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Abstract. The high-purity aluminum with a purity of 5N5 was cold-rolled with a cumulative 
deformation of 70%, and the deformed high-purity aluminum was annealed at different 
temperatures and time. The microstructure and mechanical properties of deformed high purity 
aluminum and heat treatment were studied by means of microstructure analysis and mechanical 
property test.The results show that, after the cold deformation of 70% 5N5 aluminum alloy, the 
work hardening is obvious, the tensile strength and microhardness are improved greatly, and the 
change trend after annealing is consistent, all with the increase of annealing temperature and the 
increase of holding time are gradually reduced. After annealing at 330  × ℃ 20min, the 
microhardness decreased sharply, and the uniform fine equiaxed grains appeared, the occurrence of 
a complete recrystallization, more than the best annealing temperature and time after 
recrystallization, continue to increase the annealing temperature or increase the holding time will 
make recrystallized grains grow up, increasing the temperature high or increase the longer the 
insulation time, the more obvious the phenomenon of grain growth. 

High purity aluminum has many excellent chemical and physical properties, such as high 
conductivity and thermal conductivity, low density, higher reflectivity of light and so on. Has a 
better performance than the primary aluminum in conductivity, reflectivity, ductility, and corrosion 
resistance. In the aerospace industry, the electronics industry and other fields have a very wide 
range of applications[1]. As a result of high purity aluminum and its good performance, it has been 
widely used in many areas, especially in the high-tech areas, has become an important material in 
today's society. But it also needs to meet certain performance indicators, such as the homogeneity of 
the microstructure, grain size, preferred orientation and so on[2]. Therefore, it is necessary to make 
certain deformation and heat treatment of high purity aluminum in order to achieve the desired 
performance[3]. After the plastic deformation of high purity aluminum, and to recrystallize it can be 
obtained even fine grain [4]. At present, the domestic research on deformation and heat treatment of 
high pure aluminum is not enough, the purity is generally less than 5N, the 5N and the purity of 
ultra pure aluminum was rarely reported [5-6]. And the deformation is generally between 40%-60%, 
the high pure aluminum severe deformation is also rare [7-8]. Especially for the application of a wide 
range of high purity aluminum target, the grain size and uniformity requirements are high, the need 
for some of the processing of cast materials to meet the requirements[9]. In this paper, ultra-high 
purity aluminum with a purity of 5N5 was studied by 70% severe cold-rolling deformation, and the 
effect of deep cold rolling and certain annealing process on the microstructure and properties of 
high purity aluminum was discussed. 
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1 The Experimental Materials and Methods 

The experimental material was segregated with high purity aluminum ingot with a purity of 5N5. 
Cut into 50mm × 20mm × 20mm rectangular box for cold rolling, rolling mill roll diameter Φ450 
mm adjustable speed rolling mill. In order to prevent the rolling speed is too fast, the temperature is 
too high, after cooling and then the next pass, each rolling time to measure, the final control 
deformation of 70%. 
  After the deformation of high purity aluminum cut into the appropriate size, and then into the 
low-temperature box resistance furnace annealing treatment. The annealing temperatures were 
250oC, 300oC, 330oC and 350oC, and the annealing time was 5min, 10min, 20min and 30min. 
Respectively[10]. Then, the microstructure and mechanical properties of the samples were analyzed. 
  The hardness of the sample was measured by the HVS-1000A Vivtorinox microhardness tester. 
The load was 100g and the loading time was 10s. In each sample surface, select the average of 
seven different points to test the hardness. After recording the data remove the maximum and 
minimum values of each sample , select the remaining five measurements to calculate the average. 
Then the tensile test was carried out on the UTM4104 electronic universal testing machine, the 
maximum test force of 10kN, the accuracy level of 0.5, the power of 0.75kW, the voltage is 220V. 
Tensile tests were carried out on specimens in different states. The metallographic corrosion of high 
purity aluminum is difficult [11]. In this paper, the etching process of high purity aluminum was 
carried out by using BUEHLER's ElectroMet electrolytic etching apparatus. The samples were first 
ground on sandpaper and subjected to electrolytic polishing in 800 ml of ethanol (95%), 60 ml of 
perchloric acid (60%) and 140 ml of perchloric acid in distilled water. The voltage was about 40V 
and the polishing time was 25S. And then chose the 16.8g/L of boric acid solution for anode coating. 
The voltage was about 25V, the current was about 0.3A, the coating time was 2min, and finally the 
metallographic observation was carried out in polarizing microscope [12-14]. 

2 Results and Analysis 

2.1 Microstructure 

As shown in Figure 1, is 70% of the amount of rolling deformation and deformation after a different 
annealing process by 50 times the magnification of the microstructure. Figure 1 (a) is a 70% rolling 
deformation of the metallographic diagram, the grain is large, showing a significant deformation of 
the strip. Then, after the denaturation of the sample annealing, as shown in Figure 1 (b) and 1 (c), 
respectively, after 250 ×30min and 300 ×30min annealing process after the metallographic ℃ ℃
diagram, the grain size is still flattened. Indicating that the annealing deformation of 70%, the 
annealing temperature of 300 didn’t reach the recrystallization temperature.℃  
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Fig. 1 Metallographic diagram of 70% rolling modified and annealed states  (a) 70% rolled state; 
(b) 70% rolling, annealing at 250 ×30m℃ in; (c) 70% rolling, annealing at 300 ×30min℃  

  And then continue to increase the annealing temperature to 330 , as shown in Figure ℃ 2, is the 
magnified 50-times microstructure after 70% rolling deformation at 330  annealing temperature of ℃
different annealing time . As shown in Figure 2 (a), after the annealing process at 330 ×5min, it ℃
can be seen that the grain is obviously reduced and becomes a uniform fibrous structure, which 
should be in the recovery stage. Continue to increase the holding time to 10min, such as 2 (b) the 
emergence of a new non-distorted grain core, and gradually grow into a new non-distorted grains, 
began to recrystallize phenomenon. When the holding time is increased to 20 min, as shown in 
Figure 2 (c), the grains have been completely reorganized into undisturbed, uniformly refined 
equiaxed grains, and obtained the grain size of less than 200μm, a complete recrystallization 
occurred. If we continue to increase the holding time, such as 2 (d), there is a phenomenon of grain 
growth driven by the surface energy. 
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Fig. 2 Microstructure of different annealing time at annealing temperature of 330 ℃ 
(a) 5 min; (b) 10 min; (c) 20 min; (d) 30 min 

  When the annealing temperature is increased to 350 , as shown in Figure 3 , is the magnified ℃
50-times microstructure at 350  annealing temperature of different annealing time .Figure 3 (a) ℃
and 3 (b) are at 350  annealing temperature, respectively, after 10min and 30min holding time of ℃
the metallographic diagram, there is a clear phenomenon of grain growth, it is shown that when the 
sample reached the recrystallization annealing temperature and holding time, continuing to 
increase the recrystallization temperature or the increase of the holding time will make the 
recrystallization grains grow up and increasing the higher temperature or the longer holding time, 
grain growth is more obvious. 

                     

Fig. 3 Metallographic diagram after different holding time at 350  annealing temperature℃  
(a) 10 min; (b) 30 min 

2.2 Mechanical Properties 

The tensile test and the microhardness test were carried out on the samples with 70% rolling and 
annealed. The changes were as shown in Figs. 4 (a) and 4 (b), it can be seen that the trend of tensile 
strength and microhardness tend to be consistent. The hardness is 35.3 HV in the rolling state, 
46.5% higher than the original hardness 24.1 HV. The tensile strength increases from the original 
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state of 18.5 MPa to the rolling state 96 MPa, an increase of 4.1 times. The mechanical properties of 
the original state increased significantly, indicating significant hardening of the work. With the 
increase of temperature and the holding time, the microhardness and tensile strength gradually 
decrease, the internal tissue defects gradually disappear, and the dislocation density decreases 
gradually. In Fig. 4 (b), the microhardness and tensile strength of the material decreased sharply at 
the annealing time of 20 min at the annealing temperature of 330 , indicating that the ℃
recrystallization occurred in this annealed state. Tissue defects and dislocation density are 
significantly reduced, and the results of the microstructure analysis of the material in this state are 
consistent. 

 

 

 

 

 

 

 

Fig. 4 Tensile strength and microhardness curves of 70% rolling high purity aluminum with 
different annealing temperatures and at annealing temperatures of 330  ℃ with different holding time 

(a) Different temperatures; (b)Annealing at 330℃ for different time 

3 Conclusion 

  1) After the rolling of the high-purity aluminum material is 70%, no dynamic recrystallization 
occurs,  After annealing at 330  for 10 min, the high purity aluminum deformation structure ℃
begin to recrystallize. When the holding time increases to 20 min, the deformation of high purity 
aluminum is completely recrystallized and the grain is refined. With the increase of annealing 
temperature and the increase of holding time, the phenomenon of grain growth occurs, the higher 
the temperature, the longer the holding time, the more obvious the growing phenomenon. 
  2) The tensile strength and microhardness of the high purity aluminum material after deformation 
of 70% are greatly improved, the work hardening is obvious. After annealing, the trend of the two 
changes tend to be consistent, both with the increase of temperature and holding time, 
microhardness and tensile strength are gradually reduced.And after 330 ×℃ 20min annealing process, 
the hardness decrease sharply, which is related to the recrystallization of the material. 

3) The microstructure and mechanical properties of the samples show that the mechanical 
properties are improved obviously after 70% deformation of high purity aluminum. And the 
optimum annealing process is obtained at 330  for 20 min, the complete recrystallization has been ℃
achieved, and the grain has been refined, which is improved in application performance. 
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