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Abstract Digital ink-jet printing technology using ceramic ink, which is thermally stable at high temperature above
1000°C, has an advantage of eco-friendly process applicable to manufacturing products with an excellent durability and
various designs. Recently, replacement from conventional manufacturing process to digital process using ink-jet printing
technique has been significantly accelerated in ceramic tile industry. In this study, we investigated ink-jet printability of
ceramic ink on ceramic tile. Cyan, magenta, yellow, black ceramic inks, which are digital primary color of ink-jet printing,
were printed on glazed surface of ceramic tiles, and their printabilities were comparatively analyzed. High temperature
sintering process is generally required for manufacturing ceramic products, thus effect of sintering process on printed
pattern of ceramic ink was also investigated by analyzing ink penetration depth and ink dot area.
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Table 1
Properties of CMYK ceramic inks
Cyan Magenta Yellow Black
Crystal structure Co-Si-O (Olivine) Ca-Sn-Si-O (Malayaite) Zr-Si-Pr-O (Zircon) Co-Fe-Cr-O (Spinel)
Particle sizn (nm) <300 <300 <300 <300
Surface tension (mN/m) 28.78 27.01 28.66 28.19
Viscosity (mPa - s) 27.38 28.15 26.46 27.31
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Fig. 1. Optical images of (a) roller hearth kiln and (b) body,
(c) engobe, (d) glaze of ceramic tile specimens.
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Fig. 2. SEM images of (a) surface, (b) cross section of printing paper and (c) surface, (d) cross section of glazed ceramic tile.
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Fig. 3. Cross sectional microscope images of commercial (a, b) and prepared (c, d) ceramic tiles.
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Fig. 4. Microscope images of ink-jet printed pattern on ceramic tile using (a) cyan, (b) magenta, (c) yellow, (d) black ceramic inks
before sintering.

Table 3
Penetration depth of ceramic ink into glazed layer of ceramic tile

Cyan Magenta Yellow Black
Ink penetration (um)  20.04  21.41 16.87 27.36
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Fig. 5. Microscope images of ink-jet printed pattern on ceramic tile using (a) cyan, (b) magenta, (c) yellow, (d) black ceramic inks
after sintering.

Table 4
Ink-jet printed dot area of CMYK ceramic inks on glazed surface of ceramic tiles before and after sintering
Cyan Magenta Yellow Black
Ceramic ink dot area before sintering (um”) 29,880 24,473 26,998 32,338
Ceramic ink dot area after sintering (um®) 36,326 30,475 38,770 39,009
Variation of ceramic ink dot area (%) 21.6 24.5 43.6 20.6
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Table 5
Glossiness of ink-jet printed surface of ceramic tiles
Cyan  Magenta  Yellow  Black
Glossiness (GU) 85.5 88.2 85.9 83.0
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