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Formation and Wear Resistance of Composite - Hardened
Layer in Centrifugally Cast Al-Ni-Si Duplex Pipes

Tatsuya Ohmi * . Makoto Ueda **,
Masayuki Kudoh* and Manabu Iguchi*

The solidification structure, hardness and wear resistance of Al-Ni~Si duplex pipes produced by two-
step centrifugal casting were investigated. In this process, two kinds of molten metals, i.e,, first melt and
second melt with higher liquidus temperature, were cast in sequence at a given interval into a rotating
mold of a centrifugal caster. Al-12mass% Si alloy and Al-30mass%Ni alloy were used as the first melt and
the second melt respectively. The second melt was cast after the solidified shell of the first melt had
formed.

The centrifugally cast pipes consisted of an outer layer and a composite layer containing fine Al-Ni
intermetallic crystals. The origin of the outer layer was a survived part of the solidified shell of the first
melt. The composite layer consisted of one or two layer(s). When the volume of the remelted part of the
solidified shell was large, all the second melt mixed into the first melt and the resultant mixed melt
formed the composite layer. On the other hand, the composite layer originated only in the second melt
when the temperature of the solidified shell was low. In the intermediate case, the composite layer con-
sisted of these two types of layers. The composite layer which formed from the mixed melt exhibited
higher wear resistance than the other type of layer despite its lower hardness.

Keywords : centrifugal casting, aluminum alloy, intermetailic compound, hardness, wear resistance, solidifica-

tion

1. ¥

TN ALSIRBEEMRE L TRRIERSO
T3, IhikEEREENETELick-T, &5
KISAEEASIEAT 2 b0 EMFIhTVWE, 7=y
LESCHERERENS T IFREL TR, BFEOE N
Za-AlM (Fy =y s@8EK) v+ Y v 2 2thic
XRBIEMNEYTHS. Ldl, Tokd>BEALICL-
THESEECMIHESELELNBIBE E L, HHLHE
HHOBBRDOA O, HELWACLELEEDOHEAL
AT EMNFEE LWL, .

FRIEAILOE NN AEE LT, 7oA v IPHRRT
D ZABFEFSLNBD, ChS5O7wx TR, EMEHR
ETRIREE RV - -2 BOE T AV - EEREL
HOWTHERL, &bk EEdHE oBmnasLk (7a1
V), &BVIREMMENC & 3 EMOBE (BB itk b,
ELEEERT 5. FlAIE, RIEEE L TEBSBBEK
AR LT v I/TR, BEOSBRULEYMOERK

i

7oAy IBOBESEEMEEE, Lrl, ThbH0
FHREROVTCEMONBAZRELUET B8R, EORN
% HWE BIREOETHRHED B,

T/, BOSEEICXDRRFOBERE THAELEE
T szHAsblRshTwWa, FlAE, 7=y s6-8
BeBASORLSEEICKLD, BYORAICHBSERIL
EMEEPAR SR EFEBRIFESATVWEZD, 1/,
EXZOHBRE L [HABASLBRLSEE] 3, VREE
EHLAY OMMIAL & Z2RIHI5 6 OHIEH & % EiRICERT 5
T LDEIRETH B9,

BEEBAABLEEEE, HKORE 2 2EHOBE
EBAARBEOEVIEC, SOSHEEE OOESERNICH
MEHET 5FETH S, EFRICBVT, BchAZ
NABEBE 1 RES, BroBAEths5E  SKEER
BEOTNVI =Y L-BRERAESBEL 2IRBE LT
59, 2REBIE, 1 REGOBRENET LKA THEL
¥4, DESEHANTIRESLIEMLTEBEN>D, B
BEZicLoARMCHEESL, FHoOMMLNESBRELS

Yk 16 £8 31 B FREZE
*  JtEERFERFERE TERAR
»* JLBERFEARFERE R ZEe TV TAHD)

Graduate School of Engineering, Hokkaido University.
Graduate Student, Hokkaido University.

(Presently : Mitsubishi Materials Co., Ltd.)



234 %I ¥

77 % (2005) A

MEEAZLBERETCARARCERTS. COoXH0H
Bick-T, SYWOARMCRETE(LENERT 5.
HASHASBLSEECBWT, | RIEBIBEEA L
LTHEEL, Z 1o, 2REBBROIEESBREILEYOHIBHE
E125. 1 RBEOKEERXR LI DI}, 2KE
BRANK 1 RBEO—HE2BEIETB I EBEY
TH5. | REBOBRERZ, 2WEBORE K> BE
ERick > THEML, ZOBICAMBRERNT 3.
DOEBRIIROIC & > T 2RIBEOBHIBEHEE NS,
—4, 1 RBGOGESES T ELIGEICIE, 1 RES
BERO—ROSEMARRBET 5L DK 5, FHE
T, COEFEFMHLT, 1 REGOBEHRS+ 9 HE
LB 2IBBEBAL T itk - T, 1 RiZBEBRES
ORERICHE L SBELEYHP TSR L - EAELE LR

REEBEERS L. T, BohEHEEOMR
RUBESELEOE S LHER2HE L 2.
2. RBAE

FRICHER L BBELFEERE% Fig. 1 TRT. &
FBR, RV TY VIIBBENT A LICLD, HRE
Eliz & B2 RETEHANOBREMEETI T M TE S,
SR, RasloME (4442 100 mm - N 80 mm -
E&60mm) RBNAHEOER (EX 10mm) 2%
HLAboRERLAL i, BEHE2AREL T,
SERINEED o OFERE (v) 4%, 5mm KU 10mm OB D
B ZFT- 7. HROREARE L 38rs™ ! THB., O
X, ARARTORLIOIERE L 599 755,

1 RiFBITIE Al-12mass%Si &4 %, T2 2IRBEBIKC
i Al-30mass¥Ni &€ 2B v/ (LT, BEHAMNO
mass% %% BT 5), Fk, 1 IRBEEL2REB LD
BEWE514SWVL 31 &L A-Ni-Si ROEEHASL
BELHEEBRIICBVWTAGORA S HBE AR OB
BHBHBEBRTH - 1ot b, ARETHELEELSRE
o, $ERORBORBE R, 1 REBCHELTR
100K, 2®REECBE LTI S0KICHELL. $#Esh
1540 EBI3336g, ik, fEHShBEPRAR
80mm - E& 40mm - AEH 16 mm OBEREN TH 5.

BEERER, AREEFAHRAGRETUM L TE SN
B ECBOTHBEEL Cy /- RBEIAEE 2T 1

U?Bﬁaé%qj% <3\§§§?
=]
Fig. 1 Schematic illustration of centrifugal caster.
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Fig. 2 Macrostructure of part of transverse cross
section of duplex pipe produced with combination of
Al and Al-30%Ni alloy. Mass ratio of first melt to sec-
ond melt, W, /W, was 3. y: Distance from outer pe-
riphery of pipe
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Fig. 3 Macrostructure of duplex pipe produced with
combination of Al-12%Si alloy and Al-30%Ni alloy.
Mass ratio of first melt to second melt, W,/ W,, was 5.

{a) Transverse cross section (b) Magnified detail
photograph showing inner portion
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Fig. 4 Optical micrographs of duplex pipe shown in
Fig. 8. (a) Outer layer (b) Intermediate layer (¢)
Interface between infermediate layer and inner layer
(d) Inner layer
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Fig. 5 Time-temperature curves measured during
casting of duplex pipes produced with combination of
Al-12%Si alloy and Al-30%Ni alloy. Mass ratio of
first melt to second melt, W, /W,, was 3.
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Fig. 7 Microstructures of composite layer of specimen A, (a) x=15mm (b) x=2.0mm (¢) x=3.5mm

x : Distance from inner periphery of cast pipe

Fig. 8 Microstructures of composite layer of specimen B. (a) x=1.5mm (b) x=4.0mm (¢) A cluster struct—
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Fig. 9 Profiles of volume fraction, fiuc, and mean
particle size, diyc, of Al-Ni intermetallic crystals and
volume fraction of Si, f , in radial direction of com-
posite layers of specimens A and B.
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Fig. 10 Hardness profiles in radial direction of speci-
mens A and B.
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Fig. 11 Results of wear tests. Specimen C : Cast pipe
produced by Centrifugal Duplex Casting with combi-
nation of Al-12%Si and Al-30%Ni?
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