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The proposed method is a combined technology of SPS

Pressure with rapid prototyping or layered manufacturing. A
Alignrgent sheet of titanium powder is formed as thick as about
temporg:‘yjoining L1 pulse 150 pm by the mask printing method. The sheet is
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Basic properties of sintered part by SPS
has St s e & Rate of shrinkage
s AL i 46-52 % (Total of SPS process)
5-11 % (By sintering)
Rate of expansion
4.7-5.0 % (¢14.31+0.02 - $15 mm)
Sintering temperature-independent
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(a) 650 (b) 700 14 % (Sintering temperature: 650 )
Cross-sectional SEM micrograph of sintered titanium sheet 8 % (Sintering temperature: 700 )




Fabrication of interconnected pores

In order to investigate the feasibility of generating interconnected pores, experiments were carried out under
the sintering conditions listed in the table. As a result, the use of NaCl powder is essential for producing macro
pores, playing a role of a spacer during sintering. Dimensional accuracy of pores was evaluated by using a
stack of 10 piece titanium-sheet with a changing pore size of 0.5-4.0 mm. It is found that pores with set values
can be realized, and the size of pores is adjustable by taking shrinkage into consideration.
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Fabrication of open-cell and closed-cell structures

The models shown below were sintered using 100 pieces of titanium sheet and NaCl powder. Each green sheet
was cut by laser, so as to have designed porous structures. Both open-cell and closed-cell structures are
retained after sintering. The size of pores can be controlled by setting preset values in the green sheet to
compensate shrinkage during sintering. There is a tendency that the rate of shrinkage becomes large at the
layers with large pores in the case of fabricating the open-cell structure.
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Conclusions

(1) For the purpose of fabricating porous biocompatible implants, a combined technology of spark plasma
sintering with rapid prototyping or layered manufacturing has been proposed. The novelty lies in the laser
cutting of pre-formed titanium powder-sheet and the use of NaCl powder during sintering.

(2) Micro pores of around 20 pum can be produced under a sintering temperature of below 650

(3) Interconnected pores or macro pores of around 2 mm are successfully fabricated using the NaCl spacer.

(4) Both open-cell and closed-cell structures can be designed and assembled with the proposed method.

Future work
Produce three-dimensional implant shape
Evaluate mechanical properties and
biocompatibility
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