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58 5 O (298+6) MPa, {209 (23+1)% . R4
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Table 1 Chemical composition of 2195 Al-Li alloy (mass
fraction, %)
Cu Li Mg Ag Zr Si Al
4.03 088 035 028 0.11 0.05  Bal

FR2 ZHRARMETE
Table 2 Three groups of thermo-mechanical processing
(TMP)

Aging Pre-strain/

Pre-aging Final-aging

process %
T6 - 120 C,4h 190 C,24h
T87 7 120 C,4h 190 C,24h
T871 7 120 'C,4h 160 C,24h

1.2 Wik FEE

SR TMVS—1 75 5 80 4 ERRE T SR TS
I 226 B I AR, 3R A 2.94 N, I
[ 10's, REABENI 104 . 518 ASTM E8 RS
FORE I 5 180 FH R D B0 TARHERL AR, B
B BT RAE M BREAL B AN B 1 FToR . SRR R
TR R APERERIGHL AG-IC 100 kN HEAT 1 # 25 hr fif
Wk, MAEZH0.001 s, BASEMERE N =AM
AR R 1 P38 . BRI S, KA FEI &
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Fig. 2 Age hardening curves of 2195 Al-Li alloy during

different TMP
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Fig. 3 XRD patterns of 2195 Al-Li alloy under several

typical heat treated states
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Fig. 4 Microstructures of intragranular ((a), (b), (c)) and intergranular ((d), (e), (f)) under different TMP: (a), (d) T6;

(b), (e)T87; (c), (HT871
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Fig. 5 Size distribution and average diameter of 7| phase

in 2195 Al-Li alloy under different thermo-mechanical

processing
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Fig. 6 Number density and average diameter of 7| phase
in 2195 Al-Li alloy under different thermo-mechanical

processing
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Fig. 7 High resolution HRTEM patterns of 7, phase: (a) T6, in (112) zone axis; (b) T87, in (110) zone axis; (c¢) T871, in

(112) zone axis
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Fig. 8 Microstructures of 2195 Al-Li alloy near fracture: (a) T87 state; (b) T871 state; (c1)—(c4) HRTEM in {(110) axis of
T87 state; (c5) Inverse Fourier Filtered Transform patterns of (c4); (d1)—(d4) HRTEM in (112) axis of T871 state;

(d5) Inverse Fourier Filtered Transform patterns of (d3)
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Fig. 10 Tensile fracture morphologies of samples after different thermo-mechanical processing: (a), (b) T6; (c), (d) T87;

(e), (f) T871
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Fig. 11 Elemental analysis of coarse second particles: (a) EDS mapping scan; (b) Elemental composition analysis
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Fig. 12 Schematic diagrams of microstructure evolution and precipitate strengthening mechanism under different TMP:
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Aging precipitation behavior and strengthening mechanism of
2195 Al-Li alloy

XIE Bing-xin, HUANG Liang, XU Jia-hui, ZHANG Hui-ping, LI Jian-jun

(State Key Laboratory of Materials Processing and Die & Mould Technology,
School of Materials Science and Engineering, Huazhong University of Science and Technology,
Wuhan 430074, China)

Abstract: In this paper, the microstructure and mechanical properties of 2195 Al-Li alloy under different thermo-
mechanical processing(TMP) were studied by transmission electron microscope, uniaxial tensile mechanical
property test and scanning electron microscope. The aging precipitation behavior was analyzed and the
strengthening mechanism of precipitates was clarified. The results show that the main strengthening phase under
different TMP is T, phase, but its size, distribution, quantity density and grain boundary morphology are different.
Pre-strain can significantly increase the nucleation rate of 7| phase and accelerate its growth process. The higher
the aging temperature, the lower the nucleation rate of 7| phase, but the faster the growth rate. Microstructures
formed by TMP can significantly improve the mechanical properties of 2195 Al-Li alloy. The yield strength,
tensile strength and elongation of T871 state (solution treatment+7% pre-strain+(120 C, 4 h)+(160 C, 24 h)) are
(541£10) MPa, (606+£9) MPa and (11£1)%, respectively. The dislocation shears along the direction perpendicular
to the diameter of 7' phase at multiple locations, which effectively prevents plastic localization on the micro-scale.

Key words: 2195 Al-Li alloy; microstructure; thermo-mechanical processing; mechanical property

Foundation item: Project(51975229) supported by the National Natural Science Foundation of China; Project
(2020010601012178) supported by the Application Foundation Frontier Project of Wuhan,
China; Project(YCJJ202202012) supported by the Fundamental Research Funds for the Central
Universities, China; Project(2020BAB139) supported by the Key Research and Development
Program of Hubei Province, China

Received date: 2021-09-22; Accepted date: 2021-11-16

Corresponding author: HUANG Liang; Tel: +86-27-87543490; E-mail: huangliang@hust.edu.cn

(miE  H)



