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Abstract: The 5Cu40Zn55Al and 15Cu20Zn65Al alloys were prepared in the Al-Zn-Cu system. There exist the metastable phases ε 
and θ in the two alloys after homogenization treatment and furnace cooling, respectively. It is shown that the particles are refined 
from 3 mm to less than 10 µm after hammering the two alloys but there are still metastable phases. This means that the phase 
constituents of the two alloys have no changes by the deformation, which is different from that by balling. The phase constituents are 
not changed at room temperature by hammering, which is dependent on the deformation mechanism of hammering. 
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1 Introduction 
 

As one of the most important systems in practical Al 
alloys, the phase diagram at room temperature in the 
Al-Zn-Cu system provides special reference for the 
natural or artificial aging of Al-based alloys[1−4]. 
However, it is very difficult to obtain the equilibrium 
phases at room temperature in this system. It has been 
testified that the T ′ phase is stable at room temperature in 
a single phase T ′ alloy prepared by HAO et al[5] and 
49Al49Zn2Cu alloy deformed plastically, then reheated, 
and finally cooled slowly[6]. Subsequently, when the 
phase diagram at low Cu side was investigated by step 
annealing for 1 100 h of total time, it was shown that the 
T ′ phase is stable at room temperature. It can be 
concluded from Ref.[7] that not only the outer shape of 
materials can be altered by deformation, but also the 
structure can be done. As a result, the properties of 
materials also changed. It has been shown from the 
recent results that the metastable phases can also be 
eliminated by ball milling in the Al-Zn-Cu alloys[8]. 
Stress induced phase transformation has been one of the 
most important subjects in order to acknowledge itself 
features of structural change during the deformation 
processing[9−19]. In the present study, the 
5Cu40Zn55Al and 5Cu15Zn80Al alloys containing the 
metastable phases were investigated by hammering in 

order to obtain the evolution of phase constituents after 
the simple and convenient deformation in the lab, which 
was very important for alloy design and microstructure 
control of 7××× Al-based alloys. 

 
2 Experimental 
 

The 5Cu40Zn55Al and 15Cu20Zn65Al alloys were 
prepared with high purity Al(99.999%), Zn(99.999%) 
and Cu(99.999%), whose sites are located in Fig.1. The 
equilibrium phase constituents are composed of three 
phases: ,T ′ α and β phases in the two alloys with 
equilibrium treatment[7]. The homogenization treatment 
was carried out for the two alloy at 380 ℃ for 100 h 
and then they were furnace cooled to room temperature. 
The ingots of the two alloys were cut into the particles 
less than 3 mm. The diameter of the hammer head is 5 
mm, and the total mass of the hammer is 1.5 kg. The 
hammering force is 60−100 N and the hammering 
frequency is 60−100 min−1. The structural analysis was 
carried out on the D/Max-Ya X-ray diffraction 
instrument. The microstructure observation was carried 
out on Philips XL-30FEG scanning electron microscope 
(SEM). 
 
3 Results and discussion 
 
3.1 Microstructure 

The microstructures of the as-cast alloys are shown 
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Fig.1 Positions of alloys for hammering by hand in Al-Zn-Cu 
system at 20 ℃: (a) 5Cu40Zn55Al; (b) 15Cu20Zn65Al 
 
in Fig.2. It can be seen that the alloy compositions are 
uniform from the homogeneous microstructure. There 
are metastable phases, i.e. CuZn4(ε) and Al2Cu(θ) in the 
5Cu40Zn55Al and 15Cu20Zn65Al alloys by X-ray 
diffraction analysis, respectively. Fig.3 shows the powder 
pictures of 5Cu40Zn55Al and 15Cu20Zn65Al alloy by 
hammering. It can be found that the powders obtained by 
hammering are finer than that by ball milling [8] in the 
two alloys, whose size is around 10 µm. This means that 
the particle of the alloys can be rapidly refined by 
hammering. 
 

 
Fig.2 Microstructures of as-cast alloys: (a) 5Cu40Zn55Al alloy; 
(b) 15Cu20Zn65Al alloy 

 

 

Fig.3 Powder pictures after hammering: (a) 5Cu40Zn55Al after 
hammering for 15 h; (b) 15Cu20Zn65Al after hammering for 
20 h 
 
3.2 Structural changes 

Fig.4 shows the X-ray diffraction spectra of the 
5Cu40Zn55Al alloy hammered for different times. It can 
be seen that there are not any changes of X-ray 
diffraction peaks for the metastable phase CuZn4 during 
the different stages of composition homogenization and 
hammering. And the peaks of another phase do not 
clearly change. It is difficult to further refine and deform 
the alloy after hammering for 15 h. The hammering 
energy was absorbed by hammering bowl so the powder 
 

 
Fig.4 X-ray diffraction spectra of 5Cu40Zn55Al alloy 
hammered for different times: (a) Original; (b) 4 h; (c) 9 h;   
(d) 15 h 
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could be refined further. This means that the phase 
constituents of the 5Cu40Zn55Al alloy have no changes 
by the hammering, i.e. the metastable phase cannot be 
transformed into the equilibrium phase at room 
temperature. 

Fig.5 shows the X-ray diffraction spectra of the 
15Cu20Zn65Al alloy hammered for different times. It 
can be seen that it is difficult to further refine and deform 
the alloy after hammering for 20 h. X-ray diffraction 
peaks for the metastable phase Al2Cu have no changes 
during hammering for different times. And the peaks of 
another phase do not clearly change. This means that the 
phase constituents of the 15Cu20Zn65Al alloy have no 
changes by hammering, i.e. the metastable phase cannot 
be transformed into the equilibrium phase at room 
temperature. 
 

 

Fig.5 X-ray diffraction spectra of 15Cu20Zn65Al alloy 
hammered for different times: (a) 2 h; (b) 7 h; (c) 12 h; (d) 20 h 
 
3.3 Comparison between ball milling and hammering 

Compared with the ball milling[8], the external 
force on the alloy powders was larger by hammering. 
Therefore, it was thought that much more deformation 
and defects were accumulated by hammering, which 
provides the more paths for the atomic diffusion. As a 
result, the metastable phase can be easily transformed 
into the equilibrium phase. However, it was not the case 
from the analysis of the experimental results by 
hammering. 

The equilibrium phase constituents could not be 
obtained at room temperature by hammering. This is 
mainly because the hitting force is larger and the energy 
obtained by alloy particles mainly makes the alloy 
brittlely fracture. Then, the plastic deformation energy 
cannot be accumulated in the inner structure, which 
cannot provide the driving force for the transformation of 
the metastable phases. On the other hand, the more 

defects could not be accumulated, such as vacancy, 
sub-grain boundary, dislocation, which cannot provide 
the rapid diffusion paths for the transition of metastable 
phases. And the combined results made the metastable 
phase not transform into the equilibrium phases, i.e. the 
equilibrium phase at room temperature cannot be 
obtained.  

The small balls and particles, the particles and ball 
pot wall were hit again and again during the ball milling. 
Although the force of the particles was small, the 
frequency was high. Therefore, much more deformation 
was obtained in the inner alloys after repeating this for 
long time. The deformation energy increases in the inner 
alloys, which can provide the adequate driving force for 
the transformation of metastable phases. On the other 
hand, much more defects were accumulated by the 
deformation in the inner alloys, which can provide the 
adequate diffusion paths for the transition of metastable 
phases. Then the combined results made the metastable 
phase transform into equilibrium phases, i.e. the 
equilibrium phase at room temperature can be 
obtained[8]. 

 
4 Conclusions 
 

1) There exist metastable phases ε and θ in the 
5Cu40Zn55Al and 15Cu20Zn65Al alloys after 
homogenization treatment and furnace cooling, 
respectively. 

2) It is shown from hammering the two alloys that 
the particles are clearly refined but there are still 
metastable phases. This means that the phase 
constituents are not changed at room temperature by 
hammering, which is dependent on the deformation 
mechanism of hammering. That is to say, the energy 
obtained by the alloy particles is mainly used to brittle 
fracture, and the adequate deformation energy cannot be 
accumulated in the inner structure, which cannot provide 
the driving force for the transformation of the metastable 
phases. 
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