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Undercooling and solidification behavior of fluid clumps of second-poured

melt of hypereutectic Al-Si alloy in Duplex Casting process

Tatsuya OHMI*, Masayuki KUDOH*, Kenichi OHSASA*
Youichi ITOH*, Kiyotaka MATSUURA* and Kuniyoshi ISHIT*

The primary silicon crystals of hypereutectic Al-Si alloys are reported to be refined by the Duplex Casting process (a
two-step casting of two molten alloys with different composition; i.e., ‘‘the first alloy’” with lower liquidus temperature
and ‘‘the second alloy’’ with higher liquidus temperature). Recently, concerning the refining mechanism, the authors
have proposed that copious nucleation of primary silicon crystals takes place in the second alloy which is rapidly cooled
and highly undercooled during mixing with the first alloy. The purpose of this study is to investigate the degree of under-
cooling and the solidification behavior of the fluid clumps of the second alloy which are thought to form the clustering
structures of fine primary crystals. The relationships between the degree of undercooling and the primary silicon size of
Al-32 mass % Si and Al-22 mass % Si alloys were obtained by use of three solidification techniques: (1) air-cooling or im-
mersion into a metal bath of melt-filled graphite crucible, (2) casting in 2 wedge-shaped copper mold, and (3) melt-in-
jection into a lead bath. The primary silicon size of the finest cluster observed in the ingot produced by the Duplex
Casting process with the combination of Al~12 mass% Si alloy and Al-32 mass% Si alloy is 15 um, and the correspon-
ding undercooling is estimated at 243 K.
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Fig. 1 Apparatus for preparation of reference specimens solidified under various conditions.
(a) graphite crucible for air-cooling or immersion into metal bath: () graphite crucible, @ thermocouple, 3

quartz tube, @) graphite holder
(b) wedge-shaped copper mold

(c) apparatus for melt injection: (D graphite container, ) alloy melt, @) insulation, @ nozzle, & thermocouple,

® lead bath
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Fig. 2 Solidification structures of Al-32 mass%Si

alloy.

(a) air-cooled small ingot

(b) small ingot cooled by immersion into Sn—Pb
alloy bath

(c) ingot cast into wedge-shaped mold (observed
position: 10 mm from the tip)

(d), (e), (f) droplet produced by melt injection

(bath temperature: 903 K, 843 K, 753 K)
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Fig. 3 Silicon shell formation on the surface of the
droplet of Al-32 mass%Si alloy injected into lead
bath of 903 K.
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Fig. 4 Grain size distributions of primary silicon
crystals of Al-32 mass 2 Si alloy specimens prepared
by melt injection (753 K), casting and air-cooling.
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Fig. 5 Relationship between the degree of undercool-
ing and the mean grain size of primary silicon
crystals of Al-22 mass%Si and Al-32 mass%Si
alloys.
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Fig. 6 Relationship between the cooling rate and the
degree of undercooling for Al-22 mass2Si and Al-
32 mass % Si alloys.
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Fig. 7 Primary silicon clusters in the Al-22 mass¥%
Si alloy ingot produced by the Duplex Casting pro-
cess with the combination of Al-12 mass%Si and
Al-32 mass%Si alloys.

(a) the finest clusters
(b) eddy-like cluster with ordinary size of primary
crystals
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Fig. 8 Grain size distribution of primary silicon
crystals of (a) the finest clusters and (b) the eddy-
like cluster.

%,

Kz, FEREAAD > ) 2 vHAOEEERYRIE L1
LA, Fig. 7@ D =20 &RV TH $0.33& 70,
b)) DEMTIH034E LT, 22T, a EBEHE
IOv) 2 v OBROBEM (pua=2.69%10°(kg/m®),
Ps=2.33% 10%(kg/m®))9 % FH\ >, aflD ) = VIRE L



96

LTERBECKT S a0 v ) 2 v ORERFHER
(1.56 mass %) "X REL T, vV 2 VHAOHEBRYEE
DERECBELLECA, (2) TIX0.31, (b) TIX0.32& 7
ST, THDDOMEIXRESROFIIM (32 mass%Si)
WL L TR D, RS OTER ISR & £
SKIIRKBECE-LDEEZDBIS,

2T, A & H&EEREMADOTEZERKFO
BEEXHTET S &, Fig. 7(a) OEM (d=15um) T
13 AT,=243K, (b) DEM (d=32um) T AT,=183
K&isn, chOHDOBAEDOMEIL, ThFh A-Si =00
FPEIREXT 0 2 B s EHR E X HE (260K)
DIZK T LR TORICHYTZRE I TH D, AERIC
BT 5 _REBOZADTREE L, —KRESOBHER
BE (853K) 72\~ L Al-SitfHEE (850K) BETH
3LEZH0hDN, EROBERICDZLEFELL
Vo %7z, Fig. 6 DEREHRTERT S &, WAKE
BERO®WHEE LD L D102 (K/s) A — &4 —HET
Holeb D EHEPIZN D,

¥/, Fig. 7 DBREMO i, Fig. 3 DG+
HEHRBCEL Lo > ) 2 vHEOARNBIE I WD (&
). BEHALOSEE, BT OBC ERFEBNE
NODBEBOEIELH 0 ED L5 BT, BlEH,IH
BHREHOFE L IETREL LY, WL L WHEEIE
EXRN THEEEISELLRE~NEHBT L L5k
BEBEDOS LT, MBI U se e 7o
RBLTAREER LEEZOR D EATRHIEBLTY
%,

4. &

BHAL ALSI e O EASEA LR A RS h 5 #i
WA F O EREF DB+ DEE LM TIER L
WBIAR A-Si A OBRBERME BT A bicky, B
B EATGBRIC BT B ZREB GO WA O R E £ 84 7
N1,

(1) Al-32mass%Si & € ¥k L OV Al-22 mass%Si & &
ERFL LT, OBFG® Ah/PROBH D DIFDLEH

il |

B & B (1994)

R ELREBBE~OBREC L 54F), OFBD L 3V
R ~DEE, kL OBRBF~OBHOBEEEH O
SREOFHEIC L VBN BERB OGS, B4
E (AT./K) &8O FEHRE (d/um) & DOBEHREHE
~, kR xB,
Al-32 mass % Si: log(d) =2.52-5.54 X 1073 4T,
Al-22 mass % Si: log(d) =2.34-5.54 X 1073 AT},

(2) Al-12mass%Si &4 (—KEBE) & Al-32 mass¥%
Sitdd (ZREB) ZRGCKESEALERD 2 = A
H A2 —FHCBLNICHROBRER L, vV 2vE
BORPZKBEBOVPIERCEL L TB 2 Eh b
SR INEREGHER S OPAR R LT 3%
BBRECE>eborEzbh, LEBERRLHER L
R, BLMMAMEE T 5 BRER (4=15
um) Ti3243K, Fiho, FHMRKNELHOBEREN
(d=32um) TIL183 K DBAENHEE I hic,

(3) SABPEERRCE G AR b O BRI
YU 2 VHARABEINLIHEL D D, Thi, BRR
TS AT LI SHOTEPHEICERE TS %
THETARENERE D o LR L TR D, Wi
BEREXHEN TS DRGSR EIHB L
TEHRREL T B,

2 £ X ®

1) K&&th, THET : BEASB¥ S, 54 (1990),
700.

2) K&, HbfE, TERET:
56 (1992), 96.

3) KdEth, THEEfT, AME— HALB¥aE,
56 (1992), 1064.

4) KBEth, OFHEE, TEHEET  bEEETFEH
ToesRss, No. 157 (1991), 23.

5 K&, vF -, THET E4LE, 42
(1992), 132.

6) HEREX, KEEKE: BEESWEE, OXGEEE
W xR, HE, (1965), 10.

7) J. L. Murray and A. J. McAlister: Binary Alloy Phase
Diagrams, Ed. by T. B. Massalski, ASM, (1986),
164.

AAx&

o
Hik
g
&



