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Abstract -Stainless steel is utilized in a huge variety of
applications which include aircraft, mechanical gadget and
railways. Stainless steel is best-made use in important
enterprises but also can be used in non-predominant
enterprises which includes watching production that includes
the micro size of factors. Stainless is an iron alloy containing
0.02 to 2.14% of C, Cr content greater than 12%, and different
alloying factors. Engineering materials, on the whole metallic,
are heat treated underneath managed sequence of heating
and cooling to regulate their bodily and mechanical residences
to satisfy preferred engineering utility. In this look at, the
effect of warmth remedy on the microstructures, some selected
mechanical properties of stainless steel were studied. Heat
remedy is the process of heating of metallic to the specified
temperature and soaking it for steady time and cooled or
quenched in one of a kind medium. The microstructure of the
sample become examined using metallographic microscope.
The steel samples have been heated handled in an electric
powered tubular furnace at one-of-a-kind temperature tiers
and constant soaking times after which cooled in air cooling.
Rockwell hardness values of warmth dealt with and untreated
samples were determined the usage of trendy strategies. The
sub-zero treatment has been accomplished the use of a
combination of dry ice and acetone up to -80 degrees Celsius
for a soaking time of 60min.
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1.INTRODUCTION

The stainless steel is department of the family of ferrous
alloys designed for extraordinarily high ranges of corrosion
resistance. This effect is executed via alloying mainly with
chromium but may additionally to be improved by way of
the addition of elements together with molybdenum and
nickel. Furthermore, these alloy elements can also
extensively adjust the section relationships in the metal and
method a wide spectrum of viable microstructures. The
variety of microstructures serves to qualify a few stainless-
steel for special types of carriers past their use in corrosion
providers. 12wt% of chromium attention offers the stainless
character to the metal. To make sure a robust metal, the
higher chromium awareness, and other solute consisting of
molybdenum, nickel and nitrogen is required. In metallurgy,
chrome steel, also known as inox metal or inox from French

"inoxydable", is a metallic alloy with not less than 10.5%
chromium content by means of mass. Chrome steel does no
longer without problems corrosion, rust or stain with water
as ordinary steel does, but despite the name, it is not fully
stain-evidence, maximum considerably below low-oxygen,
excessive-salinity, or bad-movement environments. There
are different grades and floor finishes of chrome steel to
match the environment the alloy has to endure. Stainless
steel is used wherein each house of metal and resistance to
corrosion are required. Stainless steel differs from carbon
metal via the amount of chromium gift. Unprotected carbon
steel rusts comfortably whilst uncovered to air and moisture.
This iron oxide film (the rust) is energetic and quickens
corrosion by using forming iron oxide, and because of the
more extent of the iron oxide, this has a tendency to flake
and fall away. Stainless steel comprises sufficient chromium
to shape a passive film of chromium oxide, which prevents
similarly floor corrosion by blocking oxygen diffusion to the
steel surface and blocks corrosion from spreading into the
steel's inner structure, and because of the same size of the
steel and oxide ions, they bond very strongly and stay
connected to the surface. Passivation best takes place if the
proportion of chromium is high enough and oxygen is
present.

1.1 Heat Treatment

Maximum of the Engineering properties of metals and alloys
are related to atomic structure, crystal structure, and
microstructure. Mechanical houses are shape sensitive they
depend upon the scale, shaped and distribution of diverse
micro parts. Mechanical properties may be changed through
a process called heat treatment. The method consists of
heating a metallic or alloy to a specific predetermined
temperature, conserving at this temperature for the required
time, and finally cooling from this temperature. All these
methods are carried in the solid countries. Usually, warmth
treatment is executed for the subsequent cause.

e Improvement in ductility
« Relieving internal stresses
 Refinement of grain size

¢ Improving hardness or tensile strength and achieving
changes in the chemical composition of metal surface as in
the case of case-hardening.
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e Improvement in machinability
e Alteration in magnetic properties
* Enhancement of electrical conductivity

eenhancement in toughness and development of
recrystallized structures in cold working metal.

Fig -1: Heating of bolts in an electric furnace

1.1.1 Air cooling

Itis a heat treatment process where a metal after heating to
arequired temperature is cooled at room temperature. The
metal is left in an open area to cool it to room temperature.

1.1.2 Quenching

Itis a heat treatment process where a metal after heating to
the required temperature is suddenly cooled by dipping in a
quenching medium. Quenching medium can be any liquid
called water or oil. Due to the sudden quenching of metal, the
arresting of crystallization structure takes place.

1.2 Sub-Zero Treatment

Sub-zero treatment is the manner of treating painting
portions to underneath zero temperatures (i.e., as much as
the temperature of -80 degrees Celsius). so that you can
eliminate residual stresses and improve wear resistance in
steel and other steel alloys, including aluminum. In addition
to looking for more advantageous strain remedy and
stabilization, or wear resistance, the cryogenic remedy is
likewise hunted for its ability to enhance corrosion
resistance by using precipitating micro-fine eta carbides,
which may be measured before and after in an element.

Fig -2: Bolts dipped in a mixture of Dry-ice and Acetone
2. MECHANICAL PROPERTIES

The Mechanical conduct of Metals and alloys is known as the
relationship between the deformations to a carried-outload.
Those mechanical residences are determined by means of
appearing numerous laboratory exams by way of making use
of the various loads like tensile, and compressive masses
through continuously or fluctuating hundreds at various
temperatures we get the various mechanical houses like
hardness, tensile power and compressive electricity of the
alloys. However, those temperatures carried out loads and
varieties of hundreds are particularly based totally on the
utility. By way of engaging in these take a look at we come to
the concept that whether the alloy is appropriate to
withstand at that particular application or not. Stainless
steels are particularly used within corrosive environments.
However, based on the software we use unique kinds of
steel. Suppose if we require low corrosion resistance and
excessive power use of austenitic stainless steel. Like this
based totally at the programs, we use suitable chrome steel
kind.

2.1 Hardness

The Rockwell hardness check is defined in ASTM E 18 and
numerous other standards. Rockwell hardness checking out
differs from Brinell trying out in that the Rockwell hardness
number is based totally on the difference of indenter
intensity from two load applications. To start with a minor
load is applied, and a zero datum is mounted. The main load
is then implemented for a distinctive period, causing an extra
penetration intensity beyond the 0 datum factor previously
established by way of the minor load. After the specified stay
time for the primary load, it's far removed whilst
nonetheless keeping the minor load carried out. The ensuing
Rockwell number represents the distinction in depth from
the 0 datum function because of the software of the foremost
load. The whole procedure calls for the most effective 5 to
tens. Right here C scale is used.
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2.2 Yield Strength

Yield strength is the term used to refer to a measurement of
the maximum stress that can be applied to a material
without causing it to plastically deform. The yield strength of
a material is the stress pointat which it permanently
deforms, serving as a good approximation of its elastic limit.
The material will elastically deform before reaching the
yield point, but it will always return to its initial shape once
the applied stress is removed. A small portion of the
deformation experienced will become permanent and
irreversible once the yield point is exceeded.

2.3 Ultimate tensile Strength

The ultimate tensile strength is the maximum force or load
on the stress-strain curve. This corresponds to the maximum
strain that may be sustained through a structure in tension.
Closing tensile energy is regularly shortened to “tensile
power” or even to “the remaining.” If this pressure is
implemented and maintained, the fracture will result.
Regularly, this fee is drastically extra than the yield stress (as
tons as 50 to 60 percent more than the yield for a few types
of metals).

Strain hardening Necking

Ultimate strength

Fracture
Yield strength

Rise

Rise
-_—

Young's modulus = Slope Run

» Strain, €

Fig -3: Stress-strain curve
3. MECHANICAL TESTING

» All the heat-treated samples are tested for
mechanical properties using a universal testing
machine and Rockwell hardness.

» The bolts are fixed in a UTM of the capacity of 600
tons and load increases gradually on the bolts.

» The bolts are tested for proof load by holding the
bolt at a specific weight for 15 sec and further
raising it for yield strength and ultimate tensile
strength

» The bolts break at the ultimate tensile test.
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» Once the test is done all the values are generated
using the computer.
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Fig -4: Universal testing machine (UTM)

» Tomeasure the hardness of a bolt the bolts are placed
on the Rockwell apparatus and for all the bolts
hardness is measured.

Fig -5: Rockwell hardness
3. EXPERIMENTAL PROCEDURE
3.1 Heat Treatment

» The selected material for heat treatment and cryogenic
treatment of bolts is stainless steel.
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» One of the raw samples is tested for hardness, Yield
strength, and ultimate tensile strength.

» Theraw sample is tested to have a comparison that how
the properties have altered after treatment.

» These bolts were placed in an electric furnace for heat
treatment for different of 400°, 600°, 800°, and 1100°,
These bolts were soaked to the required temperature
for 30 min.

» Once the heating process is completed one sample is
cooled in air and the other sample is quenched water.

3.2 Sub-Zero treatment

A sub-zero treatment is a process of treating workpieces to
below zero temperatures (i.e., up to a temp of -80 degrees
Celsius) in order to remove residual stresses and improve
wear resistance in steel and other metal alloys, such as
aluminum. Further to looking for more advantageous strain
alleviation and stabilization, or wear resistance, cryogenic
treatment is also hunted for its ability to enhance corrosion
resistance by precipitating micro-quality eta carbides, which
can be measured earlier than and after in an element. Bolts
were placed in a beaker with a mixture of dry ice and
acetone which can reach up to a temperature of -80° C and
hold for 60 minutes.

4, RESULT
4.1 Mechanical Test Result

The mechanical properties of stainless steel mainly depend
on the microstructure and heat treatment. The tensile

Table -2: Result of bolts Quenched in water

Temperature | Rockwell | Load at | Load at | Tensile
Hardness | yield Break Strength
(KN) (KN) (N/MM2)
Raw bolt 106 47.43 51.39 749.81
-40°C 103 43.17 51.93 758.97
-80°C 110 55.23 59.43 766.61
400°C 108 41.06 52.73 661.83
600°C 108 3891 51.56 658.91
800°C 98 34.05 49.14 626.81
1100°C 78 33.06 44.32 614.29
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Chart-1 : Temperature vs Rockwell hardness
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strength, Yield strength, and Hardness of stainless steel
depend on microstructure, heat treatment and Quenching <
medium. After conducting the test, it was identified that the
mechanical properties of stainless steel decreased when the 40
temperature increased. All the mechanical values were 3
obtained after the conducting of the test on stainless steel = 1
material. £ Ll
L
E
Table -1: Results of bolts cooled at room temperature S 1)
Temperature | Rockwell Load at | Load at | Tensile  aabon 40C | B0C | 400C | 600°C | 800°C | 1100°C
Hardness yield Break Strength Temperature (°C)
(KN) | (KN) | (N/MM2) R
Raw bolt 106 47.43 51.39 749.81
-40°C 103 43.17 51.93 758.97 Chart-2 : Temperature vs Load at Yield
-80°C 110 55.23 59.43 766.61
400°C 109 41.37 50.26 641.94
600°C 108 35.73 47.64 634.18
800°C 86 30.27 42.30 599.31
1100°C 78 3295 39.45 586.41
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Chart-3 : Temperature vs Tensile strength
5. CONCLUSION

» Allthe samples were heat treated in an electric furnace
and quenched in a different medium.

» The behavior of high-strength and stainless steel bolt
assemblies at elevated temperatures has been reviewed
and presented.

» It was found that heat treatment does not give any
positive result for stainless bolts and mechanical
properties were decreased.

» The temperature is indirectly proportional to the
mechanical properties of stainless steel bolts.

» Due to sub-zero treatment, the mechanical properties
of stainless steel increased.

» Tensile strength is increased with a decrease in
temperature, and strain rate due to increased
percentage of strain-induced martensite.

» The predominant deformation mechanism is phase
transformation, rather than slipping and twinning.

» The hardness and yield strength of stainless steel
increase due to decrease in temperature.

REFERENCES

[1] CEN, “BSEN 1993-1-2:1995 - Eurocode 3: Design of Steel
Structures - Part 1-2: General Rules - Structural Fire Design,”
Eurocode 3, 1995.

[2] C. G. Bailey, T. Lennon, and D. B. Moore, “The behavior of
full-scale steel@framed buildings subjected to compartment
fires,” Structural Engineer, vol. 77, no. 8, pp. 15 -21, 1999.

[3] F. Wald, M. Chladna’, D. Moore, A. Santiago, and T.
Lennon, “The Temperature Distribution in a Full-Scale Steel
Framed Building Subject to a Natural Fire,” Steel and
Composite Structures, vol. 6, no. 2, p. 159, 2006.

[4] R. Barrett, “Fastener design manual,” NASA Reference
Publication 1228, 1990.

[5] Maritimer, “The fastener problem (partl),” Anti-
Corrosion Methods and Materials, vol. 15, no. 7, p. 17, 1968.

[6] Maritimer, “The fastener problem (part2),” Anti-
Corrosion Methods and Materials, vol. 15, no. 8, pp. 8-9,
1968.

[7] L. Bull, E. Palmiere, R. Thackray, I. Burgess, and B.
Davison, “Tensile behavior of galvanized grade 8.8 bolt
assemblies in fire,” Journal of Structural Fire Engineering,
vol. 6, no. 3, pp. 197-212, 2015.

[8] S. G. Fan, G. P. Shu, C. S. Huo, C. L. Liu, and Y. L. Tao,
“Research on performance of high-strength bolted
connection in fire and after fire,” IES Journal Part A: Civil and
Structural Engineering, vol. 6, no. 2, pp. 135-149, 2013.

[9] F. Gonza'lez and |. Lange, “Behavior of galvanized high
strength grade 10.9 bolts under fire conditions,” in Sixth
International Conference Structure in Fire (SiF ‘10), 2009.

[10] Y. Hu, ]. B. Davison, I. W. Burgess, and R. J. Plank,
“Comparative study of the behavior of BS 4190 and BS EN
ISO 4014 bolts in fire,” Proceedings of the 3rd International
Conference on Steel and Composite Structures, ICSCS07 -
Steel and Composite Structures, pp. 587-592, 2007.

[11] B. R. Kirby, “The Behavior of High-strength Grade 8.8,”
Journal of Constructional 34 Steel Research, vol. 33, pp. 3-38,
1995.

[12] V. Kodur, S. Kand, and Wasim Khali, “Effect of
temperature on thermal and mechanical properties of high
strength steel A325 and A490 bolts,” Journal of Materials in
Civil Engineering, vol. 24, no. June, pp. 765-774, 2012.

[13] ]J. Lange and F. Gonz alez, “Behavior of High-Strength
Grade 10.9 Bolts under Fire Conditions,” Struct. Eng. Int., vol.
22,no0. 4, pp. 470-475, 2012.

[14] R. M. Peixoto, M. S. Seif, and L. C. Vieira, “Double-shear
tests of high-strength structural bolts at elevated
temperatures,” Fire Safety Journal, vol. 94, no. September,
pp. 8-21, 2017.

[15] Y. Huy, C. B. Yang, L. H. Teh, and Y. B. Yang, “Reduction
factors for stainless steel bolts at elevated temperatures,”
Journal of Constructional Steel Research, vol. 148, pp. 198-
205, 2018.

IS0 9001:2008 Certified Journal |

© 2022,IRJET | ImpactFactor value: 7.529

Page 158



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 09 Issue: 09 | Sep 2022 www.irjet.net p-ISSN: 2395-0072

[16] N. Baddoo, E. N. Moreno, B. Zhao, C. Renaud, A.
H. O. Bahr, F. Kettner, B. U. Claeys, and ]., Stainless steel in
fire. European Communities, 2009.

[17] G.-B. Lou, S. Yu, R. Wang, and G.-Q. Li, “Mechanical
properties of high-strength bolts after fire,” Proceedings of
the Institution of Civil Engineers - Structures and Buildings,
vol. 165, no. 7, pp. 373-383, 2012.

[18] J. Lange and A. Kawohl, “Tension-shear interaction of
high-strength bolts during and after fire,” Steel Construction,
vol. 12, no. 2, pp. 124-134, 2019.

[19] K. C. Yang, R. ]. Hsu, and Y. J. Chen, “Shear strength of
high-strength bolts at elevated temperature,” Construction
and Building Materials, vol. 25, no. 8, pp. 3656-3660, 2011.

[20] F. Hanus, G. Zilli, and ]J. M. Franssen, “Behavior of Grade
8.8 bolts under natural fire conditions-Tests and model,”
Journal of Constructional Steel Research, vol. 67, no. 8, pp.
1292-1298, 2011.

© 2022,IRJET | ImpactFactorvalue:7.529 | 1S09001:2008 Certified Journal | Page 159



