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Synopsis :

Kawasaki Steel has developed a new top oxygen blowing degassing method in the
vacuum vessel, KTB method, which can remarkably promote the decarburization
reaction rate in the vacuum vessel, lower tap temperature, and enhance productivity
and quality of ultra-low carbon steel. The KTB method, in which oxygen is blown onto
the surface of molten steel by a top lance in the vacuum vessel during decarburization
treatment, is effective both in promoting the decarburization reaction in the initial
stage of the vacuum decarburization treatment and in enhancing the capacity of hear
compensation during degassing treatment. The promotion of decarburization reaction
has been proved by the decarburization reaction model cosidering the simultaneous
mass transfer of [C] and [O]. It has also been proved by the analysis of the heat transfer
model under vacuum pressure that post-combustion and adiabatic effects bring about

great heat compensation.
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Mass Production of Ultra-low Carbon Steel by “KTB Method”
Using Oxygen Top Blowing in the Vacuum Vessel
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Synopsis:

Kawasaki Steel has developed a new top oxygen blowing degassing
method in the vacuum vessel, KTB method, which can remarkably
promote the decarburization reaction rate in the vacuum vessel,
lower tap temperature, and enhance productivity and quality of
ultra-low carben steel.

The KTB method, in which oxygen is blown onto the surface of
molten steel by a top lance in the vacuum vessel during decarburiza-
tion treatment, is effective both in promoting the decarburization
reaction in the initial stage of the vacuum decarburization treatment
and in enhancing the capacity of heat compensation during degassing
treatment. The promotion of decarburization reaction has been
proved by the decarburization reaction model considering the si-
multaneous mass transfer of {C] and [(}]. Tt has also been proved by
the analysis of the heat transfer model under vacuum pressure that
post-combustion and adiabatic effects bring about great heat com-

pensation.
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Table

1 Comparison between low carbon aluminum killed

(LCAK) and ultra-low carbon (ULC) steel making

(conventional method}

Item LCAK ULC
Tap temperature (Base) +48°C
Treatment time (Base) +12 min
Tap C 4.5x10-%% 2.6 x 1072
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Fig. 7 Oxygen content at blow end in Q-BOP and changes in
oxygen content during vacuum decarburization treat-
ment

Bl LOBEOFA offfitikl, K 2#FToidic
ECHPREREYSEET D,

(4) LmamELARGRE, 9 C. o bR T b bEFRHEA C
oLrRd, 8O0, oETYEE K AAETT 22, KTBE
DiFer, WM Cl MER LI O $MET LT, HEMAT
B RENSE EIh o Ko OB TAETE 2.

LiztinT, Co 0L REBLTH-LE2OBREBEEOH

HE0Zl b, HEEQCEVGREREEHMCEVTR, KTBET

fobb Lk XBMROHML, HbEa boRHrFRTHL &

SEETCE D, Fig. T RE=R Yy 2okt KTB o#AREY

Tt

4 KIBElCkA8EMN

4.1 KRR

KTB oA 0H#, ARPOBERBEFBRICELD
LT, BBEHRIIEE LT, BRRIGHEREE TS CO v A
HHZEA T2 RBET R L 2ORBH IS L 2 ABRE
KTB g & ek TEBC TS, RRAE G 0y g CO, CO
WEOTEY Fig. 8 it L TR, HEELEE T HRAES
D2 YEE R L A FRE hBuvt, KTBERSWTI, 2K
PRy 12 CO 2SR BET A RBABIHT B Th r=0.60
(60%) BEOCEWELFRTI Eatbh b,

Fig. 9 i3, GHFHMSE, SEREGEECOS a LR L—- AT,
BEREROMBEREN YO L BT 22 R L b DTS

ol o)
O &)
z Z
53 53
2% 2%
k1=l =)
S =0
s .
- 3® a® 3 Conventional P S KTB
q S W@
=3 TTT rEXRE
X - L [
g or N F co
Bo20F [0 - AT
S ] S [ 3
[ [ 1
I~ 1 t -4 !
S i DY co
o SF 1 i ! .
5 U el o i L 1 L "
024 6 8101214186 02 46 810121416
(Start) (KTB start)

Decarburization time (min)

Fig. 8 Component of waste gas during decarburization

— 55 —

O Conventional
- ® KTB

+60 Q.
+40
+20

Base

Temperature ("C)

~20

-
-

Tap
Degassing [
Tundish

(CCY

Degassing
end

start
ecarburiza-

tion end

Fig. 9 Effect of KTB on the reduction of tap temperature

5, KTB it oS sitc L DEER TN WD,
By AR OMBREYECRET S EAXTETHY, Lk
5T, HEIREAHRTALIVETIRICENTETHS.
kTEEE HEr LT, KTB @1, H#E K2 FElEmc
20°C UEETIRDZENTEL Lo 7. HEAELLT,

(1) CO #AD2KBERIGBOBEHR~DEH

(2} MR XBEEEFCH S BRHR

kA0 THD,

4.2 EKETCBITZREBBOETNVEN

BT BEEORY, WETCORBERITETATLY
B L7, EEAY 0~4 D520 ¥V — vEZHLEREZFAO
R Fig. 10 7R+, 24, =T ALOBETZUTO (1)~(5)
IZms
(1) BRBOEHEPIDIEH b, GEHOREL “BHER

HET %o
(2) HZralAoBSHRK S48 (O~4z0ne) L, BT
Y —vEER-TWA5,

(3) KTBERIC LD 2%MEEY Lzone &L, 5 YARIED
LTy —vEIVELEE, EBEOREE E 2T 5,
(4) 3zone DHMAIBILESE, ©F1045 4 -5 (FARS

#H - HARBSHER) 2RELTV 2.

Measuring zone

/ (temperature)

(mm)

4 Zone

3 Zone

11 150

2 Zone

KTB post
combustion
zone

Fig. 10 Schematic illustration of zone distribution for the heat
analysis

JEs sE Vol. 23 No. 2 1991



140 RBMA RSl 38E LW E TKTB ] ik s BEREAOBSN

(5) HWAMKXGOFEFEHLERL, HE~ORBE O
EERE L CHHT 50, AR AEY - DcEEREH

FEIEMIAELYRAL T3,

FeFroE@WRLHTERT,

B oEnR:
Gt=€i'Et-—(1—Et)'ﬁ .......................................... (13)
fi:jzz:o (FU'GO'I'EU'ED' ....................................... (14)
QiZEi' (]’i_Et)'At ................................................ (15)
T T 2 T T (15)
Ex=a.T!l ............................................................ (17)

X ADFEA#A T v A

(a) B —v GBm J—v;, m=1)
V(CO+AD) - C,{CO+Ar) - T(CO+Ar)
+V(0) - C,{02) - T(O2} + ¥ (CO) - {—4H(CO—~03) )

n
=V(CO+CO+Ar) X Tyman+t i@ﬂ Quepmny wroeereeses (18)

(b) EBEEy — v (Em - m=2~4)
V(CO+COs 4 Ar) - C, (CO+COz+ Ar) + Tyemss
=V(CO+COz+Ar) - G, (CO+COs+Ar) - Ty

HEHAM XY OFERHEE - BB (57 -v):

T, #r, 1 aT.
at =a{T}) ( o +R ey ) ........................... (20)
-t-__'o r Rng; Tr=f(R)
R T, _Q
120, R=R,; AT R A

120, R=Ruw A(T)-St=Up(T,~T.)

A WA E I BRORER (nd)
i(Eiis ) V- v No.
v(T): WAHOMABE (m?s)
C( ) H# (Jke-K)
By BHOXFTVY e AzFAE ~ (WmtK)
Egt B Aoty (WmK) '
Fu: 4, jEOBEER
Gi: HHi=4 & — (Wm?K)
Jii B =kAE— (WmK)
Qi BHEHIZ X #EE (W)
R: 3% (m)
Rt EAHONEAEE (m)
Roo: WA OSEFIERE (m)

T WAkHE-EHRORE (K)
Ty MEr=oiE K)
T(): BEgFRAEIESFAORE (K)
T.: mkpRE K
To: REHEE K
i R (s)
Ui: Bix AR~ KEHOBMEER (W/mtK)
V() #AHE (m¥s)
V() BELAL-FAORE (mys)
—dH( ) MR (J/m®) )
& WA ERBEHOBEME
Egt MABEN A OTRSE

HIks B Vol. 23 No. 2 1991

1600
1500 T‘
\

N

0
(base)

Fac
\ 1A
3

\
KT8 Heat compensation
Conventional B by KTB

"~

Refractory
temperature
(C)

— 10}

_o0k KTB T~
L L
0 10 20

Decarburization time (min)

Temperature
drop of molten
steel ('C)

)
®

—
=

Calculation results of heat analysis with KTB practice
(temperature drop of molten stee] due to heat transfer
to exhaust gas and refractory ; temperature of refracto-
ry surface calculated at No. 1 zone; and heat com-
pensation by KTB)

AT): EkfpoBEME (Wn-K)
g AT T Ve FAYUER
RETFALLZHERKRo—f% Fig. 11 wid, Fig. 1k
b, KTBE koK T, 2R EROMHEE LRH
SHMBEBHROREHLER IRV LAERTE S,

5 KTBEOIHRNMUE

Fig. 12 i PEENSTY 3 MATH - L1 2 BEREH (Cls28
ppm) o [C] & HRBRE O+ 73, 1988454 A X b KTB
B TRICLER, WM ICl o LR L HRREDE T
B3Rt

Fig. 13 i3, feE T8 L KTB o2 » =iz i+ 3 FeMn

& 6.0

B a0r

So 40k

X 30k

&

2.0

< base| Application of

E‘g —wk KTB method

gg’ —20F

22 3 |

w 1 [] 1 ] L i 1 1 1 1

&= ‘87/1 4 7 10 '88/1 4 7 10 88/1 4
{ § 4 i Vot i | [
36 9 12 36 9 12 38

Fig. 12 Average quarterly trends of [C] content and teripera-
ture at tapping of converter for making ULC steel
([C]< 28 ppm)

HC FeMn
20k LC FeMn

1R

Index of unit consumption

EZA

Conventional KTB

0

Fig. 13 Comparison of FeMn unit consumption in conventional
and KTB practice



HEE T sl AMEER EE (KTE i) 10k 5 GIEREHO AN 1

HLBOREA RO IR L, KTB Bic X h &l LC (ER
) FeMn #» 6% {fi7%c HC (BRH) FeMn ~o & & ¥k Mo T#
ABMEL o7,

6 KIBEOBEMRICLZRHANE

Fig. 14 12, A AREE TR KT HHHA S 79 (T, Fe) &
i hEE (O oBFEYRLAESDOTH 5, HER [C] LA & HEA
BEETFTOMR L, KTBiE e (T. Fe), [Ol: 2 EMCEE
TRBZEHAAEL o7, COKE, BHRFE I R eACR T
11 ALC: BRORBE A AHENHELH, 25IA 7 7RERE

O ! Conventional
tOF @:KTB

[="1]

=]

]

&

B = +20 b
£

< a

e B

OE Base |-
Tk

T g

u = —20PF
=3

=g

o B

B — 40
o

=

— 60 ] 1 1
10 15 20

(T.Fe) at the end of RH treatment (%)

Fig. 14 Relation between (T. Fe) and [O]y at the end of de-
gassing treatment

DELEC I hEHA S FOEFARMBICEB LT 5,

7 B &

BERFEHOHEFENXBEED = - XL T 5%, KN
Byt aBEhEEMchs KTB LML, BERE
MEE e vA s LT L. EFEROBRBCE-THE AR
BELLTCBEHTS,

(1) EKTB#ir, BERIEYBFEHEEEECH 5 Y & FABEIE
o, HEEHRORBeBRLHELERYRESRS, 20
Fur, ICL, Ol oARESLYEELERREREETVCL-
CTEACET,

(2) KTBg:ix, UEFOMHBRDRIEFCEBILD, B
FELT, 2RBESOEREA~ OB L O R L
RICtES BRI LDTH D, COBRIL, RETTD
HREBFeFAL LV ERTE .

(3) KTBEoIftk by, EBLERIC] o LR L INARE
DETFTAER IR, SHEBEFA 7R AR TEELER
¥ FeMn & 0#HANTEE i,

(4) KTBHEo#ARLL-T, Ry A& THo (T. Fe), M4 [0]
PEENICE FCdl, Oz st lh, HEETORR,
AAfENHEIH, FoA7 7EERESALELY.

KTB it BiTe, S o@ERESESHOERY v AL LT,
SR TRLIR TV 3,

& ¥ I w

1) [imsEck, fRRE M JlISFSOPkERER. 21 (1989) 3, 208-215

2) fcdk & bEER. mEEMS, A OHE EE B JIWBEEs
#, 16 (1984) 4, 273-279

3y KEIEZ: #1126, 127 @EILETAENERE, (1988), 51-87

4 FE O, BEHEE, KEEER AH N LERZE KE OE: B
L4, 67 (1981) 12, S888

5) AN, EEEh, OfEE, TREE & EE SR B
YR ghe#, 68 (1982) 4, 5186

6) RHZE, EERFL, WER & EOEASE BERL EGRE:
& >4, 69 (1083) 4, S179

7)) EEET, Wi ANERE SEsES: S, 69 (183 12,
S879

8) MMIEY, ERYS, EEES, RFEME HIRE B B B
+ &, 69 (1983) 12, S880

o) \he W HiEZ, HERE FAME, HULR: gKe# 70
(1984) 4, 5239

10y AFEFZ, BE—-F DR B EEEZ: oM. T0 (1534) 12,

— 57 —

5976

1) Hirig— PR, ER M gr§, 70 (1984) 12, 5977

12) WHE W, RlFHk— I K RE B BEE— KlEz: M
£ Seez, 2(1989) 4, 1230

13} AN OB AE 7 BEgR B 9, Ms— XEEZ: #
L, 76 (1990) 11, 1940-1947

14) H. Nishikawa, K. Kameyama, M. Aratani, Y. Kishimoto, R. Asaho,
and M. OChnishi: “‘Improvement of Steelmaking Technology for
Production of Ultra Low Carbon Steel at No. 3 Steelmaking Shop in
Chiba Works’', Proceedings of The Sixth International Iron and
Steel Congress, Nagoya (Japan), Oct, (1950)

15) \UH4ME, BARER, MEESE, BREE, @tHt: RHickl 3
JRE B € 70 & RERRARWRORRRICOTREN ] NEEH
BRBSMREE, RNERERTASREEHERTRE, (1989),
36

16) &4 MW, & % 400 B, BELsR: BkL#. 62 (1976), 3,
354-361

il eeEE Vol. 23 No. 2 1991



	★j23-136-141
	j23-136-141

