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Abstract: The influences of deformation conditions on grain structure and properties of 7085 aluminum alloy were investigated by 
optical microscopy and transmission electron microscopy in combination with tensile and fracture toughness tests. The results show 
that the volume fraction of dynamic recrystallization increased with the decrease of Zener-Hollomon (Z) parameter, and the volume 
fraction of static recrystallization increased with the increasing of Z parameter. The strength and fracture toughness of the alloy after 
solution and aging treatment first increased and then decreased with the increase of Z parameter. The microstructure map was 
established on the basis of microstructure evolution during deformation and solution heat treatment. The optimization deformation 
conditions were acquired under Z parameters of 1.2×1010−9.1×1012. 
Key words: 7085 aluminum alloy; Zener-Hollomon parameter; hot deformation; grain structure; dynamic recrystallization; static 
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1 Introduction 
 

Al−Zn−Mg−Cu alloy with high strength and 
fracture toughness has been widely used as the structure 
materials in aerospace field [1,2]. The properties are 
significantly influenced by the grain structure [3−5], 
such as recrystallized grains having decreased strength 
and fracture toughness. The Zener-Hollomon parameter 
(Z) is an important parameter for controlling and 
forecasting grain structure in the deformation process, 
and it is related to the couple effect of deformation 
temperature and strain rate ( ))/(exp( RTQZ −= ε& . The 
correlations between Z values and grain structure were 
reported by many researchers. DENG et al [6] reported 
that the subgrain size increased with the decrease of Z 
values. ZHAO and TSUCHIDA [7] demonstrated that 
the crystalline orientation distribution of compressed and 
solution heat-treated sample was stable at small Z 
parameter. Although the flow stress, deformation 
mechanism and grain boundary orientation of 7xxx 
aluminum alloy have been investigated [8−17], there is 
little research about the influence of Z parameter on the 
microstructure evolution during deformation and 

subsequent solution heat treatment. The purpose of this 
work is to study the effect of hot deformation conditions 
on deformation and solution heat treatment 
microstructure. The correlations among hot deformation 
parameters, microstructure and properties are also 
discussed. 
 
2 Experimental 
 

The experiments were carried out on 7085 
aluminum alloy with main chemical compositions of 
7.5% Zn, 1.6% Mg, 1.5% Cu, 0.12% Zr and Al balance 
(mass fraction). Cylindrical samples with 10 mm in 
diameter and 15 mm in height were machined from the 
homogenized billets. Compression tests were carried out 
at deformation temperature of 350−450 °C with strain 
rate of 0.0001−1 s−1. Before compression, the samples 
were heated to deformation temperature at a heating rate 
of 10 °C/s and held at the temperature for 3 min. The 
strain of the samples was 1.38 and the samples were 
quenched immediately after compression. In order to 
reduce the frictional force between the specimens and the 
press indenters, a graphite lubricant was used during the 
isothermal compression tests. 
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The microstructures of samples were examined 
using optical microscopy (OM) and transmission 
electron microscopy (TEM). Samples for OM 
observation were chemically etched in Graff’s reagent  
(1 mL HF + 16 mL HNO3 + 3 g CrO3 + 83 mL H2O). The 
volume fraction of the recrystallized grains was 
measured on the optical micrographs by using area 
counting. The average grain size was measured by the 
mean linear intercept method, and the value was the 
average of as much as 100 grains. Thin foils for TEM 
observation were prepared by mechanical polishing to 
100 μm and final twin-jet electro polishing in a solution 
of 25% HNO3 + 75% CH3OH at −25 °C. 

The specimens for properties testing were 
isothermally compressed at various temperatures and 
strain rate of 0.005 s−1 with strain of 1.38. Specimens 
were solution treated at 470 °C for 1 h and artificially 
aged at 120 °C for 24 h. Mechanical properties tests were 
performed on smooth plate specimens by an Instron 3369 
test machine at room temperature with tensile speed of  
2 mm/min. The gauge length and thickness of the 
specimen were 25 mm and 2 mm, respectively. The 
V-shaping method was used to determine the fracture 
toughness. 
 
3 Results 
 
3.1 Deformation microstructure 

Figure 1 shows the typical optical micrographs of 
the alloy deformed under different Zener-Hollomon (Z) 

parameters. The initial grains are elongated and a number 
of second particles are distributed within the grains. 
Under high and intermediate Z parameters, there are no 
recrystallized grains along the grain boundaries     
(Figs. 1(a) and (b)). As it is compressed under low Z 
parameter, a small volume fraction of recrystallized 
grains is observed along the grain boundaries, indicating 
the occurrence of dynamic recrystallization (Fig. 1(d)). 

The TEM microstructures of the alloy deformed 
under different Zener-Hollomon (Z) parameters are 
shown in Fig. 2. The high density dislocations tangle 
with precipitates under high Z parameter (Fig. 2(a)), and 
the dislocation slightly decreases and the precipitates 
coarsen under intermediate Z parameter (Figs. 2(b) and 
(c)). As it is compressed under low Z parameter, the 
dislocation annihilates and the subgrains grow (Fig. 2(d)) 

 
3.2 Solution heat treatment microstructure 

Figure 3 shows the typical optical micrographs of 
the alloy deformed under different Z parameters, 
followed by solution heat treatment at 470 °C for 1 h. In 
the figures, the large bright areas are the recrystallized 
regions, while the black areas are the unrecrystallized 
regions. At high Z parameter, it is full recrystallization 
(100%) and the average grain size is 53 μm (Fig. 3(a)). 
The volume fraction of the recrystallized grains (25%) 
and the average grain size (about 18 μm) are 
significantly decreased as it is compressed under 
intermediate Z parameter (Fig. 3(b)). At a low Z parameter 
(Fig. 3(d)), the volume fraction of the recrystallized 

 

 
Fig. 1 Optical microstructures of specimens deformed under different Z parameters: (a) Z=4.78×1014; (b) Z=4.78×1012; (c) 
Z=3.27×1011; (d) Z=3.24×1010 
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Fig. 2 TEM images of specimens deformed under different Z parameters: (a) Z=4.78×1014; (b) Z=4.78×1012; (c) Z=3.24×1012;     
(d) Z=3.24×1010 

 

 

Fig. 3 Optical microstructures of specimens deformed under different Z parameters, followed by solution heat treatment at 470 °C for 
1 h: (a) Z=4.78×1014; (b) Z=3.27×1012; (c) Z=3.27×1011; (d) Z=3.24×1010 
 
grains (18%) does not obviously change while the 
average grain size increases (about 25 μm). 

TEM microstructures of the specimens deformed 
under different Z parameters, followed by solution heat 
treatment at 470 °C for 1 h are shown in Fig. 4. The 
microstructures are obviously different with those under 
the deformation conditions. The dislocation and the 

second particles are dissolved and the subgrains are 
grown. At a high Z parameter, the subgrains are larger 
than those at a low Z parameter. 
 
3.3 Properties 

Figures 5 and 6 show the strength and fracture 
toughness of the alloy deformed under different Z 
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Fig. 4 TEM images of specimens deformed under different Z 
parameters, followed by solution heat treatment at 470 °C for  
1 h: (a) Z=4.78×1014; (b) Z=3.24×1010 

 

 
Fig. 5 Correlation between strength and Z parameters of alloy 
after solution and aging heat treatment 
 

 
Fig. 6 Correlation between fracture toughness and Z parameters 
of alloy after solution and aging heat treatment 

parameters, followed by solution heat treatment at   
470 °C for 1 h and T6 aging treatment. The strength and 
fracture toughness first increase and then decrease with 
increasing Z parameters. It is also observed that 
compared to the intermediate and low Z parameters, the 
fracture toughness of specimens with the high Z 
parameter decreases rapidly. 
 
4 Discussion 
 

In the deformation process, the deformation energy 
of the material is mainly in the form of dislocations, and 
it is depended on the hot processing parameters, such as 
temperature and strain rate. The energy releases through 
recovery, recrystallization and grain growth. The extent 
of dynamic recovery increases with the decrease of 
Zener-Hollomon parameter. Dynamic recrystallization 
occurs while the dislocation density in a deformation 
matrix reaches a critical level [18]. Therefore, the main 
mechanism during deformation processing is dynamic 
recovery to dynamic recrystallization with the decrease 
of Zener-Hollomon parameters. 

The microstructures of the solution heat-treated 
samples were obviously different compared with that of 
the deformation samples. The elongated grains were 
transformed into recrystallized grains and subgrains, and 
the second particles dissolved. The high stored energy of 
deformation grain under high Z parameter induced the 
static recrystallization during high temperature solution 
heat treatment, and under some conditions led to full 
recrystallization. It is indicated that the high Z parameter 
compression can stimulate recrystallization process 
during solution heat treatment. However, for the low Z 
parameter samples, the volume fraction of static 
recrystallization was less than that of high Z parameter 
sample, which was attributed to the dislocation 
annihilation during the deformation process due to 
dynamic recovery and dynamic recrystallization. 

From the above microstructure observation, the 
microstructure evolution during the deformation and 
subsequently solution heat treatment can be classed into 
the dynamic recrystallization, recovery and static 
recrystallization. Figure 7 shows the microstructure map 
of the alloy after hot deformation and solution heat 
treatment under different deformation parameters. The 
static recrystallization zones corresponded to high Z 
parameters (temperature below 380 °C and strain rate 
higher than 0.1 s−1). The dynamic recrystallization zone 
related to low Z parameter (temperature above 450 °C). 
The other compression conditions are recovery zone. 

The strength and fracture toughness were 
significantly affected by the recrystallization grain size 
and the volume fraction of recrystallization. The high 
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strength or low Z regions were related to the partial or 
unrecrystallized substructure, while the low strength 
levels were associated with the complete recrystallization 
structures. The rapid decreasing of fracture toughness 
with increasing Z parameters was attributed to the high 
volume fraction of recrystallization and it is susceptible 
to intergranular fracture. 
 

 
Fig. 7 Microstructure map of alloy after deformation and 
solution heat treatment 
 

Combining with the microstructure map, the 
strength and fracture toughness, it is observed that 
deformation parameters were lied on the recovery 
dominated zone with optimization properties. Therefore, 
the optimization deformation condition was under Z 
parameters of 1.2×1010−9.1×1012. 
 
5 Conclusions 
 

1) The volume fraction of dynamic recrystallization 
increased with the decrease of Zener-Hollomon (Z) 
parameter, and the volume fraction of static 
recrystallization increased with the increasing of Z. 

2) The strength and fracture toughness first 
increased and then decreased with the increase of Z after 
solution and aging treatment. 

3) Based on the microstructure evolution during 
deformation and solution treatment, the microstructure 
map was established. The optimized deformation 
condition was under Z parameters of 1.2×1010−9.1×1012 

based on grain structure and properties. 
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热变形条件对 7085 铝合金晶粒结构和性能的影响 
 

陈送义，陈康华，贾 乐，彭国胜 

 
中南大学 粉末冶金国家重点实验室，长沙 410083 

 
摘  要：通过光学显微镜、透射电镜和力学与断裂性能测试，研究热变形条件对 7085 铝合金晶粒结构和性能的

影响。结果表明，动态再结晶的体积分数随着 Z 值的减少而增加，静态再结晶的体积分数随着Ｚ值的减少而降低。

经固溶时效后，合金的力学性能和断裂性能随着Ｚ值的增加先升高后降低。建立了综合变形和固溶过程中的显微

组织演化图。在考虑显微组织和性能的基础上，合金优化的 Z 参数变形条件为 1.2×1010−9.1×1012. 

关键词：7085 铝合金；Z 参数；热变形；晶粒结构；动态再结晶；静态再结晶 
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