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Deformation-induced ) Phase Precipitation
Strengthening of AICuMg Alloy with High Cu / Mg Atomic Ratio

WU Cuilan", ZHOU Bin, NIU Fengjiao, DUAN Shiyun, GONG Xiangpeng, CHEN Jianghua
(College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: The effect of pre-deformation on the age hardening behaviors, tensile properties and precipitate
characteristics of an Al-Cu-Mg alloy with a high Cu/Mg atomic ratio during 180°C artificial ageing was investigated
by using transmission electron microscopy (TEM), hardness test and tensile. The results show that room-temper-
ature rolling of Al-Cu-Mg alloys with a thickness reduction of 10% ~60% plus a subsequent artificial ageing (P-
T6) can result in the strength increase of 32% ~69% with elongation ranging from 6% to 13% compared with the
conventional heat treatment process (T6). Transmission electron microscopy (TEM) revealed the main precipitates
are () and ' phase in P-T6 condition instead of §' phase in T6 condition. Furthermore, the aspect ratio of () phase
is much bigger than 6" and the number of Q) phase reaches the total precipitates of 30% ~75%. Compared with §'
phase, Q phase processes better precipitation strengthening and thermal stability.  phase can form through de-
formation-induced-precipitating in Al-Cu-Mg alloys, while ) phase does not precipitate in Mg-free Al-Cu alloys
with or without pre-deformation.
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Tab.1 The chemical composition of the experimental
alloys (mass fraction/ %)

i Cu Mg Mn Al

A 4.90 0.49 0.52 Bal.

B 5.08 - 0.1 Bal.
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Fig. 1 The orientation relation between edge-on

and 0’ precipitates in the view of [110], direction
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Fig. 2 The age hardening curves of the investigated alloys aged at 180 ‘C for different times with or without pre-strain
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Fig. 3 Tensile engineering stress - strain curves of peak-aged alloys subjected to various processing routes
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Tab.2 Mechanical properties of alloys at peak-aged
states with different pre-treatment

T T
A T6 450 318 14
A£P-T6(10%) 455 421 13
AZP-T6(20%) 466 426 8.1
AZP-T6(30%) 494 453 7.9
A£P-T6(40%) 515 483 7.8
A#P-T6(50%) 570 539 6
AZP-T6(60%) 527 486 7.6
B T6 432 308 8.4
B#P-T6(50%) 474 403 8.0
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Fig. 4 EBSD inverse pole images of samples before and after cold-rolling. (a) alloy A with solution treatment;
(b) alloy A after 50% cold-rolling; (¢) alloy B with solution treatment; (d) alloy B after 50 % cold-rolling
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Fig.5 Microstructure of A alloys after peak-ageing in T6 condition. (a) TEM bright field image ;

(b) High-resolution TEM image of Q phase observed occasionally; (¢) High-resolution TEM image
of 0' phase, viewed along the [ 1107, direction

B 6 A44 PT6 LMk AETFMpE TEM B4 CGERALI10]0F @A) : () P-T6(10%)-180 °C/4 h,
(b) P-T6(20%)-180 C/2 h,(c) P-T6(30%)-180 *C/1.5 h,(d) P-T6(40%)-180 “C/2 h,
(e) P-T6(50%)-180 °C /4 h, () P-T6(60%)-180 C/1 h
Fig. 6 TEM images of the microstructures observed in the A alloys at peak-aged states subjected to different treatments:
(a)P-T6(10%)-180 °C /4 h,(b) P-T6(20%)-180 °C/2 h,(c) P-T6(30%)>-180 “C /1.5 h,
(d) P-T6(40%)-180 °C/2 h.(e) P-T6(50%)-180 °C/4 h.
(f) P-T6(60%)-180 ‘C/1 h;viewed along the [110],, direction
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(b) P-T6(20%),(c) P-T6(30%),(d) P-T6(40%),(e) P-T6(50%),(f) P-T6(60%)
Fig. 7 TEM images of the microstructures observed in the A alloys aged for 21h at 180 ‘C subjected to
different treatments:(a) P-T6(10%), (b) P-T6(20%), (¢) P-T6(30%), (d) P-T6(40%), (e) P-T6(50%),
(f) P-T6(60%) ;viewed along the [110],, direction
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Fig. 8 Average diameter (D) of precipitates in P-T6 samples of A alloys at peak-aged state
(a) and aged for 21h at 180 °C (b), respectively
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Tab.3 The aspect ratio of precipitates and relative content of Q phase in samples of alloy A and B
with different pre-treatment and different ageing time

- =
PR O amemy  SPUITRRER
A # T6 (peak-aged) 13.945.5 —
A£P-T6-10% (peak-aged) 10.344.0 31.9+11.6 32
A#P-T6-20% (peak-aged) 8.7+2.2 26.1+6.4 67
A#P-T6-30% (peak-aged) 12.0£3.9 32.4+12.6 44
A£P-T6-40% (peak-aged) 6.3£2.0 20.6+5. 1 49
A£P-T6-50% (peak-aged) 6.3+1.9 20.3%£6.9 59
A£P-T6-60% (peak-aged) 6.7+2.3 20.0+6. 4 75
A# T6 (21h) 8.2+3.2 — —
A#P-T6-10% (21h) 5.5+1.9 16.645.5 31
A£P-T6-20% (21h) 6.2+2.3 18.447.0 47
A£P-T6-30% (21h) 5.0+1.9 18.447.3 67
A£P-T6-40% (21h) 5.5%2.0 18.245.7 50
A£P-T6-50% (21h) 5.3+2.1 18.4+6.1 47
A£P-T6-60% (21h) 5.4+1.7 18.946.0 46
B# T6 (peak-aged) 13.24+4.6 — —
B#P-T6-50% (peak-aged) 7.94+2.1 — —
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Fig.9 HRTEM images of P-T6 peak-aged samples of A alloy with different pre-deformation in the view
of the [110]yaxis: (2)(b) 20%; () (d) 40%; (e)(D 50%

B 10 BAAREN 50% 45 P-T6 Aot 2 XA 45 TEM 35,8 F R F &4 5 2 : (a)[100 ], ; (b)[110 ] 4

Fig. 10

TEM images of the P-T6 peak-aged samples of B alloy with 50% pre-formation,

viewed along the [100 ], direction (a) and [110 ], direction (b)
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