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A Study on the Lithographic Printability of Silicon ink
in the Offset Printing

Min-Ho Shin

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

Abstract

In this study, lithographic printability of silicon ink in offset printing
was studied. As printed electronics wuses silicon ink in contact
formation, this technique requires to reproduce the high quality of
patterning with high demand. Lithographic offset printing could print
faster than screen printing but the amount of ink transfer rate is lower
because the offset lithography is used the Roll to Roll (R2R) system. Six
types of silicon inks with different viscosity (10, 50, 100, 200, 300,
500Poise) and optical density were used in this study and we found that
optical density, ink transferred rate and glossiness of samples were
measured by IGT printability tester. As the result, the Rheological
properties were well fit on these conditions and were able to print by
lithography.



A B

1.

b oaRA 2

o Az gl FaT

Y
T

A7

Eis

o 13} e e

il

i
N

shel

HH ZEbdo AA7F AbEE AL glow, E3 Eo

¢ X+ Roll to Roll <13

S

il

ol
=~

o

I R

o o-&3k Atel|7h Bl A

=
=

ERDEREE

I
LN

F717h o9 7]

ok
=~

mo

2ol th. PDMS(polydimethyl siloxane) (733

&

|

o

o # Q=X

M2 &3 291t PDMSe] o

PDMS7F U

ZEAAL Qlo @Al o Ak ZokellA dE 2ol =

T

o

il
B

ﬂ

ol

0

&

g W3}

L=

PDMSel 7}

-

1

w 7 YRR

e

o), o] AT ¢tz Fro wet o]

skl dvk 2001 o

S

=]
A=

|

R4
=

=

-

AR -

3]

o3 4=

=

A7 Ry

1
T

].

(carbon black) F#7] <=
(e}

oF

=

A Aol = PDMS
i}

=
=

0SS

B

ool

T



e

;7

al

IR
9] Aol

7F e
A

o

Q2

=]
A=
[e)

WA ZE AL

T

k<)
pal

bol the 2ol

°

M

°©

3 9 Qla Al Abeld]

-

AA wrdes S

21

[

[e)
N

=

a)

A

N

AR Ak F2 22t

A WAt 57 ge] of el
B agn we BE 54 0§

Al A
==

ahe 2

[}

=T

p—

0

=
]
of
1l

| Ao gou 1

oA YA Ao Asol #

o

N

)
B/
—_

;Ow_

)

oo}, 1219

ageR B AT

]

A

717¢ 4

ki3

2

ﬂ\ﬂ

aolo

A2 AR AT AzEBAANA A

h_
R

el

O] 2~E JAAMFEZA PDMS



&l

B 2zA

2-1.

Al(offset) Aol = Fig. 13
Zd o] Al A A

1 (rubber blanket)®l]

Fol ©hAl v Az do

)

7= o=

9]

—

8

ki3

ﬂ
B

Nl

717 A

]

A

]

o) Ae A2e) WO

H

—_—
fite)

Aol A AH-g-=

]

A s vpRsl W Qe

il
ol

stm 44 2

ARV

Z
S

e 74

3

RIS
— 1
—

o}

]

[e]

PN
T

dleof 22

Z

o) AAAL vhEs} doibr] A el

P
T

3

[e)

=
=

Plate

°
<
c
o
o

Plate cylihder

Blanket cylinder

Substrate

Substrate

Fig. 1. Principle of offset printing.

Impression cylinde!

1950t Ao 7B mA ol

KN
) .

d=ek Folo HolHA

Aol o

H} 2]

]

Z] o

F AFeRS Walker-Fetsko©] 91 th.



Ae Ao = dolFol] e
sl Aol Walker-Fetsko

o] | EHAN(kgh), Y2 Ndbr), 28 A+
Aol FAUFHH 22 Al A i o r A AHAPAFES A o

b ogkste B e %a A Al A

= O
a=

I
r

ERy)
de wiAskL Ay YAFE TS sl 019‘r o] Xdolxéﬂ”rt Sl
=

Yepe FAATEA Folo] Aold YA e FHL AL 5
1Tk 1714 Qo] B wel ¥ o FREE 1ATSFE Bd @
[e]



(1)

Foldl o]

-
T

(DA y

=

Al

w S 3 o M
R0 = “ X =
o : ® =
= 4 o

0

. v
T NG
= o Bl
oy TN
Y o TR
el i T
%o . )
T oy X B
mo ! oo o
[ap) fr—
50 ~ e
< (Y
) 5 L
X : o : ol
T : B : =
RN R YV N
B i = (5 g
| ol

= o ol Ho

— | “~

TN — ne + o ™
o= = °7 o
HT Nﬂ H A\UE W 1_n__|.._ OE
y d S I C
[ - £ %)
m 7o > < > o

- (4)
(5)
(6)

Fa 2 (67 =

°

29 Fg me]

]

tH 2] (6)e] Hr.

3]

°

oAl A e

7ol A o]

(e
=5

3
=

=

O;

4l

==

=

B(1— e T/b) e
(1—e”““’)[b(1—e“'/b)+f[gc—b(1—e’”/b)]]

1—e

o] Moz 2 (2)

71 Al A

b
Y



ol 7]l 2] (6)o] Walkere} Fetskoo

(D3 A QeI Ael7% b, £ kS AL
of e Folsh Yol #AE ey oz Folgh Jae i

BAE Qe F Atk kgte A Fol Jans
54 oo g2 BE WANANE ST 5 amm

[e]
49 Hem A4 Wit mes S8 o

Acrylic panel

o] eSS #EEH stresso] W3 straing & F AL
o 4 Q. oyt WHe=w At H

spreadometer#} i 3+C},
of 7+A (y)=+1/2h " <l

o~

L

2



o] W stresso]E Spolil, straine Al ZFell W3k g FujolrE #Ho®

Ao wak AR AL gdstel A (D A (®)9} ol 2 5 39l

,= 4 x(;h’)xy ......................................................................... 7)
1, 1.,
y:igh oﬂ}q o*(gh)Xq ................................................................... (8)

ol v r=R o o S=0 oJztal ¥, r & w9 stresst 9] WA
o 7}3k stressol B & A (10)9} #t},

o] u stress+ =
Z

oS ghgt 2

P= 27TTSdT ..................................................................................... (11)
0

A ADl 4 10)E Hdskd 2 (12)°] Ht.



o714 o] spreadometerol] 7}3F

a0 Fg gHOE ANdA Y=
2 v=rxR?h h o2& 2] (13)°o] ¥t}

_2 5 (13)
37 Ty

RS stress7t 00] H& So ¢ A 7bA] 9] Wb o]l 1l spreadometer
o HYE 5ot AHALE Do ©|EZ R = Do /2

_ 2 DEO ................................................................................ 14
P 37 Sy 39 17 (14)
2 (14)& So o taix gelstw 4 (15)7F 2o

48€)V5(g) ...................................................................................... (15)
D,

T deH, 4 1504 Pe FER
FA7E Y o SolUA B

e wel 7ol
P FY HEEoln,



3-1. 2438 A=

3-1-1. AeE o=

Table 1. Component of Ink Sample

Component Chemical name The component ratio(%)
Pigment Carbon black 1R
\ Rosin modified
Resin " ) 25-35
phenolic resin
Oil #1 Linseed oil h#15
Oil #2 Soybean oil 20-30
Solvent Petroleum 20-30

o} &2 Al 44 v Ao PDMSE dd§3dte] PDMS 2 Al
daE Az oen, SZH g9 PDMSY H &L 77 F k]

(weight percent)= 0.99%, 1.4%, 1.96%, 2.44%, 3.23%(100:1, 70:1, 50:1,
40:1, 30:)= M7t o5 AHEEH (three roll mil)Z &35t 4%

Fol PDMSY=E A4
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4ol 1 B Al 542 Table 291 £t}

A
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Table 2. Physical Properties of PDMS Samples

Factor Properties
appearance transparent
viscosity(poise) 10 , 500, 2,000
specific gravity 0.97 (at 20 °C)
refractive index 1.403 (at 20 °C)
pour point (°C) -50
flash point (°C) 315

3-1-3. <A A A

Ao A8E IAM A= olEA (art paper)et 2187 (groundwood
paper)°o|™ FiZ o g olEX = ¥ ATl oa "ol ® Fo] o
7] wiizell Folo 7o FUF AolA Ay HFAHo] e ?C’]O]E}.
A% Aaze Y AAALY 125 g/m’ oFEA S A& o og o
ZHoR AEEAE AF FHolHrte HFF 54 g/m’S AHE dglon

Jut

ol k= FIZE FE il o7]o] 30~40% wHvte] sstHxE
AolA Azxs A& o). F FFd =Fxolm FuoA AE &4
A Wao] F=2 2l gt AlEgX| i ok sHdoez HFA
o] & &X9 & &4 2FoE AFES 333 PDMSE AS5AIZl o=
A Aol ool el s ARt
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3-2. A4g W

PDMS e zAga HAE5e] A& dotrr] 918 Fig. 49 22
A AAHAHAIE7IAGT-C1, IGT A} A=, Holland)E ©] &3}

PDMS®] =9t A5&Fol] wd ezl da9f A=l s=9 A4
e A sdn B8 d3 AEe] dAZFS IGTH A5l &+Hst

7] #l8ke] IGTeA & H3sts 5 Y= 9 3IGT-408.200.031.D.001) <

Abg kit

rr

Table 3. Condition of Printing Experiment using IGT

Factor Properties
total time(sec) 45

pressure(N/cm?2) VN,

500, 700

printing area (cm2) 77 (3.5WX22L)

roll speed(cm/s) 30
roll size(mm) 60
temperature(°C) 20

S IGT 9% FA o 93 A& lecE davzloz @1 IGT dSA
He 302 st B9l ¥ (rubber) YIS ARSI oW, A
OoJAI 7+ 16% Fob Mkt ol <l dHLS ZZF 100~700 N

_‘I‘I_
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Factor
fall height(mm)
measurable diameter(mm)
amount of ink(cc)

Table 4. Condition of experimental Measure using Spreado
weight of load plate(g)

meter

3lo] HEAL o] I o] A7)
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b ek

Y439 H X% Bohlin rheometer(C-VOR rheometer, Bohlin Instrumen
o

ts, USA)¢} Brookfield Dial Viscometer(viscometer, Brookfield, USA)
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4, 23 2 1%

4-1. PDMS % &4

oM 9% Non-Newtoniant# = Shear thinning %< 3o}
Shear thinningol& HAe&w=7t AdFs HgAYo] YokA= 5 5
A& oln st} Bohlin Rheometer® 2ZAl =19 HFE2EAHLS =A3)|
otk XA gae denA S4S setsteE B A7t dle
g gae] Aol VR Hibela 571 Bold of 47 247 BaE
ol 9§ mEeAAN AFe] Ao 54 Hotelsld 447 2o
2 Addo A d=Fal AsE A &= AT
1200

o

i

=

£ 1050 -

o

9

R

=

900
030w 1E B =5-91>""30 &0
Shear rate(rpm)
Fig. 5. Viscosity-Shear rate curve of PDMS.

PDMS A1Z2 7tz A% a9 2 1038 2,000 poise 7HA 4FH 5 A&
Shech WEw UhE B FE5Y UL Fut fAS 4T Hol

o2 PDMSe F&54S H7] #13l 10 poise®] PDMSE Brookfield2]
63 spindles ©| &3] 543 F& 52 =7F Fig. 50t} Fig. 594
PDMS+= Shear rateol] we} 848 HA=7} &2}7}+= Shear thickening -
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Fig. 6. Rheopexy curve of PDMS.

3 PDMSE AAE fre SA4& &7 98 PDMSO dd&=s
rpm o2 sto] 0~1,280 rpm 744 99AZ rpme SHTHF WEHA =
A3 2@ X7} Fig. 6°]t}. Fig. 6914 PDMSE @l 2= A (rheopexy) Al &<

e & g Al L2 J39 eSS AT 2347t Fig. 79]

=
t}. o]= Q2 YAV} shear thinning 52 S & = AT}

-1 0 1

107 10 10 10

Shear rate(1/s)

10 10

Fig. 7. Viscosity-Shear rate curve of offset ink.
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4-2. = 2 HAo|A

PDMS®] Ax=E Z+2F 10 poise, 500 poise, 2,000 poise® HE& =4
sttt Al J=ok PDMSe| &2 242 FEFH[2 0.99%, 1.4%,
1.96%, 2.44%, 3.23%(100:1, 70:1, 50:1, 40:1, 30:1)Z 41o] 10poise?]
PDMS a2 15 s J&std e=zA Ak vad 27t
Table 5°]T}.

Table 5. Optical Dnsity of experimental Measure using

Densitometer
Weight percent(%) Optical density
0 2.500
0.99 2.535
1.40 2.630
2.44 2.825
3.23 2.700
3.5 g
 e——e——e —@
& :ﬁ
‘s 3.0 -
| =
[
©
8
® 25 A k———————t\\\\\\\*———————‘
o

2.0

100N 300N 500N 700N
Pressure(N)
--10poise -M-500poise -&-2000poise -@-offset ink

Fig. 8. Optical density of PDMS offset prints in art paper.
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20 - —
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Fig. 9. Optical density of PDMS offset prints in groundwood

paper.
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Ink transfer(g)
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Fig. 10. Amount of transferred PDMS offset ink in art paper.
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Fig. 11. Amount of transferred PDMS offset ink in groundwood

paper.
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Fig. 13. Glossiness of PDMS offset ink in groundwood paper.
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Table 6. Measurement of Diameter using Spreadometer

Amount of PDMS Measured diameter(mm)
offset ink(0%) 45
2.44% 46
4.76% 47
9.09% 48
30

Yield value(So)

offset ink 10poise(2.44%) 10poise(4.76%) 10poise(9.09%)

Fig. 14. Yield value of PDMS ink in weight percent using

Spreadometer.
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