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Precision Casting of Ni-Al Alloy and Simultaneous Joining to Dissimilar Metals

by Centrifugal Combustion Synthesis*!

Tatsuya Ohmi, Kazuhiko Kirihara*? and Masayuki Kudoh

Division of Materials Science and Engineering, Graduate School of Engineering, Hokkaido University, Sapporo 060-8628

A modified centrifugal combustion synthesis process has been developed that enables precisely casting synthesized
materials and simultaneously joining them to a dissimilar metal. The material to be synthesized was a Ni-25 mol% Al alloy and
that to be bonded was a stainless steel, an ultra—low carbon steel, pure nickel or a Ni-25 mol% Al alloy. The base material to be
bonded; a graphite mold; and a green compact of reactants consisting of Al, Ni and NiO were set in a centrifugal caster. When
the combustion synthesis reaction was induced in the centrifugal force field, synthesized molten Ni-Al alloy flew into the mold
and collided with the base material. This process was successfully applied in joining the synthesized Ni-Al alloy and various base
materials. Centrifugal force was also confirmed to assist the molten Ni-Al alloy fill the mold cavity and adhere to the surface

of the base materials.

(Received April 25, 2000; Accepted July 17, 2000)

Keywords: combustion synthesis, thermite veaction, centrifugal casting, centrifugal force, precision casting, joining, nickel-aluminum

alloy, intermetallic compound, solidification

1. #

il ]|

BREET VI 74 FRBBER YV V1 Finlo4ERM
L&, BEREEHRE LB B2 B ORE, R
HIMMIECHEEE S —BROSBHMH I 05 51D, BEOS
BB IEOBASHEESBERE WD, 2ok, Zh
LOSBRULEHC B E T REME L, F RSB0
CTREM L BA L TREN SRR 8ET 5 ¥ T,
HLDOTREBRENNEL LS.

BRI, EEDIX, BREARESD LALSEEYEREH
EHZ ek, SEBMLEYOAR LS, I O0REH
EDBEAY—TR TS Fikkonw TR LD, £F5E
ik, BESEMGK L - CTHAMREBOLERIL S &R
L, ARcmLOEHA L CEREBRL Ao il ol
TorLidie, RESEEM BRI X vEB8T
LLDTHB. EELIE, 0L lMED T et &
CRBEAEE] LA TH5.

BB\ T, FE513, FERBROEREO KR A
TV UV AREM A SR AR AV, ELTT CRES
BIRIG% B+ 5 Fkd Rl F0OE, Ni-Al RE&ERH
bE&¥ & AT v v AREM EOBEDVTRETH S - L AR

1 20004F 3 A31H HASBFSBPRST BV THEE
*2 Jhdg R A4 (Graduate Student, Hokkaido University)

THELDE, BEREBEGTYBL DI, BLlioMsE
L, EMREEMEOBBENDETHH EEHLLE L
z. L L, ZOFERZ, BHEROBH~OBHI BE T
Broriny, FREELOHPILDD. £ T, AP T
i, ZOX 5 RIEAETER L LV R LRSS E
£, ToEBRTOCCEBNBRET . X7 rx
AT, EMthEERE2ERL, thooicBERYER
T5. FLT, BRESERCI VERLL-EBHILEMES
%, BOIFFBLIHERS » ©7F , CEASEDL L&D
T, TOBEGOHN Y ENERACERIE CEEILS. £
LT, Hflx + ©F 4 CRESW-SBRILE I ERET 5
Tl Ly, BRCEBEILEMORBEEETM L EES
BLOBEHRIELIE. XWETE, BEOEFHELT
4 BE OB EM % AT, Ni-25mol%Al &4 (Ni;AD &
DESHEEZIEEL, BeREoEet >V THE L.,

2. £ B FH &%
2.1 FI 3 MRS

ABFETIE, BIERD & AR, REEE BURUE O BRI T
REOERGEEDL DTN I v F BUREESRESD 47
Blic. 73y P EREARKIGT, R(1DERTBE
DRBEERRIE LR (2) A TT Ay PRGHRREY &%
RO THRAGHLRIRIGTH D, R(3)D LS5k



736 BA & RS
Enb.
3Ni+Al—NizAl (1)
3NiO+3A1—Ni;Al+ Al,05 (2)

3aNiO+3(1—a)Ni+ (1+2a)Al—-NizAl+aAl,O; (3)
ST, alkT oy VEIEERRIGOEIETHD. T,
FPRIRBEARIIE T, BUaHR RS LY - TH
BURRED Nz Al B A 2 &R TE S, T, 743, PEIRR
ARG CRE&BRILAY & MRFCE LY (R(3) Tk
ALOs) BAERT 5 2%, FEORBEE BB BT 5 ELING,
BB LEY LBty L oBEECE S By i T
LHREERI-TIDOEELBRS.

PREBEG RO HE U R0BhE, Al Ni, NiO 0 £ K0 b 58%
LicHfER o B (B 20 mm, BE30g)Th5. #FH
LEBERBER, S CACTROBE A=Y 28
CEHRRI0um), #—R=1=, 7y VIHCEFHRES
um), BIOE@b= o 7 B CFERES um) Th 5. Th
LOBERCABD= 2 — A& TREEAL, AEHEHES
TTCHLERE Lz, BROEAEE, R(3)&ES\\TNi-
25 mol% Al £ % (Ni;Al D% BHMEB) HAER TS X 5
WL, T, T, VRSKRKIEOEE a DEILF
BRI T0.2545 Lz, ki, EREREEOBEE L
FiH, FRBEER 470 MPa & L.

2.2 EOBBEARCE

ARECHCLRHEBELEEEBEORETOERXN %
Fig. 1@)wmrd. mOREARERCIX, EEBXEER X ¥

(@)

(—| Constitution of mold parﬂ_

graphite mold
base material

centrifugal force

Fig. 1 Schematic illustration of experimental apparatus.
(D green compact, @ mold part, @ alumina container, @ heat-
ing coil, ® thermocouple, ® inner steel container, (D outer
steel container, ®) electric source, @ graphite brush, (0 slip
ring.
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Fig. 2 Structure of a Ni-Al alloy-stainless steel joint
produced by centrifugal combustion synthesis.

(a) Macrostructure. (b) Microstructure near the joint inter-
face.

Fig. 3 Fine alumina particles observed in the specimen shown
in Fig. 2.
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Fig. 4 Structure of a specimen produced under 1 G gravita-
tional acceleration. The base material is a stainless steel. (a)
Macrostructure. (b) Microstructure near the joint interface.
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Fig.5 Specimens produced by using a mold with a slender
cavity (5mm diameter). (a) Specimen produced by cen-
trifugal combustion synthesis. (b) Specimen produced under 1
G (Ni-Al alloy that did not flow into the mold cavity).
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Fig. 6 Longitudinal cross section of a tubular specimen
produced by centrifugal combustion synthesis. The base
material is a stainless steel.
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Fig. 7 Macrostructures of specimens produced by centrifugal
combustion synthesis with various base materials. (a) Stain-
less steel. (b) Ultra-low carbon steel. (c) Ni. (d) Ni-25
mol% Al alloy.
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