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Abstract: The microstructural evolution of Al-Zn—Mg—Zr alloy with trace amount of Sc during homogenization treatment was
studied by means of metallographic analysis, scanning electron microscopy (SEM), energy dispersive X-ray (EDX) and differential
scanning calorimetry (DSC). The results show that serious dendritic segregation exists in studied alloy ingot. There are many eutectic
phases with low melting-point at grain boundary and the distribution of main elements along interdendritic region varies periodically.
Elements Zn, Mg and Cu distribute unevenly from grain boundary to the inside of alloy. With increasing the homogenization
temperature or prolonging the holding time, the residual phases are dissolved into matrix a(Al) gradually during homogenization
treatment, all elements become more homogenized. The overburnt temperature of studied alloy is 476.7 °C. When homogenization
temperature increases to 480 °C, some spherical phases and redissolved triangular constituents at grain boundaries can be easily
observed. Combined with microstructural evolution and differential scanning calorimeter, the optimum homogenization parameter is

at 470 °C for 24 h.
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1 Introduction

The Al-Zn—Mg alloys with trace amounts of Sc and
Zr are extremely attractive structural materials for
application in aerospace, nuclear energy and ship
industry because of their high strength, good corrosion
resistance and welding performance [1-3]. In the past
several decades, a number of research groups have paid
attention to microstructural evolution and mechanical
properties of Al-Zn—Mg alloy with trace amounts of Sc
and Zr. These researches showed that adding minor Sc,
Zr in aluminum alloys can refine grain and increase
tensile strength, which is attributed to the presence of
coherent, L1,-ordered Als(Sc,Zr) particles [4—6].

As is well known, microstructural evolution and
mechanical properties of AlI-Zn—Mg alloys are sensitive
to the structure of alloy ingot, heat treatment and
subsequent deformation conditions, etc. A considerable
amount of massive un-dissolved secondary phases and

dendritic segregation are inevitable in the as-cast
microstructure. In order to obtain good processing
properties and service performance, the as-cast alloys
should be homogenized before subsequent processing
[7,8]. Thus, the homogenization temperature and holding
time play a very important role in the dissolution of the
residual phases during homogenization treatment. DENG
et al [9] investigated the intermetallic phase evolution of
7050 aluminum alloy during homogenization. TAMARA
et al [10] studied the microstructure evolution of a
modified AA5083 aluminum alloy during a multi-stage
homogenization treatment. TOTIK and GAVGALI [11]
researched the effect of homogenization treatment on the
hot workability between the surface and center of AA
2014 ingots.

The purpose of the present study is to investigate
the microstructural evolution of Al-Zn—Mg—Zr alloy
with trace amount of Sc during homogenization
treatment. The effects of homogenization temperature
and holding time on the microstructural evolution are
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also studied, from which optimum homogenization
treatment parameter can be concluded.

2 Experimental

The nominal composition of Al-Zn—Mg—Zr alloy
with trace amount of Sc is given in Table 1. The cast
ingot was prepared with pure Al, pure Zn, pure Mg and
Al-Mn, Al-Cu, Al-Sc, Al-Zr master alloys, by
semi-continuous casting in a crucible furnace. Specimens
with dimensions of 12 mm x 12 mm % 15 mm were wire-
cut from the center of ingot. The specimens were
homogenized at 450, 460, 465, 470, 475 and 480 °C for
24 h, respectively. And then at the optimized temperature,
the specimens were homogenized for 8, 16, 24 and 32 h.
All the homogenized specimens were air-cooled to room
temperature.

Table 1 Nominal composition of studied alloy (mass fraction,
%0)
Zn Mg Cu Mn Sc Zr Al

54 2.0 0.35 0.3 0.25 0.1 Bal.

The microstructures of studied alloy were analyzed
by optical microscopy (OM), scanning electron
microscopy (SEM), and energy dispersive X-ray (EDX)
spectrometry. The SEM specimens were prepared
through a conventional mechanical grinding and
polishing, followed by etching with Keller reagent (2 mL
HF + 3 mL HCI + 5 mL HNO; + 190 mL H,0) for OM
observation. The analyses of SEM and EDX were carried
out on a Philips Sirion 20 and a Finder—1000,
respectively. And DSC analysis was carried out on a
SDT—Q600 differential scanning calorimeter.

3 Results and discussion

3.1 As-cast microstructure

Figure 1 shows the microstructures of as-cast alloy.
It has a typical ingot structure consisting of dendritic
o(Al) phase (Fig. 1(a)). Serious dendritic segregation
exists in the alloy ingot. Table 2 lists the results of EDX
analysis. It can be seen that a large number of residual
phases exist at grain boundaries. The white secondary
phase shown in point 4 of Fig. 1(b) was identified as Zn-
and Mg-rich non-equilibrium aluminides, which may be
the mixture of supersaturated solid solution a(Al),
n-MgZn,, and T-Mgj3y(Al, Zn)g. The grey phase is the
impurity phase (point B), and it may be the matrix a(Al)
with solute of elements Zn, Mg, Fe [12—15].

Figure 2 shows the SEM image and the element
distribution maps of Zn, Mg, and Cu (brightness is
proportional to elemental concentration) in as-cast alloy.

Fig. 1 Microstructures of as-cast alloy: (a) OM image; (b) SEM

image

Table 2 Chemical composition of secondary phases in Fig. 1(b)
for studied alloy

Point x(Al)/% x(Zn)/% x(Mg)/%  x(Fe)/%
A 54.24 19.93 25.83 -
B 82.71 2.16 2.08 13.05

It can be found that the distribution maps exhibit the
relative Zn, Mg, and Cu concentrations, and the
segregation degrees of Zn, Mg and Cu at grain
boundaries are different. The concentration of the
elements decreases from grain boundary to inside of the
studied alloy. Therefore, a homogenization treatment is
necessary to eliminate severe dendritic segregation in
as-cast alloy. Generally, the relationship between the
diffusion coefficient and the temperature can be
described as follows:

D=D, exp(—%) (1)

where D, is the diffusion coefficient; Q is the diffusion
activation energy; 7 is the thermodynamic temperature;
and R is the mole gas constant. It can be seen from Eq. (1)
that the higher the temperature is, the larger the diffusion
coefficient will be, which makes it easier to eliminate the
dendritic segregation in the as-cast alloy. Meanwhile, the
temperature cannot surpass the overburnt temperature of
the studied alloy, so it is very important for practical
application to optimize homogenization temperature.
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Fig. 2 SEM image (a) and elements distribution of Zn (b), Mg (¢) and Cu (d) in as-cast alloy

3.2 DSC analysis of as-cast and homogenized alloys

The DSC curves of as-cast ingot and specimens
homogenized at different temperatures for 24 h are
shown in Fig. 3. The endothermic peak can be observed
in the as-cast alloy, sited at 476.7 °C. With increasing the
homogenization temperature, the endothermic peak at
476.7 °C disappears gradually after homogenization
treatment. It may be corresponding to the dissolution of
some non-equilibrium phases during homogenization
treatment. It can be included that the homogenization
temperature of studied alloy should not surpass the
temperature of 476.7 °C, which is generally called the
overburnt temperature of studied alloy.
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Fig. 3 DSC curves of as-cast ingot and specimens homogenized
at different temperatures

3.3 Microstructure of homogenized alloy
3.3.1 Effect
microstructures

Figure 4 shows BSE SEM microstructures of as-cast
ingot and specimens homogenized at different
temperatures for 24 h. It suggests that microstructural
evolution of the alloy is determined significantly by
temperature. With increasing the
homogenization temperature, the volume fraction of

of homogenization temperature on

homogenization

residual phases is significantly decreased, and the grain
boundaries become more thin and clear. The continuous
residual phases along grain boundaries have turned to be
uncontinuous ones, as shown in Figs. 4(c) and (d). When
the specimen is homogenized at 470 °C, the dendritic-
network structure reduces and most residual phases are
spread homogeneously in matrix a(Al) (Fig. 4(d)). But
when homogenization temperature was increased to
480 °C, the melting compounds both at grain boundaries
and in triple conjunctions can be observed, and the
specimen is overburnt [16—18] (Fig. 4(f)). According to
the microstructure evolution, it can be included that the
suitable temperature for homogenization treatment is
470 °C.
3.3.2 Effect of homogenization time on microstructures
The BSE SEM and optical images of specimens
homogenized at 470 °C for different time are shown
in Fig. 5. With prolonging homogenization time, the
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volume fraction of the dendritic-network structure is
reduced gradually, and the non-equilibrium phases at the
grain boundaries dissolve gradually. The residual phases
become small and sparse. When the homogenization
time increased, to 32 h, no obvious dissolution of
residual constituents is observed (Figs. 5(g) and (h)), and
the microstructure has no significant change compared
with that homogenized for 24 h [19-21]. As a result, the
reasonable homogenization time at 470 °C can be
determined to be 24 h.

Fig. 4 BSE SEM images of studied alloy homogenized at different temperatures for 24 h: (a) As-cast; (b) 460 °C; (c) 465°C; (d) 470
°C; (e) 475 °C; (f) 480 °C

3.4 Line scanning analysis of homogenized alloy

The line scanning traces of as-cast and
homogenized alloys are shown in Fig. 6. Elements Zn,
Mg and Cu distribute unevenly from grain boundary to
the inside of alloy. After homogenization treatment, it
can be found that the segregation of the main elements
Zn, Mg and Cu is almost eliminated, and the elements
distribution is homogeneous from grain boundary to the
inside of the studied alloy [22—25]. Thus, the optimum
homogenization parameter is at 470 °C for 24 h.
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Fig. 5 BSE (a, c, e, g) and optical (b, d, f, h) microstructures of studied alloy homogenized at 470 °C for different time: (a, b) 8 h;
(c,d) 16 h; (e, )24 h; (g, h)32h

Fig. 6 Line scanning analysis of studied alloy: (a) As-cast; (b) Homogenized at 470 °C for 24 h
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4 Conclusions

1) Severe dendritic segregation exists in the studied
alloy ingot. The main residual phases are 7-MgZn, and
T-Mgj3y(Al, Zn)y phases, which precipitate along grain
boundaries. The main elements Zn, Mg and Cu distribute
unevenly from grain boundary to the inside of as-cast
alloy.

2) By increasing homogenization temperature and/
or prolonging holding time of homogenization, the
residual phases are dissolved into matrix a(Al) gradually,
and the grain boundaries become sparse and the
distribution of all the elements becomes more
homogenized.

3) The overburnt temperature of Al-Zn—Mg—Zr
alloy with trace amount of Sc is 476.7 °C. The optimum
homogenization treatment is at 470 °C for 24 h.
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