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REVIEWEI
Abstract

Dental porcelain materials have been used widely in dental restorations such as crowns,
veneers and onlays. In this study, a commercial dental-grade porcelain powder (IPS InLine Dentin)
was investigated for compatibility with 3D printing. An extensive experimental study was carried
out to evaluate the effects of various in-process and post-process parameters on the geometrical
accuracies and porosities of the dental porcelain structures, and optimal process parameters were
determined that result in homogeneous shrinkage and minimized part distortions. This study
established a practical guideline for the direct fabrication of dental porcelain structures, which
enabled further development of this material that focused on performance improvement.

1. Instruction

Traditionally, ceramic dental restorations produced using processes, such as hot/cold
isostatic pressing (HIP/CIP), sintering or slip casting processes (Li and Liao, 1996, Itoh et al. 1994)
generally have limited accuracy and capabilities for product customization, which has gradually
become the trend. With the generation and development of CAD/CAM methods, these processes
have been commonly used for fabricating dental structures due to high accuracy (Denry and Kelly,
2008, Martorelli, 2013, Mohanty, 2013).In the CAD-CAM process, the starting feedstock is
usually a block of material that is usually significantly larger than the part to be made, therefore
this also creates a considerable amount of waste. Additive manufacturing (AM) provides a
promising method to produce dental restorations (Gibson et al., 2009). In addition to their abilities
to fabricate parts directly from the digital model, AM technologies also offer some other potential
advantages such as higher geometrical accuracy control, mass customization and rapid production.
Currently there exist limited research and development work focused on functional ceramic
fabrication with AM, and the use of AM technologies in dental applications is largely focused on
the production of prototypes and molds, and the direct manufacturing of metal dental implants
(Wuetal., 2001, Azari et al., 2009). However, studies in this area have demonstrated the feasibility
of direct manufacturing of high quality ceramic structures using AM. Wang et al. fabricated
permanent dental restorations via a micro-extrusion process using slurry materials (Wang et al.,
2006). It was reported that a direct write based printing process can be applied for the fabrication
of zirconia dental prostheses (Ebert et al., 2009), and a powder-binder system was used for patient
specific implants and scaffolds (Khalyfa et al., 2007, Lam et al., 2002). Compared to other
processes, the 3D printing (3DP) binder jetting process possesses various advantages for ceramic
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Fig. 25 Linear shrinkage in X, Y and Z directions

For comparison purposes, a cubic specimen with the same dimensions was also fabricated
with the standard method currently used in dentistry. The specimen was made by manually forming
the cubic shape from the wetted InLine porcelain powder, which was then sintered using the
standard firing schedule (900 °C for 1 minute, heating rate 500 °C/hour). Fig. 26 shows the sintered
specimen. The geometrical accuracy of the fabricated specimen was not very good, which might
be caused by the manual manipulation during the fabrication. The porosity of this specimen was
3.3%, which was lower than the ones fabricated using the 3DP process. Fig. 27 shows the
distribution of pores under optical microscopy, and the image confirmed its lower porosity.

Fig. 26 A cubic specimen fabricated by a standard manual method
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Fig. 27 Microstructure of the ‘Eube specimenﬂi‘.abricat'éd by a standard manual method



6. Summary and Conclusion

As one of the less well understood types of AM processes, the 3DP process has a number

of control parameters that can significantly affect the fabrication quality. The experimental study
performed in this paper successfully revealed the relationships between these parameters and the
geometrical accuracy and microstructure of the final parts for a dental porcelain ceramic powder.
More specifically, some of the conclusions from this study can be directly applied to further
development with this material:

1)

2)

3)

4)

5)

6)

7)

8)

Flow agent had a significant effect on aggregation reduction, and improved flowability
significantly for the printing process.

When saturation was set above 60%, the green parts began to deform under the friction of
the roller. But when saturation was as low as 45%, the binder could not provide enough
strength to bind the powder. Additionally, saturation had a significant effect on the pores
of sintered parts in micrographs. The pore diameters decreased as the saturation level
increased, while total porosity did not seem to be significantly affected.

Power level does not have a significant effect on geometry and microstructure of the
green and final parts.

Effect of temperature: When distortion does not occur, linear shrinkage in horizontal
directions increases as the temperature increases. At higher temperature, parts are more
likely to exhibit gravity induced distortion, therefore reducing the accuracy of the part.
Effect of holding time: Holding time has a very mild effect on the linear shrinkage and
porosity of the parts. At higher temperature levels, longer holding time could result in
significant distortion of the parts. On the other hand, the surface finish could be improved
with longer holding time.

Effect of heating rate: Overall heating rate has a significant effect on the linear shrinkage
of the parts, which is primarily caused by the amount of sintering at different heating
rates. At very rapid heating rate (5000°C/h), longer holding time would be necessary in
order to avoid insufficient sintering.

The optimum process parameters obtained from the cubic specimens were successfully
applied to a thin-walled dental crown prosthesis, which exhibited good agreement of
linear shrinkage values in all three directions.

Binder jetting 3DP processes can produce better dimensional accuracies compared to the
current standard fabrication methods. However, the higher porosity level in the final parts
might affect the mechanical performance of the dental ceramic structures produced by
3DP, which needs to be characterized in further studies.
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