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Abstract: Aluminium-lithium alloys have great application potential in aerospace component preparation. Selective laser
melting (SLM) technology has unique advantages in the integral formation of complex and lightweight structures, but the
mechanical properties of Al-Li alloys formed by SLM directly are poor, requiring heat treatment to maximize their
mechanical properties. This study examined the impact of T6 treatment and double-stage aging on the microstructure and
properties of a 2196 Al-Li alloy built via SLM. The results demonstrate that after 170 °C/36 h (T6) aging treatment, the
strength is greatly improved because of the precipitation of nano-T,(ALLCuLi), but the elongation decreases dramatically.
After the 130 °C/6 h+170 °C/24 h aging treatment, the samples show both greater strength and elongation than those in the
T6 state because of the smaller size and higher number density of the T, phase. After the 170 °C/36 h+115 °C/4 h aging
treatment, a large number of additional atomic clusters form in the alloy, and the strength increases again while the
elongation is maintained at the same level.
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Tab.1 Chemical composition of the Ti-2196 Al-Li alloy
(mass fraction/%)

Element  Li Cu Mg Ag Zn Zr Ti Al
Content 1.53 265 028 042 025 0.10 081 Bal

FR2SLM BT E5H
Tab.2 Parameters applied in the SLM process

Processing parameters Values
Laser power, P 120 W
Scanning speed, V 400 mm/s
Hatch spacing, h 0.100 mm
Layer thickness, ¢ 0.030 mm
Scanning strategy Zigzag
Hatch rotation angle 67°

1 Instron-3382 ML ¥ )7 RE i B ML L 47 = iR H
b BE I, H A R 1 mm/min, $7 8 5 1] 5 3
FEDURUE ) 3E B . R FEI Themis XUBR 22 8¢ 1F 35 5
HL S R X DT RS AN [R) Ak B0 285 R 1 1 7 3
WREE 375 SR R R AN T 20 BRI 4% - A FH F K AE D) 1
RN 0.8 mm 3 )5, SR 10004 720 40K #
JEEEMEEE 2 50 wm Z2 47, Bl if Gatan PIPS-695 %!
BT AU 1 25 T T TEM R AR A IX

2 EHERKITIE
21 MAEEERSKEHAS 6
2.1.1 PURRASHA S51ERE
£ TEM F WU EE, AT WK E MoK g
AR A, WA 1a B, B 1b fEigrir
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1 PRSI . (a) 5 5 (b) I a EDS [l ;(c) b A B IR T (ALCuLi)A ; (d) T, HIfii 51 16 R
Fig.1 Microstructure of the as-built samples: (a) morphology; (b) EDS of (a); (c) intragranular needle-like T,(Al,CuLi) phase;
(d) SAED patterns of T,

P2 B ELG 4 rh SEEOT AR B bR AT S AEAE < (a) <110>;(b) <100>,01
Fig.2 SAED patterns of the main precipitates phase in Al-Li alloys: (a) <110>; (b) <100>,"
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Fig.3 Mechanical properties of 2196 Al-Li alloy in different

heat treatment states
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SEBE A I {111}, ShTE AT B IR A T, A1,
{100}, fh A LA B B EEARAH S 0740, SSCIRAESA S
(ALCuMg)#H! [ 5f MKl Se 4 5 HE N 1Y 7 B
IR E, #4E EDS 7081, HIEMMNE & Cut
2 Mg i E A EE, HIWNZAHATGE N Pm’ S5 o
(AlCusMg) MM, Bl 5g Ry &l Se v idk 28 8 )7 HE N 1Y
BRIE M 1 i K R, AR 4l EDS 20 A, 1 8% B il Bk
FHE S TiJoE, WIRA B, B AT ERIE A N
S'HH ., &M Bk A= B/ AH JE L AL, THE 54

&4 [ SRR RO 21 (a) <110>, fbir Bl T ROWLZH 215 (b) SR Cu HHE 5 () W <100>, by il A7 55 AE R
Fig.4 Microstructure of solution-treated sample: (a) microstructure under <110>, zone axis; (b) Cu-rich clusters in matrix; (c) SAED
patterns along <100>, zone axis

5 T6 I AL O ZH 21 : (a) <100>, &7 G R WOW AL 215 (b) W <100>, & Gl A7 S AERE 5 (o) <1 10>, &b il T o 1 47
(d) WF <110>, ity AT AT AEHE 5 (e) B () BRI (f) o (ALCuMg) MR I 5 (g) B (ALTH)R L KA 5 (h) AL(L, T & H R
Fig.5 Microstructure of T6 sample: (a) microstructure under <100>, zone axis; (b) SAED patterns along <100>, zone axis;

(c) microstructure under <110>, zone axis; (d) SAED patterns along <110>, zone axis; (¢) enlarged view of (c); (f) enlargement of
o(AlCusMg,) phase; (g) enlargement of B'(AL;Ti) phase; (h) enlargement of Aly(Li, Ti) composite structure
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2.2.3 SRS AR IR XL R
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HEATA IR IR R T LAV 2% © 07 AR kAL, R T
I 0 T B8 AR AT, [T A %) ARG A R B 4L o, iR S T 18
AN /NIRE S AR | BERAE DL R R A &
THAE Li JEF I N2 R0k, O /AN T, A
Br b R4 T T Z I A% R 0N IR S BT R AN R

Pl 6 AN [ s R0 i) B2 T A 0 A S 4 RS BB B e 1 2 (a) T AH 5 (b) 0741
Fig.6 Statistics of the average size and number density of precipitated phases under different heat treatment states: (a) T, phase;
(b) 6" phase

[ 7 DTA-1 iR FE O 4L 2 . (a) JEK R & Cu FFE B GP X ;(b) <100>, &t il N O ZH 21 ; () <110>, i il T foul 4 48
Fig.7 Microstructure of DTA-1 sample: (a) Cu-rich clusters and GP zone in matrix; (b) microstructure under <100>, zone axis;
(¢) microstructure under <110>, zone axis
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Fig.8 Microstructure of DTA-2 sample: (a) microstructure under <100>, zone axis; (b) microstructure under <110>, zone axis
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