Looking into steel
and its versatility
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Overview of steels and applications
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Approximately 75% of currently applied steels have « ...200 years
been developed in the past ...

How many commercial grades of steel?

« ...50 years

=) + .20 years
If the Eiffel Tower were to be rebuilt today, the

engineers would only need 1/3 of the steel that was
originally used in 1889.

https://worldsteel.org/about-steel/about-steel/




Overview of steels and applications

With so many steel grades and applications, how to provide an
overview?
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Steel wires

Rods / wire




Steel wires
1854, James Horsfall patented the heat
treatment for wires.

"YAn improvement in the manufacture of wire
for pianofortes and other musical instruments”.

1858, heat treatment used for
the first transatlantic telegraph
cable.




Steel wires

1854, James Horsfall patented the treatment
for starting microstructure for wires.

Wires with 0.8 wt.% C, furnace
970 °C, then slow cooling.

1863, Henry Clifton Sorby etches with
acid a microstructure of steel for the
first time to investigate it.

1886, Sorby observes and sketches
pearlite.

For 32 years, wires were used, but
their microstructure was a mystery.
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Steel wires

'40.00nm &

Borchers & Kirchheim. Progress in Materials Science. 2016 7




Steel wires

Wires are cold-drawn, leading to the strongest metallic bulk material.

e gt T . TR
Starting pearlite
microstructure

Reduction of Bending of
interlamellar spacing  microstructure.
Changes in orientation = Fragmentation

Partial dissolution of Fe;C,
C enrichment of BCC.
Discussion continues...

'i';U Delft r eim. Progress in Materials Science. 2016 8




Steel wires

engineering
applications...




Steel bars °C

Steel +
composition A

A
composition B
Bars do not have the °C t
right microstructure
(nor shape) Steel +
composition C
They must be thermo-
mechanicallly treated.
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Steel bars in reinforced concrete

Reinforcing bars
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compression. 4%
Indentations for better bond with concret"

Almost 100% recycled.
Susceptible to rusting.
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Steel bars in reinforced concrete

hot rolling quenching air cooling

ferrite + pearlite + bainite

\ T 1
' « Taus : EE—
. A X : i —
E \." i 1 'I — -
* L = -
= \ : .
gl M i F+P (+B)
i s Pk s
s o
g- LN 4 —
E S ] e ———— -
W L ] -
= . i Core
el =gr
: - - - Transition zone
M i --=--=Surface

Time (logarithmic scale)
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Flat steel
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Flat steel

Mild steel
I High strength steel

I Very high strength steel
I Extra high strength steel

I uitra high strength steel
I Aluminium
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Flat steel  Volvo v60 (2018)

Safety

Light weight

Mild steel
I High strength steel

Very high strength steel
[ Extra high strength steel
B Ultra high strength steel

P Aluminium

Cost
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Flat steel  Volvo v60 (2018)

200 um

Surface quality, dent
resistance

- Mild steel

I High strength steel
Very high strength steel

Impact resistance

Extra high strength steel
Ultra high strength steel

Aluminium
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Other special steels

Stainless steels
VS
Weathering steels
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Future challenges

1. Need of continuous development of microstructures for challenging applications.

2. Radical changes in steel production and processing.

Scrap, Scarcity «—- Chemical composition

H-based <«—F Production route

Electrification <——kProcessing route ) icrostrcture
4 Research needed
Energy & materials transition Excellent expertise available

will affect these three

Thank you!!
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