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Table 1  Chemical composition of the experimental alloys  

(ω/%) 

Alloy Cu Li Mg Mn Zr Zn Ti Fe 

Base 2.85 1.42 0.28 0.3 0.12 0.05 0.12 0.1 

Mn-free 2.85 1.37 0.25 - 0.12 0.05 0.12 0.1 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  Base8Mn-freeH3������ 

Fig.1  Age hardening curves of Base and Mn-free alloys 
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� 2  Base) Mn-freeH3B34JK 

Fig.2  OM images of Base (a, c, e) and Mn-free (b, d, f) alloy after homogenization (a, b), cold rolling (c, d), and solution treatment (e, f)�
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� 3  Base` Mn-freeH3B��4b� 

Fig.3  SEM images of second phase particles in Base (a, c) and Mn-free (b, d) alloy after homogenization (a, b) and cold rolling (c, d) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  Base` Mn-freeH3���[��B��4b�� EDSN�lz 

Fig.4  SEM images of second phase particles in Base (a, c, e) and Mn-free (b, d, f) alloy at the peak-aged condition: (a, b) 1000�;        

(c, d) 5000�; (e, f) EDX analysis of coarse particles B, C in Fig.4c, 4d, respectively 
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� 5  BaseH3��� STEM-HAADFb� 

Fig.5  STEM-HAADF morphologies of Base alloy at the 

peak-aged condition: (a) rod-like phase and (b) spherical 

particles 

 

 

 

 

 

 

 

 

 

� 6  Mn-freeH3��� STEM-HAADFb� 

Fig.6  STEM-HAADF morphologies of Mn-free alloy at the 

peak-aged condition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  2�\]^_B EDX���lm 

Fig.7  EDX elements mapping of the two dispersed particles: (a) rod-line phase and (b) spherical particles 
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� 8  BaseH3" Al-Cu-Mn^_� � EDX���¡¢ 

Fig.8  STEM-HAADF image (a) and EDX element line scanning 

(b) of an Al-Cu-Mn dispersoid in the Base alloy  
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� 9  Base� Mn-freeH3��� TEM£¤¥�b=<112>
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Fig.9  TEM images of Base (a) and Mn-free alloys (b) at the 

peak-aged condition (b=<112>

α
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� 10  Base� Mn-freeH3���¦§b� 

Fig.10  Fracture morphologies of Base (a) and Mn-free alloys (b) 

at the peak-aged condition 

4  �  � 

1�Mn � 2297 �����%&( AlCuMn 4�

Al
CuMnFe�\g4/Å���[\n�ª23�U�

Ù\¿<xE4�8¤Ly#·tu� 

2�Mn ���c	~¥ Al

3

Zr +«�§¨ðc�

ÈÉ§¨Ö¢�23�U� AlCuMn�ª4�Î�7

Êc	�� 2297���o,*vF� 

3�Mn ���nXÖ���QF�w%&¥<

Mn ï�� ¡Q](t¶��3¦qh�xE4�

��� 

 

����    References  

[1] Lavernia E J, Srivatsan T S, Mohamed F A. Journal of 

Materials Science[J], 1990, 25(2): 1137  

[2] Prasad N E, Gokhale A A, Wanhill R J H. Aluminum-Lithium 

Alloys: Processing, Properties, and Applications[M]. Boston: 

Butterworth-Heinemann, 2013: 127 

[3] Li Y, Liu Z, Lin L et al. Journal of Materials Science[J], 2011, 

46(11): 3708  

[4] Toleuova A R, Belov N A, Smagulov D U et al. Metal Science 

and Heat Treatment[J], 2012, 54(7-8): 402  

[5] Csontos A A, Starke E A. Metallurgical and Materials 

Transactions A[J], 2000, 31(8): 1965  

[6] Starke E A, Sanders T H, Palmer I G. Journal of Metals[J], 

1981, 33(8): 24  

[7] Robson J D, Prangnell P B. Materials Science and Engineering 

A[J], 2003, 352(1): 240  

[8] Murray J, Peruzzi A, Abriata J P. Journal of Phase 

Equilibria[J], 1992, 13(3): 277  

[9] Vecchio K S, Williams D B. Acta Metallurgica[J], 1987, 35 

(12): 2959  

[10] Robson J D. Materials Science and Engineering A[J], 2002, 

338(1): 219  

[11] Mingard K P, Cantor B, Palmer I G et al. Acta Materialia[J], 

2000, 48(10): 2435  

[12] Nadella R, Eskin D G, Du Q et al. Progress in Materials 

Science[J], 2008, 53(3): 421  

[13] Cheong S W, Weiland H. Materials Science Forum[J], 2007, 

558: 153  

[14] Starink M J, Gao N, Kamp N et al. Materials Science and 

Engineering A[J], 2006, 418(1): 241  

[15] Kim Y B, Chung Y H, Cho K K et al. Scripta Materialia[J], 

1997, 36(1): 111  

[16] Tsivoulas D, Robson J D, Sigli C et al. Acta Materialia[J], 

a 

b 



� 3�                                 ���=�MnV 2297FGH3"B6H3��2                            �877� 

2012, 60(13): 5245  

[17] Kaibyshev R, Musin F, Lesuer D R et al. Materials Science 

and Engineering A[J], 2003, 342(1): 169  

[18] Wei Xiuyu(¨©ª), Zheng Ziqiao(«_¬), Pan Zhengrong 

(­®¯) et al. Rare Metal Materials and Engineering(�y

3�&')*+)[J], 2008, 37(11): 1996  

[19] Lin Y, Zheng Z, Li S et al. Materials Characterization[J], 

2013, 84: 88  

[20] Fan Chunping(°±²), Zheng Ziqiao(«_¬)�Jia Min(³ 

´) et al. Rare Metal Materials and Engineering(�y3�&

')*+)[J], 2015, 44(1): 91  

[21] Li Y, Furu T, Dons A L et al. ICAA-11: 11th International 

Conference on Aluminum Alloys[C]. Aachen, Germany: AIT 

Austrian Institute of Technology, 2008 

[22] Chen Yongnan(µ¶·), Wei Jianfeng(¨��), Zhao Yong- 

qing(¸¶¹) et al. Rare Metal Materials and Engineering 

(�y3�&')*+)[J], 2009, 38(1): 42  

[23] Srivatsan T S. Journal of Materials Science Letters[J], 1988, 

7(9): 940  

[24] Gao N, Starink M J, Davin L et al. Materials Science and 

Technology[J], 2005, 21(9): 1010  

[25] Yuan Zhishan(º»¼), Lu Zhen(½ ¾)�Xie Youhua(¿ÀÁ) 

et al. Rare Metal Materials and Engineering(�y3�&'

)*+)[J], 2007, 36(3): 493  

 

 

Micro-alloying Effects of Mn in 2297 Al-Li Alloy 

 

Sang Fengjian, Zheng Ziqiao, Wang Haijin 

(Central South University, Changsha 410083, China) 

 

Abstract: The effects of trace Mn addition on microstructure and mechanical properties of 2297 Al-Li alloy were investigated by optical 

microscopy, tensile test, scanning electron microscopy (SEM), transmission electron microscopy (TEM) and scanning transmission 

electron microscopy (STEM) fitted with high-angle annular dark field detector (HAADF). The results show that Mn exists in the form of 

AlCuMn rod-like disperse particle and Al(CuMnFe) coarse phase in the 2297 alloy. In addition, the Al(CuMnFe) phases in 2297 alloy are 

uniformly distributed and the size of the coarse particles is smaller than that in Mn-free alloy. As a result, the ultimate tensile strength of 

2297 alloy is enhanced. The addition of Mn has no influence on the precipitation behavior of Al

3

Zr particles. And although the AlCuMn 

rod-like dispersed phases are precipitated, the level of recrystallization in 2297 alloy is not changed.  
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