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B Abstract
Three hundred years have passed since coke, carbonized coal, came to be used as a reducing agent in blast

furnaces in

the U.K. to replace charcoal. Blast furnaces have evolved remarkably since then. It would not be an

exaggeration to state that this evolution was made possible by the quality of coke which allows for the smooth flow of
gases inside the furnace.

Many troubles arose during establishment at Kamaishi and Yawata in full turnkey adoption of foreign technology as a
part of the Meiji Era policy to increase national prosperity and military power. But there is no need to recount this to
understand that figuring out how to produce the desirable coke for blast furnace operation from the available coal has
been the fateful issue since coke blast furnaces appeared in the 18th century.

Chapter 1 outlines the role played by coke in a blast furnace.

Chapter 2 explains the various phenomena which happen inside the blast furnace—a countercurrent reactor—as well
as how the properties of coke under each phenomenon affect the operation of the blast furnace.

Chapter 3  explains the structure of a coke oven and describes how it came to be and was improved and developed.

Chapter 4 describes the history of how coal carbonizing furnaces were introduced to Japan in connection with the
building of reverberatory furnaces toward the end of the Edo period.

Chapter 5 describes the sequence of events from the failure in full turnkey adoption of foreign technology at
government—operated steelworks-as a part of the Meiji policy to increase national prosperity and military
power during and after the Meiji Restoration—to improvements and success by engineers returning from
study abroad.

Chapter 6 describes the beginning and development of independent domestic methods, following the experiences of
adopting several foreign coke ovens.

Chapter 7 describes the liberation from the quality constraints of coke produced from domestic coal—as foreign coal
began to be imported from countries such as the U.S. and Australia following the end of World War [l—and
the resulting ability to focus on the enlarging of coke furnaces in response to the rapid economic growth.

Chapter 8 describes the so-called soft technology for coke production, such as the fundamental aspect of the
blending and pretreatment of coal.

Chapter 9 describes the Coke Dry Quenching (CDQ) system, which, though an auxiliary facility, originated in Japan
and has been adopted around the world, contributing to global energy savings.

Chapter 10 describes a next-generation coke furnace (SCOPE21) developed and produced through collaboration
among industry, academia, and government—a culmination of all the coke production technology developed
during 20th century.

Chapter 11 describes shaft-furnace-based coke production technologies such as “formed coke” and “ferrocoke”, which
are unlike the current processes and were developed as government-sponsored projects for the future.

Chapter 12 presents “heat recovery coke ovens” and “stamp charging ovens”, because they are starting to garner
attention overseas, though neither type has been installed in Japan, each due to its various reasons.

Chapter 13 describes the refractory brick used in current chamber-type coke furnaces—the historical sequence of its
use and measures against its damage.

Chapter 14 describes Coke Oven Gas (COG) which underlies the energy balance of the entire steelworks facility, and
facilities for recovering coke by-products—the sale of which would reduce the cost of iron and steel
products—centered on the case of Yawata Steel Works and its hundred-year history.

Chapter 15 analyzes and systematizes the transition of oven structure and developments in coal blending technology
including preparation of coal, from the introduction of coke production technology to Japan up to the
present, as viewed in the context of the times—such as the changes in the needs for steel production and
in the raw materials availability—and from the stories of individual engineers who were involved in the
development.
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1964 JIEEFEE 5CO _|C.still 92 | 460x5910 % 14,850
1965 |{F& IR0 3CO__[Koppers 76 | 450% 5,000 % 14,620
1966 |#ERIL 1CO__|Wilputte 94 | 430x5,100 x 14,540
1966 |BHEAFFHAT 1CO  |Koppers 40 | 450% 5,000 % 14,620
1967 DIEEKE 1CO__|C.Stil 78 | 435x6,456 % 15,750
1968 |E+HEHE 3cOo [cstill 100 | 435%5910% 15,750
1968 |J\iEE# 1O |B%M 90 | 450 %5500 % 15,700
1969 |=FHiRH 1CO_ |N.Otto 100 | 430 % 6,000 % 15,430
1969 |{F&MTL BCO__|Koppers 106 | 450 x 6,000 x 16,500
1969 |SREELL 3C0O _ |Wilputte 104 | 430 % 6,500 X 15.430
1969 [IEKE 3CO _[C.still 86 | 435x 6,706 x 15,750
1970 $EUBHE 4cO [AES 50 | 435x5920% 15,670
1970 |$iE#FE 5C0_|B#M 110 | 450 % 6,000 x 15,700
1970 |hOws Il 1CO  |Koppers 60 | 450 % 6,500 % 15,560
1971 FEEE 1CO  |SKoppers | 154 | 460x 7,125 x 16,500
1971 |$A#E:: 4CO__|A$M 92 | 430%6,500 % 15,700
1972 |#E#%KS 1Co _|B#%S 78 | 440x5,625 x 14,930
1973 |=FFEH 2C0 _[C.still 100 | 432 %6915 % 16,880
1973 |=H&l 1CO_ |Koppers 92 | 430x 7,125 X 16,500
1973 JIFE 6CO _[C.Still 102 | 435 % 6,706 X 15,750
1976 |HERS 1CO__ |C.Stil 124 | 450 % 7,550 % 17,220

FR BSEM: ; (NSRS, AgS: (BLlgks), CStll: A - AFAA
Wilputte : 77y b, Otto: A F—3, N.Otto : #i4 > F—=,
Koppers : 2 w/3%—AR,., SKoppers : 3 ws3—A « £,

sk HEk M QU0 . HEkS: (B30,
CStill - & =V ZAF V3, Wilputte : 74 V7> bk,
Otto: *+ v b — 3 NOtto: H 4+ v b — A,

Koppers : 2 v 2¥—AF -, SKoppers: I v /¥—2Z -
(F Y&

ANNENEDA D EALDHE X — S —DZhEho
RXZ BN EZDTOL I IRIEL TV,

Bi+. 1964 (BFF039) 4ED WGBSk T35 5 o —
7 AW, H -V AFVOZERBECAHE H LR L.
—5&Z 460mm WD 6m W L7z Bk L KR 2 5F
filiLCTw5b, HASMEMIINE, 1966 4 4K EC 5m
e LTikdmEEDOERZ LIF Ty L VT y b
KEFRM U2, B3 a—2 2 (1969 4E) DB
Tk BECY A4 VT y Mo KRELOREFHREII IS BRAR
ZIRU., HitkZ o+ v bR s, EEeWEE Y
ANVTy MESLET, YA VT vy b-dy b—K%
BERL L. 6m 2 52 L) L 720 BEIT 1976 4F D I
B 75m ik, KMFOEEDLZ VI -V AF NV
ZHRH L, YRR RO —7 2L L2 X, K
A 2 &Y a2 — 7 RIFOESER KD O Bk 128
DYEHREITV, KTA - Fy =R (&7 v¥—
Yy M), SHIELERICKBEK - T V8=
AR (ANT YV BCEBAART & BRI #i 8 o g
B) EIEn s Rasi A L7z,

B R KFENT O/ - s B L7z 1992
CEi 4) EOEEBH I — 27 20 2 — 5 =R
#HDE. A -V ZAFVK 1235 M (MEUE 30%) . #F
H#kX 1295 M (32%). I v 28— AKX (T v 8—2A -
RN EEE) 11191 (27%). v A Vv 7y 444

R7.2 1992 FLEDO -7 FOMEER (2D 1) FHHESKELBEER)

| 19925 1 20104
Wgm [gEx|(fFEES| X | 9 | W H X L(mm) | lirm&Es] st | P9 | W X H % L(mm)
[EEEESTE

|/\iE 4CO__|A#EM 90 400 % 4,000 % 13,400
|\ 1970] 5c0 |B#M 110 450 % 6,000 x 15,700 5C0 |B§#M 110 450 % 6,000 x 15,700
[ 48 1964 4CO DKH 70 450 x 5,000 X 13,000
E== 1C0 1CO__ |DKH 100 450 % 5,000 % 13,590
EX1E 2C0 2C0O__ |DKH 110 450 % 5,000 % 13,590
| EHE 1968] 3c0 |C.still 100 435 % 5,910 x 15,750 3C0 [c.still 90 435x% 5,910 x 15,750
E2EE 1970] 4CcO |HE%S 50 435 % 5,920 % 15,670 4c0__ |B#ES 82 440 X 6,092 % 15,800
EHEE 2013] 5CO0 - - - 5C0 [SCOPE21 | 64 450 x 7,500 x 16,000
|22 1968 1CO |EH#M 90 450 % 5,500 % 15,700 1co  |B#EM 90 450 % 5,500 % 15,700
232 2C0  |A#M 2C0_|B#EM 95 450 % 5,500 % 15,700
| B 3CO |B#M 3CO  |B#M 100 450 % 5,500 X 15,700
3 1971] 4CO |EH#HM 92 430 % 6,500 % 15,700 4C0  |B#EM 92 450 % 6,500 % 15,700

3 4CO__|B#M 92 5CO__|B#M 92 450 % 6,500 x 15,700
A5 1972 1co_ |B#S 78 440 % 5,625 % 14,930 160 |B§#s 78 440 % 5,925 % 15,800
X5 20 |A#s 2c0_|B#s 18 440 x 5,925 x 15,800
X5 3c0 _ |B#S 3C0 _ |B#S 82 440 X 6,092 % 15,800
x5 4c0__|B#sS 4CcO _ |B#s 82 440 % 6,092 X 15,800
K 2008| 5C0 - - - 5CO |SCOPE21 | 64 450 % 7,500 x 16,000
|Z=1 1961 3CO_|A#M 73 410 % 4,600 % 13,200 3C0 - - -
=M\ 5C0 |H# = = 5C0  |B% 100 430 % 5,000 x 14,200
|2 il 6CO  |HA%M - - 6C0  |A%M 42 430 x 6,500 x 15,800

BiERSR

EVEZdI] 1co 1CO  |ACRE 130 450 % 6,000 X 15,980
(F0EELL 2C0
ENEAIT 1965 | 3CO  |Koppers 76 450 % 5,000 X 14,620
Bl 4C0 4C0O _ |Koppers 16 450 % 5,000 % 14,620
|F0 &Ll 5C0 5CO __ |Koppers 92 450 X 5,000 X 14,620
ERE 1969 6CO  |Koppers 106 450 % 6,000 % 16,500
s 1971 | 1CO(AB) |SKoppers | 72 460 % 7,125 X 16,500 1CO(AB) |SKoppers | 72 460 % 7,125 X 16,500
s 1971_[1CO(CD) [SKoppers | 82 460 % 7,125 X 16,500 1C0(CD) SKo:Eers 82 460 % 7,125 X 16,500
BB 2C0O(AB) 2CO(AB) |SKoppers | 92 460 x 7,125 X 16,500
| & 2C0(CD) 2C0(CD) |SKoppers | 87 460 % 7,125 X 16,500
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#7.3 1992 FLEO -7 RFEOMEHE (2D 2) (JFE BER)
19924 J—42/—k20105F
| B A8
FF|SREF |[FAHES | P9 WX H X L(mm) E@E%— i P9 IWXHXL(mm)

KT 1962/1C0 Otto 86/400 x 4,500 % 13,770 ‘fc’% C.stil | 124[450 % 7,550 % 17,000
55 1976]1CO C.Still 124]450 X 7,550 17,220 2C0 C.Still 74]450 x 7,550 x 17.000
fEl 1966/1C0 Wilputte 94/430 % 5,100 % 14,540 1C0 - - -
1] ? 2C0 2C0 - - -
A 1969(3C0 Wilbutte | 104|430 x 6,500 x 15,430 300 “ﬂ'gﬁe 104430 % 5,100 x 14,540
W 1971 |4co Wilputte | 175/430 5,100 x 14,540 4co “f'g‘;ze 175(430 % 5,100 x 14,540
AN 1973 |5CO(ABC) |Wilputte | 165[430 x 5,100 x 14,540 5CO(ABC) “f'g‘,:;e 165(430 % 5,100 x 14,540
k= 2006 |5C0(D) 5C0(D) Uhde 55(430 % 5.100 X 14,540
Jil
FE 1964/5C0O G.Still 92[460 % 5.910 % 14,850 5CO C.Still 92[460 % 5910 % 14,850
E=3 1973[6C0 G.Still 102[435 x 6,706 x 15,750 6CO C.Still 102435 x 6,706 x 15,750
FI 1980 7C0 C.Still 65(435 % 6,706 x 15,750
KB 1967[1co G.5till 78435 % 6,456 x 15,750 1C0 C.Still 78[435 x 6,456 x 15,750
KB ‘199‘?3/ 260 C.stil 84[435 % 6,456 x 15,750 2C0 C.Still 84[435 x 6,456 x 15,750
KE :ggg’ 3C0 C.still 86/435 % 6,706 X 15,750 3co C.Still 86(435 x 6,706 X 15,750
KB ‘19977‘2/ 400 c.still 86(435 % 6,706 x 15,750 4C0 C.Still 86435 x 6,706 x 15,750
KB 119;733/ 5C0 C.Still 86435 % 6,706 X 15,750 5C0 C.still 86435 % 6,706 x 15,750
KE 1980__|6CO C.Still 43]435 X 6,706 x 15,750 6CO C.Still 43[435 x 6,706 x 15,750

K74 1992 FLIHBOI— T XFOEHEE (ZD3) (ZOMI—VIHEX-—H—-5KE)

19924 a—5R/—F20104F
BER HEE | FEES| BR ] W X H X L(mm) FEHES i M WX H X L(mm)
LR
BAZAERAT | 1966 |1CO Koppers 40450 % 5,000 % 14,620 hn il
| 1970 [ico Koppers 60450 x 6,500 X 15,560 12C0 Koppers | 120|450 % 6,500 X 15,560
gl ? 34C0 Koppers | 128|450 x 6,500 X 15,560
BEFR | XEF | FEES| EX M WX H X L(mm) FHRES i M WX H X L(mm)
KH AR . _ N _ _
(NSCH) 1963 1CO DG-0Otto 100)450 x 4,500 x 13,700
=i | 1969 [1cO N.Otto 100[430 X 6.000 % 15.430 1C0 N.Otto 100[430 X 6.000  15.430
=FiEH | 1973 |2C0 C.Stil 100]432 % 6.915 X 16.880 2C0 C.Stil 100]432 % 6,915 * 16,880
= 371 1[9;334/ 3COo C.Still 123|432x6,915x 16,880 3CO C.Still 123|432 x6,915 % 16,880
=#eh 21(’;764/ 160 |Koppers 92(430 x 7,125 x 16,500 f'c}g:'_”‘ Koppers | 92430 7,125 16,500
=FEEL 1[9:707/ 2C0 Koppers 108(430 % 7,125 x 16,500 2C0 Koppers 108[430 % 7,125 % 16,500
M (11%) ETh b, s &
ZOBROF{HEEHOI— 7 2FOEKE [a—2 R D AN %, & x 5, Vol2, No7, p515-526,
=1 2010) VT XY R T2~FKTATRT, 1997.
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