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Simultaneous Synthesis and Densification of NiSi, and NiSi,-20vol.%Nb
Composite by Field-Activated and Pressure-Assisted Combustion
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Department of Materials Engineering, Research Institute of Industrial Technology,
Chonbuk National University, Chonbuk, 561-756

Abstract A method to simultaneously synthesize and consolidate the silicide NiSi, and the composite NiSi,-
20vol.%Nb from powders of Ni, Si, and Nb was investigated. Combustion synthesis was carried out under the combined
effect of an electric field and mechanical pressure. The final density of the products increased nearly linearly with the
applied pressure. Highly dense NiSi, and NiSi,-20vol.%Nb with relative densities of up to 97% were produced under
the simultaneous application of a 60MPa pressure and a 3000A current on the reactant powders. The respective
Vickers microhardness values for these materials were 6.0 and 5.8 GPa. From indentation crack measurements, the

fracture toughness values for NiSi, and NiSi,-20vol.%Nb were calculated to be 3.3 and 4.7 MPa-m'?, respectively.
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Fig. 1. Schematic diagram of field-activated and pressure-
assisted combustion synthesis and densification.
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Table 1. Processing parameters for field-activated and pre-

ssure-assisted combustion synthesis and densification of
NiSi, and and NiSi,-20vol.%Nb composite.

Parameter Applied value
Vacuum level 2 x 10%torr
Applied pressure 10~60MPa
Voltage 18V
Current 3000A
Duration 1min
Heating rate 1200°C/min
Maximum temperature 800°C
Cooling rate 600°C/min
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Fig. 2. Variation of shrinkage displacement rate and tempe-

rature with heating time during synthesis of NiSi,(a) and

NiSi,-20vol.%Nb(b) by 60MPa pressure-assisted and 3000

A field-activated combustion.
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Fig. 3. XRD patterns of the Ni+2Si system heated to 630
°C (a) and heated to 690°C(b).
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Fig. 4. SEM image and X-ray mapping of Ni+2Si compact
heated to 630°C: (a) SEM image of reactant; (b) X-ray mapp-
ing : Ni; (¢) X-ray mapping : Si.
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Fig. 5. SEM image and X-ray mapping of combustion syn-
thesized NiSi,: (a) SEM image of product; (b) X-ray mapp-
ing : Ni; (c) X-ray mapping : Si.
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Fig. 6. XRD patterns of the Ni+25i+20vol.%Nb system
heated to 650°C (a) and heated to 700°C(b).
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Fig. 7. SEM image and X-ray mapping of Ni+2Si+20vol.%Nb compact heated to 670°C: (a) SEM image of reactant; (b) X-
ray mapping : Ni; (¢) X-ray mapping : Si; (d) X-ray mapping : Nb.

Fig. 8. SEM image and X-ray mapping of combustion synthesized NiSi,-20vol.%Nb: (a) SEM image of product; (b) X-ray
mapping : Ni; (¢) X-ray mapping : Si; (d) X-ray mapping : Nb.
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Fig. 9. Variation of relative density of NiSi, and NiSi,-20
vol%Nb composite with compressive pressure.

Fig. 10. 10 Kg Vickers microhardness indentations in (a)
pure NiSi, and (b) 20vol.%Nb-NiSi, matrix composite.
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Fig. 11. Indentation raidal crack in the 20vol.%Nb-NiSi,
matrix composite.
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