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New Development of the Iron and Steel Industry in the 21st Century
—Concept of steel works with processes therein self completed while creating resources—
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X1 Change in energy consumption in the world
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%1 Production and reserves of metal ores (for 1989)

Production | Reserves PrO\%ed period
(Unit: 10,000 tons) | (Unit: 10000 tons) | (Yemen) ©
Iron ore 59000 21000000 356
Bauxite 10556 2320000 220
Manganese ore 2386 353800 148
Chromium ore 1196 680000 569
Copper Ore 917.8 56600 61.7
Zinc ore 708.6 29500 41.6
Lead ore 347.6 12000 34.5
Nickel ore 87.97 10980 124.8
Tin ore 21.79 440 20.2
Molybdenum ore 11.75 1180 100.4
Antimony ore 6.11 469.5 76.8
Tungsten ore 4.32 354.5 82.1
Cobalt ore 4.25 834 196
Vanadium ore 3.05 1660 544
Silver ore 1.38 42 30.4
Lithium ore 0.45 834.6 1855
Gold ore 0.19 4.7 24.7
Platinum-group ores 0.027 6.6 244

Source: Compiled from Pages 183 and 196 of the World Census Illustration 199293,
the Mineral Industry Handbook, 1991 edition, and other reference materials.
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[XI3 Degradation in quality of copper ore mined in the U.S.A.
(1906-1990)
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#2 Reserves of global energy resources

Natural gas Coal }

Petroleum |calculated in |calculated in | Uranium
terms of terms of
(Unit: petroleum | petroleum

100 million tons) {(100 million tons) (100 million tons) |(Unit:10,000 tons)

Proved reserves

Data 1 1350(Year 1991) | 1033(Year 1991) | 7250(Year 1992)

Data 2 1370(Year 1990) | 1080(Year 1990) | 5840(Year 1990)

Data 3 1365(Year 1992) | 1270(Year 1992) | 10390(Year 1992)

Data 5 200~274
Annual production | 31(Year 1990) | 17(Year 1990) | 23(Year 1990) 2.7
Proved period of | 438~44.2 60.8~74.7 254~452 74~101years

mining (Years)
Proved ultimate
reserves

Data 1 2026(Year 1991) [ 2114(Year 1991)| 14420(Year 1992)
Estimated reserves (58640)
Data 4 1930(Year 1989)| 2050(Year 1989)| 124000(Year 1989)
Proved ultimate 62~65 121~124 539~627
period of mining
(Years)
Sources:

Data 1: Petrotech, Volume 16, No.6, P. 519
Data 2: The Japan Energy Society Journal, Vol. 72, No. 12, P. 1152
Data 3: The Handbook on Energy and Economic Statistics, the 1994 edition, P. 222
Data 4: The Fuel Association Journal, Vol. 43, No. 1, P.52
Data 5: Energy '93, P. 11, the Japan Census Illustration 1993, P. 156
Note: Natural gas and coal figures are calculated in terms of petroleum
based on Data 1-4.
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Trend of carbon emission in steelmaking
(The Iron and Steel Institute of Japar's Basic Study Sub-Committee Report)

X4 Carbon emission from the iron and steel industry in
major countries (1970-2000)?
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The Iron and Steel Institute of Japan’s

(t-C/t-S) <Cemission/Crude steel Basic Study Sub-Committee Report
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X5 Relationship between unit carbon emission and iron/
steel ratio in major countries’ steel industry?
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Note 1: Correction was made by iron/steel ratio.
Note 2: * is an index for 1990.

[X16 Comparison of unit energy consumption cost among
main steel-producing countries for 1991
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[X]7 Examples of waste heat recovery at steel works
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Outflow enthalpy (WJ/t-steel) Outfl t-
0  Snt Py 43 u ovéozxcrzy M{msteel)

f 600 Temp (K)
Other. 9
Waste gas(g) Recovered ’
Gool ing watar (1) Unrecovered 323
Radiation(s) m g
BFG(g) 2 8
Coke (g) 53 7
is(® 523 L
Sinter (g) 613 Z
=
Product (s) 873 3
Sinter (s) 923 2
006 (@ 973
Reheating (g) 973 1
Slab&B|oom (s) 173 E
Coke (s) 1323 %
LDG (&) dE/E,,=0.253| 1773 1
BF-slag (1) dH/H,,=0. 170 m|" m <
LD-slag(l) sum: 11140MJ/t-s sum:3000HJ/t-s | 1823 =

[X|8 Waste enthalpy and exergy in the Japanese ironworks®

(Unit: 1,000 tons)

Waste acid 2%

Coz;x‘-trucﬁon waste Production | 27ing Applisstian
2 Blast . | 2. 000 (56) | Cement, Road construction |
H Civil engineering,
[ Converter 800| S 2 |Ruy matenal for cement
Total 2, 800
Dust 300 S O | Sintering, Blast furnace
Constructi
e 110 a8
Sludge 13 8 5 |Sintering, Blast furnace
hlc
Waste acid 80 1 © O [;romeencacd
Refractories 35 i 7
Waste oil 7 3 O | Fuel
Others 1 75
Total 3, 329 s o

[X]9 Industrial wastes production and some recycling exam-

ples at steel works
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%3 Comparison of blast furnace and converter slags and
cement in terms of chemical composition

Blast furnace Ordinary Converter
slag portland cement slag
SiO2 33 22 14
Al203 14 5 2
FeO 0.3 3.0* 15
CaO 41 64 44
MgO 6 1 6
MnO 0.5 5
S 0.9 2 0.07
#In terms of Fez03
Py Puo e 10 116 11e e e
ACO/PCO? N0 1AF 1AE Vi Ve 11¢ e
e o s T i e 8 (s e B B e e o o e g [ 1
: : 17101107 4
. 11
L 2 - 1024
El RETERG LS
= B 104 4
50 = w14 101
r = 104 4
= T w4101
-100 =
L 4 10% 4
'LI L < 1014114
¢ I ] 0 4
i | w104
A mIZ
4101411
3 3
= 7w "
€ -20 =
= 4
16
g - 11019 6,00
i 7]
2 T w0 10
-250 |— = 1091
i Thoen
L 4 l0®
e [ e [ [gggege iy o
0K 0 500 1500 2000
emperature(’ C) 1001
109/1 1091 1091 102/1 1091 1081 10711087 1051 1040 1091 1021 i Jio2
;"’R"' 1091 1091 1051 1021 1091 1091 1091 10571 1041 1091 1024 101
4 PLo 02100 0™ 100 07 10 109 102 102 10X 0 103 0% 0%
Poatm

10 AG°=RTIn Po,-temperature lines (Oxides series)

BRIV T ey POMBICEELLTS 52 Lo
b, COWIFRZ 7 LR EIRET 5 2 L IIRENE
TCREBOIH & L TR A S IS wREZ B X H 2 &1
b5, WA Ty P3N REZETEFRZERELT
T7F7y b5E0) TBREMUDT —=2H 5,
B)HHZ N 3 (V. PRI)

RS 3I3RIE L BILD S o X ¥ 5 ¥ — (EREE RIS
E)Th b, I ) Y HL2nFT4 X757 7DHIZCV E
7B AR K BB % 7R L BF & s 7 Bk s AP o0 Ik g
oLz, MG, @R ficikiETEIC S L, iR ot
RIETRALI NS IED, 2D 2 KD HEIEDEIZA - T L
AR TH 2, 27 nL, = Hy NFVTA =



%4 Ore brand and ore grade

Ore composition Ore grade
Ore brand — -

CO;K;]:;)S(;ZIOH Orke; /r:ttlo Fe % P % V%
P.Savage 0 0 66.4 0.012 0470
P.Algarrobo 1 15 66.2 0.056 0.210
Hamersley 30 447 64.7 0.065 0.006
Robe River 25 372 571 0.040 0.003
Newman 16 238 65.5 0.063 0.004
Caraias 15 223 67.8 0.048 0.004
Bailadila 10 149 67.8 0.042 0.008
Romeral 2 30 65.6 0.077 0.460
MBR 1 15 68.2 0.027 0.006

Total . 100 % 1490ke/pt | 950ke/pt | 0.55ke/pt | 0.24kg/pt
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V in ore
Concen-
2 IR
0.1%
V in desiliconizing slag 40% |4%(Slag weight 15%¢/) |40 times
}
V in deph: izi .
[V] in hot-metal (S:‘die:s:s(:::;:::)du 90% | 7.5%(Slag weight 20%%/)| 75 times
in hot-me
V in dephosphorizing slag _
0.15% (CaO treatment) 0% | 4%(Slag weight 35%/) | 40 times,
Vin converter slag ]
(Not dephosphorized in hot-metal) 100% | 2%(Slag weight 70°%/) 20 times

[X]11  Concentration of rare element during hot-metal treat-

ment
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[¥]12 Present converter refining process (SRP)

Blast Furnace Pre-dep. furnace Converter

Flux, scale

Regenerator Final De-P. furnace

[¥]13 Schematic flow of steelmaking slags recycling process
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Metal Market Scale (index numbers)
Steel RSy SRR 00 (00
Gold EEERSE———— 75, 000
Aluminum R .. 000
Copper | 7. 000
Lead ¢, 000

Nickel 4. 000

Silver ., 000

Tin -4, 000

Zine . 000

Uranium 2, 000

Molybdenum M|, 500

Platinum N1, 200

Cobalt N1, 000

Manganese H1; 000

Titanium N1, 000

Magnesium N1700

Chromium 1500

Tungsten 1500

Niobium 1300

Tantalum 1300

Vanadium 1300

(Source: Outline of an invitational lecture for Honda Memorial Award
delivered by Toshio Ikejima at the Honda Memorial Meeting in 1986)

%15 Market scale of metals
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#5 Future issues of scrapped iron recycling

(1) Accumulation and concentration of tramp elements
+ Hot work crack due to concentration of copper
« Lowered descaling by pickling due to contamination of tramp elements
(2) Recycling and reproduction of surface coating products
+ Resources from zinc-containing iron dust
+ Preventing tin contamination
(8) Design of steel composition to facilitate alloy elements’ recycling
+ Elements hard to be recycled: Chromium, nickel, copper and manganese
+ Elements easy to be recycled: Carbon, aluminum and silicon

(4) Method of preventing dioxin generation in the process of
melting scrap (containing scrap preheating)

Iron ore
Direct export

Indirect export

15,200

65,800

Accumulated

400 %800

Export Import

%16 Balance between steel production and scrap supply in

Japan (Unit:1,000tons)
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(Unit:1,000 tons/year)
(2)Recycling amount of each waste

(1)Waste amount of each by -product

Construction
‘waste -
Surplus soil
2568

1,003

(Unit:1,000
tons/year)

~ Surplus soil

X117 Waste by-products and their recycling examples

Ash content
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+ Calorific value is large and
50 | fluctuates widely.
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[¥]118 Comparison between shredder dust and other wastes
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%6 An example of composition of waste ash

Item | Unit Item Urban waste Shredder dust Landfill waste
Si02 % 41.37 39.55 41.49
Ca0 % 32.64 34.56 38.80
c/s = 0.79 0.87 0.94
FeO % 2.08 2.01 0.37
MgO0 % 1.66 4.68 1.46
Zn mg/kg 100 257 18.6
Cu mg/kg 236 |,500 148

Cr mg/kg 294 628 65.3
Pb mg/kg 18.0 22.32 3.60
Cd mg/kg <0.01 <0.01 <0.01
Cl mg/kg 56.4 62.4 W1
As mg/kg <0.05 <0.05 <0.05
Hg mg/kg <0.01 <0.0! <0.0!
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(Source: “An Exhortation towards Resources Economics” written by Takashi Nishiyama
in a paperbound pocket edition published in 1993 by Chuo-Koron Co.)

[X]19 Ratio of mined ore to the whole ore
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Combustion temperature(>2300K)
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[¥20 Example of the cascade use of thermal energy*
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X121 Global ecosystem
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X122 Ideal manufacturing industry in the coming era
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