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Table 1  Chemical composition of 7055 aluminum alloy 

by spray forming (ω/%) 

Zn Mg Cu Zr Si Fe Mn Ti Al 

8.4 1.8 2.6 0.1 z0.1 z0.15 z0.05 z0.06 Bal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

­ 1  12® 7055R5
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Fig.1  OM (a) and SEM-BSE (b) images of as-sprayed 7055 

aluminum alloy 
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Table 2  EDS analysis of primary phases in Fig.1b 

Content/at% 

No. 

Al Zn Mg Cu 

Potential phase Zn/Cu Zn/Mg 

1 76.1 9.9 9.8 4.2 AlZnMgCu 2.4 1.0 

2 86.9 6.3 4.8 2.0 AlZnMgCu 3.1 1.3 

3 92.0 4.0 2.7 1.3 AlZnMgCu 3.1 1.5 

4 63.8 14.7 14.7 6.8 AlZnMgCu 2.2 1.0 
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­ 2  12® 7055R5
\ XRD­¯ 

Fig.2  XRD pattern of as-sprayed 7055 aluminum alloy 
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­ 3  5
� WXYZ²\ SEM³´ 

Fig.3  SEM images of the alloy after single stage pre-heat treatment: (a) 300 {/12 h, (b) 300 {/24 h, (c) 400 {/12 h, (d) 400 {/24 h, 

(e) 450 {/12 h, (f) 450 {/24 h, (g) 470 {/12 h, and (h) 470 {/24 h 
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­ 4  � XYZ²\�§B4µ 

Fig.4  Morphologies of the second phases after single stage pre-heat treatment: (a) 300 {/12 h, (b) 400 {/12 h, (c) 450 {/24 h, 

and (d) 470 {/24 h 
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Table 3  EDS analysis of the residual primary phase in 

Fig.4 

Content/at% 

No. 

Al Zn Mg Cu Fe 

Potential 

phase 

Zn/Cu Zn/Mg 

1 40.4 0.10 34.7 24.8 - AlZnMgCu 0.004 0.003 

2 24.0 0.15 52.5 23.4 - AlZnMgCu 0.006 0.003 

3 47.1 - 25.7 27.2 - Al

2

CuMg 0 0 

4 46.0 - 24.9 29.2 - Al

2

CuMg 0 0 

5 67.3 - 1.0 22.4 9.2 Al

7
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2

Fe 0 0 
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­ 5  � WXYZ²\ XRD­¯ 

Fig.5  XRD patterns of alloy after single stage pre-heat 

treatment 
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­ 6  � WXYZ²5
\ TEM³´ 

Fig.6  TEM images of the alloy after single stage pre-heat treatment: (a) 450 {/24 h and (b) 470 {/24 h 
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Table 4  EDS analysis of the second phase after single-stage 

pre-heat treatment in Fig.6 

Content/at% 

No. 

Al Zn Mg Cu 

Potential phase Zn/Cu Zn/Mg 

1 84.4 8.9 4.9 1.9 AlZnMgCu 4.6 1.8 

2 85.2 7.8 5.1 1.9 AlZnMgCu 4.2 1.5 

3 52.3 24.5 15.7 7.6 AlZnMgCu 3.2 1.6 

4 14.4 42.8 29.8 13.1 AlZnMgCu 3.3 1.4 

5 16.0 39.9 34.0 9.9 AlZnMgCu 4.0 1.2 

 

+»¤¥�Ä�À�"S��ZØ[»��]��§�

&_¨[pßïd_[�"»��5 2#á�µ 450 �

§��]�?>"S´2K\��"x[»�rº^s

tv?>Æ�K��56»� N 7fÂØ 3
 4©/ 

<Ç34(N 7b�7d�7f)� EDSKM¾ý�= 5/

¾ý=�'�B©m-�µ 400 �/12 h+450 �/12 h

§��]�"»µ S»(Al

2

CuMg)��ÈÉU�x[ S

»Â)Ã�ÀÊUx_ AlZnMgCuË+»�:4k Zn 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

­ 7  � WXYZ²\st SEM³´ 

Fig.7  SEM images of alloy after two-stage pre-heat treatment: (a, b) 300 {/12 h¶470 {/12 h, (c, d) 400 {/12 h¶470 {/12 h, 

and (e, f) 400 {/12 h¶450 {/12 h 

1 µm 

500 nm 

a 

b 

1 

3 

2 

5 

4 

a 

b 

d 

c e 

f 

1 

2 

3 

4 



ª4258ª                                           «6
¬)*+,-                                          � 49� 

 

 =""� 7�>6789:?;<./ EDS�0 

Table 5  EDS analysis of the second phase after two-stage 

pre-heat treatment in Fig.7 

Content/at% 

No. 

Al Zn Mg Cu Fe 

Potential phase Zn/Cu Zn/Mg 

1 65.9 - - 25.3 8.8 Al

7

Cu

2

Fe 0 0 

2 66.8 - - 23.7 9.6 Al

7

Cu

2

Fe 0 0 

3 48.0 - 24.7 27.30 - Al

2

CuMg 0 0 

4 33.4 0.1 39.6 26.91 - AlZnMgCu 0.003 0.002 
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­ 8  � WXYZ²5
\ XRD­¯ 

Fig.8  XRD patterns of alloy after two-stage pre-heattreatment 
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Fig.9  TEM images of the sample after two-stage pre-heat treatment: (a) 300 {/12 h¶470 {/12 h, (b) 400 {/12 h¶470 {/12 h, 

and (c) 400 {/12 h¶450 {/12 h 
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Fig.10  TEM image (a) and SAED pattern (b) of the alloy after 300 {/12 h¶470 {/12 h two-stage pre-heat treatment 
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Fig.11  Schematic diagram of primary phase evolution of as-sprayed 7055 aluminium alloy 
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Abstract: Evolution of the primary phase of spray formed 7055 aluminum alloy during pre-heat treatment before deformation was studied 

by OM, SEM, TEM and XRD test. The results show that the primary phases of as-sprayed 7055 alloy are AlZnMgCu phase and Al

7

Cu

2

Fe 

phase. The AlZnMgCu phase is fine in the grain while coarsened on the grain boundary. The grain boundary phase is formed as a 

symbiotic microstructure including AlZnMgCu and Al

7

Cu

2

Fe phase. When the treatment temperature is ≤400 °C, the dissolution of 

primary phase is less due to the low diffusion coefficient. However, the Zn content has an apparent decline in both intragranular phase and 

grain boundary phase. When the temperature increases to 450 °C, the fine primary phase is completely dissolved, while the coarsened 

phases on grain boundary transform to an ellipsoid-like Al

2

CuMg phase. When treated at 470 °C, inner phase has the same dissolving 

behavior but the transformation of grain boundary phase to Al

2

CuMg is avoided. The comparison between the single stage and two stage 

pre-heat treatments indicates that the evolution of primary phase depends on the second pre-heat treatment temperature. 

Key words: spray forming; 7055 aluminum alloy; pre-heat treatment before deformation; Al

3

Zr dispersoids; Al

2

CuMg phase 
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