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Effect of Oxygen Flow Rate and Pressure on Metallurgical Characteristics in Bottom Blowing Converter

Masamichi Ase, Yasuo Kisumoro, Syuji Takeucni, Nagayasu Bessuo and Hajime Suzuxi
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In order to improve the refining characteristics in the bottom blowing converter (Q-BOP) at Chiba works, the oxygen
flow rate at the final stage of the blowing was decreased by reducing the diameter of the bottom tuyere.

The results obtained are summarized as follows:
(1) By lowering the oxygen flow rate at the final stage of the blowing, the improvement in the decarburization
efficiency is achieved. Consequently, (T.Fe) in slag is lowered.
(2) The effect of the dilution of the partial pressure of CO, Pco, on the metallurgical characteristics is small in Q-BOP.
Therefore, for the improvement in the metallurgical characteristics the reduction of the oxygen flow rate is better than
the mixed gas blowing. .
(3) The increase in the pressure of the oxygen gas improves the decarburization efficiency at the same gas flow rate.
(4) On the basis of the mass transfer model considering the turbulent theory, the mass transfer rate in the reaction
zone is assumed to be increased with the increase in the gas pressure. The improvement in the decarburization
efficiency by the increase in the gas pressure in Q-BOP is well described by this increase in the mass transfer rate in
the reaction zone.
steelmaking ; bottom blowing converter ; mass transfer ; water model experiment ; stirring force ; gas injection.
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Fig. 1. Experimental apparatus of steam injection
in water model.

Table 1. Conventional and experimental conditions
of bottom tuyeres and oxygen blowing in
230ton Q-BOP.

Conventional | i e
operation

Ratio of
cross-sectional 1.0 0.62
area of tuyeres
Number of
tuyeres, N 18 18
Oxygenflowrate) 505y | 13~20
at final stage of :
blowing, Qoz NmS. min"' t!| Nm3 min!- t!
Oxygen 042 ~ 044 | 044 ~ 0.67
pressure*, P MPa MPa

*Pressure of upper stream of tuyere
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Fig. 2. Steam injection to water bath.
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Fig. 3. Relation between steam pressure, P,, and
root-mean-square turbulence-velocity com-
ponent, Uyps.
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Fig. 4. Exponential-model for decarburization in
the low carbon region in Q-BOP.
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Fig. 6. Effect of oxygen gas flow rate on (mass%T.
Fe) at blow end.
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Fig. 7. Effect of oxygen gas pressure on oxygen
utilization efficiency for decarburization.

BIE T L - T, [A—[mass%ClsLs 3 1) 5 (mass%T.Fe)
PEBEINT B2 Lbh s,
42:2 BEERWREAAEHOBE
FightZoRa a1 5 & 512, HERPIO L 4 M EERFH D/ EN
Hise T, A—BEHRE Q. .ONm®* min~'-t~!) TR L 72
BAECLCOMMELRENRED NS, TbLEHD LR
X YE—EESARET SC»WETT 3,
Fig.7:Z [mass%Cls;. & [mass%Cle: DFHIR KL,
[mass%Clave, & '3'7_“5 CAFEAEED GRS 1k FTOR
REERZNHE, 7o, OBREIRT, H O CERADMENO %
B E 0 558 6 s LR ERTI D oA %
1AL L THERZAT- ICHER L FRNORT Y, AMEFO L
FIEDHKRPB OO TV 5, 1IAPOTOEERIK 3 AATE
NRABIOPMEPIAODEN L ZIFHELCOT, FOFICL
CEMAOENPECH M EL T3 L0135,
CORERY CBRMEYFE—T bR S AAENH LT
52 LY BERREEY R ET A2 LATH O TH B,

5. BE

5:1 BEREBETLCOREETNORR
FRIRSRIERFE RO L AR FERRAER 230 5, (3)RRT

28

open:Pco = _Ktzc?_ﬁ%
closed: Pco = 1

1 .

L{ B ® Conventional *
A A Mixed gas blowing

O @ This work 2

-
o

pry
o
—T

- e -
n W »
T T T
Il

(mass%T.Fe) at [mass%CleLe=0.04

-

8_.
W
o
S
o
[}
o

60
Fig. 8. Relation between ISCO value and (mass%T.
Fe) at blow end.

ISCOfA &k & 1k ®» I ([mass%Clse =0.04) D(mass%T.
Fe) t DBYR # Fig.8i2iRv 7,

ZQOL
2Qo2 1 Qu

. Qo

ISCO= W/z

T 7O BRI BB OB A I BAR RE LA CIXEEF DO
BEOBFHEC G- 2 5 PcoDR BP0 2 LGN T 510
DT, PcoDTH (=2Q0,/ (2Qo, +Qu)) #1E L TEE L12ISCO
ECHREI L JoRE R b PR TFig.8IiiR T,

PERDISCOME % FHC 123 A FHFRIRBRDAE FE & AR FERAER
BE— D ETWEE T 5 20vdS, Pco=1E T 5 L ZFRIKRER
DFER EAEBRHERVH BB T S S, LI2Wo T,
4101 O FEBERELFA PN C UL BEER A5 10 L AR 1A & BOBRRE (- &
IFTPcoDBRI AL E VLB,

CORERDS, BIRSEFTIIHIRKREEL b b BES A
EHERT AL BMERBLET IR HEIF R ax
FOERLEPLRCDOTHIE R FEECLS,

52 HAREAAZHDOEE

4220/ L2 3L, A—BERRETIXBRIR 5 AAE
T3E L7 5 LK ENRY LH L2, IRERAAITH R
Yx v D OEE T AN DKUY DAY ¢ (CHERH 2 5
L 2 123 A 0 N L 2T A L BERTT O O fE R
CHANRT e 21,0265 % 3,

—%, BRRFEEIROBR D EE T K, 13 Txfl
TKox g 03~ ¢ “ORMES A ST 51020, LIedis T,
e DWEMIZL VKAHEIT 2 & LTHRDITHL.OUETH 5,
ERERTRIPOEND EHC L Y BREBESRIZ
11~13%mEL Tk bH, ZOBRRIMED~=2ralc OB
MTRBEATES 2LV L 5,

RRES & 1203 FIEIR SR 2300 T, BIESLESOR 0 %
IZHRTREBALT 2 2 L2 S WY FIEPLEOF R E 2
Kaw, BRI 5 KEERPEERELL T, F—EK
ST AMBTHERIHES M ETS 52 L2HMEL Tw
5,



BRI DIE LA EDP EIREBECL ZKEATETZ L
ER S EIFOBAE, 2OKEEXEDL 5 BT 5907
HETH A, QBOPOHFAT LERIEERIZL » TET
% K EGENE D A 2 BRI BERALT & 0L, RO #R
PRI EHTS 5 EHAISNS,

A 623, IREFNVEERI L - TH AEIR T O MRDC
B (AER) 2IRELE—ROWEBENEE 2 E LI,
ZDFER, BWRS 2 XD GEETIRE—IK 3 A5 % 2
MELFCT, 7 ANVEDPPICREBE—REOYWERE)
BEDPRS LB LRPHRELTV 5,

AN DKIETIR 5 AAEBROFER I & tUd, Fig3loiRm¥
S UF—IR S AAFRREIZIT VTR SAATE AT 5
BEPOE EOELREEL RS (LY, LA vF—iH
BYKEL Lo Tw 3, WEBIDVEET A VF — DR
A RE A A EH AU, BERRSAAILL - TR
SN KB EOMERENEED, BERSAALAET DO
mcdoTmET 3 EHELTLI G,

BB SICR S AAT ADEE T ANVF—DIZ LA LI
W=7 B CRFGSLECECIFELRTIE, TAD
HENZ AN X~ QP MHGEFETHE S 1, PAHROEEOR
AEmitT A L¥RLTHO, LIEDFLEAET 2,

Fortescue 6238 — R RZ¥F VT 2 TR HLEEOWE #
', BT ORME AT RIS & o TH U e R %
CHEET AL Y EREINE EFE LT, (4)RRTE
TR LR BERROBREE T,

A DOKREFNVTIEFIgIRT L 5 U ms E P OBMR L
LT,

Woms OC P08 wevrriiiine e (5)

g6 arct,
ZITAHROBITCH CTUTORE®IT %,

1.8 y
Qs = 6 (kg/h)
-2.0F
:
€-2.20
AN
g
S -2.4
22 .
26l (] 0.46 i
_2.8 1 1 N S
11.0 11.5 12.0 125 13.0
In(Pa / 10° Pa)

Fig. 9. Relation between In(P,) and In(Urms).

ER S EEF ORISR C RIETHRRMHEER EPIDELORE 747 H

1R —BRPYBE—EFMRICRIN TS 2 L& b Fortes-
cue &P DOWEBIET L ((4)R) P5FHT S 5,

2)KREFNVEBRTOTENEY 2 KER) DIK 3 ALE N
LB LT OFLTEIREE L OBIME((5)R) 25, b~
TS A (BB ) K S AARRC b K Y T,

B OCOMEFRINEE, ke, 122V T  (4)RDK Y L
2t T,

Lz, Lcdi-T, MEFIOOFHC X b BIOEHH B
mUkH BT 5,

A RIOEERIC I CTHRP O LAAEPODEHDHIZL.6
BETHB, LY -T, (6)RXL HHERPIOI L /RN
HOWEBEMRE, ke ke DI,

kc?./kcl — Pnzo'23/Pn10'23 — (Pnz/Pn1)0‘23 — 1 11

LRI
L 2AT, FigTTRLEBRBEDIRZ (TR, LU
B iR EE L (8) N THEY %,

—__dC AL.2 01000 woervveerreeensereennnes
=" qwre, X WX 5 X 1000 (7)

dC _ e y=aKC (~ oy
—E=Km Q%—V(C(y (8)

IRE R, W, 35 & U5Qu (=dWoo/dt) R—ETH Y, 55
RS R, a, #—E, Cox0EBET 5 L, R(7),(8)
502 bk DBHRIZARTH 2 b1 5.,
. dC__ . dC,dW, _
" AW, P at’ " dt

“ﬂ,‘%:ﬁ”'kC'C ....................... eeeeraiinaes (9)

FERTI O DQo, =2.0Nm? min~' -t DA DBEIKER KX

100 T T
® —— High pressure
| [0 -—---- Conventional X1
80 calc,” .
- "c)bs.4
2600 ol
N 3. 04
§40 N 00 © .
.0.!5 Qo
20} i
Qoz = 2.0 Nm? -min"" -1
0 . y -

0.0 0.3

0.1 0.2
[C] / mass%

Fig. 10. Comparison of calculated 7. with observed
one.

t AFEOFATII4 - IOERER I O THE—P, ZIFRFENLS € 12Q,=6(kg/h) DHADT— 2 F - T,



BN 748 &k $BVol. 82(1996)No. 9

HOEMEDL G (9)R L DB ka Z2KD, HEASNLHALD
BiREE RADFE 2R U T MMM £ RIZFigl0Zom L 7S,

W EAAH ZRDEN EHAC & 2 BURBBENED A LT
OHEFIX, BIFRUF—FELHRLTE, ZORE»L
POFEH EHC & Y BEREES M ET 2 A, FELT
KESFEBEOWEBREREEOmM EIZL 5D LTI N B,

PITUEIEC L 2 PHIMEC S TEAMEIRRE C, KRR
BWEPENO LR C I WYWINL TesReE b F LN
B, TORIZOCTOHMEERETIEABROBETH 5,

6. &

FHE230ton Q-BOPIZ I\ T, IREFAREADE4 K hede it k)
LR EENC, BRSPOONRIC & 2 IRERIHOB R
WBEEPIRTIY 5 EE, IR ALAENPEEAS
HBERFIT-oN. TDOFR, LITOMRES RO NI,

(1)RSKRMOBERBLEFI ¥ LI L0X Y, BR
BERMRONE LI & R 5 7 HERLEIRE ORI 6 b
%,

(2)COTER PR3 B3FILER SEFTIENS L,
BEREBEDOA PR TS 2ARFETHREL L RIFEDEHEEX
R E ERER B L LB,

(3FI—ERSBERBET LRI AAEN ZEELS ¥
3224, BREBENFEROMLYHLNS,

(4)/RERZ HCICET VER LELRER A WE
Bae7T vy 6, Q- BOPTODOIR S AAFT AL ERICL 5
BB EMROm R, PIHEEOFFEED EHC L 3
KEOWEBEEEDMINMZIIA23DTHs LHESINS,

) =
a TR 5 AR (m?)
C, [C] T UES R IR (mass %)
Co TR =0 72 5 REFRBE (W) R) (mass%)
Ce. LRG3 B PR R IRE (mass%)
Co TC=Co TR L T 2 EH L -dC/dWe,=a DA
3 B IRFRIBE ((4) ) (mass%)
(Clsn LHTT VR AR BB Ca TR (mass%)
(Clsie DR ¥ 1k »ER A X v 2 SRR CA TR (mass%)
[Clave. TP g R E R E (= ([massCls,,+ [mass%Cleie) /2)
(mass%)
K, ke, Ko, Keo - AN OB EMRE B (M s™)
K BRI EEK (=ak/ V) (s™Y)
N SO (2 R AR (AR)
Pco : CO%E(atm)
Pny Pm, Pnz B UB_:jJ(Pa)
Quq ERY A RE(NmM®  min~t-t™1)
Qo: MR AEEE (N min~!tY)
Qs D RELT R (kg h™Y)
(T.Fe) . 2 7 7T Fei ¥ (mass%)
u D RTRE(m s ™)

u D RIS (msY)
s DR (mes™?)
U'rms D FEEER S D H ®#FH O HR#E(ms™)
\Y4 D DO HFE(mM®)
w IESHEE(W)
Wo: CERRA ATREAL((4) ) (Nm2-t™)
Wloz : E‘a‘%?i‘if'x {ij(Nm"l)
a IR R EE ((4) 2X) (mass % (Nm?®-t=1) )
B.B.B" L (15) N %
pS IREEEN N (Wt
7 D BERE R DR (= ([mass%Cl sie— [mass%Cl su) X
W X 1000 X (11.2/12) /W’o2) (%)
T D ¥—RARERE(s)
X [:13

1) KT, =ZAKEIE & EH, 65 (1979), 138.

2) EFIEZ C #5100- 101 PEILFESHUN R, B AR S, (1986),
200.

3) W M=, BH5MET, FLiERL, WAR B, BiEEER, MUNE
JHIS SIS 17 (1985), 357.

4) HFHEE, (g B, HYHESE, FARMNTS, EOER LM,
73 (1987), S1013.

5) RIFIEE, WE W, AR, ABeE, & BF SRS
# L8, 73 (1987), S1016.

6) \UHR R, WEEX, ERid—, E T5, WER=, AWRig
£k L4, 74 (1988), 270.

7) TR, BRI, seAME B, HHE— 8k L, 64(1978),
S169.

8) HZE &, Ki[*Ff1H, EEIEM, HLEE=, lED @ & LR,
68 (1982), 1946.

9) MEREE, BT, RSE, IR, KE K gL,
76 (1990), 560.

10) AR, MEEFER, RGN, BHAU, LN, KE K,
B OFHE Sk L, 76 (1990), 1924,

11 dehfR, AR, AREEERON, Ke %, INEER, SEs0H
# L8, 76 (1990), 1932.

12) SR, FARR, BAECH @ ML 7 e+ 2, 4(1991), 1303.

13) ARFBIESE, FRERE, &4 A, A, §IEH T, KIBAHK

MEE a2 R, 2 (1989), 246.

RARRER, IEREE, BOAEON, At gk L8, 75 (1989),

1300.

VEN B, GEME B, BARSR, BfT o, #ARE— KPEIEZ

£k &6, 76 (1990), 1940.

16) M.Hiyaji, Y.Kitano, K.Hamagami, S.Yamada and M.Kuga :
76th Steelmaking Conference, Proc. of AIME, Dallas, USA,
(1993), 81.

17) V.1.Baptizmanskii, V.I.Trubavin and B.M.Boichenko : Steel
in the USSR, (1980)10, 532.

18) N.Bessho, S.Takeuchi, K.Nakanishi, T.Emi, S.Yamada and
F.Sudo : Mcmaster Sympo. Iron Steelmaking, Proc., ed. by
W-K. Lu, Canada, Mcmaster University Press, (1981), 11-1.

19) #& —3%, EFIEE © & L480, 67 (1981), 672.

20) L.H.Lehrer: I & EC, Progress Design and Development, 7
(1968), 226.

21) TNk, MEEED, BHRAS, B M, umsick 8k L,
70 (1984), A184.

22) #F0O , EHWE, hBBGE, REEBD 2L, 78 (1992),
1786.

23) G.E.Fortescue and J.R.A.Pearson: Chem. Eng. Sci.,22 (1967),
1163.

24) MERER, T 5, RS, SR, TREE & LM,
70 (1984), 380.

25) iE IE, FH B, 4 EREE LERMNE O oo OB ENRE R,
A —utt, (1966), 147.

14

~

15

=~



