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150 years of steel — what this talk is about
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Ironbridge — 1779 — Abraham Darby lll — cast iron
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Cast iron — stronger than plastic. Brittle. Good in compression.
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anniversary of the Periodic Table — k

nowledge in 1869
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6000 puddling furnaces in the UK make 2 million tonnes of wrought iron - 1869
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Wrought iron

Henry Clifton Sorby — Father of Metallography — 1826 - 1908
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Isambard Kingdom Brunel (1806 — 1859)
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Henry Bessemer 1813 — 1898 Invention of Bessemer converter, 1856




Henry Bessemer 1813 — 1898 Invention of Bessemer converter, 1856




Henry Bessemer 1813 — 1898 Invention of Bessemer converter, 1856




Carl Wilhelm Siemens 1823 — 1883 Pierre Emile Martin 1824 — 1915 Open Hearth Furnace 1865




Sidney Gilchrist Thomas 1850 — 1885 Elimination of phosphorus — basic converter - 1878
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Brooklyn Bridge 1880 — wrought iron
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1880 steel production worldwide — UK and USA have 31% each

Crude steel production, million tonnes
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Growth of steel production by region, 1870 - 1900
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Dr James Burgess Readman - first operational; EAF - 1888
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Eiffel Tower 1889 — wrought iron — 10,000 tonnes




Andrew Carnegie (1835 — 1919) Built Carnegie Steel, forerunner of US Steel. Sold to J P Morgan 1901
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Development of the thermocouple — commercial Pt/Rh by 1900

Le Chatelier, uses
platinum/rhodium
Thermocouple, 1885

Early sketch by Ohm,
1820s

Edward Matthey
commercial version of

Pt/Rh thermocouple
1900
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Taking temperature of Open Hearth Furnace




The Fe/C equilibrium phase diagram — emerges after 1900
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Stress strain curve for low, medium and high carbon steels
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Steel begins to be understood and classified

Carbon steel, or plain carbon steel, is steel where the main alloying
element is carbon. Manganese must be less than 1.65%, silicon 0.60% and
copper 0.60%

Low carbon steels have 0.05% - 0.29% carbon. A large proportion of

1 steel has carbon contents within this range
Medium carbon steels have 0.30% - 0.59% carbon, and often some

2 alloying elements . These are harder, stronger steels, modified by heat
treatment

3 High carbon steels have 0.60 — 0.99% carbon. These have high
strength and good wear resistance — forgings, automotive components

4 Ultra high carbon steels have 1.0 — 2.0% carbon. Very hard, sharp
(knives)

Over 2% carbon — material becomes cast iron not steel
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Steel poured into ingot moulds for subsequent rolling — 1800s onwards
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Hot Strip Mill — developed from 1904
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Empire State Building - 1930
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Sydney Harbour Bridge — 1930 photo — bridge opened 1932 — 86% steel from UK
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Barrow Steelworks, 1936
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Barrow steelworks, 1936




Barrow steelworks, 1936
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A blast furnace
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Tongsman — Barrow - 1936




Robert Durrer 1890 - 1978 Oxygen blown steel, 1948
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Russia — 1955 — first hot metal produced at Cherepovets (Severstal)




China — 1956

One cannot advance without mistakes... It is
necessary to make mistakes.

Chairman Mao, 1956

40



China — Great Leap Forward - 1958




The white heat of this revolution - 1963

“The Britain that is going to be
forged in the white heat of
this revolution will be no
place for restrictive practices
or for outdated methods on
either side of industry.”

Harold Wilson, Labour Party
Conference 1963
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British Admiral — built Barrow 1965 — scrapped 1976 in Taiwan
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British Steel Corporation (BSC) — nationalised in 1967

Key people — Lord Melchett and Sir Monty Finniston

269,000 people in the newly formed BSC

The BSC board had consensus that growth lay ahead

The plan for growth included an unprecedented £6bn over 10 years

Lord Melchett - Chairman  Sir Monty Finniston - CEO

44



Revolution — 26 August 1968. B side of Hey Jude.

“You say you want a revolution
Well, you know

We all want to change the world
You tell me that it's evolution
Well, you know

We all want to change the world...

...but if you go carrying pictures of
chairman Mao

You ain't going to make it with anyone
anyhow

Don't you know it's gonna be
All right, all right, all right...”

Songwriters: John Lennon / Paul McCartney
Revolution lyrics © Sony/ATV Music Publishing LLC
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Moon landing, 20 July 1969




British Steel 1969 — 1974. A period of revolution. 130,000 people by 1980.

Crude steel, '000 tonnes

British Steel - production by process
route 1969 - 1974
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Number of furnaces

British Steel — number of furnaces of
each type, 1969 - 1974
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Evolution of continuous casting

Share of global crude steel output produced via continuous casting
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Cobble in concast billet — Barrow - 1970
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China — 1970s (Dong Biwu — Acting Chairman, 1972 — 1975)

China needs to grow

Needs new technology, larger more modern plants
Seeks technology from Austria (BOF steelmaking)
Japan — Baosteel modelled on Nippon Kimitsu
Target 60mt crude steel by 1990

S60bn investment over 2 decades

CIA study (1979)

“With its abundant raw materials and the infusion of
Western technology,

China should be able to develop a steel industry
comparable in size to the steel industries of the
USA, USSR and Japan”.

(Embargoed until release in 2000)
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Country X and Country Y 1968 — 1977. The same crude steel output in 1973.

Country X and Country Y

30 -

N
(92
1

N
o
I

[y
(92
|

Million tonnes crude steel

[y
o
|

1968 1969 1970 1971 1972 1973 1974 1975 1976 1977

e==Country X e==CountryY

51



Scanning electron microscope — 1970. Image of pearlite in steel.
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Transmission electron microscope — 1970s onwards
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Lakshmi Mittal (1950 - ) formed his first steel company, PT Ispat Indo, in 1976
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Seawise Giant - Jahre Viking — Mont - 657,019 tonnes — built in Japan 1979 - scrapped India 2010
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Country X and Country Y by 1984
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Ken lverson (L) (1925 — 2002) and John Correnti of Nucor (R) (1947 — 2015) — commercialisation of thin
slab casting,1989
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Thin slab casting — commerc ialised by Nucor, 1989

Thin Slab Casting
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POSCO Gwangyang works, built 1985 — 1992, capacity 22 million tonnes per annum
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Castrip — development started in 1988, first commercial plant 2002

The Castrip® Process

Hot Rolling Stand
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China and UK, production of crude steel
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HMS Bulwalk — built Barrow 2001
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Shipyard, China 2000s




Aditya Mittal (1976 - ) Formation of ArcelorMittal, 2006
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Burj Khlaifa — Adrian Smith — Skidmore Owings & Merrill - 2008




Blast furnaces at Baosteel, China 2010
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The Shard — Renzo Piano - 2013




Barrow steelworks site, 1936 and 2018
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Shanghai — Baosteel site - 2018
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A modern EAF
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EAF improvements 1965 - 2015

Oxygenblowing - - - - - - - - - - -~ - - -~ -~-"—\—-———~—~—————— - Currentstatus
Ladlemetallungy - - - - ---=-=---=c e ==~
Water-cooledwalls - - - - - —— - — — — — — - -
630 kWh/t UHPfurnaces --- - - - - - ————-—————-
g Computerized monitoring — — — - - - - - - - -
E’ect;,-c‘ - Foamyslags — — - —~—=--=c—cce=c=-
“ergy D=~ ~ Water-cooled roofs, oxy-fuel -~~~ — - -
180 min e Ptios X ~ Bottomtapping — - - - - - ——— -~
T ~._ Hotheel practice - -
Wetogs . _ Ladle furnate ~ -
t"he‘ . EBT _M______‘_s,;; _____
s T - Scrap preheating - - - - - Al ~345 kWh/t
N\ DCfurnace ——-----—---
"‘Bottqm stirring — - - - -
Lanc® manipulator — -
High voTtago;.-;— 40 min
Cooling blocks in slag zone, CO-jet technology > 1.1kg/t
PO VYO DY YSY BN ho Ty W RO0 BT UV, G B (NR U Ban DN DR o joq UM O CN WA) JOT T UEY GO e B VN RN N 9 O B raaad
1970 1980 1990 2000 2010

71




Development of high strength automotive steels

80 .............................................................................................................................
70. ........................ L ST :o. ..........................................................................
Conventional Austenitic AHSS Grades
Fa G eeeeneress Steels . ... ... &0 SIS S, - . e
S (Annealed)
- 50 ............. .IE.. .......................................... ..",.r‘_’;_. .........................................................
‘.& 40 ................................................................................................................
g B0 soreevrrencscanes
o
Ll 1) FLTTITITITTTI oo, ek B i
. Wrou
10 Cast Iron ..... ‘ .......................... . 7 LA S s
0 200 800 1100 1400 1700 2000 m—)

Tensile Strength (MPa)

Source: WorldAutoSteel

72



Complex microstructures of high strength steels
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150th anniversary of the Periodic Table
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Fazlur Khan 1929 - 1982 “Einstein of structural engineering”
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Height and time
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Bishopsgate 2009

77



o
i
o
N
)
)
©
(oT4]
7))
Q.
o)
L=
L
(a ]




Bishopsgate 2010




Bishopsgate 2010




Almost complete, 2019




What is this?




Tuned mass damper, 700 tonnes of computer controlled steel plates
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Crude steel growth by region

Crude steel production, million tonnes
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Evolution of word steel production by region 1870 - 2020

Evolution of world steel production by key region, 1870 - 2020f
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UK and China — different growth patterns — or are they?

UK: relationship of True Steel Use (TSU) and GDP/capita
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China: relationship of True Steel Use (TSU) and

GDP, USD/capita
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Production of crude steel, China and UK, 1968 - 2018

Million tonnes crude steel

1000

900

800

700

600

500

400

300

200

100

China and UK, production of crude steel

_—

T T T T T T T T T T 1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 7TT.
00 O AN < O 0 O N < O 0 O N < O 0 O N & U 0 O N < O o
O N IN IN IN N 00 600 00 00 00 OO O OO0 OO0 OO0 O O O O O W ™= «=H «+H
a O O O O O O o O O o o o o o O O O O O O o o o o o
i i i i L L i i i i i i i i i i (@] (@] (V] (V] (V] (V] (V] (g} (g} (@]



Ratio of crude steel, China:UK. Ratio was 120:1 in 2018. 1:1 in 1973

China:UK crude steel ratio
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A view of the future

World crude steel forecast 2020 - 2040
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