830 B 2 FEHEEERFR

Volume 30 Number 2 The Chinese Journal of Nonferrous Metals

DOI: 10.11817/j.ysxb.1004.0609.2020-37517

- BT EE X HERHE AVCu NERB
7 E A LR RERYFZ N

O, BRI, RAW, BSF, HlA, AR

(B RHEORS: MOBBUE SRS B 5 s =, i 430074)

2020 4F 2 H
February 2020

B F: WU AR O KA IS AVCu X8 F AL TR BRI RENA,  FEXT AL/Cu XU ST R L
BTN . SRR W-REARRIEE D 3:1 I AVCu W @M BUCIE IR A ih 456, il LT
5:1 1, AlVCu X @ BHESL X AL B R B 4 & ERERESERMAIEI T, AVCu X4 & F i i
B AlLCuo /2, AICu JZ, ALCu EMILRRNZ 4 JZHRG FER-FEARPECE R, rh TS i A 18] S 4 AT 44 1
TR EOIEEE A, St N 2 A DU RS 4 384k . A/Cu FfIJZE HIREFEAE 140~190HV Z ), K&
B A, B V- T AR B OK, - AVCu XU @ AT BT DTSR B S 38N Je s, IFFEAE 7:1 IR B R K E

(81 MPa), HIIMN&JBHILEMAMCs))E K AW,

KEEIA): VORI, RE A AVCu SRR TR E: BD)SRAEE

SCEHRES: 1004-0609(2020)-02-0316-10

FE S TB33I1

XHERERS: A

BEERFHAR MW RIE, bk G L
PR TS T AR A TR ESR . & @ AR AT
DL & & 15 R AR [RDRE R 00 R o5 DASR A3 B A R i
e, LW T2 BIHORIRZ I EAP . AVCu 4R
MEHBEIE 45 A4 10 S B SIELT A AL RS2 R
2, ANTTLE S JE P RE SR I [R] N A Bk e T i, A1
JRAIIER, (ERZ%E. MRS, fEEm8. Rk
B AR AR S S T Z S RS . B ot
T RS AVCu W4 @i k0. [, 7E
P WA 1R AVCu WG JBARE,  RENS 45 A4 &
& FIMELTRIAE & S BUEE SRS, AR R
G, AR AR, [H, Al/Cu W4
JEATRHRIRT T IE 52 BRI 2 ) 23 o

HAT, AVCu X4 @R % 0510 3 E] 43 -
-2 AME R E k. E-EEA LW
AHAEED, HFrHEEY. PEE AL R EE
PR AR B A R T ZE 4, T
SRMBERKATRN T Z B RIS . F-RE A,
tlngs &b Al%iE . SRR T BE IS R E

SEREIE VAN S ETENY, @Rl 48 R
PR AR L, ST R R R . T RS
Vg LB AR IIR ], B RS sk
AR, AE AVCu W AR % 7 A R
WORIVR &R ST, IEHORBAZ BIRT FUEA N SGE . W
KB IE AN — TR, PRRIIE 5 B i
TR, BALHDE, RIHEERERIG, WM R Ik
TAFEERE R B R I AN S PG AR S S I 2R
WEGHIE T2, SR GG T AR AAT Tl
FEIOHE R fltn, ik S T e, R, fEREE
TR, BRI AR I SR A AR AT A R A SR THD
BRI RIE . EH AR SEL T, Bk
PR —NEENSH, LS Em R 7t
TPRAS = AL B Rl B B Al R i
Al AUVCu W @A RHBT TTE D>, 3T & 1R
HH AR SR B S B L R ST T BRAL IR A R i — PR R

ASCHETE T - AR X — 2RO AlVCu
AR AL RE R, N3RS 5 1 fE
LRI A/Cu X R R AL S .

HEH: B RN R R R RV B H (2018 YFE0313300); [E R H ARFHAHE & B BhIi H (51775204); 1464 SRR 225 4 ¥ BhIi H

(2017CFB488)
Wi EH: 2019-03-13; {&iTHHEA: 2019-09-02

BIEEE: oUW, BIEd%, Bt #HiG: 027-87540094; E-mail: wmjiang@hust.edu.cn



30552 B, S R-TERFR ELO I ARSI AL/Cu R4 JE S A SN RE ) sE 317

1 BT T R 1 [ - 2 & AUVCu X4 & 1
BHOSEIORE B . S2IeH T2 HkE 1B 7 T SR
N E &R, HRSFA d 10 mmX 50 mm, FFK
Fl A356 40& & TR . LT A S MS Ky
W 1 frsgl.

R SEITH A SRR

Table 1 Chemical compositions of experimental alloys

Mass fraction/%

Alloy

Si Ti Fe Mg Pb Cu Al
A356 6.81 0.017 0.205 0439 - - Bal.
T2Cu - - 0002 - 0.005 Bal -
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Fig. 1 Schematic illustration of LFC liquid-solid compound process setup
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Fig. 2 Interface morphologies of Al/Cu bimetal with melt-to-solid volume ratio of 3:1: (a) Macro-characteristics of Al/Cu bimetals;

(b), (c), (d) Interface microstructures of region ay, a,, az

2 mm
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Fig. 3 Macro-characteristics of Al/Cu bimetals with different melt-to-solid volume ratios: (a) 5:1; (b) 7:1; (¢) 9:1
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Fig. 4 Changes of melt-to-solid volume ratio versus thickness

of transition zone and the melting rate of Cu matrix
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Fig. 5 SEM interfacial images in three characteristic regions with different melt-to-solid volume ratios corresponding to Fig. 3
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Fig. 6 SEM interfacial microstructures and result of EDS near Cu substrate with different melt-to-solid volume ratio: (a)5:1; (b) 7:1,

(c) 9:1
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Fig. 7 Vickers-hardness curves and indentation images with different melt-to-solid volume ratio: (a) Vickers-hardness curves;

(b) 5:1; (c) 7:1; (d) 9:1
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Table 2 EDS results of Al/Cu bimetals

Area Mole fraction/% Interface

No. Al Cu Si component
1 37.74 62.26 - AlCug
2 49.34 49.63 1.03 AlCu
3 65.04 32.03 2.93 Al,Cu
4 37.12 62.88 - Al,Cug
5 51.13 48.87 - AlCu
6 66.11 33.89 - AlLCu
7 38.00 62.00 - Al,Cug
8 49.55 50.45 - AlCu
9 66.68 32.51 0.81 Al,Cu
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Fig. 9 Optical images of shear-fractured Al/Cu bimetals with
different melt-to-solid volume ratio: (a) 5:1; (b) 7:1; (c) 9:1
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Fig. 10 XRD pattern of fractured Al/Cu bimetal with
melt-to-solid volume ratio of 7:1
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Table 3 Standard heat of formation AH° and corresponding
effective heat of formation AH for IMCs

Phase Compound AH" AH/
concentration (kJ-mol D (kJ'mol ™)
Al,Cu Al0.66Cu0.34 —-13.05 —6.72
AlCu Al0.49Cu0.51 -19.92 —6.64
AlyCuy Al0.34Cu0.66 —21.69 -5.59
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ALCu HITFGETHFIEK, AN a( ADEL SEETK K
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Fig. 12 Schematic illustration of formation process of Al/Cu interface: (a) High-temperature interdiffusion between solid copper

and liquid aluminum; (b) Melting of surface of copper, formation of Cu enrichment zone; (c) Cu diffuses into Al alloy and formation

of diffusion zone; (d) Nucleation of a(Al) and primary Si at diffusion zone; (¢) Nucleation of Al,Cu at Cu substrate; (f) Formation of

AlCu and Al4Cug phase resulted by process of solid phase transformation
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Effects of melt-to-solid volume ratio on microstructures and
mechanical properties of Al/Cu bimetal interface in lost foam casting

GUAN Feng, JIANG Wen-ming, FAN Zi-tian, LI Guang-yu, JIANG Hai-xiao, ZHU Jun-wen

(State Key Laboratory of Material Processing and Die & Mould Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The effects of the melt-to-solid volume ratio (VR) on microstructure and mechanical properties of the Al/Cu
bimetal were studied, and the formation mechanism of the Al/Cu interface was discussed. The results show that the
metallurgical bonding cannot be formed when the VR is 3:1. When the VR rises above5:1, the interface zone begins to
form in part of the Cu substrate. The interfaces of the Al/Cu bimetals are composed of four different layers: Al;Cug,AlCu,
Al,Cu, and eutectic reaction layer. The hardness of the Al/Cu interface is between 140 and 190 HV. With the increase of
the VR, the microstructure of the eutectic reaction layer first becomes coarse, followed by refinement, due to the
combination of prolonged solidification time and the increased dissolution of Cu, and the shear strength of the Al/Cu
bimetal increases first and then decreases. When the VR is 7:1, it reaches a maximum of 81 MPa, and both of them break
from the intermetallic compounds(IMCs) layer.

Key words: lost foam casting; solid-liquid reactions; Al/Cu bimetal; interface; shear strength
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