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Abstract: Fe-Cr-Ni alloys were widely applied to produce aero-engine, industrial gas turbine and other
equipments because of their high temperature strength and toughness and creep resistance. In-situ
Al; O;/Fe-Cr-Ni composites were prepared by hot pressing sintering process and insitu synthesis
method. In order to reduce the effect of brittle phase on the properties of composites, the prepared
samples were kept in vacuum for 2 h at 1000 C. Effect of heat treatment on microstructures and
mechanical properties of Al,O;/Fe-Cr-Ni composites at room temperature was investigated by XRD
and SEM. The results show that Al,O;/Fe-Cr-Ni composites are mainly composed of Fe-Cr-Ni alloy
phase, Fe-Cr phase and Al,O; ceramic reinforcement phase. The Vickers hardness, bending strength
and fracture toughness of the hot pressed sintered samples are 4.16 GPa, 298.31 MPa and
8.04 MPa « m'*, respectively. Austenitic transformation of Fe-Cr phase in composites results in the
reduction of hardness to 2. 98 GPa through high-heat treatment at 1000 “C. The values of bending
strength and fracture toughness increase obviously with the increasing of the ductile phase contents in
the alloy matrix, which are 459. 33 MPa and 12. 81 MPa » m'?, respectively.

Key words: ceramic particle reinforced metal matrix composite; in-situ reaction; Fe-Cr phase; vacuum

annealing; performance
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Table 1 Enthalpy of thermite reactions between Al and

metal oxide species and Al, O; content in the composites

Sampl Oxid AH/ Mass fraction of
ampie M G emol ) ALO/ Y
Al, O3 /Fe-Cr-Ni CryO; —565. 45 22.7

F2 IBEEHMER

Table 2 Properties of the raw materials

Raw ' (%rain Purity/ % Molecular Dcnsityi/’ Méltinﬂg\
material  size/pm mass (geem %)  point/C
Al 75 99.9 27 2.70 660
Cry O3 75 99.9 152 5.21 2266
Fe 75 99.9 56 7.86 1538
Ni 75 99.9 59 8. 90 1453
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Fig. 1 XRD patterns of the samples before and after heat treatment (a)sintered sample; (b) heat-treated sample
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Table 3 Space group and elemental content

of sintered samples

PDF Space Mass fraction/ %
Phase N N
number  group Fe Cr Ni
Fe-Cr 34-0396  Im-3m  88.30 11.70
Feo. 7Cro. 19 Nio, 11 33-0397  Fm-3m 70.70 17.90 11.40
Feo, 36 Cro, 70 Niz. 90 33-0945  Fm-3m 8. 83 15. 60 75.57
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Fig. 2 Fe-Cr binary alloy phase diagram‘!"]
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Fig. 3 SEM fractographs of the composites before and after heat treatment (a)sintered sample; (b)heat-treated sample
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Table 4 Bending strength,hardness and fracture toughness

of sintered specimens before and after heat treatment

Bending Vickers Fracture toughness
Sample strength/ hardness/ (Ki¢)/

MPa GPa (MPa + m!'/?)
I -Al,O;/Fe-Cr-Ni  298. 31 4.16 8. 04
[-Al:O3/Fe-Cr-Ni  459. 33 2.98 12. 81
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