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Abstract—  

AUSTENITIC stainless steels represent a large 

family of alloys and end uses. These steels 

enjoy a wide range of applications because of 

good corrosion resistance, good high and low 

temperature strength and ductility, and 

excellent weld ability. The high work-

hardening rate and ductility of austenitic 

stainless steels in the annealed state allows the 

application of severe forming operations. 

Engineering materials, mostly steels are heat 

treated under controlled sequence of heating 

and cooling to alter their physical and 

mechanical properties to meet desired 

engineering applications. In this study, the 

effect of heat treatment (annealing, 

normalizing, hardening, and tempering) on the 

microstructure and some selected mechanical 

properties were studied. Erosion of metal parts 

is the serious problem in many engineering 

systems such as turbines, boilers, etc. SS304 

and SS310 steel is used to make nozzle of the 

boiler for feeding coal with certain advantages 

i.e. price, strength & formability. But the main 

limitation of stainless steel is erosion due to 

which the nozzle needs to be replaced 

frequently. Hard facing is commonly applied 

method to improve the surface properties of 

components.  

Keywords— SS304; Stress; Strain; Heat 

treatment; Cold work; annealing; Corrosion 

I. INTRODUCTION 

Heat treatment is process of heating and 

cooling of material. It is possible the desirable 

mechanical properties to steel or alloys for 

normal operation by heat treatment. In heat 

treatment temperature variation with time is 

basic parameter to alter mechanical property of 

the component. 

Stainless steel is widely used in oil production, 

chemical, and mining industries to make 

hydro-turbines, pumps and pipelines, because 

of its combination of good corrosion resistance 

and mechanical properties. The corrosion 

resistance of stainless steel is attributed to the 

formation of passive film, which protects the 

material from continuous corrosion attack. 

However, when subjected to the attack 

combining corrosion and erosion, the passive 

film could be damaged by solid particle 

impingement, resulting in exposure of bare 

metal surface to the corrosive medium and 

thus increasing the corrosion-erosion rate. 

Here we study the mechanical property 

evolution of SS304, Mechanical Property 

changes and microstructural evolution of 

deformed and subsequently annealed and Cold 

work stainless steel are investigated, Meta 

stable SUS304 austenitic stainless steel (ASS) 

possesses excellent corrosion resistance, 

toughness, weld ability but relatively low-yield 

strength (≈200 MPa). Substantial 

strengthening can be obtained in the steels by 

plastic deformation. During plastic 

deformation, depending on cold working 

variables, deformation-induced martensite can 

be formed by transformation. The evolution of 

martensite during plastic deformation 

increases the work hardening rate during 

deformation which results in an increase in 

strength of stainless steels. It is generally well 

known that austenitic stainless steels cannot be 

hardened by heat treatments. On the other 

Mechanical Property Evolution of Heat Treated Stainless Steel 

Grade 304 
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hand, cold or warm working (drawing, rolling, 

forging, etc) can make such stainless steels 

harden. For austenitic stainless steels, the 

greater the amount of plastic strain induced, 

the higher is the stress required to deform the 

material further. This phenomenon is known as 

strain (or work) hardening, and is attributed to 

the increasing difficulty of dislocations 

movement as their density increases with 

deformation. A suitable annealing treatment 

can be used to desensitize austenitic stainless 

steels and avoid localized corrosion attack. 

Moreover, it has been reported that plastic 

deformation strongly affects the degree of 

sensitization of austenitic stainless steels. 

Austenitic stainless steels have a complex 

mechanical behavior at room temperature. 

Generally, behavior differences are associated 

to a higher or lower stability related to marten 

site transformation. 

II. BACKGROUND 

Stainless steel 304 are categorized into three 

grades 304, Grade304H and 304L respectively. 

Type 304 is the most versatile and widely used 

stainless steel. It is still sometimes referred to 

by its old name 18/8 which is derived from the 

nominal composition of type 304 being 18% 

chromium and 8% nickel. 

 

304 Stainless Steel 

Stainless steel 304 is an austenitic grade that 

can be severely deep drawn. This property has 

resulted in 304 being the dominant grade used 

in applications like sinks and saucepans. 

 

304L Stainless Steel 

Type 304L is the low carbon version of 

Stainless steel 304. It is used in heavy gauge 

components for improved weld ability. 

 

304H Stainless Steel 

Type 304H is the high carbon content variant, 

is also available for use at high temperatures. It 

can applicable for high temperature 

application. 

 

The chemical composition SS304 are shown in 

TABLE I 

 

TABLE II 

Chemical Composition of Stainless Steel 304 

% 304 304L 304H 

C 0-0.07 0-0.03 0.04-1 

Mn 0-2.0 0-2.0 0-2.0 

Si 0-1 0-1 0-1 

P 0-0.05 0-0.05 0-0.05 

S 0-0.02 0-0.02 0-0.02 

Cr 17.5-19.5 17.5-19.5 17.5-19.5 

Ni 8-10.5 8-10.5 8-10.5 

Fe Balance Balance Balance 

III. HEAT TREATMENT AND PROPERTY 

EVOLUTION 

There have analysis to many processes to 

increase the property of stainless steel grade 

304, we have conclude the two main process to 

optimize the efficiency such as annealing and 

Cold working, Manganese steels are not 

harden able by heat treatment and are 

nonmagnetic in the annealed condition. They 

may become slightly magnetic when cold 

worked or welded. 

Austenitic stainless steels (which contain 18% 

Cr–8% Ni) are engineering materials widely 

used in many branches of industry, especially 

in the food and beverage manufacturing and 

processing sector, due to their attractive 

combination of good mechanical properties, 

formability, and corrosion resistance. Their 

corrosion resistance is afforded by a thin Cr2O3 

surface film (typically 1–3 nm thick), known 

as passive film, which has self-healing 

capability in a wide variety of environments. 

 

A. COLD WORKING 

High hardness and strength are achieved 

through cold working. In the annealed 

condition, type 304 and 304L are very ductile 

and can be cold worked easily by roll forming, 

deep drawing, bending and other common 

fabricating methods. Since the material work 

hardens rapidly, in- process annealing may be 
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necessary to restore ductility and to lower 

hardness. 

 

B. ANNEALING 
Type 304 is non-hardenable by heat treatment. 

Annealing: Heat to 1900 - 2050°F (1038 - 

1121°C), then cool rapidly. Thin strip sections 

may be air cooled, but heavy sections should 

be water quenched to minimize exposure in the 

carbide precipitation region. Stress Relief 

Annealing: Cold worked parts should be stress 

relieved at 750°F (399°C) for 1/2 to 2 hours. 

 

C. FORMABILITY 

Type 304 and 304L can be readily formed and 

drawn. The higher nickel versions of Type 304 

are well suited to severe forming application 

involving multi-draw operations and forming 

of complex shapes. This is largely due to its 

combination of lower strength and lower work 

hardening rate. As with all austenitic stainless 

steels, annealing or stress-relieving can be 

performed following fabrication. 

D. OXIDATION RESISTANCE 

The maximum temperature to which type 304 

can be exposed continuously without 

appreciable scaling is about 1650
0
F (899

0
C) 

for intermittent cyclic exposure, the maximum 

exposure temperature is about 1500
0
F (816 

0
C). 

E. CORROSION ANALYSIS: 

Corrosion is defined as the destruction or 

deterioration of material because of reaction 

with its environment. Some insist that the 

definition should be restricted to metals, but 

often the corrosion engineers must consider 

both metals and nonmetals for solution of a 

given problem. The corrosion resistance of the 

martensitic stainless steels is lower than that of 

the austenitic steels. These alloys are normally 

used in atmospheric corrosive applications 

F. HOT CORROSION 

High-temperature corrosion is chemical 

deterioration of a material (typically a metal) 

as a result of heating.  This non-galvanic form 

of corrosion can occur when a metal is 

subjected to a hot atmosphere containing 

oxygen, sulphur or other compounds capable 

of oxidizing (or assisting the oxidation of) the 

material concerned. Oxidation is a type of 

corrosion involving the reaction between a 

metal and air or oxygen at high temperature in 

the absence of water or an aqueous phase. It is 

also called dry-corrosion. The rate of oxidation 

of a metal at high temperature depends on the 

nature of the oxide layer that forms on the 

surface of metal. Metals and alloys may 

experience accelerated oxidation when their 

surfaces are coated by a thin film of fused salt 

in an oxidizing gas. This mode of attack is 

called hot corrosion. 

G. CREEP TESTING: 

Creep testing was performed at 650 °C (1200 

°F) for 150 h with a stress of 69 MPa (10 ksi). 

The same three heat treatment conditions 

tested at room temperature were tested for 

creep strength. The high creep rates are 

attributed to the very fine grain size that 

developed during recrystallization. Type 304H 

stainless steel has significantly lower creep 

rates than the Type 304 samples. The lower 

creep rates are attributed to the larger grain 

size and the higher carbon content in Type 

304H. 

H. HARDNESS TEST:  

Hardness is a measure of how resistant solid 

matter is to various kinds of permanent shape 

change when a force is applied. Macroscopic 

hardness is generally characterized by strong 

intermolecular bonds, but the behaviour of 

solid materials under force is complex; 

therefore, there are different measurements of 

hardness: scratch hardness, indentation 

hardness, and rebound hardness.  Hardness is 

dependent on ductility, elastic, stiffness, 

plasticity, strain, strength, toughness, 

viscoelasticity and viscosity. 
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IV. HIGH TEMPERATURE DESIGN FACTOR 

There are four design factor that engineer 

consider when choosing materials for service 

at elevated temperature. These design factors 

are:- 

1. Service life 

2. Allowable Deformation 

3. Environment 

4. Cost 

 

Service life 

The design service life requirement of any 

given component or piece of equipment can 

vary from seconds in certain aerospace 

application, such as rocket engine, to 25 or 

more years for power plant condenser tubes. 

Between these extremes are other more 

moderate service life requirement such as 

those in chemical, petrochemical, or petroleum 

processing, where process design changes are 

more likely to occur at 10 to 15 year intervals 

life expectancy may also vary form company 

to company within any given industry, for 

example in thermal cracking steels in the 

petroleum industry some plant have 

standardized on type 304 stainless steel 

whereas, other plant with similar equipment 

and operating condition use chromium-

molybdenum steels with lower alloy contents, 

naturally the latter materials will not last as 

long as the former, but that is part of the 

design plan for those plants; i.e., low cost 

material but more frequent replacement versus 

more expensive material having longer service 

life. 

For a given type of steel specify thickness the 

expected service life depend on the maximum 

temperature to with it is exposed plus the 

maximum stresses to which it is subjected, 

also whether service is at a constant 

temperature or at intermittently high 

temperature. 

 

Allowable deformation 

Another factor to consider in designing for 

high temperature service is the amount of 

deformation that can be permitted during the 

total service life these factor determine which 

up to high temperature strain properties should 

be given priority creep or creep rupture( 

sometimes called stress rupture) if the 

component is small and/or the tolerance very 

close, such as in turbine blades creep is 

regarded as the over reading but if the 

component is large and capable of 

accommodating greater deformation, such as 

shell and tube heat exchanger, the creep 

rupture the strength is the usual basis for 

selection. Where considerable deformation is 

permitted it is well to know the anticipated 

time to rupture, so part can be scheduled for 

replacement before failure occurs. It is also 

useful to know whether or not service elevated 

temperature is cyclic or continuous cyclic 

operation may lead to failure by fatigue or lose 

of metal due to flaking the oxide scale prior to 

the expected Creep-rupture time. 

 

Environment 

The effect of exposure of a material to media 

can be very complex subject. Elevated 

temperatures tend to increase corrosive action, 

heat transfer may affect corrosivity, thermal 

cycling can increase metal wastage through 

spalling of protective scale on the metal 

surface, and metal temperature probably will 

not be the as the environment to which it is 

exposed . Generally if oxidation or other forms 

of scaling are expected to be severe, a greater 

cross- sectional area beyond that indicated by 

mechanical-property requirement- is usually 

specified. Problems like this cannot be solved 

by laboratory analysis. It requires observation 

of test specimens in actual operating 

environment in pilot plants or full- size units. 

 

Cost 

The consideration of cost in selecting materials 

for high temperature service must reflect not 

only the initial cost of the equipment and 

downtime as well. Designers should not rule 

out the more highly alloyed, more-costly 

materials if a premature failure could result in 

shutting down the entire plant and loss of 

valuable production. Designers should 
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consider the possibility of using different 

steels within the same application.  

V. CONCLUSION 

Strain-hardening and plastic-instability 

behavior was investigated for annealed and 

cold-worked austenitic stainless steels in the 

temperature range) 150 to 450 
0
C. These 

studies we conclude in both annealed and cold-

worked conditions the strength of stainless 

steels decreased with increasing temperature, 

while ductility peaked at room temperature or 

below.  

Various temperatures is found to be the 

optimum to avoid grain growth on solution 

annealed 304 stainless steels. Overall analysis 

they cannot be hardened by heat treatment 

process but harden rapidly cold work and or 

non magnetic, Stainless steel can pose special 

Corrosion challenges, since its passivation 

behaviour relies on the presence of a major 

alloying component (chromium, at least 

11.5%). 

Finally we conclude the analysis of 

Mechanical Property of Stainless steels 

improve the reliability and efficiency. Their 

performance has already been demonstrated. 

making them the material of choice for Used 

as many Domestic and Industry processing 

equipment. 

The effect of increasing strain rate and 

associated heating 

of the specimen on mechanical behavior of 

304L is distinctly demonstrated by the 

variation of work-hardening 

rate with strain. 
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