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Effects of Mg, Ag and Zn multi-alloying on
aging behavior of new Al-Cu-Li alloy
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(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effects of Mg, Ag and Zn multi-alloying on tensile properties and microstructure of a new Al-Cu-Li alloy
were investigated by means of tensile test, scanning electron microscopy (SEM) and transmission electron microscopy
(TEM). The results show that the tensile strength (0,) and yield strength (oy,) of the new Al-Cu-Li alloy are higher than
those of the three alloys without Mg, Ag and Zn, respectively, while the elongation (J) is almost the same in T6 and T8
temper. The main strengthening phases are plenty of 7, phase, part of 6’ phases and a little of S’ phase. In T6 temper, the
additions of Mg and Ag accelerate the precipitation of 7} and S’ phase which improves the strength prominently. Mg and
Zn also accelerate the precipitation of 7} and S’ phases, which improve the strength to some extent. The microalloying of
Mg shows the strongest strengthening effect, while adding both of Ag and Zn or adding Ag or Zn separately can enhance
the strengthening effect of Mg. Without the presence of Mg, the additions of Ag and Zn have little effect on the
strengthening. In T8 temper, the predeformation before aging forms plenty of dislocations which become the precipitation
sites of 7' phase, making finer, dense and uniform 7; phase in the matrix, which weakens the effects of Mg, Ag and Zn on
the aging behavior of the new Al-Cu-Li alloy.
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Table 1 Measured chemical composition of experimental

aluminum alloys

Alloy Mass fraction/%

No. Cu Li Mg Ag Zn Mn Zr Ti Al

1 3.71 1.13 0.54 04 042 027 0.11 0.1 Bal
385 1.25 — 042 042 028 0.11 0.1 Bal

3.77 1.16 0.54 — 042 026 0.11 0.1 Bal

E-N VS ]

370 1.24 0.54 042 — 0.27 0.11 0.13 Bal
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AFTEA+160 “C IR0 P i 25 Ab 2
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FE, AREEACTE 20 mm, $ER% 8 mm, KH MTS-858
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Fig. 1 Aging curves of experimented alloys in T6 and T8 temper: (a), (c), (e) T6 temper; (b), (d), (f) T8 temper
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Table 2 Mechanical properties in the peak-aged condition for the experimented alloys

T8 trmper T6 temper Ao,/MPa  Acy,/MPa
Alloy No.
oy/MPa  0o,/MPa /% Agedtimeh  6/MPa  ¢o/MPa /%  Agedtime/h (T8-T6) (T8-T6)
1 647.2 6094 73 25 613.1 558.1 6.3 17 34.1 51.3
2 609.5 5724 7.0 45 510.6 4378 6.1 33 98.9 134.6
3 610.3 571.5 6.7 25 553.8 480.7 8.8 14 56.8 90.8
4 617.3 570.7 9.1 22 582.2 5275 1.5 10 35.1 432




1836 A G A R

201347 H

BB J1 5 ML, 5 B I ) KR T

2.2 SEM M=

B2 iR A Erds | AE T8 WIS R4 58 Ak
T SEM 4 &L EDS %, & 2(b)HI(c) 73l 4 18] 2(a)
' A, B FQEDS i, £ 3 sl A, B Wi EDS 4
M2 . R 2 BT%0, B a P AE e IRP AR —AH
b, — R RST A 5~20 wm (TE R TR ) 11 ok
1 W 2 4 R S MR G Spm BUR KA
Rk, wiE 2@ B . 13K 3 14, 4
Fi 7k Al,Cuy(Fe,Mn), B Fi T4 Al,Cu, AL,
Mg. Ag. Zn JCEREPIRBEANZPHIEE A

Cu
F F i
e e
L Moje A .
0 2 4 6 8 10 12 14
E/keV
(© Al
Cu
Cu
qu_ L ! [\ s I I
0 2 4 6 8 10 12 14
E/keV

B2 & | AE T8 W 2045 T SEM % X EDS il

Fig. 2 SEM image and EDS patterns of alloy 1 under
peak-aged condition in T8 temper: (a) SEM image; (b) EDS of
point 4; (¢) EDS of point B
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Table 3 Compositions of impurity phase from EDS analysis
of alloy 1 in peak-aged T8 temper

Point 4 Point B
Element

x/% w/% x/% w/%
Al 74.30 56.04 77.66 59.62
Cu 18.2 32.33 22.34 40.38
Mn 2.52 3.87 - -
Fe 497 7.76 - -

2.3 TEM WE

Kl 3 B a4 1 48 T8, T6 W ACIR A1) TEM
G SLAHR AT IR B 3R~ A HL T A
FEAKC001 ), 7 I NS AR SR B 2, ] LOWLER 3 B 2 11
Ty AHIBE SR O AHIGBE A, RG-SR T AR 0
FHAERG: 18 3(d)FI(h) s ok HLF SR NFEAR(112),, J5 1]
NI IRTHBE AL, T CAMER R SAHFN Ty AHIBE 2, &
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Fig. 3 TEM images and SAED patterns of alloy 1 under peak-aged conditions: (a) DF from (001),, &' phase; (b),(f) SAED patterns
from {001),; (c),(g) DF from (112),, T}, S’ phase; (d),(h) SAED patterns from (112),; (¢) BF from (001), (BF: bright filed image; DF:
dark filed image); (a), (b), (c), (d) T8 temper; (e), (f), (g), (h) T6 temper
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Fig. 4 TEM images and SAED patterns of alloy 2 under peak-aged conditions: (a) BF from (001), in T8 temper; (b) DF from
(112),, in T8 temper, T; phase; (c) BF from (001), in T6 temper; (d) DF from (112), in T6 temper, 7} phase
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Fig. 5 TEM images and SAED patterns of alloy 3 under peak-aged condition: (a) DF from (100}, in T8 temper, 6’ phase; (b) DF
from {112), in T8 temper, 7} phase; (¢) BF from (001), in T6 temper; (d) BF from (112}, in T6 temper
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Fig. 6 TEM images of alloy 4 under peak-aged condition: (a) BF from (001), in T8 temper; (b) DF from (112), in T8 temper, T}
phase; (c) BF from (001), in T6 temper; (d) BF from (112}, in T6 temper
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Table 4 Free enthalpy between solute and solvent in infinite

dilution solid solution!”

Element AH/(kJ-mol ")

Al Li Cu Mg Ag Zn
Al - -15 34 1 -17 2
Li -13 - -19 -1 55 =26
Cu -28 18 - -15 8 -14
Mg -8 -1 =20 - -42  -15
Ag -18  —65 10 —40 - -16
Zn 2 -28 -16 -13 -14 -

HLAESEBOR R I 7 e 2 BB e,
THIEHG AT IR AN AR A5 21 .

3.1 Té6 BZs

L EZS SR T4, & Mg &4 4sh )2 W2
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JEF XS IR FE e ATRESCR N, 755 Li SR 4,
Ag-Mg AFBIFARTERR, w0 TS Q AH IR L
HAMIF . ASAEFINA, Ag. Mg RIS INERE 7,
AHAT A R T DA a0 R s RS, S ah g
T Cu-Mg-V AR B AT e AH FAE I Ag-Li-V [4]
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