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Refinement and Localization of Primary Intermetallic Compounds in
Hyperperitectic Al-Cr Alloy by Centrifugal Duplex Casting

Tatsuya Ohmi, Yoshiaki Kimura, Youichi Itoh,
Masayuki Kudoh and Kiyotaka Matsuura

Division of Materials Science and Engineering, Graduate School of Engineering, Hokkaido University, Sapporo

A novel process named Centrifugal Duplex Casting has been proposed: it is a manufacturing process of alumi-
num cast pipes with in-situ composite layer which contains fine intermetallic compounds. In this process, two
kinds of molten metals, i. e. molten aluminum (first melt) and molten Al-Cr alloy with higher liquidus temperature
(second melt), are cast in sequence at a given interval in a rotating mold. The second melt collides with the menis-
cus of the spinning first melt, and is dispersed as fine fluid clumps. These fluid clumps are rapidly quenched, mi-
grate toward the outer periphery, and accumulate to form the composite layer. The intermetallic compounds in
this composite layer are much smaller in particle size than the Al-Cr alloy centrifugally cast by the conventional
process. The solidification structure of the cast pipe produced by Centrifugal Duplex Casting is controlled by cool-
ing capacity of the first melt. For instance, when the first melt has superheat at the time of the pouring of the sec-
ond melt, coarse intermetallic particles grow inside of the refined composite layer. On the other hand, when the
first melt has partially been solidified, the growth of the particles is suppressed. Therefore, the time interval from
first to second pouring is an important parameter in this process.

(Received November 29, 1995)

Keywords: composite material, intermetallic compound, hyperperitectic aluminium-chromium alloy,
centrifugal casting, mixing, rapid solidification, refinement, structure control, solidification

I. #%

Fe, Cr, Ni ¥0 BB &B % LB &AM\ LT
DTN =T A-BBESEASE, ORELTEEOLEN
IbERFEmET 5. T, ChbDESIRLFEEY
HHETHZ Ly, gEEMORMAFCHRSBREILEY
HEFLM I CMERE LRI TR A I hTw
5W-G. o X5 IREEEEHY TIL, BRIRES T
HEDIET B % ZHEFHCT T 5 BEBME OB K& B B
b, SBRLAYE MBI EREFLVWO. 7
I =v A-BRESBASOSBRILEDOMMILCE, &
BBEEOBRANENTHS. L, BEOELEEET
X, FIEROBENCET BRI DOREMR & SRR L AT X8
HT bk, —BRCRETHS.

T AbmERFRERRE, B - 5 HARE®

O TAWE TR, FSOBMILc AR s EASAHREO
LmbEEEE L e dbiic TEAHEAARLEEE] %
i EZL, S BRLaYs s RERRECRE L
HEEARLESEEHFRT 5 - LR AT

I. #E&HAXECHEEDRE

K ClE, BEEALROEEEFERICHAVWSERELT,
Al-Cr £4%FR L. Fig. 11, ALCr RIREKO® D 7 1
I =y MBS RRT. ARTIE, BRERE OB AVE &
R (WA + Al,Cr—Al B#E) ChH 5 e, SERIEEHIT
EARPC I @ L LTERTAEELLRS. TOT
%, Al-Fe %0 AINi R7c £ D L 5 B RIEE S 548%
L AR TCHEBEBBRE OBV A S THS.

HAHBAZEOEEE Y, AR0ORRS 2EHEOBS
BRSSO BRI PICREZEHE T 5. AR T
X, RUCERRAUES L REG)IC Al %k, BrbEFEATE



% 5 B
T T T
1400} L ]
¥ L
=
& 1200" i}
=
g i i
2
£ 10001/ 4
.
&~ (A) sl 18! s
800y SR .
0 10 20 30 40

Chromium content ,c., (mass%)

Fig.1 Aluminum-side portion of the Al-Cr phase diagram.
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Fig. 2 Schematic illustration of the basic concept of Cen-
trifugal Duplex Casting.

BQCREG) S CrBEORTE ALCr 585 HFH L.
Fig. 2 xFEOEaN% R T. CORTR, HRrhkEs
Bz ggl s h CREME T L L RBBI, REREE
DE\ 2 RBBVPEAE L O BETFRRIATHS. 2KE
B, RETEETS 1 ABBOBHECEREL, 1 kBEL
DEEENC I VABMCBEH LT . Z0BER T2 KkE
B - Amdh, BlcREBRILEY Y S REAL
FEERECHAMER U CEEREABYHER TS, o
B Xy, SBELETRFOBRL L REL L AR
BERIhS.

TAIBGOEE1238%5Mg-m=3)ThsD. —F, Al-Cr&4
BEOBEEY, FlzE Al-10 mass%Cr ¥ X 0° Al-20 mass%Cr
BETITEA 225452 02.72Mg-m~)ThH5. ¥, 2BH
LEWALCr % X AL C, HOBER, £ 42788 L0
2.82Mgm ) EHMEIR T30, ok AL-Cr 8455 0%
B, WAl LHRECr 0BBEDY L L, 580G
NCOBREOD—RANTEIhDEEET A L~ THEL
L DThHAS.

BEASAZBLEEERC X 58T R A-Cr 541 501 5 MASBERILAMOSEIE X FEl 491

¥, EAEBARLTIE, 1 REBEIL—FERYBHEX
¥, ThAERO2KRESG LDPEAR X VERETIED
BRBBGEGEYFIH LT, 2REBOLH % RET
5 @00 KFRERTEH - OBBBNHRECEL L, —BfEO
EALBIFOMORHAEYFAM T A et v 1 REBED
BEERZZELIE, BEABIGBORKLHET 5 L2RAL
7.

M £ & 5 %

Fig. 31z, KEBRCHEB L-BEREOEEEE OEE
& RIEETROBEE 2R T, BRI R A BB O AERE
S92 (P80 mm - BT X 40mm - BE 10 mm) B\ 7-.
EERC, SFHRELLYEEFMITO,5, 10 mm OER 3
AROBERNEREL, AV » 7V v I7EEYA L CRRAD
BEXFE L. /s, SROFBITbE,-T. HHoO
EEHEET19s71TH Y, Zo& xRN BCETSEL
POEAEHIL9G &igb.

1 REBBTIA Al %, 2 REBITIZ AlF10 mass%Cr ¥ /e
3 A20mass%Cr &5 &% HH L(UTF, BEEMO
massi &% LM T D). 1RBBOEE Wi &£ 2 REBEGD
BEW:oHI13:127:1:02KEL L. ¥, 8
EROBEARE R, 1 REB T 100K, 2 kBEIZ50K i
BRELC. FEIhIBGOWRBEEIIT336g THDH, EHE
nHEREBOARIH 16 mm TH5S.

FIoHEEER L LT, Al25%Cr 848 L0V AIS%Cr &
& AVCIEREDORLEEYT . ZOBEOREGREE
ik, WTFhofa&d 70K & L.

Bonlkt#dABo<-7 s BB oEH X, HO0:HCL:
HNO;: HF=50:15:25: 100E®E x> F\ 1.

V. &R&LUERE

. BEECHEHOHERE

Fig. 4@ X001, ThEhBEDOELEEEC LY
Bohni Al25%Cr 4B IO ALL%Cr 540~ s v
MBEETHD. ThHEREHOEFH R sit

@\

|isiaisl=aysl]

L@
L o-alih
= — =)

S

Fig. 3 Schema of mold and main shaft of the centrifugal
caster. (D Melt. @ Thermocouple. 3 Mold (insulation brick).
(© Heat-shielding plate. ® Slip ring. 6 Pulley.
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Fig.4 Macrostructures showing the formation of intermetal-
lic compounds particles in the outher periphery region of the
centrifugally cast pipes by the conventional process. y: Dis-
tance from the outher periphery of the cast pipe.

(a) Al-2.5 mass%Cr alloy, (b) Al-5mass%Cr alloy.
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Fig. 5 Microstructures of the composite layer of the cen-
trifugally cast pipes by the conventional process. Back-scat-
tered electron images by SEM.

(a) Al-2.5 mass%Cr alloy, (b) Al-5 mass%Cr alloy.
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Fig. 6 Structures of the composite layer of the cast pipe
produced by Centrifugal Duplex Casting. The second melt is
Al-10 mass% Cr alloy. The mass ratio of the first melt to the sec-
ond melt, W,/ W,, is 3. The time interval from first to second
pouring, Az, is 30 s. The temperature of the first melt was just
above its melting point when the second melt was poured.

(a) Macrostructure. (b) Microstructure of the refined com-
posite layer. (c) Microstructure of fine-coarse transition
region in thé composite layer.
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Fig. 7 Effects of time interval, 47, on the structure of the com-
posite layer. The second melt is Al-10 mass% Cr alloy, and W;/
Wz =3.

(@) 4t=10s, (b) At=150s (photographed in a dark-field il-
lumination).
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Fig. 8 Microstructure near the boundary between the compos-
ite layer and the aluminum-single phase region. The second
melt is Al-10 mass%Cr alloy, W/ W,=3, and 4t=150s.
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Fig. 9 Time-temperature curves measured during Cen-
trifugal Duplex Casting. The second melt is Al-10 mass%Cr al-
loy, Wi/ W,;=3, and 47=150s.
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Fig. 10 Effects of time interval, Az, on the temperature
change at the outer periphery (y=0 mm) after pouring of the
second melt. f5;: Fraction solid of the first melt just before the
second pouring.
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Fig. 11 Macrostructure of the outher periphery region
(photographed in a dark-field illumination). The second melt is
Al-10 mass%Cr alloy, W/ W.=7, and 47=85s.
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Fig. 12 Distributions of the mean particle size, d, and the
volume fraction, fy, of the intermetallic compounds.

(a) W./W,=3 (shown in Fig. 7(b)), (b) W,/ W,=7 (shown
in Fig. 11).
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Fig. 13 Microstructure of the refined composite layer when
the second melt is Al-20 mass% Cr alloy, and W/ W,=7. The
temperature of the first melt was just above its melting point
when the second melt was poured.
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