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Fig. 1 Schematic diagram of compound field system: 1—
Ultrasonic generator; 2—Transducer; 3—Radiator bar; 4—
Punch; 5—Mold; 6—Molten melt; 7—Ejector
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Table 1 Chemical composition of alloy (mass fraction, %)

Cu Fe Si Zn Al

5.11 1.07 0.04 0.02 Bal.
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Fig. 2 Microstructures of as-cast alloys under different conditions: (a) Without field; (b) With 50 MPa pressure field; (¢c) With

ultrasonic field; (d) With compound field
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Fig. 3 Sizes(a) and volume fraction(b) of phases in alloys under different conditions: 1—Without field; 2—With 50 MPa pressure

field; 3—With ultrasonic field; 4—With compound field
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Fig. 4 Three-dimensional morphology of Fe-rich intermetallics of as-cast alloys under different conditions: (a) Without field; (b)

With 50 MPa pressure field; (c) With ultrasonic field; (d) With compound field
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Fig. 5 Porosity in alloy associated with Al,Cu,Fe phase without field (a) and Alg(CuFe) phase with ultrasonic field (b)
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Table 2 EDS analysis results of locations in Fig. 5

Mole fraction/%

Ijocelmon Phase
in Fig. 5 Al Cu Fe
A 72.81 16.54 10.65 Al,CuyFe
B 67.84 32.16 — AlL,Cu
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D 83.11 5.34 11.55  Alg(CuFe)
- 1.0
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Fig. 6 Density and volume fraction of porosity of alloys
under different conditions: 1—Without field; 2—With 50 MPa
pressure field; 3—With ultrasonic field; 4—With compound
field
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Fig. 7
different conditions: 1— Without field; 2— With 50 MPa

Micro-hardness of a(Al) matrix in alloys under

pressure field; 3—With ultrasonic field; 4—With compound
field
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Fig. 8 Cu content in a(Al) matrix in cast alloys under

different conditions: 1— Without field; 2— With 50 MPa
pressure field; 3—With ultrasonic field; 4—With compound
field

3 i

I 45 RRW], AERINANZ AERTIN,  SRC
KB FIERN, #HIR B-1 Fe A5 Ak AR 7 Kok
L AP ViR T 1= N1 P e VA [V g S D



712 hEA SRR

2016 4F 4 H

R 77 Re AR ] AT, A A S R e T I v
PPRAS, WRIBEZR, BB SR ERS, K
ST SRR /N, ()B4 /N5 il BE DX ], B
IR AE SSRGS  FLIIRADPY . S —JhTm, T
& e (0 G A TR, T s T AR B 1 g 1 L
fil B A, e T o Z MR R, S EUE
PRI HVE STy, 0 0 [ i ) 45 46 P, Lo
25 KAMGA 25837193 5%} Al-4.6Cu-0.5Fe 1 B206
BEMIFTERYT, PREA R E R B-F Fe
AL TIR Alg(CuFe), X2 1T, —J7 ke AT
RT3 Alg(CuFe) [T AR IR FEIX (A 14K, 55—
JTIRE A FE 3 R AERE T Alg(CuFe) M E# . H4F,
IEAS At Alg(CuFe)[KEAZS) 116K T-DUTT dité p-Fe
[, AR, Fe Ji 15 5 K4 Alg(CuFe).

XSRS, A AR TR R 27 A
AN RN GRS ARON— T THAE A 4 2
[ N AL 0 Bl ) i B A A DU Iy NS e ) SRS A L)
S) P NTE =TI 7 2 SR S Ry | K 1 K 55 Sy N
Th BRI RS, Wl T A, SERR
JEV R 1) 4 SR s B v s WA AR TR AZ R . ALY,
2 TR 75 Y A A I el 7 A P A 7 7 1 1 7S T
WONITIRG, P BA AR A TR 8, K
(T BB R F T . B YA sz B b, B E
YA oA, R, AEAA S SRR i
% SALAS SR, 8 AlCu &4, AH
TR, TR SR BN, AR T A e E
AR TR s RS b T kS (R R 2

FEIX PR AN A I, & & gEiada —
SEFREBEI 98D, PRSI Hs /) 50 MPa LG Sl i 800
W7 75 SRR A SO D SRR o (E G S B O AR
W, EERATE SR ERL, ARFETESL. ST R BRAH RS
T &B WA, MR, R SRR
OB E YA BEESNAIIN, & AP I bira
R Bk, SR TAERNS T, Khfa T4
IR IR AL AR AT, PR IR T Ak
SOD O/ (R [ 6 E ey VN A

H TR AN % BG4 I 2 %, BT LA
K1 UK PR AN 25 Bl R N ] T8 Al-Cu REA
ST, YL T 2 ERE A Tk
REMREm . (EEA T, AN T
(L R A P G PR v BB SE 16 n DRI 4 1 ks
JUSF R ke TR BE AR 40 /0N, 35 A th AR e 9
Al,Cu,Fe M) VAR Alg(CuFe)HIHEAR . [H] I 5 71
PN IVERTT, A4 5 A RN /NS5 o A
AR b, I HAEGE B i Th 22 IR B0 4 24,

WA . RIS 5 3 (R A0 37 (R R A A5 b T A 1
%, mRiW AL, HARRARGEZ 9%, Cu JUEAESENR
VAR JEE (B i T (A5 5 < ) S OB P21 B e {ELE,
HEG IR ARBERAWTIGE R VE b
WA ik, 2 WA Rt DI e

4 Zig

1) 2135 R 7 3 41 it 52 6 3 e — 4t
& SRR AN AL — R it AR S FLIIED, SDAS
i 72,5 um B/NE] 12.5 um, WM T 80%, FLIFAAARFR
SEIH> T 68%.

2) &0 M. b AR T B A, A4S
EEEUAMER PR AL CugFe AR R 1 i) 16 55 P45
NEIDUTAR Alg(CuFe)f%AE, [AIRHERE T Cu JCHEAE
N S o T A DR A (Ui

3) BEHNVERPUEIERE th 3 3] T WP,
FE 1A R S 388 B A G A HIE R, [N 1
(1073 A N R PR G R N v T A%, Ak T ks,
fedE T3 M. K.

REFERENCES

[1]1  EEL, Fokf, FHL. MESR KT Al-Cu &4 8

Lo AR IR AT A RS mI[I]. T A 1274, 2014, 4, 32(2):
190-196.
WANG Rui-hong, WANG Yong-jun, WANG Yan-hong. Effect of
minor scandium addition on precipitation and electrochemical
corrosion of Al-Cu alloy[J]. Journal of the Chinese Rare Earth
Society, 2014, 4, 32(2): 190—196.

21 BR75, & B, WRED. woms i i o 4 Wi gUm )
ZEPERERIBET[I]. AR5 T2, 2007, 10, 15(5): 718-722.
CHEN Zi-yong, SHU Qun, CHEN Yu-yong. The study of
microstructure and mechanical properties of high strength and
toughness casting Al-Cu alloy[J]. Materials Science and
Technology, 2007, 10, 15(5): 718-722.

[3] GUO Hong-min, ZHANG Ai-sheng, YANG Xiang-jie, YAN
Ming-ming. Grain refinement of Al-5%Cu aluminum alloy under
mechanical vibration using meltable vibrating probe[J].
Transactions of Nonferrous Metals Society of China, 2014, 24(8):
2489-2496.

[4] A e, kDI, B, I, Fooot. HFREIE

Al-5.0Cu-0.6Mn-0.5Fe & 41 WAL SR S 4 R gE (0],
A4 m ), 2013, 23(5): 1195-1201.
LIN Bo, ZHANG Wei-wen, CHENG Pei, WANG Xian-song, LI
Yuan-yuan. Microstructure and mechanical properties of
Al-5.0Cu-0.6Mn-0.5F¢ alloy prepared by squeeze casting[J]. The
Chinese Journal of Nonferrous Metals, 2013, 23(5): 1195—-1201.



§26 5 4 W

O

HEHEHTT Al-5.0Cu-1.0Fe &4 1) B4l 24U Jy 24 fig

713

(3]

(6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

COUTURE A. Iron in aluminum casting alloys-a literature
survey[J]. American Foundry Society International Cast Metal
Journal, 1981(6): 9-17.

TSENG C J, LEE S L, WU T F. Effect of Fe content on
microstructure and mechanical properties of A206 alloy[J].
Materials Transactions, 2000, 41(10): 708—713.

LIU K, CAO X, CHEN X G. Formation and phase selection of
in Al-4.6Cu-0.5Fe cast alloy[J].
Metallurgical and Materials Transaction A, 2013, 44(2):
682—695.

SALEM S, STEN J, INGVAR L S. The influence of cooling rate

iron-rich  intermetallics

and manganese content on the a-AlsFeSi phase formation and
mechanical properties of Al-Si-based alloys[J].
Science and Engineering A, 2008, 490: 385-390.

SHABESTARI S G. The effect of iron and manganese on the

formation of intermetallic compounds in aluminum-silicon

Materials

alloys[J]. Materials Science and Engineering A, 2004, 383:
289-298.

SREEJA KUMARI S S, PILLAI R M, RAJAN T P D, PAI B C.
Effects of individual and combined additions of Be, Mn, Ca and
Sr on the solidification behaviour, structure and mechanical
properties of Al-7Si-0.3Mg-0.8F¢ alloy[J]. Materials Science and
Engineering A, 2007, 460/461: 561-573.

LIU K, CAO X, CHEN X G. Effect of Mn, Si, and cooling rate
on the formation of iron-rich intermetallics in 206 Al-Cu cast
alloys[J]. Metallurgical and Materials Transactions B, 2012, 43:
1231-1240.

PV, AR, ZERRTT. R AR AR TG Tk gl

R YA ST RS T 2ER, 2007, 25(3): 318-322.

SUN Chang-ming, SHI Zhi-ming, LI Zhi-fang. Improvement of
morphology of Fe-riched phase in commercial pure aluminum by
Ce-riched rare earth modification[J]. Journal of the Chinese Rare
Earth Society, 2007, 25(3): 318—322.

DONG J X, KARNEZIS P A, DURRANT G, CANTOR B.The
effect of Sr and Fe additions on the microstructure and
mechanical properties of a direct squeeze cast Al-7Si-0.3Mg
alloy[J]. Metallurgical and Materials Transactions A, 1999, 10:
1341-1356.

ARHAMI M, SARIOGLU F, KALKANLI A, HASHEMIPOUR
M. Microstructural characterization of squeeze-cast Al-8Fe-
1.4V-8Si[J]. Materials Science and Engineering A, 2008, 405:
218-223.

ZHANG W W, LIN B, FAN J L, ZHANG D T, LI Y Y.

Microstructures and mechanical properties of heat-treated

Al-5.0Cu-0.5Fe squeeze cast alloys with different Mn/Fe ratio[J].

Materials Science and Engineering A, 2013, 588: 366—375.
ZHANG W W, LIN B, CHENG P, ZHANG D T, LI Y Y. Effects
of Mn content on microstructures and mechanical properties of

Al-5.0Cu-0.5Fe alloys prepared by squeeze casting[J].

Transactions of Nonferrous Metals Society of China, 2013, 23(6):

1525-1531.
ZHANG W W, LIN B, ZHANG D T, LI Y Y. Microstructures

[18]

[19]

[20]

[21]

(22]

[23]

[24]

(25]

[26]

[27]

(28]

and mechanical properties of squeeze cast Al-5.0Cu-0.6Mn
alloys with different Fe content[J]. Materials and Design, 2013,
52:225-233.

LIN B, ZHANG W W, LOU Z H, ZHANG D T, LI Y Y.
Comparative study on microstructures and mechanical properties
of the heat-treated Al-5.0Cu-0.6Mn-xFe alloys prepared by
gravity die casting and squeeze casting[J]. Materials and Design,
2014, 59: 10-18.

skoB, RUEEEE, BR W B AIRZIANIL Al-Fe S RIBTA[I].
SCE MR RLE S TR, 1992, 15(9): 1-5.

ZHANG Yong, HE De-ping, CHEN Feng. The research of the
microstructure of Al-Fe alloy treated by ultrasonic vibration[J].
Ordnance Material Science and Engineering, 1992, 15(9): 1-5.
MeooBh, RWRR, BB W 4R B IREIXT Al-17SixFe
O W BT FL R[], R AR IE R (e G, 2010,
31(11): 1012-1017.

LIN Chong, WU Shu-sen, ZHONG Gu, DAI Wei. Effects of
ultrasonic  vibration on morphology of iron-containing
intermetallic compounds in Al-17Si-xFe alloys[J].
Casting and Nonferrous Alloys, 2011, 31(11): 1012-1017.
LIN C, WU S S, LU S L, AN P, WAN L. Effects of ultrasonic
vibration and manganese on microstructure and mechanical
properties Al-Si with  2%Fel[J].
Intermetallics, 2013, 32: 176—183.

LIN C, WU S S, LU S L, AN P, WAN L. Microstructure and

Special

of hypereutectic alloys

mechanical properties of rheo-diecast hypereutectic Al-Si alloy
with 2%Fe assisted with ultrasonic vibration process[J]. Journal
of Alloy and Compounds, 2013, 568: 42—48.

LIN C, WU S S, ZHONG G, WAN L, AN P. Effect of ultrasonic
vibration on Fe-containing intermetallic compounds of
hypereutectic Al-Si alloys with high Fe content[J]. Transactions
of Nonferrous Metals Society of China, 2013, 23(5): 1245—1252.
ZHONG G, WU S S, JIANG H W, AN P. Effects of ultrasonic
vibration on the iron-containing intermetallic compounds of high
silicon aluminum alloy with 2% Fe[J]. Journal of Alloy and
Compounds, 2010, 492: 482—-487.

OSAWA Y, TAKAMORI S, KIMURA T, MINAGAWA K,
KAKISAWA H. Morphology of intermetallic compounds in
Al-Si-Fe alloy and its control by ultrasonic vibration[J].
Materials Transactions, 2007, 48(9): 2467—2475.

ZHANG Y B, JIEJ C, GAO Y, LU Y P, LI T J. Effects of
treatment on

ultrasonic the formation of iron-containing

intermetallic compounds in  Al-12%Si-2%Fe alloys[J].
Intermetallics, 2013, 42: 120—125.

KHALIFA W, TSUNEKAWA Y, OKUMIYA M. Effect of
ultrasonic treatment on the Fe-intermetallic phases in ADCI12 die
cast alloy[J]. Journal of Materials Processing Technology, 2010,
210:2178-2187.

ZHANG M, ZHANG W W, ZHAO H D, ZHANGD T, LI Y Y.
Effect of pressure on microstructures and mechanical properties
of Al-Cu-based alloy prepared by

Transactions of Nonferrous Metals Society of China, 2007, 17(3):

squeeze casting[J].



714

hEA SRR

2016 4F 4 H

[29]

[30]

[31]

[35]

496-501.
ZHANG M L, XING S M, XIAO L M. Design of process

overview[J]. Journal of Materials Processing Technology, 2000,

101: 1-9.

parameters for direct squeeze casting[J]. Journal of University of [36] Z'spif, BRWDG, SFARSE. MAKES BESERORM]. b
Science and Technology Beijing, 2008, 15(3): 339-343. 0 A TR AL, 2006.

THIRUMAL A M, MOHAN B, RAJADURAI A. Comparative LUO Shou-jing, CHEN Bing-guang, QI Pei-xiang. The
study of squeeze casting of AA6061 with and without employing technology of liquid forging and squeeze casting[M]. Beijing:
ultrasonic cavitations[J]. Applied Mechanics and Materials, 2014, Chemical Industry Press, 2006.

541/542: 349-353. [37] KAMGA H K, LAROUCHE D, BOURNANE M, RAHEM A.
DAI W, WU S S, LU S L, LIN C. Effects of rheo-squeeze Solidification of aluminum-copper B206 alloys with iron and
casting parameters on microstructure and mechanical properties solid additions[J]. Metallurgical and Materials Transactions A,
of AlCuMnTi alloy[J]. Materials Science and Engineering A, 2010, 41(11): 2845—2855.

2012, 538: 320-326. [38] XA, 75 VB X < S vk AR 4 M AH U R IR BT 5T (D). B
RUSS J C. Practical stereology[M]. New York: Plenum Press, W R, 2007,

1986. LIU Qing-mei. Research of ultrasonic treatment on solidfication
MONDOLFO L F. Aluminum alloys: Structure and properties[M]. characteristics and structure of metals[D]. Shanghai: Shanghai
London: Butterworths, 1976. University, 2007.

JuEE, A, BoRk, gk P R ALLi-Cu 54 [39] JIANA X, XUA H, MEEKA T T, HAN Q. Effect of power
AUy 2 VERE I SE [T, b B 4824 4R, 2014, 24(9): ultrasound on solidification of aluminum A356 alloy[J].
2307-2314. Materials Letters, 2005, 59: 190—193.

FAN lJian-lei, ZHENG Cheng-kun, LUO Zong-qiang, ZHANG [40] SALAS G F, NOGUEZ M E, RAMIREZ J G. Application of

Wei-wen. Effect of pressure on macro-/micro- structures and
mechanical properties of Al-Li-Cu cast alloy[J]. The Chinese
Journal of Nonferrous Metals, 2014, 24(9): 2307-2314.

GHOMASHCHI M R, VIKHROV A. Squeeze casting: An

secondary dendrite arm spacing-cooling rate equation for cast
alloys[J]. Transactions of the American Foundry Society, 2000,
108: 593-597.

Microstructure and mechanical property of
Al-5.0Cu-1.0Fe alloy treated by compound field

LUO Zhi, ZHANG Yang, ZHAO Yu-liang, ZHANG Wei-wen

(School of Mechanical and Automotive Engineering, South China University of Technology,

Guangzhou 510640, China)

Abstract: Compound field was firstly used to influence the solidification of Al alloy, and the effect of different field on
the microstructure and mechanical properties was investigated. The microstructure and micro-hardness of Al-5.0Cu-1.0Fe
alloy treated by compound field (combination of 50 MPa pressure field and 800 W ultrasonic field) were studied by
image analysis, scanning electron microscopy and electron probe micro-analysis. The results show that both 50 MPa
pressure field and ultrasonic field decrease the second dendritic arm spacing, thin and spread the second intermetallics.
Meanwhile, large amounts of iron-rich phases transform from acicular shape to Chinese script morphology. Compared
with the single field, the microstructure of the alloy treated by compound field is refined and modified more obviously.
The casting defects, such as porosity, are reduced more efficiently when 50 MPa pressure field is applied, and the alloy
applied compound field has the highest micro-hardness with the smallest volume percentage of porosity. The mechanism
of compound field was also preliminarily discussed, which results from ultrasonically-induced cavitation and acoustic
streaming effect and pressurely-induced pressure effect.
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