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 1  !�"#$� 

Table 1  Nominal composition of the alloys (ω/%) 

Alloy Cu Li Mg Zr Ag La Ti Al 

1 5.4 1.28 0.4 0.15 0.4 0 0.005 Bal. 

2 5.4 1.28 0.4 0.15 0.2 0.05 0.005 Bal. 

3 5.4 1.28 0.4 0.15 0 0.1 0.005 Bal. 
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§ 1  ¨©A�kl SEMª« 

Fig.1  SEM images of as-cast alloys: (a, b) alloy 1, (c, d) alloy 2, and (e, f) alloy 3 
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Table 2  EDS results of different points for as cast alloy in 

Fig.1 (at%) 

Point Al Cu Mg Ag La 

A1 83.240 14.012 2.614 0.134 0 

A2 97.512 1.418 1.070 0 0 

B1 87.853 7.979 3.337 0.831 0.167 

B2 96.982 1.871 1.147 0 0 

C1 61.987 33.711 2.178 0 2.124 

C2 98.121 1.692 0.187 0 0 
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Fig.2  DSC curves of the as-extruded alloys  
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§ 3  A�]YZ^JK²©?³� 

Fig.3  Hardness of alloys under different heat treatment states 

 

 3  !�,-./01&234 

Table 3  Hardness of alloys under different aging treatment 

states (MPa)  

Alloy Aging 12 h Aging 24 h Aging 36 h 

1 1801 1866 1852 

2 1834 1842 1829 

3 1757 1777 1738 
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§ 4  3¯A�^JK_?OPQR 

Fig.4  Tensile properties of alloys after heat treatment: (a) ultimate tensile strength, (b) yield strength, and (c) elongation 
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Table 4  Tensile strength of alloys after heat treatment (MPa) 

Alloy Extrusion Solid-solution 

Aging  

12 h 

Aging 

24 h 

Aging 

36 h 

1 312.8 579.2 611.1 635.6 608.3 

2 397.8 583.6 611.4 619.2 615.5 

3 474.5 581.8 579.0 591.9 577.8 
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§ 5  160 �, 24 hHI²©eA�? TEMª«> SAED´µ 

Fig.5  TEM images and SAED patterns of alloys after aging treatment of 160 �, 24 h: (a) alloy 1 <001>
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 6  T6������������ 

Fig.6  Density of precipitated phase in alloy after T6 treatment 
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 7  160, 175, 190 ���� 24 h������ !"# 

Fig.7  Tensile properties of alloy thermally exposed under condition of 160, 175, 190 � for 24 h: (a) ultimate tensile strength, (b) yield  

strength, and (c) elongation 

 

 

 

 

 

 

 

 

 

 8  190 �, 24 h������� TEM$% 

Fig.8  TEM images of alloys after thermal exposure under condition of 190 �, 24 h: (a) alloy 1 <001>
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, (b) alloy 2 <001>
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� 9  175 ���� 24, 36, 48, 60 h���� !�" 

Fig.9  Tensile properties of alloys thermally exposed under condition of 175 � for 24, 36, 48, 60 h: (a) ultimate tensile strength,      

(b) yield strength, and (c) elongation 

 

� 9���� 175 ���	
�������

�������������� ��!"#�$%

&'�()*σ

b

=530 MPa, σ

0.2

=480 MPa, δ=7%+�,

��	���-.�3 /��0�!123456�

78��	��9 Weldalite049 ��������:

;<=
��:;����	 175 �>?��3 @�

�0�!A�5BC�D0�EFG�&34�60 h

H��� 1I�� 2J�� 3K�0�LM�� 591.7�

597.2J 548.4 MPa�N��	OPQ�3/��0�

LM�5R 6.82%I3.56%J 5.98%�ST�� 3�K

�0�U�"#�&'()�78V���W$
�

��X���&YZ� 

� 10� 175 ���	 60 hH�� 3� TEM[\�

���������	H θ′PJ T

1

P!"#�]^�

_`ab�cdefghij�k�lmj�nopl

q�S.�nr�skt8uvj�W78w La x

Ag��� 3y��	 175 �, 60 hH�U��"z�

�X'
�YZ��La 9��X����:;${|

}l�90jPij�~�,�${|��=����

����N����� La�H���n�����T

�a��'��j���S�'
���&���YZ

�

[20]

���n���OHj��a^I����"#

v���L =���W/¡¢9'
�£¤¥¦N

��I§K��¨©�nª«�¬._L�®

[21]

� 

 

 

 

 

 

 

 

 

 

� 10  �� 3���#$� %&' ()*

Fig.10  TEM images of Alloy 3 before and after thermal exposure: (a) peak-aged <001>
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Effects of La and Ag on Thermal Stability of Weldalite049 Al-Li Alloy Used for 

Oil Drilling Rod 

 

Wang Fuyue, Wang Xiangjie, Xu Wenhui, Cui Jianzhong 

(Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education, Northeastern University, Shenyang 110819, China) 

 

Abstract: The influence of different ratios of La and Ag under the condition of T6 peak aging treatment and different thermal exposure 

was investigated. The microstructures and tensile properties of Weldalite049 aluminum alloy were analyzed by SEM, TEM and tensile 

properties testing. The aim is to investigate the method of substituting a small amount of rare earth La for higher price Ag in precondition 

of satisfying mechanical requirements. It is proved that the tensile strength of Weldalite049 alloy with 0.05 wt% La and 0.2 wt% Ag is 

619.2 MPa after T6 peak treatment, and the ultimate tensile strength is decreased by 4.87% under thermal exposure at 190 °C/24 h. The 

tensile strength of Weldalite049 alloy with 0.1 wt% La but without Ag is 548.4 MPa under thermal exposure at 175 °C/60 h, decreased by 

5.98%, while the mechanical properties remain at a high level (σ

b

≥530 MPa, σ

0.2

≥480 MPa, δ≥7%). 

Key words: rare earth La; Weldalite049; aluminum-lithium alloy; oil drilling rod; thermal exposure 
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