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3�������(equal channel angular pressing, 
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 ñ ò ó í (scanning electron 

microscopy, SEM)�ôîóí (transmission electron 
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0.7 Si
1.04 Cu
0.43 Mn
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Fig.1  Tensile engineering stress-strain curves for 6156 alloy 

under different processed conditions 
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Table 1  Tensile properties of the 6156 alloy under different 

processed conditions 

Sample σ

b

/MPa σ

y

/MPa δ

f

/% δ

u

/% δ

l

/% 

UA 379 309 23.7 14.8 8.9 

PA 398 352 18.4 9.8 8.6 

CR50 509 464 8.4 5.1 3.3 

CR60 520 499 6.4 3.1 3.3 

CR70 540 514 5.5 2.8 3.3 

CR80 561 544 3.4 1.2 2.2 

RA50 515 472 11.1 7.3 3.8 

RA60 525 505 8.6 5.2 3.4 

RA70 540 528 8.0 5.7 2.3 

RA80 564 551 5.7 3.5 2.2 
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Fig.2  OM images for the longitudinal sections of UA (a), CR50 (b), RA50 (c) and CR80 (d) samples 
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Fig.3  ODF plots of different processed 6156 alloy: (a) UA,    

(b) CR50, (c) RA50, and (d) RA80 
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yz^ 100 ¸/48 h»��Rå�v	²�»wh3 
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 (M
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�M
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��y 2Ó�3Î UA

æ�;��WXª���BST�CR æ���"ø@

SV
»whø@���Øù�æ�M

A

��ST3 

����������

y 3 J:�Êª���B CR � RA æ��ìh

?@ d �ì1pε��!ùC?-.�DE��ρ3W

X��BST�CR � RA æ��DE��Í��X

Y��Ò�;Ê��B��RA æ�DE���
8

CRæ�3���V��Bd 50%S� 80%�CR50�

CR80æ�DE��EÅ] 6.9+10

13


7.8+10

14

 m

-2

�

J RA50� RA80æ�DE��EÅ] 5.8+10

13


6.4

+10

14

 m

-2

3Rù�_�RAæ�U	
���DE�

yz� 100 ¸/48 h»��Rå�v	²�»wh��

8MDE��
8;Ê��B� CR æ��yyz»

���²�^DE��3 

�����TEM 
��

I 4~6J:�Ê¬­$> 6156��� TEMij3

RI 4a ��e:�UA æ�¨C�h�E;X?@

0.01~0.3 µm��N;�{�E9yzÞni|`�Z

Al

6

(Mn, Fe)��;��.�"»wh�hikT
��

Fe�É	§/2�¨C�9:^TBlm���;(I

4b)��6ó|ðî���:g����ï�yzÞn

9:;Z β″;

[13]

�ùZ�I 4agyzh�����^

A�5 150 nm��9:�(precipitate free zone, PFZ)3 
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Table 2  Texture components, volume fractions and average 

Taylor factors of different processed 6156 alloy 

Sample 

f

Cube

 

(2.45) 

f

Brass

 

(3.17) 

f

Goss

 

(2.45) 

f

S

 

(3.33) 

f

Copper

 

(3.7) 

M

A

 

UA 59.2 29.5 6.8 4.5 0 2.7 

CR50 22.8 14.4 22.7 20.9 19.1 2.97 

RA50 22.6 16.6 21.5 20.3 19.0 2.98 

CR80 8.9 35.9 12.7 22.2 20.2 3.15 

Note: the data in the brackets represent Taylor factors of the 

corresponding texture components

[12]
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Table 3  Microcrystallite sizes, microstrains and dislocation 

densities of the CR and RA samples 

Sample d/nm 

ε/% ρ/m

-2

 

CR50 95.5 0.05 6.9¤10

13

 

CR60 38.7 0.23 7.2¤10

14

 

CR70 34.9 0.21 7.3¤10

14

 

CR80 37.3 0.24 7.8¤10

14

 

RA50 83.0 0.04 5.8¤10

13

 

RA60 44.2 0.22 6.0¤10

14

 

RA70 55.9 0.29 6.3¤10

14

 

RA80 53.1 0.28 6.4¤10

14
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Fig.4  TEM images for under-aged 6156 alloy 
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Fig.5  TEM images for cold-rolled 6156 alloy: (a~d) CR50, and (e, f) CR80 
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Fig.6  TEM images for 6156 alloy under different processing conditions: (a~c) RA80 and (d) RA50 
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Fig.7  Tensile fractographs of CR50 (a), RA50 (b, c), CR80 (d), and RA80 (e, f) samples 
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Abstract: The microstructures and mechanical properties of the 6156 Al alloy subjected to a thermomechanical treatment consisting of 

under-ageing at 180 °C for 1 h, cold-rolling at room temperature with the thickness reductions of 50%~80% and re-ageing at 100 °C for 48 

h were investigated by optical microscopy, tensile test, X-ray diffraction, scanning electron microscopy and transmission electron 

microscopy. The tensile test indicates that the alloy can achieve high strength and relatively good ductility simultaneously, whose ultimate 

strength, yield strength and elongation to failure are 515~564 MPa, 472~551 MPa and 11.1%~5.7%, respectively. The microstructural 

observations show that the high strength results from the combination of deformation and precipitation strengthening and increases with 

increasing the thickness reductions. The improved ductility is attributed to both the decreased dislocation density and increased 

precipitation strengthening. The fractographs of the alloy consist of intergranular and dimple-induced transgranular fracture and the 

dimples have shallow depths and increased number with increasing the thickness reductions. 

Key words: aluminum alloys; thermomechanical treatment; microstructures; mechanical properties; fracture 
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