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Abstraet Implant prototypes with various porosities were fabricated by electro-discharge-sintering of atom-
ized spherical Ti-6A1-4V powders. Single pulse of 0.75 to 2.0 kJ/0.7 g-powder, using 150, 300, and 450 uF capac-
itors was applied to produce a fully porous and porous surfaced implant compact. The solid core formed in the
center of the compact after discharge was composed of acicular o+f grains and porous layer consisted of particles
connected in three dimensions by necks. The solid core and neck sizes increased with an increase in input energy
and capacitance. On the other hand, pore volume decreased with increased capacitance and input energy due to the
formation of solid core. Capacitance and input energy are the only controllable discharge parameters even though
the heat generated during a discharge is the unique parameter that determines the porosity of compact. It is known
that electro-discharge-sintering of spherical Ti-6A1-4V powders can efficiently produce fully-porous and porous
surfaced Ti-6Al-4V implants with various porosities in a short time less then 400 isec by manipulating the dis-
charging condition such as input energy and capacitance including powder size.
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Fig. 1. Schematics of electro-discharge-sintering.
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Fig. 2. Typical discharge curve measured from current
and voltage on oscilloscope (discharge condition: 300 pF,
1.5 kJ).
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Fig. 3. Typical power curve versus discharge time (dis-
charge condition: 300 uF, 1.5 kJ).
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Table 1. Heat generated (AH) during a discharge under
various conditions

Capacitance Input energy AH () powder size

(uF) (k) 50 - 100 um 200 - 250 um
150 0.75 503 640
150 1.0 967 840
150 1.5 1286 1478
150 2.0 1804 1702
300 0.75 508 605
300 1.0 870 845
300 1.5 1410 1306
300 2.0 1827 1911
450 0.75 616 580
450 1.0 883 828
450 1.5 1322 1466
450 2.0 1993 1876
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Fig. 4. (a) SEM image of EDS compact and (b) magnified from Fig. 4(a) (discharge condition: 200~250 pum, 450 uF, 0.75

KJ).
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(b)
Fig. 5. Cross-section view of EDS compact discharged at
(a) 0.75 kJ and (b) 1.0 kJ (discharge condition: 200-250
pm, 450 uF).
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Fig. 6. Typical optical micrographs of (a) the solid core of
EDS compact and (b) powders in porous layer (discharge
condition: 50~100 pm, 300 uF, 1.5 kJ)

Table 2. Porosity of compacts fabricated under various
conditions

Capacitance  Input energy Porosity (%)

(uF) (k) powder size (200~250 um)
300 0.75 39.7
300 1.0 38.5
300 1.5 30.1
300 20 222
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Fig. 7. Solid core size versus input energy at constant
capacitance in terms of two powder size classes.
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Fig. 8. Normalized representation of solid core size versus
heat generated during a discharge for two particle size
classes.
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Fig. 9. Normalized representation of neck size on the
porous layer versus heat generated during a discharge for
two particle size classes.

Fig. 10. Typical cross section view of compacts which were
immersed into the paraffin solution followed by drying.
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Fig. 11. Amounts of paraffin infiltrated in sintered com-
pact versus input energy at a constant capacitance of 150
F.
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