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Fig. 1 SAED patterns and TEM-DF images of Al-Cu-Li alloys. (a) [112]5 SAED pattern; (b) T; precipitate, (112},
direction; (c) [100]5; SAED pattern; (d) & precipitate, (100),, direction; (€) [100]5 SAED pattern; (f) ¢ precipitate, (100},

direction



H31BH 2 W R, % Al-Cu-Li RS ENESHSME S 261

{111} plate

B2 {1101} AT 7 MR AR (111} T R T B 3™
Fig. 2 Plate-shaped T precipitates at {111} 4 plane (a) and their projection on {111}, slip plane (b)
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Fig.3 Plate-shaped ¢’ precipitates at {100} 5, plane (a) and their projection on {111} 4 slip plane (b)!'®!
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Fig. 4 Variation of ratio (Az(plate)/A7(0")) with aspect ratio for plate-shaped T; and ' precipitates, calculated assuming (a)

shearing mechanism of shearable particles and (b) by-passing mechanism of shear-resistant particles'”’
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Alloy Cu Li x:i‘;p?tg:;%
8090"" 1.0-1.6 2.2-2.7 o
144181 2.0 1.9 o
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205047 3.2-3.9 0.7-1.3 T\ +0'
21951 3.7-4.3 0.8-1.2 T,+0'
20551 3.2-42 1.0-13 T\ +0'
20601 3.4-45 0.6-0.9 T,+0'
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Fig. 6 SAED patterns and TEM images of T8-aged 1460 Al-Li alloy: (a) DF image, T precipitates, (112),, direction;
(b) DF image, &' precipitates, (100),, direction; (c) DF image, ¢' and GP/6'/GP composite precipitates, (100),, direction;
(d) bright field (BF) image, ¢ precipitates and GP zones, (100),, direction
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Fig. 7 Sequence of SAXS images for 2198 and 2196 Al-Li alloys in T351 temper during heating ramp (at 140 C and 155 C)
and aging at 155 “C for different times, showing formation of characteristic streaks of 7| precipitate: (a) 2198 alloy; (b) 2196
alloy
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Fig. 9 Strength of T8 peak-aged Al-(3.2~4.4)Cu-(0.8~1.5)Li-0.4Mg-0.4Ag-0.4Zn-0.1Zr alloy sheet with different Cu and Li
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Fig. 10 TEM images of T8 aged Al-Li alloys with different Cu and Li concentrations: (a), (b) 17" alloy, Al-3.45Cu-1.48Li-X
alloy!”; (c), (d) 9" alloy, Al-4.46Cu-1.03Li-X alloy; (a), (c) DF images, T, precipitate, (112) 4 direction; (b) DF image, o'
and @' precipitates, (100),, direction; (d) BF image, 6’ precipitate, (100),, direction
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Fig. 11 Typical sectional IGC morphologies of Al-xCu-yLi-0.4Mg-0.35Mn-0.12Zr with different Cu and Li concentrations™!
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Fig. 12 Metallographic images of cold-rolled Al-4.25Cu-0.85Li-X alloy sheets after solutionization: (a) Zr-free; (b)
containing 0.12% Zr
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Fig. 13 STEM-HAADF images of 2198-T351 Al-alloy plates with 6 mm thickness”: (a) Containing 0.1Zr; (b) Containing
0.1Zr-0.3Mn
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Fig. 14 EBSD maps showing grain structure morphologies at surface layer of 2198-T351 Al-alloy plates with 6 mm
thickness”: (a) Containing 0.1Zr; (b) Containing 0.1Zr-0.3Mn
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Fig. 15 TEM images of Al-3.5Cu-1.0Li-X alloys with different micro-alloying elements**™*!: (a), (b) Mg-free; (c), (d)
Containing 0.35Mg; (e), (f) Containing 0.35Mg+0.45Ag; (a), (c), (e) DF images, T) precipitates, (112),, direction; (b), (d),
(f) BF images, ' precipitates, (100),, direction
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16 % Zn K% 0.75%Zn ff) Al-2.7Cu-1.7Li-0.4Mg-X 454844 T6 WIS 20 [100]4 SAED i 52 TEM-DF [ 14
Fig. 16 SAED patterns and TEM-DF images of T6 peak-aged Al-2.7Cu-1.7Li-0.4Mg-X alloys with different micro-alloying
elements*: (a), (b) Zn-free; (c), (d) Containing 0.75%Zn; (a), (c) [100]s SAED patterns, DF images, o' precipitates, (100) Al

direction; (b), (d) DF images, T} precipitates, (112),, direction
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Fig. 17 Element distribution through 7 precipitates in Al-Cu-Li alloy with different microalloying elements: (a) HRTEM,
atom probe tomography (APT) and a composition profile through 7 precipitate in Al-1.68Cu-4.62Li-0.33Mg-0.1Ag (mole

fraction, %) alloy aged at 200 °C

for 1 h™*"; (b) 3DAP elemental map concentration depth profiles in

Al-5.0Li-2.25Cu-0.4Mg-0.1Ag- 0.04Zr (mole fraction, %) aged at 180 °C for 200 min'**); (c) HAADF and scanning element

analysis mapping of 2099 Al-Li alloy after T6 aging at 175 C
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A & A R AR 7 IR 55

Ag. Zn A SR A SISt RER I
AR SR . RS SRR, WA
)& Cu. Li ATHIA Ty K Ty AHTE S i 72 A7 7E H
TR PR L o Ty S To FHER AL 97, AE N FHAR
e RANEM, HhiEiR oo R Li e e, SEUS
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F2 Mg, Ag A Eth Al-3.5Cu-1.0Li-X 44 A £ T6 T8 AU R Fir e i gt
Table 2 Tensile properties of T6 and T8 peak-aged Al-3.5Cu-1.0Li-X alloy sheets with micro-alloying elements of Mg and

Ag[41]
Micro-alloying T8 T6
element o,/MPa 092/MPa 0/% o/MPa 0o2/MPa 0/%
Mg-free 496 477 9 335 248 14
0.35Mg 506 488 10 444 410 9
0.35Mg+0.45A¢g 562 547 9 522 506 8

&3 Mg Zn fEEtl Al-2.6Cu-1.7Li-X 4541 & &5 E M T6 K TS W RH fi ok Y
Table 3 Tensile properties of T6 and T8 peak-aged Al-2.6Cu-1.7Li-X alloy bars with micro-alloying elements of Mg and

ZnP!
Micro-alloying T8 T6
elements o,/MPa 092/MPa /% o,/MPa 092/MPa /%
Mg 616 590 6 539 490 8
Mg+Zn 625 601 6 559 499 7

T4 Mg, Ag. ZnME et Al-3.7Cu-1.2Li-X 488 A S LI T6 T8 ZSUG I 25t Hir fef 1 !
Table 4 Tensile properties of T6 and T8 peak-aged Al-3.7Cu-1.2Li-X alloy sheets with micro-alloying elements of Mg, Ag

and Zn'*"
Micro-alloying T8 T6
clement o/MPa 09o/MPa 5% o/MPa 9,/MPa 5/%
Mg+Ag+Zn 647.2 609.4 7.3 613.1 558.1 6.3
Mg+Zn 610.3 571.5 6.7 553.8 480.7 8.8
Mgt+Ag 617.3 570.7 9.1 582.2 527.5 7.5
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Fig. 18 HAADF-STEM images and scanning element analysis mapping of grain boundary precipitates: (a) Zn containing

alloy; (b) Ag containing alloy""

RS UERALN AL-Cu-Li REBH S 408 B 520
Table 5

Influence of small addition of RE elements on Al-Cu-Li alloy strength

Element concentration ,w/%

Strength variation

Alloy compared to RE-free
Cu Li Mn Mg Ag Zn Zr RE alloy
2099+Sc!% 26 16 03 03 - 07 01 0.ISc Strength enhanced
146045 30 2.0 - - - - 0.1  0.11Sc Strength enhanced
30 20 - - - - 0.1  0.22Sc Strength lowered
1469+Scl*! 43 10 - 03 04 — 012 0.063Sc Strength lowered
352 1.5 - - - - 0.12 0.11Sc Strength enhanced
Al-Cu-Li+Scl*! 351 151 - - - = 012 0.15Sc Little difference
350 1.52 - - - - 0.12  0.24Sc Strength lowered
Al-Mg-Cu-Li+Sc!* 15 10 - 40 - - 012 02Sc Strength enhanced
Al-Cu-Li-Mg-Ag-Zr+Ce!®” 587 131 — 043 041 - 013 02Ce Strength enhanced
Al-Cu-Li-Mg-Zn-Mn-Zr+Scl** ™! 336 1.19 03 04 — 04 0.1 0.082Sc Strength lowered
Al-Cu-Li-Mg-Ag-Zn-Zr+Ce!* 7 424 126 — 04 04 045 0.12 0.11Ce Strength lowered
Al-Cu-Li-Mg-Ag-Zn-Mn-Zr+Er*> ™ 356 1.19 03 04 04 045 0.1  02Er Strength lowered
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E 19  Al-3.4Cu-1.2Li-X-0.082Sc 1 & 4[5 AL 5 SEM 15 HUH B A R AR AR T EDS 4347
Fig. 19 SEM back scattered image (a) and EDS analysis of residual particles (b) of solutionized Al-3.4Cu-1.2Li-X-0.082Sc

alloy'®!

20 % Sc HRHEG S FLIMAR [E VA IS S A T

Fig. 20 Metallographic images of Sc containing Al-Li alloy sheet after solutionization'””: (a) Al-3.4Cu- 1.2Li-X-0.1Sc alloy;

(b) Al-1.5Cu-1.7Li-X-0.08Sc alloy
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Alloying and micro-alloying in Al-Cu-Li series alloys

LI Jin-feng, NING hong, LIU Dan-yang, ZHENG Zi-qiao

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The research process of Al-Li alloys and their composition design development stages are summarized.
The influence and corresponding mechanism of contents of main alloying elements Cu and Li on the aging
precipitate types, mechanical properties and corrosion resistance of Al-Cu-Li series alloys are emphatically
expounded. The effects of micro-alloying elements Zr, Mn, Mg, Ag, Zn, Rare earth (RE) and Indium (In) on the
mechanical properties, corrosion resistance and micro-structures, such as recrystallization, type and population
density of aging precipitates, are discussed in detail. Based on the reported literatures and the research results of
our research group, the composition design ideas of two kinds of Al-Li alloys, high strength Al-Li alloys and
corrosion resistant Al-Li alloys, are proposed.

Key words: Al-Li alloy; alloying; micro-alloying; mechanical property; corrosion; microstructure
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