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Fundamental Concept of Metallic Solidification and Its Application

1. %

BEEMBHEROHHEAET CA L kb, LWEEE
W7 TR % L I TE R\ A%, ZhidEE
BEHKCE L, 24 LT, notaiBEErvE 258
LRTWINedTHDH. ABTREBELHHTOTB
BOEDOBREPLIELT, ORBZ LT 5.

o o-r FREEESHEC Shigh 2ot o
REOUPFMEAER LT X s, FIHEBELKL
WREHEOBS ThH LD L Ex bhs. TR
m-EHAERII vy FRAEBhZ LD — W
B ThHY, HBHEHOERLILBN, kBT
TV BEALIREORE, BREBHEOFBELRLCEZD
BRANRWE IR TS, ILCESES L HEOHE
P IR D, BREMDENER L DT, TOERE
NEEINR S, S ORD AR EME & SBE
DEEXIEIET 5 Y, BEGRT X 2EHEREL
NELR, FBREORMBRORED LR &2
HETEXZ X 5B eERFEDOHEIVLETHD.
B vy, FOBELECEL, BEBECKT 5H
GELFEERLEYRD, EBRNE X OHERIETC LD
TREBBABOEGLHEEC L, Kb EELHGERE
HET AL LDETHS.

2. REMOVBRISE 0-r KREWEE

RFMD GERRIE FIfho e WHENRKIGLT 1
HAERTHBERTHY, TODEMHO dmEEHEE N
BEEEMTXLIRETORBID 5 5RKIGETHS. D
T, EBEBREBRBECK UL, ARG TRECERL
7o v MILARNCHIGRG 6 SR EE DT A i
h, FhUEDOBEBRIGOETEGT S Licins.
F DI bRRAMEETRE 6 HAB IR LRk,
ZORER S D v HEANOERBTERKIGEA OB
THF Ll biel b, 83K, CoREEL
T, AREECIDER L 7 8, BEA» DR
FoIEEZT TARO § HllcET 5 2 L X B4

il

Tadayoshi "'TAKAHASHI

Photo. 1. Dendrite morphology of Fe-0.39wt2,C
alloy specimen which was cooled down to 1488 °C
at a cooling rate of 0.05°C/s after keeping for
[.5h at 1498°C and was quenched at that
temperature. Circles are traces of XMA. (x37)

BEEEED o1 BEIBH IR TWBYD. L,
ARG ELE S REMD 6-r FrEAE A ERATCHKRE
LclizZ LSl XscBbh’s.

Z2E01X, Fe-C ZnRAESB JOEPMEAB L L
T, ARREREETOMEDREcAA L, Ro&
B re, EPMA CTHIE LR A0 RREENST & &
CRERTEROHEBEIC $ & ST, d-r BRBEHE
HE L.

2-1 7y HOWHICKS -7 THe

EBEBHENC R 5 0-r BRENED X 5 ETT S0
%, WL EERTS 0.39wt%C o Fe-C =%
BELE 0-r TREOZ LD 0.08 wt%C 2K & DEER
BRI LESWTERLTCLRD.

Photo. 1 {3 RFEEEN0.39 wtyC nRE% 1600°C

W1 61 4£ 5 A 6 HEZA (Received May 6, 1986) ({k#EMES:)
* JeigiEAR¥ L¥E % Tg (Faculty of Engineering, Hokkaido University,

Kita 13-jo Nishi 8-chome Kita-ku Sapporo 060)

;
|




i M B ™

BE o XBEWNLRHERLE oA 2177

0.22 0.14_0.31 0.30/0220.44 0.18. 020 0.24 035
mm%gla 25¢ o_l_'{,azs 0.18 0.21
626 P,13:0.10°0.13 0.25 01076.23 028 0.27 oze

.1170.07 0.07 005 0.18 0. xs‘?tu/oso .3
0.1 7/ 025007 ofo 0080!8 02\57 0.40 0!5
0.27.0.30 025-{_)_]__?.007 0.1 I 9._2_‘0 ozeXa)as 0.10
5 013

036 060038 O27OI3 OlG\OIl Ol5 0.23 0.14

0.37 0.42(0.31 0,29 0.20 0.19)\0.10 0-07 O30\0I8

041 0.51 0.4! 037 0.32 033 0.21 0.32 0.33 034
046 0.35 0.44 037 0.37 043 036 032 0.37 4I
048 043 040 054 05 44 038-034 054 044
0.39 04:[)76-04\ 0.35-0.40 0.33 0.29 0.22 O 5

0.53 040f0.30 0.25 0.24/0.16 0.17°9.19 0.20
050 059 0.21 0.21 078 0.25 005 0.i0 0.8 o

..............

062032 oos 0567 0.11 0.10 007 0.16 o-ra/u‘u

or&one'ooa’oos/ous 0427637 055014 0.26

0.18 0.06 0.12 0.16,0.22 0.27-0.5570 20 0.27 0.27

0.1 8 0.13-0.19 025/032 .31 0.26 0.26 0,23 030

0.26 024/036'0«43 0.32 OZOD!B 0.29 028 0.4
0.36~1.38°0.18-0.22 0.19. OIO 0. ITOBB 048 055

oss{'z'ro 14 OTE 01 7,/0347556 026519032

0.67 0.80{0.07 0. 12’6’2’2 50,037 027 0.19 026
0.34 0.21 o l?foé 40 o42>~52 0.34 0.24 030

0.36 0.33 056 026 0.40 04470.28 0.35 0.23)047

Fig. 1. Carbon concentration distribution in the
Fe-0.39wt9,C alloy specimen shown in Photo. 1.
The parts enclosed by solid and dashed lines are
the solidified region and the untransformed §
region, respectively.
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Fig. 2. Fe-C equilibrium phase diagram used in
the present work. Arrow in the right side of the
diagram shows the carbon concentration of the
specimen shown in Photo. 1 and arrows in the
left side show the conjugated concentration relation-
ship between & and y phases illustrated in Fig. 1.
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Fig. 3. Microstructure during -7 transformation
in a Fe-0.08wt2,C alloy (upper figure) which
was kept for 1.5 h at 1494 °C and quenched at
1482 °C, and carbon concentration profile (lower
figure) obtained by linear scanning of XMA.
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Table 1. Chemical composition of commercial
carbon steel used for the experiment of §-7y

transformation.
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j —
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Fig. 4. Frequency distribution histogram of carbon
concentration nodes in the commercial carbon steel
specimen shown in Photo. 2.
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Fig. 5. Frequency distribution histogram of carbon
concentration nodes in the commercial steel specimen
containing 0.28wt2,C quenched at 1478 °C.
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Fig. 6. Frequency distribution histogram of carbon

concentration nodes in the commercial steel specimen
containing 0.28wt2,C quenched at 1474 °C.
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Photo. 2. Dendrite morphology of commercial
steel containing 0.28wt%C quenched at 1486 °C
after continuous cooling. Circles are traces of
XMA. (x100)
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Fig. 7. Relation between equiaxed crystal zone
ratio and carbon content in continuously cast bloom.
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Fig. 8. Change in fraction solid of § crystal f;(4)
just before peritectic reaction and fraction liquid
of y phase f;(y) just after peritectic reaction with
respect to carbon content. A and B show 0.67
fraction solid and 0.67 fraction liquid, respectively.
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Fig. 9. Increase in undercooling owing to iteration
of melting and freezing in the Fe-C alloy specimen
processed for enhanced undercooling due to addition
of REM. The removal of slag layer was carried
out after every fifth consecutive cycle (position A).
White circles show the case in which slag layer
was not removed.
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Photo, 3. Change in dendrite morphology with increasing undercooling in Fe-C alloy,
(a) unprocessed and (b)-(f) processed for enhanced undercooling. (x90)
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Fig. 10. Effect of melting-freezing cycle and
removal of slag layer (A) on undercooling in Fe-
C-REM alloy (Sample weight=2800g).
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Fig. 11. Effect of cooling rate on undercooling
in S45C steel processed for enhanced undercooling
(Sample weight=200g).
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Fig. 12. Relation between undercooling and time
from liquidus temperature to initial crystallization
in carbon steel processed and unprocessed for
enhanced undercooling (EU).
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9 : Leading wire.

Fig. 13. Experimental apparatus of seepage
method used for determination of fraction solid
during solidification.
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Table 2. Equilibrium distribution coefficient %,
and « value of each element used for determination
of fraction solid during solidification of commercial
carbon steel.

c Si Mn 3 s
ko 0.39 0.88 0. 82 0.25 0.02
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Fig. 14. Relation between fraction solid f; and
ratio of solute concentration in liquid Cy to initial
solute concentration C, for C, Si, Mn, P and S,
obtained by utilizing seepage method.
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Fig. 15. Relation between fraction solid f; and
temperature difference AT from liquidus temperature
to corresponding f; temperature in carbon steel.
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Photo. 4. Macrostructure of unidirectionally
solidified ingot of Al-3wt%Si alloy used for
feed measurement shown in Fig. 16. (x5/6)
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Fig. 16. Comparison of measured and calculated
fall of molten metal'level in the riser due to feeding
during solidification of Al-3wt%Si alloy ingot.
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Fig. 17. Fall in molten metal level and behaviour
of the rate of feed during solidification of Al-
3wt9,Si alloy ingot.
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