5/21/2025

& A
[ )
[ cHArTER |

| STEEL 4
Y. 4

How Charter Steel uses
Metallurgy to provide high
quality steel solutions

Metallurgy 101 — a brief overview
of metallurgical fundamentals with
a focus on steel
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* Metallurgy Basics

* What'’s a Metallurgist anyway?
* Melt Shop Metallurgy

* Rolling Mill Metallurgy

* Processing Metallurgy

* Questions
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Metallurgy

Metallurgy is the study of the physical and chemical properties of metals and alloys. It also
involves examining the microstructure of metals to determine their mechanical properties.

Metals

+ “Any of a class of substances characterized by high electrical and thermal conductivity as well as by malleability,

ductility, and high reflectivity of light. Approximately 75% of all known chemical elements are metals”

Examples: Fe, Ni, Cu, Mn, Cr, Mo, Ti, Al
Alloys

+ “Metallic substance composed of two or more elements, as either a compound or a solution. The components of

alloys are ordinarily themselves metals, though carbon, a nonmetal, is an essential constituent of steel.”

Examples: Steel, Brass, Bronze, Cast Irons, most highly used metals are alloys..

Source: https://www.britannica.com/
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Face-centered cubic

14%

PACKING FACTOR

crystalline material
At elevated temps (~1340°F), a
occurs, which has an FCC cell
Carbon is soluble to ng

Atoms are more tightly|
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Grain Structure

As steel solidifies, the atoms arrange themselves into these unit cells and a
lattice structure. This solidification starts at many points though and there are

regions, or grains, of material with differing orientations

The interactions between these differently oriented

cells are called grain boundaries

multicrystalline

The size of these grains can impact the properties of | material

steel with smaller grains leading to increased

strength and ductility

1
crystal 1 crystal 2

grain boundary

unit cell
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Phase Diagram

Chart used to show conditions (temp, pressure, weight %) at which
thermodynamically distinct phases occur and coexist at equilibrium.

8i0, - CaO - Al,0; in the presence of 10% MgO

» Can show phases of pure compounds (Si0)
N 0% M0

»  Water has 3 phases (solid, liquid, gas) ,

+ Can show phases of mixtures or alloys like steel .%{ n-
§
o° %
» Steel has multiple solid phases! . \\36,, A Ill]ile 7’%,2
017

» Ternary (3 axis) phase diagrams are helpful for

analyzing slags and inclusions Merwinite

)

A\\ p Corindon \
\ 60

30

w & 70 6 0 4 3 20 10 o
{Ca0} —~—MWeight % Cal (Al;03

- CHARTER 1538°C
STEEL

. St
1394°C oeUteelol ¢ tectoid FesC

FesC
Ay

1147°C

¥, Austenite

Austenite ledeburite Cementite and
and cementite ledeburite

Temperature (°C)

Aq
727°C

«, Ferrite : a+ FesC

}Pgarme \
!
Pearlite and Pearlite and Cementite, pearlite and Cementite (Fe3C)
- Ferrite | Cementite transformed ledeburite e

FesC

Proeutectoida | |

Eutecteid o 400
lc Hypo ﬁpluwereutectmd 2 & 2
(Fe) eutectoid Gomposition (wt% C)

STEEL CAST IRON

&

6/illustr/s6_1 2.html




¥

l""“”

CHARTER
STEEL

11

o

CHARTER
STEEL

Metallurgists at Charter Steel

Metallurgist Roles at Charter Steel
* Materials Associates

* Process Metallurgists

» Technical Service Engineers

* Quality Technical Managers

* Principal Metallurgists

» Leadership Roles

A metallurgist is an engineer who studies, designs, and develops
industrial processes that transform metals into useful materials. - Al

Metallurgical knowledge allows Charter Steel to
improve our processes throughout the organization

with a focus on Steel quality
Charter has 55+ metallurgists on staff

Allows Charter to better service our customers in

many ways!
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Value Added

Charter Steel service enhanced by our

metallurgists

* Process Metallurgists

* Our operations are continuously improved and

refined with a focus on our steel products every

step of the way

* Technical Services

« Charter supports each of our customers with a

team approach

» Our TSE’s are your bridge from our process to

yours, we are here to help you succeed

Regional
Account
Manager

=l
7 N

Customer Service Account . . .
Rep Technical Service Engineer
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Technical Overview

Your Goals are Our Goals

Charter Steel has some of the best Technical resources in
the industry.

From a large team of materials engineers, and metallurgists
to a world class technical lab, these resources are
dedicated to solving problems and bringing solutions to
market.

Boards and Memberships for TSE + Lab include:
Board of Directors — Wire Association International

ASTM Membership (voting member rod, wire and bar
standards)

AMS Carbon and Alloy Steel Committee Members

Board of Directors (Former) - Spring Manufacturers
Institute

THE COMBINED EXPERIENCE OF OUR
ECHNICAL SERVICE ENGINEERS (TSEs)

CHARTER
STEEL 4

274 TOTAL YEARS

TOTALYEARSAT | IN THE
CHARTER STEEL —_— _ STEEL INDUSTRY

AVERAGE OF AVERAGE OF

24 [ 15

YEARS IN THE / YEARS AT
. STEEL INDUSTRY CHARTER STEEL
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Main Operations in CSMD

Deflactors Enhanced post-

combuistion

v

+ Scrap steel is melted and primary
refining done in the EAF

* ‘Vanilla’ chemistry
» Steel is tapped into ladle and further
refined in the VAD/LRF

» Add the toppings to make final
chemistry

* Remove unwanted gases

» Ladle is then drained into a tundish
and continuously casted into billets

Cross section view of how off gasses from the EAF pass over the scrap in the preheat conveyor

16
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Common steel alloying elements

Source: https://www.britannica.com
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Alloying Elements

a substance composed of two or more metals or of a metal and a nonmetal intimately united
usually by being fused together and dissolving in each other when molten

Carbon

* Hardenability
Manganese

+ Hardenability, improve casting and rolling, ties up sulfur
Silicon

» Strong deoxidizer, improves properties in spring steels
Vanadium

* Grain refiner, improved work hardening
Nickel

+ Increase strength & toughness, improve heat treatability

5/21/2025

Chromium

» Hardenability, corrosion resistance, carbide former

Molybdenum

* Hardenability, improved creep strength
Aluminum

» Deoxidizer, grain refinement, ties up free Nitrogen
Boron

* Hardenability at very low levels
Sulfur

* Improved machinability

fowee) CHARTER
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Casting Metallurgy

Prevent Oxidation, Oxygen really

likes molten steel!

Controls to avoid pulling in NMIs

Mixing for homogeneity

Cooling rates and surface quality

20

Meniscus
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Rolling Mill
Metallurgy

21
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Operations in CSRD

* The billet is well into
the austenitic range (about
2000° F.)

» The billet is through a
series of rolls or stands

» The coil is subjected to
on the
Stelmor® or bar mill conveyor

11
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Metallurgy in heating
steel

Steel is reheated in furnace so
we can hot roll it

* Decarb
» Scale

 Uniformity

5/21/2025

fowee) CHARTER
L STEEL

What is hot rolling?

Elongating the billet and reducing its section, without changing its volume,
by applying pressure with the rolls

DEFORMED
AND
ELONGATED

ORIGINAL GRAINS

GRAINS

ST NI

BOTTOM
ROLL

4

NEW GRAINS
GROWING

24

24
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Cooling on the Stelmor®

More than just a logo...

Steel is hot: way into the

austenitic range
New grains have formed
Cooling begins immediately

Properties and structure are

determined by cooling rates

FansiHoods
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Termperature
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Iron-Carbon Phase Diagram
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What’s the Difference Between Coarse and Fine Pearlite?

28

Spacing between
plates of Fe and
Fe;C in grain
Size of grain

28
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Processing
Metallurgy

29
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Processing Main
Operations

« Pickling & Coating
« Cleaning, Protection, &
Lubrication
« Annealing
« Softens Steel for
Forming, changes
microstructure
« Wire Drawing

» Customizes Size and
Properties

30
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Wire Drawing

31

31
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What Does Drawing do Metallurgically?

As steel is cold-worked, dislocations pile up, this increases strength of the steel

and decreases ductility

Tungsten carbide

Wire
- ) B e
SSys NSRS

Stress

32
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I Annealing

* Spheroidization

* Regular

- LP
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Property Impacts

Steel is one of the most versatile materials in the world, processing takes full
advantage of it’s metallurgical properties!

G

13

As Rolled Sphero Annealed SA+SAFS Quench and Temper
Grade | Tensile RA Tensile RA Tensile RA Tensile RA
a7 4037 ~96 ~41 ~73 ~66 ~66 ~70 ~177 ~44
37
() CHARTER Screw Machined Forming Methed
Gold Forming Method
Cold Forming Method
1/10 Material, 15 x Production, 18% Stronger
-
E ' ', i
38
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Drill rod demo. Get 3 lengths of 3/16" drill rod (W1 ish) about 12"
each. If you have an oven, that is ideal, but a torch can work.
Normalize 1, quench the second, quench and temper the third.
Have a smaller person bend the first, another smaller person snap
the second, and the biggest person in the room fail to do much to
the third.

Models of FCC and BCC Structures, show carbon gapping for
solubility
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