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Cryogenic Tempering

Cryogenic tempering is the freezing of non-organic material in order to raise the strength, durability, and hardness of that material by subjecting it to cryogenic temperatures. This moves the atoms closer together and decreases the amount of kinetic energy in the object. Once the object returns to room temperature, the atoms are more aligned (because of the loss and regain of kinetic energy), and the bonds of the atoms are more uniformed. This results in the object being permanently reinforced. Today this technology is applied to many parts and objects that must endure strenuous wear and tear in their use. 

Sir James Dewar discovered the effects of cryogenic temperatures had on materials kind of by accident while attempting to liquefy hydrogen gas in 1898. He found that after his equipment had been exposed to the very low temperature, they exhibited very special properties like increased strength and hardness. He began work in cryogenics after he was appointed as a lecturer at the Royal Veterinary College in 1869. However, it wasn’t until around 1877 that his work was completed at the Royal Institute of London. At this time, he was also a Jacksonian Professor at Cambridge, and had successfully converted most gases to liquids during his research there. Also during his research, he invented the Dewar flask (or the thermos) because the gases that he liquefied did not last just sitting in a jar. His original flask did not have a silver lining like today’s thermoses. Working with John Fleming, they hypothesized that zero degree Kelvin would eliminate electrical resistance between +200 and –200◦ centigrade.  (Historic Figures) 

In the 1930’s, scientists from the Soviet Union did research about cryogenic tempering, but their methods were overly simplified.  The Soviet was simply bathing the material in liquid nitrogen. Subjecting material to liquid nitrogen temperatures is not uniform and archaic. This method did show an improvement in the number of cuts that could be made with a machining bit, but do not compare to today’s possibilities.   

It was originally thought cryogenic tempering wouldn’t work because low temperatures makes objects brittle. It is true that steel can become brittle at low temperatures, but most metals like aluminum, copper, and stainless steel do not become brittle-they actually become stronger.  Certain materials actually do become too brittle for use. Examples of these types of objects are wood, rubber, and some plastics.  (Basics of Metallurgy) But the successful uses of cryogenics can been seen when applied to copper, iron, tin, glass, and ceramic.  (Imagine a chip-proof ceramic tile floor).


When it was discovered that freezing of certain materials had a positive effect on durability. The technology of temperature control was archaic. Due to the declining cost of computers, and their increased availability, computers became more widely used for research. They were exactly what was needed in cryogenics, as finally scientists were able to control and regulate exact temperatures. This caused a simple machine to become more precise.  The machine used is simply a large freezer powered by nitrogen, and regulated by computers.   


The cryogenic tempering process involves lowering an object into 300c and raising it again to ambient temperature.  The process is broken into three stages: The cooling stage, cold-soak stage, and the warming stage.  First in the cooling stage, the temperature inside the freezer is lowered at a rate dependent on the material being tempered.  For example, the rate at which steel is frozen is dependent on the amount of carbon in the steel.  Also, the rate of change for different metals will not be consistent.  All require a slow temperature drop to the cold-soak stage, but some require a drop much slower than others.  In the cold-soak stage, the temperature is brought to as close to absolute zero as possible, and maintained.  This is the longest stage of the process.  Again, the length of time during this stage various from 24 hours up to one week.  Lastly, the material is brought back to ambient temperature.  This last step must be done slowly and carefully to prevent cracking and shattering that is caused from sudden rise in temperature.    


The strength added to the material frozen, is done by the removal of kinetic energy in two ways.  The first is that it is removed from the lattice structure of the material.  When this energy is removed from the lattice structure, it prohibits atoms from passing vibration and heat onto its neighboring atoms. It also causes the material to contract.  Second, the kinetic energy is removed from free electrons.  When these electrons are allowed to move freely throughout the material, they produce heat energy, so slowing them is critical to the strengthening.  (Allen 95)

The reason that cryogenic tempering works so well is because materials like metal are made when the metal is glowing red and atoms in the metal are in a very excited state. When the metal cools naturally, it does not cool evenly.  This causes internal stresses in the metal. The freezing process removes the internal stresses by reducing the kinetic energy in the metal.
Use for this technology has great potential, and research has indicated much success when applied to real-life situations.  For example, in industrious factories, machine parts are cryogenically frozen to make them last longer and prevent downtime as a result of part replacement.  Greening Testing Laboratories tested vehicle brake rotors in treated and untreated groups.  These tests resulted in 234% better, longer performance from the cryogenically treated brake rotors versus the untreated ones. (Shortt)
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