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Fig. 1 SEM images of raw material
powders: (a) Al; (b) Cu; (c) Al-50Mg;
(d) Al-12Si; (e) Sn
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Fig. 2 Microstructures of quenched PM alloys after sintering at 460 ‘C for 30 min: (a) SEM image at low magnification; (b) High

magnification image of AI-Mg-Si-O structure; (c) Diffusion boundary between Al and Cu particles
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Fig. 3 Microstructures of quenched PM and MIM alloys after being sintered at 560 C for different time: (a) PM, 0 min; (b) PM, 30

min; (¢) MIM, 0 min; (d) MIM, 30 min
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Fig. 4 Microstructure of grain boundary(a) and its EDS spectra of PM aluminum alloy((b1), (b2))
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Fig. 5  Microstructures of quenched PM and MIM aluminum
alloys after being sintered at 600 ‘C for 60 min: (a) PM

aluminum alloy; (b) MIM aluminum alloy
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2.2 FALBERERRRHL SIS

BB R EAL I B R R S0 B PM 4B & U e
EETiE. HAT, —MOAA Mg o T LSRN R T
(AR S5 A i Mg AL O, AL &4, MTTT I8 311 4 4
PRI, YAN Z557E Al-Mg-Si-Cu 442 1 5 S kb R TR
T AL-Si-O fb&9, #HEW Si thn] G bR E AL B A

6 AlCuMgSi &4 & AW E) TEM 4 K SAED i

Fig. 6 TEM images and SAED patterns of grain boundary phases in AlICuMgSi alloy: (a) MgAlL,O,4 phase;

Al-Si-Cu-O phases
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B, MAAER 2 B8 o A (W R RORL AR, A8 T
IERZ AR, mEEEHCN a=0.7553 nm, 5=0.8273 nm,
¢=0.5660 nm, HiE N AlLSiOs. AN, &I AHR
FHRE BELR TG E TR AL-Si-Cu-O AH. iR & FHfERE 7y
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AR EBFET MgALOy. ALSiIOs PLA T E )
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23 REHIER Sn ZEX MIM 548 & MWBELLF

HF M RERI R
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H0v 0.2%. 0.5%. 1% 2%(FED%, FH). HE
T@)F W, REEEERT 600 CH, &Hr& 4
EIEBMEE RS R E T m s, R
600~620 C I, & & Ekedt 8U% AT R AL

(b) ALSiOs and

Table 1 Composition of grain boundary phases of AICuMgSi alloy produced by MIM techniques

) Mole fraction/%
Technique No. Phase -
Al Mg Si Cu (6]
MgAl,O4 42.52 13.33 2.51 1.20 40.43
ALSiO;s 17.18 2.88 11.38 0.59 36.16
3 Amorphous Al-Si-Cu-O 32.01 0.00 13.35 10.07 44.56
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- % %
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Fig. 7 Effect of sintering schedule and Sn content on relative density of AlICuMgSi alloys: (a) Sintering temperature and Sn content;

(b) Holding time

8 600 CHELIRL T ANF Sn & &
AlCuMgSi & & HIkeas iR
Fig. 8 Microstructures of AICuMgSi

alloy with different Sn sintering at
600 C: (a) 0 Sn; (b) 0.2% Sn; (c) 0.5%
Sn; (d) 1.0% Sn; (e) 2.0% Sn
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= Y ¥
200 |-
175 B 1 1 1 1 1
0 0.5 1.0 1.5 2.0
Mass fraction of Sn/%
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Fig. 9 Effect of Sn content and solid solution treatment on

en

[39)

[N}

W
T

tensile strength of AlCuMgSi alloys

uMgSi 5 <5 ([ VA 2H 3 [ ¥ I e T 11 T2 35

Fig. 10 Microstructures((a), (b), (c)) and fracture morphologies((d), (e), (f)) of AlICuMgSi alloy with different Sn contents after

solid solution treatment: (a), (d) 0Sn; (b), (¢) 0.5%Sn; (c), (f) 2.0%Sn
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RIMAMWME N, MTIAEFR AL, Cu Al Si 3%
MVRAHTEROCER s R A SI0% Sn IR INT BRI &
SWMRRENK S, BEREEGEEE.

2) PM 1 MIM #5864 & W BUEE LIS TR 7 3 /N8
ZALBY B : B4 BTN B AN ) 1 T 00 R S HE I R,
IR 45 T S R A A A — T AT LA A ) ST B
T2, PLRCRRES R B d kKK SR A FLER IR Fe i 72
5 MIM & & MBS R RHET PM 264
i

3) kR A EACE R S, TR R T
MgALO, ALSIOs LK TG E T 1 Al-Si-Cu-O 5546 &4
H, ARG RS R E SR H XK.

4) B4 0% SnIfE X MIM 286 & IO 2H 21
kR B B, D& Sn IRINE it T4
EMRETEN, 2 Sn FREIT 0.5%0, A&
FEREE Sn WIEINAE S, JIEMERE BB S E:
Sn &P, BU% BB KA B, (|
& Sn BB 8L T & &M 1% MR 2 Sn &
TN 0.5%M], G 4 B0 FEAPLR R A B e, be
GERUE ST 98%, PURISRECH 224 MPa, [V AL
JEPthi s B v IA F] 350 MPa.
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Metal injection molding of Al-Cu-Mg-Si alloy

DU Zhi-yuan', WU Mao" >3, QIU Ting-ting', QU Xuan-hui'">?

(1. Institute for Advance Materials and Technology,
University of Science and Technology Beijing, Beijing 100083, China;
2. Beijing Laboratory of Metallic Materials and Processing for Modern Transportation,
University of Science and Technology Beijing, Beijing 100083, China;
3. Beijing Key Laboratory for Advanced Powder Metallurgy and Particulate Materials,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Al-Mg-Si-Cu alloy was prepared by metal injection molding (MIM) techniques using pure Al, Cu, Sn element
powder and binary Al-Mg, Al-Si powder, the microstructure evolution and densification mechanism were studied
compared with conventional press-and-sinter powder metallurgy techniques (PM). The results show that the sintering
densification process of MIM and PM aluminum alloy can be mainly divided into three stages: the first stage is dominated
by primary rearrangement, the second by solution-reprecipitation and the third by pore filling. The densification process of
MIM aluminum alloy is apparently slower than that in PM aluminum alloy. The oxygen mainly exists in MgAL,Oy,
Al,SiOs and Al-Si-Cu-O compounds after the oxide film was ruptured, suggesting that the mechanism of the oxide film
disruption is related to the local alloy composition. The addition of small amount of Sn could significantly increase the
sintering density by lower the surface tension of sintering liquid, but higher Sn content can adversely affect the
mechanical properties of the MIM aluminum alloy. When the Sn content is 0.5% (mass fraction), the sintering density of
the MIM aluminum alloy is higher than 98%, and the tensile strength reaches 350 MPa after the solid solution treatment.

Key words: aluminum alloy; metal injection molding; liquid phase sintering; microstructure evolution; mechanical

properties
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