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Evolution of eutectic structures in Al-Zn-Mg-Cu alloys during heat treatment
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Abstract: The evolution of the eutectic structures in the alloys with different copper contents during heat treatment was studied by
scanning electron microscopy(SEM), energy dispersive X-ray spectroscopy(EDS), and differential scanning calorimetry(DSC). The
as cast microstructures involve a(Al), eutectic(a(Al) + Mg(Al, Cu, Zn),) and Al;Cu,Fe. The Al,CuMg particles form during heat
treatment. The volume of coarse phases decreases quickly in the initial 12 h during heat treatment. The volume of coarse phases

change a little at 400 and 420
slowly in alloy with higher copper content.

. Copper content has a great influence on the evolution of the eutectic. The coarse phases dissolve
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1 Introduction

The solute redistribution during solidification leads
to microsegregation and the formation of coarse
intermetallic particles, which can significantly influence
the properties and productivity of the 7000 series
aluminium alloys[1]. In order to decrease the micro-
segregation and dissolve the eutectic, homogenization is
necessary for as cast alloy before subsequent processing.
Some coarse constituents may exist in alloy after
homogenization, including large eutectic structures and
coarse particles formed during homogenization, which
influence the formability, recrystallization behavior and
the properties of the alloy. The coarse particles with size
larger than 1 um will deteriorate the properties, such as
the toughness and fatigue performance[2—6]. In 7000
aluminium alloys, these detrimental particles are
especially the iron rich and copper rich intermetallic
phases.

Copper was added into the 7000 alloys to improve
the stress corrosion cracking(SCC) resistance[7, 8]. More
remnants of coarse copper rich phases might be
presented with increasing copper content, which were
detrimental to the toughness and degraded the age
hardenability of the alloy[9—11].

The Al-Zn-Mg-Cu system was complex. It was
reported that several intermetallic phases such as
n(MgZny), T(AbMg:Zn;), S(ALCuMg), 6(ALCu)
Al,CuyFe, Alj;Fe, and Mg,Si can occur below the
solidus[12—14]. The n and T phases were often presented
as solid solutions with extended composition ranges
containing all four elements. The second phases based on
n(MgZn,), T(Al,Mg;Zn;) and S(AL,CuMg) were present
in the as cast Al-Zn-Mg-Cu alloys, and the nature of
these phases was reported[15]. The stepped heat
treatments on the dissolution of soluble remnant
constituents were also investigated in the 7055 alloy[16].
Although homogenization and the nature of the coarse
phases existing in the as cast and as homogenized
Al-Zn-Mg-Cu alloy were investigated, the study of the
transformation from the eutectic structures to coarse
particles during homogenization was very limited in
these alloys. It is timely to investigate the evolution of
coarse phases in commercial alloys.

The objective of this study is to understand the
influence of the copper content, temperature and time on
the evolution of the coarse particles of Al-Zn-Mg-Cu
alloys during solidification and heat treatment. The
transformation from eutectic structures to coarse
particles was also investigated.
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2 Experimental

Two alloys were prepared in the range of
commercial 7050 and 7010 alloys in compositions. The
chemical compositions are given in Table 1.

Table 1 Chemical compositions of two alloys (mass fraction,
%)
Alloy Zn Mg Cu Zr Fe Si Al
Al 631 233 17 012 0.09 0.05 Bal
A2 632 240 232 0.12 0.10 0.05 Bal.

The ingots (200 mm in diameter) were produced by
using semi-continuous casting method in the Northeast
Light Alloy Co Ltd. Specimens for heat treatment were
cut at 1/2 radius from the center of the ingot. To study
the evolution of the microstructures in as cast alloys
during heat treatment, the specimens were heated at 400,
420, 440 and 460 , and held for different periods (6, 12
and 24 h) then quenched into the water. The heating
temperature variation was controlled within =5

Optical microscopy was used to examine the size,
shape and volume fraction of the coarse phases. Image
analysis was used to measure the coarse phases.
Scanning electron microscopy(SEM) was used to
analyze the phases, along with energy dispersive
spectroscopy to determine their chemical compositions.
SEM work was conducted on an S-4700 SEM. DSC
experiments were performed using a NETZSCH STA
449C calorimeter.

3 Results

3.1 Microstructures of as cast alloys

The as cast microstructures are shown in Fig.1. The
dendrites are separated by the coarse phases. The white
areas are a(Al) and the black areas are eutectic as
reported in Ref.[12]. The two alloys exhibit similar as
cast structures, the eutectic form an almost continuous
network. The area fraction of the eutectics is nearly
5.7%.

3.2 Evolution of microstructures during heat treat-

ment

The area fraction of the eutectics and the coarse
phases in alloy Al is close to alloy A2. The fraction of
the eutectic gradually decreases during heat treatment,
and the difference of area fraction between the two alloys
was observed. The characterization of eutectic structures
disappears gradually with heat treatment, and continuous
mixture of phases evolves into isolate particles. After 24
h homogenization at 460 , the fraction of coarse
particles in alloy Al is lower than that in alloy A2. The

samples were quenched into the cold water after heat
treatment, so there are no small particles precipitate in
the grains.
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Fig.1 Optical micrographs of as cast alloys: (1) Alloy Al;
(2) Alloy A2

The quantitative analysis results for the fraction of
the phases other than the a dendrites are shown in Fig.2.
From Fig.2(a), it can be seen that the particles fraction in
alloy Al decreases with increasing holding time at
different temperatures. The fraction of coarse particles
decreases sharply in the initial 6 h at 440 and 460 ,
and changes little within further holding. There is small
change of the fraction at 400 and 420 in alloy A2 as
shown in Fig.2(b). The fraction of residual coarse
particles in alloy Al is lower than that in alloy A2 under
the same heat treatment condition.

The evolution of the microstructures during heat
treatment is investigated by using SEM. Fig.3(a) and
Fig.3(b) show the lamellar as cast eutectic structure. The
eutectic is believed as o-Al and MgZn,[12], which will
be analyzed later. Some coarse particles (arrowed in
Fig.3(b)) embedded into the eutectic structures were also
observed. EDS analysis results(Table 2) show that the
coarse particles contain more Cu and Fe. Its composition
is close to stoichiometric Al,Cu,Fe phase. So the coarse
particles can be identified as Al,Cu,Fe.

The eutectic disappeared after 24 h homogenization
at 460 . The dominant particles in alloy Al are
Al;CuyFe, as shown in Fig.3(c). In alloy A2, there are
more Cu-rich particles (arrowed in Fig.3(d)) besides the
Al;Cu,Fe particles. From Fig.3(d), it can be seen that the
Al;,Cu,Fe is brighter than the Cu-rich particles. The EDS
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Fig.2 Evolution of area fraction of phases other than a dendrites during heat treatments: (a) Alloy A1; (b) Alloy A2

Fig.3 SEM micrographs of two alloys under different heat treatment conditions: (a) As cast microstructures; (b) High magnification
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result of the Cu-rich particles is shown in Table 2, which
is close to Al,CuMg phase in composition. The higher
fraction of coarse particles in alloy A2 is resulted from
the more Cu-rich particles. The morphology of the
Al;CuFe particles is not regular, while the Cu-rich
particles exhibit as elliptical shape (Fig.3(e)). Especially
the serrated border of Al,Cu,Fe particles is observed in

Fig.3(%).

Table 2 Results of EDS analysis of various types of
intermetallic phases shown in Fig.3(e) (mole fraction, %)

Position Al Zn Mg Cu Fe
A 72.32 3.21 1.22 18.17 5.08
B 68.93 2.12 1.56 19.07 8.32
C 45.72 3.13 21.29 29.85 -

The differential scanning calorimetry(DSC) results are
shown in Fig.4. Two sharp endothermic processes appear
around 480 and 498 . The endothermic peak 1 can be
ascribed to the melting of the eutectic (a-Al+MgZny).
Peak 2 can be attributed to the melting of ALLCuMg[14].
There is only one endothermic peak in as cast alloy A2,
indicating the existence of a-Al and MgZn; in the as cast
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Fig.4 DSC curves under different heat treatment conditions: (a)

Alloy A2 under different conditions; (b) For two alloys

structures. No peak associated with the Al,CuMg phase
in as cast alloy was observed.

It should be noted that the weaker endothermic peak
indicates the decrease of the fraction of the eutectic.
Endothermic peak 2 corresponding to the melting of
Al,CuMg appeared after 12h homogenization at 460
indicating the formation of AlLCuMg during
homogenization. After 24 h homogenization at 460
the endothermic (peak 1) disappears as shown in Fig.4(a),
which indicates that all the MgZn, disappears. It is in
agreement with the SEM analysis results(Figs.3(c) and
3(d)). Furthermore, the endothermic peak 2 in alloy A2 is
stronger than that in alloy A1(Fig.4(b)), which indicates
that more Al,CuMg particles exist in alloy A2.

4 Discussion

The microstrues of the two alloys reveal a mixture
of dendritic a phase and lamellar eutectic formed
between the dendrites. The two alloys exhibited similar
as cast structures, which suggested that the different
copper content had only a little influence on the
solidification process. The DSC result showed that the
eutectic contains a-Al and MgZn,. The EDS results show
that the eutectic contain more copper(Table 3), which
shows that some Zn lattices are substituted by Cu atom
in MgZn, phase. It is consistent with the report that
Mg(Al, Cu, Zn), are solid solutions with extended
composition ranges containing four elements[8].

Table 3 Results of EDS analysis of eutectic structures in as cast
alloys (mole fraction, %)

Alloy Al Zn Mg Cu Fe
Al 68.32 8.14 16.90 6.64 -
A2 51.47 16.42 19.35 12.76 -

During the heat treatment, the fraction of phases
other than the o dendrites decreases, and the decreasing
rate in alloy A1 is higher than that in alloys A2. DSC and
SEM results demonstrate that the coarse AlL,CuMg
particles form. More Al,CuMg particles exist in alloy A2
under the same condition. This suggests that the copper
content has a great influence on the evolution of eutectic
structures during the heat treatment.

In the as cast alloys, there will be some segregation
regions with more Cu, Zn and Mg. The segregation of
solute occurring during solidification leads to more Cu
dissolving in the eutectic. It is difficult to eliminate the
segregation within the grains after the heat treatment.
The Cu content in the eutectic in alloy A2 is higher than
that in alloy Al as listed in Table 3. The copper has lower
diffusion coefficient as compared with =zinc and
magnesium[17]. The higher Cu content in the eutectics in
alloy A2 slows down the diffusion process during heat
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treatment. Furthermore, the high supersaturation extent
of Cu in alloy A2 will provide more Cu solutes to form
AlL,CuMg and lead to more ALL,CuMg particles. Hence,
the alloy with higher Cu content contained more
AlL,CuMg particles under the same heat treatment
condition.

The eutectic disappeared after 24 h homogenization
at 460 . There are some coarse intermetallic phases
remain in the grain boundaries. These particles are
identified as either insoluble phase (the iron rich
itermetallic Al;CuyFe), or ALLCuMg phase, which is in
agreement with the results made by ROBSON]J2]. The
dominant particles remained in alloy Al are Al,Cu,Fe,
whereas AlLCuMg in alloy A2. The practical
homogenization temper is about 460 , 24-36 h for
7000 series alloy, which can dissolve the coarse particles
to a great extent in alloy Al. But, for alloy A2, further
study about homogenization should be made to reduce
the fraction of coarse intermetallic phases, and optimize
the processing practices.

5 Conclusions

1) The two as-cast alloys exhibited similar
structures, containing a(Al), the eutectic(a(Al)+ Mg(Al,
Cu, Zn),) and Al,Cu,Fe phases.

2) The lamellar eutectic dissolved into the matrix or
evolved into isolated particles during the heat treatment.
The particles present in the alloys after heat treatment for
24 h at 460 are Al;,Cu,Fe or Al,CuMg.

3) The fraction of the phases other than the o
dendrite decreases with the increasing of holding time.
The fraction of these phases in the alloy with higher
copper content is higher during the heat treatment. The
excessive phase in alloy with higher copper content is
AL CuMg.

4) Copper content has a great influence on the
dissolution of eutectic structures. The Al,CuMg phase
formed during the heat treatment.
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