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Treatment of Liquid Steel in the Ladle (Ladle Technology)

Yoichi UmeDpA, Katsukiyo Maruxawa, and Yoshiyashu SHIROTA

Synopsis:

Functions of various ladle technologies were studied, and some future prospects of the ladle technology

in steelmaking process were proposed.

i) Ladle technologies proposed so far can be classified to five types.
ii) Eight functions are necessary for the ladle technology and evaluations of the eight functions of each

technology were done.

iii) Many factors, for example, grade of steel, layout of the plant, and forecast of energy cost, must be
investigated in order to introduce the most suitable process of the ladle technoloty into steelmaking

process.

iv) The ladle technology has been developed from needs for improvements of steel quality and producti-
vity. In future, however, developments of the ladle technology will be strongly influenced by needs
for saving resources and energy, and for decreasing waste materials.

v) In future, with these developments of the ladle technology, innovations of refining process in steel—

making will be extensively performed.
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Table 1. Development of rifining process in

steel making.

I @

;
l

CV : Converter

VP : Vaccum process

BUP : Bubbling process

HMDS : Desulfurization of hot metal
HMDP : Dephosphorization of hot metal
VOP : VP+ 0O, blowing process

VAP : VP+ Arc heating apparatus
VOAP : VOP+ Arc heating apparatus
BUAP : BUP+ Arc heating apparatus
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IhEERT5E Table | X Hiciedd, £ L
TEHRFPHMBORMABBOE(L — Fv7 o no—)
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ZDL—RvrF v /e -0 3% &L Table
20 81HILE Y, FAHEAOZSOBERTNATNROE
FKEHIZOWTH LN D.
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Step I : Gas Bubbling

Step1 : Step | +& &I
Stepll : Step I + &t &
SteplV : EZ2/0H + 540
StepV : SteplV +nEdEE

zzT AOD 3 L<Ix VOD L WwHERINTWS
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Table 2. Functions which are necessary for Ladle Technology.

Role in steel making
Function Detail -
Development of | more precise ¢t down
new technic control cost co
(1) Unifying and cooling
1 Control of temperature O O
(2) Heating O
choxidation and
2 cleanliness o
Control of (1) G, 8Si, Mn
3 steel compositions (2) Al o O
4 Addition of special (1) Ca, RE, Mg, B
O
elements
5 Desulfurization (1) S <0.005% @)
(1) Tapping at low Temp o
. + heating in the Ladle
6 Dephosphorization Deohosphorization i O
9y Dep osphorization in o
(2) the ladle
7 Dehydrogenation O
8 Decarburization (1) C<0.029% O
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Table 3. Development of Ladle Technology.

Step Type Method and function Example
BU Injection of neutral gas
I (1) use a ceramic coated lance
. (2) use a porous plu,
(Bubbling) (3) shoot Bubble—Form—Bullet
BUP BU +Addition of alloys CAS
I (1) direct addition (4) injection with carrier gas SAB
. (2) shoot Al-Bullet (5) control of slag composition SCAT
(Bubblmg Process) (3) wire feeder (6) control of atmospher TN
BUAP BUP+Arc heating apparatus
I (1) arc heating LF
. (2) control of slag composition
(Bubbling Arc Process) (3) control of atmospher
VP Cil("(:ulation of steel +Vaccum Process+ Addition of alloys
I\ 1) control of slag composition DH
(Vaccum Process) (2) control of atmosphere RH
VAP VP+Arc heating apparatus
v : ASEA-SKF
(Vaccum Arc Process) VAD
(cf) AOD and VOD are kinds of rifining furnace, so in this report they are rejected from types of Ladle Technology.
20
20 OBubbling treatment © shooting B.F,Bs
@ NO-bubbling treatment ® NO shooting B.F.Bs
181 18
16 .
S 3 i
B\ F
ot
2 0} \ <
8r \ 4F
. .
\ [1] 2 1 I 1
4F - __@_ —_—— 0 20 40 60 m 100 120
ol o °° ° Number of B.F.B
ol . - . . Fig. 2. The effect of shooting Bubble-Form-
s o ) “ Bullet (B. F. B.) on the reduction
Bubbling time (min ) of temperature fluctuations of liquid
Fig. 1. The effect of bubbling time on the steel in the ladle. (Sumitomo Metals,

reduction of temperature fluctuations
of liquid steel in the ladle. (Sumi-
tomo Metals, Kashima, 250 ¢ BOF)

EkEhs 8HEHINL, EBLr—~FrF s/ no—o0
RO REiC D E BB TR 5.
4.1 BEE1Y bo—J

NTY o SMBTIEEAEI X SEEI b —
X, BKORM T o v 2T, 1§, LEOLEEITH
LT o%OBEZRIEL TS, Fig. 11213 & Fific
Ly NTY o FREBRT S I DEEATOER
BEDEFBIFFIC/NEL LD S5 LONRTY 5T
E5°C LTI B L ERLTWS. Eii LV ismG

Kashima, 250t BOF)

BHA L LTREHEY 2 Al 582 BT, Bt
o, Bdsclicky Figs 2 wwRT ki, A
MOBMIBEOZLENT £6°C DITFZD, #RAMKAN
TV 7E, REOBMRRNERSLZEERLTCY
5.
4.2 B B

421 NEMZELESHE

NTY 7B X )i [O] »3EidT 5 2 &3,
INETOHRENIVHELHTHS. i ALO; o
FEOORIKREL, Fig. SFiRT X5 xTV o ek
D ALO; Z EEESREARL, 9o Al;O3=20~30 ppm
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Fig. 3. The effect of bubbling treatment on the

rate of floating out Al,O; inclusions.

(Sumitomo Metals, Kashima, 250 t BOF)

A NO-DH
o DH
1204 @ BUP

X DH+BUP

100}
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[Al,0;)

40f

201

s L
Initial Middle Final

Casting period

Fig. 4. Comparison of separation ability of
Al,O; inclusions between Bubbling
and DH treatment. (Sumitomo
Metals, Kashima, 250 t BOF)

ECETFT 5. %7 DH it & otb#gz Fig. 4 1
&TH3, DH M8 Xk 057 Y o B0 555 Al,O,
BEMICREELTWAS. zhii DH EoBEEOIERG
B LT ) o VBRI D T ez LL,
NRHBMFEC L DR ERES b THEMICIAERDA
EHOHEHF LIRS T S hTwbinLtErons.
720 A RERICT2/57 Y o FIBic v Fig.
SEFRTEICKRETOBRRELRKBCHIESNTVS
T EDBbh 5.

4.2.2 ) u k2 INFEONETE

FEFE, VAR, & FVFEAOCHRBIRED, H#RIT
BWCEBIhTWED, TOFEKER, OXP %
FAWBE s Thb L3 E vy, £ TED
L LTTFRO 70 & R T HEE TS E X AR A

0.300,
©O Bubbling treatment

@ NO-bubbling treatment

0.200

Cleanliness (%

o
I
o
=3

. . . \ \
1 10 20 30 16 =0
Distance from ingot surface (mm)

Fig. 5. The effect of bubbling treatment on
the cleanliness of rimmed steel ingot.
(Sumitomo Metals, Kashima, 250t

BOF)
E¥5.
ATy vy |+ | OXP |+ | Al #5088
(Free[O] HisE) (Al ks )
43 BaER '

FHROBM S o v 2B HESFAEE, FLAEH
MR TSRS T B TR A TH Y, LODHMERIC
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T 5 SEMRD Y, MMfER2ETI s REER
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D Sou AL ELLS.

ZoERiICxK LEROEZRu®EE (DH, RH) &, <
ORSFEEEE T SFoOTw5. To—flL L Fig.
6 iz DH Bz X 5% (C, Si, Mn, Cr, Mo) X
CCHBIHT HHALHEELZT Y. Lo LKELE S .
ALV EE»SEENIRES B AR R X O
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Fig. 6. The function of DH treatment to control
the composition and C equivalent of steel.

) BB XN B ERIMAER X X0 F R
X BES O AT HHRERT. Fig. 7 s X O
Table 5z Al 5% A7z HE&0, sol Al FEcigrE
DR EETT. Wh b {ERBIC R LRI I FEEEE
NEELTVWS.

40
Conventionsl method Sitr- Al killed Steel
e (C<0.10%)
B s
Fed X=-1.9 ¢=12.5
5
g [
$ 20 !
[~
o ;
1=
= | —
10 |
Py I I | i I I
Al-Bullets-Shooting method
Sitr-Al killed Steel
(using OXP) (C<0.10%)
~ 3 ®=2.2
> o=5.8 -
o
(=1
> 20
=
@
b
<)
101
ol:

26 <21 16 -11 -6 -L 0 6 11 16 21 26
t 13 b [ i i [} t -
20 25 | x10)

ASol Al (=Sol Al<measured>—Sol Al<aim>) (%)

]
-25 =20 -15 -10 -5 § 10 15

Fig. 7. The effect of using Al-Bullets-Shooting

(Sumitomo Metals, Wakayama, 70t method on the control of sol[Al] in steel.
BOF) (Sumitomo Metals, Kashima, 250 t BOF)
Table 4. Methods of adding alloys used in BUP.
conventional |CAS 2 (SAB)®’ | Al bullet shooter | Wire feeder T.N method * J
| 8as Al bullet { gas storage

2 alloy 1 shooter wire feader  |*F 838 [ )} tank
2 b :: gas alloy K
d \ Lﬁ__ EHESNJL_ N ]

g E: bullet " wire H
B slag ¢ IRl
°

<]
et

o
o

<3
£

g

ladle — porous plug -~ “=~gas
C O O O a
MD) O O o o
B{si O O o A
& Al x o o s

Ca x X 0] @)

Ce x O O X
§ All alloys Alloys which can :Hois Wh;Ch can
£ can be added | *© changed to wire | ¢ changed to

§ form can be added powder form can
13) be added.
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Table 5. The effect of method of Al addition
on the accuracy of controling sol[Al]

in steel.®
T — - % 103
Ig‘/lle;};l(:ﬂti?m Decision of Al quantity | n 0(%)
Free [O] measured
Granular by Oxp * >
Al [%C] at end point 39| 6.8
Free [O] measured
Al-Bullet- by Oxp 0 ot
shooting [2% C] at end point 30 4.00
o After SCAT
sob *® After rolling
50 |-
£ 4of
s 30+
O.
20 - . ¢
*
10}
1 1 1
0 200 400 600 800

Sol. [Al] (ppm)

Fig. 8. The relationship between [Ca] and
Sol. [Al] in steel using SCAT method®.
(Sumitomo Metals, Wakayama, 160 t
BOT) ’

4.4 BHAXORM

B, MeT 52— -0 LWESRICH L, Ca,
Ce i Yo EORMBSIEE I TS, INHER
{EABEFCIHE, HEVIIEREECTHAETEE
£TEFEITOVWTIE, A-C 74 ¥~ (Ca-Al 71 ¥ —)
T4 =& =%, Al 5% 2 TN £xK® (Thyssen
Niederrhein : ;X7 Y o 75 o A5 LOHBEKA) 7c &,
ZERBIOCAT T X H8LEIEL, »OEERGBHE
ST BAERBRELTCE 2. £o—flE LT Al #
SHEsx Fve7c Ca 7hn (SCAT #:9) w X 588t [Cal
Ofix Fig. 8 iRT. zpXkdic CaX 57k Gk
TETHBORLER DO ETEE L THPTmmT %
ZEMTEH IO WD
4.5 B w®

SN T OB 2V TR, SO
wdHDH X i, BUP X8 VAP kT, $S<0.001
% OWASHRE TORKAARETH 5. Table 6 12iF

Table 6. Methods of desulfurization of liquid

steel.
Type Method Final[S] g
LF10 1. Control of slag composi-| [S]g<
- tion Ca0/Si0,>4.0 0.002¢9;
1. Injection of Ca-Si,
CaC, with Ar gas
TN"® | 2. Control of slag compo- [SE)EO%I o
sition  (CaO/Si0y) : : @
Al,0;=0.3~0.4
1. Basic sla
VADIY | (G20 + [S]—(CaS)+ [O]
ASEA- | 1. Addition of Ca alloys [S1<
SKF 2. Addition of REM 0.0019;
(Xlo-') CaQ
S10; H AIIO:':‘ .3~0.4
40,
- b L4
g
g 20 s0—o——o
3
2
;'; . 2
- o o
”U_)‘ 10} L g 0009 00
"B_e" ® L
5 .
10 20 30
(<10 )
Initial (% S)

Fig. 9. On the desulfurization by Ca-Si or Ca
C, injection into liquid steel using T. N
method!®. (Mannesmann, 150 t BOF)

MBS RE F 2 OTRT. 4 Fig. 9 id TN F
& F CaO/Si0, : Al,0;=0.3~0.41c 25 % a2 bk
o — T OIBEORKEREZ RS 8 [Sl=
0.0209, 73 Ca-Si %i¥ CaC, oAz X D [S1£<0.001
% CETERTLTYS.

PEDTHTE $<0.003% LUT OEKHIARE 7 o €2
L LTRESEEORMES P LD [S]1 7» P3HEXD
& GESE O VA I HRALER I hn X T EERM PN IE BRI R R & ER A
THULERDD, TN X+ FoMFHCELS
NsLOREBTHALS.

4.6 B B

Bk 1 5 EARMMO RO REO—, s

(EEERAED) Th b, FEXEEEWELOm» LI,
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Mo Ths. Fig. 11 witd [Pl ik iFTikan
B, A3 VB XU RS o> (FeO) L DAtR% Bala-
va O FEREFAVCERBLAEREZTRT. Thbbx
5 5 $=0.15, (FeO)=35% iz s\ T SIEE 1600

1ogK=10.78 log(Ca0)~f {D
21—
%
2
H |
—
o
G-
[&]
= -
g
00
o~ — ® Balajiva's data
LS
4
l:“ © Sumitomo Metals
- — Kaeshima, 250 T BOF
20—
L1 1 | I R |

I L1 1
1550 1650 1750
Temperature ('C)
Fig. 10. On the temperature dependence of
constant term in Balajiva’s equilibrium
formula1®,

(<107}
28

$=0.10 \
28 Ter

1740T
241
$=0.15
22
a

- 200~ 1
£ \ 4
S $=0.10 \
a 18 |
1635C \ ~ l/
= {¢=o.15 A -
) 161 P \ D/
- \
o | vh N D\D.,-u/
— 14 $=0.10 \\ LS 7
Ay
Q; 1600C NN o
R o1+ 4 e e
#=0.15 % N\ Yo R A
101 NN I
« & P~-0--0- e
~ -~
8- \1\ “"A—-"f', e
A _.A___&-"A/
sk
a}-
© Ter : Temperature at end point
2 @ : Slag_ ratio (=slag weight /total steel weight }
t 1 1 1 1 ! ] 1 }
9 10 20 30 40 50

(% FeOQ) in Slag

Fig. 11. Theoretical relationship between [P]
and temperature at end point. (using
Balajiva’s equilibrium formula)

°C TlifkE [P1=0.007% it x5t L, $&&Si85 1740°C
TiEIKE [P]1=0.014% THH LEZRLTWVWA. ZHh
LD E X DIRBREE O BAT I EE SR+ RBNER
IERAIERECH L T 2R THLEEZLRS.

ERF LWEIRE LT, RBRIBIC ST @0l
(Ca, CaF; i X BBED i &) © Wi DWW T DR
HETLOLE NS DEEZLND.

Tz, HEARLIED RS ¥ b0EHEHIET 57D
T, HSARRIC 1) 2 X I S LR ORESL 23 L BE T
H5.

4.7 Bk
BRI UChE, N T ) o ST N — T E T,

Index ofU.S. T}
‘Treatment Distribution of {H] in tke mold defects
bH 3=1.32
NO-predeoxidation !
S M 0
| '
- x=1.83
Predeoxidation |
o _l—h—rr!—l’h-hjl )
1
NO-DH X=2.77
i
i 100
neerd U o
1.0 2.0 3.0 4.0

Fig. 12. The effect of DH treatment on hydrogen
content in liquid steel. (Sumitomo
Metals, Kashima, 250 t BOF)

.080 T T T
: ! \ \\
; : NC-predeoxidation
070k - ee - T _: _________ © |before DH degassing ]
* 1 1 Predeoxidation
) b ® |hefore DH degassin
| : 1
1 1
V060F -~ — — e Tl e Lo

050

S
.od0 g~ - -
1S3 \106,7
— w
.030[ ~ - /4 ; AR T S
%,
020 - — - @ : P
L0L0F - - ==+ = — = N on ~ oo oo
! cir, 2= (
1 ) :
1 ]
' !
) 1 i ) 1 1
0 010 020 030 040 050 060
(%C)

Fig. 13. Behaviour of [C] and [O] during DH
degassing. (Sumitomo Metals, Wakayama
70t BO¥F)
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Table 7. Evaluation of functions of each Ladle Technology.
S S— Type
Comtraloi—_2F¢ | BU BUP 'BUAP VP | VAP
slag composition| g, No. |Practice| No. -|Practice|{ No.. [Practice
Example . - |ASEA-
. Bubbl- CAS, SAB
: ; LF |DH, RH| SKF
Function ing| SCAT, TN VAD
1 Control of temperature : A A O JAN O
2 Deoxidation and cleanliness O O O A O
3 Control of steel compositions A - O A -O O O
4 Addition of special elements A O A O A
5 Desulfurization JAN O AN O O
6 Dephosphorization X X X A VAN
7 Dechydrogenation X X o X O O
8 Decarburization ‘ X X X (O e}
G BB X S FhEi S, Fig. 12 1T Table 8. Evaluation of productivity -and cost of

v3 DH Bz X {580 D OBKEREEZ R LD DT,
NO-DH #4728 X=2.77 ppm &if L, DH QIEHIR
G X =1.32 ppm, [HEREMWIET X=
1.83ppm {ETLTEY, SHe bRERMICIERTH
KEER SELTHEST VT ML,rO BN
(VP iz VAP) BUECTHS.
4.8 B B

= RS (C<0.029%) oBEBicHLTh, BEL
Wiz X SirhEi Hav. Fig. 13 i@ DH ek
3% [C] [O] oz w$s, g [C1-[0] &
31T Poo,+Peo=1 KEDFHEFEO>T WL DA, &
B =4.0 o @i kv [C]-[O] & Pco,+Pco=
0.1 REDFHHEZTETLTWS.

ok dHic C<L0.029% K FIHEHcHITR, V-
FuF o sao— kLT b0 BENEE (VP X
1% VAP) 2BUETH B, I BETH RSx5S, -
AOD, VOD 5= (B#FOHBIC AL DE LTV —
s 00— LRRALE) KX D2THARETH
%5,

DLEREL— FVTF Y ) v o— DR DWW TR E
Frloot-ERE ¥ LT Table 7 TRt

5. 4£EM, BHBSIUSy-rvs/aRb

Table 8ir BU~VAP & IR HF T IT HEER,
SMEBL IS =S aR MCOWTOFEE TR T
BUAP (33 VAP) 03I =4 aR Mo,

installations and operations for various
Ladle Technology.

Type )
lem ¢ | BU

Productivity *| O @) A x| X

BUP BUAP| VP | VAP

"Cost of =
installations O| O | A | A} X
Cost of
operations O o | A X X

fiPEE I (KL P2 FE-L i 2 5 72Dt A
SR 2o awBEL, T-Fey X iEixbin
V) & KR+ BUAP JSRNEE T k1T % I X bE
it 5N L TOBY TH 5. an

(1) ggﬂm%{&:nﬂﬁl @(ﬁ)ﬁiiﬁﬂ]@ﬁﬁ F(H‘.‘xfﬂﬁ
5 J
(2) [BUAP m#&1=G(E7, B, RHEA, .
v v i REGD)

hHDRX Y F-G #3HET 5L, BIKTRE 200
~300fg/ T BUAP mEO LM IR b7 v Sl 5.

Uas UREEEMIS S, 7 ER, EEREEDRSLE
DY =— bHBRE LI BITHEV, ERIFC I 5 KR
OBFFMENETETERL BIFRAS 78ED, 275
EEEET, H@sPn ki) BUAP (X VAP)-
X ABSBPAIRNSOBIERREL L DLSTHA S

6. B ROE 2

e Fu5 4 ) oo —0RM 7o 2 2D TORMED
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TERETIHES, V—FrTF o /00— RNRE ko>
TEH4o0EHR

(1) kBEESo A TOLEORERLE

(2) HPS o w204 EERL

(3) fEsAEOSHL

(4) HBx=x  ARBIOEXEEEDORL
DOHRENES X VEZDULENS 5.

(1) IEBIZ>WTI, Vv~ FAVF2 00 —DEd
BRI EliE LCORE S KD VAP 2B A THIEE D
SHERITHHZ LIV S FTHA VA, BEHEED 7L
— FAEESRECIODTEDREDOERMBDO L — FvF
/B Y —FHATREPERETLLERDS. $X0
BEYE LT, SErArieonTld, &8s+
TIERBEL ALY, Bicksdsi sz tidEzohi
WTHH . ThiE, XEELELTEEY, X9
FOERBTOL-FAUFY v —5HuCR LR
B b5 THAS.

(2), (3), (4) HEHDEA > ME, BOMEE P.LIT
RPN ADLRIOFEN TR E DEE X TE LD LM
5. Wb, BT ot 20RBREWSTER 05L&
To 2L LTCOMTICIDOTEFTLTETCWS. BE
FETOREIL, BHOE-RIPE#E-L—-FrvF s s ap
— DEERIT b7 D TH B & AR SEFEsEo hic
WHEINTED, ZhBIIIRCHETITL o, BIE
DL— K77 7820 —DRANADTHL D, Wik
DHEMTESEHLMLLTRELTHALTHS 5.

FLTADREBOF MBS L OFER, Eit (@), (3),
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Table 9. Ferecast for future structure of electric
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1985 (S 60) 1990 (S65)

100%kWH | 9 1kWH | %
Water | (10 el 15y | (e | (a5
Steam (2?22) (g?;) (gggZ) (Zgg)
atomic | (330 | @9 | @t | ooy
Total @78) | (996 | @07.2) | (699

* Economical growth ~’85 6.79%, ’86~’90 4.0%
** ” ~’85 5.5%, '86~'90 3.5%
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