
�50�    �1�                                ��������	                                    Vol.50,   No.1 

2021�      1�                      RARE METAL MATERIALS AND ENGINEERING                        January   2021 

 

�����2020-06-08 

���	����	
��
�51874172������	
��
�2019-ZD-0025����
������
�2019QN09� 


��
�������1970������� ���
���!"#$
�%��� &' 114051�E-mail: whb605@163.com 

 

Mn ������� 6061 �	
��
��� 

�� 

 

���

1

����

1

��	


1

��  �

1

�
  �

2

����

2

����

1

 

(1. ��
��� !"#$
�%��� &' 114051) 

(2. ��
��� ()*+#�,-�%��� &' 114051) 

 

�  ��./012 Mn 34567 6061 89
67:;<=>?@AB�CDEFGHI9JB�KLM
>NO

P(OM)MQRSTNOP(SEM)AUVSTNOP�TEM�WXYZ[ 606167:;<=>?@AB�CD@-\]�

^_`abcde(fd67:B�CDHIghijk ω(Mn)=0.36%(lmZn)o 6061 67:;<=>pqrst

β-Al

5

FeSi >?@uvwt α-Al

12

(FeMn)

3

Si >�k ω(Mn)=0.54%o:!xyz{�m|\}~t#��t

α-Al

15

(FeMn)

3

Si

2

>�����N���067:;<=>���k ω(Mn)=0.36%o�606167:B�CD����o

�b��M�����c��Z�u 195.93 MPaM170.36 MPa� 17.96%H 

����4567�606189
�<=>�O����B�CD 

�������TG146.21        ������A        �����1002-185X(2021)01-0129-09 

 

��������	
��
��������

����������� !"#�$%&'�()

*+,-./0123456760008+,-9:;

�
<=>�?<@�'ABCDE?�FG���

HIJ��KLMNOP

[1,2]

7QRS4TUVW

XTRCYZ[\$UG]^_�CD`ab<cde<

G]fg�HI�hijklmno

[3-5]

7JpqTU

6000 8+,-crsa@��tu;vw Fe �xy

z{|J}~��rc�� β-Al

5

FeSi ���-��

�,������Br����z�����CDh

�������,-����B�4FG��

[6]

79

��JTU��@M��� ¡�� β-Al

5

FeSi^��

t7¢£�¤¥Nj¦ 3 �§¨©ª«¬­®�h¯

F°,-vw Mn<Cr<Ce��±²³,-�´±µ¶

¯´·¸¹º»¼½¾¿ÀÁ β-Al

5

FeSi^ÂÃÄ:y

�

[6,7]

µÅ¯�.0±²$%&ÆÇ:��ÈÉ

[8]

7 

ÊËÌÍ

[1,9]

J+,-ÎÏsa@ÐFh�Ñ�

� Mn�ÒJ��Ó����Ô¶^ÕÖ×ØJ}~

�ÃÄ:Ù�}}Õ��6�ÚÛÒDÜÝ± β-FeÞ

ß^à α-Fe^�áâ�h���Þã^J��$%&

sa@CD�)�$ä����å?�æçèéB¿

êA}~�D�ë,-���ìí7Zhang �

[10]

îÊ

Ë�tJ A356 +,-@�� Mn/Fe _�5F�:Þ

ß^r�BïðCDñò�ÈÉ�Mn vw�F°�

óJh�aA«DÜôÃÄ β-Fe^�rc�õöD�

ë÷ørÂùú� α-Fe^y�7Zhang�

[11]

îÊË�

tû Mn/Fe;�_ü 0.8Û�Al-5.0Cu-0.5FeÅv+,

-J 75 MPaýþsa@ β-Fe^��á�ü α-Fe^7 

¢£����tnë Mn vwÐF�QRTU

6061 +,-@Þß^r�´âB����ÈÉ�^

nÊË7�ë��dp����N$���	ïy�

Ú Mn Ñ�¦ 6061 +,-^
cB α-Fe ^@vwâ

�����,QRTU
���Ë�Ú MnÑ�� 6061

TU.
����ÈÉ����N�&�DÜÃÄD

�y�^ β-Fe^�rc�´·TU.@Þß^r�<

��Bïð�üÄl)��+,-�.ì�&���7 

���������

dp���� 4� MnÑ� 6061+,-cï��

�cï�pq���cï�Ì 1 �Ì 2  !�¥N

AXS-3B +,-��cïïy"�N#$ïy%±²

TU.0
&��cï'�7��(�� 1 6061

+,- (;�ï) ,  % )97 . 3 8A l - 1 . 05Mg -0 . 7 7S i - 

0.34Cu-0.23Fe-0.04Mn-0.02Ti-0.04ZnZ Al-20Mn�@

�,-*+,���?�;�_-°��.Ó/ë0

12345@�J@678M��.ÓF$9 800 



�130�                                         ��
�!"#*+                                             � 50� 

 1  !" 6061#$�%&'(  

Table 1  Chemical composition of experimental 6061 aluminum alloy (ω/%) 

Alloy Si Mg Fe Mn Cu Cr Ti Zn Al 

1# 0.77 1.05 0.23 0.04 0.34 0.13 0.02 0.04 Bal. 

2# 0.77 1.05 0.23 0.12 0.34 0.13 0.02 0.04 Bal. 

3# 

4# 

0.77 

0.77 

1.05 

1.05 

0.23 

0.23 

0.35 

0.58 

0.34 

0.34 

0.13 

0.13 

0.02 

0.02 

0.04 

0.04 

Bal. 

Bal. 

 

 2  6061#$�!)(�  

Table 2  Actual chemical composition of experimental 6061 aluminum alloy (ω/%) 

Alloy Si Mg Fe Mn Cu Cr Ti Zn Al 

1# 0.77 1.05 0.23 0.04 0.34 0.13 0.02 0.04 Bal. 

2# 0.74 1.07 0.21 0.13 0.33 0.14 0.02 0.03 Bal. 

3# 

4# 

0.69 

0.69 

1.04 

1.07 

0.21 

0.21 

0.36 

0.54 

0.29 

0.30 

0.12 

0.12 

0.02 

0.02 

0.04 

0.03 

Bal. 

Bal. 
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Fig.1  Size of the specimen for tensile tests 
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Fig.2  Equilibrium phase diagram of 6061 aluminum alloy with 

different Mn contents 

0.0 0.1 0.2 0.3 0.4 0.5 0.6

0.0

1.0

2.0

3.0

 
P

h
a
s
e
 
C

o
n

t
e
n

t
,
 
ω

/
%

M n Conten t, ω /%

 Mg

2

Si  A l

7

Cu

2

Fe

 Al

13

Cr

4

Si

4

  α-Fe 

 β-AlFeSi  Al

5

Cu

2

Mg

8

Si

6

 

 Al

2

Cu  E-A lCrMg Mn

 Al

6

Mn

6.25 6.25 

15 

20 

60 

5
 

15 

1
0

 



� 1�                              ���WjMn1234567 606189
���CDEFG                     �131� 

W 3 ü α-AlFeMnSi ^Xj¦f� α-Fe ^Y�v

w�_â���7�W@Òj�� α-Fe^�òvwü

Al<Fe<Mn<Si��vw�_��^Ú7�ë�~ 6061

+,-õ��α-Fe^@ Fevw�_�)�uü 23.08%7

�� MnÑ��ì)�Mnvw�E��ÃÄu;vw

Fe��Nµû ω(Mn)=0.36%Û�Mnxycü α-Fe^

�òvw�u;vw Fe��_xyze�u 11.18%7 

W 4ü$���	�ÚMnÑ�¦ 6061+,-@

α-Fe^Z,-Ïn��:Aâ���7sWÒt��

�,-@ Mn Ñ����5F�α-Fe ^y�:A�

619.86 �í9 636.08 ��n^�:AJ 650.11 ���

�����´â�Ï^�:A� 580.29 ���Í`í)

9 590.60 ���7Z 0.04% MnÛ^_�û 6061+,-

ω(Mn)=0.54%Û�α-Fe^y�:A��� 16.22 ���

}���b� 12.03 �7�s����Òt

[12-14]

�MP

��}��ze�.0^¿R����¸¹KQ��

 çn�J.¡@¢C�L�����}��öF£

�@¢xy����öJ�4F$%&G]@���

���´·7¤J^Ú�TUG]H)º»¦�ÐF

h���Mn� 6061+,-k¥�Í`�b:�}�

��õ´·:cr����ze@¢xy����Ò

��7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  606189
 α-Fe>¦§@- 

Fig.3  Variation of α-Fe phase elements in 6061 aluminum alloy: 

(a) ω(Mn)=0.04% and (b) ω(Mn)=0.36% 
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Fig.4  Temperature change curves of thermodynamic simulation 

for 6061 aluminum alloy  
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Fig.5  Microstructures of 6061 cast-rolled plates: (a, b, c, e, h) ω(Mn)=0.36%, (d, g) ω(Mn)=0.04%, and (f, i) ω(Mn)=0.54% 
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Fig.6  SEM images of 6061 cast-rolled plates with ω(Mn)=0.36% (a, b), ω(Mn)=0.54% (c, d); EDS analysis for Mg
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Fig.7  SEM image (a) of 6061 cast-rolled plates with ω(Mn)=0.04% and (b) EDS analysis of β-Al
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Fig.9  TEM images (a~c) and EDS analysis (d) of cast-rolled 6061 aluminum alloy plates  
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Fig.10  Tensile properties of 6061 cast-rolled plates 
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Abstract: The effects on the microstructure and mechanical properties of twin-roll casted 6061 aluminum alloy plates with Mn addition 

were investigated. The microstructure of 6061 cast-rolled plates were analyzed by thermodynamic simulation, optical microscope (OM), 

scanning electron microscope (SEM) and transmission electron microscopy (TEM). The mechanical properties of 6061 cast-rolled plate 

with different Mn contents were tested using tensile tests. The results show that with the increase of Mn content of the 6061 cast-rolled 

plate, the iron-rich phase at the edge of 6061 cast-rolled plates is gradually transformed from acicular β-Al

5

FeSi phase to granular 

α-Al

12

(FeMn)

3

Si phase, and a large number of irregular blocks and a petal-like α-Al

15

(FeMn)

3

Si

2

 phase are aggregated in the core 

(ω(Mn)=0.54wt%); when ω(Mn)=0.36wt%, the mechanical properties of 6061 cast-rolled plate are the best. At this time, the tensile 

strength, yield strength and elongation of cast-rolled plates are 195.93 MPa, 170.36 MPa and 17.96%, respectively. 

Key words: twin-roll casting; 6061 aluminum alloy; iron-rich phase; microstructure; mechanical property 
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