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Refinement of Primary Silicon Crystals in Hypereutectic Al-Si Alloys
by the Duplex Casting Process

Tatsuya Ohmi* and Masayuki Kudoh*

The Duplex Casting process, in which two kinds of molten alloys with different compositions are cast in
mold in sequence at a given interval, was applied to hypereutectic Al-Si alloys as the refinement process for
the primary silicon crystals which grow to a considarable size under the conventional castings.

It this study, three combinations of alloy compositions were used to make Al-22 mass% Si ingots: (1)
Al-12 mass%Si as the first molten alloy and Al-32 mass%Si as the second molten alloy; (2) Al-32 mass% Si
and Al-12 mass%Si; and (3) Al-22 mass%Si and Al-22 mass% Si.

When the liquidus temperature of the second molten alloy was higher than the first one, the primary
silicon crystals were drastically refined. Furthermore, they were finer when the temperature of each molten
alloy at the time of mixing was lower. Under the most effective condition for refinement, the mean size of
primary silicon crystals was reduced to about 40 um, while it was 70-90 um in the ingots produced by the
conventional casting.

It was also observed that the macroscopic segregation of the primary silicon was alleviated as the
primary silicon crystals were refined by the Duplex Casting process.

(Received September 13, 1989)
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LIRiEE 512, ERGOBRBRICH 5 WL A-Si &
SOBRBHHPCHNOBEZBIMEATAFEC L Y, &Ik
B LEEHA~OBBMEEI N D L & bIcAERT 55
ROABALIhD 2 &, FBMEEE LT, FIDEhA
AREE X ) PEEERECES VM Al X AV5Z it k
> TEBGOYML I FRCBEEC /e B T &R RV IE LW
ZOFEHEE DI [HE A2 (Duplex Casting Pro-
cess) | BT T VB, AERXZTOEEE LT, IHD
BAEETH Y, Fh—FH TREEARDS 5 AR OR
B 2BHrORAEEHEROBENREINHFEETHH
5.

AW, WEMERESEDOEARTDH 5 A3 Al-
Si2 THESEEHAAEYEA LT, BEOBRESET
HEAC A L, BROEER SCEREYRIETEZh
HU6h S MMt T s LeRR. TOER, 28H
DOEEHO SIEAROEER, HAXBE, #iA%RORREM
FRicEDE&EEYBYICELSZ LITX > T, W& SIK A
B L, ARG SINTFO~ 2 n sy —
ET&BZ LxBHLR L.
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FRL-EGE&OMEM L EEIT, HHRAHOBERE) 1.1
kg, BEH D HEFHHEBL S Al-22 mass%Si(JIS ACIA
MHEMO STHRK) L7eb L OREREL, 2200BHELT
Fre ARV Al-12 mass%Si & 4 0.55 kg & &t
SRR D Al-32 mass%Si 44 0.55kg ¥ i, 22T
Tl ofFiasx 1 REAE, BINESY 2 KA
R, BEACHCIESY 1 RES, 2REGLET. BE
HROEERE LT, @QIKREBEBL L 2KREBGOKM
HREORVHEER 1 KRB G Al-12 mass%Si &4, 2
KRB H Al-32 mass%Si & & . LA TF[12-32] » £ 1 B
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), D 1REBEEGL2REGOER x@DM¥T LicHER
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LoEAE ([22-22]) 0 3BH >V TRFH L. b
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EARBE R X U1 REEAZ DD 2 REEA AR F T DR
MR (LT, At &35) OBEL .

FrhEonin, xR RBE TOAL22
mass%Si & & (1.1kg) DBEFHFAAER K L OFA-12
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Tt

ERIZHA L ALSI & &, Al99.99%) & Al-25
mass%Si B & &, XIit&E Si(99%) & Al-25 mass%Si
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EKEEEY Fig. 1iwRT. #HHIAR80mm, AR
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B, EX»50Em X240 mm, £5EEN S DOFEEEN K 4
5 mm, 20 mm, 40 mm (#.00) & Lic. EHBEE, 1 REA
BB IO 2REBERAHEDONThOBES EEEEHAL, 2
B O EBIRFA REICIT S 7cd, SHH EOEET — 40
B 2202 V57 4 v RBETELIS5KCLE. 1K
EABBO X VT 4 v 2 IKE L v e, EERRBIRERC
BEHEOLE LCHRBEIRTW5. HAHEALDOERFIR
BUTOoBEY)THE. ET1IRBBAEEL2KRES
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Fig.1 Experimental apparatus.

@ tundish for first melt, @ stopper, ® first melt,
@ tundish for second melt, & second melt, & mold,
(@ thermocouples.
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mass%Si 54111173 K T& 4« 1800 s IREHRF L. =
D, 1 kEBLEAHBE L » 50KEWEE T1 ks
REBE VT4 v 2AEBLTEAL, BARREC -
RS CTHEEYSHHNCERAAL. ZoM, 2KREBGB LS
DT RICBHRE X v F 4 v 2P T2REALEBER
FEINTWS. 2KRBAZEIICZDE VT 4 ¥ 2 %[
BR7 a0 5—Hofilicty PL, 7T 2xEEKEILT
SEREOE LB Lc BT 2 RBB X ERAAR

Al-22 mass%Si & D BEHAAEROHE, RER
Hh 1123K T1800s T ok, HEHBALZERO 1K
ik H L EFEDOFIRTERAAL.
BohicHERONER, WThi, BE80mm, &I
85 mm ThHS. SHRIMT 2 5E L, —HOMWEE
~ 7 e BB L, MR BERNEROR I TKFI
Gl L Y ¢ 7 » HBEE S L 0w & SR ERE
L. <7 m Ao BRI X, HNO; : HF : CHgO4
=10:60: 30DEKRE A . i, #&H SiKREOREE
3, N7HELCSERABNEOAR X Y 4 mm OZE D
5 38 mm % T 2 mm [BIRFICEE - 7518 E D BEE
GBERERLE L, 2RFO/BELRI L CTHIALELT
W, B ST TFONES B, —ERORTEREL,
0.49 mm?2(700 um x 700 pm) % EEHE & L, i) Sik
FoR KRBT 1.62 mm2(1273 ym x 1273 pm) & L
to. BEBERABA~OBBIE 2 AAarboftr A
¥ EGRAE OB 335 SIHOBE L BRT 5 o E
B2 50 um2 AT DR F B Lic. RRESRAR
L L. EORBHLRRS MR EERS HITE 5%
AL, [32-12] G AR EEM & BE A LEERDO—T %
B< &, BABERENEMFEHOIMC L b - TURIE
ERANCENT ABER1BA LR ID T, REOEIILE
M EL RS Z LT L. To RS FHERE
OB OBMFEHEIHRD, » 07 vE(BEHAESY
TORE)NTIZIE—T S Z LR LK.

I ®HBR&ELVER
1. EEFHAXFRO I 7 0B L& Si g

Fig. 21c, Al-12, 22,32 mass%Si 54D 1 7 v fEE
Exr7T. Fig.2@ B X0 IXEEAHARCH V- Al-
12 mass%Si & 4 0.55 kg & Al-32 mass%Si & & 0.55 kg
HHEABMTHERAALER TS Y, HFAARETVTHD
FHEBOBBEBRBE L VOKEVEETHS. T
Fig. 2(b) 12 Al-22 mass%Si D@ HE #HA AR T, Hirh
B2 1023 KGAZVE 42K) Th 5. (a) D Al-12 mass¥%Si
DEE, BB 12.6 mass%SiP TH B Z & H 5L HE
aAl TV F 54 r BBEIhD. —7, (b) D Al-22
mass % Si ¥ X 08 (c) » Al-32 mass % Si T3 A 72 %) da Si
NELN, BKPACRELAPEE pm 225 1mm Tk L .8
BRI LRI BR L e KR F LB I 1 5.
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Fig. 2 Microstructures of Al-Si alloy ingots
obtained by the conventional casting.

(a) Al-12 mass%Si, (b) Al-22 mass%Si,

(c) Al-32 mass%Si.

HEIFHD ALSi 54 T3, —BICEHEAAREXES T
Tl ko THMcE#MAERIEOILO. £ T
A1-22 mass%Si &£ D F) i SRR & A RRE ORRY
FARIe. FOFERY Fig. 3wwrRt. £70y PiZMfLE
TG SRR A EHEEIS Y CREHEE L EE LR
LT3, AERTIZORENAL, B3 L5 HHERE
FIEE SR TV e\, B85 SR 70 pm > 5 90
um ¥ TOHEHEAICH H, HARREEEL LT LRSI
OFRERBALIIR b, TS ALSi&& L
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Fig. 3 Relationship between the mean grain size of
primary Si and pouring temperature for conventional
cast Al-22 mass% Si alloy ingots.
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REWE I 7 n BBEE SRS, Fig 4()1x[12-32]0#A
&%, Fig. 4(b) 12[32-12]1854, Fig. 4(c)x[22-22]565%
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Dtz Fig. 2(0) D BEEHALSEROER LI TRL
TW5., £70y PCB->EKRIRBEHAEINYN £ TD
F— 2 DERERTHS. Kbe TR LI[32-12)E 4%
SABEEBR D X 5 @ Si oK 7e B BhT oL Tk —# K
KRB CEEN S D®BALLNEY, £ Try O
BRI RIFCTH D, NBERIMCERESME R L
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EEERALM, BEEALM, [32-12]E &2 %M DIRC,
% %45.8, 68.2, 78.7, 97.8 um & k% <{7cbh, Fig. 4 ® 3
7 p R OBEER Y ERCIHET A LN TES.



Fig. 4 Microstructures obtained by the Duplex
Casting process, showing the effect of difference in
alloy composition between first and second melts.
(a) [12-32],(b)[32-12], (c)[22-22].
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Fig. 5 Grain size distributions of primary Si obtain-
ed by the Duplex Casting process. Superheat of each
molten alloy was 50 K, and Af was 7 s.

For comparison, the result for the conventionary cast
ingot is also shown. Pouring temperature was 1023 K.
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superheat
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Fig. 6 Effects of time interval from first to second
pouring At and pouring superheat of first melt on the
mean grain size of primary Si. Al-12 mass%Si alloy
and Al-32 mass%Si alloy were used as first and se-
cond melt respectively. Superheat of second melt was
50 K.
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Fig. 7 Relationship between the mean grain size
of primary Si and the averaged temperature of first
melt immediately before the second pouring. Al-12
mass%Si alloy and Al-32 mass%Si alloy were used
as first and second melt respectively. Superheat of se-
cond melt was 50 K.
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A ERNBIKXEL L VRERKEEULESOKEE T
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Fig. 8 Relationship between the mean grain size of
primary Si and the pouring temperature of second
melt. Al-12 mass%Si alloy and Al-32 mass%Si alloy
were used as first and second melt respectively. The
pouring superheat of first melt was 50 K, and A¢ was
7s.
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Fig. 9 Macrostructures of vertical cross section.

10mm
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(a) conventional casting of Al-22 mass%Si alloy; pouring temperature was 1023 K.
(b) Duplex Casting process; A¢=4 s, and first melt: Al-12 mass%Si (superheat=50 K), second melt: Al-32 mass% Si

(superheat=50 K).
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