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A study on the pore changes in paste at the nip of printing roller for

manufacturing of the offset printing based PFD printed electronics

Yun-Taek Kim

Dept. of Graphic Arts Engineering, Graduate school,
Pukyong National University

Abstract

The pore change in the printing nips of offset lithography which is one of the
promised method were studied for manufacturing the PFD type printed
electronics, the offset lithography printing method is a roll to plate (R2P), roll to
roll (R2R) system that is printed by contacting the surface of roll and plate.

The use of printed electronics products as well as roll coatings and polymer
processing processes is Increasing gradually, so research on fluid automatic
control of the same thickness as the analysis of detailed fluid flow is important.
Mathematical interpretation of the behavior of fluids passing through the niche
(nip) of the roll to plate system is an essential part of understanding the flow of
the fluid, and It is difficult to interpret the behavior of the fluid at once because
the transfer of the fluid in an environment where the width of the nip is very
narrow and the linear velocity is fast. Therefore, in the nip of the rotating two
rolls the transfer rate and the splitting points of paste depend on the behavior of
pores, physical properties including the porosity and the surface tension of the
papers were experimented and obtained with different types of printed materials.
Also corelation factor analysis between experimental and simulated results were

performed. IGT printability tester and PDMS based polymers as a paste samples

_Vi_



were used for this printing experiments, and obtained the data of splitting points,
transfer rate, print through and printing density of paste samples. and Polyflow
package software was used for the computer simulation of pore changes based
on Navier-Stokes equation.

As a result, simulation results show that the width of the nip is small for PDMS with higher
viscosity under steady state, the pore position moves to the center and the transition rate
increases. This is because there are occurred more pore at higher altitudes. And simulation
results showed that increased printing pressure reduces covering resistance and increases
coverage area ratio to increase metastasis. The increase in the coverage area ratio was
found to be consistent with the results of the simulation calculation with a density value
+0.003 and transfer quantity range £0.005. The results of measurement of the print density,
the amount of transition and the value of the show trough as well as the effect of covering
resistance were performed, so that the simulations might correct by modifying them. The
larger the air porosity, the more likely it is to be affected by the print pressure. It was
because the point at which the pore is divided by the higher print pressure moves to the
center and increases the transition rate. And the faster the printing speed, the lower the
print density regardless of the air porosity, This is thought to have been lacking in time to
be affected by air porosity, as the transfer time of fluids at fast printing speeds was short.
The higher the surface strength of the printed material, the more resistant the printing
speed and the printing trouble of the PDMS sample, but at the printing speeds above 0.8 m/s,
the results of same printing trouble resistance were found regardless of the surface
strength. This results in a low correlation between the surface strength of the printing
material and the resistance of the printing trouble.

Results of this study, the higher the viscosity, the printing pressure of the fluid and the air
porosity of the printed material, the higher the transfer rate and the quality of the printed
material. however, both the collection range (10~500 poise) of the PDMS samples showed a
slight decrease in quality at a print pressure of 700 N or higher, confirming a small change in
the metastasis of the fluid in sections above the print pressure of 700 N.

Under steady state conditions, the number of pore that exit of nip was simulated to 5, but
we will continue to study the change in number of pore and creation process. These findings
are thought to be useful for research in the field of printed electronics using offset systems
demanding more precise and uniform products as an interpretation of fluid flow in R2P

systems.
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(4) Polyflow
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-2D/3D mesh generation or mesh / 9 QOther Material
Database
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Fig. 4. The procedure of simulation by POLYFLOW .2
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Table 1. Physical Properties of PDMS Samples

vk} vlalslz] lajs] Aol A

detA Al ol el A&

R4

83
Z

-

Factor Properties
appearance transparent
. . : 10, 50, 100, 300,
viscosity(poise)

500, 2000

specific gravity

0.97 (at 20°c )

refractive index

1.403 (at 20°c )

pour point (°c )

-50

flash point (°c )

315
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Table 2. The Properties of Papers

Uncoaed
A B C D
paper
B
asts Baght | Z2gmt | 80gm? | 470g/m
weight
Thickness 65.0 um 63.0 ym 69.0 ym 69.0 pm
Moisture 77% 8.6% 8.4% 82%
Ash content 10.3% 12.2% 9.0% 6.8%
‘Whiteness 57.3% 55.8% 55.3% 55.7%
Color L 76.4% 76.2% 75.2% 75.8%
Opacity 97.3% 1 97.2% 97.3%
Pri
- 49% 1 F H
through
Smoothness 47/46 s 35/35s 66/62 s 50/45's
Tensile
4.3 kgf 38 kgf 3.9kgf 4.3 kgf
strength
T
o 41.0gf %50 gf 430 of 430 of
strength
Roughness 4.3 um 4.0 ym 3.6 um 1.9 um
Porosity 350 420 457 470
Formulation 835 &0 R.0 100
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Table 3. Experiment Conditions of Offset
Lithographic Printing

Factor Properties
total time(sec) 45
pressure(N/cm?) 100 ~ 1000 (10step)
printing area (cm?) 77 (3.5Wx22L)
roll speed(cm/s) 30
roll size(mm) 60

3-2-2. =&

= AN ENZ A AARAL fAe] Aol 5
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A H FEE S48 % FA = Fig. 63 2o] X-riteAl<]
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(reflection densitometer) =4 <13 A A& 2+ (reproduction work),
AlFd e, A= AHRA FHrPH Wol AREEH <12
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Fig. 6. Photography of the densitometer,
X-rite densieye model.
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Fig. 7. A part of IGT printability tester(left) and the
simulation model(right) of the roll to plate system.
(A is the bank, B is the laminar, C is the
pore and D is the filament region.)
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pore .
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BS2: i sl YeE o BS3:
Inflow = ‘bank = : . Free surface
S '?‘m'"ﬂf S gplittin
BS1: Vn, Vs(O 30) paper I_
[
0 0.02 (m)

Fig. 8. Geometry of the R2P system and the boundary
surfaces(BS) with free surface for simulation.
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Table 4. Flow Model of the PDMS and

the Condition of Simulation

Condition of simulation for the offset printing

system model time dependent flow
generalized Newtonian
flow model .
isothermal flow
initial 6 each
viscosity(poise) (10, 50, 100, 300, 500, 2000)
pressure(N/cm?) 5 step (100, 300, 500, 700, 1000)
mesh size(m) 1x10*
re-meshing method Lagrangian’s global re-meshing
total time(sec) 45
temperature(°c ) 20
surface
. 30
tension(dyne/cm)
roll speed(cm/s) 30
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Table 5. Condition of the Printing Experiment
using by IGT

Factor Properties
total time(sec) 45
pressure(N/cm?) 100, 300, 500, 700, 1000
printing area (cm?) 77 (3.5Wx22L)
roll speed(cm/s) 30
roll size(mm) 60
temperature(°c ) 20
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Fig. 9. Simulated mesh file of the ink (viscosity is 10

poise) in offset printability tester at initial state. (W is

the width of nip, P is the distance to the start point of
pore and H is the length of filament.)

Fig. 10. The width of nip of IGT offset
printability system.
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Fig. 11. Simulated mesh file of the fluid in the offset
printing at steady state.
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Fig. 12. The comparison of the simulation results about
transition of pores.
(Top is the result of 10 poise viscosity and bottom is
the result of 2000 poise viscosity.)

_47_



F HEo

4-2.

3|
pud

boh e

3l of

2ol 1¢

—
fite)

%

I

B

)

el

ol
00

Jmu-o

o7
iy

ra

!

wK

|
o

el

oy

Aol

B

9

a ®EE e

Fol ol

o) s

[€)

B

o

TR

el

_ZTI

il
I
Ho
5

e

0

o).

shvl, A%

Yol A

=2 =
= 7

of FA

<
T

e

o)
o

<
T

?;51_

44

+ PDMS=

Awsk o

—
fite)

AJr
il

Ho
a8

p—

0

)

L e

g

A

T3S ZHA " 2 o]l ¥ AU o

71wl o

s o

=7t

+

AO

= 9 9

- 48 -



.g 0.065 —F— A Goopoisa
Q
a V + B ise)
= 0.060 v ¥ oopesa
£ v i —Jll— C coopoisey
0.055 ¥ A A A —@— D copoise)
[ |
0.050 A s}
- [ |
0045 | m e
® °
0.040 ® *
0

T00N 300N 500N 700N 1000N

Pressure(N)

Fig. 13. Experimental results of optical density of PDMS
in the offset printing system at steady state.
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Fig. 14. Amount of transferred PDMS (Q) in the offset
printing system at steady state.
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