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Process for Enhancing Undercooling of Molten Steel

Tadayoshi TAKAHASHI, Kenichi OHSASA and Junichi TANAKA

Synopsis :

A process has been developed to enhance the undercooling of molten carbon steel, by controlling the

heterogeneous nucleation catalysts with addition of rare earth metal (REM).

Molten steel of substantial

mass, processed for the enhanced undercooling, was easily undercooled even with comparatively smaller

cooling rates.
tion except for the surface layer of the ingot.

creased due to REM addition.

A chemical analysis showed that REM components didn’t exist in the ingot with REM addi-
Furthermore, the number of nonmetallic inclusions de-
It is considered that inclusions, which are active as nucleation catalyst, are

attracted to the inner wall of alumina crucible used for the experiment by interreaction between REM com-
ponents in the melt and the crucible wall and the active catalysts are removed from melt.
The microstructure of specimens after solidification was investigated in relation to the degrees of under-

cooling and recalescence.

In the specimen solidified with significant amount of recalescence, nondendritic

structure of homogeneous matrix with precipitated graphite particles was observed. On the other hand,
dendrite morphology was observed in the specimen solidified with little amount of recalescence even

though the melt was highly undercooled.
Key words :

solidification ; undercooling ; rare earth metal ; nucleation ; recalescence ; heterogeneous

catalyst ; carbon steel ; solidification of supersaturated solid solution.
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Table 1. Chemical composition of carbon steels used for the experiment (mass% ).
C Si Mn P s Al Cr Ni
0.25 mass % C 0.25 0.19 0.47 0.017 0.013 - — —
S45C steel 0.47 0.21 0.70 0.023 0.024 0.03 0.16 0.06
Table 2. Chemical composition of mishmetal(mass% ).
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The degree of undercooling of the specimen without removal
of the surface layer

Fig. 1. Relationship between the degree of under-
cooling and the number of repetition of melting and
freezing for Fe-0.85 mass%C binary alloy ingot
with REM addition. The surface layer of specimen
was removed after every five times repetition.
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Fig. 2. Relationship between amount of REM
addition and degree of undercooling in 0.25 mass%C
steel ingot. M. F cycle indicates a cycle of melting
and freezing.
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Fig. 3. Solute concentration distribution of Si,
Mn, Al, Ce and La along the vertical axis at the
center of the ingot with REM addition at 1 813 K.
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Fig. 4. Solute concentration distribution of Si,
Mn, Al, Ce and La along the radial direction axis at
the middle of the ingot with REM addition at
1813 K.
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Fig. 5. Solute concentration distribution of Si,
Mn, Al, Ce and La along the radial direction axis at
the middle of the ingot with REM addition at
1913 K.
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Fig. 6. Change in number of inclusions with re-
spect to REM addition temperature in 0.25 mass%C
steel ingots.
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Fig. 7. Degree of undercooling observed in speci-
men of 20 g in weight taken from various locations
in a mother alloy ingot with REM addition.
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Fig. 8. Relationship between cooling rate and
degree of undercooling for steels processed and
unprocessed for enhanced undercooling (EU).

80
70
* 60
& H o 4
§ [ ]
g 50 4
[y ®
2 .
40 L4 ——r— e — O
&
@ °
(o)
530————— L]
@
(=)
20— @
o)
O 1 1 1 |
1813 1853 1883 1913
1823 1873 1923

REM addition temperature , K

Fig. 9. Relationship between degree of undercool-
ing and REM addition temperature in 0.25 mass%C
steel ingot.

DR, NERoOBRZE, BR-BEOHER LEOHEMEL
BAER T LT B OBMR-&E THA% 32 EMLEE
BLETHH. F2T, FO-OOBERNBEELRETL
7. 2kg OR¥ L BEM%, REM % 1200s (20 min)
WKbhZzoTHEBIZHGTHEML, Z0®kBERET
3600s (1h) BR¥E%2475. Z0M, 600s (10 min) &
MBI R BRICS 2 . RERTHRET L 2240
OFPF T, ZOBRMEIR LA T HERLE .

Fig. 9 27 )V 3 + %21 % T REM O iRMiRE
% 1813K~1913K T 4 BB ic B L 2 € 7B 08



1606 % & @ % 74 4 (1983) % 8 7

HEORL R T. RIREAME 1813 K TidBaikE
BIEEBH/R S v, 1853 K BLETIIIZ—E 085 E
FRTEHIERD, HmAG0K FToOBRGHEIESRT
Wh, ZOfEE, BR-EREBOETIEICENES
N7BERE B X2 0, —HEOBGKSUPE T 2
kg DERE ZORKOBRGE I CHBGEEISLI LG
TEFEELHRTHS.

Fig. 10 {2 REM R0k & 508 o WARIE & O 4%
4. REM iSO o b & 3012 AL B 1 B AR 1Y
ML w0 s A,

Photo. 1 (ZFPBIEREIC X 0 BN L 70 & 3R S5 BRHE
WO MBI E LY REM RINEE & i S8 TORY
MBS, BGEI K% 53L& 2 B0 AGE
o, A5400s (1.5h) BEOSETER AWV ET
Y, FOOECBEEORIES T D BETIE LV,
MEEPHER /NS v Photo. 1 (a)TEMHEELZ 7> F
4 MEESBIE SN, T IICRRLTW R WASHED
72 R L 72 REM SRR O S FEREERE & 23
FHOMBIAEL/R L. 2 2T, Photo. 1 (a)D4i#l
OEFERONBETETER T 5 &, RIS A E R 2 58
BABEsND., CofEEMEE, Fig 4 1257 L 7
REM 15 @ i I8 46 L T B Photo. 1(b) Tid,
Ty P74 MEES T P TESSY, Photo. 1 (a)&
& LTELIBMAIELTWA. REM IIBEHDS S5
2& W Photo. 1 (¢), () TixF > FI 4 MEEEIZEIE

TERLD2THY,
Bigts i,
REM iRINIRE 255 < % L MO BE I £
B0, BRICHVT 520N OFE G, S HE L
T, bUetEom b & OsA R 0 F L oM Eas
ERMEEHE T H L CEHEELFRH L E AL TWA I LN

& ARG T MR A E S D

80 1
|
70
X
[}
£ 60
B
@ !
gso}b0—
X i
S 40 —+ o |
bt °
@
§ ] O} S E— 4- ® ®
g
20 ° —+ o
H . * T
°
10 ® -
e
°
e | !
!8!3‘823 1853 1873 1883 191 |923

REM addition temperature , K

Fig. 10. Relationship between difference in re-
calescence temperature and REM addition tempera-
ture in 0.25 mass%C steel ingot.

"IOmml

(a)1813K (AT=20K) (b)1853K (AT=54K) (c)1883K(AT=57K) (d)1913K (AT=60K)

Photo. 1. Change
temperature in 0.25 mass%C steel ingot.

in solidification structure with increasing REM addition



BEERE O B G % 550 S B LR

1607

Eibh3.

5 ASELBRESJUHEE

Fig. 11 {2 REM # i L 72 S45C WMo & &85
LR L DERHLL 72 2X 10 2 kg O/NRBRE % AR L,
0.67K/s & 0.69K/s O _FHOGHEETCEHHL,
115K, BXT 100K OBHELHR SN OGH G
Y. BHEORFABERICHV Y v = Y HFRNOET
MEHENDLETEOLIFHLLZLDOTHY, —7,
BEOHGIE, GHARICBWT, BHRRELD
5K EASEMEHET A 3 ToOM, AFHESMERICH
ZFAdmm OTNV I FEYEL CHEEMELDY 30mm O
53D 5 50 ce/min DIHBETHEEYREDIFAHIELAT
D7z BHEE 115K ORE O I IR BRI 70K,
—H, BEAWRED T AROEAIC3AGIEA 100K
EHBHRKEVIIOELLFHBIIEALBESLE
V. Photo. 2 (¥ 27 ) U EERIFIKERICE DA L -
MEOHB L RYT. BFHEA 100K T, HE#A»ITLA
&7 v Photo. 2 (b) Tkl 7> F5 4 FMERENE
FEANDH, BHES 115K THEAH 70K & B A

0] 100 200 300 O 00 200 300
e { F + 4
1853 (S) (s)
X
- 0.67K/S 0.69K/S
2773
>
5 TUf—- R -
g
g 1693
@
’—_
1613 w.a
Time
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distribution of an undercooled S45C steel solidified
with significant amount of recalescence.
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BBErBE SN h 270D EELLNS.

6.

il

ImM&ﬁmfa_&u;h @ﬁ@ﬁ%ﬁﬁﬁ%%w
HALBREIZ > WTHE L 7-. 186 780 8o #1E,

&ﬁﬁ,ﬁﬁ%@ﬁ%%ﬂw,%m%%kgow
REM RN X 2 WG AR C>WTHRET LA, 20

HE, UTIZARLZENFHELNE RO

1) REM %ML THER L - BEEHERONEEH
Brac L, iEm L - aSieAnEstomuwEaR®e 2 b,
BEOBER-BFEOSEE LIZE>T, 0.5K/s BEO
BRW2 LD LAGHEETY 1kg OBEHAH 100K
I CHETA.

2)8% 857200 REM MBS 3 REEIsH b,
0.25mass%C T2 0.75 mass% PR LBYETH 5.

3)EMICEIL 72 REM Ko i s ER iR L,
PR, SBFHAT O AEERZEIE AL 2. REM
AMEE# 1913K THL$THE, LA REM B
SR A S B DI EEEICHERR S A

4 )REM #INEE%L 1913 K &5 < L, REM ik,
BH T 3600s (IWHFLGHTAEBER2kg DB D
HRKOK BEESELIENTESL, COFEICLD,
ER-BFEOBER L LOB WU TIOBREDOMAGH
BohbZ e, EHEADRLOEEZONRS.

5) S45C SOMEGEE 115K, HE 70K &% & H
L7238, 0.40 mass%C O¥— B » A+ HrHY
(A 10 um DEKIRD BERAIGHF o4, L Twb
MR TH L 2 LB e n . il AsiEEE
ﬁﬁk%0<$®t¥x%n%

6) K& BGEREE 25 BB L7225
DEHART, BHHEKEICBEELYREDITA L, 100K
BEOKELBGEMAT LTLHABIIIELEALEDON
Huvn, ZOL) AT EBfaIEGBARER SR T
iz, BEOT Y FI 4 FIREEHERRE 2 5.
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