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Effect of Ag on precipitation behavior of 2 phase in Al-Cu-Mg alloy

CAl Jin-ling, YI Dan-qing, WANG Hong-wei, WANG Bin

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effect of Ag on the microstructure and mechanical properties of Al-Cu-Mg-(Ag) alloy during artificial
aging was studied by Vickers hardness measurement, differential scanning calorimetry (DSC) and transmission electron
microscopy (TEM). The analysis of DSC curves at various heating rates was carried out to evaluate the activation
energies of Q and @' phases by Kissinger method. The effect of Ag on the precipitation behavior of € and €' phases in
Al-Cu-Mg alloy was investigated. The results show that the aging hardening curve of Al-Cu-Mg alloys is of two-stage
hardening at 185 ‘C with a small amount of Q phase precipitated. When Ag is added to Al-Cu-Mg alloy, the aging
hardening ability is greatly improved. The aging time of Al-Cu-Mg-Ag alloy corresponding to the peak value of
hardening is 10, 5 and 2 h, respectively, when the alloy is aged at 170, 185 and 200 “C, while the peak hardness decreases
with the increase of the aging temperature. The addition of Ag in Al-Cu-Mg alloy promotes the formation of £ phase and
increases the activation energy of 0’ phase, resulting in the suppression precipitation of 6’ phase.
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Table 1 Chemical composition of experimental alloys (mass

fraction, %)

Alloy No. Cu Mg Ag Mn Zr
A 5.98 0.51 - 0.33  0.18
B 6.02 0.57 0.44 0.33  0.17
Alloy No. Ti Fe Si Al
A 0.047 0.043 0.025 Bal.
B 0.043 0.038 0.010 Bal.
2 HR
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Fig.1 Hardness—time curves of alloys A and B solid-solution
treated and aged at 185 C (a) and alloy B aged at different

temperatures (b)
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Fig.2 DSC curves of alloys A (a) and (b) B at different

heating rates in quenched condition
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Table 2 Activation energies of Q and 6’ phases obtained by
Kissinger method

Alloy .
L/(Kmin )
No.

T,/K E/(kJ-mol ™)

Qphase 6 phase Q phase €' phase

5 - 514.5

A 10 - 533.8 - 98.58
20 - 544.2
5 495.6 544.8

B 10 508.4 559.2 98.60  112.59
20 5234 574.4
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Fig.4 TEM images and corresponding SAED patterns of alloy A after aging at 185 ‘C for 2 h: (a) TEM image in bright field and
SAED pattern of [001],; (b), (c) Enlargement of (a); (d) Simulated SAED pattern corresponding to (a)

SCRR[I9TIMF TS B — 8. B A e K, &
ST HARTE IR SR S, BT AR
JOM, RIEEBE DR Q A, BRI, A A A
Fl KL 1(a))o

Kl 6 fin b4 B4 185 'C 2 h It TEM 1
W18 UL N(110),, 77 7 ¥ SAED i FR & K WKl 6
T DUE H, G4 B SISO BEE AT R4 /N IR
FHAN D5 1) 0'AH o

Q M5 a(ANFEIIAL I IEE N (111),//(001) o+
[010]0/[10 T 1, FI[100]0//[1 2 1]a0 Q AHPEAN 7 111 1A 4
LY 70 EASHTHES ), H QM AL SR AL
15 %. H1E 6(b)i SAED 1% LA & 14 6(d)f) SAED 71
RERTEL, Q MHAATAERAATE SR 1/3 F12/3 4k, 0
A AGAEFEARBE S 172 Kbo WIS P BT H
MEZR Q M, oMM, JLPFUEAR], HiE, 17
SEBE R OHRAEAER o JE— 2D IO 5, B 6(c)

AF UYL/ 0AH, ZAHEL Q AHRHLR .

K7 Bios 44 B 42185 'C 5 h &I (¥ TEM
W3R S FEXT B 112), 7 101 ) SAED % . 11l 7 7T 40,
RGN E, Q Frib %), HAE RIS G
(122 I SAED 1% AT H A BT 56 BRE R AR A5 1A
44 B B RZNT HA) Q MHIFPER D RE 0'AH, T2
M AR Q A% G IS SR B 2, HLE 20
N R, STLEIE 4 FTRUE H, @ AHIRSTRS oA 40
132, XARTEEmEEMBITEREE.

3 itig

fERE SR ERERETD, MUGETREAN o
WA, T HAB SRR B L. KA, R
JR T R ARG, HEAER AR, SRR,



%21 B T e, B Ag X Al-Cu-Mg &4 Q HHHTHAT h i 1509

.

B 5 &4 A% 185 CHIZ 8 h(I§H %051 TEM W15 M

R I¥) SAED %

Fig.5 TEM images and corresponding SAED patterns of
alloy A after aging at 185 °C for 8 h: (a) TEM image in bright
field; (b) (111), SAED pattern; (c) Enlargement of (a)
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Table 3 Formation enthalpy of solid solution (infinite dilution)

formed between different elements (Ah®(kJ/mol))

Solvent
Solute
Al Cu Mg Ag
Al - -34 =7 -17
Cu -28 - -15 8
Mg -8 -20 - —42
Ag ~18 10 ~40 -
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Fig.6 TEM images and corresponding SAED pattern of alloy B after aging at 185 “C for 2 h: (a) TEM images in bright field; (b)
SAED pattern of (110),; (c) Enlargement of (a); (d) Simulated SAED pattern corresponding to (b)
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Fig.7 TEM images and corresponding SEDA patterns of alloy
B after peak aging at 185 “C for 5 h: (a) TEM image in bright
field; (b) SAED pattern along (112),; (c) Enlargement of (a)
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