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Additive Manufacturing (robocasting, 3D 
printing, selective laser sintering)

Solid freeform fabrication of complex ceramic parts is mainly 
being explored by slurry additive manufacturing (“robocast-
ing”), which consists of extrusion of continuous filaments or 
rods to additively build complex porous scaffolds, mainly for 
bone tissue engineering. While slurry additive manufacturing 
has been investigated for fabrication of zirconia/alumina pros-
theses cores, the process is still too crude where fine control 
over final dimensions is required (Silva et al., 2011). More com-
monly, various combinations of bioactive calcium phosphate 
ceramic powders are processed into scaffolds for orthopedic 
applications (Miranda et al., 2006).

Such additive manufacturing is essentially a complex exam-
ple of ceramics powder processing in which water-based “inks” 
are developed with specific properties. First, these inks must 
have well-controlled viscoelastic properties such that they can 
flow through a deposition nozzle and then “set” to facilitate both 
shape retention and bridging of small gaps (i.e., be pseudoplas-
tic). Second, they need to contain high volume fractions of col-
loidal particles to reduce drying shrinkage and resist compressive 
stresses from capillary tension (Smay et al., 2002). These inks 
are often specific to the powders being processed, depending on 
particle size and distribution, and zeta potentials. Although com-
puters control build-up of the assemblies, all steps of colloidal 
processing of ceramics are utilized: (1) powder synthesis, (2) 
powder dispersion (or suspension), (3) powder consolidation, 
(4) removal of solvent and organic processing components, and 
(5) densification (Lewis, 2000). While one of the benefits of 
robocasting is the ability to fabricate complex shapes, limita-
tions for broad dental use include low packing density and a lack 
of uniformity of the greenwares fabricated, which limits control 
over final dimensional tolerances.

Ink production for robocasting involves controlling colloidal 
stability, i.e., control over interparticle potential energy—both 
attractive and repulsive using organic additives (and inorganic) 
for pH adjustments. For an excellent example of robocasting ink 
development, see Smay et al. (2002).

One modification of this method, using an inkjet printer, has 
been explored to fabricate crude prostheses, but the total process 
remains cumbersome, and significant defect introduction has 
been reported (Ebert et al., 2009). Layer-by-layer greenware 
build-up of a bioactive ceramic was demonstrated where part 
definition occurs by laser sintering of a binder included in the 
ceramic powder bed (Goodridge et al., 2006). In the opinion of 
the authors, other than for porous scaffold fabrication, ceramic 
additive manufacturing remains exploratory.

Concluding Remarks

The evolution of dental ceramics over the past 30 years has been 
most interesting from a biomedical engineering point of view. 
Introduction of zirconia ceramics has opened a wide range of 
all-ceramic applications unthinkable 30 years ago. The consen-
sus, however, is on caution in selecting highest product quality 
and strict respect of manufacturers’ recommendations, with 
special attention on sintering temperature. Interpenetrating 

phase composites show great promise as excellent attempts at 
reproducing tooth structure. Remarkable progress has been 
made in ceramic processing and development over the past few 
years. It is likely that further breakthroughs will occur in the 
near future.
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