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Abstract

The microsegregation and homogenization of two groups of alloying elements in cast al uminurp
alloys, one is Cu and Mg of eutectic elements and the other is Ti and Zr of peritectic
clements , were studied and the influence of them on the precipi tation behavior in the aged
aluminum alloys was also clarified. The extreme microsegregation of these alloying elements
in the cast aluminum alloys formed the cored structure in cellular dendrites of the aluminum
alloys.  Cu and Mg were enriched in the outside region of the cored structure and Ti and Zr
were enriched in the inside one. The Mg-cored and Cu-cored structures were eliminated by
the homogenization at 703K for 20h and 803K for 100h, respectively , but the cored
segregations of Ti and Zr were not eliminated at all under the same homogenization conditions.
The homogenization of Cy and Mg solutes delayed in the aluminum alloys with Ti and/or Zr,
and the complete elimination of these coring segregations was hardly achieved in the alloys
with Ti. In the alloys aged after the solution treatment the distinctive precipitation behavior
was observed in the inside and the outside regions of the cored structure in dendrite celis. No
precipitates were formed in the inside region of the Ti enriched cored structure in Al-Mg-Ti
alloys.  The growth of the precipitates became slower in Al-Cu-Ti alloys and faster in

Al-Cu-Zr alloys in the inside region of the cored structure than in the outside region of the
cored structure.

Introduction

In aluminum alloys for cast and wrought materials, small amount of transition elements such

as Cr,Ti,V and Zr is added for the grain refinement of cast or recrystallized matertals and for
the prevention of stress corrosion cracking or casti ng cracking.

These elements compose the phase diagrams of the peritectic reaction system at the aluminum
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rich corner, and their equilibrium distribution cocfficients are larger than unity. Therefore,
the initially solidified regions arc enriched with these elements and the cored structure forms
in the dendrite cell of cast ingots [1,2].  Complete elimination of the cored segregation
structure with high Cr,Ti and/or V content requires long thermal exposure more than 2~3
weeks at 923K [3], and the cored structures remain  even in materials 95% heavily rolled and
homogenized at 723K of the conventional homogenization temperature for eutectic alloying
clements such as Cu,Mg,ctc [4,5]. It has been clarified that the microsegregation of alloying
clements in Al-Cu alloys and Al-Mg alloys is accelerated and their homogenization is retarded
by the addition of VandTi{4]and Cr [5]

In the present work,the microsegre gation,homogenization and precipitation behavior in cast
Al-Cu-Ti,Al-Cu-Zr and Al-Mg-Ti alloys were investigated.

Experimental Procedures

The aluminum alloy ingots were prepared {rom 99.99% purity aluminum ingot,99.9% purity
magnesium ingot, 99.9% purity copper plate, Al-5%T1 and Al-5%Zr master alloys.  The
alloys were melted in an electric resistance furnace ,using a clay-bonded graphite crucible
dressed with high purity alumina,under an argon atmosphere at 100K above the liquidus
temperature. The molten alloys were de gassed by adding C,Cl, and were poured into permanent
molds heated at 423K . Specimens were homogenized in a salt bath (NaNO,:KNO,=1:D),
quenched into water and were heated in an oil bath for the precipilation treatments. The
microscgre gation and homogenization of solute clements were measured by means of EPMA.
For microstructural obscrvations the specimens were polished and ctched with dilute Tucker's
reagent. For TEM obscrvation of precipitation structures the specimens werc polished
electrolytically at 248K using nitric acid 1 and methanol 4 mixed solution,

Results and Discussion

Microscgregation

The microstructures and the line analysis of the solute elements by EPMA in an as-cast Qnd
homogenized A1-9.45%Mg-0.13%Ti alloy are shown in Fig. 1. The marked microsegregation
, that is, the crystallization of the non-cquilibrium eutectic Mg,Al, at the grain boundary a}id
interdendrite cells and the nonuniform distribution of Mg and Ti concentration in the QCndrlte
cells is found. At the center of the dendrite cell, the minimum Mg concentration was
indicated as 3.6%Mg and the maximum Ti concentration was indicated as 0.7%T1 of about 5
times as high as the initial Ti contents. The concentration of Mg increased and that of .Tx
decreased from the center toward the cell-wall of dendrite, and these solute distribution
results in Mg and Ti cored structures .  On the other hand, the minimum concemratiop .Of 'Mg
at the center of dendrite cells in Al-9.4%Mg alloy was 4.7% . The amount of non—cquxl}brlum
cutectic Mg,Al, crystallized was 6.2 vol% in Al-9.4%Mg alloy and was 7.4vol% in Al-
9.45%Mg-0.13%Ti alloy. _

The amount of non-equilibrium eutectic Al,Cu and the minimum Cu concemraqon‘were
indicated as 2.4 vol% and 0.7%Cu in Al-4.7%Cu alloy respectively, and they were indicated
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as 2.5 vol% and 0.64%Cu in Al-4.5%Cu-0.16%Ti alloy resp?ectjvely. ' The m‘dx¥m‘u_ml ?
concentration was indicated as 0.7% , which is about 4.5 times as high as the initial Ti
;r(x)l:?é:7%Cu-().3 1%Zr alloy,the amount of non-equilibrium eutectic Al,Cu apd the mlm’mum
Cu concentration were indicated as 1 vol% greater and 1%Cu lox\fer than in Zr free .allo.y.
The maximum Zr concentration was about 3 times as high as the minimum Zr concentration in
the outside region of the cored
structure. Thus, the degree of
microsegregation in the cast
aluminum alloys increase with
addition of the peritectic elements
Ti and Zr, and the peritectic
elements themselves form the
marked cored scgregation .

Homogenization
By the homogenization at 703K

for 18h,the Mg cored structure
was eliminated , but the Ti cored
segregation did not eliminate at
all, asshown in Fig. 1. The
homogenization behavior in Al-
9.4%Mg  and Al-9.45%Mg- A=
0.13%Ti alloys is shown in Figs. 20um| | X= i = Y D
2 and 3. The dissolution of - As-cast 703K, 18h
non-equilibrium eutectic Mg,Al, Fig.1 Lineanalysis of solute distribution in as-cast
was  retarded slightly in the Tj and homogenized Al-9.45%Mg-0.13%Ti alloy.

Solutes concentration

added alloys comparing with that
in the Ti free alloys, but the 5
complete  dissolution  was
obtained by thermal exposure at
703K for 1h. However, the
complete homogenization of Mg
in Al-9.45%Mg-0.13%T; alloy
was hardly achieved evep by
thermal exposure at 703K for
100h, and the minimum Mg
concentration in the inside region
of the Ti cored structure could !
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dissolution of non-equilibrium eutectic A1,Cu was completed by thermal exposure at 803K for
5h.  Although the complete homogenization of Cu was achieved by thermal exposure at 803K
for 100h in Al-4.7%Cu alloy, but the complete homogenization of Cu in Al-4.5%Cu-0.16%Ti
alloy was not achieved and the Cu concentration at the center dendrite cell was only 93% of
the initial Cu contents.

The homogenization behavior in Al-6.5%Cu and Al-6.7%Cu-0.31%Zr alloys is shown in Figs.
4and 5. The dissolution of non-equiliblium eutectic Al,Cu was almostly completed by
thermal exposure at 803K for 5h and the equiliblium eutectic Al,Cu remained about 2 vol%.
The complete homogenization of
Cu was almostly achieved by
thermal exposure at 803K for
100h in  Al-6.7%Cu-0.31%Zr
alloy as same as in Al-6.5%Cu
alloy, in spite of remaining the
Zr cored segregation. The
progress of the homogenization
in Al-6.7%Cu-0.31%Zr alloy was
slower than in  Al-6.5%Cu alloy.
The homogenization in the cast
aluminum alloys  progresses o L1
rapidly on the early stage of As cas 5 10 15 0 100
the thermal exposurc until the Time (1) .
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clements and thereafter the homogenization progresses slowly. In the cast aluminum alloys
with the peritectic elements Ti and Zr , the complete homogemza.tlon . of the eutectic
elements Cu and Mg delayed, and was hardly achieved in the alloys with Ti. .

In order to clarify the phenomenon that the homogenization of Cuand Mg.v.vas hardlly achieved
in the Ti cored segregated region , the diffusion behavior of Mg and Ti in a._lummum alloys
was examined by use of a diffusion couple of A1-2%Mg/Al—2%Mg-0.l§%T1 al'loysl. The
change of Mg and Ti concentration profiles at the vicinity of the interface in the diffusion

couple exposed at 703K is shown in Fig. 6. In
all specimens treated by thermal exposure, the

~
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cored structure washardly eliminated by thermal gz; 0.0 ﬁ;o\ o o °
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structure g equilibrated with the high Mg ?02 O o o.Qo.ov I t,=l1oolh
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The precipitation did not occurred during the for 2h (a) and 50h (b) and 100h (c).

homogenization treatment inside the cored
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inside  outside

Fig.7 Nonuniform precipitation structure
in Al-9.45%Mg-0.13%Ti alloy aged
at 453K for 25h.

structure of Al-9.45%Mg-0.13%Ti and Al- e _-200nm
4.5%Cu-0.16%Ti alloys. The microstructure in

the cast A19.5%Mg-0. 13%Ti alloyagedat 453K Fig8 TEM structure of AL43TCH,
for 25h after the solution treatment at 703K is 0.16%Ti alloy aged at or 6ks.
shown in Fig. 7. The marked nonuniform precipitation structure was found . ' The
precipitation of the intermediate phase B' occurred in the outside region of the Ti coreq
structure . The precipitation of the 8' phase did not occurred at all in the inside of the Ti
cored structure at 453K aging.

Outside

Fig.9 TEM structures of Al-4.5%Cu-0.16%Ti alloy aged at 453K for 240h.
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Although the formation of the

G.P.(2) zone occurred in the -
outside region of the Ti cored |
structure ,but no precipitates ¥
were formed in the inside of
the cored structure in the early %
stage of the aging for 6ks. In

the further aging for 240h, the N

fine intermediate phase 8'
precipitated in the inside of
the cored structure and the
6' phase grow coarsened
sufficiently in the outside of
the cored structure. The
formation and growth of the
precipitates in Al-4.5%Cu -
0.16%Ti alloy become slower
in the inside of the Ti cored
structure than in the outside
of the Ti cored structure.

The  precipitation of
metastable cubic AL, Zr phase
B'intheinside of the Zr cored
structure occurred during the
homogenization treatment at
803K for 10h in Al-6.7%Cu-
0.319%Zr alloy , as shown in
Fig.10. The complete
homogenization of the Cu
concentration was achieved
because of the decrease of the
Zr concentration in the inside
of the Zr cored structure due
to the precipitation of §'
phase. The very fine
spherical metastable AlZr
with the strain field preci pitate
during thermal  exposure
at 803K for 10h after
annealing at 723K for 50h ,
as shown in Fig. 11.  The
fine spherical precipitates

Fig.10 Precipitation structure in the inside region
of Zr cored structure in Al-6.7%Cu-0.31%Zr
alloy homogenized at 803K for 10h.

(a)Optical image (b) SEM image

Fig.11 Precipitation of fine metastable Al;Zr in
Al-6.7%Cu-0.31%Zr alloy homogenization
treated at 803K for10h after annealing
at 723K for 50h.
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affect the precipitation of the
0 'phase and G.P.zone as shown
in Fig. 12. The coarsc 8
phase formed at the vicinity of
the fine AlLZr phase with the
strain ficlds and the formation
of the finc G.P.zonc was found
in the matrix farfrom Al Zr phasc.
The phase transformation {rom
G.P.zone to ' phase and the
formation and growth of the 8
phase were accclerated in the T >
inside of the Zr cored structure RPN ’bwl S ,»'_,: “ - of finc
. an o - .12 cIpitation behavior at vicini

rather than i the ousside of e Pl R 0,312+ alloy
aged at 453K for 12ks.

Zr cored structure.
Conclusions

(1) The degree of microscgregation in the cast aluminum alloys increase with addition of Ti
and Zr, and the peritectic elements themselves form the marked cored scgregation . ‘

(2) In the cast aluminum alloys with Ti and Zr , the complete h()m()gcnilﬂli(m‘ of the
eutectic elements Cu and Mg delays, and is hardly achicved in the alloys with Ti . The
further homogenization progresses unless the progress of the diffusion of Ti duc to the
chemical potential equilibrium..

(3)The complete homogenization of Cu concentration in Al-Cu-Zr alloy is achicved because
of the decrease of the Zr concentration in the inside of the Zr cored structure due (o the
precipitation of 8'phase. .
(4) The intermediate phase 8' in Al-Mg-Ti alloy precipitates in the outside region of t.hc Ti
cored structure The growth of the precipitates in Al-Cu -Ti alloy become slower in the
inside of the Ti cored structure than in the outside of the Ti cored structure.

(5)The 6'phasein Al-Cu-Zr alloy nucleates preferentially at the vicinity of the fine meta'SlaF)lC
AlZr phase with the strain ficlds and the growth of the ' phase is accelerated in the inside
of the Zr cored structure rather than in the outside of the Zr cored structure.
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