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Several Phenomena Taking Place in Remaining Molten Steel in
Large Killed Steel Ingots during Solidification Process
Dr. Yoshitaka NAKAGAWA and Akitsugu MOMOSE

Synopsis:

Several phenomena which take place in remaining molten steel in large killed steel ingots during
solidification process have a great influence on those internal guality. Thus, it is essential in making sound
steel ingots, to bring light on this problem.

In this report, floatation of segregated molten steel and settling phenomenon of crystals was studied to
which especial importance have been attached among those phenomena.

The obtained results are as follows:

i) During the solidification process of steel ingots, the comparatively fast movement of solutes in
remaining molten steel is behaved, and the concentration gradient toward the top is formed in it.

Such a phenomenon cannot be explained unless it is supposed that the segregated molten steel moves with
some mass.

As a mechanism of floatation, various things are thought. According to the result of authors’ model
experiment; it was shown that the floatation of segregated molten steel is acted even in static steel bath at
velocity or the order of 10-2~10-! cm/sec which is able to explain various phenomena taking place in practi-
cal steel ingots.

i) It is assumed that the inertia flowing of molten steel taking place in pouring process has a great
influence on the movement of solutes in remaining molten steel at the beginning of solidification process.

i) The theory that natural convection (thermal convection and solute convection) will take place in
remaining molten steel during solidification process has been strongly supported. But it is still unknown
how far it will mainly act.

iv) So far the theory (gravity theory and convection one) that crystal particles are formed in remain-
ing molten steel during solidification process, and that they settle down to form the negative segregation
zone (settling crystal zone) is strongly supported. However according to the results of authors’ experiments,

o
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such a conclusion was obtained that this theory has many problems, and it is rather unreasonable to

explain various phenomena taking place during solidification process.
(Received 5, June 1967)
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Cooling
water

Fig.
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1. Experimental apparatus.

©

Table 1. Combination of liquid A and liquid B
in case of changing ps/pa as pa/pa=

1.169(constant).

Liquid A Liguid B }

(Glycerin (Ethyl alcohol / /

solution) solution) OB/PA | HA/OA

wt 9% wt %

125 | 90 L 0-793 | 0-0121
19-5 80 ¢ 0-805 0-0145
370 70 | 0'824 | 00148
250 50 0857 | 00171
255 40 0-870 00174
29-0 35 0-881 0-0195
23-0 30 0-905 0-0161
210 20 0-923 00152

Table 2. Combination of liquid A and liquid B

in case of changing up/pa as ps/pa=
0.84 (constant).

Liquid A Liquid B
(Glycerin (Ethyl alcohol ,
solution) solution) #B/ 1ta #aloa
wt % wt %
53 | 50 0°375 | 0-0522
40 40 0-772 0-0290
34 50 0-970 0-0232
24 | 60 1351 | 00166
13 i 70 1-643 0-0122
1 ! 80 1-940 0-0091
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Fig. 2. Condition at floatation of liquid B.

~,\_ﬂ/m_/’(‘_q

//////

///// ////

S -~ 25{cm)
///

Y -
“,
Ym0
//,/

——% - 10
- 5
0
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Fig. 6. Floating velocity of segregated molten steel.
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HWECELTVWEVEARELTE, TH»LEBLTE
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BErEABCEOTEFREINSS. ThbbLThEr
S LA, RGBSR SN 5B RAERE R
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Fig. 17. Interrelation among segregation condition, thermal

condition and crystal growth in liquid adjacent.to
advancing solid-liquid interface.
BOBENCXOTLHESINDE ZLBHEEIND.

—7F % L bridging BEBRRBRETWALEE LD E, R
P ERD NAIDER S DLF IS IIRE R OMB I & D £ S
72EEZB IV D, LU AAIBOSH D4 REHI 1
TCENTEREINILEZDEREYTHAHS.
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3.2 cenvection theory

IKIT convection theory T&H 55, Z DORIT HEE S
BE. ETE VICHGOUBRRICS 5 & i e
FEUTHEREDHRERPITR bbbt n Tws
2, BIRGOKESZ B L CEE RISV TH
LWEESSRLFOA A D725 X 5 I@s R AE ST ik
ENS B LV KREWMEIETS. L LKA,
i 04 RIBHF T 2 BEOHEMR» H XX DA FE
DETN T EDEPND. FTRbLEBFES Y f.l &
LB OEFRIC I, — Tk & bS5~
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BT AR VHhY b SR GaER S, Lrok
R UDTEHMSEOREMSEF B S X 5T
. LMo TINARERL TV LAE T THEHILVES
SR T OARKI T b e ocl LilikS. LrbiT
SRR B ERICRERL TV ARKEE, &E R,
5¥ 5 ETEMASEIELA T~ FOERSHEB S
HEEIICHNS L TWwa. IN6DZ L bick K
SOFE BRIV THRSTabiicE L THFEHRD
MBERER L BEERTHD 2 ENEESND.
H2i0h LRESR T2 iic & D LB s B & L7k
&, BRFHOLBEER) OBRE b ebd KT +rEE
DS F ORBESIL /L TfTebn o B0 20D &,
BRI TH S

3 AR OE RO ERPREGHOULBRFR TS S
Lt 5y, —RICHKGEOMERSIZEE -THLI L
M, BIRHTER D HLIE SRR & S TR OFHN
MO BT D

T M X 5T convection theory MEEITh DI
WHRAEE 2, FRrOMEE BRIV CERCT
bhg rF 2L L, HERESHESS ADND.
Lo T oD X HHBEMNEDICET S D &L TELH
HOERFER A AGT 5 3 EHEERLOTREVEHF X
LOPEYRTHASD.

4. #*

SR OEE BT TAET L HRRII OV TEE LOEW
FERARLC2, 3SBEEAR 2. TNDLORREE
BT HERDEDILKRD.

1) SRBEEDARR T, FRIAER T SN R VA
BOBEH» i, T2 5 R, ) REAED
TR AT biLs A5, O X 5 LTI LA mass
%A, D FOIKEE T O RS A EE L\ & B D7
FHO A H = X 8L TEEBAELLNDY, FEDD
= FOVEREERIC I, BT L IRLERO TS
EERMBCATIRREBTL S5 HE (1072~1071
cm/secDF — & =) T{ilehivhd I &R SIv7e.

i) SBLOEEINIC BT D RERTE To BHOW
B LT, BHABIICAE T B i IO R o7
DEEL B XTI LB HEIND.

i) LR R T VAR A ERIR (S AR (ther-
mal convection 735 UNT solute convection) A3 Z D
T h L OBAED, FRAEEOEIICKH L &R
B ERHICVER L TV 3 200DV TRB LTy,

iv)  GESESRBE o IELEFL TR S REn kO
AT L, AT ISR L B RS (LB

[l

) AR+ B & OB (gravity theory 7o UNMT con-
vection theory) 238f< TIFXN T E7H, T O/ ik
BHEE S S <, BEGRETATIHREEHMT 51T
DLATHEYTHD LOFHEE-.

B IC T DRI ORE R T SNk S A AR
ARSI R SR EFT R RS 5 K, RATHREE
FRESEEF HE R, 70t CNC TIE R 85> R RTR
FEAKMEE, FATERBIFREN R CBEE
£BY 5L LI, ERCEHHShRRREFRS D RE
BEEE, ¥ BORBURMOBEERT D,
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