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High Blast Temperature Operation of Blast Furnace at Kakogawa
Works, Kobe Steel L'TD

Osamu SAEKI, Setsus TAMURA, Toshiyuki UENAKA,

Yoshio Qora, and Koze TANaKA

Synopsis:

The technique of high blast-temperature operation of blast furnace is advantageous in that it can
reduce coke ratio and increase production of hot metal. Therefore, it is now a common practice to
operate blast furnace with blast temperature over 1 100°C. With the advent of large, high top-pressure
blast furnace operations, however, an increase in physical load caused by rising inside temperature
and pressure due to high blast temperature leads to troubles in equipments. This is the bottleneck
of such operation.

By adopting the following measures, we have achieved a satisfactory operation of No 1 blast furnace
at our Kakogawa Works with blast temperature of 1250 to 1 300°C.

(1) Adoption of Martin type hot stoves.

(2) Increase in thickness of the linning of hot main and bustle pipe and improvement of their

structure.

(3) Adoption of blowing stock with two-fold linning structure.

(4) Increase of dome temprature of hot stoves through adoption of air preheater.

(5) Protector for hot blast valves.

(6) Control of charging material for blast furnace and adjustment of gas distribution by using
movable armour and sampling equipment of furnace gas.

The basic construction plan for No 2 blast furnace at Kakogawa will be worked out based on our
experiences in No | blast furnace. Furthermore, through lap parallel operation with four hot stoves
and hot blast valves made of steel plates etc., we are intending to establish a technique of high blast
temperature operation for a large, high top pressure blast temperature operation for a large, high top
pressure blast furnace of 4000m? class.

(Received Aug. 19, 1971)
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L, &EPFRE 2843m?, JpokH$ERE 7000t /A DFES
&L, REIREOREIMEELEERFhbinTa
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(2) SEBUED 5 45 kg/cm?2-G
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Profile of hot stove for Kakogawa No | BF. .

Table 1. Specification of hot stoves for Kakogawa No 1 BF.

Item

Specification

Form
Number
Diameter of checker room

Diameter of combustion room
Total height
Heating area

Burner form
Burner capacity

Maximum dome temperature

Martin and external combustion type
3

Inner diameter shell : 9000 mm ¢
Inuer diameter of brick : 7690 mm ¢
Inner diameter of shell : 5000 mm ¢
Inner diameter of brick : 3 646 mm ¢
Ground line +64 000 mm

About 80000m?2/one hot stove
Mastin type ceramic burner

B gas 100 000Nm3/hr

C gas 18000 7

Air 120000 7

1 550°C

7o KB SR REES A~ iEEEE LT T YA
n 110m3/hr, JKEZFET 5 kg/eme-G #51H L.
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LAIBEEVI B A7 1 160~1 250°C BETHS»5, B
HABRETRTE®D 1 300°CEFIIRAETHS. Lis
D3O CEmE B EN LA S OB FESIEL S
P, —RITIEIZOFERE LTROFERSD 5.

(1) &H»wY—H2R (COG, LPG, LNG 72 ¥) &
DIRE IR

(2) BBEHZeR, WEF 2 oFauEs

(3) WRERE (Eih%) PR

(4) 2RFEELTIZ

1) BFOBEELIRE FHVRACLSBran
Y — DN

) BAELR 4 HERRIBIT X 595 LB D EN

i) ZhEE AR O

51 BFRAEES IC A LT EEREEE & REFFRC Y
ANT A ELETRIT LR, CHRADIRE LM

BEELROTEL (max. 450°C) OmEEH XL RAT 5
PDE L ZOBRABMEFOCH RARERIRD LS
DEins.

T (a) MBEERELTHT 554 (400°C 72 ; 7~11%
(b)) MEEREFRHLLVES ; 15~259,
ML, HAHv Y -3 BH R 750~850 kcal/Nms3,

C 2 4500~4 700 kcal/Nm3.
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Table 2. Specification of air pre-heater for hot stoves of Kakogawa No 1BF,

Item Specification
Form Channel type recuperater
(Made in Japan Shack Co. LTD)
Number 4
Pre-heating air volume 190 000 Nm3/hr
Pre-heating air temp Max. 450°C

Diluting form
Burner form
Burner capacity

Waste gas circulating type

Ceramic burner

Heat capacity : 10°5X 10 kcal/hr X 2set
B gas
Air
Fuel B gas

50 000Nm3/hr X 2set
40 000Nm3/hr X 2set

Compustion air

- ’l—
Hot blast ,’/g J/S

To blast furnace K%

% % Cold blast for mixin;'{ }! l Air pre-

heater

Zwaste gas

Cold blost ]

=
j’ Stack

] 3 Ges

:

- ‘jii C Gas

_.N_f\__/\—/

Fig. 2. Flow sheet of pipings of hot stove for Kakogawa No 1 BF.
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BEIF ORE RN L Fig. 2 WRT.
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—~DEREL LTI K — 2 BEOHENBHTHL T L-
(3) PBREHEN AR —ET K — L{EERE, PRBERIE
DARETHBH L. COBHERULROLEEIIFAE LR
5T &.
BEEEFEII . 2 —OEARIDA T
3 ba— B TELLIOE L.
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2-3.-1 54 = FHERL & SRIERRET

FEAE, BRED, BEAFOBREXOEEEZRND
LLERTEREL LTERIEM I TveBb 8D
DI, WA LRV BB L

54 =v PERE, SERICHREER EEMEOR
B, & v VAR Y bORELRERPBIET S L, BT
HEREVARVE T AL X 2EFPEER LTIAE
D OBRISIRED LR 2 2 5 72, (T3 X D 50~100 mm
BEEL LEES550mm & L. 74 =2 7R H
X D kR I A2 Tl ok Lo T KR L o AT — BB
Vo A —FERROKIE L, & Qb XEiER v B &
KL A BN A ORI At gL L A OREL
ME R 2 M D7 mREREHNZEE 3000 mm TH 5.
2.3-2 ZEFILV L HEE

AR 2O, BEAHEOED VY HBRFRNCEH
L, HFOBS LT &5 < Bz 5 ORIHEKOIK
RCHDIA, 4B vy HHBERI X2 Th ke

HisnwX 57 v ToRIK - iifThHEE L, #RE2O
ExEo7. E-EEE RE D expansion joint (IZEE
i LIREGEOMIC A,
2.4 XEAXE
BIERERERERAD R v ¥ L 5HREERXE T
555, ERTEFEC Y OTOREL, EAWROR
=, BE, SEDK vy FARy MEEL EORIER ST
WRIEE T ORADTH 523, 1 BIFCH LT
BT ELCEHHRSFRIED ANT, 54 =07 FHk
PHETHILICLD, EREHEEOIMNRE L.
2:4-1 54 =Kk

Fig. 3 WA TEMSIE, Table 3 ERTESW
BIXUI 4 = SRR

T4 = FEEE, SMETRERBAERES LR
L, &EMrboBBEEELELTEIEEEFELT

Bend piece

Upper spherical port

Dusen stock

Tuyere Blow pipe

Lower spherical part

Fig. 3. Assembly of blowing stock for Kakogawa
No 1 BF.

Table 3. Specification of the shell and the’linning of the blowing stock for Kakogawa No BF.

Linning thickness ( mm)
Quality
Refractory castable Insulation castable

Bend piece SC46 75~110 50~110
Upper spherical part SC46 75 50
Diisen stock SC46 75~95 50
Lower spherical part SC46 75 50
Blow pipe

end point SC46

Straight part STPG38 350A Sch60 40 33~43
Packing SUS + Asbestos — —
Bolt ASTM Al193 Bl4 — —
Nut ASTM Al194 Gr4 — —
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BOMI VKBS + 22 T vk, &HENCEiZRE: «
ARETNEF A= 0FT52FETA =T EREL, T
EBRV A= VEREREL LS. GFFRESD)

(2) To—nRa4713E T4 =20 SERCHIRSY
FETH DD, FERTIO, TIas—35 —0Bice
WXEDLWIRYD 7o —084 PEMoNEERIER LT, .
A = PBELERELTS.

(3) F A2 TS, REEENLE, SE
BEBICEES 50X S, TRTCOLMBILEF v+ R

& TN TEBD HRET B
ZEELA
2-4-2 & 4y

ERIESMOIRINERS 4 T X0 E T S
b L Ui T7bb Fig. 3 Wit kb, skm» #
WEESTERITTERERTE & 7 0 —/94 P X O R ERERTE & ik
B (Fa—trXbyy) O2ERLL, FOMIEY S
DUBRLETHLOTHSL. ERPOEARDR Yy s
DTV HIRMEESE» S5 OREE, REEESIOINT
TRLHERABE ORI L 5TEIT L 2 ERTEDOZ
BB WETIA 7 — 7 —ORFEERICFHERLTWSB L#
X bNDH, ILIMIEHOtES, RREOEEE
HBRIUTIO 7 — 5 —[ 1 & XCYEERIBE L 5 o 8hE
FHHEIS ECHRRTED LD EE 2.

Te—Ng FLilE® 75 UESE LTC—HLLIX
BAOBEHZHES FHRICTOWVWT T Lo, Bk
s KEET 52 E, (FEAR-RDPBEKRE ET 52
&, BULBOE XA R Y- Db L, REARHO
BRI bRTHAS> L LR E, B2 b LBEESE

MOMAT~A FADEELDY, REebesz el
7z,

T o =% FEBIREIIX v X2 T AFELIEFT
BKWEITHY, Ao+ bRE UCERERIZE
7=

EMOMEIE Table 3 WiRT &80, FTo—s47
EEHE STPG38 L L, Fofilxd T SC46 L,
RER b & PRSI ER Uik o is.

3. BRXERBOEARBEELME
R 5UICHE

31 BEOHR

HE)IES 1 EEVERRAN 45 4£8 A 7 B R AR L, BEE
FT 10 ZARE UTERICIRELSEITTWE, 20
MO EIRE OHS % Fig. 4 iTRT.

ERIEEE XA 2 ZAH® 1100°C, 4 5 A H iz 1200
°C, 6 BHHK 1250°C X L, B 1250~1300°C
THFELTWS. ZE5#%I1IE 1300~1350°C % HiEr
LTW52% it KOTEE Z Oftho 5T DR AEM: 2 1
AT A LENRSB. ]

BRIF O K — LB ER BRI 1200°C Tk
HEIETWIeh, BREXABORIRDO LRCEETE—
LIRE D B, BEIE 1200°C omps T 1400°C, &
i5 1250~1300°C L, 1450~1480°C FC K — 4
BEX*ThZTh LEE LTV 5.

3.2 HMMEEEHMBX

BEAAED L EATE T o -4 FICEE BEAED
BEFRMAE & ZoMo FEERED KTER, XEAE
5350 Nm3/min, ;EBEE 1300°C ErsCo E 1 BiE

Nv iy

1 300 oo’ T
/‘_‘_/\,_*, . _,_."\ /’*
I 200 == v
o | 100 /ﬁJ
L
» 1000
3
e S00
L
o
S 800 /
k]
9 7
2 00 /
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Fig. 4. Transition of hot blast temperature at Kakogawa No BF.
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Table 4. Problems and counterplans of the high blast temperature equipments
for Kakogawa No 1 BF.

Equipment

Problems

Causes

Counterplans

Hot stove

1)Crack of the guide pipe
for dome thermo couple.

2)Rising of the shell tem-
perature of hot blast
outlet piping.

3)Damage of the protecting

pipe for dome thermo
couple.

4)Falling off of the castable
of waste gas piping.

5)Leak of hot blast at the
gland-packing of hot blast
valve.

Fault of welding.

Hot blast passes through out
between shell and brick.

Inadequacy of inserting
depth, inserting method and
quality of the protecting

pipe.
No installation of studs for
the castable.

Fault of packing of
maintenance.

Repain of welding and
insertion of castable into
the gap between shell and
brick.

Insertion of castable into
the gap between shell and
brick.

Alternation of inserting me-
thod of the protecting pipe
and changing thermo couple
into radiant type thermo-
meter.

Under investgation.

Refueling and tightening
bolts.

Hot main and
bustle pipe

1)Leakage of hot blast at
the main hole flange.

2) Falling off of the castable
and the inner pipe of air
bleeder piping
(Gas blowing piping)

Fault of tightening bolts.

Distortion of the inner pipe
by means of heat.

Tightening bolts and
insertion of castable

Removing of the inner pipe
and repairing of castable

Blowing stock

1) Melting of the tip of
blow pipe.

2) Superheating and hot
blast leakage at the
eyesight elbow.

Inadequacy of the inserting
position and shape of the
burner nozzle for oil injec-
tion.

Fault of finishing spherical
part.

Alternation of the inserting
position and the shape of
the burner nozzle.

Intensifying of finishing
work and lining of the
eyesight below cover.

Castable=castable refractories

&, F—EREHTOHEDT A = HFROL0 G4
AEAE BXOBRERX A= VER2 FLIEHFLD
100 mm < U, EEZEEHIKEE Y + 22 T vl
BT L7 b D) LHBTHERDERDTHDR
TibbiE | BEOHE, Sl REREIBEAE,
RS T 65~100°C (Eig 85°C), ERETSET 170~
250°C (FE# 210°C) ¢, ZhbrbitE IS EEE
EoKTEIIRI#E X 6°C, #H&EX 7°C C¢hboi. —
FIEKD T 4 = FHEROGE, Sk REEEITEEA
&, IRET 95°C, XA E T 310°C, X ERERTE
VIRTE L 9°C, 13 15°C r xh ThitEEE SRz,

L7z 2 CERREOK TR 10°C DlEtiFZshTw
HHDEHEINDS. HELEMORENE ZFTHET
X HEPIRERORIDS DB, T4 =v FEROERER
XD E&MBEY TS 2 L IXERIHRE L e EEOhE
LERBBBS EELZ LN D
3.3 ERXEARBOMBSRENE

Table 4 CE&FRMOMES L HREMD T &d7.

FLE 1 RS TOEBTIEID SH, Table 41071 X
SICEERHCESN TR Y, BIRERERLES » 2
LB b TNTRE L, BUEPYPEARS D VWIdEIF
FEKRBRICHE, BE 223 5BECEAGERSN
TW5.

3.3.1 ZLEYE

K — affliEEHE LR BER LEEH &RET 2 0t L,
KANBISEEE 2@ LT wicas, F— o8 1350
°C PARTREE ORGP L < BVENI A & 7
D, XORABIF & LIEABECOE LTS R
76 K — B 1450~1480°C Td 75, WEHmEST
BEAASED & DT WL
BEMPAREEE LT, BT VIFO2EEE
RERESET VI FELEEEOMEEDIDREDT
Wi ps, BTG AR O EED D WIREAE S ITEGD
BERMAH DERT, HREEOHNEWE L ERERTHT
BERZ2RLI-WEEZLTHS.

BREERAH 4 B4 PRI BROBRERVIBEH,S T 1
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R4 TS5 UhbiRRA L -ZECRELTEY, &
BHELF v A ZTVOEAZEONEY RN EL S
PFTRA A R34 FE D OEFEHEE+H585 Loy,

P A EEB‘BOR & v FERMT CTRVWEFRT—5%%
¥ AR TG LIS, OGO SEEmMBE 1:
100~120°C IBETH 5 & T A0 HMBITE DT UL L.

BT BRI OVWTORMBEEAIIZEA LR, S%D
EHSIREEER L E Q CBETREEMRSDE 25
REBRWS, +470 SBEMIHT Cw 233 dH
HHEELZTWE.

3:3-2 BEAE, RE

T7r—T7Y)—FEEINATA = FET2 BT 5
T 2EERE LTV, EFEREREOREH 2ic X
D NFEIDHEE L TR iTheh2s 0, 27 o —fEho
WO ERELL ENA, E2EFCRERDS 14 =2
THRCZET2H D TH5.

3:-3-3 ERYE

EEAXERALR L EMHRDODIDILS 4 =2 Tk
DB BEITFWCTHH LA, YBLSxhi F5 5
MITEAE FEEET, FEIR 1300°C, FEE 35 kg/
cm®-G BEOKHICHHIHL > 5 2 EMBTIEXNT.
REHEORE O b N — DB LU E OfifEg 5 %
DHLDHITEIRINTE D, chiM—oinss
BV HEFITHB.

7w — 84 PR OEIEEROIEES A BEERE T
5HbDTRRL, EBWN—F —DEBASE H 5 W3 EM
W F —DN =D R X BDDLELLRLEDT, N
P AL E RTINS IERE T B & L BN~ — -
S RNVDORMGIERZR LR BEREFZ FhTh B,
34 BFRBEEHMLSBIEREER

EFGEEERE LR X ORMEE 7 5 S,

(1) XEESoEREM

(2) ore/coke bFIT X BIFNBSIEF O A

(3) TICATEMRMEERE LR X 5 FmZL
RETHAHSEZEZLNS.

(1) () LTk, EAREOS®IMAL, EASA
DE, WEFREOEAL KOMERE 2 bR, 0kl
BIBPFCRVWTL ChOER L SeTRIBED LS %
T2 TETWS. FEALENT Fi&ihEs 300~450 kg/
BOMEEE 1°3 OEEMESL v M& 80% FHEL, —h
DOHREEICE DT 5. BVD 20% BHEETHS
D%, EERISBILEMED 5701 ¥ — FIT kRS2 E L
Twn5.

FEREEA~OBTIEHENRE T, T LVEED
i &2 TREELED, kAE4»AF (AE 1200

°C)<T 1'3kg/cm?-G, 6 7 A B (A5 1250°C) %4
RENIRF D 1'5kg/cm?-G & L.

BASMTBELCE, GHH 7 —~<— L~} &
Dango SRiFlA# 24> 7Y o FEBEOMHIC X Y, WIE
HAGANRE — TG T 57 — = ~ BB 2 e L
BEF2 bpTH 5.

FNERE, EEE 2:0~2'1, 33— 2} 460~470
kg/t OBRFEECERE/FERENT 1'6~17 Lo
Wh. ZOERMHORBEF & LK LTRoRPERWEER
DIDR, THIGEBIRESE W &5 5N ERIEN
DRIERE P EEFA A ROERETH S 720 LS
hs.

TIORTERRABERE I AIED L Hic X A LTL %
DRHRTH D, BEFEEL BEHVORAS, FABLEES
HECRBRIZEREIhERETH 52, mEIE ]l SFEc
VETI O ATEESRABENLEE 2 300°C & — SR~ —2 L LT
Wh. aBWiMm, RY v, FRERE. TInEEE SO
PRI (E & 7 o AT IR S & DBIR A AT LT 2
obd, BERSAOHM TR VWTR A EESAHEEIE Vv
H RO T.

I — 2 2T 5 BIROR IOV, EFEE
D AR HC BR & 1 200~1250°C ¥ CE| L3779
FETIBIBT & T Wi, 1200°C Ll 1 % A8 100°C
Y7o h) 3~ 2 ZOETEE 10~15kg/t BEIH B D
TRV EEZTVS.

T B LT, SavEHs? RLmT HRch s
5, BHSBEVOALD L5 WIHERTECE T 2BEOE
HORTRPANPREZWIBEETHA S &2 b,
TIRDBEERC OWTIREROSPNBE ETATHSS
LT TR &SPk SEORBIRA oI 2 3
DT EEIMNEIELT, B EFTE 34 AZ23HE LLT]
R EMRAL BT DTS, HMWALEORE AT
BAEESHE, FREEFEE R IOCNOMEESOE? HER
NHBLEEZLNRTEY, ZOMEH LT 2T, BES
L OPRBOFVERER X D BEMSEEVALITIILIE
D55, 51 EFCEYIEIERALE IR HIC
EEET, KANLSE 10 & BREBEE(LEE T
Tz Lo Lsh GEWICEEE AR OB 518
B X v, 1250°C DLEOERERSTREE LD, Fi
ETI0EHVADOERI b DFcfcddy, H RIS EHIK
Ey MCEBED - KRB MBFEETH LML 60kg/t
DOEMRABAFETH D EVOIBREZE TV 5.

4. BERXBRICHTITHROEDA
® | BFOBEEERFRM LENEHMHO > bz o
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MM E NOEFIZE T 3 HERRIT>nT 659

PERE R ZE51E LFTIA D B9 EK LA 72003, S 0R¥ED
geEll, FCVEEIR 1300°C v Lahbllk, FE40
kg/cm?-G DLl 4000m?® » 5 20 KAEREEEF
DOERBITHT HED F 2R THIZ V.

4.1 AR

B SPFHREFTHREARDOLRE 64m OB LT
Diend, FEFOEREM, kKoM EREOWET, <
NHPIRR LE 2 bh, KIBREFPFAIE RIS LTz
BFRREHOBMARELR L Eh, ZERCEFEZELC
LA, L LB oBBEF4ECXD7 v 7 -3
TUNMEED 2 ) v PEEDLDTRENWIERD, &<
CERER R BT SIGEEBRPERT 4 2 EE S
RETHAH 5.

BHSIEE | BPFREOFALHTIRERTI AL
T Lo,z E VDS, IFRESIUCEESTICHEMT 284
VX, B, FOEZHEOSATEERNS Y 0 — X7 v FX
NTZX5. WThit LTd FHMS HFADO ROFLix
D, SHOMFEPFERENS.

4.2 #EFE, RRE

HMAARE, BRECOVWTIHECBEL T &2
BiE7l, SBIE I BFEOHEELOEEHEELTE
LohmzhniELS.

4.3 XEXE

BTORXRREMT, FRXEEMRRTIERS 4 T
DA R ICEIE R L, 4000m3 » Z 2DFFICDH
S ERARETR A S —0h, HREEENREELL
75 UEAE L, expansion joint A L& A4S
OERFTEPENNTHRFR» LER S, BIRERK
e LTHRIIZERDTWHE XS5 THY, YTL52 b
FCHHA, HEDEBLE—EANCIIERDEEV. Ll
BBIERE A FTHTHHERANRETHS Z LBEMRX
i, ZTOFXERBT2OBEKETHS .

4-4 TR

RS ESEER M OE AT X DA~ ORI
Wik L ie2 T & Rh, §E3k ikHoinE LodRR
RiiEeREPRELRBEVWDBE O FioTHELZLN
CREEEED /7Y X AE L, B mESEED
NIy X oE BET S FERE S RIND 0l 5 TH
5. L7hSoT, 22—+ 13 LTELLEO@EFEIIE D K S
PHEHALD, WEANIYFHBREVBDIC T TN
BFE Lo d L2/ SRR HBED S
LREWHEL KD DM ADE, TOWRERALL ET
AT 5 2 EPRBEEBE DD 5.

COBRTHL KR T HEE EERIE T EIH4E
LD TCTLBTHAS.

45 BRIHIEDHE

FENTROES, BIFEEEED L A ETRK
ERMEL T OTwD. & IEFERRIC R WTIE, 5
PR T W EEEI 2OFERBTERVEAESRH D,
FIFEAERBHME N2 T VvoBREI A S Bl BIFRE
BT ECRIFEREVEORERERAREORFETE
ThHY, LoD HHHRASESEEFEECELL,
TERY LI ERKABORSFSRIERT, SR -
vy 2 VA PMCESHWTEBOE  EEHowR - 880
HEDSEWH, #SEEMOEREE - &y XXy b
T TR & O SRR T

INLOEERIEIBFOIRE SV EZHFO E
B BRECDLOEEHRTLTCNWLDHDTHS.

4.6 BHiFRE

BT BB 7e X 51T, IR O ER Vo 17455 B
LAEETERLTWLEN S DHH, B 1BFTRER
BRENERE U EBE U Ciiobh, RS
SRETEIICHBOA T 0. OO ICBER RS NE
ENT L 2P HEEEELRIZ08% BIRFTH D, El
WIABESEHKIEZZ T TVE. BEELRIIEESRLHRE
FEAREOTRIT &L D 3% LLESFREL 1525, Sk
B EEBEECOHEC X b, EEHGAE 100kg/t B
EASEERORETL Y, BETLDS.

5. f& ]

A INEE 1 EFE O SRR E OBLE & IR3ERE L IR
L7, MDELDBERDERD L0 5.

(1) ROXISHEHEFREHTZ L b 1250°C L
FOEIEE IR LT U

i) Martin EUALF DL

i) BEAE, RINESICERIEDIA =0k
ENOL e '

i) ERTHEEOFRE

iv) BB IR, CHRAOAMEFE Z LIRAHE
WREHR DAt

(2) wEiE%EEEL, BRI T T ML,
BHES L, SPRE LS DENWEIASEE bSE
TdH5.

(3) FEIBETREADOMRERHEEZREL, 25
i 1300°C DA Eoo@&ifR A ax a7, RRICEREEL
BRELOHACTERSERAZER S V.

(4) ®2EFTE B 1 BFOBRZERSEOXNR
ZREEE U TR AL 7o Vv F 0 2 IR TCEBRLR
4R, MARREESF ORAR & X VAR EREE
BIFERO—BIE L.
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