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Abstract

Thehistorical transitions and progress since the ancient timesin refractory technology for iron
and steelmakingisbriefly reviewed. I1n addition to describing the core historical factsfor each era
and their features, some discussions on the history from specified viewpoints such asraw material
resour ces, ener gy, ecological aspects, refractory-manufacturing, and R& D methodology are at-
tempted. Modern refractory technology isnot simply based on materialstechnology any more. It
hasgrown into an integrated system technology including heat engineering, monitoring techniques,
furnace design, lining installation, and furnace operation.The history proves that the most con-
tributory factor to the development of refractory technology isthe technlogical innovationsof iron
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and steelmaking processes.
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Furnace make-up of typical integrated steelwoks in the latter
Industrial Revolution Era
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Chronological table for steelworks refractories (1)
(the Industrial Revolution Era)

14-15th century Charcoal-fed blast furnace

1709  Coke-fed blast furnace
1735  Crucible steelmaking
1784  Paddle furnace
1806 Magnesia crucible
1810 Beehive coke oven
1820 Silica brick (invented)
1834 Graphite crucible
1850 Saga paddle furnace
1853  Water-cooled blast furnace
1856  Bessemer converter Silica brick (produced)
1857  Cowper hot stove

Kamaishi blast furnace
1858  Siemens open hearth furnace
1863 Carbon block
1864  Martin open hearth furnace
1868 Silica brick for OH furnace
1879  Thomas converter Tar dolomite brick
1880 Magnesia bottom (OHF)
1881 Magnesia brick
1885 Chrome brick
1899 Héroult electric arc furnace

OH: open hearth, OHF: open hearth furnace
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Chronological table for steelworks refractories (I1)
(the first half of the 20th century)

1901
1910
1913

Yawata Steelworks

SiC brick (US)

Alumina cement (Frn)

Unfired magnesia brick (US)
1914 Plastic refractories (US)
1917
1920
1924
1925
1926
1930
1931
1932
1933
1934
1935
1936
1938
1939
1940

Induction-heating furnace
Silica-bricked coke oven
Forsterite brick (Ger)
Chrome-magnesia brick (Jpn)
Fused-cast mullite brick (US)
Basic-roofed OH furnace
“ Sinter Korund” brick (Ger)
Castable refractories (US)
Zircon brick (US)
Cr-Mag brick (UK, US, Ast)
Stabilized dolomite brick (UK)
Fused-cast alumina brick (US)
Unfired Cr-Mag brick (Jpn)
Steel-continuous casting pilot plant
Unfired Cr-Mag brick (US)
Calcia crucible (US)

Renn-ironmaking process
Basset-ironmaking process

OH: open hearth
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19500 000 250 11 127.0 kg / t-steel

1960 35 77.0
1970 45 29.1
1980 55 153
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Chronological table for steelworks refractories (l1l) (1945-1970, Japan)

1945  Only 3 BFs in operation out of 37

1949  Oxygen applied to OHF (trials) Seawater MgO (Ube Chem. Ind.)

1950 “ Ritex” introduced (Shinagawa Ref.)

1951 Oxygen applied to EAF (Yawata) Carbon block for BF bottom

1952  Test LD converter (NKK) Zebra-type OHF roof
US-made fireclay brick for BF
Tar-bonded taphole mix for BF
Stabilized dolomite brick (Kyuushu Ref.)

1955  Steel continuous-casting (Sumitomo Metal Ind.)

1957 LD converter (Yawata) Baked tar dolomite brick (Kurosaki Ref.)
All basic roof- OHF

1960 Basic ladle lining (trials)

1961 Torpedo car (Wakayama) Hot gunning repair for OHF

DH vacuum degassing (Yawata)
1962 High pressure BF Zircon brick for ladle-lining
1963 RH vacuum degassing (Hirohata)
External combustion chamber for hot stove (NKK)

1964 Large-sized coke oven

1965 Direct-bonded Cr-Mag brick

1966 Slide-gate valve

1967 Stave-cooled BF (Wakayama) Porous plug (hot metal de-sulfurizing)

1968 Russian-type stave (Nagoya) Immersion nozzle (fused silica)

1969 UHP-EAF (Kobe Steel)

1970 MgO-carbon brick (EAF)

Immersion nozzle (CIP’ ed alumina-graphite)

BF: blast furnace, OHF: open hearth furnace, EAF: electric arc furnace,
UHP-EAF: ultra high power electric arc furnace, CIP’ ed: formed by cold isostatic pressing
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Year 1950 1960 1970 1980 1990
Hot stove Fireclay

. 4“—>
(High—temp. High—alumina

zone) <— Siica ——— .

4+—>
Stabilized dolomite

Tar-bonded
Converter 4 —>
Tar—imp. burnt dolomite
<+ - - >
Tar—imp. burnt high—purity mag—dolomite
Magnesia—carbon_-
Roseki
Dense siliceous fireclay
Ladle

Zircon

< >
Monolithic semi-zircon

Monolithic alumina—spinel

g000o0o00ooo0omooOommoooOonoOo
Typical life-cycles of refractory qualities in the 20th century latter half
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Chronological table for steelworks refractories (V) (1971-1994, Japan)

1971 De-sulfurizing inside torpedo (Sakai) Slinger process for relining ladles
LF process (Daido Steel)
1972  Entirely CC steelworks (Oita) Slag control for converter lining
1974 Trial use of SiC brick (Muroran BF)
1975 Hexa-valent Cr pollution (Cr-Mag brick waste)

Strengthened regulations on coal tar application
Converter lining life world record (10, 110 heats, Kimitsu)

1976  Coke dry quench process (Hirohata, Keihin)

1977 Q-BOP (Kawasaki Steel) MgO-C converter brick (Oita)
Japan’ s last OHF gone (Tokyo Steel) Cementless castable
1978 Nippon Steel flame-spray repair (coke oven)

Nippon Steel cast-relining process (ladle)

1980 Top-bottom-blown converter
Wider application of water-cooling to EAF

1981 Big progress in BF lining-repair AlO,-SiC-C brick (torpedo)
1983 Alumina-spinel castable (ladle)
1985 EBT-type EAF (Topy Ind.) Fourth-generation stave developed

All ceramic-fiber lined RF (Kimitsu)
Refractories imported from China

1988 DC-EAF (Topy Ind.)

1989 Automatic bricklaying machine (converter)
1990 Lining-monitoring senser (ladle)

1992 Selfflowing-type castable

1993 DIOS pilot plant Gigantic flame spray-gun (6t/h, Oita)

LF: ladle furnace, CC: continuous casting, BF: blast furnace, OHF: open hearth furnace, EAF: electric arc furnace,
EBT: eccentric bottom tapping, RF: reheat furnace, DC-EAF: direct current-electric arc furnace, DIOS: direct iron ore
smelting
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Material balance of refractories at an integrated steelworks
in 1981 (1974)
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Refractory plant of Yawata Steelworks in the 1930’ s
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Effects of operatioal conditions on converter lining life in
the 1960’ s

Operational factors Effects on life
Hot metal
o sio
[ MnO
M Tio
Slag
Total Fe content
Basicity (CaO/SiO,)
CaF, addition
MgO content
AlO, content
Lime addition
Blowing
End point temperature
Blowing duration
Production rate (heats/day)
Slag volume
Atmosphere (CO/CO,)
Delay in charging lime
Converter design
Vessel volume O C
Cone angle O C
Blow lance  Longer life with multi-holed lance than single-holed

Degree of influence

[ R |
OO w

o T O o A
WO >WwW>

o T O o A
W woOww >

Notes: MarK' [0” means longer life and’ [0 ” shorter with increased
factor value. Mark’ A” shows the highest,” B” medium and
“ C” lower degree of influence on lining life.
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