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The Decarburization Mechanism in Rimming Steel

Toshiharu SHIMAZAKI, Yozo TAKEMURA, and Shigeyoski FUKUDA

Synopsis:

There are many studies on rimming steel but very few of which are quantitative.

We have examined both the progress of solidificatinn and s+l

-~ p——

€33 O soucincation and the variation of composition in 1G~22 t

low-carbon rimming steel melts during the time from pouring to capping. From these results, we made
an unique quantitative investigation on the decarburization mechanism for rimming steel after pouring.

From this study, the influence of oxygen coming from air on the decarburization reaction was
clarified, and the decarburization reaction was classified to two types. One is the decarburization
reaction which arises from the reaction of the carbon and oxygen discharged, during solidification, due
to the difference of the solubity for melt and solid steel. The other is the decarburization reaction
which arises from oxygen introduced from air which makes the oxygen concentration in melt deviate

from the C-O equilibrium.
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1.

Y & FIORER QR EIC DT, (63K E D % < O
THH D™D, BT C-0 KIEDRT 5FMn-OF
TEBAGR DAk L 72 C-O K IEDE&HET &7 2T
YD L, TR I vsr7 sy . Lok
DOOBRABEED WIEA L, BRER L ERIICRITL
7o DRV

bivbivid, FAKOBRMOERERGE & BEdhokRE
EEMR S OPEE b 21T, BREEC O Witk T
R DTEAS bERI R 2, BP0
BRABER OB R o~ DEMWE 20 5ol Lk

2. A E A &

AFEGHHEIY 160t 0 LD SF TS L 7 10~20t
DERFEDO LT E Y & FEATHS. EHRNCizC =004
~0°12% (A T) OFEFACE{L X #7225, Mn, S 3%
heh 030, 0°02% ®i#ETH 5. LIngasic oW,
HEHOBRERE S L O REEISAR S e AL 7.

FREEm» DY AFE XDVl D(cm)=0-28
V' T(sec) &5 BBRADHBIERIN TV SO TERBET
IXEFFRERS 5 OBREOZEIE L 7 BIESERO K X X,
HEAEM% Table 1 TiRU 7= HEIEEXEASRSR L3§
5 dmin ZrEWWERNTIETOR, 15Smmeé Dik,cq
TERRIAE OFR OB ITIBO T ETRA XETHLD
o BABBTHMIZRECART OB S % (iR

T

(mushy zone) |, Z DOF&WBERL €4 FAELRIC LY
DlfEE [EHERER] EE L. o4 7O AL
TR L fTlobisv &, BT > THIESTIEMIC
. KL THIEZ TIECL Ak 21, ThHORERIE
MBS FICREC &, Lo b o4 FRADREEEA~D
WL <, AEMBL, e R OB VTR ER I
VEER T DTz,

REEE ISRy DZENT 13t & 20t g b &
LT, EAER, {FA Smin #, ZHENIHT 0 B5E X
UHEIERORG DY 7Y e T2 CHEL . ¥
»7Y 3 Fige 1 RLEY 7)) v &% (25 mm
¢ X100 mm T 6 mm¢ DOEIFMITIHEEL THD) &
B NFIEMBEE TEEL, IV RBROFBEEE DL
KRTRWE, R 50 mm HXOAGETYRIL TH
by 2Tk C, Mn, S 2535 L7 (2 S5 .
Ol DB .U 58 3g Y1 L TEZEERET
SFL K.

3. B E & B

3.1 JREREARLESHIIERKR
EAZOHRIER, L OREBREO—FI% Fig. 2 1T

RLE. WTFhofdlic v T & FEAES157%15~20 min

DA L BaBGIEESE S, FHENT RIRRE CEEm o Y
* BM43E9 R, HELIARLSHEBRASTTCEE

Bf4EI ALTBEZM
*»OHmAFHSEG A ERSMN

— 38 —



YA F 8 o BB B S 1195
Table 1. Characteristic data of experimental ingots on progress of solidification.
Mold Mold dimension, mm Ingot Melt Melt Ladle Capping
name weight C temp. skull time
Thicknessl Width | Height () l(x1029) | (°C) (t) ( min)
SB 103 640 | 1100 | 2200 . 10 | 8 1620 0 30
SB 124 640 1300 2200 ! 12 7 1 600 06 32
SB 132 822 975 2400 13 6 1610 1-0 30
SB 173 848 1100 2700 17 6 1 600 0 39
SB 204 765 1415 2700 | 20 7 1 600 0 40
SB 225 730 1630 2700 | 22 9 1 605 0-3 35
{a) Sampling method for melt (b) Sampling method for mushy (c) Sampler
Z0ne
3iOcm
Melt
S e =] Mushy zone
(- - I~ K- K]
Solid
Fig. 1. Sampling method and sampler.
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Fig. 4. Solidified and mushy zones just before
capping.

Table 2. State of solidification just before capping.

Residual .
Mold name melt Mushy zone Solid
(t) (t) (t)
SB}103 2-95 116 5-88
SBi124 3-64 1-41 695
SB" 132 4-26 1-42 7:32
SB-173 6-41 1-33 9-26
SBT204 7-80 1-87 10-33
SB}225 8-67 2-08 11-25
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Fig. 5. Comparison of C just after pouring with
£ just before capping for melt.
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Table 3. Characteristic data on experimental ingots for decarburization.

Melt Mushy zone
Mold Capping Just after pouring Before capping Before capping
No name time 7 | ] ‘

{ Mn { S 0] C | Mn S I O C Mn S O

. xlO 2x10-2 % 10-3 x10-2 x10-2x 10-% X10-2/x10-2x10-3
e % % (PPM % % | % (PP e 1Te g | PP
1 SB 132 39 7°7 1 30 20 350| 6°6( 31 26 390 50| 30 26 370
2 % j 28 54| 23 14 510 35| 21 2] 590 | 35| 21 18 580
3 4 30 74 32 13 370 7-1] 31 20 350 | 45| 31 18 280
4 z 31 1'10°1 } 31 18 240 [ 11-2 | 34 33 220 | 10°1 ] 33 34 200
5 v 37 . 6°2] 36 15 460 | 3-9| 26 22 590 | 40| 28 20 580
6 SB 204 35 12:4 ! 40 22 220 | 13-2 | 41 34 2201 13-2| 43 36 190
7 % 40 7'3 1 28 16 380 49| 27 23 460 | 4-2| 27 22 400
8 4 ‘ 32 {84 31 17 310 | 80} 32 25 30 | 7-4 ] 32 26 330
9 ” i 33 i 6°31] 31 16 450 0 50} 29 24 560, 54| 28 21 410
10 ” 31 63 29 | 17 | 440 48! 28 : 23 500 40/ 28 22 | 410
11 ” 36 . 75 32 18 ‘ 400 | 49 23 24 430 | 497 30 | 25 380
iz 3B 225 30 a 10-3 i 33 17 ! 246 1 11'41 36 32 236 1 1601, 35 | 26 220
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Fig. 6. C-O relations for melt and mushy zone after pouring.
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Fig. 7. Discharaged carbon (Cd) and oxygen

(Od), caused by difference of solute solubility

in melt and solid steel during solidifying, for the melt of 25 C X9 O =0-0025.

WTEBIE TR 5. T Ao & K FE B oy
(C, Mn, S, O) It DoWTIO A I XIc X235

DEIT, IS5 ofMEO C, Mn, SioowTlit
B2 22 V3 50 B dvie /s o7 (Table 3).
HFAZD C-0 0FWr Fig. 6 /iU A [TAER

I L D R AL, 5 min TIHEIT e L
T, IVLARREETFI% ) 5 v s o o THERS
LTWaD. b, FFRINON ST EEEIRE T
TLCVWHHDEEZLNS. N oERE o C-

OFWHMOLT NI D ICH oM L, (REEE T Y
COMENEHED LS ThDL. IoWRIIERoY
TY O EFRIREN B D O, fhAEREO 4k R
RF %00, $70F25 DM L 501728

B

JaT

eSSy

— 4

4. SRINOBRHEE
41 FUNFMRROEL
I DT, EABEHRCH 0°09% LIl T

5L

E%C X hishnl

ZOWBE

0°09% LA ool yE#R Il C kA
0:09% LI Tl ivﬁﬁi""& SR Mot
WO LS T T E D 2L

EelH O Z e, Fﬂ-l WA OB R 2212 X2 T EE
grnshal A, EEER b . Z owErR i
XNDHE T 4 Rk S 2 gEERE (Cs) . J. 4.

BurTON!®!Z X > T H 2 Hiu7-il
Cs=Kp - Co=Ko-Cr/{Ko-+ (1 —Kp)-e~/3/D}
TS, Ko W3 P#i ke REL Co, CL 3%

1 —

-

— o



1198 & & 9 3 56 4£ (1970) w9 =

Table 4. Data for calculation of concentration
in solid Cs.
C (@)
ko 0-292 0-184
, J (cm/sec) 8-1x10-2 8'1x10-3
6 (cm) 3x10-2 3x10-2
D (cm?/sec) 2-4x10-¢ 3'0x10-¢

(see reference 4)
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. 8. Relation between C just after pouring and
the amount of decarburization.
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