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ABSTRACT— Cutting tool industries are striving hard to increase the life of the tool
by different methods. Cryogenic treatment is one among that which improves the tool
life by morphological changes in the tool material. Conversion of retained austenite
into martensite in case of tool steel may be responsible to increase the life of the tool
.Cryogenic treatment improves the tool life of a tool by increasing the hardness and
wear resistance of a tool.

This paper describes a study on the effects of Deep Cryogenic treatment on tribo-
logical properties of M-2 tool steel. Tool life of a cutting tool is dependent on Wear of
the tool material, which in turn depends on tool material, machining conditions and
material of the job to be machined. The main aim of this study is to analyze the effect of
Deep Cryogenic treatment (-193°C) on sliding wear characteristics of M-2 tool steel
under different sliding conditions, load, and speed using pin on disc wear testing ma-
chine. The structural analysis with the help of optical microscope helps in knowing the
effect of deep cryotreatment on M-2 tool steel.

Decrease in wear rate, frictional force, temperature due to friction and increase in
hardness on deep cryotreated M-2 tool steel may be responsible for improving the tool
life.
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1 INTRODUCTION

Cryogenic process is a controlled thermal process which modifies the crystal struc-
ture of materials at Cryogenic temperatures. The major results of these changes are to
enhance the abrasion resistance and fatigue resistance of materials [1].The cutting tool
industry has recognized the benefits of the cryogenic processing of materials. Cryogen-
ically treated High speed tool steel will last about 2 to 3 times longer than untreated
tools [2].

Cryogenic treatment has also found favorable results in Auto racing sporting
goods, Metal forming tools and Plastic molding components. Several investigations
have been carried out to optimize the parameters in machining process. The control of
the parameters assuming importance while machining Ferrous and non ferrous mate-
rials.

The main parameters to be controlled are Cryo temperature, selection of cutting
tool, cutting speed, feed rate, and depth of cut, to give the desired tool life for tools [3].
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Very few published information is available on the effect of Cryogenic treat-
ment on tool steel, which is used in small scale industries. In view of this an investiga-
tion has been carried out to know the effect of Deep Cryogenic treatment on Tribologi-
cal properties Molybdenum based M-2 tool steel.

2. EXPERIMENTAL DETAILS
2.1 Tool material

The tool material used in this study is Molybdenum based High Speed Steel (M-
2) tool steel. The chemical composition of tool material is shown in tablel.

TABLE: 1

Element | C Mn Si Cr Ni | Mo W V Co | P S

Weight% | 0.78- | 0.15- | 0.20- | 3.75- | 0.3 | 0.45- | 5.50- | 1.75- | --- | 0.03 | 0.03
1.05 | 0.40 [0.45 |4.50 550 |6.75 |2.20

2.2 Wear test specimen

The samples of the required sizes as per ASTM standards were prepared
(100x20mm)

2.3 Cryogenic Treatment

The tool samples in this work were subjected to cryogenic treatment with the fol-
lowing parameters

» Cooling time: 8 hours at the rate 0f2°C/min.

> Soaking time: 24 hours at -193°C.

» Medium used: Liquid Nitrogen.

» Warming time: 8 hours at the rate of 2°C/min.

Cryogenic Temperature

" petiad F penod

Figl. Cryogenic treatment cycle
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3. TESTING

3.1 Pin on disc tester

A pin on disc tester was used to measure wear, frictional force, and temperature.
Tests were carried in accordance with ASTM standard has been shown in table2.

Table: 2
Sliding distance 0.5-3.0 Km
Load 20-80N
Speed 200-600RPM

3.2 Hardness test
Hardness test was conducted by using Rockwell hardness tester.
3.3 Microstructure

The microstructure of both treated and untreated samples were examined under
NIKON optical microscope.

4. RESULTS AND DISCUSSIONS
4.1 Effect of Cryogenic treatment on the hardness of M-2 tool steel

Improvement in hardness of M-2 tool steel has been found by 33% when sub-
jected to deep cryogenic treatment.

4.2 Effect of Cryogenic treatment on wear, frictional force, temperature and wear rate.

100 60
80 /, o 90 ’
. 60 |__c|_> 40
g J g 30
40 —— Untreated .% 20 —— Untreated
20 M.g —#— Treated L:L 10 —&— Treated
0 0
0 1 2 3 4 0 2 4
Sliding distance Sliding distance
Fig.2 Wear (Microns) as a function of sliding Fig.3 Frictional force (N) as a
function of sliding distance (Km) at applied distance (Km) at applied load 80N
load 80N and 200rpm and 200rpm
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4.2.1 Effect of speed

It has been observed from fig 2 to fig 9 that as the speed increases from 200rpm
to 600rpm, there is an increase in the wear of the tool, increase in frictional force, in-
crease in temperature and decrease in wear rate of the M-2 tool steel material.

4.2.2 Effect of load

It has been observed from fig 2 to fig 9 that as the load increases from 20N to
80N, there is an increase in the wear of the tool, increase in frictional force, increase in
temperature and decrease in wear rate of the M-2 tool steel material.

4.2.3 Effect of sliding distance

It has been observed from fig 2 to fig 9 that as the sliding distance increases
from 0.5Km to 3.00Km, there is an increase in the wear of the tool, increase in friction-
al force, increase in temperature and decrease in wear rate of the M-2 tool steel materi-
al.

4.3 Microstructure

Photo micrographs of untreated and treated samples are shown in figure 10 & 11.
The following are the salient observations

» Larger number of alloy carbides has been observed on structure of deep cryo
treated M-2 tool steel in comparison with untreated tool.
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» The alloy carbides are more uniform and slightly denser.
» Martensite matrix appears to be more homogenous.

Decrease in wear rate, reduced frictional force and reduced temperature in case
of deep cryo treated M-2 tool steel has been observed in this investigation may be due
to refinement of carbides as compared to that of untreated condition.

Fig.10 Untreated Fig.11 Treated

15. CONCLUSIONS

Within the scope of this investigation, the conclusion of the research work carried
out in the area of deep cryogenically treated M-2 tool steel has been presented.

> Deep Cryo treatment on M-2 tool steel improves the structure by enhancing
carbides in place of retained austenite.

» Improvement in microstructure is responsible for decreasing wear rate, friction-
al force temperature, wear rate and increase in hardness as compared to that of
untreated molybdenum based M-2 tool steel .

» Hence it can be concluded that Deep Cryogenic treatment is more effective for
M-2 tool steel.

To sum up this research work it indicates that the findings of this research work
may be useful for small or medium machining industries having conventional machin-
ing facilities.

6. ACKNOWLEDGEMENTS
The authors wish to thank Wayanamac Education Trust, Dr. T.Sreenivasan,

Principal DBIT, Bangalore and Dr.V.S.Ramamurthy, Professor and Head, Department
of Mechanical engineering, DBIT, for the support and facilities given for the successful

R S. Publication, rspublicationhouse@gmail.com Page 391



International Journal of Emerging Trends in Engineering and Development Issue 3, Vol.4 (June-July 2013)
Available online on http://www.rspublication.com/ijeted/ijeted_index.htm ISSN 2249-6149

completion of the work.

7. REFERENCES

[1]. Flavio.Jda Silva, Sinesio D.Franco, Alisson R.Machado, EmmanuelO.Ezugwu and
Antonio

M.Souza, “Performance of Cryogenically treated HSS tools,” wear
261(2006)674-685.
[2]. V.Leskovsek, M.Kalin, J.Vizintin, “Influence of deep cryogenic treatment on wear
resistance of

Vacuum heat treated HSS,” vacuum 80(2003) 507-518.
[3]. R.F.Barron, “Cryogenic treatment of metals to improve wear resistance,” in cryo0-
genics, August,

1982.
[4]. C.L.Gogte, Kumar.M.Iyer, R.K.Paretkar, “correlation between microstructure and
wear resistance

Of high speed steel after deep subzero treatment,” Tech. Rep. NIT, Nagpur, India.
[5]. Fanju Meng, Kohsuke Tagashira and Ryo Azumaand Hideaki Sohma,“Role of eta-
carbide precipi

tations in wear resistance improvements,”ISIJ International, Vol.34(1994), No.20
pp.205-22
[6]. J.Y.Huang, Y.T.Zhu, X.Z.Liao, I.J.Beyerlein, M.A.Bourke ang andT.E.Mitchell,
“Microstructure of

Cryogenic treated M-2 tool steel,”Material science and engineering A

339(2003)241-244

R S. Publication, rspublicationhouse@gmail.com Page 392



