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History of Silica Refractories for Coke Oven
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Abstract

Coke ovens are made of a large amount of various refractories for materials. The most commonly
used materials are silica bricks constituting the coke oven wall. In this report, firstly, we described
with respect to problems and characteristics on silica brick applied, describes the imported fireclay
bricks used at the time the coke oven was introduced to Japan in the late 1800s, domestic production
of high silicate fireclay brick called semi-silicate bricks used until the early 1900s, and the history
of more than 100 years to the present high purity silica brick is outlined. Finally we introduce the
recent problems required for coke oven silica bricks.
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Coke oven in the early day of Japan' 2
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e N SN - urukawa-kozan Fukagawa echive
EMAS 2N T=RRIN=ADE L B Ize SAULTL 1892 |Mitsui-tanko Yokosuhagma Beehive
ROBFAI =7 AFOFE LN 2D TH LY, & — 1894  |Kamaishi-kozan Beehive Copee
VEQHES T KA S 5 72 B bk 3 7 RS 1896 | Miiketanko Copee
ot d . BN ST, 1897  |Osaka Syamitukogyo Beehive
o - . . . N 1897 | Teikoku-kokusukogyo Beehive
TOR, SHEOREUGE L2V VA=A T =7 A 1898  |Osaka Syamimkogi}(l) Semi-solvay
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B R ORI 21T, MM OEA, BT, 1918  |Saibugasu-kokurakojyo Kuroda-type
BEK, =i, et LD HE S0, 1870 4R 1919 | Yawata Works Kuroda-type
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Part Refractories
Roof Fireclay brick
Insulating brick

Flue Wall Silica brick

Jumb Insulating brick, fireclay brick
Corbel Silica brick
Regenerator Wall Silica brick, fireclay brick

Checker  Fireclay brick
Sole flue Silica brick, fireclay brick
Door Cordierite precasted brick

Ascension pipe Cordierite precasted brick

Horizontal Flue

Chimney flue Fireclay brick, common brick

1 O—7 XIFEKE & B EALDOERME
Coke oven schematic diagram and using the material of each part

+£2 -7 ZAPFHREFERNAPMEDLEE
Coke oven type and brick material use ratio®

Type of coke oven Wilputte Coppers Carl Still Nippon Steel
Height of coke oven 5100 mm 6500 mm 7125mm 755mm 6500 mm
Weight/Chamber ton % ton % ton % ton % ton %
Silica brick 134 58.6 150.2 49.2 211.1 63.4 232.8 58.3 214.8 63.6
. . Fireclay brick 87.6 383 147.4 483 94.9 28.5 181 414 103.6 30.7
Brick material . .
Insulation brick 1.7 0.7 2.6 0.9 16.1 4.8 12.5 29 5.8 1.7
Common brick 54 2.4 5 1.6 10.9 33 10.5 2.4 13.6 4
Total 228.7 100 305.2 100 333 100 436.8 105 337.8 100
HOA B 8 5 i HE415% (2020 — 28—
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Phase transformation and volume change of silica®

Phase transformation Temperature (°C) Linear change (%) Volume change (%) Transformation speed
o-tridimite > S-Tridimaite 117-163 +0.17 +0.50 Rapid
o-Cristobalite — [-Cristobalite 200-210 +1.00 +2.00-2.80 Rapid
a-Quartz - S-Quartz 573 +0.26-0.45 +0.86-1.30 Rapid
f-Quartz — S-Tridimaite 870 +5.55 +14.4 Very slow
f-Quartz — -Cristobalite 1250 +6.60 =+17.4 Very slow
S-Tridimaite — f-Cristobalite 1470 +1.05 =+0.1 Slow
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1850 1900

1950 2000

The Sino—Japanese War V V The World War 1 V The high—growth period

V The Russo-Japanese War VThe World War 1I

_ Imported brick from Europe Opverseas purchase of silica brick _

_ Fire clay or Roseki brick mainly used

W Coke oven large W Waste Plastics

Semi-silica brick used time

W 1871 Bechive furnace operation start

W 1884 Isekatsu white brick manufacture establishment WJIS enactment of silica brick I Recycling

W 1894 Semi-silica brick used in Kamaishi Works coke oven W Control of high purity (Super duty brick)

W 1894 First silica brick patent in Japan W Grain size & molding pressure optimize (Dense Brick)

WI90I Yawata Works start-up W Sintering binder investment (CuO,TiOZ,SiC,Si)

W 1904 Start up Yawata Works, Refractory plant W Super Dense Brick development
W 1912 Lime added to high-purity silica brick imported from Germany
SCOPE2I ; Ultra Super Dense Brick W

W Self-support of silica brick in Japan

1939 Maximum record of silica brick production WDomestic silica brick plant
390,800t0n/year Production reduction, International Procurement
Period (1) Period (2) Period (3) Period (4)
Early days Semi-silica brick development Densification of silica brick M odern silica brick|
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History of silica bricks for coke oven
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Schematic diagram of Copee coke oven”
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Semi-silica brick component example that was used from 1890 to 19202

User Yawata Works Osaka Gas
Type Copee Copee | Coppers | Coppers | Coppers | Solvay
Manufacture company Belgium | Belgium | Germany | Germany | Germany | Belgium Otto | England | England | England | Japan

SiO, 77.70 76.82 64.40 85.70 79.50 82.50 74.64 88.70 92.30 88.00 84.12
Chemical |ALO, mass% 20.15 21.18 31.28 11.23 16.78 15.57 20.61 9.10 5.80 7.90
composition |Fe,0, 1.87 1.47 3.30 1.86 2.31 2.00 0.91 1.00 0.50 1.20

CaO 0.54 0.54 0.52 0.44 0.44 0.35 0.20 tr 0.40
Refractoriness °C 1600 1600 1600
Bulk density 1.90 1.93 1.90 1.85 1.98
Apparent porosity % 242 23.6 233 27.7 234
Thermal expansion| % 0.533 0.533 0.544
Crushing strength | MPa 10.2 554 8.6
HOA B 8 5 i HE415% (2020 —30—
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#&5 1935~1969 FOEANAD DIFEZE{EY
Characteristics of silica brick from 1935 to 196929
\ The World War 11
Year 1935 1940 1945 1950 1955 1959 1965 1967 1969
SiO, 92.30 93.60 93.91 94.05 93.67 94.80 94.64 94.92 94.82
AlLO, 1.45 1.23 0.87 0.88 0.91 0.41 0.74 0.82 0.91
. . Fe,O 1.50 2.47 1.50 1.33 1.44 0.95 1.14 1.08 0.89
Chemical composition 23— mass%
MnO - - 0.12 0.18 0.13 0.06 0.06 - -
CaO 4.40 3.00 3.12 2.78 3.00 3.40 3.66 2.53 2.67
MgO 0.40 0.47 0.15 0.18 0.15 - - 0.23 0.22
Refractoriness SK 31 31 32 32 32 32 32+ 32+ 32+
Apparent density 2.34 235 2.33 2.33 2.32 2.32 2.33 2.32 2.32
Bulk density 1.76 1.70 1.75 1.77 1.79 1.79 1.80 1.81 1.82
Apparent porosity % 249 27.6 248 24.0 23.0 229 22.8 222 21.6
Refractoriness under load T, °C - - 1603 1628 1623 - 1617 1624 1630
Crushing strength MPa - - 33 34 43 40 48 51 64
Thermal expansion 1000°C| % - - 1.12 1.14 1.18 1.11 1.19 1.15 1.15
x6 BIEBHEBNEIRINDF A DF]1029
Example of attempts of various sintering aid added 925
Additive material Cu,0: 5% TiO,: 3% SN, 5% M-Si: 10%
NH,NO,: 3%
SiO, 91.5 93
. .. ALO, 0.5
Chemical composition Ca(OH), mass% 35 32
Fe,0, 0.3
Bulk density 1.92 1.96 1.94 1.96
Apparent porosity % 20 18 15.4 15.5
Modulus of rupture MPa 8.5 9.9
Cold crushing strength MPa 50 78
. 1.64 1.86 1.76
Thermal conductivity W/(m-K) at 1070°C at 1093°C at 400°C
£7 REWEEENAD QRS 252
Typical silica brick example that is currently used' 2529
Silica brick type Normal brick Dense brick Super dense brick | Ultra super dense brick
Additive material CaO CaO Ca0, Si)N, CaO, M-Si
SiO, 95 95 96
Chemical composition  |ALO, mass% 1.0 1.0 1.0
Fe,0, 0.8 0.8 0.7
Apparent specific gravity 231 232 227
Bulk density 1.79 1.83 1.94
Apparent porosity % 22 19 15 9.7
Cold crushing strength MPa 60 70 95
Refractoriness under load T, °C 1640 1660 1650
Thermal expansion 1000°C % 1.20 1.20 1.20
Thermal conductivity 800°C |W/(mK) 1.81 1.93 2.28 2.44

2000 EFIE D5, HIED S O A 2 — 27 2D H Rl
L72728, e L8 e 123 o — 7 A0 HEY LSO
WV > T E&ET2e T D728 30 SR D) DA R I
BolzDN, ROHES A—7 AFTHS, ZOFIE, fEk
DIF LR ) 3— 7 AT AN HLE THETH
xR ZGEIBVLEE ¢ 52 L 12k 5T, a— 27 ZADE %
L3EpEEHIT, RLERRN GZRRERM) 2 KIRICEHT &
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% “SCOPE21 (Super Coke Oven for Productivity and Environ-
mental enhancement toward the 21th century)” Z#RH L 722
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W6 I—7 AW, BEE S a— s AL L, ko a—
7 AT, RERA VN, BN ST S 100 % i
ANLTZEANADRZHHL T\ b,

ZIUL, B2 D 100 FERTOHBEO# AN A DAL % B
bEDLIRMTH LD, FLHANADN vzl K
BRI T O AD R DM A S EIEAT AT L
1272 2DT, WAROIKYOME, SMSTEEORE
AL, ELLEFFMT 2 EDRLETHL®, HATIZ

+:8 mITOBAJKICHTZER, BEIEM
New construction of coke oven in recent Nippon Steel

1924 412 e ) O H AREHERIAE o v Clit K O TH A il 78 S
N, ZTOBROYEREERRET, 1949 FEOM KW Hin s
TR OHMEM R ESAIC L A HAR LR (1S) B LU
1955 F-OUETRASBIAE OB DJFEN 72 5 T 52, JT4FE
DOEBALIZHEY, KPS DIN BER ASTM A%, &5
I ISO BIE & OB AR XD 7% &, HKEICRIT Siamld
i} KW et i o5 DR AL TR B &5 % I STE T 2 T B At
WCTWwb,

EEANADNIE L TIE, 1955 4F12 IS R 2303 & L CHil%E
ENT2AS, T— 7 AFREANAD OB ESIEF 12K
&, KEWHEIR D BGETE L L )12k 572729 1970 4E
WCUJFEAILADD JIS R 2303 Z4370F, JIS R 2401 & L C
Bl a— o ZFHEANADY & LTHIE L 720 T D14,
1976 fEICEMERE OB L, H i [ILED A& S
705, 1995 FIZIERXIZ 1SO Bfifb s p & & iz, B
NADDOIRE MO STz L L, TOERPDS
ERNTOEANADROEENIZE A EITbN R o772
B, 2000 EIZEEIE SN,

F 72780 JIS R 2303 3 2002 4EICBEIE S 727280, ER %
HEANADRO NS IFBAEMm -, FTRIIZ, 1995 F/IIS R
2401 | ZH5E SN DEEA AR ORI L, [6 L 1995
AED DIN HIEOMRFENRIEH S fE2 RT3, WHEE OB
HHAE & L CHREHU) M ik R s R I O 40 ik b #E
ENTV5AS, JIS & DIN #ifg L T, IETHH L HAEHE
DAV FRI 5 TO B T EHThH 5330, B T B

_ Works/Battery ﬁfw Remark AEERNADZFHIT 2720, A JIS R 2401 % ~<— A2 A
e oy Rt SCOPE BB b R b HARBEIFH A E L, BEAD
Muroran #5 East Dec. 2011  Revamping BEOFEHEIZ L T Do
Nagoya  #5 Mar. 2013 New construction SCOPE LA A L B0 bk 2 2 RIEAIE, Mk
Kashima _ #1F  Aug 2016 Revamping T 2 EAHAENC L > TRELREBETH D, B2
Kimitsu #4 Jan. 2017  Revamping 3 KCH. AT L T WAL AT A
Kashima  #2F Jun. 2018 Extension . H , AR LTI IIS By
Muroran ~ #6 West ~ May 2018  Extension N, FOLNTEEIZBNT, HBEME»S/ND L DI,
Kimitsu #5 Jan. 2017  Revamping R B EANDOE LB ZAEAITHL, UL, N4 UV%

+£9 HERANAHID IS & DIN #F1E0D Lhss0
Comparison of JIS and DIN standards of silica brick3
Silica brick type JIS R 2401 (1995) DIN 1089-1 (1995)
SCl1 SC2 SC3 KN KD KS

Additive material (Ca0) (Ca0) (Ca0) (Ca0) (Ca0) (Ca0)

SiO, =93 =93 =93 =945 =95 =95

ALO, 15= 15= - 2.0= 15= 15=
Chemical composition Fe 0, mass% 2.0= 2.0= 3.0= 1.0= 1.0= 1.0=

CaO 3.0= 3.0= 3.0=

R,O - - - 0.35= 035= 0.35=
Apparent specific gravity 2.35= 2.35= 235= - - -
Apparent porosity % 2= 24= 26= 245= 22.0= 22.0=
Cold crushing strength MPa =34.323 =29.420 =19.613 =28 =35 =45
Refractoriness under load T, (0.2MPa) °C =1580 =1580 =1550
Creep-in compression 75-25% - - - =0.12 =0.12
Thermal expansion 1000°C % 1.25= 1.25= 1.25= -

* 1°C/min up to 1450°C, maximum load 0.5 MPa
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