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Solidification microstructure of
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Abstract: The solidification microstructure of high zinc-containing Al-Zn-Mg-Cu alloys was studied by optical
microscopy (OM), scanning electron microscopy (SEM), X-ray diffractometry (XRD) and transmission electron
microscopy (TEM). The as-cast microstructure characteristics of alloys 7449, 7056, 7136 and 7095, including the once
solidification precipitate type, morphology and the microdistribution of alloying elements, were investigated. And then
the formation process and mechanism of different solidification precipitates were analyzed. The results show that the
solidification precipitates in grain boundaries of alloy 7449 and alloy 7056 are non-equilibrium eutectic 7(Mg(Zn,Cu,Al),)
phases, showing well-developed and obvious lamellar eutectic structure. Whereas, the number of coarse secondary phases
that appears lamellar structure in as-cast alloy 7136 and alloy 7095 significantly decreases, and the non-equilibrium
eutectic phases in grain boundaries mainly present rod-like morphology. Moreover, a association of 7(Mg(Zn,Cu,Al),)
phase with O(Al,Cu) phase is often observed in the rod-like eutectic phases. The as-cast microstructure is determined by
solidification process, which is affected by alloy composition to a great extent. The mass fraction of element Cu plays a
crucial role in controlling the type and morphology of the non-equilibrium eutectic phases in grain boundaries.
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and analyzed composition of selected high zinc-containing Al-Zn-Mg-Cu alloys

Mass fraction/%

Alloy  Value source
Si Fe Cu Mn Mg Cr Zn Ti Special Al
7449 Registered 0.12 0.15 1.4-2.1  0.20 1.8-2.7 - 7.5-8.7 - 0.25Ti+Zr  Bal.
Analyzed  <0.06 <<0.08 1.90 - 2.28 - 8.59 - 0.11Zr Bal.
2056 Registered 0.10 0.12 1.2-1.9  0.20 1.5-23 - 8.5-9.7 0.08 0.05-0.15Zr Bal.
Analyzed  <0.06 <<0.08 1.63 - 2.01 - 9.42 - 0.11Zr Bal.
1136 Registered 0.12 0.15 1.9-25 0.05 1.8-2.5 0.05 8494 0.10 0.10-0.20Zr Bal.
Analyzed  <0.06 <<0.08 2.16 - 1.95 - 8.58 - 0.11Zr Bal.
Registered 0.10 0.12  2.0-2.8 0.05 1.4-2.0 - 8.6-9.8 0.06 0.08-0.15Zr Bal.
709 Analyzed  <0.06 <<0.08 2.24 - 1.78 - 9.09 - 0.11Zr Bal.
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Fig. 1 Solidification optical micrographs of as-cast Al-Zn-Mg-Cu alloys with different chemical compositions: (a) 7449; (b) 7056;

(¢) 7136; (d) 7095
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Fig. 2 Non-equilibrium eutectic microstructures of as-cast Al-Zn-Mg-Cu alloys: (a) 7449; (b) 7095
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Table 2 Composition of second phase in as-cast 7449 alloy

measured by EDS
Mole fraction/%
Zone

Zn Mg Cu Fe
A 24.61 24.80 33.56 17.02 -
B 93.05 4.34 2.21 0.40 -
C 64.06 1.78 1.19 22.12 10.85
D 26.23 25.73 31.46 16.58 -
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Fig. 3 SEM images of solidification precipitates of as-cast 7449 alloy((a), (b), (e), (f)) and 7056 alloy((c), (d))
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Fig. 4 SEM images of solidification precipitates of as-cast 7136 alloy((a), (b), (e), (f)) and 7095 alloy((c), (d))
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Table 3 Chemical composition of second phase in as-cast

7136 alloy and 7095 alloy measured by EDS

Mole fraction/%
Zone
Zn Mg Cu
A4, 23.85 25.01 33.99 17.15
B, 70.39 — — 29.61
C 23.30 28.40 32.66 15.64
D, 69.87 1.90 0.54 27.68
E, 25.34 28.55 30.48 15.63
F 65.75 4.20 2.66 27.39
G, 92.35 4.39 2.16 1.10
H, 69.41 2.92 0.83 26.84
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Fig. 5 As-cast SEM image and alloying

element distribution of as-cast 7056 alloy:
(a) Microstructure; (b) Al; (¢) Zn; (d) Mg;
(e) Cu
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Fig. 7 XRD patterns of as-cast Al-Zn-Mg-Cu alloys
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Fig. 6 As-cast SEM image and alloying
element distribution of as-cast 7095 alloy:
(a) Microstructure; (b) Al; (¢) Zn; (d) Mg;

(e) Cu
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Fig. 9 TEM images((a), (c)) and SAED patterns((b), (d)) of coarse precipitate AlIZnMgCu phase in as-cast alloy: (a), (c) BF images;
(b), (d) SAED patterns
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Fig. 10 TEM images((a), (c)) and SAED patterns((b), (d)) of eutectic phase in as-cast alloy: (a), (c) BF images; (b), (d) SAED

patterns
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Table 4 Chemical composition of eutectic phase in as-cast

alloy
Mole fraction/%
Zone
Al Zn Mg Cu
A 92.19 2.96 — 4.85
B, 26.30 20.86 34.60 18.24
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Fig. 11 TEM image and SAED pattern of Al,Cu phase in as-cast 7095 alloy: (a) BF image; (b) SAED pattern
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Fig. 12 TEM images((a), (c)) and SAED patterns((b), (d)) of MgZn, phase in as-cast alloy: (a), (¢) BF images; (b), (d) SAED

patterns
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Fig. 14 SEM micrographs of typical 7(AlZnMgCu)-0(Al,Cu)
structure of as-cast 7095 alloy: (a) SEI image; (b) BES image
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