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Abstract

An artificial hole was made in the solid-liquid coexisting zone of a solidifying carbon
steel and the interdendritic liquid flowed through the dendrites into the hole. After the end
of the solidification, the specimen for chemical analysis was taken from the flowed portion
in the hole by a lathe and the contnt of each element such as C, Si, Mn, P, S was determined.
The hole was made at various temperatures in the solidification range of the carbon steel to
obtain the relation between the temperature and the solute contents in the interdendritic
liquid.

The fraction solid of the carbon steel when the hole was made was determined by
comparing the measured solute contents in the hble and calculated ones obtained by numeri-
cal analysis which takes account of diffusion of each element in the solid. Furthermore, the
lowering coefficient of solidification temperature of each element was estimated from the
relation between the hole making temperature and the solute contents in the hole portion.
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. B O L BEIE Y V< VRN T T fo. P 65mm, S 150mm D7 VS FY KH
ZH#9 2 kg OHBZEFIEROEIGRAR 2 EA L, REOP AR 13 mm OT VST EERE L,
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Table.1 Chemical composition of SK5 steel used for the experi-

ment. (mass%)
Element C Si Mn P S
0.86 0.26 0.38 0.02 0.02
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Fig.1 Experimental apparatus of seepage method used for the
measurement of solute enrichment process in the solidl-iquid
coexisting zone.

1: Alumina tube 2: Thermocouple 3: Tammann furnace
4: Alumina crucible 5: Solid-liquid coexisting zone
6: Cylindrical hole
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Fig. 2 Schematic illustration of solute distribution profile
(a) just after the end of solidification and (b) at room tem-
perature.

Tadle. 2 Diffusion coefficient of each element. (n?/s)

Element C Si Mn P S

107° 3.3x10713 1.7x1078 1.5X1072 7.7x1071
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C OIEBRENITIZ, 0.22~1.59 mass% & FLEHYIA W IBEHIF T, 1023~1573 K O — A7 F
4 MEEEEIC BV CEIE S NEY 2 A7z BRI 227 2 EEHR, BUEIPICRRIE L 7 BEx
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SEIOVEE BB L T, 1.43 mass% O CIEE OWMAPEFL B L, EEF CTREBRT LS
A, HBUC X D BSOS C IR, 1.43 55 1.33 mass% 23 5 Z LKA L 72,

Fig. 3 R3EHER & BE L O C OEEZ C.-C, L BHB» SIBL: COE L OBMREFEL T
RLIebDTHD . BHEE AR L O CREEZEVKEWE, HELBETO C DIEHERBERT %,
Z O Fig. 3 OfEREACTCEREEO CEBEOSBEREMET 2 2 L, CEUtOITHR I
LT, RIZIEBOBE S DABHIESLER Z LML 20T, FEOHEEER{TI> ZCL
770 '

3. BRELUEE

3.1 umfg:gé_FL- & E 7:# :) rggliﬁ'ﬂiﬁjfi
Fig. 4 iZMBZEFLEHZEC & VR 7 SK 5 HHOEFERIE» & DRERET AT Udf“?é 5T
DEEIEEZRLIZDDOTH 2, KOBEIERBIBIC B 2 BIUEOWRE L VIHBE L O CL/C,

0.12 7

o
(o]
(00}

o
[am)
(op}

o
<
~

AC / mass®

(o)
o
N

0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
C.— Co/mass¥

Fig. 3 Diffused content AC of carbon from the cylindrical hole to
surrounding region with respect to C.-Co

C, : Carbon concentration in the cylindrical hole.
Co : Initial carbon concentration.
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Fig. 4. Relation between AT and C./C, obtained by seepage method
for SK5 steel.

.. - Initial solute concentration
o : Solute concentration of interdendritic liquid flowed into
the hole.

AT=Tg-T,

T : Equilibrium liquidus temperature of SK5 steel.
T,: Temperature when interdendritic liquid flows into the
hole
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Fig.5 Platelike model® for dendritic solidification.: (a) volume
element in a solid-liquid coexisting zone, (b) coordinate sys-
tem in the volume element, (c) finite difference grid.
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Fig. 6 Changes of the concentration profiles in the liquid and solid
regions with the advancement of the solid/liquid interface!®.
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Tadle. 3 Fraction solid estimated from the
solute enrichment of each element
in a carbon steel.

Co(%) CL(%) fs
0.76 1.14 0.53
Si 0.27 0.31 0.22
Mn 0.44 0.50 0.53
P 0.17 0.31 0.54
S 0.01 0.20 0.57
£=0.48

Tadle. 4 Equilibrium distribution coefficient of each element used
for the estimation of faction solid.

Element C Si Mn P S

0.39 0.86 0.83 0.22 0.02

Tadle. 5 Reported equilibrium distribution coefficient of each element in Fe base

alloy.
Element C Si Mn P S
0.30' 0.50'® 0.75'® 0.06'® 0.02®
0.34 0.54*% 0.78® 0.08' (.05
ko 0.35'" 0.95'® 0.09'®

0.35-0.46'® 0.13™

0.35-0.50'®
0.36'®

NOFEBMBIEIE L2, 2 LT, HBEIEHEC L D RO LEEHEOBHIBROEE C. LEFE X
BWEAHIRE & B3 —8 L 7R O E R ALE > & EfRE 2 RE Lz, ZOFHE® C, Si, Mn, P,
S D5 ILRICEL TITV, ETLRB RO LEEEDOFL 2 b > CHERBOEMEE L, 20
& D RETEO—fF]% Table 3 1Z/R T, Table 3 OB TIF, Si OEMEEIMO 4 5 & gL T/
&<, ZORBTFHEREEL 2ELTw5, 5EROGOEHBEARE-BLZThER 520w
TThd, 22T, TNODEENKEVEEITIE, FEIHW - FEHEARREZL T g n
bOErFEZ, Q)RR T L5 WFHYEHEKEZRTREOBEEDZED 2 T2 LK HEIFHEL,
ZOEFERC LI 28BS PR/ ER D LD WK TTEOFESIEFRE 2 HREL 2,
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Fig.7 Solute enrichment of C, Si, Mn, P and S in the interdendritic
liquid during the solidification of SK5 steel.
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Fig.8 Relation between AT and fraction solid of SK5 steel.
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Tadle. 6 Chemical composition of specimen used for the determination of lowering
coefficient of solidification temperature.

Element C Si Mn P S

0.80~0.90 0.21~1.95 0.61~2.0 0.02~0.37 0.02~0.45

Tadle. 7 Lowering coefficients of solidification temperature for
each element determined by seepage method.

Element C Si Mn P S
Hirai et al® 13.0 4.8 30 30
Phase diagram 66 13.0 2.3 34 46
Present work 69 16.9 7.2 37 47
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