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STEEL DEMAND! FINISHED STEEL y’:)-:yng:lci)(\:vnt;orggssis expressed in %

OTHER EUROPE cIS

2019 2020 2019 2020
329Mt 34.5Mt 58.0 Mt 59.2 Mt

{ -12.1% +5.0%

AZEL
~ =~
5 A,

NAETA : +4.8% +2.0%
2019 2020 EU-28 ‘i ..
141.5 Mt 142.6 Mt 2019 2020 _ . 4 -
+0.6% +0.8% 166.8 Mt 168.6 Mt MIDDLE EAST |
-1.2% +1.1% 2019 2020
479 Mt 48.0 Mt
48% +02% | P—
y 2019 2020

00 1,248.1 Mt 1,270.0 Mt
+6.2% +1.8%

AFRICA

2019 2020
36.0 Mt 37.2 Mt

-1.4% +3.2%

.‘ WORLD

2019 2020
1,7750 Mt 1,805.7 Mt

+3.9% +1.7%

2019 2020
43.8 Mt 45.5 Mt

-0.4% +3.9%

worldsteel October 2019 worldsteel.org

711 M,

, pig 1Iron
crude steel 928Mt, steel

product 1105Mt, State

In 2018

Statistics Bureau, China
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GDP growth and steel output
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The feature of steel

Abundant iron Multr functions EOW, COST
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Crude steel output since 1950 in China
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Milestones

* |n 1950, 610 thousand tons

* In 1959, great leap forward, trying to overtake UK &
USA, but only 11 million tons

*|n 1978, reform and opening-up, 31.78 million tons

*|n 1996, exceed 100 mi
* |n 2003, exceed 200 mi

*|n 2018, exceed 900 mi
steel output in 1950

lon tons
lon tons
lon tons, about 1500 times of



Steel consumptions in 2019
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Steel price index
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Import and export
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0 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
—import 2000 1813 1661 2335 1812 1721 1489 1516 1532 1357 1399 1434 1469
—export 5464 7287 6430 2621 4542 5201 5929 6442 9732 11665 11254 7838 7182
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The evolution of steel industry

 |n 1875, Britain accounted for 47% of world production
of pig iron and almost 40% of steel. 40% of British
output was exported to the U.S., which was rapidly
building its rail and industrial infrastructure.

 Two decades later in 1896, however, the British share of
world production had plunged to 29% for pig iron and
22.5% for steel, and little was sent to the U.S.

* The U.S. was now the world leader and Germany was
catching up to Britain. Britain had lost its American
market, and was losing its role elsewhere; indeed
American products were now underselling British steel
in Britain. (the first half of 20t century)




Ironworks in Blaenavon, Wales, UK




In 1856, Bessemer in England declared the
technology to produce mild steel. Then, mild
steel have been used instead of wrought iron
to increase strength level from 100MPa to
200MPa.

Steam power enabled mass production of
iron and steel




Radical changes to steel processing
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Two variables on steel products

Processing  Alloying

Process flow Solution &
& equipment precipitation



Four main transformations during processing

4

Iron ore Liquid iron  Liquid steel Gamma

Liquid iron  Liquid steel Solid steel Alpha




v st

L

STeel FPRoR<SIOG

METRLLUR L

—

y1 buunp

Abinjrelaw |eaisAyd

pbuissadnold o



Advanced steel, 2004
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Deformation Induced Transformation:

strengthening and softening

Since 1999, 973 Project, CISRI, first prize of national S&T Progress Award
in 2004

AG (Jimol)
Temperature (Celsius deg.)

Average deformation
stored energy as a -
function of Hardenmg
temperature and
strain rate (strain=0.6)
in a microalloyed low

carbon steel Softening

7004

600 -

— 0J/mol

—— 20J/mol
—— 40J/mol
—— 60J/mol
—— 80J/mol

500
0.0

0.2 0.4 0.6 0.8 1.0
Carbon content (wt%)

* high strength PLC steel
* High strength microalloyed steel
* Non heat treating steel

» Spheroidization for bolt steel
» Spheroidization for bearing steel
 Patenting for pearlitic steel
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CCT

DIFT and successive

RX of austenite

transformations
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SWRCH35K bolt steel on-line annealing
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M3 structure control: high ductility and high

toughness

Since 2009, 973 Project, CISRI, 2" prize of national technology invention
award in 2018

Strength ductility, toughness

upon crack initiation and propagation -
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Processing and microstructure

iemp stable austenite

metastable

austenite
M
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Available online at www.sciencedirect.com

“=.“ ScienceDirect \\)/‘ ACIA MATERIALIA

Acta Materialia 59 (2011) 40024014

www.elsevier.com/locate/actamat

Experimental and numerical analysis on formation of stable
austenite during the intercritical annealing of 5Mn steel

Haiwen Luo *, Jie Shi, Chang Wang, Wenquan Cao, Xinjun Sun, Han Dong

Mn%, Manganese concentration
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The third generation AHSS
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The appropriateness of sheet steel for

automobile application
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Shanjing pipe line X80 HSLA Steel
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Cutting-edge steels

1997
Micron steel

2014 2013
HIE Steel . D steel




Ferrous materials: easy to be rusted
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DIT to M3, and then to PMA
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Polymorphic Alloying: to improve performance
Since 2019, SHU, CISRI, JITRI
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Widely used Q235 steel & Q355 steel: corrosion?
Q235B. Q235BRE. Q355B. Q355BRE




Polymorphic Alloying: 09CuPCrNI+RE

WEM wawnipiceom _av. melodydoag

BIREE, MPa



Corrosion resistance steels

PR Q390FEW, Wik, HiE. Ml
YS>390MPa, TS>490MPa. RY<0.80.
A(5.65VS,)>22%
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Novel Q235BRE and Q355BRE steels

for JITRI laboratory
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Timeline

Gear
Bolt

Spring

Bearing

2005

..~ 600MPa
@1200MPa

149 @
Klscc~30M Pam1/2

o1~ 0.40,
@1800MPa

L10 ~ 10°
[O]~10ppm

2015

..~ 800MPa
@1200MPa

16.9 @
Klscc~30MPam1/2

0'_1 o O.SO'b
@2000MPa

L10 ~ 107
[0]~8ppm

2025

5., ~ 1000MPa
@1400MPa

18.9 @
Klscc~3OM Pam1/2

6_1 ~ O.SGb
@2200MPa

L10 ~ 108
[0]~4ppm




High strength bolt steel: 14.9




2000MPa leaf spring




The best steel used for knives and bearings
6Cr16MoMA steel
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Kitchen knife made of 6Cr16 MoMA steel
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Strengthening to be even higher by
defects
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To study new ultrahigh strength steel
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CrNiMoV alloying: substitutional and
precipitation
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Polymorphic alloying
30CrNiMo bullet proof and 09CuPCrNI corrosion resistant
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Basic study (DIT. M3, PMA)
Micron steel, TG steel, Novel steel

Construction

Cost &
Resources

Automobile

Strength &
Ductility

Special steel

IHighr guality,




Iron meteorite: the gift from heaven to
open up human civilization

-




Facts about iron in the early ages

Tutankhamen's daggers, 1333 BC  early bronze age in Anatolia
FeNi alloy » | ~ 3000-1950 BC




Man made iron, 3500 years history

Faraday convert &
alloying Open hearth

Hittite

1500BC 1820 1856

Shetffield HIGHISPEED
cutlery Steel

1543 1694/

CN cast iron
800BC

HianNTOnplan Flanders cast
10I0BE cannon 1412

Martensitic
stainless steel

1913




100m rails and bullet train (350km/h)
five rail mills in China
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Rails in China hundred year ago
Imported from Belgium




Carbon content evolution of rails over

hundred years
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Microstructure evolution
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3500 years ago, man made iron was
created and accompanies us until now.
Today's steels are distinctively different

with those of decades ago.
What shall we do In the future?



