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Mechanism of Gas Evolution of Rimmed Steel

Synopsis;

Koichi ASANO and Tsuyoshi SAEKI

During solidification of rimmed steel, solutes are rejected at solid-liquid interface, causing deoxidation
reactions to form CO, MnO, FeO and 8i0O,. Mechanism of the reactions is expressed by a mathematical
formula, which could be applied to the C and Mn segregations in a rim zone and compositions of non-

metallic inclusions respectively.

The amount of gas generated during solidification and that of oxygen absorbed from air are calculated

by mass balance of solutes in several ingots. The amount of oxygen absorbtion reaches to 0:02 kg/t.

min, which gives a strong effect on CO generation.

Therefore gas generation from a capped steel is far

less than that of a rimmed steel. The gas generation is considered to be caused by two different sources
(the one from the inside of diffusion boundary layer and the other from the outside of it), and the ratio of

the former to the latter would be 1 : 2—2.

In a more accurate study on a mechanism of bubble growth during the solidification of rimmed steel,
much more attention should be paid to the gas generation from the outside of the boundary layer rather

than from the inside.

(Received June 28, 1969)
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Fig. 2. Solute concentration near the solid-liquid
interface.
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Table 1. Some constants.
Element Distribution const. Diffusion const. (X 10-%) » A Eq.uilibriur‘n const.
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Table 3. Measured composition of liquid and solid of ingots.
Test Cr Mng (73 Siz, CS Mns
No (%) (%) (%) (%) (%) (%)
1 0072 0-385 0-046 0-006 0-040 0-365
2 0-067 0°300 0-049 0004 0-032 0-290
3 0-069 0-350 0-035 0°007 0-037 0-335
4 0-074 0-295 0-052 0006 0°040 0:275
Table 4. Measured composition of oxide inclusion.
Test FeO MnO Si0, Al,Oq MF%% IS&S(?)
N 0, ) /) o,
o (%) (%) (%) (%0) (%) %)
1 18-8 51'8 8-1 18+7 2-76 0-16
2 25-0 600 86 56 2-40 015
3 34-5 30:9 11-3 16°7 1-12 034
4 29-5 374 11-2 18-2 1-27 0-30
av= 1-89 0-24
005 AMnO* AFeQ ® Asio, = 1111 =00471%
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Fig. 6. Relation between kco and Cs.
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Fig. 14. Calculation of gas generation.
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Fig. 16. Relation of oxygen and carbon contents
in liquid steel at the end of teeming and
before capping.
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Fig. 17. Behavior of oxygen after teeming.
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Fig. 18. Oxygen absorbed from air.
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Fig. 20. Changes of CO gas generation rates.
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Fig. 22. Changes of oxides generation.

WCERT HEB{LMOBRICHETD. v v HYy, & 7
A ELRGT HBEREOMOLELERT. BREPIMITS
WTRAREBLHOBERHEZECSVW TR EALE DL
VWi, BEOBIHCEOTRELRLY, K& LR
OPIADT I b D BE T, BREOHRTLE & DA
B b BIIRECHINL T 5, EBEOKESIRVE
AT AR RIIEROEITE LITbTATRD
DR LTS, L LasS SNy 58

BRI A ARERT X BT & B DK

BEONT UATREDTLDHDELEESI NS,
SN OIS N ENEZEETT DTV,
1.4 HARARICELIEZITHRFERTOER

BHhOBESE R, ThETEEHELDAREDT
FEF X LT\ B IDENEROID I 5 1T P s Al & I L7V 4
LSERRESERC IO THESINTS D, ERRRIC
BVWCHRREZEEGEEOHRL TR HTVE =
YABTXOTEASIND.

Fig. 23 17, 100 ¢ ER{FIC T 2 ANDRRER
BrBmESHEEOBKROEMNELZTT. SO EAE
BIEL O MR EHCRESERELBRAEHEEOH
BrEbFT LT HEBETH S, UBOFTRILEE
BE L TRESERLBRAAROMICRRL Btk
D ELTHED. COEMERT~TRAMITINML
o7 =0 WEMBCYEOBRELMEL T, IRH
M7V =9 nEHS 0g/t OFEOHEREER. &
Bz 7T = almEL 50g/t,100g/t,150 g/t D
COBRFRLCEYELIWEL T, RARALE. T
DESRLTELNREESERLBESHRORMRE
LME DB B3V TIEo>RICER L b i 7.

Fig. 24 ic17 t #4% (142 5cm X 87 0cm X 190cm) O

| BE AR OISR EE > 52 ScmrE L trE i

BIF5COHAFARCHYUTIRELFIGT 58EOC
@) Tk LIS THHOBRECL(%), < Mni(%)

AR
R\
- 3N

N

ol10

__A/=0 gt

! 50 97/t -

B 100 97/t
4 150 971
200 97

* | —
————

— R
\\

O W1%,
/
/[

0O 002 004 Q06 008 0i10 012 014 016

C. wt%

Fig. 23. Relation between carbon and oxygen in
the ladle. -

— 99 —



1324 & & 8 # 55

4 (1969) E145

25cm from the surface of the middle of ingot

BRI KT D RELBEROBEGYE

— "Mn.=020% 0 BLIBEOBETORELEELID

o7 T 0% e 009% CXBCONRLITBNEES
—— g 050+ /2_/%;" ﬁ%klé S SO N Eﬁm@%
OCs === »  O70: ,/fé" BE, T =D LARIMER /T x — 4
422//’ |_—a7==007%| iz LT Fig.26 KR L. FRICIh

E, RESHEOHEMCL>TCO F 2
LR BEREBEOEX, HHERFIEET
RAEZRS X5 hE k2L, TOREX

EZRTHRERERX, 703 =9 A0m

prmg———

=== l003%| BRI LoT, BREMZBTLT

{%.
DI OBHCXY COFR LI HER

FE, BIVIOBHT Ly COFRL

002 004 006 008 OI0 OI2 Ol 016 018 020 022 K5BEENFILITKED, zndbaim

C. (%)

A EbENETESHELTCOFTRIC B

Fig. 24. Effect of metal composition on CO gas generated by the MERETS IS TERRS OS2 415

mechanism 1.
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Fig. 26. Effect of metal composition on CO gas
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mz:M}'fzﬂ B N C 2 )
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TH5.
S TCRBDORE, FL, MRTREEE & BE A%
ERL, RERT IS LGHTRESND.

2 - %}ti 2m< f A REAEE T (49)

dR - 0 (my—mg)
2 ) = RS

SHNLEEREF Do e eoe (46)

SRS EER T 5 & EOEFE
k-3
2m2+_‘3(mé—"—'"2) N T o )

BHEBEBHRES hd & & KR g iTEitsh
5. ZDLEDKIBER R 13 Ry XD DOTHITHE
<, WOEHZMRLETNIEL bR,

8 (my—myp)

Ry= _—_m e (48)
P T D ETCRKRETLHHADS L np TGN
RIS LT

_ aP3® | 2nk34C,

M= 6RoT ms
T (R B s 1 R +m3}"
{5 g —ms®—3/D +min 375

A 49
rzic

- 8 (me—my)

= 2m2
THEZLND. Fic ng TOWTIT, '

P /4 \
nz:RG—T(?”R“S)—m B RN V)

PORGTRDBENTESL. STLHTRAFELEn T
D ng OEIX, (49), GO)R» 5K by my/m;
BEzIcL & m/(ntng) FI2hE ne/n BED XS EZE
It 5reRODLLENTES. .
AHETI WIS OEL LT 82x10-3cm %A
L, Ry DL LTERMROUIBHER? S 0'3cm %
BRAILT, m/m & mo/m ORfREFRDR. Fig. 20 12
ZDXS5TLThRDI m/my & nofmy OBUETHS.
D™D nafm VX me/my CITELRFIF B T L Hbh
5. Fi my/m=—-0'014 TEWT ne/my=—10 kg
D, ZHREERAEICRVTAEUH AT X2oTRIES»
PEBEEE LD FITKE L a2 TCHIEHTBRE, £
OFRLIMNITEADBEHE S LEWREZEDLL T 5.
ng/ny & myf/m &75>.|:tﬁj”§"5a.k:b>l5,

no o mg /CqACz .“(5])
ny m,, kIAC'I
LB mofn BESICHETE, Fig. 29 #5875

5
/
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Fig. 29. Relation between my/m, and ns/n;.

L_kk.lb meo/my BKED. —F Ci, 0i, Ci' 1 IES
Lj‘{ﬁ@, u.@f@?ﬁ’ro 4Gy, 4C: %KD, (B) i+
BEGRD B ko/ky SEETED. ZORE
ke/k;=0°354 . --(52)

AGoN . KRN RAT DB O R B KT
Hieh N (fE/cm?), KiusEHT 5 ETORME
(sec) 55L&, MMOBRRE,OETIHRADRE
HEE dGr/de 12,

V,N
dzT =T”_ (NI/SEC) - wrrmreesmerresiense53
: u
zze
V,= -—; nRu3><273P x 10-3
TEPND. LAsoT, |
der 4 L 23PN s
gt~ g TREXT X X0
- (54)
E—gl LT, CrL=0'07%, Mn;=0:35%, Or=

0:059%, & =0-0082cm, f=0'0159cm/sec, ps=7'8

g/cm3, Ry;=0"3cm 5B THE T
dZT =2'00x10-*  (NI/sec-cm?) - (55)
/5. LichoT .
Nky=0700661 «-ervereessrcnesaarnnrinnneres (56)

e % TOMENSRIBFELEDTT b TV BIBRF O
N ({@/cm?) ik, k OHENRTES. .

ER® Y & FREBIERWTY I T oY 2 BT
BN TV HEOKMEREL TWBBFOKIZ>WTIiE
BED L ZAHHEET HHESELEL, ity
DHARME S RY v, L LS, b LERE
OFZEE L Tw 250 fH, [ERELTwW5
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ThHdhIrb,
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Fig. 31. Comparison between calculations by the
two methods.
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