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����IX��: 7A99���� ¡�¢ 7A99

���Sq� 0.4%Mn rs�£¤" SEM�TEM�

HRTEM�¥¦§¨©ª(3DAP)���«¬lm�IX

Mnrsb 7A99���S6u�����. 
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�IXf"VW)*��IXY­®N¯°<
6

Φ70 mm 7A99h 7A99-0.4Mn¯±�RS 7A99g²��

�³ 1.̄ ±´µg��¶��� Φ60 mm×170 mm·¸

/p�b 1250 t¹°º»L¹°� 80 mm×90 mm×30 mm

6¹¼½¾¿�¹¼�� T6ÀÁÂÃÄÅ����	Æ

�iÇÈÉÀÁÊ� 475 ��ËÊÄÌ 2 h�ÍÊÎÏÐ�

Ñ�ÄÅ<����ËÊF 120 ��ËÊÄÌ 24 h. 

f"Ò
 EDAX aÓ�Ô«¬Õ6 JEM-7001H Ö

P×ØÙÚ¨ÛuÜ� Mn rs�����Ý����

Þß� 2.0 nm��àÚº� 20 kV½f" JEM-1200EX

á×ÚÜ���Su��â��jãä:å�æ���

Ý½f" LEAP 4000 HR¥¦§¨©ª(3DAP)���S

Zn�Mg�Cu�Mnrs������ç«¬��.  
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� 1  7A99��� !� 

Table 1  Components of 7A99 aluminum alloy (ω/%) 

Zn Mg Cu Zr Ti Fe Si Be 

7.6~8.1 1.7~2.5 1.2~2.0 0.05-0.20 0.05 �0.08 �0.06 0.002 
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� 1  7A99< 7A99-0.4Mn�� -.R� SEM�� 

Fig.1  SEM images of 7A99 (a) and 7A99-0.4Mn (b) as-cast  

   alloys 

 

 

 

 

 

 

 

� 2  7A99< 7A99-0.4Mn�� GHI^lR� SEM��

Fig.2  SEM images of homogenization treated 7A99 (a) and  

7A99-0.4Mn (b) alloys 
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�IX Mn rsb 7A99 ��ÄÅcdS6u�


���é�ÀÁ��ÄÅSÌ� 120 �/12 h:åÄ

Å6� 120 �/24 h 378p6u��â��IX��

éÇè 3 ��.RSè 3a�3b �éUÀÁ� Al

6

Mn

��j6 TEMêë.è 3c�3d�éUÄÅSÌ� 120 

�/12 h Al

6

Mn��j6 TEMêë.è 3e�3f�éU

ÄÅ6� 120 �/24 h Al

6

Mn��j6 TEMêë. 

´µg��¶ 7A99-0.4Mn ��S6 Al

6

Mn ��

j(c¹°��¶9´µ+�:��bö�S���

�;<���=>��ÀÁÄÅ����?Çè 3a

���ÀÁ��¶��S��6 Al
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Mn��jãä�

� 0.2~1 µm @A�B Al
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Mn j:CDú�5+��
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��S6 GPI�Jï��. 

K¿ÄÅ6�����S����h Æþ¸6

GPI�­þ¸6 η′��j:åþ¸6 η��j.L�

���ÄÅS0 120 �/12 hÄ�ö)89:M� GP

Ih*�­þ¸6 η′��j�8.ìè 3cî���Ä 

 

� 2  � 1"� 2�#$%& EDS'(�) 

Table 2  EDS elemental analysis of different points in Fig.1  

and Fig.2 

Point Ratio Al Zn Mg Cu Mn 

ω/% 70.48 12.76 4.26 12.5 - 

A 

at% 75.22 14.44 5.41 4.93 - 

ω/% 85.51 11.11 1.4 1.51 0.47 

B 

at% 92.43 4.96 1.67 0.69 0.25 

ω/% 80.24 13.21 2.31 4.24 - 

C 

at% 88.26 5.69 4.11 1.94 - 

ω/% 87.84 8.43 1.14 1.24 1.35 

D 

at% 94.00 3.72 1.36 0.56 0.36 

a 

A 

10 µm 

b 

B 

D

Al

6

Mn 

10 µm 

b 

C 

a 
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ö�S Al

6

Mn��jNO:CDú�5+���bö

��Rãä@A�� 0.2~1 µm�k�Ä Al

6

Mn��j

h� ÆNOðbûþ¸6÷#�P Al
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L��Q� 120 �/24 hÄÅÄ��Äö)89:
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� GP I.Çè
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Cu rsb��cdSÀÁ� MgZn

2

�gjS��o
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���î�UF� Cu §¨ÀÁ�� ÀÁÆpqR

*Ì��h Zn�Mg§¨KJòó. 

è 5r�Q 7A99-0.4Mn���S Zn�Mg�Cu�

Mnrs§¨6¥¦*Ì��è.ìèSî� Zn�Mg�

Curs§¨6��·3hè 4S 7A99�����j

s�k Mnrs§¨�h Zn�Mg�Curs§¨��

·3tO$%�R��uv£Bw�Û6·3.���

f"�çxylm��$%ãä§¨b� ÀÁÆS

6�g·3�z� Mnrs§¨% Zn�Mg�Cu§¨

��6�x. 

è 6r�Q$%ãä Zn�Mg�Cu�Mnrs§¨

XYb� ÀÁÆS{í6�g·3�RSè 6a U

7A99 ���S Zn�Mg�Cu §¨6�g·3è.ì

èSî� 10~20 nm 6 Zn�Mgrs§¨XYí|d

��20~100 nm§¨XYí|d
�100~500 nm§¨

XYí|��}��500~1000 nm§¨XYí|~
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� 3  Mn89E 7A99�� KLS!MN)�&OPQ6T 

Fig.3  Morphologies of Mn in solid solution (a, b) and aging process (c~f) of 7A99 alloy: (c, d) 120 �/12 h; (e, f) 120 �/24 h 
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� 4  Zn;Mg;Cu?@E T6S 7A99�� &6T 

Fig.4  Distributions of Zn(a), Mg (b), Cu (c) and Zn, Mg, Cu (d) 

atoms in T6-7A99 alloy  

 

 

 

 

 

 

 

 

 

� 5  Zn;Mg;Cu;Mn?@E T6S 7A99-0.4Mn� &PQ

6T 

Fig.5  Distributions of Zn (a), Mg (b), Cu (c), Mn (d) and Zn, Mg, 

Cu, Mn (e) atoms in T6-7A99-0.4Mn alloy 
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� 6  Zn;Mg;Cu;Mn89?@E T6S 7A99�� &�� 

�I 

Fig.6  Quantitative resaerch of Zn, Mg, Cu and Mn atoms in 

T6-7A99 alloy (a) and T6-7A99-0.4Mn alloy (b) 
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9: Al
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AlZnMgCuMn6 SawAl
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: Al

6
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6
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2
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Microscopic Configuration Distribution of Mn Element in 7A99 Aluminium Alloy 

 

Gao Wenlin

 1,2

, Chen Junzhou

1,2

, Sun Gang

1,2

, Huang Li

1,2

, Lu Zheng 

1,2 

 

 (1. Beijing Institute of Aeronautical Materials, Beijing 100095, China) 

(2. Beijing Engineering Research Center of Advanced Aluminum Alloys and Application, Beijing 100095, China) 

 

Abstract: 0.4% Mn element was added into 7A99 alloy by semi-continuous casting. TEM, HRTEM and three-dimensional atom probe (3DAP) 

were employed to study the microscopic configuration distribution of Mn element in the cast, homogenization treated and solution aged 7A99 alloy. 

The result shows that Mn element in 7A99 aluminum alloy ingot mainly exists in the form of fishbone shape MgZn

2 

non-equilibrium eutectic 

compound containing AlZnMgCuMn at grain boundary. After homogenization treatment, Mn element in 7A99 alloy mainly exists in the form of 

Al

6

Mn phase and intermittent, fine, granular S(Al

2

CuMg) second phase containing AlZnMgCuMn at grain boundary. After solution treatment, Mn 

mainly exists in the form of Al

6

Mn precipitate with the size range of 0.2~1 µm. Mn element always exists in the form of Al

6

Mn precipitated phase 

which is stable in size and non-coherent with aluminum matrix in the aging process at 120 ×. Mn element does not precipitate other new phase 

during the aging proceed and affect the aging precipitation process of Zn, Mg in 7A99 alloy. 

Key words: Mn element; 7A99 aluminium alloy; TEM; HRTEM; 3DAP; microscopic configuration distribution  
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