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Influence of Substrate Surface Morphology and Thermal Diffusion on Initial Stage of Rapid Solidification for Steel

Masafumi MiYazaxl, Hideaki Y AMAMURA, Wataru OHASHI and Tooru MATSUMIYA

Synopsis : Influence of the surface characteristics of metallic substrate on the formation of initial solidification structure of steel was experimentally

studied using AISI 304 stainless steel and the surface treated copper plates. The molten steel was dropped onto the copper substrate with or

without surface undulation at the room temperature or heated to 673K, respectively. The other substrates had dimples machined by shot blast-

ing or Rockwell hardness tester. The solidification structure and the dendrite arm spacing were analyzed on each solidified shell, and heat

flux across the molten steel and the substrate was evaluated with the measured substrate temperature. It was found that the roughness of the

substrate surface in a range of 10-16 um had little influence on the heat transfer. The dendrite convergent spot (DCS) was evaluated by the

direction of the primary dendrite arms near the surface. DCSs were appeared at 0.2-0.5 mm intervals on the flat substrate, and the interval of

DSCs was broadened as increasing the substrate temperature. DCSs were appeared on the ridge of the dimples of the substrate, and another

DCS was appeared between the pair of dimples when the distance of ridges exceeded 0.5 mm. Mechanism of DCS formation on the flat sub-

strate was discussed. Furthermore, the influence of thermal diffusion during initial rapid solidification on the intervals of DCSs was evaluat-

ed.

Key words : initial solidification; heat transfer; rapid cooling; stainless steel.
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Fig. 1. Schematic view of experimental setup.
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Fig. 2. Schematic view of temperature measurement of
substrate.
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Fig. 3. Relationship between heat flux at the interface of
metal and substrate and cooling rate of solidified
shell at 200 um below the surface.
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Fig. 4. Relationship between roughness (Ra) of the sub-
strate surface and heat flux at the interface of metal
and substrate.
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(b)

Fig. 5. Microstructure at horizontal cross section from 50 yim under the surface of the solidified steel on the flat substrate (a) and
the grains colored in the gray which aspect ratio is four or more (b).

100 m

Fig. 6. Microstructure of the solidified steel on the flat substrate (a), on the substrate with separated dimples of 100 um distance
(b) and on the substrate with isolated dimples of 500 um distance (c). White triangles indicate the convergent spots of pri-

mary dendrites.

Ak, R OFEEWMEMEMEI r > TF Y FI4 ME
HEOBEAHAEL-E 25, KEWETDOT Y FF4 b
HEREOBERREIZIEE L ko7, E6I15, TV
A MEPEGEERm L D HECHRTE I RS,
TV T4 P EFLAORMRIISR OEEWE % 3 FTiE
LTKD7=, kb, MBOANEDREHEL -7 FI4
FMERETEWTBEMY S 545, Fig 6(a) IZ7R LA T
FY RS A PEREOBRIZ02~05mm & & D, KB

22

bR NERD3EEBAE»572DT, TV 4 b
HEOFIYER e U CRBIEE A TS U7 ETEME L 72,
JIZ Fig. 6(b) KU (o) 12, MRAZE A C2EOEREE
HF 7= 85BN T LEERE X 2 7= 3RHC DWW IUFREDIEA &
5 EEB AR Lz, SFEROIIRICIIET %5
SOSFERRMMETISMIE>THED, $HEOBRIEE X
hTHy, BERNOHRER»SGT Y K4 P IRT —4
BEREL T2, FENICIEIXRTY F o4 MEREEZ



RO A
52 2t o 0o -
5%
33
N 0 800 © 1
2E
EE )l ooBf—o00
Z 5 _ R Y
0 0.5 1.0

Distance of ridges on the substrate surface (mm)
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Fig. 11. Relationship between cooling rate during the ini-
tial solidification and mean interval of convergent
spots of primary dendrite.
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duced by the perturbation (c).
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