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Abstract. In the present study, the influence of heat treatment (tempering & cryogenic) on the grain
orientation and few important mechanical properties of Austenite Stainless Steel 304 (ASS 304) are

examined. The significant mechanical properties like ultimate strength, elongation percentage and surface
hardness etc., of the experimented and untreated specimens are computed using pre standard methods and
the micrographs of the specimens was conducted using metallurgical microscope. The effect of strain rate
ranging from lower to higher strain rates 0.001s-1 to 0.1s-1, on true stress - true strain behaviour of
tempered austenitic stainless steel 304 is investigated. Experimental results exhibited that the mechanical
behaviour of ASS 304 can be reformed and improvised by several heat treatment procedures for a specific
application. The results showed that the cryogenic treated specimens indicate lowest tensile strength,
hardness and highest percent of elongation value compared with tempered specimen gave the maximum
tensile strength, hardness and minimum percent of elongation in length value.

1 Introduction

Heat Treatment of engineering materials is a
combination of coordinated heating along with cooling
of a specific alloy or solid metal such that it produces
required microstructure and desirable mechanical
properties like stiffness, yield strength, ultimate strength,
Elastic modulus, percentage of elongation, strain
hardening and strength co-efficient [1]. Cryogenic and
tempering are considered the important effective heat
treatments frequently used to alter the micrograph and
mechanical properties of metals and alloys, especially
steels; it is used in engineering materials where
elongations and appreciable tensile strength are needed
[2]. Technologically, cryogenic implies the study and
use at extremely low temperatures of materials (or other
requirements). Given that the LNG storage holds or
infrastructure insulation device is subjected to cryogenic
temperature, it is usually beneficial to use austenitic
stainless steels because their cryogenic mechanical
properties demonstrate superior durability, e.g. high
strength, ductility and resilience. [3]. In tempering the
material is heated below critical point of austenitic
stainless steel 304 and this is followed by air cooling [4].
The stainless austenitic steels are rich in nickel and
chromium content to improve specific
mechanical properties. Most of this is used in travel, i.e.
automotive. Owing to its outstanding corrosion
resistance in seawater conditions. Austenitic Stainless
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Steel-304 (ASS-304) sheets are commonly used in the
area of Navy and Nuclear Applications. Due to its low
carbon content contributes for increased wear and
friction properties and is less susceptible to corrosion
between grain boundaries of different atoms [5].

So the degree of its application would be determined by
its heat treatment conditions. A. Tukur et al., researched
the ideal heat treatment technique for stainless steel AISI
304 and proposed that specimens have the maximum
hardness value at 666°C [6]. The ideal temperature to
avoid grain growth on annealed 304 stainless steels
(solution conditioned) is found to be 666°C. In his
work, Nadum Ibrahim Nasir et al. picked a sample of
stainless steel type 304, where thermal treatment is
performed at (1050, 1100, 1150)°C respectively, after
that tempering process is performed at 350°C and
investigated the thermal treatment enhanced mechanical
properties with the exception of shock examination and
the best properties appeared at 1100°C [7]. Kyung Jun
Lee at al., studied the material behaviour of ASS at
various ranges of cryogenic temperatures with help of
Universal Testing System , fitted with a cryogenic
chamber, and described that strength-related properties
appear to increase with temperature decrease [8]
kosaraju Satyanarayana has assessed the material
properties  depending upon the observational data
obtained from isothermal uniaxial tensile tests conducted
at an interval of 25°C within a range of 0°C to -50°C and
at three sheet orientations (0, 45, 90) degrees to the
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rolling direction and punch velocity (0, 45, 90) degrees
to the rolling direction and punch velocity (3, 5, 7)
mm/min are selected [9]. Anitha Lakshmi et al., has done
tensile and formability tests on annealed heat treated
Austenitic stainless steel and aluminium alloy specimens
[10-13]. Though there are more developments in ASS
304 yet some gap exists for better application of ASS-
304. Thus, ASS-304 material is investigated under
different heat treatment condition for enhancement in
ductility and metallographic studies. Tanya Buddi et al.,
conducted tests on ASS 316L at elevated and sub-zero
temperatures to evaluate material properties, formability,
microstructure study and corrosion resistance study [17-
19].

Fig. 2. Tempering treatment set up

2 Experimental Procedure & bo 120°C ¢ -80°C

The chemical composition of ASS 304 sheets used in the
present investigation is analyzed by a spectrometer
analysis in Jyothi laboratories. [14]. These chemical
composition results are shown in Table.1. The ASS 304
sheet is cut into sub sized tensile specimens following
ASTM standards using wire-cut EDM (electro-discharge
machining) process for good accuracy and finishing.

Table 1. Weight percentage chemical composition of ASS 304

Material Weight' %
Composition
C 0.017 . . o o
g Fig. 3. Samples cryogenic treated at -80°C & -120°C

Si 0.34
Mn 1.26 e d. e 400°C
P 0.019 a, b, ¢ 600°C -

S 0.004

Cr 18.66

Ni 8.02

The heat treatments are performed in the cryogenic
freezer and tempering chambers. Cryogenic chamber
shown in Fig.l can accommodate temperature upto
-180°C is connected to nitrogen plant which generates
liquid nitrogen, with the help of transfer lines supply of
liquid nitrogen to the cryogenic chamber. Samples are
cryogenic treated at temperatures -80°C and -120°C for
4 hours shown in Fig.3. Tempering chamber capable to Fig. 4. Samples tempered at 400°C & 600°C
perform the experiments at higher temperatures upto

800°C is shown in Fig.2. Samples are heated to 400°C 2.1. Tensile Test

and 600°C for 4 hours respectively as shown in Fig.4.

Uniaxial tensile testing on Universal Measuring
Machine-UTM used at room temperature in Fig.5 has
determined the tensile properties for the material. The
tensile testing is carried out using the Universal Testing
Machine (UTM) called ELECTRA 50 model, which has
SKN charging capacity. The unit has a split furnace at
the top with the capacity to do high temperature tensile
checking. Within the furnace heating will occur up to
1000°C. Spacers made of Inconel are used to rigidly
secure the tensile specimen between the slots in the
puller rod. Such spacers avoid dislocation of the
specimen after pulling. The tensile specimen is put
between test machine dies as shown in Fig.6.

Fig. 1. Cryogenic treatment set up
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the material with 50gm load; the depressions are so
small in size that they measured with a metallurgical
microscope Fig 7 represents the comparison of hardness
for cryogenic treated, tempered and untreated specimen.

3 Results and Discussion

furnacg

Properties like Ultimate Tensile Strength (UTS), Yield
stress, Percentage elongation, Young’s modulus, Strain
hardening and Strength co-efficient are measured
through tensile test for cryogenic treated, tempered
sample and untreated sample. The resulting values
obtained from the tensile test are plotted. The data
clearly shown in Fig.8 marks an improvement in
ultimate strength, strain hardening, young’s modulus,
and strength co-efficient; whereas a decrease in
elongation and yield strength is observed with increase
in tempering temperature. It is observed that tempering
at 600°C reduces the amount of retained austenite; this
makes the austenite less stable. This causes the ultimate
strength to increase slightly and also causes decrease in

elongation.
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grain size and are shown in Fig.7.

2.3. Hardness Test

Micro hardness of the sample is evaluated by loading an
indenter using Vickers indenter into the top surface of
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Fig. 7. Tensile properties vs Heating condition

Cryogenic treated samples show little improvement in
properties compared to untreated sample. Elongation is
greater in cryogenic heat treatment than untreated and
tempering heat treatment that shows the higher ductility
property in cryogenic treated samples.

In this investigation tests are carried to know the effect
of tensile properties by varying the strain rates on
tempered samples. Tensile results are reported for strain
rates within the range 0.001s"' and 0.1s”'. The tensile
properties like yield stress, Young’s modulus (Ys), %
elongation, Ultimate Tensile Strength (UTS), strain
hardening coefficient (n) and strength coefficient
calculated using formulae are plotted with bar graphs in
Fig. 9 to be linearly dependent on the logarithm of strain
rate while tensile strength, elongation, material constant
and strength co-efficient are shown to decrease with
increasing loading rate prior to approaching a minimum
value.

The decrease in UTS for ASS 304 occurs because as the
strain rate increases, the heat remains higher and the
tensile measure becomes adiabatic at about 0.1s!. Since
martensite is the stronger state, a decrease of the volume
fraction due to the rise of the specimen temperature
results in a corresponding decrease in strength intensity.
Lowest strain rates give the highest strengths. Self-
heating of a tensile material does not happen at lower

strain intensity and transforming of austenite into the
tougher martensite is uninhibited. However, the
resilience of austenite decreases as heating happens at a
higher strain rate, which prevents the transformation.
Furthermore, SFE improves with temperature, which
decreases the number of density of planar slip elements,
e.g., folding faults, slip lines, and slip band boundaries,
all associated with martensite nucleation.

Similar to UTS variation, ASS 304 elongation is highest
at low strain levels and then declines as strain levels
increase to 0.1s!. Unlike UTS, the loss of UEL (uniform
elongation) is due to higher specimen heating and an
associated loss in austenite work hardenability as well as
a loss in the volume of martensite caused by strain.
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Fig. 8. Comparison of mechanical properties for tempered
samples by varying strain rates

The microstructure shown in Fig.9 reveals that there is
no much difference in the microstructure of untreated
sample and cryogenic heat-treated samples. The
austenite grains are absolutely tiny but expand in size as
time and temperature increase.  Steels carried at
temperatures only above the (upper) critical the grain
size should remain low. Nevertheless, at higher
temperatures, various steels showed large variance in
grain size, based on the chemical composition and steel
producing methods (deoxidation and previous treatment)
[15-16]. Fine-grain microstructure of cryogenic samples
do not harden as strongly and have less potential to break
than comparable tested coarse-grain steels. The
micrographs at tempered condition show formation of
perfect grain boundaries with increase in the temperature
showcasing maximum strength.

Fig. 9. Microstructure (100X) of ASS 304 (a) untreated (b)
cryogenic treated at -80°C (c) cryogenic treated at -120°C (d)
Tempered at 400°C (e) Tempered at 600°C

Based on the comparison of hardness value from Fig.10
it is noticed that sample tempered at 400°C which show
a slightly higher level of hardness over the cryogenic
temperature range and untreated sample. The amount of
hardness in samples is due to the fine grain structure of
tempered sample. The finer the grain structure the higher
the hardness. In the present investigation hardness of
samples increased with performance of tempering heat
treatment.
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Fig. 10. Comparison of Hardness value

4 Conclusion

Based on experimental results, few conclusions are
drawn:
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- Mechanical properties are tested using UTM for
various cryogenic treated, tempered and untreated
samples. It is observed that for tempered samples at
600°c few properties show improvement. As
comparing elongation property for all samples,
cryogenic samples shows better results.
At various strain rates the effect of tensile properties is
investigated. It is observed that with increasing the
strain rates modulus and yield stress are linear whereas
strength coefficient, elongation, tensile strength and
material constant are decreasing.
- At 400°c tempered samples have little high level of
hardness when compared with cryogenic and untreated
samples due to the fine grain structure.
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