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Mechanical properties of B,C ceramics fabricated by a spark plasma sintering
process
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Abstract B,C ceramics were fabricated by spark plasma sintering process and their sintering behavior, microstructure and
mechanical properties were evaluated. Relative density of B,C ceramics were obtained by spark plasma sintering method
reached as high as 99% at lower temperature than conventional sintering method, in addition, without any sintering
additives. The mechanical properties of B,C ceramics was improved by a methanol washing process which can be removed
B,0; phase from a B,C powder surface. This improvement results from the formation of homogeneous microstructure
because the grain coarsening was suppressed by the elimination of B,0, phase. Particularly, fracture toughness of the
sintered specimen using a methanol washed powder improved over 30 % compared with the specimen using an as-received
commercial powder.
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Table 1
Characteristics of B,C powder

18 m’/g

D 90 % of particles <3.0 um
D 50 % of particles <0.8 pm
D 10 % of particles <0.2 pm
Max. 1.7 wt% of O

Max. 0.7 wt% of N

Max. 0.05 wt% of Fe

Max. 0.15 wt% of Si

Max. 0.05 wt% of Al

Max. 0.5 wt% of other

Specific surface area
Particle size

Impurity levels

Total boron 75.65 wt%
Total carbon 21.2 wt%
B/C molar ratio 3.7
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Fig. 1. Densification behavior of B,C powders during spark
plasma sintering process.
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Fig. 2. Variation of relative density of commercial and methanol
washed samples with the sintering temperature.
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Fig. 3. XRD patterns of commercial B,C powder, methanol
washed powder and sintered specimens at 2000°C using each
powder (B: B,C, C: carbon-graphite, O: B,O;).
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Fig. 4. Average grain size of sintered specimens using as-received
commercial and methanol washed B,C powder.
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Fig. 5. SEM images of B,C etched surface using commercial powder.
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Fig. 6. SEM images of B,C etched surface using methanol washed powder.
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Fig. 7. Variation of Vickers hardness of commercial and methanol
washed specimens with the sintering temperature.
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Fig. 8. Variation of fracture toughness of commercial and
methanol washed samples with the sintering temperature.
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