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Refining Stainless Steel in Top and Bottom Blowing Converter with

Dephosphorized Hot Metal

Sumio YAMADA, Keizo TAOKA, Ryuichi AsAHO,
Mitsuo HIROSE, Takuo IMA1, and Michiharu OzAawa

Synopsis :

K-BOP, one of combined blowing processes, is favorable for refining stainless steel by diluting gas
practice because of its inherent advantage of preferential carbon oxidation suppressing excessive chromiun

oxidation.
energy saving.

In K-BOP, application of dephosphorized hot metal to production of stainless steel can realize

One of the application technique is a duplex process in which crude molten metal is produced by mixing
dephosphorized hot metal with optimum chromium bearing molten steel from electric melting furnace

(EF).
Cr than that from overall EF practice.

This crude molten metal has higher heat energy i.e. sensible heat and heat of oxidation of C, Si, Mn,
Consequently it is possible to refine stainless steel at higher

temperature and this leads to the benefits of higher chromium yield.
The other technique is *‘Hot Metal Process”” in which dephosphorized hot metal are decarburized and all

ferro alloys must be charged in converter.
temperature of molten steel to aim point.

Consequently input heat energy is not enough to raise
For the compensation of the shortage of heat, the use of small

size coke which is surplus and cheap material in works is found to be beneficial. To countermeasure the
sulfur pick up by coke addition, K-BOP practice is associated with remarkable gaseous desulfurization and

slag/metal desulfurization reaction.
saving electric power for EF
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In "Hot Metal Process’” production cost is decreased by 3.4% due to
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Table 1. Specifications on the main equipment
of stainless making facilities at Chiba Works.

Items Specifications
(1) EF 85t UHP furnace
Capacity of Transformer 65000 kVA
Electrode 24 inches (3° slanted)

Dust Collection
Noise Reduction
Wall and Roof

Bag Filter, Clean House
Clean House
Water Cooling Jacket, Pipe

(2) Top and Bottom Blowing
Converter
Combination of Gases

85t %2

Inner 03 02+ Ar(Ng Al’(Ng)
Quter Pr Pr+Ar(N,;) Ar(N,)
Top Lance max. 175 Nm%min
Bottom Tuyere max. 100 Nm%/min
Ca0 or CaCOjg max. 500 kg/min
OG Type

Oxygen Flow Rate

Flux Injection
Waste Gas Treatment

(3) Hot Metal Treatment
Flux CaO Based Fluzes

max. 300 kg/min

(4P control type)

max. 5 Nm¥%min (Oy/N;=5)

Injection Rate

Oxygen Gas Mixing

W0 58 £ 4 B 20 H#Zf+ (Received Apr. 20, 1983)
* )i B8k (Bk) T2 ek AT (Chiba Works, Kawasaki Steel Corp., 1 Kawasaki-cho Chiba 260)
*2 0 )iig gk (BR) ST 4 Pt (Research Laboratories, Kawasaki Steel Corp.)
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Table 2. Changes in chemical compositions and temperature by hot metal treatment.
C Si Mn P S Temp.
A Before Treat. 4.50% 0.18% 0.30% 0.140% 0.035% 1355°C
Normal After Treat. 4.25% Tr 0.22% 0.018% 0.015% 1250°C
B Before Treat. 4.50% 0.19% 0. 30% 0.142% 0.035% 1357°C
Low S After Treat. 4.25% Tre 0.22% 0.019% 0.007% 1250°C
Schematic Flow of Making Stainless Steel
Scrap
Process
Duplex
Process
Hot Metal
Process
N\ Fig. 1. Schematic flow of making
47 > .
stainless steel at Chiba Works.

RS & ST B T i, BERA BT 65
MVA o UHP {tfg & L. BEWK & EFERZERE
RTOBERKEYEEYEDBIDIC, TALTVHAR X
OEEHN A XD FRBIRSTTRE R & L. BT
AR EARETH D, BHRAES XOW b ANE
DERETH S, HRKRR7 7 v 72 A% il n A0
Tk, BEF AOBRAGREAAXNTHET, RERE T
T RE EFCus, FRBSETRABIZ Y € - P —
B IOEABTOMNENTTRET, BT 5 L 5 ik
T XD TECHT T B,
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3-1 BHTHOE

4P, 6P HgROBS Si BEIMEL-OT,
Wb A AMEETO B MBEA BEET5 2 L3 TX 5,
Table 2 CMEFIR OB S, WER/RT. Bk Si BE
72 0.209% BEThHhIE, H 60kg/t-HM o735,
7 AJRBAL TR PR3 0.020% LT s, 0
BEoBREBETEH 100°0C Ths. — 02T v L A
BHL BN E LRFo AT, FERESEFCORT
A EIRE LTV 50 CHBEL D b0 AZEHLT
W5, L LEBERAS v L ASOBEIIL, BREESE
BEELSTHLENSD. HEEY S AR T £
OB RT LS SEE 0.010% LUTdTs &%

BHTHD.

AT AT FHNEL, Y- Fh —ToMEL
EXTHEIRL, # 5kg/t-HM 0735, 7 2 K
BT AEEPRE X 0.020% TFEis. Ll
A CTOMBEOBECIL7 ) —FA—~ PR I mBEIEL
2% DT, ZHhE EABRGKE) »ESTH. Licao
T, BB THLBHECTERCERV. ShbrBEr
DHABRHLT5.
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BhRBER JOBHROLYFRT L8850 3 T
AT EOTEHELTW5,

A7 Ty TECET 5 LER XEFBHERORS, &
Eo#BEY Fig. 2 Wt BRIFECBEBINL7 e A
TR RS s X OBRITTEE Y 21, PREORS D A
FYVABME B, FRBEOSE T Cr ofigbr %
HELHIZ bR T\ 52, 0.00% BED KRFEBEER
Tz Cr ORI AL, 25 7t T.Crix 15% 8
BLich, ZOAS FHROBME7 v A%EIR T 5 o B
12, FeSi DWMB I 7 A= v i AL k 5kiBHeyE
KT 5. EORRAF 790 T.Cr ik 0.5% BT &
D, BRI L EERZEFXHALEbEBE Cr Y
DIk 96% BELKS., ZOBRBTUBORICA S /iE#
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Fig. 2. Changes in chemical compositions and
temperature of molten steel in Scrap Process.
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[D before reduction
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Fig. 3. Relationships between basicty of slag and
sulfer content of molten steel.

EA 1.7 BEethig, Fig. 3 wrid X 5 BiRG
PR D, SEEIMET L HE@EL TS,

SR BERERFELE T, BEMfED #H 2450 Cr
BECHEBMEERL, R ABRKEALEEYTAC
tickh BED CrBEOMBME oL 5 Lk
L%, BRIFCHEBRTEAZ 7y 7ENESTHD
TEH 2 A OBIRSEIEE S Is 5%, MO RFEERE
EL B DT RERZEF COBRRARIBRT S.
LoLEkE s vAD A X v 2.50 Nm?/t-min &
W ) B E COBRAE S TRETH b, FEHRFRE D
TR S min BE T3, AbRBECET 2 BHENO
B4y, BEOHBY Fig. 4 Wi, bR BIETILE
BB 5 50T, BRBHPCEHEMO &Nt T
WV, RIBREY KBTS ENATES. T
AT JEEECHIBEEND S GhRBEIT B S
M 0.15% & &K<, Cr ok e A{EBRITEFT
»%.

c(z) | si(@) | cr(z) | Temp.(°C)
Hot Metal 4.25 — - 1250
EF 3.20 0.30 32.2 1600
Mixed 3.75 0.15 16.1 1425
T FeSi
25kg/t es1
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J{L CaF o
e 4ok [Cr] MY aF; 5
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I D
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Reduction
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Fig. 4. Changes in chemical compositions and
tempereture of molten steel in Duplex Process.
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Fig. 5. Changes in chemical compositions and
temperature of molten steel in Hot Metal Process.

ARG BRFERERET, B ABKO R HE
L, Cr fChsmKE FeCr & LER XEF CHMBET
BT, RO 2 BEREELEULLET e AT
B5H. EEHECRT ABESHEARIN 72% L{EL,
Lo b0 ABSHIEELELS S BELEeTHY,
EpR#E FeCr tho G, Si o{LRIGEE EHETHE
R LD, FEOTE A P THORE Ul BulE R i
DERNLEBGELY R LS 2@ es. LERXERR
BT S X EBCRLBGEEELTE Y, SEF
BEREVIRMETHD =2 — 7 ARERTHENTE,
LUHEYRAT O BFITHS. Fig. 5 LBk
B BT 2EERORS, BRECHERYRT. o7 =
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Wfte 2 (Cr BEOET) K&V, Floa—7 AR
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Scrap Process

Duplex Process

Hot Metal Process

Q. t 1.7%Z Coolant.
77 1
Vessel, Vessel, Shortage (5.72 EZ;E: ’etc
. . Lance, etc. Lance, etc. ; )
0 t ’ 3 3 ? 2k
xidation (15.02) Oxidation (14.97) (14.27)
[ 47 G
(32.67)  [Waste Cas(3.40) (461.5%2) Waste Gas wa“‘zg 57
Slag (10.3%) (3.4%) Oxidation
Slag (8.5%) Slag (13.4%)
(60.0%)
Molten Steel Molten Steel
Raw Molten Molten Steel
Steel (70.87) (63.37)
(66.8%)
(67.4%) Raw Molten
Steel Hot Metal
+ Hot Metal
(58.5%) (34.3%)
(input) (output) (input) (output) (input) (output)

Fig. 6. Comparison of heat balances among three processes.

BEFOMESLETH Y, BENREL 40 BELERT
5.

4, = =5
4.1 #NSUR (A—-HR(CKBEEHK)

Fig. 6 T r A0 LEWKE BRI 2835
VARRT. A7 Z ., THETCIHBROBER - B RIG
BofTEHEED 100.4% ThH v, 0.4% KEITHRBH
H5H. o 0.4% CHETHEHN (A7 v v AHE)
RREKPOBREFRBERCHEML 5. ShiBER
ABHHB o 101.7% Tho, 1.7% wHYST 54 25
kg/t-steel DEHAM % BifRAHILECEML 1700°C &2
EOMBEEY#HEL, Cr ot & FhhAnoiRE
DAFVAREDZENTE S,

LWHECIABNHED 94.3% ThYH, BREL
oo Tunwb, ZOBRREE flET 5y 20kg/t-
steel D/ — 27 A% FIMLC5. BEE LTI
2 — 7 AR FIRAT 5 EML, — BB ER R ch B
FeSi fiin& LT T X 5 Iefl i & T 5.

(1) /= —7 ARBPFHOKHR TR TH 5.

(2) RIBERSL CO 2 (—#ix CO, 7 2) T
H0,FeSi DPFH/ L HNTAT 7EEOHAI DI .

(3) CO FRERLEHFIATES.

FMMTHDLDIXYURE LT, A7 SERBOHAN D
WoOLARERFIRTHSB., FeSi ghrlh~RBEa—2r 2
BT, A Z7EEOMM 41k # 10 kg/t-steel 4> 7o
{, Cr ofgfbkr 23 1.1kg/t-steel BEHIT5. K

BERAD CO 7 A% BN LAMFIRTE % - LiX,
BISFTIND = A F -5 VAR EL B E, REROE
FAEv s kEieEWREYES, Thbb LER XBEFIIs
FIRFBWDOH AEIF L LTCOMEED o= LI B,

Nz — 7 A X BB ST ARIE AT, B
DREMWE 2~ 2 ARDO S I HMETHS. P=—
7 ABEMLI-ROSBOEEL A B4 Fig. 7 &R
T, CCCREERE AT QR TCERTS.

AT =Tobs. — T cal. +ceorerrerrinmimiiruninnienns, @
Tobs. : EHIRE

Tecal. : 2— 272 FHLLWERELIEEXD
STESMARE. (BHREHEETACIS)

N 2 — 7 A B DA AN ~, 4.9°C/kg-coke D
EX CEHSNCREE FREEmT 5. CoRELRE
b a— 2 AR YD ABEL 1480 kcal/kg-coket -
WHETEAD., ZOEIX2RREES s\ & & 0B EKHE
1200 kcal /kg-coke » 1.23 f£Ch b, 2KREDOHEL
BEZDLDEVRD S, BREOHECHUTOMEE AW
7z,

2—2 AL C/87Y%, 7 v va/lly

(810,/7%, AL,Os/4%)

C (coke) +1/20,(g) =CO(g) —4H=2450 kcal/kg
-c®

§ 4.9(°C-t/kg-coke) X 210(kcal/°q-t) x -5+ 13-4+ 14.2

63.3
=1 480(kcal/kg-coke)
63.3 : PASHRARLD HR
13.4: X 3 IEHMO R }Fig- 6 &
14.2 : 5tk Z DM~ DOB 7 2 D HR
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9% 68 1 (30.5%)
200 /
/Q. {output) Molten Steel Slag Unknown
(54.6% 10,7 7%
sof ® {54.6%) E (34.7%)
S )
~ / Fig. 9. A typical sulfur balance before reduction
100 b
- o (Hot Metal Process).
3 /
@
50 | Table 3. Sulfur content of waste gas and spray
water for dust collection during oxidation with
. . . , coke addition.
1
10 20 30 0
' 4 30 S Content chemistries
Consumption of Coke (kg/t) Gas Caf oS H.S
. . . . Waste Gas (after Dust Collector 40 ppm ,
Fig. 7. Relationship between consumption of coke Waste Water for Dust Collection) 50 ppm S04
Molten Steel 0. 023% —

and increase of temperature of molten steel in Hot
Metal Process.
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Fig. 8. Relationship betwen input § and sulfur
content of molten steel before reduction.

7 » v o BB 25°C—1700°C AH=466 kcal /kg'V)-

W

[00@m 25°C—1550°C  AH=1008 kcal /kg—c1®

7y o
AT v v ARSI T 2 RIRBEL R Z B D1, Cr O
fbe 2% MHET A LD, FVABILELRELTY
BB THD, By Aho CO BELK 15% &LE&E
MoK LD 85% LHNTEL. H@lRsicz — 7 A
AV BECE A5 ZEEN DIV b BT
4.6°C/kg-coke o {RE EREL2gv. BERETIX
1280 kcal/kg-coke T h FHE & 13TZHE L. 2 KA
BEC X B ABE LR ARH OB HHEE T X % RE
ERHBT 5L, 2WREEOBGIRIIH 40% L5,
ZoT CO FAORBEBEIIUToERY A,
CO(g) +1/20,(g) =CO,(g) — 4H=>5 630 kcal /kg-c
B20MBRTH S 2 — 7 AT X 5 IR0 RN
Fig. 8 4. =2 — 7 ABRBIR A1 7, b ST

T 52, WX [EDEEO SEELL 0.025% *igz T,
0.022% BETRETS. PR CHETIVE 70% %
Bz Tk, BEREEESTRIBCBHRELE . &
OH AL RBTHDIT, REILDERTHDS S5 VA
HRAELL. ERO1H% Fig. 9 wrnd. 79+7

F Sk 34.7% b OFRBHENRDY, AFI-AFNMK
IR CRRE TR EDRALN 0. ZOR
S %iRE T2 HINT, BV AKIOEBEKDY VY
v7E AT, S BEDO W k7o, BRO1fl%
Table 3R, BEH A EEBRFIC S L @EMRs
ORI S L\ O EEED SHETEL T WA Z L3400
Dfc. EBEHEORBEREI AR 3fEThy, T
7o F7 o FSREARHKC LSO THLE EEL DR
5.

— R RIEBRIC OV ER T — 2 Z L, T4
TeBEILTETwigv. L LA T 7o bofisiicouw
TRESZFANC & aTEEE 2% B {, TURkDOGAN K!2),
PrrTon 513, Mort LWOHENH B, Bz i LEK
T TOLEBR S E Mort bDEEREMH, T7heb
% Ca0/Si0,=2.91, CaF,=4.4%, T.Fe<0.01%,
T.S=0.28%, BEHE 1.1atm, 235 7{EgE 1550°C
TORBRIC IhiE, 20min T 90% Dl Eo KLhiskss
RdBbR T 5.

RIFCOFE AT A DBRY EIXBRE S, A5 7RGy
M5 10-%atm BE & BRE OISO T KL o
B Eiisbisy. L LYo EER XEFE CIE
REPOEEKRES VALDLOERY = » FOMENT
NTBDT, BBEY = » PIAT JECEEFHEL,
RN BERSED B\ la0R 2T T 5 FIREEL S
B, Fl, EREFAMENKECDT, AFIDART
Ty VaNEBECREL, BEY = P EEMTIES
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[l 1 r
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Fig. 10. Comparison of carbon content vs. amount
of T. Cr in slag among three processes.

A
4.0~ \\ Pco = 1 atm

@® Duplex process

[Q Scrap process

A Hot Metal process

1 1 1 1
1300 1400 1500 1600 1700

L

Temperature (%)

Fig. 11. Deviations of actual carbon content and
temperature from theoretical relationship by Hilty’s
Equation1s),

bE . RICRERD 2 VERAECOBRBESESOBE Y
BTERCDT, EEBNSFHEIRETH 52, Yo
EER 2EF S TILBRTECEF ST o b 5 & & i2iED
Thb.
42 Bi¥ESEDPD Cr OEML

BiR¥ESFD Cr OBt r AZBE 7 r & 212 12T
Ricn. Fig. 10 W7 w v A K0T B ERREEE &
Cr ofpte ABOBFRELRT. GhReBENEL R
<, REWE 0.059 H#y 19kg/t-steel THz. =2
7 v TEETIH 22kg/t-steel, 2P TIIMH 26 kg/
t-steel &N 5.

ZOEIBREHPOFEANELOECIVET S LD
T, SRR, KEBE, Cr BE, CO HEZ >
THERZTE., A5 7-22 VRECEALTE, OF
TEINSE Hry!®d oRXA—BHGBR T 5.

4log[%0r]——310g[%0]._410gpco==(%5;(L

Table 4. Comparison of production cost of steel
in ladle by each process (SUS 430).

Scrap Duplex Hot Metal
Process Process Process
Raw Materials 69. 75% 71.19% 71. 70%
Hot Metal Treat. — 0.58 0.92
Melting Furnace 12.56 8.19 .
Converter 17.69 17.19 23.98
Total 100. 0% 97.15% 96. 60%
1432 57 100
—0.0476)-[2%Cr] ————[%C]+ —35.16
T T

@R AT CriRE 16% O OMIMEE & JRE
BEOBHY ko, Fig. 11 w3, Cr oA 4]
LooBiRE D 511k, P LY &R BRREE
i) CHEEETOILENRSS. Fig. 12 3£ T e v A
DOYEFRF D RRBE L MBRE OB LA Licds, Cr
DOREr AXR S DloAh Bl R BEEETH
b, Cr ORRfLr ADKEVEEHEIR S EERESH &
7£> Tk b Fig. 10 offRE BRIHIELTHS. 2o
X5 Is BWGHEOARFR BT 513, EHRBEE M
2 CEHBBHECTIRVWOTHEH, LEEERD KT
WEETH D, LBHBC B TAHEERRY D 5 OLIE
PRSI CH b, BIRGINCRE 5 SRR R B OB AL
DRNKERREH DR % | E B TOTRERLFT 2 Y
vy PRAEL, HBEECIRFEHATE .

4.3 BEMK

TREABEBSGE A\ ic A5 v v ARBBIE R OBRE
BN, FEREPHCN T2 REELEDL Z 2eh otk K
BED XS AZ Ty 7tk & BHMEC KEN L,
BN2ALDOBORTTIE, 275 A X BB
HAOFEBEFITH%S. Table 4 i MfTIc kit 5 7 v A5
AT VVABOBE a A V2T v AT LIERT. FiE
AEBRIRERAD 1% Kchy, 2hchrsg
BRRE v, EFERBATHAEBS MR RN
Wi oh bR+ 5. it BRFE FeCr oFEHEN
WMt 57:-0ThHY, A7 7, 7HELKETSZE, &b
BHET 2.06% 14, LWL T 3.08% HMind 5.

BRKP COBBIIES, BE, Mkl rnagth
5. B, 275, TEOBSFEAIRLE . Ab
BEHE T BS®Y WEERER T50CESPERIN
65% FTEATH. 50% bl DilERE FeCr
OERLRIEL ), BRFHEERY: ) 0B/IER
PENEL BB TH S,

FEREEFOBRCIL, 755 7 A, HEFA, &
&k, WKL EDEERE. A7 T, THEEEHLEE
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BEOBFEMILZIFZE LY, 2BHERA2 5, Sk
EHANT 36% BV, ZHUINz — 7 ADOEH, BFE
EEAL ORI, Cr Ok A OHINCEE > FeSi JFit
FEOWIMC X540 THS. LrLEATRERFEYHE
BT A ERAAE L, LWHENR S BENRBEEE L
5.

5. & E

JIB S TR CIX EER X EFC X5 7 = 2%
AT v L ASOBEIC R\, FEAEERSLYFHELE
RS 7o BB TS Uie, TEAEESE A\ il
ECRBESKFORBMEYHWEER G s8bEGERL, B
SFEREMUTLUE 5> LB8END 5.

(1) EHLEBERABEKBODSL T r2AT, &£
ERRYIHET5 2 Lnl, BEBE TR THS. £
D, Cr Ofbe A AZ735 , THEIDH 3.0kg/
t-steel Arigus,

(2) 2¥sEL SRFE FeCr » £8 FER ZEIF
THEMTHOTHERNENEL AL, ESFTHNTRE L
DTCWBNEa -7 2FBJRE L THVAZ LI D,
BRI ORFECEBENTE 5.

(3) =—7AERATI>BHERL k&5 vA
X b 2WIREER S % C 4.9°C/kg-coke THL. =D
B 2 WIREEDBGhHRIIK 0% TH 5.

(4) =2—72hoSXsrmiioMEL EFERKE
EFEOBWKRILBREXERT o Lt kb, BRTE
%.

(5) &BgEciy, SERKYHELRVREAEZ T
BREEYHLTL, A25, THRIVERBE & &t
n, Cr OFfbwe 2138 4.0kg/t-steel BN 5.

(6) BEDRZF ., ik, BAMELZERTS
&, BRPREWCELLBHESRIBERL 7 » A
FRAT VU AROBWEETHB.
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