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Commercialization & Process Optimization of Protective Film on Nano Silver
Transparent Conductive Substrate by Means of Large Scale Roll-to-Roll
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Abstract: We have studied commercialization and process optimization of protective film on transparent conductive
coated substrate, nano silver on flexible PET (poly ethylene terephthalate), by means of roll-to-roll micro-gravure
coater. Nanosilver on flexible PET substrate is potential materials to replace ITO (indium tin oxide). Protective
film is most important to maintain unique silver pattern on top of transparent PET. PSA pressure sensitive
adhesives) was developed solely for nano silver on PET and protective film was successfully laminated. We have
optimized all process conditions such as coating thickness, line speed and aging time & temperature via
experimental design. Transparent conductive film and its protective film developed in this research are

commercially available at this moment.

Keywords: Nano silver, Transparent conductive film, Protective film, Experimental design, ANOVA

1. M E opdol wet frleAE AAIAel syt golgt
N2 545 ol8sto], tigtHoz I8 T+ Qs
x| 2o]] E]X] A3Z(touch screen), OLED (organic + ol thsf %2 A7t o]Roj x| ot [1-8].

light emitting diode), AUIE Yz O7|EfoFAIX]| o|9] FF ErE 34 WP 22 AesHS HiA
= 9JAR} 2oz MAHES JLHst= A&7 ¢ SF 8 FA(solution process)?l 2%

R2R) 302 93 Zefagy} 3
st Zlolch [9-11. 159 ALSSYH 1TO

a. Corresponding author; jihoonli@ut.ac.kr

(indium tin oxide)= 1A13& Q3= Al SES]
Copyright ©2015 KIEEME. All rights reserved. = = < e
This is an Open-Access article distributed under the terms of the Creative Commons O] uJ—Q-OH o L‘]- _?'1-01 } 3'5!]—0” }\]Z_}O] 72'1]—]_’-—7 z=7 ] n
Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0) = o
which permits unrestricted non-commercial use, distribution, and reproduction in any K]'H]7 ]’ }\o]-%o] —Q—:TLQ 01 LH %E}Q‘]' Oﬂ%‘ 01 E‘:]ETO] 9»)19»1

medium, provided the original work is properly cited.



rr 4
Ol

=

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 28, No. 12, pp. 813-820, December 2015: K.-M. Park et al
(J, Dows' rule) [16] : Ball No. 3
(On SUS 304 at 120°C for

TO9] AR +xE=Z 3l flexiblest AX{o 2) 27134
AL ¥y AEHAI} 7BIAHE A EAJo] 8K 3) XA} BAE
A=t [2]. oo Y oojof, tlE U4{(metal 2 hr): PSA AAF glZ A
) 2, JhE B 9 Ueod S IT0 4) 941 U Ugy 57
= diAsk] s gdet =T S5 Az 384
1 QAF =t 7o 3ol "Wt Bk AT} 7 ofZx TwrWE= RA|oFF 2-ethylhexylacrylate
L AES AASH] Y8 R2R 3oz F®E MZ  (2-EHA, JUNSEI), butyl acrylate (BA, JUNSEI),
A F74o] BsEojof sttt T2juz ITOS tiA|st= 2-hydroxyethyl methacrylate (2-HEMA, JUNSEDS A
Axfe] Fjarmut ofLja} olo] WS 93t BamWEBo] A glo] AFEaIICh AR 2.2-azobis (isobutyronitrile)
e Fesith 235 AlE YoH39 2322 AE  (ABN), 80lk= EA (ethyl acetate)g AFE-5IIAL, 7HaA|
o] &Aool E7imstal, YAl HsHEW Z2 7] 2 o|AA[odo]E AZEQl TDI (toluene diisocyanate)
Y BEmWEE AR L dEol Basts) of B ASSIUC. U FAE 2%/, condenser, A4 F
o] g 4] et U7, funnelo] AR 4 Qi 500 ml 47 Zetams
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Table 1. The formulation of material for PSA coating.

Composition

Viscosity Solid
Solvent Curing (cps) content
PSA (EA) agent (%)
(TDI)
100 100 2 70 13.1

g 5 815

AL 8Al deA| 2
% 1,200 rpmofl Al 308 7t FsystAct.

3.1 PSA2| &AM
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1) 28 T/ (adhesive thickness)

2) Ax/733} &7 (drying condition)

3) £4 Z71 (aging condition)
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Fig. 1. Adhesive thickness vs. surface resistance & peel force.
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Fig. 2. Line speed vs. surface resistance & peel force.
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Table 2. Temperature conditions in drying ovens.

o No Line spee J Dry chamber (°C) Aging
(min) 5 3 45 6 Temp('C) Time(hn)
DC-1 50 60 70 70 70 80 60 23 168
DC-2 50 60 70 70 80 80 60 23 168
DC-3 50 60 70 80 80 8 60 23 168
DC-4 50 60 70 80 90 80 60 23 168
DC-5 50 60 70 75 8 75 60 23 168
DC-6 50 60 70 70 8 75 60 23 168

Table 3. Coating results as function of oven temperature.

Coati Surf Peel force
Case ‘atlng . . rtace (g/25 mm)
No Thickness Cohesion Residue Resistance ——————  Result
(um) olm)} Silver
pattern
DC-1 2 OK OK 5.6x10 26 Transfer
DC-2 2 OK OK 4.8x10 28 Transfer
DC-3 2 OK OK 6.2x10 27 Transfer
DC4 2 OK OK 5.7x10 25 Transfer
DC-5 2 OK OK 4.6x10 26 Transfer
DC-6 2 OK OK 4.4x10 24 Transfer

g wgo] W 4 o] 1, 2 zone 2%+ 10°C Agt Af

% 15] SE]ojX]= 3, 4, 5 zone?] 2%
X5k xAsl0] W7} RIsHsleIct (& 2 7<1—7\)
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2 DC-1, DC-6 Z200e ol SRt oIt Sol}
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T B AAHA duigol 2. o 24
oﬂaqoﬂ o Ax AR I O ES DC-591
A0 WrE|giy.

{o
PO

E

9 E 30I4 BT & g0l W A ARE
W02 Ax YElt JEsiFoy weug e A

o
LMol ojA] E7o] ofHs] WAoo surface
resistance Zu7F 28] 20 Q/[1 Bt} =4 £AX5
itk BEmWS AARlg Wi7) ¢s) &1 Mol T
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Fig. 3. Aging time vs. surface resistance & peel force.
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Fig. 4. Aging time vs. surface resistance & peel force at 45°C.
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Table 4. Final coating conditions with commercial coater.

Coating Line speed Dry chamber Aging
Thickness (m/min) °C) condition
2 um 50 60/70/75/80/75/60 45°C, 24 hr

Table 5. Final results after adhesive coating.

Peel force
i 725
t:i?:i[r?;sgs Cohesion  Residue (e m Surface Resistance
(pattern side, Q2/[])
(um) .
Silver pattern
2 OK OK 10~20 17 ~ 18

O 49 HAE An &4 2% JS52= 7t g
20| F1&8tEl0] 45°C, 24 hr ATt & ofsst 24 A
g dS 5 AAT ARto] Fuk Fole &4 ¥E)
7} glo] 45°C, 24 hr £710] 44 ¢a® Aoz
7F Ee 44 255 60°C Agsto] el Zuk «
gol Qo] o)g wdoz s wdol Auuy
(machine direction, MD)C.2 0O]JA] FZo] WAL 9]
oh Unaseo) Aae 9 J)R 24e gssidoy
Aol FA s 1T o 112 €4 60°ColA
o] %742 Aledo] olFthal FIrE It

=74 Wbe Edz 449 A% 34 242 =
a9} 7y

Seln Bemee] A5 24 B 59 2}

nrtel £9 A3 WEE nejstel ge 4yPe
siof st g4t AduloA HAESHE F& 9Al&E,
AR S0 ARA 24 7 Yol £58 BE
45 34 A% HolHE 6Al1ute] A A=
Moz waste] AYE WA ARstAS AE
A stk & e AL A" 39 %
Al (2 mm), 2FelATE (50 m/min) 231 AX Q
ol gr 5o mugol AF e AZstuxt

B 69 7oz 717 53| HAE 3t peel force

2oE & 70 st e
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Table 6. Definition of process parameters in experimental

Table 9. Experimental analysis for peel force, x.

design. Factor ~ DF  SS MS F p
Case no. Coating thickness (um) A 2 473890 236945 124457  0.000
Al = 1 um
B 1 17.39 17.39 9.13 0.004
A2 2 um
A3 3 m C 1 29.82 29.82 15.66 0.000
- - A*B 2 9.13 4.57 2.40 0.102
Case no. Line speed (m/min)
Bl 50 A*C 2 9.95 4.97 2.61 0.084
B2 60 B*C 1 10.17 10.17 5.34 0.025
*R*
Case no. Dry chamber (°C) A*B*C 2 13.34 6.67 3.50 0.038
Cl 60/70/75/80/75/60 Bias 48 91.38 1.90
C2 60/70/75/80/80/60 Total 59 4920.09
Table 7. Peel force as a function of process parameters. Table 10. Experimental analysis for peel force, x. 90%
. Peel force (gf/25 mm) confidence interval.
e Al A2 A3 Point
n=1 48 n=1 16.1 n=1 25.7 A B C Estimated Min. Max.
n=2 53 n=2  16.7 n=2 264 Value
n=3 3.5 n=3 15.8 n=3 23.6
Cl n=4 56 Cl n=4 162 Cl n=4 281 ! ! ! 46 3.6 >7
n=5 3.9 n=>5 16.5 n=5 27.7 1 1 2 34 2.3 4.4
Aver. 4.6 Aver. 16.3 Aver. 26.3 1 2 1 46 35 56
- STDEV  0.90 STDEV  0.35 STDEV  1.79
n=1 3.2 n=1 14.3 n=1 24.3 1 2 2 4.0 3.0 5.1
n=2 3.4 n=2 13.8 n=2 23.8 5 1 1 16.3 15.2 17.3
n=3 2.8 n=3 12.6 n=3 22.8
C2 n=4 44 C2 n=4 131 C2 n=4 23.1 2 1 2 13.7 12.7 14.8
n=5 3.1 n=5 14.8 n=5 22.9 2 2 1 17.1 16.0 18.1
Aver. 3.4 Aver. 13.7 Aver. 234
STDEV 0.61 STDEV  0.89 STDEV  0.65 2 2 2 14.5 13.5 15.5
=l 53 nml 173 n=l 257 3 1 1 26.3 253 273
n=2 32 n=2 16.8 n=2 26.4
n=3 2.8 n=3 187 =3 236 3 1 2 23.4 22.3 24.4
C1 n=4 63 Cl1 n=4 167 C1 n=4 28.1 3 2 1 26.3 253 273
n=5 52 n=5 159 =5 277
Aver. 4.6 Aver. 17.1 Aver. 26.3 3 2 2 27.7 26.6 28.7
B STDEV 1.49 STDEV 1.04 STDEV ~ 1.79
n=1 4.8 n=1 15.9 n=1 31.7
n=2 3.9 n=2 13.2 n=2 26.7
n=3 2.3 n=3 15.8 n=3 28.1 - 3 7]_0 2= o ull % H o) o ER O
C2 n=4 43 C2 n=4 149 C2 n=4 276 ) ﬁ_SJ’} dol ¥= 31 HiAS (ABC)__E ]L‘]jﬂa
n=s__ 48 n=s 127 n=5__ 242 ggsto] ® 99} ol FAF PZ st /st
Aver. 4.0 Aver. 14.5 Aver. 27.7 =2 nojctrsla
STDEV _1.03 STDEV 148 STDEV 271 = “‘:O}“U{' ) )
9 & 90l 9J5tH, Pfo] AZ4F QXG0 ot
33, 10% o|stH dsFo] QL ¥uf o 0 S A
Table 8. ANOVA table, x=peel force. e 6 ] }; O]_O iM/\E f ‘_E’} :J; e
ANOVA: » oo AL B, C = EAlth £8P0l 245 ARt £E £F 29
WOl Ackn & 4 ATk BAN B4 A Az} A,
Factor Type Level Value B. C E_j‘:— DH% %943]‘ % 7)4\% C,l_-_]' 4\_ %q_ ﬂ_;&‘}
A Fixed 3 1,2, 3 22 Y BxC, A*xB+xC7} 89]4& 5%0A 8-9]511,
B Fixed 2 L2 ACE Q055 10%04 oot A+BE Tia 9o
c Fixed 2 12 stohe 22 ¢ 2 Atk ¢ Amo] olstd AA 29
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o] Ao JFZ UlXl= AR A
JA] alo] AAteo] &2 FaL Uil HUG|A
7t »5E 2EAE FSIAH
7y QX 58 £ 3720 peel force?] =
O

o agsigrt.
ZA7F (point estimated value) & 90% AlZ] L

24
AER Ty (1)
= 7
ABAY D wpt by (dp) == (2)
Vo= Al Bt 9.7
r=nre 5
ta/Qzﬁil:lLZ_}
r2 9H5 b9l ZAut= thg & 102 2.
3.4 X =2 4H
A W97t 1545 gf/25 mme} 7Pgsln, Aelo)
SEgMO] 152t & 10014 & & QlRol A =2
A2BIC1, A2B2C27} €t} 271 A|8e %5 9 & &7
oA =2 AIRB07H o1 d)E AlFstal, & AaE vl
/AE(E, A=, FAY S5t AlS $8xde 2%
g & ook ES AR} 7} 4E AUE Am(EEWA)
o that BAF A2 Sastic. ZF 3% AZMH(ABCY)
L EZielN AL A sleAl obr] Sl E 11
% 129F o] Atxof tigh FA4F 4ol B asttt

Table 11. Experimental analysis for peel force standard deviation.

Factor Al A2 A3
BIC1 0.90 0.35 1.79
B1C2 0.61 0.89 0.65
B2Cl1 1.49 1.04 1.79
B2C2 1.03 1.48 2.71

Table 12. ANOVA vs. A, B, C.

Factor Type Level Value
A Fixed 3 1, 2,3
B Fixed 2 1,2
C Fixed 2 1,2

g 5 819

Table 13. Experimental design analysis for standard deviation.

Factor DF SS MS F P
A 2 1.5545  0.7772 1.93 0.341
B 1 1.5769 1.5769 3.92 0.186
C 1 0.0000  0.0000 0.00 0.997

A*B 2 0.1486  0.0743 0.18 0.844
A*C 2 0.3928  0.1964 0.49 0.672
B*C 1 0.2670  0.2670 0.66 0.501
Bias 2 0.8036  0.4018

Total 11 4.7434
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16.3+4.135 => (12.165, 20.435)
2) A2B2C2
14.5+4.135 => (10.365, 18.635)

TepA AZBICT Z=ZI0A AJrrd 739 o #-2(99.73%)
O] A|Z9] peel force X7} 12.630)|4 20.435At0]of &
o] Q7 ®th= ojujo]f A2B2C2%= ZS WAooz 3fA
=t A2BIC1(2 ym Z® %7, 50 m/min. 2}QlAT
E, 60/70/75/80/75/60°Ce] Z1xQ¥E Z7i)o] H|s}
A2B2C2(2 ym & FA, 60 m/min. 2}QIATE,
60/70/75/80/80/60°Co] 71x Q¥ x71) R71o] 2iQIAT]
EE 15t 3 /a8 4 ey 2 e 2k
7 =2 AHIN 28 &0t Y& wE Fe9] A3
7} ZAf5te] A2BIC17T &lAo] ZAxA0 2 AXSIYICT
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4. 4 E

FEAEGES 8 AL ITOS HiAIsH ] Hsh
A Aze AA7F R2ZREFe=z AxHi ok
AN-TCF¢} o] o] BEfAesy T59 F¢ Uk
Aw7t Z1AolA S &5 0] glo] TAE EAfsta, L

Mejet PETS] 24 fol7t Exfstel o|F FAlo] o
Tl R5WEY sJgol o)e Fasich ol ojg

wEmEe] L ) My HAAS AL T
QT YA FEE olgslof AMNaY FY xUO=
BAE BemEel B4 /1S WYSHHC. AN-TCF
o NEge B UsIH BETE ARG A
@ ALES =Ystel WYL Wk A YYA
TEIE @Eslo] ANIAF FYAACl AP ARU
ot 452 SOl AANOR syt ke £y
AegEgd AN IS0, YDy, IR
8x)) MEmEo] YFHOR AAHYT FA| FYA
&g 712 Folck.

A BIAL M| Ysto|El ABAFAY|
dALoA dAESE Y. & <
AgEAAtA Rl F2Yr1eTED] Vg

= /AR (GO2N03620000901)9] A
st Aaale] Ayt
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