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Trends for reducing agents in blast furnace operation
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The Process Steps for Crude Steel Production

Raw materials

Iron ores

Scrap

Crude steel
production
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Crude steel production and share of continuous casting
in Germany
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Production routes for steel making in Germany 2012

Iron ores
Lump ores Fine ores

Sinterg

Pel Iets

Oo Scrap (5.7 million 1)

Hot metall (26.0 million t)

Scrap
14.2 million t

DRI
0.5 million t

CS = Crude steel
* including Sinter Plant and Coke Oven Plant

Electric arc
Converter funace {ID

Share: 67.7% | 28.9 million t 32.3% | 13.8 million t
Specific | Crude steel |
CO2 Emission: 1695* kg/t CS 419 kg/t CS
Fuel: 15.3 GJ/tCS 04 GJ/tCS
Electric power cons.: 164.5 kWh/t CS 584.0 kWh/t CS
Electric power prod.: 329.5 kWh/t CS 0.0 kWh/tCS

Source: Stahl-Zentrum, 2013
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Hot Metal Production in the Blast Furnaces
(Data per t HM)

Ores 1600 kg — - — Coke 300 kg

_l r Tq;p gas 1 flSO m3 ’g?a%?wer

RAFT = 2200°C stl)uuc?é’e SQ\% . Top gas:

0,

Ccoke + O2wing — CO2 | =8 15 kg gg‘f 88
002 + CCoke — 2C0O 00 2

/4 5% Ho

49% N

FeO + CO — Fe + CO § -
CO,+C —2CO0 =g
FeO+C —Fe+CO gl &

Hot blast 900 m3 (1200°C),
Pulverised coal 175 kg
Oxygen 50 m3

" Hot metal (HM) (4.7% C)

. ﬁ_:.__J Slag (250 kg)

C Coke Csoluted in HM
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Reduction of iron oxides (1)

Reduction with carbon (direct) or carbon containing gases (indirect)
3 Fe,O; + CO =2 Fe;0, + CO, (- 52,854 kd/kmol)
2Fe;0,+2CO=6FeO+2CO, (+36,463 kJ/kmoI)
6Fe0O+6CO=6Fe+6CO, (-17,128 kd/kmol)

Boudouard - Reaction at temperatures > 1,000°C

CO,+C=2CO (+ 172,467 kd/kmol)
Direct reduction = Indirect reduction + Boudouard - Reaction

FeO + CO = Fe + CO, (- 17,128.kJ7kmol)

CO,+C=2CO (+ 172,467kJ/kmol)

FeEO+C=Fe + CO (+ 155,339 kd/kmol)

Stahl-Zentrum
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Reduction of iron oxides (1l)

Reduction with hydrogen

3 Fe,O; + H, =2 Fe;O, + H,O
Fe;O, + H, =3 FeO + H,O
FeO + H, = Fe + H,O

Shift reaction

CO,+H,=C0 + H,0

Stahl
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(- 11,593 kJ/kmol)
(+ 77,586 kJ/kmol)
(+ 16,200 kJ/kmol)
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Tasks of coke in the blast furnace

@ Chemical and energetical tasks
— Generating of reducing gas

— Generating of the necessary process heat
— Regenerating of reducing gas

— Carburization of the hot metal

® Physical tasks
- Supporting grid for the burden column (cohesive zone)

- Permeability of the blast furnace (cohesive zone, dead man)
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Tasks of coke in the blast furnace

® Chemical and energetical tasks
- Generating of reducing gas
- Generating of the necessary process heat
- Regenerating of reducing gas

- Carburization of the hot metal

& Physical tasks

— Supporting grid for the burden column (cohesive zone)

— Permeability of the blast furnace (cohesive zone, dead man)
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A Blast Furnacee cannot be Operated without Coke

for Physical Reasons

Ore layer
Coke layer

Raceway —g— : Z— Hot blast, coal, oil, Oz
N Dead man
— Hot metal/Slag

M2 S ]
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Hot Metal Production in the Blast Furnaces
(Data per t HM)

Ores 1600 kg — - — Coke 300 kg

_l r Tq;p gas 1 flSO m3 ’g?a%?wer

RAFT = 2200°C stl)uuc?é’e SQ\% . Top gas:

0,

Ccoke + O2wing — CO2 | =8 15 kg gg‘f 88
002 + CCoke — 2C0O 00 2

/4 5% Ho

49% N

FeO + CO — Fe + CO § -
CO,+C —2CO0 =g
FeO+C —Fe+CO gl &

Hot blast 900 m3 (1200°C),
Pulverised coal 175 kg
Oxygen 50 m3

" Hot metal (HM) (4.7% C)

. ﬁ_:.__J Slag (250 kg)

C Coke Csoluted in HM
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Composition of reducing agents

Coke(PC1|PC2|PC3| Lig- | Lig- | Oil | Nat. [Coke| BOF | BF

nite | nite Gas |Oven| Gas | Top
1 2 Gas Gas
Ash 9,2/ 8,2/ 6,8 10,5 6,0/ 5,2 0,1 0,00 0,0/ 0,00 0,00 %

88,5 80,9 84,0| 72,5/ 56,5| 65,2 87,5| 73,6/ 42,8| 34,5| 18,5 %
1,2/ 1,00 15 1,4 0,7/ 1,00 0,4 1,3] 23,8 10,4 44,3| %
0,3| 43| 4,2 48| 5,2 4,7/ 11,0/ 22,5| 20,7| 04| 0,2 %
0,2 4,71 2,5| 98| 30,8 23,7| 0,0 2,7 12,7| 54,6| 37,0f %
o,7f 1,0 1,0 10 o008 03 1, 0,00 00 0,00 0,00 %

w O I 2 O

Moisture, 3,8 09/ 09 09 09 09 6041 00 00 00 00 %
LCV 29,9| 31,7| 32,9| 29,1| 21,5/ 24,3| 41,0 46,8| 36,2| 7,1 2,5 MJ/kg

Source: P. Schmole, TKSE
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Flame Temperature versus Injection Rate
(O, addition = constant)

2.200

——PC 1
—-—-PC 2
——PC3
—— Lignite 1
—t— Lignite 2
- 0il

Nat. Gas
—-CO0G
1.800 BOF Gas
Top Gas

2.000

Raceway Flame Temperature [° C]

1 -600 1 1 1 1 1 1 1 1
40 60 80 100 120 140 160 180 200 220

Injection Rate [ kg /t HM ]

19]16.10.2013 Dr.-Ing. H.B. Liingen - © Stahlinstitut VDEh Source: P. Schmdle, ThysSdrahlpZeneHum



Stahlinstitut VDEh 20 A=

O, Addition versus Injection Rate
(Flame temperature = 2,150 °C)
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H, Content in BF Top Gas depending on the Injection Rate
(Flame temperature = 2,150 °C)

20

-4 Coal 1

-o- Coal 2

-+~ Coal 3

- Lignite 1
= Lignite 2
= Oil

-# Natural gas
-o- COG

) + BOF gas
M - Top gas

0 T T T T T T T T
40 60 80 100 120 140 160 180 200 220
Injection rate, kg/t HM Source: P. Schméle, ThyssenKrupp Steel AG

—k
0)]

Ho content in top gas, %
o =

21]16.10.2013 Dr.-Ing. H.B. Liingen - © Stahlinstitut VDEh Stahl-Zentrum



Stahlinstitut VDEh on |2

Utilization of carbon in the blast furnace as a chemical raw material

Mass reaction:) 414 kg C A 465 kg Coke
FeoO3+2C =2 Fe+ CO+CO» .
Demand for 1t hot metal (95.3% Fe):
Chemical reaction 333 kg C.
+4.7% C in [Fe] 47 kg C
+ Thermal energy + losses  34kgC 1.3
Total demand 414 kg C/t HM ¢
O
Minimum CO, emissions '

1519 kg COx/t HM

Coke, ore,
additions

! s —
Hot metal._ i 1250°C Hot wina
| \.1soorc '
L L LD Ll preeer, - - - - - - - 2 ->>r-ld-

12000t hot metal/day to the steel plant
*) Scientific expertise: Prof. R. Scholz, TU Clausthal, 2.1.2004
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Coke production in Germany and consumption by the

German steel industry
30

N
(&)

Consumption of steel industry
(BF coke + coke breeze)

/

Coking plants of the mining company

N
o

=5
o

Coke production and coke consumption
in million t
o

5 I f

0 | I I [ [ | I | | | I | | I I I I | | I I I I | I I | I I I

1980 85 1990 95 2000 05 2010
From 1991 on including new countries Year Source: VDEh Blast Furnace Committee
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Location of the Coke Oven Plants in Germany

Coke oven plant Denmark

Coke oven plant Salzgitter

Zentralkokerei S ar A

Munich
O

Austria
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Operated coke oven plants in Germany

: Capacity, | Production 2012,
Company Location I o
milliont/a | million t coke dry

Huttenwerke Krupp Duisburg A BN
. 1.10 1.11 under
Mannesmann (HKM)  Huckingen
constr.
Salzgitter Flachstahl  Salzgitter 1.90 1.97
Duisburg
Pruna Schwelger 2.60 2.60
n
Zentralkokerei Saar Dillingen 1.30 0.98 Felil “T‘der
repair
Arcelor Mittal Prosper ~ Bottrop 2.00 1.79
Total 8.50 8.05
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Coke plant, Schwelgern, Commlssmned 2003
3 b_atferiesr‘m chambersﬁattery ' '

‘Useful chamber volume: 93'm3 -
Annual productlonf.‘!2'.|6 -mllhon‘tg _kgf@ry
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Medium grain size,
40, 110 grain structure,
grain size distribution

CSR/
j CRI
_/

All physical coke quality parameters are to be discussed
in combination regarding the impacts on the mass and

gas flows in the blast furnace (Source: Dr. P. Schméle, TKS)
Stahl-Zentrum
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Requirement
Physical properties:
CSR, % > 10 mm > 65
. CRI, % <23
Requirements 1405 % > 40 mm > 57
on blast furnace 110, % <10 mm <18
FOke properties Chemical properties:
in Germany Ash, % wf <9.0
(average of S, % wf < 0.7
6 companies) P % wf <0.025
Alkalis, % wf <0.2
Moisture, % wf <50
Size fraction:
< 10mm, % <3
< 40 mm, % <18
> 80mm, % <10
>100mm, % 0
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Integrated blast furnace plants in Germany 2012
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OHamburg
&&Q Bremen

Integrated

in Germany 2012

Salzgitter Flachstahl GmbH

ThyssenKrupp Steel Europe AG
(Hamborn and Schwelgern)

Blast Furnace Plants

(without DK Recycling

Berlin
Hamborn 34 &&M & ) und Roheisen)
AA Eisenhiittenstadt®
Buish Hot metal
&&q\ "I*J:'S(:klijr:gen O Dresden production
CoI Leipzig O million t
D.".O e AG der Dillinger Hittenwerke (Rogesa)  3.98
illingen Frankf
! && : S ArcelorMittal Bremen GmbH 290
OSaarbricken ArcelorMittal Eisenhuttenstadt GmbH 1.48

Hittenwerke Krupp Mannesmann GmbH 4.62

4.27
8.85
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Average ferrous burden composition of the blast furnaces
in Germany 2012

100 1
12.2 %
o Lump ores + others f
SN
°. 80- .
= Pellets 27.5 %
2 60-
o
5
O 40
& | 160.3 %
i 2 Sinter
3 |
= 0
0 SR R L L e
1950 55 1960 65 1970 75 1980 85 1990 95 2000 05 2010
Year
From 1991 on including new countries Source: VDEh Blast Furnace Committee
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Consumption of reducing agents of the blast furnaces

in Germany

Ore Beneficiation
" 1200 Input of overseas rich ores
-+ Blast temperature > 1200 °C
5 Oz-enngl_hment
o)) . op pressure
@® 1000 Burden distribution
87 Glas flow control
= Improvement of Fe burden
85 800+ Improvement of coke
oT Small coke in
o Fe burden
‘52 600 Coal
c
_Q.E
ot 400+
=
@
S 200- Coke (dry) Oil + others
@)
0 I [ I I I I | l I I I |
' 1950 55 60 65 70 1975 80 85 90 95 2000 05 2010
Year
From 1991 on including new countries (Source: VDEh Blast Furnace Committee)

i
|

146.4
141

498
337.5
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Examples for Extraordinary Operation Modes 2010

Country B F FIN I D A NL S
Works AM AM Ruukki llva TKSE va Tata SSAB
Gent Dunkerquel Raahe | Taranto |Duisburg| Linz |IJmuiden| Lulea
BF No. m A 4 2 2 Ha 8 A 6 3
Hearth diam. 1.1 14.0 8.0 10.3 10.74 14.9 12.0 11.4
Bell coke kg/t HM 270.0 248.4 316.0 267.1 240.9 335.9 263.9 310.0
Nut coke kg/t HM 66.9 48.5 44.0 43.2 86.2 42.8 33.8 14.0
Total coke kg/t HM 336.9 296.9 360.0 310.3 3271 378.7 297.7 324.0
Injectants
Coal kg/t HM 172.2 188.9 202.6 165.4 45.0 204.7 129.0
Qil kg/t HM 100.0 0.9
Plastics kg/t HM 447
Total injectants kg/t HM 172.2 188.9 100.0 202.6 165.4 89.7 205.6 129.0
Total kgtHM | 5001 | 4858 | 460.0 | 5129 | 4925 | 4684 | 5033 | 453.0
reductants
Oxygen in blast % 25.7 24.7 25.9 25.9 26.8 25.8 31.7 244
Productivity t/m3 (WV)x24h 2.13 2.30 2.88 2.51 2.64 2.63 3.00 2.50
HM production Million t 2.0 3.1 1.2 1.8 2.0 2.9 2.5 2.2

34116.10.2013 Dr.-Ing. H.B. Liingen - © Stahlinstitut VDEh Stahl-Zentrum
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Reducing Agents Consumption in Blast Furnaces in the
World 2012

700

Reducing agents consumption
in'’kg/t HM
NLN
9)
o

650
600

660.0

India

Ukraine
Total China

Source: Own estimation Steel Institute VDEh

[] Gas

South America

& Oil

[ ] Coal

South Korea

KW = key works with 70% of total HM production
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Average slag volume of blast furnaces in Germany

1000

900 \

800 ‘

7001V

600 \

500- \

Slag volume in kg/t HM

400 N

300 S

200
45 1950 55 1960 65 1970 75 1980 85 1990 95 2000 05 2010

Year
From 1991 on including new countries (Source: VDEh Blast Furnace Committee)
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Conventional BF (Reference ArcelorMittal Gent A)

Top gas
Ore 1581 kg @ Vol. 1411 m3 (STP) Temp. 150°C
Coke 286 kg CO 230% CO, 24.0%
H, 37% N, 49.4% CRRRt gas

5132 m? (STP)
Dust
C-Input 11 kg db
402 k _
2 = / Export
energy
3072 MJ
Ind. Red.
Coal )
> RAFT
= 2131 °C
1t hot metal |« 0 s .
263k slag =\ e
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Oxygen Blast Furnace, Source

ULCOS

Ore 1584 kg
Coke 201 kg

Stahl

C-Input
289 kg
- 28 %

Ind. Red. [
89.7 %

Coal

150 kg

Oxygen
188 m3

1t hot metal
260 kg slag

A

39| 16.10.2013 Dr.-Ing. H.B. Liingen - © Stahlinstitut VDEh

Heater
1341 MJ

39
Top gas
Vol. 1213 m? (STP) Temp. 147°C
CO 44.7% CO, 36.1%
H2 7.2 % N2 12.0 % Exported gas
> 16 m?(STP)
Dust L.C.V.104 MJ
11 kg db
Tail gas
X Vol. 446.0 m?
VPSA | &7
CO, 921 %
= (0] 6.0 %
- N, 1.3%
= L.C.V. 366.0 MJ

Stahl-Zentrum
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Specific CO, emission in kg/t HM

Hot metal CO, benchmarking curve

2000 -

1500 -

1000 -

500

—
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Industry average:
1630 kg CO,/t HM

Benchmark based on the
average of the 10% best
performers in the EU
1475 kg CO,/t

Benchmark of the EU-
Commission
1328 kg CO,/t

Allocation in 2013 due to
the cross-sectoral
reduction factor

1129 kg CO,/t

Stahl-Zentrum
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Thank you very much for your attention
Yours
Hans Bodo Luengen

Dr. Hans Bodo Luengen
Steel Institute VDEh

42116.10.2013 Dr.-Ing. H.B. Liingen - ® Stahlinstitut VDEh Stahl-Zentrum



