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Table 1  Brief summary of common microalloying elements  

and their related properties
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Fig.1  Atom probe images of cross sections of various T
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found to lie on {111} plane at 0 h (a), 2 h (b) and 84 h (c) 

(Al, blue; Mg, green; Ag, black)
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Fig.2  Dislocations near the SiC

w

/Al interface in the composite 

observed by TEM: (a) generation of dislocation from the 

SiC/Al interface and (b) high density dislocations around 

a whisker

[53]
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Fig.3  Microstructures of as-cast TiB

2

/Al-Li-Cu composite:    

(a) optical microstructure and (b) backscattered electron 

(BSE) image (the inset in Fig.2b shows dispersion of 

TiB

2

 particle and its typical morphology) 
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 4  @ABCDE XFX=Sc, Ti, Cu, Zn, Zr, AgG-BCHI

F6.25%J 3.125%, ��KLG� Al
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Li��MNOP 

Fig.4  Crystalline structures of Al

3

Li doped with alloying 

element X (X = Sc, Ti, Cu, Zn, Zr, Ag) at different alloying 

concentrations of 6.25at% and 3.125at% 

[56]

 

Al 

Li 

X 

Al

3

Li 

Al

5

Li

2

X 

Al

6

LiX 

Al

11

Li

4

X 

Al

12

Li

3

X 



� 3�                               !"#$%&'�()*+,-./	0�1234�56                     �1075�  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 5  2055'�� 3QR8STUV� STEMW  

Fig.5  STEM images of alloy 2055 under three conditions:     

(a, b) T83; (c, d) 245 /24�  h; (e, f) 305 /24�  h

 [57]
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 6  T

1p

��OPXYJ HAADF-STEMW 

Fig.6   Structure model of T

1p

 phase (a); perspective views of 

the structure model of T

1p

 along the <112>

Al

 (b) and 

<110>

Al

 zone axis (d), respectively; HAADF-STEM 

images overlaid by the projections of structure model 

along the <112>

Al

 (c) and <110>

Al

 (e) zone axis
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Fig.7  Simplified explanation of precipitate microstructure in 

Al-Li alloys 

[34] 

 

3.2  �%�&' 

����RSJK�N1��O�V��|��

è7¹stsuhßvd�PQ�¯â¹�G3T�

�H3mM�[àQ�/�c
ó�h-7�Al-Cu-Li

��,í¬�ÞKvN"#KvN�÷?KvTb.

KvOár8IJ��K��ñX�Y,í¬Ë-ú

�()Nâv.�/0ª1hUv��f�T�ßà

d�O�³8IJ��H3

[63, 64]

� 

3.2.1  ����� 

Al-Cu-Li ���o,í¬"#KvT�÷?Kv

8IJK��"#c'¬�(0ª
�Æ?�oHW

�%¹��(�·�HW�5,í¬[à¾Jèá8

]wKvº7�¾J4�÷??Vº7�oS 2 ��

³—¾JÐ¬�÷?�5��ÆKv�T¾Jã¬�

5(HWKv)

[65, 66]

�r����(Dr"#4s/ú

äeÑúä
�÷?�5�� GPENδ′?Nθ′?T T

1

′

OfK?�¾J4·¸�Æ??äc�þÐ¬�54

s/�¥Þ��-Ès/4�5÷��F5+���

¾JÐ¬�÷?céêå"#
RX©�3õIJ�

�
K��m����¾Jä± T

1

OFGm"N4s

/cúä
KL?c��°±�5
[àõæç�Ä

fX+�{IJ�¾JÚæç��<"�´�ã�5


¾JÚr�5èé?äc�¾J?Vêp��fQ

ë��÷?�5
¾Jì�� B�
¾JÚã��

5�T´/�ñ¬�*om"
íÐ�{º7�·�

Kvº74�÷?�5÷Wf§��÷W£-AKv

º7£"� 

Üß<É���H3TK�
IJr�L��Â

�?Vîï
�K�
IJððÄH301���

��(
 δ′?º��oKv?!��'|¾JÐ¬�

|Ð¬
�5I@Q�°<'�ó()
í��"#

()þrb�.�Â�óú�()1�·�w¨��

Q¾JÒ&r.��ó�{�(�'-����ó?

���/õ�óo3���§õ-ÈGH3Sß01�

Äfc'c÷5Ò���(
 δ′?Ýv� δ ?���

K�01�mX��%¹.�ß
 δ?þï- PFZ


 

� 2  �������	
������� 

Table 2  Main precipitated phases and their morphologic characteristics in Al-Li alloys 

[21, 32, 34, 37, 60-62]
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'(mÍ�«¬	��+Ô5�-7 50%LiF+50%KCl

º�Ø�ÃaE�w)-c Li 
ø�#F�dr

0.14%W��«bùúÃa` Li �
ùú'(�Y

8 ßâ

[72]
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Fig.8  Effect of various fluxes on the Li protection during  

casting
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¢vùú¦�r�Ä´í�Y*`Ã//0¦/«

�etP¦��7
����«�¦/��¦N�

¦hÖ�����Q£,F01 Li
�ð�«�þ�

2¥/0�r+ Li!´«��¥�+�!�N�i!

´_«��¥�RongO

[73]

`�$%Qx�Ö���«

�Nx��¦�Ý��«�Whè�n�«�ÔB`

Ä� Al-2Li-2Cu-0.2Zr ��ûCu
äå�$%�w

4±«���?��Ö���4�¦�Ý��?��


x�n�«�ÔB,���(¦ñ��hûC
/

&�¦² 1.47%�0± 0.12%�"#ßà�
��O

ÏK�N\�K�T|�V��² 113 MPaN179 MPa

T 3.9%IJ± 142 MPaN293 MPaT 18.1%���

[74]

rtì��Ã�deQ Al-3.02Li-4.24Mg-1.26Cu- 

0.14Zr-0.27Y���í¬ 530 �/14 h + 190 �/8 h�ß

à���\�K�� 295 MPa� 

4.1.2  
���	 

;´�����
Ä�fg�³�oSÑÙTÄ

�N"#Ä�Whx�ÄóO�â¹��Ä�fg¬

�ò���?`���´Ã/� Li#mJc���(

þªwf�M0N}.P"Ow¨�z²�v��3

F�s¹ñ�$�$%dí¬uÞ��Ä�ÔB°C

WIJÄ�J Li�#
����3F��UvÄ�Ô

BNry"¬�(^+X�O� 

W"#Ä�de������#{N�il�N

ò����`��
ÒãT3Fäåm"��Ï�

[75]

O$%Q"##{`"#Ä�de
 A1-2.47Li-1.49Cu

��Òãh3F
äå��(&'�r 50 MPa W�

c A1-2.47Li-1.49Cu ��
3FÄ#{5"õ5"�

�T5"#{`3F
äå«'?��� Clausius- 

Clapeyron���IJ#{,ï-��ÃV-J�²õ

IJ��y"c
¬ò��bc�#{ï-Ã/ !

g��IJQÃ/4Äg!÷
��;�¨¦�Ã/

ò���>õ5"�#{Y-fÒ(
}."#�5

"�?V�50 MPa#{�"#Ä�de
�� T5�

ßà��\�K�� 329 MPa��ÒV� 6%�m²

{Ä�����IJQ 7.2%T 107%�$»%

[76]

$%

Q�il�`"#Ä� Al-2.75Li-1.52Cu ��ÒãT

{£3F
äå�$%�wÄf�il�
01�Ä

�Òãþâ&!.�O'.ÝÞ�ö.÷0ª
ú.

?()5��´�il�� 670 �c���?�Òã

øBâO'.Òf��\�K�� 245 MPa��ÒV

� 2.1%� 

a`����(
�²M0
bý�$�$%Ô

º�ü],í¬^+�²{�N`³�OX+uà�

ÈWuû�*+®

[77]

Ort�²{°C�deª Li

�#J� 5%~10%(D#�¦)
���������

1¢ 2.2 g/cm

3

�örÒã(±	,±M0w¨�´�

��râ`³�ó
�²{ì��y"c�>Ã/(

«b45h�÷?
��Mß��
�²M0�ÈW

pP�-¥

[78]

�r`³�4.
�²{ì��de

Al-5Li ���í¬ XPS `Äé«bJ�Â
 AlNLi

�
��F��&/L^+`³�S!¹ Al T Li

r��°C�Ø�ld�²õid����(
�²

M0�Wang O

[79]

í¬10`³ÑÙTÄ�ÔBde

È± 2A97 ������w10`³�S�¹bv�

�.�FG�YFIJ���r α-Als/(
"#

��T6ßà��â¹^+`³��
��(b-ld


 T

1

?¦#<��>õ�\�K��«^+
oJ;

10%�LiO

[80]

`�$%QK�1³�N2Ý`�T`

³±3�O 3�«bX�`x�Äó 2099����$

ÒãT3F
äå�â¹ 2099 ��k�y"��¬

2�����Äó$
(ÎÒãM0z²�^+X�

��Äó$
(ÎM0T}.M0��lSß01�

cJËú.?¦#?@Ë���(`³±3�
uû

'(���·�>�â¹`³45{«�01Q6!

y"EQ
l�7�T#D45ry"´�
½�7

��YIJQ���s/
"#��²õ01Äó

$rø���Â
3FMF��/�cIJQ 2099 

���
{£3F� 

4.2  ,-*+ 

4� ��¨��8�������
Þ�Ô

BSódN"#h9�O�`����
G3Þ�

�����QÈ±RS:ÉX�
AC;>�<²

o
�í¬G3Þ�8pPÄ�����
Ä��

��WhrÞ�¬�(�ó
+ÔQvNb.Kv

O'(WIJ=>
{£3F�Pñ!X�Þ�Y

þ�ó"#¾J�õ T

1

OKv?Fr¾Jßcld

�?

[81]

�>õc'ßà´
½Þ�Y,?@5+ T

1

?
0ª���·��ÔÕÂ���7
����

��
Kv���  

PQ��
Þ�ÔBWX�; 8����
"

G3Þ�¨©�f�Ì¨��$%
�VTOV��

;
��ÈRS\b.Òã
����=>�²õ?

@IJ��
K�TG3�;´ß<�
�f©7¹

����
"G3Þ�¨©ë=Or{"#�ECAP�N

²n¥>?Æ�RCS�NJ#@Ý�HPT�NA&Bó

�ARB�Whðn"#�CEC�O� 

JiangO

[82]

$%Q ECAPT�c'ßà` 1420��

��
ÝÞH3
äå�$%�w 1420 ��r 300 �

�6¬ 8�¥ ECAP���.�È±ý"bv��÷
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?
�%�ÞÈ<+ld�>õ�klÝÞH3mÄ

���IJQ 6 þ�¯��T
c'ßà¬�(s/

þ0ªm� Al

3

Li ?�·`��ÝÞH3«!�Yuan

O

[83]

$%Q ECAP ` Al-5.5Mg-1.6Li-0.1Zr ���	

ÒãT��3F
äå�r 16�¥"#���Òã(

ªwFG§ 1 µm 
_�..���\�K�T|�

V��mÄ���IJQ 74%T 108%�·�oC>

¹ ECAPÔB�È±
\b.ÒãT"#ld�%


�Æ?
D�'(�²WÂ
$%Ôº,W�w�

ECAP ¨©,W���¥
"#Þ�#«�A&Wd

e\b.Òã�¯�°*¹qeE¾T4RFG��

�8�
FGðð«Fr"� 

4 ECAP ÔB«b� RCS ¨©,Wde$=�

��É�de3FU£
�$�PQ+Ô�¥WX�

�#��N4R�!Wh+Ôl��þäå�$C


f�h3F�Rino

[84]

O$%Q�#��` RCSßà


8090�����$.�bv
äå�́ �#��� 1.5 

mm/s c��.�?@bv�Äf�#��
�TI

J�.�bv'(ªv�·�â¹m1
�#��`

=>
íÐ'(<Í�>õ<S!¹"{�.�
�

f�s¹ Rino
$%�Raj

[85]

A�!7 RCS¨©�r

1.5 mm/s 
�#���` 8090 ����²n+Ô 8

�¥�deÈ±QJl.�FG� 2 µm 
\b.�

Eí2��KL3�6 RCSßà��28
JlQ�

(HV)² 750 MPa5+± 1040 MPa�örJ� 300 �

cÌ��=>m�?´KL� 

HPT4� ��"G3Þ�¨©��o
E��

�28rÞ�cPQ°±�� GPa
'�#{WX�

Yo°±í¬J��Ý
4R��
@F�>õ28

bc°'�#�TGHíÐº7W�Èm"
G3Þ

��¯�°*¹+Ô�³�;´ HPT�zFde�I

!=>�Han

[86]

O:�§$%Q HPT ¨©Þ��


Al-Li 2198-T8 ��
�KL3���(
�÷?r

HPT ¬�(J#¹s/���.�FGbv± 190 

nm�ö¾J���I�AC
(Î±éK()5+�

�õ�â¹"{�.�TmJ
¾J���� HPTß

à�
=>ß¹fK��Äfc'c÷
|Ò�.�

«�Pv�¾J���?@01�·��Q 2198-T8

��rc'ßà�3F§õ�0�&' HPTde
�

����KL3m1� 

4.3  ./*+ 

����
,ô3í�mM�§LQÌ¨��r

stsuÂ
/�c�7�·�oâ¹����r�

�ÃvôØcþDr��bý~(1) &�'�v�â

ñ�f
JÃV�vu�Al

2

O

3

ÃV� 2050 ��[à

QôM���øÃ��(2) Li v£3DLs�Jlô

Øcý'ø��örÔC&��f
 Li

2

ONLiOH W

h Li

2

CO

3

'=�t¦(
I��rôØcþ�ó¦/

õ��ôM(�f�¦ñ�(3) Li 
+§þ-���

y"l�E÷TÚ��¨¦l5"�Y'�f1ÃVú

.�·-����ôØØ�ry"c'�ó���

[87]

�

²WÂôØ3�0,WNª�����rÃvôØ¬

�(ý'�ó¦ñN���OÔB���·�z²0

1Ø�
{£3F�>ñrùüôO
´I����

��
ôØ,PQ1�R§
���?@$%&'�

É´IJ����(
 Cu/Li ����S!¹IJ�

�
ôØ3� 

Sý�Tô�ôØ���m��7����ÔB

¬�:É�,Uº3K�̄ â¹;<Tô�R§m"�

ôM(6�þªw Li�"#ø�N¦ñWh���

OôØ���>ñ; 8��JFLô�ë=`5L

ô�EBW�TKVô�LBW��|�7¹ôØ���

���(�EBW
�R§1�WvE-�FGS'Ë

�¦ñ�����X�É7¹ 10 mmWÂ
(ø$�

Zhao

[88]

O�í¬EBWôØQø�� 4 mm
Al-Cu-Li

���$%�wôØ���äåñYV
��o>��

´`5L`� 13 mA�ôØ�� 600 mm/minc�ô

M¦ñV�� 0.04%öØ�\�K�� 368.4 MPa��

Z=
 68%�«¬ EBW �"
���«É7¹*[

\
����ôØ�LBWF#��JN]O�NÉ�

3mK�4 EBW ?���ôM.�<+b-�ö«

°[\Ttk
*d�¯�7 LBW ôØ���c

'Vm1�ö`ÔC1n«È�owmJ�ôØKL

3«���IJ LBW 
É�3bý�;´"#$%

�h�7KV-`Tn�
ôØ�³�6ü]Ìn�'

�S!¹IJØ�
Ì�{£3F�Faraji

[89]

O`�!

7Ø�KV`Tô4ÉKVôØ` 2198Al-Li ��/

0ôØ�$%&'�ÉKVôØ¸-r1ôØ���

]O���$1�´P7JKV©VÄ1`TF#

ôØc��øôOß*o
�R§<-��äåE�

<â�>ñ�ôØ'(oU¹1KV©VÄJ`T

F#� 

45^_ôØ�FSW���¸;ò� 8Ï��

�
"?ÙØ¨©�4ÂÎ� ôØÔB�"
E�

�� FSW ôØl�m1�ôØ¬�(«�óôØÃ

`�>õ,W�"*�U ¡��( Li�
ø��

öØ��«�«'�f¦ñh���O���Y`Z

=(
¦ñ��Suû'(�Malarvizhi

[90]

O:���

7 GTAWNEBW T FSW 3 �ÙØ�³` AA2219 

����/0QÙØ��(&' FSW RS�J
� 
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Table 3  Tensile properties of the joints of AA2219 alloy    

    prepared by various welding methods 

[90]

 

Material σ

0.2

/MPa σ

b

/MPa δ/% Ψ/% 

BM 

GTAW 

EBW 

FSW 

390 

220 

265 

305 

470 

242 

304 

342 

15.0 

8.8 

10.4 

12.2 

10.5 

6.2 

7.5 

8.6 

 

��ÒVTK���(�¹& 3�¯r]�ó�(�

45^_ôE«É�t÷?`a-NôØbrnC


ÔCôØ�X��rìMôØ¬�(`cñbý
ß

àm�de� 

4.4  01 '2 

Al-Cu-Li ���¹,�ßàKv����í¬d

L�É
�ßàd���"#Nc'ßàO�,WU

v��3FWf�Ô��7Â
*w� 

4.4.1  ���� 

Al-Cu-Li ��6"#ßàþÈ±¬CT"#/�

uÞ"#ßà
l�Nùlc÷Ol`��
3FS

?@äå�"#l���g1¹?Y(
"?Úl��

rÉ´
c÷�ùl�Wùü�÷?£,F#8/s

/ö ¡�ó“¬ø”w¨�rJl�ùlc÷¬Ò�

��
"#��Þv«"�¯þ����_�.��

IJ��ó_�.Wv'��â¹��(¹�¬h?

r;<
É�"#¬�(OWijpP�;´ª�$

%d��7x�"#k¢��"#ÔB���"#�

�,S'�8rJl���.�Pv
w¨�ðFS

'#8lm¬h?�bcIJ��
¬øl��uû

��
3F�YeO

[91]

�7 400 /2 h + 525 /1 h� � x

�"#d��� 1��ßàidQ��
_�./��

IJQ��"{�.�FGT.�Ò2��bc�5

+Qc'� T

1

?
/&�¦�01Q��
�b`

��²õIJQ��
Q�EidQ.÷`a���

ód�
;n�âñ,
�"#ßàþ?@äå��


.�FGT#D45
"#��O�²õuÞ��

r�Tc'¬�
0ªá{£�õc'0ª?
¦#

T����õ°L��
Ì�3F� 

4.4.2  ���� 

"#hÄ�
c'ßà�Al-Cu-Li����o


Kv���c'�"#�rm1l�°C�ùlmÒ

c÷��-¬CT"#/�8�0ªb-HW
op

?�²õ-��3FÈ±?@Kv

[92]

�`¹ Al-Cu-Li

���;´�7
c'ÔBm�É�c'�T6��q

g
É�c'l�r 150~190 �����ùlc÷r

20~50 h�±��!���� Al-2.6Cu-1.6Li�D#�

¦, %���Q�(HV)r 175 �c' 32 hc±���

1510 MPa

[58]

���J� Cu#
 Al-5.4Cu-1.64Li-0.4Ag

�D#�¦, %�r 180 ��±���Q�
c÷�

24 h

[35]
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K�NQ��¯

�\�{`a3FT��H3mM�r�L��Â*
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T

1
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1

?HWld
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KH3rn�Lin O
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r

Al-Cu-Li ��"#B��Ù§ 2.5%
½Þ���w

T8 ßà� T6 ßàrIJ����3FTuû.÷`

a\{��<S'�Xiao
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O�IJ Al-Mg-Li��
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Abstract: Al-Li alloys have attracted considerable attention in the key fields of aviation, aerospace, and navigation owing to their high 

specific strength and stiffness, good corrosion and fatigue resistance. Al-Li alloys have been studied and applied for decades in the United 

States, Russia and other countries. The researches and applications of Al-Li alloys in China have also achieved great progress through a 

large number of science and technology projects. However, there is still a certain gap between China and developed countries. Based on 

the development of Al-Li alloys all over the world, the alloying techniques, aging precipitation behavior, and strengthening and 

toughening mechanism of Al-Li alloys were discussed. At the same time, the new processes and heat treatments of Al-Li alloys were 

summarized. Finally, the existing problems in the development and application of Al-Li alloys in China are put forward and the 

development direction of Al-Li alloy is prospected. 

Key words: Al-Li alloys; alloying; forming techniques; heat treatment; development direction 
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