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Formation Mechanism of Composite Layer in Hyperperitectic Al-Cr
Alloy Ingot Produced by Injection Quenching

Tatsuya Ohmi, Makoto Ueda and Masayuki Kudoh

In order to examine the formation mechanism of the double composite layer which
occasionally forms in the Al-transition metal alloy pipes produced by Centrifugal Duplex
Casting, a model experiment named “Injection Quenching” has been executed. In this
experiment, a hyperperitectic Al-Cr alloy melt (the jet melt) was injected into a molten
aluminum (the bulk melt) to be cooled rapidly. The primary intermetallic compound particles
sedimented to the bottom of the mold. The mixed alloy was furnace-cooled, and was
quenched at a given temperature to freeze the distribution of the primary particles, The

obtained results are summarized as follows :
“copious nucleation” in the jet melt constitute the fine composite layer.

(1) The primary particles crystallized with
(2) After the

formation of the fine composite layer, floating particles dispersed in the bulk melt grow and
pile up on the fine composite layer to constitute the coarse composite layer.

Keywords : jet mixing, rapid cooling, intermetallic compound, crystallization, solidification structure
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Fig.1 Experimental apparatus {a), and flow pat-
tern of water jet (b). (D graphite piston O graphite
cylinder @ jet melt @ nozzie ¢ graphite mold ® bulk
melt @ thermocouptes & movable stage
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Fig. 2 Macrostructures of vertical cross section of
ingots. (a) furnace-cooled Al-1.25mass % Cr alloy
ingot by conventional casting, (b) furnace-cooled
ingot produced by Injection Quenching with the jet
melt of Al-5mass % Cr alloy, {c¢) ingot bath-cooled
just after the injection of Al-5mass % Cr alloy.

BohAEEE, WITNLER 4Omm - &34 120
mm OFAERBHETH L. FH Oy oEBOFEERI
i, 7 59— W (HCI:HNO; 1 HF {H,0=4:4:1:4)

FAERLA. £/, 2 of#OBEE, SEM o4
BFHREILL o7

3. ERBRELUVER

3.1 HEROME

Fig. 2 LSRR oKW O~ 7 DB O% % R$.
(@ WM E LTHERLZA-L25%Cr 88 0RE
BEMTHAH, T, OREEREESERICLHER
Lzas (U, MBS LT E)ThH Y, BAWE
ELTAS%Cr 524 B0 THE. @b o
WTRLEERTICHESLARETHE. /4, ©
HEBREBELICHETSHLAEEREMN CH L.

Fig.2 (a) D@BEEEEM T, HRCEEL-OED
SERILSYHFRCHROBEE LTRSS, Ih
SNERMEAWORHMSEHETHICEPLTH/HL
Twvad, T, B3 mm CRSEKZ2EBHILE
WFECHESRD.

—7%, Fig.2 b) OB &M TIE, BEHAZE
B L ERROZEESBYREONS. Thabb, KE
PHE S 16mm I TCOHEBICHMBLEBRL AN
FEELEEBIHEL, FOLMICHERRSNROETF

bt : e }\"N LR .
Fig. 3 Microstruéture of fine?coarse transition re-
gion of the double composite layer in the furnace-
cooled sample produced by Injection Quenching
with the jet melt of Al-10 mass % Cr alloy.
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Fig. 4 Time-temperature curves measured during
Injection Quenching and furnace-/bath-cooling.
The jet melt is Al-5mass % Cr alloy in each experi-
ment. {a) bath-cooled just after the injection of the
jet melt, (b) bath-cooled when the temperature at
the position of 5mm in height was 953K, {c¢) bath-
cooled when the temperature of the 5 mm-hight posi-

tion was 934K, and (d) furnace-cooled until com-
plete solidification.
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Fig.5 Formation process of the fine-coarse tran-
sition region of the double composite layer. (a)
bath-cooled just after the injection, (b) bath-cooled
at 853K, (¢} bath-cooled at 934K, and {d) furnace-
cooled until complete solidification. The jet melt is
Al-5mass % Cr alloy.

Fig. 6 Clusters of fine intermetallic compound
particles observed at 10 mm-hight of the samples
bath-cooled just after the injection of (a) Al-5
mass % Cr and (b) Al-10mass % Cr.
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Fig. 7 Sequence of sedimentation of intermetallic
compound particles at the 100 mm-hight position of
the samples produced by Injection Quenching with
the jet melt of Al-10mass % Cr alloy. and (a)
bath-cooled just after the injection, (b) bath-
cooled at 963 K, and (c) bath-cooled at 933 K.

Fig. 8 Structure of the cluster observed on Fig.7 (a) .
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