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Abstract: Al-Cu alloys have important applications in the transportation field due to their high strength, hardness, and
high-temperature mechanical properties. To clarify the mechanical characteristics of Al alloy with high Cu content,
rheo-diecast Al-15Cu alloy was investigated to determine the influence of factors such as pouring temperature on the
mechanical properties of rheo-diecast parts. The results show that with increasing casting temperature, the average
equivalent diameter of the primary o-Al grains decreases from 55 pm to 30 wm, while no apparent change is shown in the
average shape factor with respect to the casting temperature. The application of electromagnetic stirring has some effect on
the refinement of the primary a-Al grains. The strength and elongation of the rheo-diecast Al-15Cu alloy parts increase and
then decrease with increasing casting temperature. The density, tensile strength and elongation of the tensile specimens with
a pouring temperature of 610 C and electromagnetic stirring reach the highest values, which are 2.961 g/cm?, 260 MPa and
2%, respectively. At 300 ‘C, the variation in the tensile properties of the rheo-diecast alloy with increasing pouring
temperature is consistent with that at room temperature, and the highest tensile strength and elongation reach 118 MPa and
8%, respectively.
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Fig.2 Microstructures of tensile samples of the rheo-diecast Al-15Cu alloy at different slurry temperatures: (a) without EMS-600 C;
(b) without EMS-605 C; (¢) without EMS-610 C; (d) without EMS-615 C; () with EMS-600 C; (f) with EMS-605 C; (g) with
EMS-610 C; (h) with EMS-615 C
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Fig.3 Statistical results of the microstructure of tensile samples
of the rheo-diecast Al-15Cu alloy at different pouring
temperatures
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Pl 8 Ay v il B 5 v A il 1 e YL A 4 g D
I B S A it 0 R R B P AR )
B8 B VA5 5 5 S i a Y G Rl W = L
MPTRLHE L A& 8 LA Y, P AR 7 = T
i 56 0 R SR 0 B Bz 5 B B AR 11 7 Ak i
5 6 s 9 H A e R S — 5, 7E AR it i e
PR ST R R 600 “C i, S At R 1 47t hir 5 i
FH 53504 106 MPa Fil 3.60%, Fifi# 08 1 iR
BEm A 610 C , PR LA 19 BT AL 38 A 5
% 114 MPa Fil 5.23%; GevE R AR L2 = 615 C,
TR TR BRI KORFEAR A 105 MPa F15%; 7%
JE N L R P 0 25T, BRI IR N 600 C 1S hnF
610 C , Hrhrsm A< 108 MPa F17.34 % 14 fin
F| 118 MPa il 8%, HeiEilEAkEIG 2615 °C 4t
P75 B A KA 107.5 MPa F1 7.40% .,

M8 mT LA M, 76 IR G T il B it in AR

160 10

< -

E 140 - 18 X

< =

£, 1201 £

5 10z
=

= 14 2

2 80f = Tensile strength |

o ¢ Elongation

60 —Without EMS 1y
r . . --With EMS
600 605 610 615

Temperature/C
8 Al-15Cu £ 4 it A% H #6 i A iU o R Sz A Pk e 5 e T
T EZ B9 G 2
Fig.8 High temperature tensile properties of tensile samples of
the rheo-diecast Al-15Cu alloy at various pouring temperatures

Tt JIT R A0 i ) P AR B 5 B A 25 R K 25 M
TE 2~4 MPa 3 Bl 4,2 Bl & 44 T i e hr o 32 e
118 MPa Fll 114 MPa, #1 2% 4 MPa, 3 15{L H} 3.5%.,
T A 38 IR 25 85 K it o P a0 e 1 AR | i



<464 -

FOUNDRY TECHNOLOGY

Vol.45 No.05
May 2024

KARTE 7.30%~8.00% W F A, A it I Fi 40 4 g v
IRAE K RTE 3.60%~5.23%70 FEl A, it Al L 1 436
FI I A it o P R A0 1 1 A R 08 A 4303k 8.00% il
5.23%, —HHMZE 2.76% ,31E K 52.8 %,

IR SR, T R R A P R IR B
610 ‘CH,Al-15Cu & 4 %5 11 0 = i 1 2= P R R
MR F I e R E R, hE 3 a7
it I L R A0 P B e R IR RN 610 CAA R LR
R N IS N G B R TN & I S I | R TN
w2 bERE R, R 4 AT DA B AR R R
B B Sy, BVURE TP OfE AR 1 LR i > T B e E
TR B RE L AT TR LR 1 55 R R R A, L
TERLN 3 AE R FLIR A R T 280y A= fd g 3 5
TR AEAR R ) AU SEPE T W 24, B LUK I FL B R R
TR T FRAG 5 114 580 B AR

3 &g

(DA TR 728 5% Al-15Cu BrAikAE | B Be i
TR 600 CHENNZE 615 C, WILE a-Al ki P 1%
BE A 55 pwm FEARE] 30 wm, 71 P B AR R HE
AEAS T S 5 it i oL B B X0 A - AL SR — 2 1
AAVE R FEBETEIREE N 610 °C, I Jin e R i bk
R L P DR AR R B K .

(2) B %5 8 1 U B B 38, A8 75 AL-15Cu 7
e 9 2 B L o o B R A K R AR ST B ) U
AN ) 1SR O e Ak A LR W = R A od
e & AN AR B el 7R DI 610 °C L Jitifin
HLRESE 1 55 1 BEARRE 1 ) 2 Ve R By, B B A
2.961 g/em®, HL L5~ 260 MPa, i %K 2%,

(3) B2 P A i S0 R B A BN, T A8 R 85 Al-15Cu
EIVAC L = 71 A3 N 1B S 2 = TP S
BRI 19 O FELRG I R 45 18 R R E R EE S 610 "C Yk
FE,300 CHARIRE T, Hrdism &m0 500
118 MPa 1 8%,

5% 30k

[1] sk MR &, 4007w 2 K AR SO, T EET I, Bk
T 2% Al-Cu-Mn-Mg & & WO 25 F3 2 L RE RS2 R [J]. #4 kL
AL FEE 4R 2023, 44(3): 58-67.
ZHANG H,HAOQT,LIXL, XUEY Q, YUWT,LOU Z Y,
WANG P Q. Effect of heat treatment on microstructure and me-
chanical properties of Al-Cu-Mn-Mg alloy[J]. Transactions of Ma-
terials and Heat Treatment, 2023, 44(3): 58-67.

[2] ZRBH ARSI R, TR B AR ORI X Al-Cu A& 4
HAERE R )], AT 648 ,2018(15): 178-179.
SUY, GAOJ H, DING Z J, HU ] W, WU J H. Effect of quenching

temperature on microstructure and property of Al-Cu alloy [J].

World Nonferrous Metals, 2018(15): 178-179.

[3] LIY,LIHX, KATGERMAN L, DU Q, ZHANG J S, ZHUANG L
Z. Recent advances in hot tearing during casting of aluminium al-
loys[J]. Progress in Materials Science, 2021, 117: 100741.

[4]  BRFTIR 27 HE B 05 HL G406 3 X 85 B 4 45 2% DL 2H 24 B g A
B SZ IR [T]. 4 T-T.25,2010, 39(7): 69-71.

CHEN L J, LI Y H, TAO S F. Effect of electromagnetic stirring on
macrostructure and segregation of Al-Cu alloy [J]. Hot Working
Technology, 2010, 39(7): 69-71.

[5] TRFBEA, BB, B4R KA, ERE B,
WY B A ot I 3 T 7R U R 1 kB R
2021, 42(7): 625-630, 646.

XUCJ, LUY H,MA D,ZHANG K J, WANG Y Y, YANG Y, TU
T, TIAN J, ZHANG Z M. Development and application of se-

e Bl R | 3

J&
). #ak PR,

mi-solid rheoforming technology for magnesium alloy[J]. Foundry
Technology, 2021, 42(7): 625-630, 646.

[6] KHALIFA W, EL-HADAD S, TSUNEKAWA Y. Microstructure
characteristics and tensile property of ultrasonic treated-thixocast
A356 alloy[J]. Transactions of Nonferrous Metals Society of Chi-
na, 2015, 25(10): 3173-3180.

[7] DING Z G, HOU S H, CHEN S, LIU Z H, LI D Q, FENG J,
ZHANG F, PENG L M. Effects of Cu content on microstructure
and mechanical properties of rheo-diecasting Al-6Zn-2Mg-xCu al-
loys[J]. China Foundry, 2022, 19(4): 321-326.

[8] B, E 5, Xl ik AR TR IR, Al-6.6Si i G 4 MSMT %
A R BRI SR ], 5 1 F R 2013, 34(9): 1174-1176.
LIANG B, WANG Y B, LIU J C, ZHANG Z F, XU J. Experimen-
tal studies on processing of Al-6.6Si alloy prepared by MSMT
rheocasting[J]. Foundry Technology, 2013, 34(9): 1174-1176.

[91 SRV i 3 & R 3 A AR — ik -4 S 4 B0 R S ) B

48 ,2015(7): 51-53, 60.

Al 'Y P. Semisolid processing of near-eutectic and hypereutectic

Al-Si-Cu alloys[J]. Light Metal, 2015(7): 51-53, 60.

ARBIRL, BEACAR, FR oK sk, R . i 48 TR 45 A380 #1442

1S AL 8L Ty 2 PERE ], PR G R 4T, 2015,25(8): 2029-

2039.

QI M F, KANG Y L, ZHOU B, ZHANG H H, ZHU G M. Mi-

[10

=

crostructures and mechanical properties of A380 aluminum alloy
produced by rheo-diecasting process [J]. The Chinese Journal of
Nonferrous Metals, 2015, 25(8): 2029-2039.

PR, BT S, AR B, TR 2 [ S U R R R AR A A K
S5 PEREBFAE[I]. FEAh 8538 Ko (15 42,2021, 41(1): 83-87.
YANG Y M, ZHAO J W, WU G Q, WANG H B. Fatigue behavior

[11

—

of semi-solid rheo-die casting aluminum alloy parts [J]. Special
Casting & Nonferrous Alloys, 2021, 41(1): 83-87.

[12] JARFORS A E W, DI A D, YU G G, ZHENG C, WANG K K,
WANNASIN J. Semisolid materials processing: A sustainability
perspective[J]. Solid State Phenomena, 2022, 327: 287-292.

[13] LUO X Q,HAN Y J,HOU Y M, LI Q B, JIN Y. Effect of pouring
temperature by a novel micro fused-casting on microstructure and
properties of ZL101 semisolid slurry[J]. Journal of Wuhan Univer-
sity of Technology-Materials Science Edition, 2023, 38: 1179-
1183.

[14] BAHL S, HU X H, SISCO K, ALLEN HAYNES J, SHYAM A. In-



(BB AR N05/2024

BEX, . MEEFA-15Cu G &WERS ¥R

- 465 -

[15]

[16]

[17]

(18]

fluence of copper content on the high temperature tensile and low
cycle fatigue behavior of cast Al-Cu-Mn-Zr alloys[J]. International
Journal of Fatigue, 2020, 140: 105836.

BAHL S, HU X H, HOAR E, CHENG J H, ALLEN HAYNES J,
SHYAM A. Effect of copper content on the tensile elongation of
Al-Cu-Mn-Zr alloys: Experiments and finite element simulations
[J]. Materials Science and Engineering: A, 2020, 772: 138801.

E WD, BOR S, W TE WO w5 Cu 55 5 B 10 4 4
PERE[T]. MR TR 2022, 50(11): 109-118.

WANG H B, ZHAO J W, TAO X Y, DAI G Z. Friction and wear
properties of cast aluminum alloy with high Cu content[J]. Journal
of Materials Engineering, 2022, 50(11): 109-118.

WA RS S Cu & i Al-Cu 45 4 1 4L ZUROE L
[J]. $EFh 5 15 AT (04 42,2009, 29(8): 713-717.

PAN Z Y. Microstructure and formation mechanism of semi-solid
casting Al-Cu alloy containing high Cu[J]. Special Casting & Non-
ferrous Alloys, 2009, 29(8): 713-717.

e B B UK TR A L. S SIC S 4R SR KL G A

B R AR TE R [J]. S H A 2015, 58(S2): 36-38, 42.
GAO C Q, ZHAO B, HAN X Q, HOU H L. Deformation study of
SiC fiber reinforced Titanium composites at high temperature [J].
Aeronautical Manufacturing Technology, 2015, 58(S2): 36-38, 42.

[19] AHaT , 84 H 3, 280k, A HR T, WGP, Sk 2. b R 1 X% 7A04

B A KRB [ S R U S M [J]. b [ € 4 R A 4
2014, 24(11): 2735-2742.

ZHUY L, ZHAO J W, LI W, ZHU Z N, DAI G Z, ZHANG K. Ef-
fect of electromagnetic stirring on microstructure of large-volume
semi-solid slurry of 7A04 aluminum alloy[J]. The Chinese Journal
of Nonferrous Metals, 2014, 24(11): 2735-2742.

[20] XUBC, FEIRAR, BUSAR, XUSR S0, JARMG. R o [ 2

A356-Y A 4 BE R AL R S [T]. A 2R iR, 2014, 32(1):
61-68.
LIUZ,CHEN Q C,LUOHL, LIUJ Y, ZHOU Z P. Effect of elec-
tromagnetic stirring on microstructure of semisolid A356-Y alloy
[J]. Journal of the Chinese Society of Rare Earths, 2014, 32 (1):
61-68.



