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Recent Development of Q-BOP/OBM Steelmaking
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Fig. 2. Use of preformed shapes for bottom
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hoto. 1. Overall view of No. 3 Steelmaking
Shop at Chiba where two Q-BOP
furnaces of 230t are equipped.
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Photo. 11z 230 t Q-BOP {7 2 FL& 5% E L - TIE gk
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B EEEAROFERTA 7T, Photo, 1 @\ v, B

Photo. 2. Hot metal is being charged into one
of Kawasaki’s new 230t Q-BOP
furnaces.

08r 4 ™

X

06} 3 N JOS 1. PAPPA
2 C\ />< {o10

o

Mn Si (%)
o
H

2X = 008 8
i 4008 T
o2 1% O\ 004

\4m2
0 0] 0

I0 20 30 40 50
Oxygen consumption (NM¥/t hM)

Fig. 4. Change of bath composition in the
course of blowing®.
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BETCHE LS.

41 BRAOEHEMLTHSE
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Fig. 5. Change of slag composition in the
course of blowing®.
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Fig. 6. [C] vs. [O] relationship at turn-down),
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Fig. 8. [C] vs. [O] relationship in OBM with
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LTEZBBELRAZ &, () REEDRO [O] BE
MEL, RTECHBHOFEY Na ks L,
kLD toxtlko kT, Q-BOP oXx&ihflgsico
T 5 '

4.3 B Mn

Fig. 93k &ikdrekid % [Mn] & [C] OBifF%,
Q-BOP } LD T LI DTHAY. ThI BB
7 X 5w, [Mn] @12 LD ki LT Q-BOP o
HEL, 7 =n=vH VORBIAEIRTES. L&
EHRY 2 Vi TY = r= vy vOFEHEZ LD © 50~
709 LAisn,

XT, =D k5ic Q-BOP T [Mn] EEOCHEH
ELTCRBE2bhBZ Eit, 27 7o (FeO)
XN LD ko dENZETHD. BEF Mnl kA5 2
O TR ES L LT, (1) ﬁ@liz?&m?%if):h%.

(FeO) + [Mn] = (MnO) +Fe
log K =log (MnQO) / <[ %Mnj (FeO) A
=6440/T 2. (1)
2 (MnO), (FeO); it }?’J}*’C,TL (FeO)t—
(FeO) + 1.35(Fe,0,) Th 5.
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Fig. 9. [Mn] vs. [C] relationships in Q-BOP

Table 111 Q-BOP bt LD o X LA F 7 Hs
BB LESDTHBY. ZhbopiHEar (1) Ref
A LTFE# [Mn] EERRD 2 &L, Q-BOP T0.16%,
LD © 0.12% & Fig. 9 oFEHfE 0.06%[Cl) XY
LU /NEL, »F Y [Mn] EBEIXAT ZOBRETIN
LHBTEEEE . LaioT [Mnl BEITH
BEEOBIE I L oCRD bR TV EEL I DRE
T, B X 5w, A oBEINE [G] & Pco HD
FETREDTEYD, TOMHEIRAT Z7OLRI DALY
INEV. LA, ik [Mnl HIEEHE D I
DDTHIE, AT VEDFEH I v E [Mn] BE L
BTEZH0TCRREILIDY. XSk LD T
it P=latm, Q-BOP i1 0.4atm t [O] /FE, @

LTH 2.5 %, LD oFR k&2 L% Fz T,
Q-BOP & LD @ [Mn] BE DS —ILOFFRILSL .

TurkDOGAN |3, Q-BOP O pE BTk, KED
Po, 735 <, enhanced vaporization (J§4J5&1L) 2382 Y
RFDC [Si] ik Si0 L L&KL CaO i
Ehb. T% & [Mn] 12 FeO-MnO r HEEHIEED
Bkl s B DT, [Mn] %F“Wim<%%‘¢§ 5 &
LTV 318,

44 Fe OBLEB P RIS

441 EPHOBE

4-2 TR EDEFELTHLDT, %L BiBS
DB, Fig 10 ok 5 X 5ic 25 2o (T. Fe)
BETECY. zofR, EREML XSmOk EE

|
8l

0 002 004 006 008 0OI0 O|2
[9%C1 at turn-down
Fig. 10. [C] vs. (T.Fe) relationship at turn-

and LDV, down,
Table 1. Comparison of slag compositon at turn-down.
Furnace. Unit (FeO) SiO, MnO CaO P,O;
- wi% 16.3 16.1 7.7 48.7 2.75
Q-BOF molar
fraction 0.152 0.180 0.0724 0.583 0.0130
wWt% 22.5 14.1 7.8 40.8 2.27
LD molar
fraction 0.223 0.167 0.0784 - 0.520 0.0114

Si in hot metal : 0.50 to 0.55%, Lime consumption : 35 to 40 kg/t of steel, Temp. at turn-down : 1610°C, [c] at turn-down : 0.06%
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Table 2. Phosphorus contents in ladle (200t Q-BOP at Gary.)

Heats within phosphorus range

Steel carbon Steel phosphorus in ladle (95)

in ladle (%) '<0.010  0.010~0.014 0.015~0.019 0.020~0.024 0.025~0.029 0.030~0.034
0.10 maximum 91.0 8.2 0.8 0 0 0
0.11~0.30 - 47.5 31.6 13.9 4.0 2.0 1.0
0.30~0.50 3.9 19.2 73.0 3.9 ' o 0
Over 0.50 0 0 80.0 20.0 0 0

o} 20 40 60 . 80 100
Blowing time (%) '

F1g 11. Change of phosphorus content during

blowing?).
25
201 Equilibrium
® ‘ 1575 ~ curve
o 5k 1630°/ | 635, (1650°C)
= |670°C 7

Sl oF
ooy
5+
0

FeO in slag (%)

Fig. 12. Influence of the temperature on the
- (P,04) /[P12— (FeO) relation®).

#35E0, LD X1 dBBRKIEACRERTETT5
2, SESIEY 2 LD X oEe v s FllEE B <
REINS. '

Fig. 11 woksicho [P] o%kx Q-BOP & LD
TR L TORTY. JNSTECIBRERREMOLEN
BBDT, F— 2 EHELAEDE TRV, 0.6%C o
VoA M ESEEE LTS Gary TH0O 200t Q-
BOP oW, Hgh [P] BEOH %R A Table
20X5THB. Zhib LD B U CGHERETRVEEE
Thb, LCEREM (<0.14C) 041k Q-BOP
DFBENTND. :

TurkpOGAN. [} P22\ ~T % enhanced vaporization

IXAPPHEEALIREL TS, ThbbBEOoE Loy

Oxygen flow rate

600 (Nm*/min)
B o W B o
. . 400
Lime injection rate y
2000 (kg/min e
200
| OO0 H 100
0 - — 0
0 20 65 90 100

% Oxygen

Fig. 13. Description of the reference practice?.

ARDE O, HER LD, PO(g) 4R L s
HHRKE X bR CaP,0s & LTREEIhB D,
LD i/l P gz b L LTwW5. Thb
t, LD TILKkET Fe,P0; 70% BBIERE AT 5
B, CRRIREECHHOT, [Cl IV EFELII
2TVORK L, Q-BOP ik CaP,0s LLRETH S
D TERIGERITEL, L ECRTORP HEZ T
EL LB LT 5.

4.4.2 BEPHOEE

OBM R\\T 2 Z b AT 7 OB g+ hiE
A ZNLDFRENECDOIERED 23552, Z iXEik
@ [Mnl DZEEHBLLThH, RREEEMTH 5.

EPg% one slag I CIEE Lo P B AN,
Fig. 12 #8139, iz CaO fkomk XA&IL
WRERBEP LTS, KibH OBM ki sl P
EHRPERIMAL B A TV B DY, T AUTBRERE
BRIDLDEHEH LT BD,

DX SEEHkD [P BES mWEE, OBM/Q-
BOP 3 LD X b LB BB E 2 ¢, BroTZ-
MANN HI3{E P ok FEI DWW TH RE L TW\W59,
Thbb, SEAOERME, BFAS Z70BARKRE
DEEND, 5% 0.4% [Pl BEOWESHE A7 HH
H1F-OBM/Q-BOP 44K CD 2 A b - XY Vg Dl
MBELTCND., EfE~=24 PR PEHEML 0.4%
[P] & LT, doubleslag £ (FiEIx 5 7% L, A
PeEee kel CREE LItk T 5, PPk T0.01~
0.02%[P1, 4 ~5%P,0;) t7cb, HWiT CaOF
Bifir 20kg/t-steel {1 T 0.006~0.007%[Plizfik
VISl
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UT&sPERgEins—o0F ML LT, Thy-Marci-
nelle ® 150t OBMDO# &N %3 AT 5. & & MBI HT
Ee—~bDRAS ZHRFPNEBLTY V1 2 ERLC
L, O 2 — 2 Fig. 130X 5ThHh, CaO
MARGKE ORI L B0k &AL, VWHbY B UM%
FRALTCS., Rz - vco CaO FEAL, i
35kg/t-steel, % HA Slkg/t-steel L LB THD. BWH[P]
i 1.7% L@, 4 vTy + Py 50% piEiHAkER
TR T B,

Fig. 14 % 12 AoEFF 0 & 18KOBEH AT, B
C, BPHEEALHE LIzd DT, EBEEEDR—DE
A, BERBER XFETHARINOFEIPIIVT &%
RLTW5. A7 7L Fig. 150X 5THDH, RHE
fRED 752% DA TIL 2N LTV 50, KER
el CaO fifiA s 7 &b, kble — MTHFFIAE
ha.

CaO o¥kEs LT, <«BEOHEREN (A BIT
B, B2 %M (BE) LTS, REED
[P] JEEOSEEELERHMEOLE LT P xR RT
JuE, AEAS 1.63(0.016%C P), B#:231.21(0.012%

%C 3 NP tuyeres |P|C
12 inclined |2 |+
18 straight |2 o
2
%P
O
1 ‘\\\
Sl
SO °
\&\
. A\A
0 L | | I 1 )| I ! 1\ il
0] 20 40 60 80 100
% Oxygen

Fig. 14. Influence of tuyere pattern on P and
‘G removal?.

A: 20%]
B: 60% : of the blow ,
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i

C‘ o |
b £100% (P05 ),

50 A % /\50
\ ; /;L y A
60 4~ /f;‘é 502 3

3% ]

N R,

100

(FeO+ Fe203+MnO) —(Ca0)’

Fig. 15. Slag path during an OBM heat. (re-
ference practice) (section at 1600°C
in the ternary diagram®.)
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Ay 1.33, Beagt 1.16 w #hFhim kL. Bk
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4.5 BS RS

WA Pco A LD X b € &, BHELEE T TR
BB LDk, YRFMIhD L S Q-BOP
ORBREEINIATH S, Fig. 16 3 JIEETED 7 — 59
Tho, AT r-2xAB0 SHELE AT ISHEIEED
B L CORLTWS. Zh kb Q-BOP DS RalL,
L kR 2.5 L LD X hiRBciES. Fig.
17 138 S BB oygE [S]1 L& lk® [S] 0B
BZCehh, ESHKTHLQ-BOPIE S gEnH 5 L2 M
BChs. ZDXdre, Q-BOP iM% HIDX
LCHFRTORMcT b #rx bhb DT, BS EoaA
P AT ATKEL. '
gD [S]1 ZBHT5E, 0.8% [C] L TH
B IS] BRMEL Y, FDBAT 7 ORILEDHEI
O TWORAERL, WEHEHDOA 5 7 ORENED
MlEEHcHO [S] ETFTTS, ozl
%. ZOFEAORS BE Tl HavicEfk CaO R
IABEBERS HHEL LS THS.
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Fig. 24. Interpretation of oxydizing furnaces
in terms of ISCO values®.
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