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Abstract

The Japanese steel industry hasalong history of introducing new and innovative technologiesin the
field of ironmaking. The new technologiesintroduced during the past ten yearsinclude technologiesto
use cheaper and lower-grade raw materials, measuresto prolong the service life of blast furnaces and
coke ovens, promotion of energy saving, use of wastes and solutions to environmental problems. This
report outlinesthe condition of production and technological trends and technical development themes

in ironmaking technologies.
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Crude steel production in the world
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Trend of BF operation
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Appearance of huge integrated
steelworks in neighbor countries,
Competition in steel market.

Development. of alternative
iron source production
technology

Increased accumulation of scrap
iron.

Response to recycling society.

Maintenance of price
competitiveness (utilization
of poor quality raw material )

Blast furnaces in
Japan

Development of new
cokemaking technology
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Declining quality of raw material.
Degradation of operation data.

! Aging coke ovens.
|

Significant cost of new construction.
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Environment surrounding the steel industry in Japan in the 1990s
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Numbers and average inner volume of blast furnaces in Japan
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Transition of average RAR and productivity in each company of
Japan
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Changes in the percentage of sources of Japan's iron-ore imports

(%)

1991 | 2001 | 2002 | 2003
Augtralia 47 56 60 64
South America 29 24 22 19
India 15 13 12 9
Others 9 7 6 8
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Amounts and grades of typical iron-ore reserves in Australia

Low Robe | Yandi | Marra High
P-Brockman Mamba|P-Brockman
Reserve  (Mt) 2070 3000 | 5200 | 6900 9000
T.Fe (%) 63.5 56.9 58.2 61.1 62.7
ALO, (%) 2.1 2.8 14 2.3 2.0
-0.15mm (%) 12.7 3.6 28 21.0 19.0
Combined (%) 2.8 8.0 10.2 6.3 4.1
water
(2004 fy)



ooooooooOooOooooo

Selective granulation process -
70 2006 high P ore
Mara
60 E Piso 2002 Marra Mamba start "
50 " [199 Yandi start &

30
20
10

ter (%)

Goethite ore rate in all ore (%)
1n s}

1.85
]1.30 8
L1753,

ALO,

92 93 94 95 96 97 98 99 0 1 2 3 4 5

0000o0o0o0ooOoOoooOoOoooo
Transition of high goethite ores ratio
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Transition of semi-soft coal ratio
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BF operation data with the high PCR in the world
Kakogawa 1BF | Fukuyama3BF | Muroran 2BF | |jmuiden 7BF | Bao steel 1BF | POSCO 3BF
Charging device Bell Bell PWt Bell Bell Pwt
1998. 3 1998. 6 1998. 12 1999. 1 1999.9 2002. 1
Inner volume m? 4550 3223 2296 - 4063 3795
Working volume m? 3750 2774 1963 3790 - -
Productivity t/m*d 1.88 184 2.18 - 2.20 2.28
RAR kg/t 545.4 554.5 505.4 523 510.0 493.0
CR kg/t 291 289 314 307 250.0 271.0
PCR kg/t 254.4 265.5 1914 216 260.6 222.3
Lancetype Double Double/ Oxygen Single Single
Ore/Coke - 5.43 5.46 5.17 - (6.48) (5.98)
Blast temp. g 1233 1220 1262 1258 1251 1138
Blast moisture g/INm? 17 32 16.8 8 14 6
O, enrichment % 4.1 4.8 2.8 8.3 32
Top gas temp. a 210 251 - 146 239 2.8
Gas utilization CO (n ¢o)' % 49.6 46,5 495 47.7 51.0
Sinter ratio (SR) % 43.0 76.7 87.6 4.1 72.8 83.1
Pellet ratio (PR) % 35.0 55 0 52.5 115 49
TI(SI) 73 (89.6) 66.3 747 TI>5mm: 81.1 75.6 (93.5)
Reduced degradation index (RDI) | % 239 475 38.8 - 351 39
Reduced index (RI) % 66.9 715 66.4 - 69.5
Sinter SiO, % 5.60 421 5.10 BYI5 4.56
Sinter Ca0/SIO, - 211 2.07 1.77 2.65 1.83
Sinter AlO, % 173 161 1.89 ALO+TiO, 1.63 1.49 15
Sinter FeO % 7.40 5.22 5.83 14.64 7.47 6.47
Coke strength after reaction % - - 62 62.2 - 67.7
Coke ash % 11.3 11.9 115 9.8 11.3 114
Cokesize mm 49.7 49.75 (65) 442 50.8 52.1
DI % 84.8 (DI*0: 92.4) 85.7 87.7 88.1
Pig temp. O 1496 1501 1514 - 1501 1516
PigSi % 0.48 0.34 0.66 0.43 0.3 0.4
PigS % 0.021 0.027 0.015 0.029 0.021 0.017
Slag rate kg/t 265 266 309 199 255 277
Slag Al O, % 15.2 13.8 15.9 18.1 14.3 14.3
Slag Ca0/SiO, - 1.25 1.28 1.26 1.15 121 1.25

ooo

“PW: Paulw Wurts, *2n ¢o = CO,/(CO + CO,)
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Blast furnace operation results with low RAR
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Low RAR operation data in the BF

Fukuyama 3BF | Muroran 4BF Oita2BF Pohang 3BF
1981. 11 1981. 7 1994. 3 2002. 1
Inner volume m? 3223 2290 5245 3795
Productivity t/m3.d 2.37 1.84 2.19 2.28
RAR kgt 396 448 454.7 493
CR kgt 354 448 356.3 271
Tar, PCR kgt Tar 42.1 0 PC 98.4 PC 222.3
Ore/Coke - * 45 3.59 452 * 5.98
Blast temp. 0 1353 1202 1268 1138
Blast moisture g/Nm? 5.6 23 20 6
O, enrichment % 0 0 0.5
Top gas temp. O 73 113 109 208
n co % 54.8 515 53.3
SR+PR % 96.6 +0 93.9+4.6 785+7 83.1+49
RI (RDI) % 68.9 (36.9) (31.3) 68.1 (35.8) (39)
Tl 60.3 70.8 75.7
Sinter SIO, (FeO) % 5.01 (4.64) 5.51 (5.55) 5.03 (5.53) (6.47)
Sinter Al,O, % 18 213 161 15
Coke ash % 9 10.6 10.7 114
Cokesize mm 52.3 47 52.1
DI % DI¥: 92.9 DI%®: 95.4 85.7 88.1
Pig temp. 0 1481 1518 1522 1516
Slag rate kgt 274 315 287 277
Slag Ca0O/SiO, (AlL,O,) - 1.28 (14) 1.22(14.9) 1.23(135) 1.25(14.3)
Tar injection All coke PC injection
* Estimated
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Development of mathematical model of blast furnace
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Example of graphic display in personal computer
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State of the art of existing models
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Simulation model for analysis of blast furnace
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Efforts toward energy conservation
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Technologies for reducing the carbon ratio and their effects

Base Casel Case2 Case 3 Case 4 Case5 Case 6 Case7 Case 8
RAR kolt 428.15 453 443.05 461.35 455.05 449.05 430.05 409.05 377.05
CR kalt 386.05 453 345.05 239.1 255.1 249.1 230.1 209.1 227.1
PCR kalt 0 0 98 222.3 150 150 150 150 150
Tar kalt 421 0 0 0 0 0 0 0 0
Plastic kalt 0 0 0 0 50 50 50 50 0
Reduced-ore injection kg/t 0 0 0 0 0 100 100 100 0
(R: Pre-reduction degree=0.7) | kg/t
Miscellaneous Nm?3/t 0 0 0 0 0 0 100 100 0
Shaft gas - - - - - - - - 348
(CO: 72,CO,: 1.5,H,: 11) Nmé/t
Tuyere gas - - - - - - - - 216
(CO: 72,CO,: 1.5,H,: 11) %
SR - 80 80 80 80 80 80 68 68 80
Ore/Coke O 4.13 3.53 4.63 6.71 6.28 5.82 5.74 6.32 7.08
Blast temp. g/Nmé 1250 1100 1250 1250 1250 1250 1250 1250 -
Blast moisture Nm?3/t 5.6 15 5.6 5.6 5.6 5.6 5.6 5.6 -
Cold O, % - - - - - - - - 225
O, enrichment O 0.00 0.00 0.00 3.67 3.98 7.43 25.34 21.15 79.1
Top gas temp. % 87 72 130 197 196 198 198 197 166
nH, % 50 50 50 50 50 50 50 50 50
N co % 54.3 53.4 53.9 52.0 51.6 49.5 48.2 53.0 43.1
Coke ash O 115 115 11.5 11.5 115 11.5 11.5 115 115
Drop of pig temp. kg/t 0.0 -32 6.1 -17.0 -17.7 254 -28.2 —40.4 -32.6
Slag - 282 295 285 278 275 252 189 185 268
Heat flux kolt 0.836 0.839 0.801 0.758 0.763 0.755 0.932 0.912 0.779
Csol. % 101.4 102.0 98.6 83.7 79.8 63.9 32.0 25.7 19.1
Shaft efficiency (N shaft) O 97.6 97.6 97.6 97.6 97.6 97.6 97.6 97.6 100
Temp. of thermal reservezone [ 950 950 950 950 950 950 950 850 950
Flame temp. kolt 2285.7 2242.4 2216 2106.3 2093.5 2049.9 2265.8 21419 2252.4
Total coal rate kg/t 725.1 792.7 724.3 685.3 637.5 617.4+a | 565.2+0 | 532.8+0 | 594.3+f
Total carbon 572.8 626.2 572.2 541.4 503.7 487.8 +a 446.5+a | 4209 +a | 469.5+f3
Tar (Muroran) (Qita) (Pohang) Plastic Plastic Plastic, Plastic, Top gas
injection All coke | PCinjection | PCinjection | injection injection | oreinjection | oreinjection,| recycling
+ Ore +MFe MFe + High-
injection RI coke
o : carbon rate of producing pre-reduction ore
B : carbon rate of manufacturing O,
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