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ABSTRACT

Over the past decade, the feasibility of using ink-jet printing for the decoration of porcelain tiles has been explored, and significant
advances have been made regarding the technologies underlying printing system and materials. An ink-jet printing system for porcelain
tiles has many advantages compared with a conventional printing system, including the following: (1) it is a digital process; (2) it uses
non-contact printing; (3) it allows random image generation; (4) it is a highly efficient process (reduced production cost); (5) it offers
massive and continuous production; and (6) it uses inorganic pigment colorants. For these reasons, ink-jet printing systems for
porcelain tiles have been commercialized and are at present rapidly spreading toceramics-leading countries such as Spain, Italy, China
and Japan. We also developed a proprietary system involving a piezo-electric drop-on-demand method and an ink-circulation step. The
resolution of this system is greater than 360 dpi after a heat treatment and the maximum printable width is 600 mm, even when setting
the printing head unit with four digital colors (cyan, magenta, yellow, and black). In addition, we systematically developed ceramic
colorant-containing inks and tile-printing technology applicable to our ink-jet printing system.
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Fig. 1. Schematic diagram of ink-jet printing process for
ceramic tiles.

Ink-jet printer

@ Ink-jet print module

® Print head

® Motion system

® Printing layout and flow

® Recirculating fluid controller

® Substrate

® Photoshop design

® Color management

® Printing variable (speed, # of layers)

® Firing condition (temperature, heating/cooling rate)

® Automated print-head maintenance

]

Ceramic inks

@ Inorganic nano-pigments

® <200 nm

©® Thermal stability (up to 1000°C)
® Glazed stability

@ Stability for inks

Technical Issues of
Ink-jet printing ceramic tile

Examination

® Visual examination

® Microscopy

® Machine vision / software

® Cost effective

® RIP

® Geometrical transforms

® Color managment
® Print-head specific data

lor man ment tem
® Calibration
® Profiling (Characterization)
® Color transformation

Fig. 2. Technical issues of ink-jet printing system for ceramic tiles.
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[Kerajet / Ferro] [Jet Digital / TSC] [Jettable Maverick
I Maverick]

Control unit

[Creprinter/ Creta] [Rotodigit/ System] [Durst / Surst]

Printing unit  Feeding unit

Fig. 3. Commercialized ink-jet printing systems for ceramic tiles.

Table 1. Phenomena Possibly Occuring during Ink-Jet Printing, Related Ink Chemical and Physical Properties and Ink Requirements for
Digital Decoration

Phenomenon Ink property Ink requirement
Nozzle clogging Pigment particle size Dia. < 200 nm
Pigment sedimentation Zetal potential (electrostatic stabilization)
Ink dripping
Ink spreading over the nozzle Surface tension 20-45 mN-m™'

Ink spreading over the tile

Ink drop size and shape

— - Viscosity 4-40 mPa-s
Ink penentration into the tile
Ink addressability Density 1.1-1.5 g'cm73
Corrosion of nozzles pH 5<pH <10
Pigment dissolution Insolubility in organic media Very low

Fig. 4. Color management for ink-jet printing ceramic tiles.
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Fig. 5. CMYK ceramic inks for ink-jet printing ceramic tiles in KICET.
Table 2. Physical and chemical properties of CMYK ceramic inks in KICET
Cyan Magenta Yellow Black
Pigment Mg-Ni-Al-O Ca-Sn-Cr-Si-O Zr-Si-Pr-O Co-Fe-Cr-O
Particle size (nm) < 150 < 120 < 140 < 130
Viscosity(mPa-s) 24 19 12 18
Surface tension (mN-m_l) < 30 < 30 <30 <30
Thermal stability (< 1000°C) @) O A O
Glaze stability O O O O
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Fig. 7. Ink-jet printing ceramic tiles manufactured in KICET.
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Company STI Co. Ltd.
Colors CMYK + W

Effective printing area max. 600 x 600 mm

Substrate thickness max. 50 mm

Head type Drop-On-Demand Piezo

type
g KM512MH
Print-head KM512LH
Resolution 306-1440 dpi
Drop volume 14-42 pl

Circulation btw. main ink

Note tank and reservoir
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