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Table | Chemical composition of major third generation Al-Li alloys (mass fraction/ %)

Alloy Li Cu Mg Ag Zr Mn Zn Al

2195 1.00 4.00 0.40 0.40 0.11 — — Bal
2196 1.75 2.90 0.50 0.40 0.11 0.35 0.30 Bal
2297 1.40 2.80 0.25 — 0.11 0.30 0.50 Bal
2397 1.40 2.80 0.25 — 0.11 0.30 0.10 Bal
2198 1.00 3.20 0.50 0.40 0.11 0.50 0.35 Bal
2099 1.80 2.70 0.30 — 0.09 0.30 0.70 Bal
2199 1.60 2.60 0.20 — 0.09 0.30 0.60 Bal
2050 1.00 3.60 0.40 0.40 0.11 0.35 0.25 Bal
2060 0.75 3.95 0.85 0.25 0.11 0.30 0.40 Bal
2055 0.15 3.70 0.40 0.40 0.11 0.30 0.50 Bal
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Types and distributions of dynamic precipitates during hot deformation of Al-Li alloys and their effects on DRX
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Fig. 2 EBSD analysis of the grain structure evolution of aluminum alloy under various hot processing conditions. grain structure of
Al-Cu-Li alloy after hot compression (¢=0.9) *™:  (a) 400 C/0.01s™'; (b) 400 °C/0.1s ' (¢) 550 °C/0.1s ' (d) 550 C/1s

-4 -1

grain structure of Al-Zn-Mg-Cu alloy after multi-directional forging (673 K/3x10 " s ) 1 () Ye=2.8;(f) Ye=7.0
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Fig. 3 Effect of DDRX behavior on grain structure and flow stress of Al-Li alloys
evolution and flow stress of Al-Cu-Li alloy during DDRX

(a) schematic diagram of grain structure
[42]; (b) Al-Cu-Li alloy exhibits necklace-like recrystallized

grains and corresponding misorientation angle at 400 °C/0.1s" "”'; (¢)-(e) DDRX behavior of Al-Mg-Li-Zr alloy during

hot compression [82]; (f) schematic diagram of nucleation process of DDRX
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Fig. 4 Effect of CDRX behavior on flow stress and grain structure of Al-Li alloys (a) schematic diagram of grain structure evolu-
tion and flow stress of Al-Cu-Li alloy during CDRX [31]; (b) Al-Cu-Li alloy exhibits CDRX grains at triple junctions and

corresponding misorientation angle at 500 °C/0.001 s

-1 [32],

; (¢) 3D schematic diagram of nucleation process of CDRX

grains at triple junction [40]; (d) cumulative misorientation profiles from intragranular to the grain boundary of Al-Cu-Li al-

10}’ [32]
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Fig. 5 CDRX process during hot deformation of Al-Li alloy

(a) dislocations are packed and rearranged at subgrain boundaries

). (b) migration and merger of subgrain boundaries; (c) subgrain boundaries gradually disappear ~"'; (d) formation of
triple junctions containing HAGBs "*; (e), (f) CDRX behavior at triple junctions *; (g) microshear bands form sub-

grains "'; (h) shear bands form a spatial network structure

B G R ()BT FH 1 Bl =2 A SE A I 5 UE B
23 JUazshAsE4%S ( GDRX)

Tl AR 7 v R AR AT R Sk S AR A TR RN TR
T4 S K IB VAR TE I i 3R A A a4, {H R A 73
AR AR T BRI, e A BT
R T GDRX i #2, WK &5 & 8 AR F B
B AT 675 LA 20 45 (9 4 4 bR, Moqueen™”
1E 20 2 80 AFAR T Yk i T GDRX MYME:, 1
B 21 e A Bl FF T

L TR F DRX R 2X, A R A 4
GDRX ML . — A GDRX A% 72 Lt
BETRT B AR TE A, B AR AR S S R A Al R
) AN T = A R, e BB 43 ) R 530 ok R
AR B2 10 A8 S 3 K, T8 2 TR A i E A A 3R
3l 71 {8 HAGBs 5223 # % iU 14 1k 5 5L, [R] B &y

T U N 5 S R T 5 284 iy A e gt — A 4
B, BRUAR fb R IR B 2 /N B E 2~ 3 N R R
~F, (AR AHAR SR U5k HAGBSs 2l F A0 5 /R, 48
TE SR o3 0 i HLAT AU A /N ok, B
GDRX k" 84 4 VI 1 2 th 1 GDRX
REEWE 6 FiR. K 6(a) P HAESE 6(b) 2
7 Sk BT 7R B9 A B Y S AT RE & AE GDRX Y X
B, B L 2R AR T 45 F v HAGBs # f FL AR X
. ik GDRX it Bl & 6(c) Fm. HAT
0 10 2 AR A BRI N A T R A R AR
JE I 5 1 B GDRX, 1 DRV 75K AS I b BE 45 o5
FFHAL, X R RO AR T A I HAGBs Y2
ShE 45 TR TR B R 5. AR E A
A BRAGHFIELE R, GDRX 17 M (0 —MARE 5 % A 4
FERT BASE TN



5

25

K6 HWaaREK Pl GDRX IR EE  (a) B4 GDRX AT M A ARZIZUE Y (b) Al-Cu-Li 244 VS it
TP GDRX 474 (In Z=47.4)""; (¢)Al-Cu-Li 44 GDRX 77 A

Fig. 6 GDRX process of Al alloy during hot deformation

(a) optical micrograph of high-purity aluminium during GDRX [94];

(b) GDRX behavior during hot deformation of Al-Cu-Li alloys (In Z=474) "; (¢) schematic diagram of GDRX behavi-

or of Al-Cu-Li alloys B
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Table 2 Comparison of characteristics of DDRX, CDRX and GDRX

[19, 28-29, 31-32, 42]

Conditions and characteristics

DRX " Strain Strain Deformation Stacking fault Critical DRX grain  Weakening
type amount rate temperature energy nucleation  size texture effect
strain
DDRX Small (Medium) Medium (High)  Low (Medium) Low (Medium) Include Small Good
CDRX Medium (Large) Low (Medium) Medium (High) High n/a Medium Poor
(Large)
GDRX Large — Medium (High) — n/a Small Poor
"Note : "_" represents no influence or no unified view"
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Research progress on dynamic recrystallization behavior of Al-Li alloy
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Abstract: Al-Li alloy has been widely used in aerospace field attribute to the advantages of lower density, higher strength, damage
tolerance and corrosion resistance. Dynamic recrystallization phenomena exist in Al-Li alloy during hot deformation. This paper
overviews the dynamic recrystallization behavior occurring in hot processing of Al-Li alloy. The research history of dynamic
recrystallization is summarized, together with the key factors that influencing the dynamic recrystallization processes including
stacking fault energy, grain size, hot processing conditions and secondary particles. The nucleation mechanisms and conditions of
discontinuous dynamic recrystallization, continuous dynamic recrystallization and geometric dynamic recrystallization are depicted
and analyzed respectively, followed by a discussion on the effects of the forward three dynamic recrystallization mechanisms
regarding the mechanical properties and microstructure. Ultimately, the unsolved and challenging scientific and technological issues
are highlighted with some aspects desiring further exploration. It is feasible to provide ideas and inspiration for scholars to better
comprehend dynamic recrystallization mechanisms during the hot deformation of Al-Li alloy with the assistance of electron
backscatter diffraction and transmission electron microscopy characterization methods.
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