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Improvement of the Refining Process around Combined Blowing

Converter in Kobe Works

Syozo KAWASAKI, Hideyuki HIRAHASHI, Matsuhide AOKI,
Kiminori HAJIKA and Yohichi HUNAOKA

Synopsis :

A new steelmaking process composed of hot metal pretreatment, combined blowing converter and ladle
refining has been developed at Kobe Works. This process has been successfully applied to mass
production of high-grade steel since November 1983. Hot metal pretreatment is performed in the H
furnace, which was an originally developed process using modified converter and has the ability of
sequential desiliconization, dephosphorization and desulphurization within 15 minutes. In combined
blowing converter, high speed and highly-accurate blowing is realized by the automatic blowing control
system with sensors to detect slag condition. Ladle refining has the functions of arc heating, degassing and
powder injection.

The high application ratio of hot metal pretreatment and ladle refining led to establish a highly
productive, accurate and efficient refining process. In this process consistently scheduled production from
blast furnace to continuous caster is assured with its highly accurate controllability of each refining station.

This paper described the improvements of combined blowing converter operation in this refining process.

These improvements consist of the following items,
(1) Decrease of flux consumption

(2) Reduction of manganese ore and chromium ore

(3) Refining control by the automatic blowing control system

(4) Slag cut technique at tapping
(5) Production of super-clean steel

and realized combined blowing converter operation with high productivity, high quality and low cost.
Key words : hot metal pretreatment; combined blowing converter; ladle refining; manganese ore; chromium
ore; process control ; slag formation detection; material flow control ; slag cut ; super-clean steel.
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Fig. 1. Outline of the newly developed steelmaking process.
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De-P flux 18.3kg/t
Lump-Ca0 4.8kg/t
L D- slag 4.5kg/t (De-S flux 5.1 kg/t)

Manganese-ore 6.5kg/t

Fig. 3. Changes in hot metal compositions and
temperature during hot metal pretreatment.
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Table 2. Decrease of the flux consumption by the application of the newly developed process.
The newly developed process The conventional process
(o} Si Mn P S Temp. C Si Mn P S Temp.
Chemical composition and temperature of % % % % °C % % % % % °C
CIE‘Ot meltal q 4.05 ir. 0.20 0.020 | 0.015 1300 4.40 0.30 0.20 0.080 | 0.020 | 1310
emical composition and temperature
at turn down 0.25 tr. 0.18 | 0.017 | 0.015 1660 0.25 tr. 0.07 0.017 | 0.015 1660
gurnt 1lin11e lg l]:gt 35 kg//t
. urnt dolomite t 12 kg/t
Flux consumption of LD Mill scale _® 22 ke/t
Iron ore 8 kg/t 10 kg/t
De-P flux 14 kg/t —
Flux consumption of hot | Lump-CaO 2keg/t -
metal pretreatment Manganese-ore 5 kg/t —
De-S flux 5keg/t 6 kg/t
Table 3. Improvement in Mn yield and Cr yield PROCESS COMPUTER <o Exhaust gas mass
. ) ) - tromet
in the case of Mn-ore and Cr-ore reduction. < Flux calculation spectrometer
« Static control « 02 [ance vibration
LD-OTB + Dynamic control detector »
LD With slag control
Without slag control by the automatic
blowing control system .
Information MICRO COMPUTER
Mn yield 70% 75% 90% about
Cr yield 65% 75% 77% +Blow end point +Slag formation
+ Slag volume i
C=0.25% Temperature = 1660°C (at turndown) otc. analysis
iModiﬁcation
. D DC for automatic blowing
7, JUsHAKELTY, v v BARDEEL
-~ + Oxygen oas flow rate control

[tk #Wskho Cickn@uLan, BILED (T Fe)
OBV EBICET A ERRDS. 2L, a4
BAEFO 7 O LGE, AR VEEORELBRILY TH
HruwA P LTHELTBY, 25 7HICEHRLT
BIERICAEAT LEARIEE 25 CICHB2LEL T
L, Z0H, 70 LGADETLREEHDSH DT,
RILD AT 7 EFRE S RETKRF v —JORE L E
ByHrZ Lok, A7 7RICKRBHRTHREL TS
UvA b EFELICERGRTEES 7200 RICHBE % #
BLTRBZ L, BETHLHI L 2RO,

< UK VER 7 QAR RNEO< -0 nk
£ 0 % Table 3 I 7.

3:2-3  ERAEMRER ST

EEFIRBIC B VTR, /ERI&DY, X% F4 927232 b
O—VBIXUOFAF3Ivray ba— ik akEEsHE
MEREh, KIEKS - RENTFEEOR LICHRE D
FT &7,

37, SRESKTRLE . SR EMLEAR I X 5K
HWosy — v oBMiL, ETWRE X BEFRIIEDI—
PN, %S CICERFRSEO BEMLORRICK Y, KE
HIMEE M EL, ZO&R, BREFRL 40% 25
0.2% = F TR L 7-.

EIF E BRI, 1989 4F 7 BICEA L, HEEEE
B-BET  ABS VT T v AME-FAE - BUFRERA

+Oxygen lance height control
+Sub lance sampling control
+Inner furnace pressure control

+ Flux addition control

+Bottom gas flow rate modification

Fig. 4. Outline of the automatic blowing control
system.
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Fig. 8. Slag-off process at L.D tapping.
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Table 4. Decrease of heat loss and increase of Fe yield with the newly developed steelmaking process.

: : Heat Fe vield
Merits Demerits difference | difference
Desiliconization _
on cast floor of  |° Increase of Fe yield bkg/t o Decrease of temperature 5.7Mcal/t |{2A5.TMcal/t | +6ke/t
blast furnace
; > Decrease of radiation heat
Transportation loss by large-size ladle 6.7Mcal/t
from blast furnace °-3|i)s(%:1sgeporggg;smetal 2.7Mcal/t +13.0Mcal/t| (Oke/t
o Improvement in the
to H furnace handling of hot metal 3.6Mcal/t
= Input heat from reaction 31.1Mcal/t (- Heat loss with treatment  24.3Mcal/t
> Decrease of radiation heat 3 g\101/4 | (° Rediation heat loss 4 Mcal/t
loss during de-(S) treatment  ** ° (Sgngmezrl:e% of slag 6.6Mcal/t
R a kg
Hfumace |, jnorease of Fe yield Bkolt - Cherging and tapping  95Mcal/t [ t17-2Mcallt) +25ka/t
Reduction of mill scale e Exhaust gas 3 Mcal/t
Efficient use of sensible heat of hot
metal and reaction heat
> Decrease of output heat 35.1Mcal/t_{- Decrease of input heat  §1.TMcal/t
-Radiation heat loss 10.0Mcal/t)| (¢ Sensible heat of hot metal 1.1Mcal/t
(24.5Mca|/.t—>14.5M<_:aI/t. ) @18 5Mcal/t—216 $Mcal/t)
by reducing waiting time/ > React 60.0Mcal/t
°S%nsg>l:?5'r(1e7tt % ksle;g 22.0Mcal/t (192. 3Mcal/t 132 Mcal/t) J
a g/11UKg
LD (burnt dolomite 1%kg/t-bkg/t -Decrease of Feyield  1lkg/t  [|2214Mcal/t] Afke/t
oExhaust 3.Mcal/t (Reduction of Fe—ore)
039Mcth 402McaVﬁ
> Application of quick tapping  4.6Mcal/t
 Decrease of Fe lossinslag  11kg/t
- Heat increase 94 8Mcal/t |° Heat decrease 1. 7Mcal/t
Total - Fe increase fkg/t |- Fe decrease flkgit || 3 Meal/t | +2ike/t
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Compostion % Timpeﬁ R .
ature emarks
Process c si Mn P s o
Desilico~
BF ) nization 1 445| 0.30| 0.18 [ 0082[0.045] 1503
AW
4
Flux 02 De-P Agent
440 0.15 | 0.09 | 0.078]0.045 | 1373 24.2 kg/t
De-S Agent
beall/ \A 4.5 kg/t
) 405| tr. | 0.09|0008|0.006| 1205 |02 7ZaNmM3/t
H furnace
lr” 009 | tr. | 0.25|0.005|0.004| 1676
M é Dephosphorization
b 0.09 | tr [0.17 |0.002|0.004 ot Tapping
Arc Heating o 0,004 Low Phosphorus
0.39 | 0.18 | 1.50|0.002|0. Ferro-manganese
Powder Injection
4@; 0.39 | 0.19 | 1.50][0.002]0.001| 1581 |Desulphurization
Continuous Casting
1% 0.39 | 0.19 1.50 | 0.002(0.00! ' '
Fig. 10. Production of ultra low
phosphorus and sulphur steel.

Table 5. Cr yield and Cr partition in LLD.

Blowing Hot metal pretreatment Cr yield (%) (Cr)/[Cr]
N etreated 45 10~20
Top ci;‘rg{rea ted 70 10~20
Combined Pretreated 90 3~7
sk ] : FeCr oddition in LD
7t . FeCr addition in ladle
sl (n=20 heats)
S
T 4r
o
uw 3+
2 -
I
% .
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Fig. 11. Titanium content of high carbon

chromium bearing steel. ’
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