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1.3500BC Beads in Ancient Egypt for iron.

2. First Iron Production 3000BC Syria and
Mesopotamia the comparatively advanced technique
of hardening iron weapons by heat treatment was

known to the Greeks about 1000 BC. .

3. They were made by heating a mass of iron ore and
charcoal in a forge or furnace having a forced draft.

4. The iron produced under these conditions usually
contained about 3 percent of slag particles and 0.1
percent of other impurities. Occasionally this
technique of iron making produced, by accident, a
true steel =~ rather @ than  wrought  iron.

5. Ironworkers learned to make steel by heating
wrought iron and charcoal in clay boxes for a period
of several days. By this process the iron absorbed
enough carbon to become a true steel.
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The Blast Furnace Process
1.The Iron Ore, Coke and Limestone, (the Charge), is

conveyed to the top of the Furnace.
Top Gas Mains
2.The Charge is stored in Bells until the timing is right 1 | 1 /

for the charge to be dropped into the Furnace.

Top Bins

3.Hot air is then blown through pipes called Tuyeres,
to fire the mixture.

o o

4. The Coke burns to increase the temperature in the Throat Aol e Burden
Furnace. i fobe

Temperature
Probe

e ——

5.The Limestone attracts the impurities in the Iron Ore  Refractory Linin —
and forms Slag. This Slag is lighter than the molten
Iron and so floats on top of it.

Sub Burden Probe

Bustle Main

6.As the Furnace fills, the molten Iron is Tapped off. Tuyeres
The Slag is also tapped off at regular intervals. Hearth

Refractories

Most Iron is taken straight from the Blast Furnace to

the Steel Mill, but some is poured into buckets called
Pigs. This Iron is called Pig Iron and is used to make

Cast Iron.
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Hematite Fe,O, Limonite Fe,O; xH,O

Magnetite Fe,O Siderite FeCO
k9 34 3y
—~
Fe content : 20 - 70%

sio, ALO, CaO MgO P As

S - unwanted, less than 0,15%

Flux ms)p

Lime, dolomite CaMgCO,, CaO

Coke mmm)p

Metallurgical coke

Hot Air / Gas >

Coke oven / Blast Furnace Gas / Hot Air
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Schematic Diagram of B/F
Throat with top
closing device

Hot-blast
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Ore,
limestone,
coke

Waste gases

C+ HO — €O + Hj
CaCO; — CaO + CO,
2CO + FesOy — ZFe + 3C0;
3H, + Fe,0; —» 2Fe + 3H,0
C + €Oy —= 2C0
CaO + SiO, — CaSiO;(1)
6CaO + P,O;; — 2Ca3(POy), 1)
MnO + C —» Mn + CO
Si0O, + 2C — Si + 2CO
P,0O,p + 10C — 4P + 10CO
2C + O, —» 2CO

Hot air

Key: Slag out

Formation of reducing agents Molten iron

Reduction of iron oxide

Slag formation
Molten iron

Impurity source
Copyright © 2005 Pearson Prentice Hall, Inc.
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Ore

Chemical composition

Fe C Si Mn P S

90-95% 3.0-43% | 0.5-3.0% | 0.5-3.0% 0.05-2% do 0.1%

Hot Gases
3.5t Gas

1t Pig Iron

10



MmMA Tl

PI'OdllCt Of Blast Fumace Malzeme Test ve inovasyon Laboratuvarlan A.S.

Pig Iron is being casted to

N\,
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Chemical composition
Sio, ca0 | ALO, MgO, MnQO, FeO, CasS,
MnS, P,O., BaS, atd.
Slags =)
26-40% | 36-48% | 10-20% negligible
Chemical composition
CO, CO H, CH, N,
Stock gas —) 8-14% | 23-32% | 1-4% | 0,2-04% | 55-60%

12



I_Iistory Of Stee1 mal(ing Malzeme Test ve Inovasyon Laboratuvarlan A.S§.

13



ML
Illtl‘OduCtiOIl Of Steel Maldng Fumaces Malzeme Test ve inovasyon Laboratuvarlan A.S.

There are three core root for production of steel

Electric Arc
Furnace

Open Hearth Basic Oxygen

Process Process

Fluxes and coolants

N

Fumes to cleaning
= plant

Water-cooled fume

Moveable seal hood

Water-cooled
Tap Hole lance

Steel shell Refractory lining

(Dolomite)
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*The Converter
*Melted high carbon iron (pig iron) + bottom injected air
*Fast reaction:
[Fe-C] + (O, ] — [Fe] +(CO)
Minor reaction :
[Fe] + (O,} — (FeO)
*Liquid steel product
*Si0, lining (acidic)

* Melted iron (pig iron + scrap) + hot air + flue gas

. o« o oxygen lances 121 294 Encyclopaedia Britannica, Inc.
+ magnesite lining + CaO powder L

charging doors
combustian

air

off-gas

s I N | D

checker bricks

qas

i
refractory
lining |

regenerator
chambers

Cutaway view | Exterior wiew of the front, with a
through the centre. i cutawal view of generator chambers.
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oxygen lances

heated steel melt

charging doors
cornbustion air .

off-gas
heated

ground

level

Fefractory
liming

regenerator
charnbers checher
bricks
2 2000 Encyclopadia Britannica, Inc. L fuelgas
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Basic Oxygen Process

. Liguid pig iron from blast furnace (higher content of C, Sj,
PS,...)

* Steel scrap (variable composition - also Cu, Zn, Pb, Cd,...)

. . Fumes to
* Iron from direct reduction process (bloom, sponge, F:::::; 3 5 Y m—
briquettes — quite pure Fe) Coolant Control

Water-Cooled
Fume Hood

[Fe-C] +{O, |} — [Fe] +{CO|
[Fe-P-S-Si] + {O, | + — [Fe] + (P,S,Si in slag)

Water-Cooled
Lance

Tap Hole —>

Refractory
Lining —>
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Ope]_‘ation Ove]_‘-VieW Of BaSiC Oxygen Pmcess Malzeme Test ve inovasyon Laboratuvarlar A.S.

BOS

Steel batch 200000 kg

O, : 500 normal m*/min

20min

Superficial velocity 1.5 m/s

G kWi or W@
as power input 60 kKW/m? (or

Be i Mixing time 10-100s

Whole cycle 50 min

Ladle

18
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electrode mast

electrodes

water-cooled
panels

steel
melt

vertical lﬂ
taphole * refractory
hearth
e hydraulic
rocker
cylinder
cutaway view from front exterior view from side

© 1999 Encyclopadia Britannica, Inc.
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Electric Arc Furnace

MmMA Tl

Malzeme Test ve inovasyon Laboratuvarlan A.S.

Section and Plan View of Electric Arc Furnace

SECTION VIEW THROUGH EAF

~—— Graphite electrodes

Furnace shell

Maolten steel

Eccentric bottem tapping
(EBT)

Teeming ladle

Water-cooled cables FLAM VIEW OF EAF

Power conducting arms

Roof suspension beam

Water-cocled roof
Source: steeluniversity org
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Steelmaking technology has always advanced

90 Oxygen Steelmaking 1846 — 1943 -1975
80 Electric Steelmaking 1810 -1907 - 1975
20 Open Hearth 1850 - 1900 - 1995

60
250
240
30
20

13

1955 1960 1965 1970 1975 1980 1985 1990 1995
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Ladle Treatment
electrodes F
addition ]
oxygen ‘
A lance hopper - to
__r' T_ VACLILT

probe

argan
inlet

PR
ladle furnace

vacuum tank

argon

inlet
s

F

tank degasser

pump

taphole

recirculation
degasser
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Ladle/ Tundish Treatment

Ladle

Inert gas

Inert gas Stopper rod

Qver flow

Submerged
entry nozzle
(SEN)

Plane A- B Mould
Flux, Slag Cooling «—
water —»
B - -
Supporting @<F
rolls

Solified
L
strand ogl:éd
shell Strand
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Submerged Entry Tourch

Cutoff
Point
Meniscus
Support roll
Solidifying Shell
Solid Steel
Slab

Metallurgical
Length

AI
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Continues Casting of Steel
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Hot rolling of steel

3
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¢ —

Slabs are organised
according to rolling
schedule

Gas Fired Reheat Furnace Slab Yard

Oxidisation scale is removed h

000 &TTY_I5%

Mill reverses after each pass
(s0r7) and the roll gap is Water Blast Scale

reduced each time Remover

Red hot slabz21omm
thickis ready for rolling

=
(& o o I T I T - - - - < - - )

Slabis reduced toa long thick Reversing

stripapprox2smm thick )
Rougher Mill

Four Stand Finishing Mill

The strip is coiled and uncoiled _

tomake the tailend lead

Crop Shear

Water Blast
Scale Remover

The stripis progressively reduced to the required thickness

pu— OO K

o000
Laminar Flow Water Cooling

Down Coiler STAGE THREE:
T Hot Rolling mills

oy

To Plate Line Plate is12mm to somm thick
(0 J & I o B O B O B O I © B O B O B & Iy oy Iy o B0

Strip is coiled and up
ended or passed
through if heavy plate

Coiled steel is2mm to16mm thick & gromm to 1550mm wide

Coil Conveyor to Skinpass Mill and P|ck|
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Hot rolling Product
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Terminology

~ « Bloom is the product of first breakdown of ingot
(cross sectional area > 230 cm?).

* Billet is the product obtained from a further reduction by hot rolling
(cross sectional area > 40x40 mm?).

“« Slab isthe hot rolled ingot

(cross sectional area > 100 cm?and with a width = 2 x thickness).

is the product with a thickness > 6 mm.
is the product with a thickness < 6 mm and width > 600 mm.

is the product with a thickness < 6 mm and width < 600 mm.

BLOOM
BILLET ROUNDS
200X 200
400X 500 500 dia. 140 dia.
CONVENTIONAL
BEAM BLANKS

1048 X 450

438X 381

CONVENTIONAL & MEDIUM THICKNESS SLABS
R 400X 100

THIN-SLAB 1680 X 50 ' 850X 280 l

NEAR-NET SHAPE BEAMELANK

28
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