupont.com/Kevlar/en_US/
http://www.amnh.org/exhibitions/spidersilk/

