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Abstract: 
The use of deep cryogenic treatment (DCT) to improve lifetimes, dimension stabilities and reduce 
ǎǘǊŜǎǎŜǎ Ƙŀǎ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ǎƛƴŎŜ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǎƛȄǘƛŜǎΦ LƴŘǳǎǘǊƛŀƭƛȊŜŘ ƛƴ ǘƘŜ ƭŀǘŜ флΩǎ ƛƴ ǘƘŜ ¦{Σ ǘƘŜ 
technology has started around the millennium change in Europe. Since then a few companies 
specialized in DCT have developed various different applications. Besides the well known effects in 
cold and hot working tool steels many other materials have been successfully treated - like Copper 
alloys, Aluminum alloys, plastics and even natural materials like wood. 
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Introduction: 

To cut costs, increase the rate of capacity utilization, to increase the life time of the tools, to 

improve the products, an advantage against competition, etc. All these issues are the daily business 
of each producing company, they face every day. 
The deep ŎǊȅƻƎŜƴƛŎ ǘǊŜŀǘƳŜƴǘ ŘƻŜǎƴΩǘ Řƻ ƳŀƎƛŎΩǎ ōǳǘ it will help to solve all of these issues ς and will 
do much more!! 
Recent developments have even shown major impact in the sound quality when treating music 
instruments, like brass and even wood instruments. 
 
 

Equipment and Process: 
The process is very simple:  
tools, dies and components are being 
placed in a super insolated chamber and 
with the help of liquid Nitrogen slowly 
cooled down to -180°C. After about 15 
hours we can remove the parts at room 
temperature from the chamber. The 
process is done. 
But what are the differences between 
various treatment processes? Some only 
cool to -80°C by using liquid ice, some 
drop the parts into liquid Nitrogen ς a 
thermal shock that ruins the parts.  
The most sophistic process is where the 
parts are cooled very slowly. We almost reach the transformation temperature of Nitrogen from 
liquid to gaseous (= -196°C !!) very 
slowly with a ramp of 1 to 2°K/min. We 
also make sure that no part is getting in 
contact with liquid Nitrogen. This very 
slow cooling rate is also necessary to 
guarantee that the complete material is 
cooled uniformly. This is even more 
important when the material is very 
heavy and massive.  
 
This multistage process is especially 
necessary when it comes to 
improvements of tool lifetime and 
acoustic changes in music instruments.  
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The effects of DCT on different materials: 
 

¶ Dimensional stability caused by transformation of retained austenite to martensite 
o Cold working steel (1.2379, 1.2345, K340, K390, K890, etc.) 
o Hot working steel (1.2344, 1.2367, 1.2365, etc.) 

¶ Increased wear resistance by formation of eta carbides 
o HSS 
o Tungsten carbides 

¶ Increased high cycle fatigue stresses 
o Spring steels 

¶ Increased corrosion resistance 
o Cutter knife materials 

¶ Reduction in inner material stresses  
o Aluminum alloys (6000er series,  
o Various steels 

¶ Increased thermal and electrical conductivity  
o Copper based alloys 

¶ Change of acoustics 
o Brass materials 
o Wood  

 
 
 

Applications 
 
Dimensional stability: 
 
After hardening and aging processes retained austenite will be present in tool steels. This retained 
austenite will change in the future ς over time, caused by thermal and mechanical loads - into 
martensite. This is a grainstructure change from cubic face centered to cubic body centered 
structures, causing a volume increase.  
DCT will eliminate the retained austenite from the beginning making the material dimensional stable. 
Especially important on punching tools with very small tolerances.  
 
Examples of treated tool steel materials: 

  
1.2379 (K110) is a cold working steel with 1,6 % C  K390 is a PM cold working steel with 2,5 % C  
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S390 is a PM HSS steel with 1,6% C   S290 is a PM HSS with 2,0% C 

 
 
Increased wear resistance: 
 
The DCT process will form so called eta carbides. Here it is absolutely necessary to reach very low 
temperatures for some time. The deeper the temperatures, the more carbides are dispersed. 
These carbides are responsible for the increased wear resistance in - for example - HSS cutting tools 
for all kind of machining processes, for wood carving tools, punching dies, but also for components 
like gears in rallye cars. The DCT treated gears increased the service time from 500 km to 1000 km.  
 

 
The pictures are showing various machining tools for different machining applications. The mentioned lifetime 
increases are values received from machining tests on regular production processes. 
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Punching tools made of tungsten carbide H40S  hot working tools made of W303 (1.2367) 

 

 
Gear set from a KTM X-Bow racing car. 

 

 
HSS circular knifes to cut metal sheets 
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Increased high cycle fatigue 
 
This increase in fatigue strength was mainly seen in spring steels. Applications were race engine valve 
springs, clamping tools for turning, and flat springs in watches.  
 

 
Engine valve springs from a motorcycle 

 
 
Increased corrosion resistance 
 
Previously customer treated their cutter knifes to increase wear resistance, but quickly found out 
that the DCT process also increased the corrosion resistance of their components.  
 

  
Various cutter knifes for the food industry 
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Reduction of inner material stresses 
 
The DCT process is carried out with very slow cooling and heating rates. Thus causing a reduction of 
inner material stresses ς similar to stress relief annealing ς but keeping the mechanical strength or in 
some cases even increased strength. 
 

  

 
Various Al-components for satellites  
 
 
Increase thermal and electrical conductivity 
 
This effect has mainly been seen on Cu-based alloys for welding applications. The picture is showing 
electrodes made of a CuCr- alloy and WCu alloy: 
 

CuCr and WCu electrodes for spot welding 
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But also audio cables have been successfully treated: the effect was a better quality in sound. 
 

   

 
 
 
Change of acoustics on music instruments 
 
On brass instruments the main effect caused by DCT is the response of the tone. Musicians feel that 
the tone is leaving the instrument much faster than untreated ones. 
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E-guitars and basses reach a different sound equalized in their frequencies. 
 

 
 
The treatment of electrical guitars and basses has been evolved from the first trials with violins. 
Wood is also affected by the DCT resulting in a changed acoustic output. 
 

 


