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Abstract: The high speed steel is used as a cutting tool, as it has good quality and reliability at cheaper rate when compared 
to other cutting tools. The cryogenic treatment process involves cooling down the samples to 93k (-180°c) soaking for 15-20 
minutes and then slowly heating back to room temperature in 6 hrs. In this, solution having two sample pieces of round of 
EN8 & EN19. A method called deep cryogenic process, subjects steel components placed in a specially constructed tank to 
temperature around 77k (196°c) for half an hour using liquid nitrogen as the refrigerant. There is 34.17 seconds reduction in 
machining time and there is no tool wear when machining EN8 and when machining EN 19 there is 22.04 seconds reduction 
in machining time and 0.03g increase in tool wear resistance. 
 

I.  INTRODUCTION 
 
OUTLINE OF THE PROJECT 
NASA engineers are the first to notice the effects of 
cold temperatures on materials. They noticed that 
many of the metal parts in the aircraft that had 
returned from the cold vacuum of space came back 
stronger than they were before flight. Since then sub-
zero treatment (-80°C) has been used for many years, 
but with inconsistent results. Many of the 
inconsistencies were reduced by longer soaking 
periods and with deep cryogenic treatment (-190°C).                                                
Treating the material after heating at sub-zero or 
cryogenic  temperatures  transforms the retained 
austenite into martensite. Greater wear resistance can 
be obtained with longer soaking periods because of 
the formation of η−carbides which improves the wear 
resistance to the maximum possible extent. 
 
REASON FOR SELECTING THIS PROJECT 
There are different types tools used for machining 
processes such as high  speed steel, carbide tipped, 
diamond tipped, etc. These tools may get failure due 
to increase in temperature and tool wear may occur 
while machining high hardened steels. Due to these 
drawbacks in different tool materials while machining 
we have selected the cryogenic treatment of  tool to 
machine the materials. Although, literature in 
function is available, we have selected this alternative 
to experiment.  
 
II. METHODOLOY & CUTTING TOOL 
MATERIALS 

 
PROCESS PLANNING: 
 
Tool Process 

 
 
Job Process: 
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Engineering Materials 
A metal can be described as a material which is solid 
at room temperature has relatively high density, high 
melting temperature, low specific heat. 
 
Properties of Machining Steels 
The properties of EN8 & EN19 materials is given 
below. 
EN8 is an unalloyed medium carbon steel with good 
tensile strength. It is normally supplied in cold 
condition or as rolled. Tensile properties can vary but 
are usually between 500-800 N/mm2. 
 
TYPICAL ANALYSIS    

C. Si. Mn. S. P. 

0.40% 0.25% 0.80% 0.015% 0.015% 
Table. Properties of EN8 

 
EN19  is a high quality, high  tensile  alloy steel  
usually supplied for readily machine able in ‘T’ 
condition, giving good ductility and shock resisting 
properties combined with resistance to wear. 
 
TYPICAL ANALYSIS    
C. Si. Mn. Cr. Mo. 
0.40% 0.25% 0.70% 1.20% 0.30% 
     

Table. Properties of EN19 
 
DEFINITION OF CRYOGENIC 
In physics, cryogenics  is the study of the production  
of very low temperature (below −150 °C, −238 °F or 
123 K) and the behavior of materials at those 
temperature. Rather than the familiar temperature 
scales of Fahrenheit and Celsius, cryogenicists use 
the Kelvin (and formerly Rankine) scales. A person 
who  studies elements under extremely cold  
temperature is called a cryogenicist. 
 
It is derived from the Greek word as, 
 Cryo     -- Cooling 
 Genic          -- Generation. 
 
CRYOGENIC AND MACHINING PROCESS 
 
SAMPLE MATERIAL 
 

TESTS EN8 EN19 
T-1 34 19 
T-2 37 21 
T-3 34 23 
T-4 38 24 
T-5 37 19 

Table. Rockwell Hardness Test for EN8 and EN19 Steel 
 
There are different types of materials are used for 
machining purposes due to the requirements. We 

have selected the hardened steels for machining. They 
are EN8 and EN19. 
 

 
Fig. Rockwell Hardness for EN8 & EN19 

 
PREPARATION OF TOOL 
Although we have selected  the normal high speed 
steel tool for machining, it is not  possible to machine 
the hardened materials. Due to this drawback we 
prepared to dip the tool in the cryogenic solution  for 
certain minutes. The hardness is tested for the tool 
before dipping and after dipping it in the solution. 
 
The hardness tests is done for a untreated single point 
cutting tool at various sections are: 
68,67,65,68,64.5,67.  The average is 66.583 HRC. 
 
The hardness tests is done for a treated single point 
cutting tool at various sections are:  
71,70,73,71,69,69.5. The average is 70.583 HRC. 
Therefore the hardness is increased by 4 HRC than 
the untreated tool.  
 
TESTS Untreated HSS tool Treated HSS 

tool 
T-1 68 71 
T-2 67 73 
T-3 65 70 

Table. Rockwell Hardness Test for Treated and Untreated 
Tool 
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TOOL TREATMENT 
 
Cryogenic tool treatment 
Although the effects on metal composition are subtle, 
deep cryogenic  tempering can yield dramatic 
improvements in tool performance. In the search for 
cutting tool engineering that can increase 
productivity, prolong cutting life, and decrease costs, 
gains of 15% to 20% are considered significant.  
 
Case Studies of Cryogenically Treated Steels: 
Resistance to abrasive wear is investigated in a 
parametric  study. Five tool steels were tested after 
conventional heat treatment, after cold treatment at -
84°C, and after being cryogenically treated at -190°C. 
 
Alloy Untreated CryoTreated -190°C 
52100 25.2 135 
D2 224 878 
A2 85.6 565 
M2 1961 3993 
O1 237 996 

Table. Tool wear for various metals 
 
RESULTS & DISCUSSIONS 
 
OPERATION 1: 
In this first operation we selected the machining 
material as En8 and performed the machining by 
reducing the material for various diameters of the 
desired length. The material is removed by turning 
operation performed in the lathe for a constant speed 
and feed. 
 
Dia. 
Of 
Shaft 
(mm) 

Tool 
Travel 
length                      
(mm) 

Tool Wt. M.R.R 
(g) 

M/C 
time 
(sec) Initial Final 

38-32 35 49.26 49.25 98.2 143.23 
32-36 35 49.25 49.23 87.47 130.07 
26-20 30 49.23 49.21 46.48 61.91 

Table. EN8 Machined with Untreated HSS tool 
 

Dia. 
Of 
Shaft 
(mm) 

Tool 
Travel 
length                      
(mm) 

Tool Wt. M.R.R 
(g) 

M/C 
time 
(sec) Initial Final 

38-32 35 55.27 55.27 156.1 89 
32-26 35 55.27 55.27 106.12 84.01 
26-20 30 55.27 55.27 83.31 59.71 

Table. EN8 Machined with Treated HSS tool 
 

 
Fig. Diameter of shaft Vs Tool weight 

 
OPERATION 2: 
In this second operation we selected the machining 
material as En8  and performed the machining by 
reducing the material for various diameters of the 
desired length. The depth of cut is given as 3mm for 
the metal removal for various diameters. In this shaft 
of 140mm length, the first 40mm is used for holding 
the shaft in the lathe.    
 

 
Table. EN19 Machined with Untreated HSS tool 

 

 
Table. EN19 Machined with Treated HSS tool 

 
Fig. Diameter Of shaft Vs Tool weight 
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CRYOGENIC TREATMENT ENHANCES THE 
PERFORMANCE OF METALS: 
 Relieves residual stresses  
 Promotes a more uniform micro-structure 
 Precipitates carbides in steels for increased 

resistance to wear. 
 Longer life due to reduced wear 
 Less failures due to cracking that result from the 

propagation of stress lines 
 Improved thermal properties 
 
Cryogenic treatment can make a major 
contribution to solving these problems: 
 High abrasive wear in cutting tools, molds, dies, 

brake rotors, gears, engine components, etc. 
 High corrosive wear in chemical, food, and oil 

equipment applications. 
 High erosive wear from, water, slurries and other 

abrasive grit carriers. 
 Distortions induced by design, forming, 

machining or environment. 
 Stress relief in complex tools, components, and 

welds. 
 
ADVANTAGES: 
 Increases abrasive wear resistance. 
 Requires only one permanent treatment. 
 Creates a denser molecular structure. The result is 

that a larger contact  surface area reduces friction, 
heat and wear.   

 Eliminates thermal shock through a dry, computer 
controlled process. 

 It transforms almost all soft retained austenite to 
hard martensite. 

 
CONCLUSION 
 
It is an evident experimental detail  where there is 
34.17 seconds decreases in machining  time and there 
is no tool wear when machining  EN8 and when 
machining  EN 19. There is 22.04 seconds decrease 
in machining time and 0.03g  increase in tool wear 
resistance. Deep cryogenic  treatment has  shown  
result  insignificant  increase in  the wear resistance 
and correspondingly reduces machining  time of 
steels such as EN8 and EN19. The basic mechanisms 
at work during  the cryogenic process helps to control 
wear by producing a tough surface, which helps to 
prevent particles from tearing out of the material and 
resist penetration on the surface by other particles. 
This concept can be extended  to machine various 
work pieces of different material. 
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