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  1  2319!"#$%� 

Table 1  Chemical composition of 2319 wire (ω/%) 

Elements Si Fe Cu Mn Zn Ti Mg Zr 

Test 0.20 0.17 5.98 0.23 0.01 0.12 0.01 0.11 

Standard �0.20 �0.30 5.8~6.8 0.2~0.4 �0.1 0.1~0.2 �0.02 0.10~0.25 

 

  2  &'(%)*+,- 

Table 2  WAAM parameters of single wall 

Layer Mode 

V

f

/ 

m·min

-1

 

V

t

/ 

mm·s

-1

 

EP/EN T

layer

/s 

1 CMT+P 7.0 7 - - 

2 Adv CMT+P 11.0 7 5.0 20 

3 Adv CMT+P 10.0 7 5.0 20 

4 Adv CMT+P 9.0 7 5.0 20 

5 Adv CMT+P 8.0 7 5.0 20 

6 Adv CMT+P 7.5 7 5.0 20 

7 Adv CMT+P 7.5 7 4.0 20 

8 Adv CMT+P 7.5 7 3.0 20 

�9 Adv CMT+P 7.5 7 2.0 20 

 

 

 

 

 

 

 

 

 

 

 

� 1  GHIJK� ¡¢f£K¤¥ 

Fig.1  Photo of WAAM sample, and the positions of 

metallographic specimens and tensile specimens 

 

 

 

 

 

 

 

� 2  WAAMAB: 2219DEF¦§¨>� 

Fig.2  Heat treatment schedule of WAAM 2219 aluminum alloy 
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� 3  ��JK©ª 

Fig.3  Dimensions of tensile specimen 
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� 4  NOPXY¯\VW°¡¢ 

Fig.4  OM images of the deposited sample: (a~c) the interlayer and (d~f) the intralayer 

 

 

 

 

 

 

 

 

 

� 5  NOPXY SEM¡¢ 

Fig.5  SEM images of deposited sample: (a) the interlayer and (b) the intralayer 
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Table 3  EDS analysis of different positions in Fig.5 (ω/%) 

Position C1 C2 C3 C4 C5 C6 C7 C8 

Al 31.70 52.00 98.63 97.09 70.07 87.56 96.72 97.31 

Cu 60.98 47.29 1.37 2.91 29.93 12.44 3.28 2.69 

Fe 1.67 - - - - - - - 

Mn 5.66 - - - - - - - 

Si - 0.71 - - - - - - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  RSPXY¯\VW°¡¢ 

Fig.6  OM images of the solid solution sample: (a~c) the interlayer and (d~f) the intralayer  

 

 

 

 

 

 

 

 

� 7  RSPXY SEM¡¢  

Fig.7  SEM images of the solid solution sample: (a) the interlayer and (b) the intralayer 
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Table 4  EDS analysis results of different positions in Fig.7 (ω/%) 

Position G1 G2 G3 G4 G5 G6 G7 G8 

Al 50.65 94.46 94.41 50.75 64.38 57.07 94.13 93.97 

Cu 49.35 5.54 5.59 49.25 26.53 39.27 5.87 6.03 

Fe - - - - 7.79 3.66 - - 

Mn - - - - 1.30 - - - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 8  RS+TUPXY¯\VW°¡¢ 

Fig.8  OM images of the solid solution+ artificial aged sample: (a~c) the interlayer and (d~f) the intralayer  

 

 

 

 

 

 

 

 

� 9  RS+TUPXY SEM¡¢  

Fig.9  SEM images of the solid solution + artificial aged sample  

 

2.2  ��������	�
��
 

8 10 &æçèîïÒä'³´ØË�»¼:Ï

�Ð3:Ï�Û¸�n�L�ô�îï�"©ªÒ�

ë��n�Ll°Òä+*�ÓÏ���12Ë��

ÓÏ���»¼:Ï�Û¾* 257.8 MPa�^µ¸�

B 10.6%�Ð3:Ï�Û¾* 231.3 MPa�̂ µ¸�B

6.5%�âí³´µ�ÓÏ��»¼DK�¶C�»¼

:Ï�Û¾* 352.3 MPa�̂ µ¸�B 11.5%�Ð3:

 

b 

Interlayer 

 

a 

b 

1 mm 

d 

e 

1 mm 

c 

b 

100 µm 

 

f 

e 

100 µm 

 

c 

50 µm 

 

f 

50 µm 

 



�3974�                                        �(F�=�Z!"                                            � 49� 

Ï�Û¾* 255.0 MPa�̂ µ¸�B 6.5%�âí+ÕA

³´µ�ÓÏ��»¼hâíËÎÑÒm�»¼:Ï

�Û¾ 415 MPa�^µ¸�B 7.7%�Ð3:Ï�Û¾

* 334MPa^µ¸�B 3.5%���ê�ë©ª¦�n

�L�®¯_~*�����Ý� 3 <ØË���¾

*���§ÓÏ���Û¸Dß����µ�ÝÐ3

:Ï��Ñ�îï�+_~^��ÙÚ�Û¾*-@� 

8 11 &âí+ÕAËÒä:ÏÛ¸^_@� SEM

rs�N�Ð3:ÏÛ¸Õ�îï^*0£«¬nop�

^_�P�«¬�
�§��»¼:ÏÛ¸Õ��8 12

&Òä:ÏÛ¸^_C� SEMrs�»¼:ÏÛ¸Õ�

�� ��Ð3:Ï��¡�^�p�§²�Ð3:Ï

��¢£^_�P¡�^�p�LWtZ�u"� 5#�

¡�^�p���& θ(Al

2

Cu)Î�ð Fe¡�Î� 

 

 

 

 

 

 

 

 

 

� 10  ±²¦§¨³PJK:��[\]^ 

Fig.10  Ultimate tensile strength (a), yield strength (b), and elongation (c) of the samples in different tensile directions under different 

heat treatment states 

 

 

 

 

 

 

 

� 11  RS+TUP��´µ�¶¡¢ 

Fig.11  Low magnified fracture morphologies of solid solution + artificial aged samples tensioned in horizontal direction (a) and vertical  

direction (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 12  RS+TUP±²xy:��´µB· 

Fig.12  Fracture morphologies of solid solution + artificial aged samples tensioned in horizontal direction (a, b)  

and vertical direction (c, d) 
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� 5  � 12 �������� EDS ����  

Table 5  EDS analysis of different positions in Fig.12 (ω/%) 

Position F1 F2 F3 F4 

Al 77.89 63.43 71.54 49.47 

Cu 17.28 29.94 21.85 50.53 

Fe 3.65 5.57 5.21 - 

Mn 1.11 1.07 1.41 - 
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Fig.13  Anisotropic mechanism for the mechanical properties of  

WAAM 2219 aluminum alloy 
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Inhomogeneity of Microstructures and Mechanical Properties of 2219 Aluminum Alloy 
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Abstract: Single wall specimens of 2219 aluminum alloy were built by wire and arc additive manufacturing (WAAM) technology using 

CMT welding process. The microstructure characteristics and mechanical properties in as-deposited state, solid solution state and artificial 

aging state were investigated. Results show that the weak strips with micro porosities, θ(Al

2

Cu) phases and iron rich phases in the 

interlayer region result in the anisotropic mechanical properties of the WAAM specimens. When the specimens are tensioned in the 

vertical direction, cracks form easily in the interlayer region, and the tensile strength and plasticity deteriorate. In order to increase the 

mechanical properties of WAAM 2219 aluminum alloy in the vertical direction, the content of Fe and Si in the wire should be as low as 

possible. 

Key words: 2219 aluminum alloy; wire and arc additive manufacturing; anisotropic mechanical properties; brittle phases 
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