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Fully Automatic Blowing Technique in BOF Using Slag

Formation Control System

A
Yoshiharu IDA, Kanji EMOTO, Masakatsu OcAwA,

Masayuki OnisHI, and Hirosuke YAMADA

Synopsis :

Blow end control technique for carbon content and temperature in BOF has been remarkably improved
by sublance. However it is necessary to develop technique for slag formation control for the purpose of
obtaining over 90% simultaneous hitting ratio for carbon content and temperature and controlling of phos—
phorous content.

In Mizushima Works, for continuous detection of slag formation in BOF, various experiments such as
measurement of furnace vibration, calculation with waste gas analysis, and measurement of sound were
performed. .Thus, the best reliability in the continuous monitoring of slag foaming height was found by
measuring lance vibration during blowing. This technique is based on the principle that degree of lance
vibration is correlated with lance length immerzed into foaming slag and oxygen flow rate. When slag
foaming height is continuously detected, slag formation control can be realized by the correction of lance

height or oxygen flow rate by computer,

Combining this slag formation control technique with program

blowing and blow end control ones, fully automatic blowing system was established. The system im—
proved the hitting ratio and yield of steel, reduced reblowing ratio and lengthened furnace life.

1. #

MEBELREREFEN, ZONtEEEFhi-SBT X
STEMEOE TR EDB X HIiDTH b, + TIe
20 FEL D AEB LA, S OEFRENEIY, FoiEEw
BRONDWR E LD (RS E) CisiT B REGH L
BENREE, $X0Y vEEIERED HEEhFh X8
B EDHEETH D, KAHHENRO R RS iE
DEXEELBBTH oM. M LR EEFE N E T
ASHTLK, BHRESAH 7 A CIbavea—4
HIEAIEL 2R, BkichicsHEININL DR,
AT 2 F RRIGICHIE T §, Bk s
TAHBDEELEEDRY 75 v ARE LB SIHe T
AEBIFR LY, LLIEREOBEELI YD T e /5 AY
BAEY L. CORBTRECBSTABEHRELIRE
BHRUDOFRRRPEIL, KD 50% 25 90% ~FE
Lchs, Y vEREOHEE LCzEhlTchy, -

oI

WBIMRE L REREAILORBYPRY 90% BrhiEE
WL B2 LI TE ok, BINACREIAS 77
#—2—va VHIEITHED, TORDCIFRAZ 7O
REEFEHFOCRATHENOBERELECH O,
FHoORZheR LT, WHHAS VARAT 77 3 — A —
Ya VIEKIGLTIERBTAZ EEFEAL, 5 vAREDY
METHZEREDTAT 7 4 — A — > a VEENC
WHT 5z EBIIL, COERwHLFELEHiEL
To. AEAC X0 T, MR B P O BRI
OBICE Lic &2 B, Rl Ciid BB EEE#i o
BTFERDICRAT F7 3 — 24— 2 VARG L, ©€H
WK B D BBV D\ TR B

2. RS 7+—2—> 3 vHEARGD
D =—X¢gE

FERDEEHER, RESHRIBEEXHH T &
CHANBINTELD, BFOKRSHELY v&6i

FBFn 56 4 10 A 30 g #4f (Received Oct. 30, 1981)
*O)NE Rk (BR)KITAE Ti1& (Technical Division, Kawasaki Steel Corp.)
*2 )& ek (Bk) KB a7 (Mizushima Works, Kawasaki Steel Corp., 1 Mizushimakawasakidori

Kurashiki 712)

— 80 —



FRESRIGHE Y A7 22 BWtEF O2BBRERT 2481

HED WRE LT higie b, By v 2 RET A
%, A5 70EEER IV FeO%) 7DD aE
ThBHN, HEEYED L LERKREEMYED
HTETHHND2A L ERFITHY, Fio—RiIER
ExEHTEBREAST V74— A~ a vHEH BT /e
5. —F (FeO%) # @B &k, SxREI D
FThENLHEY ERFITHD, (FeO%) »@mT&
5 EMKHOBEEIEAL, & SEETPEEOHIMNT X
HEME D Sk Eh o teih. MxTHEERS &
ik, (FeO%) oFET/nhb g0 MEEEDOK/ID, I
BEDOEIRI LUBRCECTHREDROEH 2 b1 b
L, RESGERE, BWHEE © 4~ 8+5. 21
(FeO%) %@ 5n v 7 + 7 v —REHIFHY) TRFT L,
FOrbBEHEYEARAT I2BETA AR, v 2H
FEOERIL, KERSFEVETEERS. 2L
WEFERCEEYHIcx b bied, LrbAT /H
(FeOZ) i v~V HIE$ 5 fEEEN Rk Bigi L
oA R —2—0, FINCBNAREOBET & 5 EER
ERC o TThhTE k. EELREAZD D LR
CXBZ ERL, HMEHTICAST IV T 4 — A — g v
{5 N TE L2 BTREEMOER % Big L.

3. ZEDRSFFHW 7 LDOERK

EHBWEEHE 27 212, Fig. | @R73TI5@
~ODH 7 AT LB BERINDS.

@® A27T 4y 78T AT A

RIS B#3 2 M EINE, BINFICd LS5 A2T 4
y 7HlEEF v X b, BB AEE, B XUOWwgd
BMRR, BEM, BEROBYHET 5.

® Twr7 AT AT A

b

a) RERNC BRI REE T r 75 & & Lo
T, 7vA@md, XREEYBBFEE L, B EE
BATS. '

b) BEH AREOEGREIE, » ABRIWERE, 735 v
A0 (WEBBE) HEX{T5.

© AF774—2—vavHHyrIS AT A

7 VARBMEENEEY S LT, AT 775 —4—
¥ VRIWREFRCBRML, 507 VAFER LU
MR E 2T 5.

O V75 VARELDBEAF Iy 7HHY T AT A

T ARIY, KEROBRMRRE, RESFEY
WEL, £14 73y 74flleTrcX pikE ks HEE
CHEPIEIE LB BRIV GENO B2EH L
T, HBAMOEA &EREE > BBIFCTT .

®n 7 m 77 AREHHOMREE Table 1 &R L
N, WEGHRE BSHEE, BHORE LR, PR
%) LRERHF REIEDBERE, R2) X bk
Sx— v BEIRThE, Fig. 2 @lilxmRd X 5 ks
SRR =V TREDPEPCHET TS, 2F e IS5 A
WL, WhiXAxT 4 5 2HETES.

L2 L& 20min &5 EREC #7325 PARE

Table 1. Specification of program blowing

LH : Lance height FO, : Oxygen flow rate

Item Specifications
Pattern of blowing
Number of patterns
Range of LH and Foz

15 patterns { combination of LH. and Foz )

LH : 1.1 »265m (pitch 0.05m)

Foz : 450 ~ 800 Nm*min ( pitch 50 Nm>/min )
Bias can be added to L.H.

Pattern of flux charging
Number of patterns Lime ond dolomitic Lime : 5 patterns

Iron ore : 4 patterns
Time of charging start and interval of

charging are determined with computer

[ Charging of hot metal & scrap l———-ILSubsystem of static control“
Blow start
|Mec|surinq of lance movementJ Preset of L.H
Preset of Foz
Slag l——{Charging of fluxing agent}

B3]
Adjusting of LH.

Adjusting of LH 8 Foz |—st«

©

LD gas recovery(start)
Changing ¢f LLH.8 Foz

LD gas recovery (end)

—{[Subsystem of program contrﬂ[

“§ubsystem of slog formation controL” le—IMeosuring by sublance | ®

ond 1

— Subsystem of Dynamic
Addition of coolant control with sublance

Blow end

[Tapeing]

Fig. 1. System and function of fully automatic blowing.
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flowrate ! 630
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mﬁm:": o000 { Continuous charging )
Iron ore
C Constant amount
o Calculoted amount

2 4 6 8 0 12 14 16 18 20
Blowing time  (min)

Fig. 2. Example of blowing pattern.
(Mizushima No. 2 BOF)

evel

Fig. 3. Principle of lance vibration.
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i
Signal. converter : :
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6 ol
| Recorder
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Process computer
Fig. 4. Measuring device of lance vibration.

Table 2. Specification of accelerometer.

Item Specification
Type Quartz sensor
Measuring range + 36
Response frequency | = 30 Hz
Signot FM signal (7OKHz  SKHz)
Dimension 20 x 20% 50 mm

Free vibration
of lance

Insufficient slog
formation

Good slag
formation

Slopping ‘u’

—> Time

Fig. 5. Output signal of accelerometer.
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Fig. 6. Spectrum of lance vibration.
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Fig. 7. Relation between acceleration of lance
vibration and foaming slag height.
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Fig. 8. System of slag formation control.
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Calculation of
foaming slag —
height by equotion(3)| !

Oxygen

¥
Mouth of vessel

(Signol )

Excessive

Stopping | — > IToke down lance + Decrease oxygen flow m1e1

—= |Take down lance

-55mM i} Good — [Molr\min LH & Foz2 as program]
v Insufficient | — |Take up lonce

Fig. 9. Principle of slag formation control.
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Fig. 10. Example of slag formation control pro-
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= y=-0.0772 x+ 31.0
: re= -0732
£ st o © ~JVyx = 1.94
o
s \OD oo o
o !
< 20 00T, o !
o e N
o 15} o
x
Ol 10557706 126 140 160 180 (m-min)
t
Accurmulated slag height 2 X};SHdt
Fig. 12. Relation between foaming slag height

and [P%] at blow end.

— 84 —



A

FREEFISHE Y 27 2% BVvWitEF o2 B8 BREIM 2485

Photo. 1. Movement of slag and gasin 1/10
model test,

5. RSTDIEENE S Y RIREBICET S
THERAER

Photo. 1 iz, BFAKBERERV=F L /dF ¥ 1
Fa bl A REEREE AV 2RI T ML BER
OR\AETR LI, TOFEETIZS vARMEHFLID D
IR, F D1 H AR ZARGE & AT 2
T B, #ADOWKED HOMRMERFO X Y EHT
B5. Thibb, FAREAPCENLGE~BEL T
L. ZOHADKFHEEENL, BN THERENRT
WHA T SORECERRATH DO THLN, WKATF
DRBDIRE) NI LA THH A bE L2 bha, Lich
DT, AT IHMA LD REC Lo T AR OB B 21T
zE, ERTBHFASFRC O TEC ERER Y
Ex 50T, 275 7OEH= 2 ¥ -2 b5 iE S H
e RE 5.

COBEEBEBRAOWEOIRTIOMELEL B L, H
IR 7e o1 2856 O BB o J7BAL, (4)KRTE

T ENTES.
azu azu
e —C2 ot + X, cos 2nfpt+2nx/2p+eB)

7L w: x FAORE X 40— 7{E
C : WoM#TEE fb: I 0EREHEK
¢ BERE 2 : SN DFEER
x  KEFHREE es: (LHER

31,2
u(t)x=o=l:16xo75 L COS(2 Rl)

AB
39, 2r+1)(—1)r . 1 :|
20 (Zr+1)2ag2— 1602 4EK*— (2r 1 1)2x2
cos (27fth+€B) ................................. (5)

B HERURACRE L, ToMm3k K=02r
+Dr/2l & E, TibHbIEBED

Ffa=@r+1)C/4l (r=0,1, 2, --)  ereeerne (6)
DEEZF LIRSS Y FER SRR T
$fRw 3 = TR OIREI

fe=C/4l.. et ereas (7))

WREIRB OB BIREIH & 2708 5. EFREBIIEHO
PO TRARIEY & 2EHEETH Y, TOWK 1IEFE
B0 265, Tihbb

A=4- e creeenees - (8)
Thb. ﬁgh@ﬁ¢¢rhwaﬁﬁzoﬁ®@ﬁﬁ§
()R TEX b3,

1/2 —
C={gzt nh(znh)} = g 2

2 r 2 2 T
(A<4h (D}:eg)(g)
(7), (8), (NRIV KAV ELBRIS.
jb==\/ £ e (10)

(10K, BHEO FBIXEHREDO 1/2 ThREVEE
DOWAEIRE D EBFRE LS 2 5. FEN 3.2m DI
FATEI 3m U7 — 3 vZ LIRS Z7ORHE
PREVELL

fe=1"9.88% 7 x3.2)=0.35Hz

5.

—A, ﬁﬁﬁfsoxvyﬁﬁwlofﬂ%% Ihb
5 v ADRENL (1) RN TEI N 5.

ﬁi+@nﬁﬂ6=Fms@mﬁn ......... (11)

2L 8 5 vADIEhAE
f1: 9 v ADBEFERK
F o (25
(1) Ko—ig iRz
§ =Acos (2x fit) +Bsin (27 fit)

F
+WCOS (2rfgt) oreereerennne(12)

ThD, FIHERSIVE2H L 7 vAOHABEH®E
L, #E3EIIAS 72X % REEIsY £4. F£3HT

BRI, BBOEY 21 L LT x=+l 0L %,
u=0 &t L, K=2afp/C & BFTEEBOHOEH ETRT
BAFEHEDAZ ZFOFREIL(S)RTELBRS.

f1 & fe BNEDLEERAXLI VRS EYAE TS
L. 250t EiE T 5 v AOBEEREE A HIE L
7o& =% 0.34~0.39 Hz 385 h v, (10)RTHE LR

— 85 —



2486 & r oW

% 68 4 (1982) 16%

MHE@~— Lance sequence || Lance height )__l-_‘JEC_G_h_eis'lt_P_refwgt_ N
q controller setter

bt Blow stop signal O2 flow rate

s preset

Sl 0 —O» flowrate satter te—— | _PESEL —
é '—szlow rate setter e Blow siop
£ A7D Ppreset |
E 02 flow rate comverte Sub-lance
“" start preset

é controller

Belt conveyer

02

p——LDemodulntorHSlgml converter Blow step signal _
Bunker -
w w Accelero- |

meter Recorder P S ——

@ Sub-lance sequencd_Sub-lance stort signal |

BOF  Process computer

Freezing temp.

i R e TP ——

Feeder
Hopper [\ /\ /A /.:\ [ controller
scale A\O/A -
S Bath temp,
Ore @ recorder
Ore & Flux E Freezing temp.
addition controtler 7 q recorder
T ) ! |
Pattern||weight ! F‘
setter setter L Adding S'gm'-
T L T T T TPreset of
L ___________ Preset of

Fig. 13. Hardwares of fully automatic blowing system.
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Fig. 15. Transition of the time between blow
end and tapping.
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Fig. 16. Improvement of yield by automatic
blowing (Low C rimmed steel).
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Table 3. Effect of automatic blowing.

Simultaneous hit ratio for
ca

T ot blow end 47% ~ 95 %

For [P)&(S] 15% = 35%

Reblowing ratio

Total 32% - 60%

Time (Blow end ~ Tapping) 85min> 25 min

SLopping ratio 29% = 54%

Yield of steel + 049 %

Lime consumption -~ 3 kg/t

Life of furnace 1,400 heats -+ 2,|100heots
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Ble s E 0.5~1.0% oE LRl ThbDK
B2 ¥ LT Table 3 ioRmL7k.
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