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Abstract: The effect of ultrasonic melt treatment ( UMT) on the microstructures and hardness of Al-Si-Cu alloy was

investigated by Vickers hardness test, optical microscopy, scanning electron microscopy, electron backscatter diffraction

and transmission electron microscopy (TEM). The results show that UMT promotes the dispersion of Si phase, reduces

the area fraction of secondary phase and refines grains, thereby raising the hardness of Al-Si-Cu alloy. After 2 min UMT,

the hardness of T6-tempered Al-Si-Cu alloy sheet increases by 9.2% compared to that of UMT-free sheet. Quantitative

TEM analysis indicates that UMT can significantly promote the precipitation of 8’ phase and inhibit its rapid coarsening

during the aging process, which enhances the hardness and microstructural thermal stability of Al-Si-Cu alloy.
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Table 1  Chemical compositions of Al-Si-Cu alloys %
G Si Cu Fe Ti Al
AS1 10.6 1.50 0.22 0.13 Rt
AS2 10.5 1.54 0.17 0.15 R

PR SF 120 mm x 110 mm x 28 mm (85585 R i
oy, — o VeSS A LU0, 5 — o ke 4Bk
JEAE 460 C TFIELIL 2 mm JERY BT, 5L T2 55
L% 2, PELIG M 28 540 °C/2 h AL S 7. B
IR, B IS 7E 180 °CF B RAN [ sf 7] 5 1A 7 5 5 it

®2 MAITZSH
Table 2 Parameters of hot rolling

LR ER/mm HEEERSE/mm AALIER RELIRIE/C AR/ mm
420 120x 110% 28 9 460 2

K HV-10B BLAS FE A 0 it 48 PG A B2 ()R
AT 3 AFE G HEAT I, B E BEALI L 4 A
SO EE N S8R 25 2R . {d H] DMM-900C #1453 4
AU LA A T6 25 HF i P AR B JE S A 00 A1
i FH] Tescan Mira 3 373 & ST 43 fL 5% (SEM ) WAL 2 —
FABY I 25 73 A3 5F 2547 o3 23 M. R BC % Oxford
EBSD #; ] #% 1) Tescan Mira 4 37 & 5 1 4 0 %55
(EBSD) 4341 & 4 dtbL 454, 37 i ] AZtecCrystal 2.1
BT EBSD U HEAT /T . 7E Tecnai G2 20 U 4t
HUBE (TEM) EWLEE N BT Hh A B R AE . TEM A 2
JEEBE 100 wm |, ELAR 3 mm [/NE 7R 3644, 7 -20 CF
100 mAHL AT S HIRER L 3« 7 i R A P R
BV AR U TR 7

2 SEERETR S
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KB, 43510 80.3HV,  Fil 87.7THV, ¢ s AL TR
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Fig.1 Age-hardening curves of alloys at 180 C
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Fig.2 Metallographic structures of as-cast

and T6-tempered alloys
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Fig.3 SEM images of as-cast and T6-tempered alloys
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Table 3 EDS analysis of the points marked in Fig.3 %

(DAL Al Si Cu Ti Fe
1 79.33 3.90 13.29 0.16 3.32
2 74.10 17.34 8.13 0.20 0.23
3 71.38 4.73 22.48 0.13 1.28
4 74.16 16.00 0.74 0.34 8.76
5 74.45 19.28 0.39 0.23 5.65
6 80.73 2.02 16.97 0.00 0.28
7 58.95 34.50 0.87 0.12 5.56
8 70.90 20.46 1.55 0.12 6.97
9 76.86 10.98 1.50 0.26 10.39
10 78.16 9.21 2.36 0.28 10.00
11 82.82 9.42 1.58 0.25 5.93
12 76.16 11.47 1.70 0.14 10.54
13 80.86 14.07 1.22 0.14 3.71
14 74.38 19.16 0.62 0.19 5.66
15 85.46 9.34 0.68 0.21 4.31
16 70.30 22.27 1.81 0.17 5.45
4 BOALNEGASNEESTER(FEHH)
Table 4 EDS composition analysis of as-cast alloys matrix %
TEHE Al Si Cu Ti Fe
AS1 76.25 21.03 1.88 0.33 0.51
AS2 76.17 20.81 1.99 0.50 0.54

AT T3 R 6 158 (A T 2 A AL Cu AR
T Fe tHRYIL S AH, M S5 2B, AS1 Al AS2 5485
B A MR B 3 1.4% F1 0.8% , Ui B
AEFRREAR T 56 AP AL B, M T ASL & 4,
AS2 A TR Cu 5 EA BRI IN, A A b AR
£ Cu EHESREA,

SSRGS, T T6 254 45 A5
Vs BN ER p AR B S RRAIR, 2% 3 S5 R, T6
A AS1 HTAS2 B b AR A £ B-Al FeSi
AT AL, Cu M, T6 25 AST Fl AS2 &4 bt e — 4
T FRAT B0 I 0.66% F1 0.61% 585 — K0 A1 B A B 3T
1) A B s B/ IN B T BB A [ 2 Ry R AR T T
FIFE/RNON SO B3O S HUE RERRAIG, #E Ab PR
S RJZTAZEL A B — 2 AR VE T 58 ARk
T3 A T v A b WY s T AR TR
WG T R SR AR T A AR,

Bl 4 S5 T6 A6 S A p i Je i 43 A , i Sk
FoRELHID M, I 4 T B T6 55 b b
WA EE R S SiCu Ml Fe, TG40 15 00 5 fE 1543
MrafR—k, nr UL R A B UE T OC R I A4 A
G A Co AHRHR 45 i, B v 14 A% ] 7 1t A



55 6 ]

Ah TR 5 A R AL BEXT AL-Si-Cu & 4 44 URBE AL I 52 i 165

@{ﬁﬁiﬂc)& R L '3%%4 ZERMYIG
T s

1

. 4 %lh\*u T6 ©w A %mm%ﬁﬁ#ﬁ.
Fig.4 Elemental mappings of as-cast and T6-tempered alloys
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Fig.5 IPF and phase diagrams of as-cast and T6-tempered alloys
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Table 5  Grain size and Si-phase size of as-cast

and T6-tempered alloys

R G éx iR RS/ pm FEAAR S/ pm
s AS1 A4 170.9+134.7 67.6+37.1
A AS2 A4 144.3+126.1 55.6+31.8
T6 7 AS1 A4 13.9+11.7 7.1%3.0
T6 5 AS2 &4 12.0£10.5 6.3+3.5

2.5 T6 ZBEEM TEM 5347

’l 6 WR T 180 °C FHIZL 20 h #1200 h J5& 44k
T SUE S5 FNATT S AEAE , O AH 1) 2 ft 23 B 445 2R
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AH,iX 5 17212001 (7 EATHAERE —2, 5 AS1 &
A, AS2 5 4x T6 AS5MUb H 0 A 4341 B H415) H AL
AR ERI (R 6) X R A A FE L3 T 6/
BT R SR B3 A . 180 CCHFRK 20 h J5 , &4 Mt iy
0/ FHH BE FR BE 43 B 24 67.5 A1 7.5 nm I8 /N5 2y
53.2 F1 6.6 nm, B8 7 AL B RE B 35 A0 1L 0 AR T,
R R A AL B S T i A R S S g A
P EGS AR, S 0/ ARAT R PR At T 2 IR AL AN, SR
PRI T AS2 &4 T6 AR A i %5 FE 4t/ 07 AH 1Y By
o HRAE Orowan HLHIN™ 241/ 07 4R A9 157 43 A vl
PRAT SR AL RO | B 75 A B o 0E 0 1Y) v 2
M A AR AL-Si-Cu A 45 BB
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Fig.6 TEM images of microstructures of aged alloy sheets

near <100>, zone axis
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Table 6 Statistics of 6’ phase in alloy sheets

after different aging treatments

6" HH ikt 7 i/

FE PRA 0 MK E/nm 0" HEE/nm 10° ™
AS1 180 C/20 h 67.5+21.0 7.5+1.6 1.61+0.13
AS2 180 C/20 h 53.2+17.5 6.6x1.4 2.44+0.12
AS1 180 °C/200 h 67.8+36.1 11.0+4.0 1.00+0.22
AS2 180 °C/200 h 56.1+£21.9 9.5+2.0 1.71+0.14

B2 200 h )5, T6 A4 A 7 0/ FH B SR {5
BRI (2 06) o R T IRUS B LA g T R T
VB KR R R L 07 AH RT3 K, AHARAH Z (a1 i 3 i
KR NET M A Z 8 38 4, KRS 07 A 4k
5% NI A N I L £ R SN B N S
TEM 255 K IR R0U T6 & AS1 FlAS2 54 0/H
KBS W29 67.8 F156.1 nm, 3R RE /125 °411.0
9.5 nm, B AL FERERS D] o FH A AL, 15
AS2 B A MR AR JE T I A5 01T R T 948, 41 4L
e,

3 45
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Si A, FFRRAREE —AH IR B BRI RS,
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3) MRS L PEREAREHE 0 AT R A LR
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