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Abstract

In order to investigate the effects of undercooling and cooling rate on primary silicon
size of hypereutectic Al-32mass%Si and Al-22mass%Si alloys, three cooling methods
were used. One was that a melt-filled graphite crucible with a small diameter was air
-cooled or immersed in a metal bath, the second was that the melt was cast into a wedge
shaped copper mold, and third was that the melt was directly injected into a lead bath.

On the other hand, the relationship between the cooling rate (R) and degree of under-
cooling (4Tm) was estimated on the basis of classical nucleation theory. This result
was combined with the experimental relation between 4Tm and mean grain size of pri-
mary silicon (D) in order to examine the effect of R on D.

The obtained results are summarized as follows: (1) Primary silicon size (D) was
reduced with increasing 4Tm and an exponential relation between D and 4Tm was
obtained. (2)Mean grain size of primary silicon of Al-22mass%Si alloy was 0.7 times as
large as that of Al-32mass%Si alloy for the same undercooling. (3)Predicated cooling
rate are about 500K/s for Al-22mass%Si alloy and about 590K /s for Al-32mass%Si alloy
to obtain the mean grain size of primary silicon of 10 ym that is proper size for practical
use.

1. #&

Witdh Al-SI A&, THEUHEREEEAS L C=v o vERZAVWbhE, A543, Al
-SSR E MRS SIR TS L CEBE T, Z oWk SINTAREBEREECES
T5, UL, BEOEESLE T, W4k SURERCEEL, SOnES I THECEYEL R
FFoT, EMLE, #18 S % 10 pum~50 pm BE ¥ THHL T A5 LERH 5, —BRICBREROR
HEEZKELT5 MR SIHENNEL BT LML T\ 58, &EEGEERE OBHNEE
TRERANRY <A TSI #HMLT 5 2 & 3R cD, PORINC X 50 BAENNE

EETHE SRBITEE=ME A
BE BERZE®

il




2 KEHED - HPBE - THREST 2

Thote, THENLT, HE, 7431 =v 2H5E0R8REHRELHCCHRESENER
h, KE&RextLTh 2oBEHEMEE S TE D), Bikf Al-Si &0 2B BRER R Tl
i SIS pm DT 2 CHMLE R, FoKELLCRERE LT SY, LxL—FT, BReEE
MSREEM X b BRSNS D &S MERD B9, Fiz, 10 um FKilE O H &b it BRSO
HMEEHFELRWETERELHEY, 2Oz ik, BELWEEED AT v ADEhiE 215
BIDICEFEOWMMS SINELRD L EXFHRL TV, THIEART, BFBOBEEE S5
TEERLERLTWA, L, BItsh Al-SI ASIBIL €, W8 Si R L BHEE, AKES
FEBMICBEROST HEB T — 2 LS LA ER L,

ABFge iz, Al-32mass%Si 4k L O Al-22 mass%Si &AW B L L, B4 0BAEYH
WBZ LI LD, BEE LW SUNEROBFRY AN, i, HHROBRERERIZS LDV,
BHIERE LBSEOBIREMET 5 & &b, W& Si oML LEIEIERE * R - 7

2. ® B F &

2.1 &R

EE A L Al-32 mass%Si TR O Al-25 mass%Si Ba 4 & &8 Si(99%) & b,
F 7= Al-22 mass%Si &4t Al-25 mass%Si F1E4 & Al (99.99%) EibE A BH L,
2.2 B H FH &

RHEHOBSE B 5 DU TR =B HOF R H G,
(1) BSHAMO/PMEBRSERAGEE | EBRICAVGLREBOMKY Fig.1(a) kRt, %2IFIE,
AR 4mm, AR Tmm, EE30mm OFAFEETHY, TOLIE, 7TALrIFEDTaf v &
AEERENLT, 55 LROBHM K — A £ —TEREL 5, &— A8 — IBRGEARC,
AL Otich, T, EI5mm 052 FERBBEEAROEE IR ELT, 1 mmB
DRMBBTTH B, HOERNOBEEIEFENIOLD ORI o, 2OERAS
BBEIN1gThHD, MEAOBERIL 0.32mm BOKMEN T, 520FE»5 17.5mm OF

(a) (

o
~

| D)
@

®
fe—80—r —60—]
\

o
0
;

=10]

— 60 —| // A

Fig. 1 Experimental apparatus.
(a)graphite crucible for air-cool or immersion into metal bath: (Dgraphite crucible
@thermocouples @quartz tube @graphite holder
(b)wedge shaped mold
(¢ )apparatus for melt injection: (Dgraphite container @alloy melt @insulation
@nozzle Gthermocouples @®lead bath
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Fig. 2 Cooling curve of air-cooled Al-32mass%Si alloy.

Fig. 3 Solidification stuctures of Al-32mass%Si alloy.
(a)air-cooled small ingot
(b)small ingot cooled by immersion into Sn-Pb alloy bath
(¢ )ingot cast into wedge shaped copper mold
(d)droplet injected into lead bath at 903K
(e)droplet injected into lead bath at 843K
( f )droplet injected into lead bath at 753K
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undercooling (ATm) and mean
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