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Synopsis:

Microstructures of steels during unidirectional solidification in zone melting have been investigated
by mainly observation of solid/liquid interface.

The solidification rate was in the range of 3~60x 10-4cm/sec. Fe-C and Fe-S systems were mainly
investigated, and the specimen dimension was 35mm in diameter and 600 mm in length.

After observations of solidification structures, the formation and stability of solid/liquid interface
were discussed theoreticaly under the consideration of solute redistribution and thermal flow.

With increase of the supercoal in liquid iron near the interface, solidification front changes from
planar to cellular, and finally to dendritic form. Ciritical conditions for this interface transitions were
determined by solute concentration, solidification rate, and temperature gradient. Especially the inter-
facial tension between solid/liquid iron was intended as a primary foctor for cellular-dendritic transition.

The interfacial tension of iron containing carbon was estimated around 200~600erg/cm? with
measurement of interfacial curvatures.

There was a good agreement between experimental observations and theoretical estimations for critical

conditions of interface transitions.
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Table 1. Chemical analysis of pure iron.

c | si ; Mn » | s | a | o N
0.0014 H P 0.0021 ‘ 0.0020 0.0040 0.0012 0.0014
! <0.001 | <0.002 2 2 b ; ,
0.0025 i J 0.0031 0.0035 0.0070 0.0023 0.0023
o N Table 2. Experimental procedure of tested samples.
H
} JP Y 3 ) QF
= G Sample before | Solidification
=L [ i — T System No. solidification rate (cm/hr)
] g [~
c : ' : T D112 Fe-0.019,C 14.90
L It DII3 | Fe0.019,C 6.80
Dll14 Fe-0.0124,C 1.14
(T lp——————pr Fe-C | D12l Fe-0.109,C 6.80
TTT77TI 7777 7777777777777 77777777777 777777057 D122 Fe-0.10%C 14.90
D124 Fe-0.109,C 1.14
A. Specimen B. Melting zone C. HF coil D. Si0; cylinder D131 F€_0_38%C 14.90
E. SiO; tube F. Cooler G. lunert gas H. Water I Trans-
fer table J. Motor K. Rate changing cog wheel M. Spindel
. . F11 Fe-0.0194,8 14.90
N. Current rans Q. HF generator Fl12 FC—0.0I%S 6.80
Fig. 1. Zone melting apparatus. F13 Fe-0.0194S 1.14
Fe-S F21 ge—O. 1024,S 14.90
. F22 Fe-0.10%S 6.80
2. R B K & F 23 Fe-0.10%S 1.14
F 31 Fe-0.309,S 1.14
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+.
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Fig. 2. Temperature distribution at solid-liquid
interface.
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Fig. 3. Relation between temperature gradient
in liquid at solid/liquid interface and
solidification rate.
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Fig. 5. Sulphur distribution after solidification.
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Photo. 1. Scanning electron micrographs in decanted interface of pure iron (v=1.1l4cm/hr).
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Photo. 2. Scanning electron micrographs in decanted interface of pure iron (v=6.8cm/hr).
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. ‘ X 120 (3/5) x 1200 (3;5)
Photo. 3. Scanning electron micrographs in decanted interface of iron containing 0.1% carbon
(v=6.8cm/hr).
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Photo. 4. Scanning electron micrographsin decanted
interface of iron containing 0.19% carbon
(v=14.9cm/hr).
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Photo. 5. Scanning electron micrographs in decanted interface of iron containing 0.349;

carbon (»=14.9cm/hr).
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L
x 7500 (3/5)

Photo. 6. Micrographs of homogeneous microstructure (planar interface) of pure iron

(v=14.9¢cm/hr).
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Photo. 8. Scanning electron micrographs of typical cellular structures.
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a) 0.189C, V=14.9cm/hr x50 (5/9)
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b) 0.2895S, V=1.l4cm/hr X100 (5/9)

Photo. 9. Dendritic structures of iron containing carbon or sulphur.
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Fig. 7. Condition for the formation of micro-
structure in Fe-S system.
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VB 5T T4 MAB~DOBIE, RlLED Gro/v
DFET, 6x10-3%C X 0.082,C TH 5. [FH
DEERIREZ Fe-S ZioERC>WTHBE, TTHHE
2 a i b VA~ DTETTIE Gro/v »% 6x103°C.
sec/cm? DS T 2x10-39,5, 2x105°C- sec/ cm? D
BET 8x10-32,S rich, #AmnBTF R34 bAD
BiTirrhrh 1.7x10-29,S 5 X0 0.18%S THh,
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FIZ DO WTOERER /LD T, T T TRk
VI3 sr b®, = D EREX VB
AT5=3.31/ 3 worreremmremnnsinacininennienn (7))
s, REoOEHFEYRG 4Ty B LTt HiLc
S5k, HHERSBE X LR TS,

_B*D L{ B < H- ATK>) .
o= 7 I— exp BT b v (8)

@, : FEFDIETFER, R: #AER, B*: &
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H- AT g /R- T3 <1 OFE, (8) LA PENC RN T
REN5.

el e
[y ()

ao'R'Ti

ﬁ_—*-DL-Hs D e (9)
WE, SRICEALTRE L TCAH 5T, D 2 LT 11.8%

10-5cm2/sec?V, @, & LC 6-Fe D # AT 2.94A

AT g =

22), p* L LT L. Tuarsuis 23HEE L7 4.7%x10-2 %

AR5, ZofFR, kREXEoh5.
AT k=9.230  -oceeenne. ---(10)

AEBREEHAAT(7), (1O)XISRIT S LRELT,
INGEMEAICHELTA S L, BEEEDO S HD T/
7 58P (3.2x10-4~4.1%x10-3cm/sec) RKWTIX
ATy =6x10-2~2x 10-1°C izt LC, dTg=3%x10-3~
4x10-2°C tich, RENFE 4Te=4T, L LTERDIR
2%, LB > TEEMC (4)Rh0 4T izt (7)
R 4Ty #FVWCEHFE L.

I LR EEORIEIIEEE FIHMBIC X 2 Rme
WIEIRD BEHEZ S &7 ERE 7070/, RELD D
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HEEFHER RS TOCRMRNGFTEERZ T LD T
Table 3iR3. ZOHRE, REEN o TGREEE &
EEMETRRBREDOAC X VREL, ZhIEmMT 5T
ONTHRERIEIRDT 5. ZokF%Fig. 8o,
MERIGE VWSO SR EIR I 630 erg/ cm? TH B DI
XU, BEPORFEIRED | % THI¥45 0 300 erg/ cm?

Table 3. Surface curvature and estimated interfacial energy of Fe-C system.

No v Cs Cy 4T, Ts 7 X 104 o
) (cm/hr) (%) (%) °C) (°C) (cm) (erg/cm?)
R, 1.14 0.0020 0.0140 0.06 1535 18.0~20.7 | 581~670
R, 6.80 0.0020 0.0140 0.14 1535 7.2~ 9.1 | 544~685
R, 6.80 0.0770 0.5390 0.14 1487 4.4~ 5.2 | 341~404
R, 14.90 0.1200 0.8390 0.20 1 461 2.8~ 3.2 | 341~358
R, 14.90 0.3420 2.3900 0.20 1320 1.8~ 2.2 | 220~270

— 47 —



3086 % L & % 6l &£ (1975) iz

™
~

§8 88

383
- 8888

11

|
0.5 1.O 1.5 20 25
Carbon content in liquid iron & (%)

and liquid iron & (erg/cm?)

Interfacial energy betwecn solid

(o]

Fig. 8. Effect of carbon content on the interfa-
cial energy between solid and liquid iron.
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Fig. 9. Temperature distribution near liquid-
solid interface.
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Table 4. Critical {C7Jcontent from homogeneous
to cellular structure.

Solidification Critical (C] conient (%)

rate (cm/hr) Calculated Observed
1.14 0.0230 0.0080~0.0130
6.80 0.0030 0.0025~0.0035
14.90 0.0008 0.0010~0.0020

Table 5. Critical (S) content from homogeneous
to cellular structure.

Solidification Critical (S] content (%)
rate (cm/hr) Calculated Observed
1.14 0.0083 0.0060~0.0090
6.80 0.0010 0.0025~0.0035
14.90 0.0003 0.0010~0.0020

Table 6. Physical constants for calculation?,

Solute m P Dx 105
element (°C /%) ¢ (cm2/sec)
C 20 0.143 6.0
S 40 0.040 3.8

Fig. 11. Schema of unit cell.
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Fig. 12. Effect of solidification rate on cell

height.
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Table 7. Critical [C]) content from cellular to
dendritic structure.

Solidification Critical [C)) content (%)
rate (cm/hr) Calculated . Observed
1.14 0.1900 0.1~0.2"
6.80 0.0160 0.015~0.025
14.90 0.0062 0.0050~0.0080
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