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Table 1  Chemical composition of Cu-2.0%Be alloy (ω/%) 

Cu Be Ni Co 

Bal. 1.9~2.1 0.3~0.5 0.1~0.2 
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Table 2  Orthogonal test arrangement of heat treatment parameters 

Solid solution  First aging  Second aging 

Group 

Temperature/º Time/min Temperature/º Time/h Temperature/º Time/h 

1 765 3 150 1 280 2.5 

2 765 8 175 1.5 300 3 

3 765 13 200 2 320 3.5 

4 765 18 225 2.5 340 4 

5 765 23 250 3 360 4.5 

6 775 3 175 2 340 4.5 

7 775 8 200 2.5 360 2.5 

8 775 13 225 3 280 3 

9 775 18 250 1 300 3.5 

10 775 23 150 1.5 320 4 

11 785 3 200 3 300 4 

12 785 8 225 1 320 4.5 

13 785 13 250 1.5 340 2.5 

14 785 18 150 2 360 3 

15 785 23 175 2.5 280 3.5 

16 795 3 225 1.5 360 3.5 

17 795 8 250 2 280 4 

18 795 13 150 2.5 300 4.5 

19 795 18 175 3 320 2.5 

20 795 23 200 1 340 3 

21 805 3 250 2.5 320 3 

22 805 8 150 3 340 3.5 

23 805 13 175 1 360 4 

24 805 18 200 1.5 280 4.5 

25 805 23 225 2 300 2.5 
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¾ 1  ef 18yef 22BA¿ÀE9:?@A6Á¾ 

Fig.1  OM images (a, c) and distribution diagram of precipitates at grain boundaries (b, d) of sample 18 (a, b) and sample 22 (c, d) 

 

 

 

 

 

 

 

 

 

 

 

¾ 2  ef 22B9:; TEM¿À 

Fig.2  TEM images of grain boundary region of sample 22: (a) no grain boundary precipitates and (b) containing grain boundary precipitates 
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¾ 3  <ÂG;��ÃÄ Cu-2.0%Be89:jk5Å�ÃH7B�ÆÇÈ 

Fig.3  Trend curves of grain boundary reaction amount of Cu-2.0%Be alloy under different heat treatment parameters: (a) solid solution 

temperature, (b) solid solution time, (c) first aging temperature, (d) first aging time, (e) second aging temperature, and (f) second 

aging time 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 4  9:jk53kBÉG;��ÃÄB�b R 

Fig.4  Range analysis of the influence of heat treatment parameters 

on grain boundary reaction amount 
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¾ 5  ef 18vÊË;�Ìy��;�Ì9:;B TEM¿À 

Fig.5  TEM images of grain boundaries of sample 18 after solution treatment (a) and aging treatment (b) 
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¾ 6  ef 18yef 22B9ÍÎÏB TEM¿À 

Fig.6  TEM images of grains of sample 18 (a) and sample 22 (b) 
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Fig.7  Elastic hysteresis distribution curves of sample 6, 9, 13, 

18, 22 under different loading times 
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¾ 8  =>?@A/9:?@AB HRTEM¿ÀEÒÏÓ,¾ 

Fig.8  HRTEM image of continuous precipitates (a) and local enlarged image (b); HRTEM image of grain boundary precipitates (c) and 

local enlarged image (d) 
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¾ 9  ÔÕ��TUÌBef 189:?@AÖ× TEM¿À 

Fig.9  TEM images of sample 18 after cyclic loading test: (a) the 

first position and (b) the second position 
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Abstract: The morphology of discontinuous precipitates at the grain boundary of Cu-2.0wt%Be alloy and the relationship between the 

discontinuous precipitates and heat treatment parameters were studied. The heat treatment parameters were selected by orthogonal 

experimental design, and the samples with a large difference in microstructure were prepared. The results show that the discontinuous 

precipitates mainly exist at the grain boundary and are mainly composed of γ phase and α matrix phase. According to the results of range 

analysis, the main heat treatment parameters affecting grain boundary reaction amount are secondary aging temperature, followed by 

primary aging time and secondary aging time. The analysis of anelastic behavior shows that the grain boundary reaction amount has a 

great influence on the deformation of the sample during loading. This is due to the non coherent relationship between the γ phase formed 

by discontinuous precipitation and the matrix. There is a disordered region around the γ phase, where the annihilation of dislocations 

causes the rearrangement of atoms, resulting in crystal slip and plastic deformation of the alloy. However, the two sides of the grain 

boundary without boundary reactants are crisscrossed with γ' phase, where dislocations are easy to pile up and hinder the crystal sliding. 

Key words: Cu-Be alloy; grain boundary precipitate; anelasticity; crystal slip 
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