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Development of Stainless Steels

➢ First application for stainless steels was stainless 
cutlery
➢ B. Strauss (Germany), developed steel with 
0.25% carbon, 20% chromium and 7% nickel; the 
first austenitic stainless steel for protective tubing 
for thermocouples and pyrometers
➢ F.M. Becket (USA) developed high Cr heat 
resisting stainless steel for furnace troughs
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What is Stainless Steel

➢ Presence of non-rusting thin surface layer

provides a ‘stainless’ nature to steel

➢ Stainless characteristics through the formation

of an invisible and adherent chromium- rich oxide

film

➢ Oxide film forms and heals itself in the

presence of oxygen

➢ Other elements added to improve particular

characteristics include nickel, manganese,

molybdenum, copper, titanium, silicon, niobium,

aluminum etc.

➢ The corrosion resistance and other useful

properties are enhanced by increasing chromium

content, and the addition of molybdenum, nickel

and nitrogen

Self-repairing property of 

stainless steel

STAINLESS STEELS are iron-base alloys that contain a minimum 
of about 10.5% Cr, the amount needed to prevent the formation 
of rust in unpolluted atmospheres



Allotropy of Iron – Genesis for Stainless Steel
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➢ Steel is an interstitial solid solution of carbon in iron

➢ Theoretically steel has a maximum of 2.11% carbon

Iron-Carbon (Fe-C) diagram



Fe-Cr phase diagram Fe-Ni phase diagram

Metallurgy of Stainless Steel

Effect of Nickel addition 

on Fe-Cr alloys



Manifestation of Stainless Steels



Types of Stainless Steels

Austenitic
➢ 300 Series types: Cr and Ni. 200 Series: Cr-Ni with addition of Mn

➢ Strength can be increased only by cold working

➢ Nonmagnetic and used in annealed condition

➢ Exhibit excellent corrosion resistance and good formability

Ferritic
➢ Ni free alloy and is magnetic

➢ Cannot be hardened by heat treatment and only moderately hardened by cold working

➢ Having good ductility and resistance to corrosion and oxidation

Martensitic
➢ Magnetic and Hardened by heat treatment

➢ Resist corrosion in mild environments

➢ Good ductility and drawability

Duplex stainless steels
➢ Consists of about equal parts of austenite and ferrite in annealed structure

➢ Highly resistant to chloride stress corrosion cracking, pitting and crevice corrosion

➢ Exhibit about twice the yield strength as conventional grades

Precipitation-hardening stainless steels :
➢ Chromium-nickel types, some containing other alloying elements, such as Cu or Al

➢ Hardened by solution treatment and aging



Types of Stainless Steels (Contd…)

Stainless steels have traditionally been divided into categories depending on 

their structure at room temperature (decisive effect on properties)



Influence of Alloying Elements

The alloying elements each have a specific effect on the properties. But it is the combined 

effect of all the alloying elements and, to some extent, the impurities that determine the 

property



Effect of the alloying elements on the structure of stainless steels

➢ The Schaeffler- Delong

diagram was originally

developed for weld metal.

➢ It describes the structure

after melting and rapid

cooling.

➢ This diagram has been

found to give a useful

picture of the effect of the

alloying elements also for

wrought and heat treated

stainless steel.

Influence of Alloying Elements (Contd…)



Stainless steels having number of 

alloying elements (Fe, Cr, Ni, Mn, Si, 

Mo, Ti, Nb etc) and therefore should 

have numerous of ancillary 

intermetallic phases.

➢ Form by diffusion of substitutional 

alloying elements (slow process)

➢ Normally hard and brittle

➢ Depletion of Cr or Mo from the 

surrounding matrix causing localized 

lower corrosion resistance

Precipitation kinetics in 316 stainless steel

Influence of Alloying Elements (Contd…)



Most common intermetallic phases:

Alpha Prime: Alpha prime is an ordered Fe-Cr phase and is quite brittle. It forms at

relatively low temperatures, between 300 and 525°C. This precipitation can cause

475 embrittlement in ferritic or duplex stainless steels and therefore limits their use

in this temperature range but not at higher temperature.

Sigma: Sigma is a brittle tetragonal phase richer in Cr and Mo. It forms

preferentially at ferritic/austenitic boundaries in the temperature range 600 to

1000°C in alloys more than 18% Cr+Mo. Sigma forms much more rapidly from

ferrite than from austenite due to higher diffusion rate of alloying elements in ferrite.

This makes a serious issue in ferritic and duplex alloys, which have high Cr and

Mo.

Chi: Chi is similar to sigma except it contains more Mo and less Cr and has a cubic

structure. It can coexist with sigma and forms in the same temperature range.

Laves Phase: It form at temperature below sigma and above alpha prime, but it

takes long times for formation.

Influence of Alloying Elements (Contd…)



Compositional links among stainless steels



Austenitic steels exhibit considerably higher thermal expansion than the

other stainless steel types. This can cause thermal stresses in applications

with temperature fluctuations, heat treatment and welding

Physical Properties of Stainless Steels



Typical stress-strain curves for 

some stainless steels

Impact toughness for different 

types of stainless steels

Mechanical Properties of Stainless Steels



Martensitic stainless steels are characterised by high strength. Strength
is strongly affected by heat treatment. These steels are usually used in a
hardened and tempered condition.

Ferritic stainless steels have relatively low yield strength and the work
hardening is limited. The strength increases with increasing carbon content,
but the effect of chromium content is negligible.

Ferritic-austenitic (duplex) stainless steels have a high yield stress and
increases with increasing carbon and nitrogen levels. An increased ferrite
content also increases the strength of duplex steels. Their ductility is good
and they exhibit strong work hardening.

Austenitic stainless steels generally have a relatively low yield stress and
are characterised by strong work hardening. The strength of the austenitic
steels increases with increasing carbon, nitrogen and to a certain extent
molybdenum.

Mechanical Properties of Stainless Steels (Contd..)

Ferritic-martensitic stainless steels have a high strength in the hardened
and tempered condition in spite of their relatively low carbon content and
good ductility.



The single most important property of stainless steels and the reason for 
their existence and widespread use is their corrosion resistance.

Effect of Chromium content 

on passivity

Corrosion Properties of Stainless Steels

Time-Temperature-Sensitization 

diagram for 18Cr-9Ni type steels with 

different carbon contents

Risk for intergranular corrosion can be reduced by decreasing the level of free 

carbon in the steels. This may be done in either of two ways:

➢ by decreasing the carbon content

➢ by stabilising the steel, i.e. alloying with an element (titanium or niobium) which 

forms a more stable carbide than chromium



Comparison of Properties of Stainless Steels



Austenitic Stainless Steels



Martensitic Stainless Steels



Ferritic Stainless Steels



Duplex Stainless Steels



Precipitation-hardening Stainless Steels



Selection of Stainless Steels

Some characteristics for selecting the proper type of stainless steel for 

specific applications are:

➢ Corrosion resistance

➢ Resistance to oxidation, sulfidation

➢ Strength and ductility at service temperature

➢ Toughness

➢ Stability of properties in service

➢ Suitability for intended fabrication

➢ Resistance to abrasion, erosion, galling, and seizing

➢ Suitability for intended cleaning 

➢ Total cost and its effective life

➢ Product availability

* A suitable steel can be selected for most applications on the basis of 

experience along with steel manufacturer



Typical Application of Stainless Steels
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