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Liquid Steel Refining in the Ladle with Non-Oxidising Synthetic Slag

Kazuo OKOHIRA, Norio SATO, and Hisashi MoRI

Synopsis:

The steel-refining method by Ar-gas bubbling into liquid steel from the bottom of the ladle has been
reported. But under the existence of normal slag containing much FeO in the ladle, so much effect can
not be expected because of reoxidation of liquid steel by the slag.

Two kinds of nonoxidising synthetic slags were made and applied to low C-Al killed steel.

After the

complete slag—off from the furnace, heats were tapped and synthetic slag (s—slag) was added into the ladle

under the condition of Ar-bubbling.

The effect of kinds of s—slags and lining—materials was studied and the following results were found.
1) If the FeO content of slag in the ladle reduced under 2%, liquid steel was purified and total oxygen
reached less than 40 ppm. Large inclusions (=100 x) were also eliminated.

2) Loss of sol. Al in liquid stee] was caused not only by slag but also by lining material.

Relative con—

tribution of lining—material to sol. Al loss became higher by the case of s-slag treatment than by normal—
slag. It can be suppressed, however, by using high AL,O; content lining-material.
3) The velocity of sol. Al loss was controlled by diffusion of oxygen in slag.
(Received June 29, 1973)
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Table 1. Aim compositions of test heat.
Compositions (%) C Si Mn P S Sol Al
Low Al-killed steel 0:03~0-05 <0-02 0-30~0-40 <002 <002 0:030~0-070
IS?F%BG Symbol| Slag or fire brick @j—:'ﬁ{"c‘b 6 Alea @Ei@@b \ﬁﬁ"@’ L '4) , ﬁ s
® nthetic s .
S Y 32 v 3 EMEDHIN BT E BT SIO0, DERE
T KB 2BdTR, 23 78RI, 1, I05%1,
slog
X |Low-A1,05 lining IBnELTWS. TS T5 301, Fig. licd “a
@ | High-Al,05lining
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Fig. 1. Phase equilibrium diagram of CaO-Al,O,-
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Table 2. Properties of slags.
Properties Chemical composition ! Physical properties
i : T CaO/ |
Kl;i"dzlag CaO | Si0, | ALO,| Fe,05| MnO | MgO | CaF, | Na+ ﬁ le “Siéz i H o' ﬂ mp
4381361 77| 06| — | 06| 55| 21| 34| 1-21 | 295|095/ 1150
Synthetic slag I ¢ { ¢ ¢ 2 ¢ ¢ 04
460 | 37°9 81 — 58 0 0-7 1-21 2-97 | 0-89 | 1250
” I |41°0} 96381 0-8 — 0-3} 9-8 tr 07 4-27 3:40 [ 0-95 | 1300
Normal slag 45 15 2 20 6 5 — — 3
Table 3. Chemical compositions of lining materials of ladle.
. _ Compositions
Kinds of ) ALO, $i0, | Fe,Oy | CaO | MgO | TiO, | N2,0 | K,0 | I, loss
lining materials ~—
Low ALO, 347 59-9 2:56 0-3 0-4 1-07 0-47 0-02 072
High Al,O, 898 1-45 1-75 50 0-2 0-44 0-47 0-02 0-72
k—— 600¢ —)I BoHiE v, BERTAl ZIEETM LT OHREBFL

10~20 kg/heat
Slag f

Liq. steel: 1~Q'9t

0

t
Argon gas 3~tONI/min
Fig. 3. Ladle dimension.
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Table 4. Results of experiments.

Metal
Kinds of | Ladle Heat |_Total-O (ppm) %01 Al (%) x10° 4Si N
1 linin No a TR
sia8 8 Initial | 2. .. | Initial | (T-0) |4Sol Al| —450LAL | Si initial
min min*2 dt (%) x 103 (ppm)
1 264 82 150 80 70 17 20/8 4
2 996 125 65 8 60 22 0/20 0
Normal | FO¥ A3 | 042 95 157 29 153 25 (—18/3) 0
orma 4 155 54 120 64 60 9 7/13 (0)
slag
. 5 260 192 81 1 80 16 4/6 (0)
High-ALOs | g | 902 49 189 112 88 11 10/4 (0)
7 143 77 73 2l 54 10 10/18 8
8 99 61 132 77 58 — 12/15 4
9 123 69 75 46 28 4 12/15 0
10 102 68 | 96 ., 73 23 — 12/18 2
Low-ALO; | 11 155 85 62 ;32 38 — 11710 1
Svntheti 12 133 42 - 138 85 58 4 24710 9
ynthetic 13 202 73 4 2 3 — 0 5
slag 1 14 142 92 | 10 1 9 0 7/6 —
(S-slag 1) 15 314 65 37 17 24 4 8/8 —
16 127 42 81 58 30 4 33,7 12
17 135 35 110 76 40 3 2/8 4
High-ALO; | 18 166 46 146 110 36 1 0/13 2
19 150 47 151 123 40 3 0/18 0
20 195 48 146 101 58 5 0/18 0
21 105 44 62 39 2 3 12/36 0
S-slag 2| Low-ALOs | 99 | 107 45 49 2 28 2 9/26 0
Metal Slag
Kinds of | Ladle Heat FeO (%) MnO (%) | wt of | wt of
sla; lining No Mn . a';_‘ o | it artr o Melial Slalf Note*3
(%) % 102 nitia ( ;nil)l nitia ( ;ml)l ( kg) ( kg)
1 33 16-2 5-8 8-5 87 | 1000 | >100
Low-ALO 2 22 258 | 212 8-1 6:8 | 1000 112
N 1 OW=Alets 3 20 22-8 17°3 74 4-7 | 1000 125
orma 4 31 10-8 74 9-5 10-1 | 1000 32
slag
. 5 21 32:2 | 26-8 62 76 900 106
High-Al,Os | g 41 156 | 60 | 11-3 | 12°0 | 1000 | >100
7 32 18-2 44 | 125 58 | 1000 20 |
8 35 — — — — 1000 10 | *
9 33 64 60 55 6-9 | 1000 20
10 36 . — — — | 1000 10
Low-ALO; | 11 35 — — — — | 1000 20 | c.c2
Suntheti 12 - 0-7 07 1'8 1'8 800 10 (c.c 2%s
ynthethic 13 — 2-0 17 3:9 3-3 900 10 | \FAl 400
slag 1 14 33 4-2 3-6 45 5:0 | 1000 20
15 28 69 6-1 55 5.8 | 1000 20
(S-slag 1)
16 41 11 1-2 1-4 14 800 10 | c.c 1%
17 — 1'9 1°3 8-9 47 900 20 | c.c ¥
High-ALO, | 18 43 2:5 1'8 54 4-9 900 15
19 33 4-5 44 5°5 50 900 15
20 39 3-6 1-8 3:0 3-1 900 15
21 42 1-0 0-8 24 2:5 | 1000 20
S-slag 2 | Low-ALO, | 59 39 15 | 1-2 | 37 | 38 | 1000 20

*] Minimum total-oxygen value during this refining treatment.

#3 c¢.c: Carbonized chaff,

F-Al : Flake-Al,

— 929 —

*4 With much N pick up, that is, strong oxidation by air.

*2  Sol. Al value at the point when total-O shows minimum value.
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Table 5. Contribution of respective reaction to sol Al-loss.
I ] i Mean value of variation ' Contribution to
Kinds ! Kinds  Selected | of elements sol Al-loss(25) x 103 Note
of slag of lining |  heats I'—dsol Al - 4Si AN y by by
i (%) X103 (%) %103 [(ppm)| 4Si | air slag
Normal Low-ALO; | No 14,19, 26 63 9 1-3 12 5 46 | With less
slag High-Al,O4 | No 23,25 84 7 0 9 0 75 Al-oxidation
S—slag 1 Low-Al,O, | No 3,4,6 30 12 1 15 4 11 by air
slag High-AlL,O, | No 17,18, 20 45 0 07| o0 3 | 42
]
t With much
S-slag 1 Low-Al,O; | No 1,2,13 57 5 “ 7 19 28 10 oxidation by air
0040 2 2 70
(Si0+5A1>5A1,05+Si) O'Heat No 7
® Heat No 9
O
0030 | - 00 @ f
) Q. 0 ~ . _
s c—)%fogob 0 N pick up 8ppm
[l o) N
ol ~o
o _ [ ] —*
0020 | B ece™® °
OO' O 1 1 1 ] 1 Il
0020 0060 0100 0020 0060 0100
Sol. At (%) Sol. Al (%)
@ Al-loss caused by SiOj-reduction 0-012(%) Al
©@ Al-loss caused by slag 0-008(%) Al
@ Al-loss caused by air-oxidation 0°034(%) Al
Fig. 4. Presumption of Al-loss caused by air-oxidation.
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Fig. 5. Change of total-O and sol Al in liq. steel.

0040 +
- [Heat Nglining material
! Low~
. S
0030 | o
S High-
—~ 20 Al03
X 0020 2 =
p—
@Al goi0)
1 1 1 1 1 1. 1 1 1

C 2 4 6 8 i012 14161820
Ar bubbling (min)

Fig.- €, Change of silizon in lig.-steel.
XOoTHFIENERRER L, TO—HMBEELRAENLD
zriX5dnLEZLND
3-2 Si0, OETLICHITIBATM = IHDOEER
Mo Si o FEMEIE Fig. 6 wRT T THY,
E7VvEFHEDSA = 5 OB 15min iz 0-01
%P kD St O LRSHB. Fig. 7TCRRBIA =
MEXIOCRAS /OBETEIC S Yoo 7 o TREE L
DTRL. G7NVIFHEDIA = THOFERITID
ZOLERBRFEFCNEIL LD EB5bIS.

zhd Si O—HEMILMOREBTHEET 52 &3tk
MOAEHGRESLLBLRTHES, 00l o Sip
FTRTH SiO, OFETHAET S ETEIhiC X 58
FEIZ 0°01(%) X =20 00114 2 b 1l4ppm ic

28 (Si)
HiET 5.

T
o o |
o %l I a : :
x 60~————|-———‘—1—r——————!————-
gl 2 L Y |
—£LL b ————y . owm e
Rz O[T |
2|8 las 1 L ]
g 20 I N
\I, ‘L I | o) IA
0 » : ; —aaa-
|
%) T o |
.. 0020 Il el e iy ety
£ [ |
e = l
75 0010f——chttte Lo ||
w | | o I,
[} 0 . t i : aa o
1
. | I
Kind of Normal | Normal ;
IS-slag I :S—slog I :S—slag I
slag slag ; | slag |
Ladle-lining Low - A1,0s High- Al,Os

Fig. 7. Comparison of Si pick up among kinds of
slag and ladle lining.

003 Ninihl“inq 1-ALOIN-ALOY 7 With much\ 2
F<oi00 o | & (CpiCk up
by cc

20100 * A

&

o 002t o

3

-

L

o . o qQp

0 00! : o] o A
Z;_) Oc o

N A

0
010 020 030 a0
4 =Mn(%)-215Si (%)

Fig. 8. Relationship between Si pick up and
p—factor.

NEMOKREH T ALO; RTHY, &MEEIET
ppm EFTTROTWS Z 2 Exdbbwd & SiHHil
DOREFE S ELTHFET O LHEINSG. ¥k
Fig. TR LAEXSCRUETVE FES A = T2
FALAEIS Si o7 o PESPRDZEREBDIX
BIMEROERIZX VHEBAIHS.

Mn-Si L EEEFETOBE Mn (g pg=Mn-2-15
Siy BEAEWVIEY, LUAOBENKEL LD, AlBE
W EBBEE»ZOTHEL RS LOBREWILD LDE,
Si Yo7 78 (4S)) BroABEEcsestTs e
Fx, 4Si L p LOBR% Fig. 8 WiRY. Mn OER
0:20~0°40% & \WOREWEKTD, # BRELRH
FISEESHE AT S Z AR IR AloEEizow
Thx Fig. 9 WRLAD, TORRITHERE Linv.
3.3 BROLBFEEXETIER

BROBERIOERLELT, NEFRIENEZRL
7oefER ((0tal-O)min) #HH, MBS 1 = 7'

— 3] —



198

g & M H60 &£ (1974) ¥2S

003
7

. o <025
2 0 [025030
: 002 e | >030 .
3
=
o
=~ o0 e T ’
o~ E o
v . o °* o
&
N

Sol A! (%) (initial)

O 1 ! 1
0 0040 0080 0120 0160

Fig. 9. Relationship between Si pick up and

O) min fHIZES,

sol. Al
Loz~ Slag N;’;‘;’ S-slag T {S-stag 1
N Low- ALDy - A -
200 | Si0,160}-a1,0{35 ]
High- ALO, -
f m:,(gm-;o:(lsl ° & ~
isol! Equiliblium PR
< i Relations __ _ —v 1o
£ \g (ct1550°C) RADMIROV
o \
é 100 n \ .
O A .
AV T S
50 + N - * o &
~5 2 N e BN
O ¥ 3 . 1 |— - ]— — L
0 0020 0040 0080 0080 0120

0100
Sol. At (%) '

Fig. 10. Relation between Total-0 and sol-Al.

Epn tBFHBNB. Fig. 11 11 (total-O) min & F DRHA
BICSHE T 5 2 5 7' FeO 8 L 0GR E 7143, sol Al
MBR— LR THIIER T 5dh FeO HR{EVIF L (total-
BB RIC 2T WB T L5 b
%. FeO 2 29 LPIFC sol Al 23 0:030%5), EdhhiE
(total-O) min VX 45ppm AT/ b . 54 =2 FHDO%h
BLLUTIEAS ' th FeO EREVEBIRIIET VI FE
4 = VOB LEEREE ppm ETFL, O
ZhEBED b b,

EBRAT TOBEOEEIIIZEAEAD LRI
3-4 NEMCDNT

BMP X0 BR LA 2y KRB OBIEC CHRX
N MEDOPIZ ERME T CRIRYEIC X >THE
L'C Photo.1~4 7R L7=. Photo. 1 EX7N2F+ 55
AE—TdHH, ALO; DA X VEBHD L, Mn, Fe &
MRz A5 D LHH%5. Photo. 2 1 ZBRIRD 7V 8
F L HEENIAENMOHITHS. Photo. 3 1XERIRDK
MAEWOEFCERO TV 72524~ % LD
TWaHITHD, MRRKOKBNEWIZTOMBEL I XS
T E T BRI AERKT S ALO; DERLIZLID E
Zxz5bh5. Photo. 413> V& — b & LTHEINA
EMTHY, K7V FI54 = SRIBEROBHER L
Fr—DTELRELHEINI:.
BEEBREPER LT, NMEPOKRE TR ICEFRIC

Lad! inuslag “s;"q'“‘ 5-slog1is-siog I
Low-AlL,Os| *® L -
High-A1,0;| © | & |~
Note "Sol. Al <0030%
200 |
| Q@
€
§ 150 -
= (Sol. Al <0030%)
£ 1
© oot s
o
2 - “Sol. Al >0030, low-Al;0s
= fining )
50 L - o’.
r@‘/x {High~Al,0; —lining)
O 1 1 1
(o} 10 20 30

FeO % in slag

Fig. 11. Relationship between minimum values of
total-oxgen and FeO content of slag.

BFIXOR S5 FBERT sol Al 8¢ (total-O) pmin & DEJ
e, INETEBEINTVWS FigiE L & b ic Fig. 10
R L7z sol Al %3 0°030% DAFicic® & B+ 58
FERRBC LFT 528, EEHET b FROEmS X2

=
[Size of inchusion
NG 17’3
|1 | z0~a0 | [] Ca-Aluminate +Silicate
L, [2l=o~e0 1 B ALLO,
[17:synthetic siag-High ADs lining 2 | €0 ~s0 | 1 A[O, - cluster
|2| so~ioo
2110025 | —e Totab O
20 | | 6 | 250500 ~ 200
[ 7] sco~7s0
8| 7s0s d1s0
1O+ - 100
S
s 1
i mlb A0l clen o B ol o
Fsire [123ase74fi2. sez8| 23 se7 |1 5. 58823 & |23 s €
| 42 | &4 69 | 14| 134 i7a 196 | 7 &
t [16=synthetic siog = Figh A0, | E
o 20| 1200 £
= 8
- 4150 _
2] * @
5 I0f \ {10 &
] 3
e Eﬂ —_— - 50 =
= O 1 RO {mo o 3
[size [resasezsfiz s # 2 3 |ea3s =
[Time ] 33 95 1ras | iras
I |!: Normgl-slog 3 -
0 | 200
i {150
10 3 ' J100
B P R "
0 A1l o
lSiu ! » 3436781123 36.8]123 56 afieaassr {12 aser |23 se7s
=N 48 | 51 76 86 116 126

Fig. 12. Variation of inclusions and total-oxygen

— 32

during Ar gas bubbling.



JEEIEESR R 5 A X s IRAEHQE

199

b

Qualitative identification of inclusion by £.P. M.A

Element. ' .
Inclusion Al Mn Fe Si Ca Ti Mg Ref
¢ tt - - - - - — |++ main eleme-
‘ + detected
b ++ + + - - - - — not detected

Photo. 1. Example of alumina-cluster.
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~50ppm ¥ C{ETT 5. Zhicki LT S-slag &N,
B rsq4 o 7V BfERAOe—F (No 1) T
TWEFIIAE—PSCHIVY o D LTIVE 3— bR
T — A NEET A R TV T L N R
% 8~10min I THIHE ¢ OXBO7VIF 2 TR
E—REELTVWEDIE, FeO (16°3~5'8%) D@
A2 TR Al L ORISAERDO B ETWPICE

ERENRTWALRD LELZLNS. D% VANEMORL
BN EREBREE (o) LBLERSINLNED
B (Ireact) D—HDOEERAFNHEWRE (@ Ireact) DE
TERLINDZITTHD,
AI:AIfloat.'—a IReac't ........................... (])

BMOEIFI—RTHDHDT, HERALFEHalZ—F
EHIED. LB DOTHNENMOBLEN/NE VT &1
IReact BPRKEWVWZ EZEHKL, LROETEIX Cv@ﬁiz‘ﬁx
I FeO Bt XD KELSBEINDZLEERLT
W5
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Identification of inclusion by E.P. M.A

Compo nl €0, |:a1,04 |i Si0s | MnO | Feo Tio Ref
i aQ. |! | | " i : ! R
Inclusion sttion : Bt 2’3 : ' 2. " € Ve ‘MgO e
P . o . B | . [Mg:qualitative
c. 130 :aoo NO. 1O | 1O | C @ analysis

Photo. 2. Example of inclusions classified as alumina-block.

| 4. = 8®
41 JEHQO sol Al FLUSHMER (T-0) O%
BICDNT

BMERBANTHEBEL VWA Fig. 3 kR LA®
®, ODEDEDDRIETKRDO T L EfEA DL IGH
BHIOoTWwWa:

O AloZgic X 5EELEBZE

® =257 FeO, MnO % Fic & % Al ofs{b &

BILERM OB SRS, FENEDORI

® F1=rrDRAEr Si0, ® Al C X 5&T

4, BMOFHFLE VISP S T-O EnFdhic &
{IEH L TE/235, sol Al 8 0°030% DI k3 Hhls
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BRBEREOEFI XV OT, T-O BiRiaHdicy
BLTOBNEMORESME, FEORSICX DT
5 Al OFEEALARMPIBER DTS XA ENE KBSt
DERMBERD BOTHREI2TVELDTHAS. L
2T, T-O OFDEEIX(2)RXCRbED
_ » —dAl

B d('(li; 0O) =k (T-0) — g ] ororeee (2)

B : Al>ODHRECE &1 ALO; D% X AL (R

k o B_RoiREee
F7e, Al OBLEGRKRTRD IS

3X
T M e (3)
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JEEB{LEERAZ ST X 2 RMIEHQRE

Electron image
Identitication of inclusion by E.P.M.A

Compo- Si0, | MnO
Inclusion2tion Ca0 | ALO3 i0, n

FeO | TiO, | MgO Ref

j 100 650 | 60 | 90

20 | - ®

dAl

(2)RoxAL 55 Al ot (-5 ) w=®
SEROTES 5, ERST A oo Al ORBEE, ¥
KRS I LoBBEOMBRERELT S o0BETD
WT, RICR SN2 EBE AV U TICER L.

i) Al OyEsHEE

Al OBHLRISS Al O & EET DI,
X DRAGHEE (4) R CRRTE 5. -

—%———%L-%[%Aﬂ .................. (4)

V : BRERE ¢ 1'36 X 105cms3
A RSFETR : 2°8 X 103 em?(IFH- 2 7 7 REHR)
15X 104 em?{ (JASA-R 5 &) +

Photo. 3. Example of inclusion classified as Ca-aluminate with alumina cluster,

(VEEm-MEE) ) SEMR
Dpy : VBSRP D 7 v T = o 7 A OHREUREL ¢
2X10-411~3-5%x 10-5 18) cm?. sec—!
Ov : IBEMAIOWERIEE A : 3x10-319cm
AR O BEZIATEE(4)RT(4) 1Ths.
_41%Al] [;/;’AU =(8:0%x10-2~1-4x10-2) [9Al]
(%Al/ min) Cetrereeseeress st ensaers
i) 257X OBEROHMREE
BArpRfAs n 2 5 4" F ndkib X h.

b el ATSERY Y 23]

cerienneenes (4)!

%4 FeO. ¥ wEIX

. D .
fnpeo=4A - ';S—SO—(CFeO_Gll?eO)

— 35 —



202 g L B

5 60 4 (1974) B2 2

m X400

Photo. 4. Example of inclusions classified as silicate.

D,
~A 5" + Cpeg +trtmreereertaesonnnnn (5)
s
fipeo : 25 VD (FeO)YDENWT 5 » 7 2 (mol -
sec~1)

Creo : 25 7t FeO E/VEE (mol-cm~3)

Cleo: BIH-RA 9 FREICK TS FeO D NIRE
Cteo=0 (Al 2+FiTHEVEE

Dy : 2 5 T OFRFR OYAHRE
4-9x 10-5cm?. sec~120

0s 1 27 FRIOYEEEES  1-0x 10720 cm

x : A5 FeO 0ERE/C— %> b, Creo=3"9X
10-4. x

RIS % 708 LEEEED mass balance X ) (6)H

RILT 5.
_% . ;—2 . d[%‘_’:ul,;zlﬁ.,;geo e (6)

o BWMOEE (7'2g-cm™?)

LR UERERAT S L (6)RIT (6)' ks,

—%=5'94X10‘4-x (%Al/ min) ---(6)'
R(4)' & (6) XOVEAEMH L LTRABLLR

5.
5°94% 10-4x =8-0x 10-2[25Al]
x =1"35X 102[Q%AI] eeeeeeena (7))
(4)' & (6) RNz THLickb, sol Al &
L5 7H FeO & (x) LOEWBEARI D, Al JREk
B &7 DB & MEBEUHRIEE L L SEEE Th2h,
ZOEREFIT(7T)RTE LSS, Fig. 18 ix(7)
REERTRT & & DTEROTMMEZRPiC F o » b
Liz. (OEIE Al HiEE L ZE 2 bh5EHTHY, @
FIVIEER GhrAEE & 2 S 4EE, QIR PREERTcH 5 .)
L, BOBDODDE— FTDOWT sol Al-t 2% F oo
LT, ToRE XY RSO Al O {bEE %k
A5 5 (FeO) BH 5z (FeO+MnO) £ & D%
7% BUNT sol Al & pBS{R% Fig. 14, 15 wR_L7 X
PRVFSEMSLE Si, Noys7, FokEwe

— 36 —



FEE{LESRA Z FIC X DIRMIBMMOE

203

— N OBESHRE LIV OASEER & LTRSS, 4H
DEBRIFETIE R T 7' L D OBRBEPIAHRE L F X 5 HH
/0 HYUTHD.
30 ! e E HIBEOUMEETHS L LIIR T It FeO &

g / \ OEMSZLE T Fig. 16 OEME 75 HES I bh

2 20f / : 5. AEROHEEZ(8)RID R 5E (Vi) PERLE

3 // ° ) BLEZ LN

o d(FeO) D, A

1o} /: Azeo) controled - dt - ds Vslag (FeO) -oroerer (8)

by(O)diffusion 1 D A
3// S . | log (FeO) = — 5=~ - 630 Vmg .t
Oo 0050 0100 0150 ' ---(8)'

Sol. Al (%) in lig. steel

Fig. 13. Dependence of kinds of reaction control
step on FeO content in slag and Al con-
tent in lig-steel.

Fig. 16 hOEMROAE LD (8)' RicES& Dy &¥

Uik & Table 6 1758 L7z
~3°67x10-5cm?sec~1 $x S,

D, £ 1T 562x10-5
(6)' RTHEALE

-3
x1Q - -
v :much Si, N pick up v:much Si,N pick up
30 u
o eq (6) o
=
E o
£ eof -
i @ fe) o (o]
g
os 10} o B s R * ¥
Al
|
L A4 [ ]
e a@ [ ®
[ ] L]
L i 1 ] 0L i i
0] 10 20 30 40 O 10 20 30 40
FeO (%) in slag (FeO + MnQ) % in slag
Fig. 14. Relationship between (—dsol Al/dt) and FeO, (FeO+MnO) in slag.
x| 0-3 ..y:\?helic slag Normaol slag, —
v : much Si, N pick up| ~ S;qz(v)n. Cining | Slluoqswt. H'Lh-A}
— 30+ Ol >20 v ay 72 |Low-21,0
= , D o o B Y 2
E o 400 a [Figh- 20
R o 300 H
_,oeor 200
< ° ®  eqi4)
3 .
o ® 100
\ 10} E 8o |
£ eof
o ! L L g u(“).‘ 40 \.\
0 0040 0080 0120 0160 ~
TN
SoL AL (%) 20k -
x\\
Fig. 15. Relationship between (—dsol. Al/dz) and ol
sol. Al 70 2 4 & & 1012 14 16 I8 20 22
Reaction time  {min)
Fig. 16. Variation of FeO content in slag.

— 37 —



204

% &

¥ 60 &£ (1974) B2 2

Table 6. Calculation of diffusion coefficient.

: Slag-volume 1 d(log FeO) —1 A ‘ tangent 1
Slag- ht T = = _angent
3 ag-weig - W, o angent 7 2.75)( 5~Veing Dy X 60
! 1 == . . -
; Ws ( kg) ! SET pe (cmd) | (min-1) (from Fig.6) (cm~2) ‘ (cm?/ sec)
° } 106 35-4x108 | 8-0x 10-3 2-88 ! 46x10-5
VAN 72 24-0x 103 i‘ 1'0x10-2 4-24 : 3-9x10-5
o | 64 21-3x 103 [ 1:0x10-2 4-78 ; 3:5%x10-5
O ; 32 j 10-7 x 103 : 3:0x10-2 E 9-26 i 5-6x10-5
Where Diffusion laver thickness =102 cm
Density of slag ps=3

Reaction area

A=2.83% 103 cm?

Dy=4"9x10-3cm?- sec-1 X131F —F T % ENELN
7. L3> T Fig 13 @R LR (7RI, Alo
PREGEE OHEE I (4) RAPCHA L7 B8 Y Tlr-o
fofcdd, ERCRERTRLAEI S B30
Zzxbhb. ‘

T Hie Fig. 11 @R L7 (total-O) pmin & FeO & &
DBERIE (2) REBFEZH LR OZE {23 sh
(FeO) BICHBTBDOT (2) TLiEExH,hIbA
5.

d (T-O
_% e (2)0

(T-O) min 1X d(T-0)/dt—0 DD T-O BETH5

DT (2)' RX&D
k(T-O) min— B’ (FeO) =0

—k(T-0) — 8’ (FeO)

(T-0O) min= ——‘Bk—'(FeO) e (2) 1

L7 (T-O)min & (FeO)
TE5.
TNTUoRERLESY KIBCE X CHIBORIEZ XX
REXEOREEHET 20T L, HIE
JEHR TV S D/o WM T 2 S EB B RE (K) Wukik
FORHE () DR E LT(9)RTE L LR TWS,

E O OE B R D LA

L7232 T, #IF0MSIcX Y 2 20, X5 FHERD
TR KRERESECEVLE ) ISoOEERITEDL
LRWEEZTIWTHAS. FREHESELCHEVE
i, ERECHBAROBHRIC X BB Lo, X
7 VDHEERAS, T4 = THOEBACRRE O AL
EDNEEELSS.

4.2 Al BRCHNTIHEBEFEDOEE

LG, A VEPTHELBMOERMILSEETED
BETOWT, 257 X5 AlBLEEEL Si Yoo
7y THEEARARENPKRELRLLIBETOVWTERD
BED D &I Hlg Ute.

e i) EEAET
Dimension Inner diameter Liqg-steel head
Ladle ( mm) (mm)
1t 600 500
150 ¢ 3000 3000

i) Al OE{L#EET (6)RITHES.
i) $HEEEARmNAZVD Si ¥o s 7y IR
DREZIRXCILT—ETH5.
BMBEMERY ) OBME-2 5 2, BE-TMERER
DA XD RBERIRBOEH sol Al 25 5ic k5l

K=const DO7.y08.[~0:2.,=05...coeeeinii (9) b, Sity 47 o FHicAH ALz LIIFEBIASE L
D : YrExfRE LHTHHH, FHEFER%E Table 7 R L7
u R 150 ¢ FE4AChE |t INEH AT BT B LT R S
L RERET 5T (& RIERBDNE) Ik B Al OFLIZE 1/6 KU, Si 0o 7
v @ BYREELRE EbF /SRS TS KBRBEFERAT SRR
Table 7. Camparion of sol Al-loss and Si pick up between different heat sizes.
T Heat size IT 150T
\\ Ladle Dia 600 ¢ Ladle Dia 3000 ¢
SoérAslil;Siik up —_— <1iq steel head 500 (liq steel head 3 000
Sol Al lass When slag contains 159, FeO 0-089 0-015
(26/10 min) 7 1-09, 7 . 0-006 0-001

Si pick up (%/10 min), (Al equivalent)

0-010 (0-0124)

0-002 (0-0025)
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5 7t FeO MRIEFHWERIX Si0;, oFER /I
3, BRA S SEERT BT ZOF S HENEICK
X<HEVEHTA = TS T 5RESLECERS D
DLEREIND.

5. ¥ =1

ERE7 LV F 0 FATIREFE> SHH L2 IRERA A
5 2 L ABEBRILDOT-DIC Ar NT Y L FRTFEDTD
B ABESIE LA SRS LAV, 2T 7Tk B
OFBIbEEILT 57201 FeO HSOEWERAS 7%
BIEL, ZhZIEFER 5 LB ED» X BEOHEFLHR
2RI LT OERE2B.

1) #HAI7LLTi Ca0: Si0, : Al,O;=38 :
42 : 20(S-slag 1) & CaO: SiO,: ALO;=50:7:43
(S-slag 1) D =fEE % 2 LI 5 BERAKDEV S-
slag I ZrhOictREt L.

ii) 25 7 FeO REVE EEHHPLSEREIEL
Y, A5 5H FeO % 1~2% iT§hiffy 15min @
FATLNT ) L I EOLEEE 40ppm DIFIET L
FBtu D EOREXEFTLNEDIXTLALED
B b.

iii) sol Al 5% 0°030% LIFic/es & 2HEERAK
W ERL, 25 4thd FeO BEWTELMRERIT—K
LEWEZRT.

W) 7N FHEMTIA = FEINRBTERR
S TEEE LRIl 0001~0-029% @ Si 7 v Wb Y
Al 38580 0~609% 1t Si0, F ORISITHEAT 5 &%
zbh5. Si#ng LHE Mn & (p) ORIKIEEY
FEBIMID SN DA, HTNEI FEIA = SRR
FTHZLIXVEHIETE S,

v) 25T X BHEFF sol Al OBRERISEA S Y
POOBMEHMBIC I VEEINDZIIDLEEZILNS.
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