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Rapid Traverse

Bringing Cryogenics In From The Cold
By Chris Koepfer

 There are numerous cases of significantly improved performance 
from steel and carbide cutting tools that have undergone cryogenic 
(deep freeze) treatment. But wide use of the process seems to suffer 
from a perceived lack of scientific underpinnings. While it’s not 
uncommon in metalworking to have complete understanding of 
the science of a process lag behind observing the results, this has 
tended to slow widespread use of cryogenics. The fact is cryogenic 
treatment works in many applications, but only now are we starting 
to understand why. 
 Heat treatment of steel involves the transformation from its softer 
more malleable annealed state to a harder more durable state. This 

is done, as it has been for centuries, by heating  
the steel and then rapidly cooling it. The result 
is a harder and more wear resistant object. The 
metallurgical reason for this is that as the steel is 
heated, it forms an austenite crystal structure or 
matrix. Rapidly cooling or quenching the steel 
(traditionally at room temperature) triggers some 
of the austenite structure to change into a differ-
ent matrix called martensite. It’s the martensite 
structure that gives tempered steel its hardness 
and wear resistance for applications from cutting 
tools to punch dies.
 The goal of heat treatment then is to trans-
form as much of the austenite as possible into 
martensite. However, some of the austenite 

is retained even after tempering. Through experiments it was  
found that if the quench was lower than the traditional room  
temperature, less austenite was retained. Cryogenic treatment is an 
extension of the well-known heat and quench cycle. It is specifically 
about controlled thermal cycling of materials from +300°F to -300°F 
generally over a 15 to 30 hour period of time.
 But, according to Dr. Jeff Levine, founder of Applied Cryogenics 
in Waltham, Massachusetts, this reaction alone (which has been 
understood for some time) doesn’t explain all of the results that 
cryogenically treated materials display. For example non-ferrous 
materials, copper, brass and even plastics show improved performance 
after being submitted to the cryogenic process. These materials don’t 
have austenite or martensite structures. Something else is going on. 

Cryogenic treatment of 
cutting tools and other 
high wear objects has 
been successfully applied 
in metalworking for many 
years. It’s only in the 
last few years that the 
science that explains what 
happens to the 
microstructure of 
materials has been 
understood. 
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 Recently, David Collins at University  
College in Dublin, Ireland, has done research 
on cryogenic processing. In addition to  
the well known transformation of retained 
austenite to martensite, Mr. Collins has  
identified another important mechanism 
at work in cryogenic treatment. He has 
found that beyond the chemical change 
from austenite to martensite, some carbon 
precipitates out of these existing matrices 
when the material is cooled below the  
temperature where the change takes place. 
This distribution of carbide fines occurs 
slowly at very low temperatures and is time 
dependent. His direct measurements demon-
strate that the density of these new carbides 
increases with the dwell time at the low 
temperatures. As carbide density increases, 
abrasive wear resistance increases. The 
experiments also show that colder is better 
so the cryogenic process, which once used 
dry ice to achieve -80° to -100°F tempering, 
is now using liquid nitrogen to get down to 
-300° temperatures. Better, more consistent 
results are being achieved at these very low 
temperatures
 As for the effects of cryogenics in non-
ferrous materials, Dr. Levine postulates 

that in addition to the chemical changes of 
deep freezing, some of the residual stresses, 
which are found in the microstructure of 
all materials, seem to be reduced by the 
cryogenic process. While this is yet to be 
conclusively proved by experimentation, 
it is strongly supported by empirical data 
gathered in applications. Dr. Levine’s hope 
is that research supported by industry and 
academia, along the lines of Mr. Collins’ 
work, can shed more light on the residual 
stress question. 
 Science not withstanding, it is results that 
interest shops in new processes. There are 
numerous cases of significantly improved 
performance of steel and carbide cutters 
that have been cryogenically treated. The 
process is cost effective and has worked 
wonders in many applications. The goal of 
Dr. Levine and others in this industry is 
to help disseminate understanding of the 
process so the results are consistent and 
predictable. “We want to take the “black 
magic” out of cryogenics and replace it 
with understanding,” says Dr. Levine. ■

 For more information about cryogenic treatment 
from Applied Cryogenics, call (781) 642-7860, 
enter 33 at www.mmsinfo.com to visit Online 
Showroom, or write 33 on the reader service card. 

Longer tool life is one of the benefits of cryogenic treatment. 
The deep freeze process, using temperatures of -300°F, is being 
successfully applied on both ferrous and non-ferrous materials.

Bill De Felice at Fountainhead Cryogenics stands next to one 
of Applied Cryogenics’ machines. These units operate on liquid 
nitrogen to get the treated materials down to very cold 
temperatures. 


