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Microstructure and properties of aluminum matrix composites
fabricated by in-situ reaction between multi-oxide and aluminum
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Abstract: Al,O; particles reinforced ZL109 aluminum matrix composites were investigated by scanning electron
microscopy (SEM), energy dispersive spectroscopy (EDS), X-ray diffractometry (XRD), transmission electron
microscopy (TEM) and tensile strength test. The results indicate that small size (about 0.1 pm) Al,O; particles formed by
in-situ reaction between multi-oxide and aluminum distribute uniformly in the matrix, and the orientation relation
between Al,O; and matrix is (001)4a1y//(010)4.a1,0,and [110]4a1//[001]4. 41,0, After T6 heat treatment, the intermetallic
compounds accompany with in-situ reaction uniformly disperse in the matrix and exist in the form of AlsFeSi, FeCr,
Mg,Si, Al3Ni, Al,Cu and Al,CuyNi phase. Composite tensile strength can reach 163.4 MPa, improves by 7.9% than that
of the matrix. With the increase of Al,O; particles, the fracture mechanism of the composites at 25 C changes from
ductile fracture to cleavage fracture, and then to transgranular fracture, while at 300 ‘C, the brittle fracture changes to
ductile fracture.
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Table 1 Chemical compositions of ZL109
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Fig. 1 Schematic diagram for tensile testing samples (Unit:

mm)
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Mass fraction/%

Alloy No.
Fe Cu Cr Si Mn Mg Ni Al
1 0.400 0.933 0.003 6 12.66 0.011 0.728 0.936 Bal.
2 0.517 1.069 0.076 3 12.69 0.011 0.700 0.967 Bal.
3 0.598 1.136 0.1332 12.67 0.011 0.591 0.908 Bal.
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Fig. 2 Microstructure of briquetting soaked at 800 ‘C for

60 min
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Fig. 3 FESEM image of Al,O;
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Fig. 4 TEM images of Al,0s: (a), (b) Al,Oj; particle; (c) Lattice fringe image
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Fig. 5 Distribution of Al,O; in ZL109: (a) AL,O; particles; (b) Diffraction spots
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Table 2 Phase compositions of Al-Cu-Fe-Mg-Ni-Si Alloy™”!

Phase Composition (mass fraction, %)
Al3Ni 42Ni
Al,Cu 52.5Cu
Mg,Si 63.2Mg; 36.8Si
Al;CuNi(Al;Ni,) 30Ni; 31Cu
ApCusNi 38.7-50.7Cu; 11.8—22.2Ni
AFeNi 4.5—14Fe; 18—28Ni
AjsFeSi 25—30Fe; 12—158Si
AlgFeMg;Sig 10.9Fe; 14.1Mg; 32.9Si
Al;Cu,MgsSig 20.3Cu; 31.1Mg; 27Si
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Fig. 6 SEM image(a) of briquetting soaked at 800 ‘C for 120 min and EDS results of Fe-rich(b), Cu-rich(c) and Cr-rich(d) phases
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Fig. 7 Effect of copper on volume fractions of phases in alloys

containing 13%Si, 1%Mg and 1%Ni at room temperature!'”

Mg,Si, 24 Cu Wi s 1%, ALNi Az 8
K, ALCuNi AHZHH I, 11 Mg,Si A& m s

2.3 SEMRIMAFENE

xR G ﬁ%%@ﬁm@ﬁ P e 2 2R
Wiz 3 fron. H#FE 3 040, ZL109GE 1 &4 DIE
25 F1300 °CHIPLAR RT3 4 367.5 H1151.4 MPa;
a4 2 M iR a2 360.5 Al 155.6



392 A G A R

201442 H

n— Al o— Mg,Si

a—Si *— ALNi

o— ALO; Y— AlLCu

*— AlsFeSi v— Al,CuyNi
N o o*— FeCr a

10 20 30 40 50 60 70 80 90
260/(%)
B8 *1%&<w3 1 XRD ik
Fig. 8 XRD patterns of alloy 3 shown in Table 1
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Table 3 Mechanical properties of ZL109 alloy at different

temperatures
25°C 300 C
Alloy No.
o,/MPa &l% o,/MPa &l%
1 367.5 1.1 151.4 5.7
2 360.5 0.9 155.6 6.2
3 355.0 0.3 163.4 5.4

P 9 P by S e R 19 9 ) ZL109 245 #4 )
R Rl T LTS S R AR T 1 R )

B9 ZL109 A& Al O SEM 1%

Fig. 9 Tensile fracture SEM images of ZL109 alloy 1(a), alloy 2(b), alloy 3(c) at 25 C and alloy 1(d), alloy 2(e), alloy 3(f) at

300 C
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