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Effect of new thermo-mechanical treatment on
microstructure and properties of 2E12 aluminum alloy
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Abstract: The tensile test and fatigue crack propagation test, as well as scanning electron microscope and transmission
electron microscope, were used to study the tensile properties, fatigue property and microstructure of 2E12 alloy under
different thermo-mechanical treatment (TMT) conditions. The results indicate that both high strength and high plasticity
of 2E12 alloy can be achieved by the means of TMT, the yield strength reaches 453.1 MPa, and the ultimate tensile
strength reaches to 546.9 MPa, while a high elongation rate of 16.5% is retained. Under the condition of stress ratio
R=0.1, loading frequency /=10 Hz, stress intensity factor AK=10 MPa-m "*
sample is 6.74X 107> mm/cycle, lower than that of T3 alloy (8.35X 10> mm/cycle). As the result of microstructure

observation indicates, the thermo-mechanical processed alloy contains a high density of tangled dislocation, which forms

, the fatigue crack growth rate of the TMT

dislocation cell substructure. The mechanism of the new TMT that greatly increases the mechanical properties of the alloy
is the synergistic effect of composite structures such as a high density of cell substructure of dislocations, the complex of
Mg-Cu solute atoms clusters and vacancies, as well as GPB zones.
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Table 1 Chemical composition of 2E12 alloy (mass fraction,
o)

Cu Mg Mn Fe Si Al

4.45 1.5 0.54 0.09 0.06 Bal.

FERHZE 495 °C. 1 h [FE/KEESE, 20 AN A 490 4E
80 1 100 ‘C IR RST8], SFHAE T/ 3 NTAT
FEd o HARK R E W2 2,

T2 SO IR

Table 2 Aging conditions of samples

Sample No. Aging temperature/'C Aging time/h
1-1 80 12
1-2 80 36
1-3 80 60
1-4 80 108
2-1 100 12
2-2 100 36

2-3 100 60
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Table 3 Tensile mechanical properties of 2E12 alloy under

different conditions

Sample No. 09,/MPa oy/MPa 0/%
1-1 435.0 535.8 15.8
1-2 454.5 544.9 14.7
1-3 453.1 546.9 16.5
1-4 464.8 547.8 12.5
2-1 449.0 541.5 13.8
2-2 448.4 535.8 14.6
2-3 446.6 538.0 12.2
T3 354.2 467.2 16.8
T6 3753 495.6 10.7
T8 481.2 508.0 4.8
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Fig. 1 Relationship between yield strength and elongation of
2E12 alloy under different conditions

WIS HEE 1, SHAFAEELE 2E12 &5 41 )4
I i FEE AR A i B A8 T R AL B b i P LI
T3 F T6 AARAMI A S, W0 1-2 IRE S S0 i IR i b
T3 RA FHIE 100 MPa, [HIF7AH5RE L T3 &5
70 MPa. 1SR AU AL J5 75 4 1) ot B o S W1 T
WAL B SR R IR TS CIRAS I, A i 55 )
Wik T T8 ARASH . XU WAL FAH IR A 2 nT L
B 2E12 AERRE. BT AN T 20
HAST 9%MARFLAETE, WX —4R553 %K
254 e R P A v ) — MR A

H2, WAL EASE R M, 11
s PR W] W BB VE PR . T AANUMAL B 2E12
HEMMEKRANEENE TR, 13 RESGEMEKE
A 16.5%, HREEHL T3 A58 KA (16.8%),
PN AL RS G G KR T Te RE&H
R A(10.7%), B Reit 1 T8 RSB
K (4.8%).

CRO IR LE R, AT LU R S i AWL
PACBRHIREAE 2E12 G4 MILRE 1 e i3 2 B 5 48
i, LR 13 REGEAEREE T3 RS T RAFEVER
[FIISE,  SEE T R R R £

22 BSEEIERE

2 oy T3, T6 KANUAL #HIBE 1-3 RES
NERLT R (dA/dn) 5 N S5 R (AK) XU AT
AFRHR 2E12 AR 07 May R AR ek, o
=10 HZ, ©N.JJtL R=0.1.

2 3 AL B RO SR 3 B Bk
FEM DL 13 ARSI B, 4 AK N T 6
MPam 2. d4/dN /T 107 mm/eycle I, oMz

2 RFEPRET 2E12 B4 57 R8T e thek
Fig. 2 Fatigue crack growth rate curves of 2E12 alloy under
different conditions
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Fig. 3 Fracture morphologies of fatigue crack propagation samples: (a) Paris region of TMT 1-3; (b) Paris region of T6 peak aging;

(c) Paris region of T3; (d) Rapid crack growth region of TMT1-3; (e) Rapid crack growth region of T6 peak aging; (f) Rapid crack

growth region of T3
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Fig. 4 Fracture morphologies of 2E12 alloy for tensile test: (a) TMT 1-3; (b) T3; (c) T6 peak aging; (d) T8 peak aging
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Fig. 5 TEM images of 2E12 alloy with corresponding diffraction patterns under different heat treatment conditions: (a,), (a;) TMT
1-3; (by), (b2) T3; (c1), (c2) T6 peak aging
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