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Outline

1. Introduction to steels and stainless steels
Å Iron and steel, major players in the history of mankind

ÅStainless steels, a 100 years of know-how

2. Metallurgy
Åphases, properties, microstructures

Å the Fe-C (Fe-Fe3C) diagram

Å families of steels 

Åsteels and irons

3. Steelmaking practice
ÅHeat treatments and practice

ÅTailoring the properties of heat treatable steels

4. Case studies

5. Conclusions
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Remains of Etruscan furnaces, exploited from the 
end of the Iron Age (9th ɀ8th century BC) to the 1st

century BC

Residues, 
exploited 
ÕÎÔÉÌ Χίάίȣ

Fe3O4 + CO ­ 3FeO + CO2
FeO+ CO ­ Fe + CO2

FeO+ C ­ Fe + CO

A. Berveglieri, R. 
Valentini, La 
Metallurgia
Italiana, June 
2001, p. 49ff

1. Introduction
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C. Lemonnier, La Belgique, 
Paris, Hachette (1888)

R. F. Tylecote. A history of 
metallurgy. The Metals Society, 
London, 2nd impr. 1979

1. Introduction
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1. Introduction

Courtesy of TISCO 
/CN, hot rolling 
stainless steel 

plate mills, 2018
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Courtesy of SandvikStainless Services

1. Introduction
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1. Introduction
Steel is an iron based alloy containing 

Carbon, Silicon, Manganese etc., 
http://steel.nic.in/Glossary -I.pdf

Steel is an alloy of iron and carbon. The amount of 
carbon dictates whether a steel is hard or it is tough. 
C content in steel  usually falls a range between 0.3 ~ 

1.5 %  by volume, 
http://www.ksky.ne.jp/~sumie99/ironandsteel.html

See also comprehensive databases such as: 
www.totalmateria.com

http://steel.nic.in/Glossary-I.pdf
http://www.ksky.ne.jp/~sumie99/ironandsteel.html
http://www.totalmateria.com/


2024-06-04 8Steels and Stainless Steels I - S. Sgobba

The Fe-C (Fe-Fe3C) diagram

Fe - Fe3C

Fe - graphite

Fe3C (metastablecementite) ­
3 Fe + C (graphite)

Steels Cast

irons
1. Introduction
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Autostradadel Sole, first open section 1958

Weathering steel COR-TEN trademark of United 
States Steel Corporation (USS): by amount of Cu, P Si 
and Cr, can develop under favourableclimatic 
conditions a patina of hydrated Fe oxide retarding 
further attack. Long dry summer periods required.

A22, Autobrennero, 1974 A2 (CH), Chiasso 
boundary, 2014

Hot galvanizing + powder coating

1. Introduction
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Castirons:

Class of ferrousalloys
with C ²2.14 %
Most contain3.0 % ¢C ¢
4.5 %
LowerTm (1150 °C -
1300 °C) than steel
Easilymelted and 
amenableto casting
Basedon the reaction
Fe3C ­ 3 Fe + C
Tendencyto form
graphite regulatedby 
composition and rate of 
cooling

Spheroid-graphite castiron shieldingblocks, LHC-R2E project. 
436 t procured from NV Ferromatrix/BE. 

1. Introduction
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a(d)-ferrite: a 
limited domain

200 µm

2. Metallurgy - Phases, 
properties, microstructures

o bcc, non-compact (32 % emptyspace)

o availablesmallbut numerousinterstitial
sites

o fasterdiffusion

o smallerCTE

o ferromagneticunderTc

o DBTT (ductile to brittle transition T)

o limited ductility, high strength

o high ̧ ƻǳƴƎΩǎmodulus

o yieldstrengthwell defined

Source: 
World Steel 
Association 

AISBL
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a-ferrite: 0.013% C steel, finish rolling at 940 °C (left) 
or 845 °C (right) and coiled at 725 °C. Ibidem 

d-ferrite in stainless steel welds. 
Ibidem

d-ferrite stringers in 17-7 
PH stainless steel after hot 
and cold processing. 
Source, ASM Handbook, 
Volume 9, Metallography 
and Microstructure

d-ferrite in a 
URANUS 45® 

duplex stainless 
steel and its 
welds (TDE 

beam dump at 
LHC Point 6), 

EDMS 1900857

d-ferrite under the form of 
stringers and as precipitated in a 

LS2 repair weld of a stainless 
steel LHC diode box (magnet 

2303) ӛEDMS 2083070

https://edms.cern.ch/document/1900857/1
https://edms.cern.ch/document/2083070/1
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80 µm

g-austenite: 
solidsolution 
of C in g-iron

Source: ASM 
Technical Books, 
Steels
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g-austenite

o fcc, compact (24% emptyspace)

o available larger interstitial sites

o slowerdiffusion comparedto bcc

o largerCTE

o paramagnetic

o absence of DBTT

o weaker¸ƻǳƴƎΩǎmodulus

o high ductility

o ill-definedyieldstrength

Source, ASM Handbook, 
Volume 14, Forming and 

Forging

2. Metallurgy - Phases, properties, 
microstructures
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2. Metallurgy - Phases, properties, 
microstructures

The eutectoid transformation: pearlite

Cementitein an as-hot-
rolled Fe-1%C binary alloy 
(arrow) The etch also 
colored the cementite in 
the pearlite. 
Source, ASM Handbook, 
Volume 9, Metallography
and Microstructure

"True" Damascene blade. 
The Damascene (or 

water) pattern comes 
from a striated 

precipitation of Fe3C 
particles and not from 

folding and welding

Source: Science et génie des 
matériaux, W. Callister
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Hypoeutectoid
steels

25 µm

2. Metallurgy -
Phases, 

properties, 
microstructures

Source: Science et génie des 
matériaux, W. Callister

Source: Metallurgia
by W. Nicodemi


