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Table 1. Use of stainless steel in the industrialised world, divided into various product forms and application

categories.

PRODUCT FORMS APPLICATION CATEGORIES

Cold rolled sheet Consumer items

Bar and wire Washing machines and dishwashers 8 %
Hot rolled plate Pans, cutlery, etc. 9 %
Tube Sinks and kitchen equipment 4%
Castings and other Other 5%

Industrial equipment 74 %
Food industry and breweries 25 %
Chemical, o1l and gas industry 20 %
Transport 8 %
Energy production 7%
Pulp and paper, textile industry 6 %
Building and general construction 5%
Other 5%




1 1hv?? E.Haynes, USA & Becket &
Steel Famlly Dantsizen, USA, 1911-14

. Austenitic steel with <1%
/\ > C, <20% Ni and 15-40% Cr,
E.Maurer and B.Strauss,
CARBON STEELS ALLOY STEELS ’ FRG, 1912-1914

Martensitic steel with
12.8% Cr and 0.24% C,
Harry Brearley, UK, 1913
Harry Brearley E. Stuart — ‘stainless’

Fe-Carbon Fe-Low Carbon (< 0.15%)- First ever ‘stainless steel’

Zizals High Cr Alloy, Minimum Cr — 10.5% & Mo
Fe-C, P, S, Brustlein, France,1875 effect, P.Monnartz and
Mn A"oys Fe'high C-30-35%Cr-2%W W.BorCherS, FRG, 1911

Delhi Iron Alloy, First Patent Fe-Ni-Cr Alloys, L.Guillet,
Pillar Woods & Clark, UK, 1872 France, 1904-06
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400 A.D Fe-high C-low Cr Alloy Aluminothermic Reduction
PreHistoric M. Faraday, UK, P. Berthier, process for Carbon-free Cr,
Iron France (1820-21) H. Goldschmidt, FRG, 1895

e ‘Iron Alloys’ ‘Alloy Steels’ ‘Stainless Steels’ .
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Steel

Formation of iron Formation of
oxide (rust) chromium oxide
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METAL ATTACK
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Stainless steel
Passive fil

Surface damage

Localised
corrosion

Thin, adherent and self-healing passive
films offer protection against halide ions
by quickly reforming the passive film.

However, localised damage is caused to
the film by chloride ions at weak sites
leading to ‘localized corrosion’.

‘Localised Corrosion’ like pitting, crevice
corrosion, intergarnular corrosion, stress
corrosion cracking, corrosion fatigue etc.
caused due to the destruction of passive
films are the root cause of failure of SS
components in industrial service.
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Formation of chromium-rich M,,C. carbides at grain boundaries during slow
heating/cooling of austenitic stainless steels between 400-750°C leads to
development of chromium-depleted zones (< 9% Cr) along the grain boundaries.
This is known as Sensitisation

Any sensitised microstructure will undergo selective localised corrosion along
grain boundaries leading to Intergranular Corrosion
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Steel category

Composition (wt%)
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The effect of the alloying elements on the structure of stainless steels is
summarised in the Schaeffler-Delong diagram. The diagram is based on
the fact that the alloying elements can be divided into ferrite-stabilisers
and austenite-stabilisers. This means that they favour the formation of
either ferrite or austenite in the structure. If the austenite-stabilisers
ability to promote the formation of austenite is related to that for
nickel, and the ferrite-stabilisers likewise compared to chromium, it
becomes possible to calculate the total ferrite and austenite stabilising
effect of the alloying elements in the steel. This gives the so-called
chromium and nickel equivalents in the Schaeffler-Delong diagram:

Chromium equivalent = %Cr + 1.5 x %Si + %Mo

Nickel equivalent = %Ni + 30 x (%C + %N) + 0.5 x (%Mn + %Cu + %Co)



Ni-equivalent = % Ni+30(% C+%N)+0.5(% Mn+%Cu+%Co)
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The Schaeffler-Delong diagram



Mechanical Properties of Stainless Steels
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