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Study of Liquid Transfer Process for micro-Gravure-Offset Printing
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Abstract

To increase the ink transfer rate in the micro-gravure-offset printing, the liquid transfer process between
two separating plates is investigated. During the liquid transfer process, in which one plate is fixed and the
other one moves vertically, a sessile droplet is separated into two droplets. The volume ratio of the two
droplets depends on the contact angles of the two plates. In a numerical study of the ink transfer processes,
liquid transfer between two parallel separating plates and between a trapezoidal cavity and an upward moving
plate are simulated, as models of the printing of ink from the offset pad onto the substrate and the picking up
of ink from the gravure plate by the offset pad, respectively. Also, in experimental study, to obtain various
surface contact angles, chemical treatment, plasma treatment, and electrowetting- on-dielectric (EWOD)
surface are considered. The transfer rate between two plates is calculated by analyzing the droplet images.
From the results, the optimal surface contact angles of the units of the micro-gravure-offset printing can be

characterized.
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Fig. 1 Schematic of a typical micro-gravure-offset
printing process.
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Fig. 2 Computational geometries (a) a trapezoidal cavity
and a plate and (b) two parallel plates.
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Table 1 Parameters of numerical analysis

Re Ca Fr
(=pUL/un) (=ul/o) (=gL/U%)
Case 1 0.02 0.01 0
Case 2 0.04 0.02 0
Case 3 0.004 0.05 0
Case 4 0.02 0.1 0
Case 5 0.02 0.01 0.02
Case 6 0.004 0.01 0.004
{a) a=30°
S]]
() =45
1
(©) a=60°

S ]
sunuBUPN

. = . o t= 305 o f= 60 g5 t=90us
Fig. 3 Sequential pictures of liquid transfer between two
separating plates.
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Fig. 4 Transfer ratio of the liquid between two parallel
plates with B = 60° as a function of a. The solid and dash
lines denote the theoretical solutions under the

quasistatic assumption for symmetric and axisymmetric
geometries, respectively.
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Fig. 5 Instantaneous contours of the volume fraction of
the liquid between cavity and plate with p = 60° .
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Table 2 Parameters used in the experiment

Parameter Value
Upper plate downward velocity 0.15m/s
Upper plate upward velocity 0.15m/s
Lower plate velocity 0.00m/s
Volume of droplet 4.0
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Fig. 6 Schematic of experimental setup.
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Fig. 7 droplet separation process.

(a)

0V (112.9%) SOV (107.8°) 100V (97.2°) 125V (92.2¢)

Teflon coating (@)

(b)

0V (82.4°)

50V (68.7°) 100V (63.29)
PMMA coating (&)

150V (54.3°)

Fig. 8 Contact angles on the electrowetting-on-dielectric.
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Fig. 10 Contact angles depending on the surfactant ratio.
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Fig. 11 Experimental result of liquid transfer ratio.
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