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In the context of ceramic manufacturing, additive manufacturing or 3D printing
creates new opportunities and perspectives, allowing the fabrication of parts with complex
shapes, which by traditional means would be impossible to produce or would be very
expensive [1]. This is the case for dinnerware and artworks (stoneware, porcelain and
clay-based products).

After piece forming, the greenware is gas or electrically fired at high temperatures
to achieve its mechanical strength and aesthetic properties. These conventional firing
processes usually require long processing times, in the present case taking 10 h to reach
temperatures around 1200 ◦C [2].

In the search for faster firing processes, small size and cup shaped 3D printed stoneware
pieces were fired using microwave radiation as the energy source. As microwave radia-
tion has the potential to penetrate the material to be sintered, volumetric heating can be
achieved, and faster firing processes are possible to implement without cracks formation
and other thermal related defects.

Pieces were fired in 10% of the conventional manufacturing time in a six magnetrons
(energy sources) microwave furnace [3]. The microwave, the electrically-fast-fired and
conventionally-fired pieces are presented in Figure 1. The conventionally-fired pieces are
seen as reference samples.

Temperature was controlled through a calibrated pyrometer [3], and using Process
Temperature Control Rings (PTCR) the temperature of the pieces of (1207 ± 15) ◦C was
determined. An error of only 1.25% was calculated between the temperature measured by
the pyrometer and the PTCR in the piece where the pyrometer is measuring the temperature.
The PTCR elements give a better representation of the real heating process at its location,
concomitantly of each piece when they are placed inside it.
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(a) Microwave (b) Electrically fast-fired (c) Electric conventionally fired 

Figure 1. Photograph of (a) microwave-fast-fired (87 min), (b) electrically fast-fired (87 min) and (c) 
electric conventionally fired (10 h) fully glazed pieces at 1200 °C. 

Temperature was controlled through a calibrated pyrometer [3], and using Process 
Temperature Control Rings (PTCR) the temperature of the pieces of (1207 ± 15) °C was 
determined. An error of only 1.25% was calculated between the temperature measured by 
the pyrometer and the PTCR in the piece where the pyrometer is measuring the tempera-
ture. The PTCR elements give a better representation of the real heating process at its lo-
cation, concomitantly of each piece when they are placed inside it. 

The results show that microwave-fast-fired pieces present comparable mechanical 
strength to the references (10 h electrically fired) and to the electrically fast-fired pieces 
(41, 46 and 34 (N/mm2), respectively), and present aesthetic features closer to the reference 
ones. Porosity quantification does not fully agree with the mechanical strength of the 
pieces, of ~5% for electrically fast-fired, ~9% for the references and ~4% for microwave-
fired ones.  

Overall, microwave heating can be used as an alternative stoneware firing technol-
ogy, without compromising its quality and features with gains in the manufacturing time. 
Another advantage attributed to microwave heating is the reduction in the firing temper-
ature, as claimed by the literature [4,5]. However, this possibility still requires confirma-
tion in 3D-printed stoneware. 
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Figure 1. Photograph of (a) microwave-fast-fired (87 min), (b) electrically fast-fired (87 min) and
(c) electric conventionally fired (10 h) fully glazed pieces at 1200 ◦C.

The results show that microwave-fast-fired pieces present comparable mechanical
strength to the references (10 h electrically fired) and to the electrically fast-fired pieces (41,
46 and 34 (N/mm2), respectively), and present aesthetic features closer to the reference
ones. Porosity quantification does not fully agree with the mechanical strength of the pieces,
of ~5% for electrically fast-fired, ~9% for the references and ~4% for microwave-fired ones.

Overall, microwave heating can be used as an alternative stoneware firing technology,
without compromising its quality and features with gains in the manufacturing time. An-
other advantage attributed to microwave heating is the reduction in the firing temperature,
as claimed by the literature [4,5]. However, this possibility still requires confirmation in
3D-printed stoneware.
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