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Study on the glass protective film using

polyvinyl chloride copolymer

Byung-jin Kim

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

Abstract

According to this study, thin film paste compositions and a cover
glass protection utilized them can minimize the damage on the
surface of "the cover glass that could be occurred processes for
cutting and processing the cover glass used for electronic equipment
and all that. sort of things. These are also commensurate with using
for environment-friendly products lof solventless:«type as a temporary
protective film of-ITO-film: In addition, they are able to minimize gap
of refractive index and-contact angle through drossing that could be
left on the surface. They make possible to remove protective film
easily due to great migration resistance following processing the

cover glass which lead to cut down personnel and material expenses.
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-1. HeEX S XY o] &

2-1-1. A= HLEZA

Amedt 550 sk Ao, ofw Zdol| e]He] 7pajA|H Lo tf
Sote SAAolAL frE E(Fluidity) o] 24 dErdnh olgst Hx
= gy dEﬁ](Spread o-meter) 9Jolx= FHo] 7leatrt. 1Ela #
A EE EHT BAE e ol A Sk wet Rk
H g A o & %7} gohe s BHo Fi gt Jax 1dA 2459
U HEst = Aol uFE ok

2-1-2. A= &9

n(Viscosity)' = t(shear stress) / Y(shear rate) ---w:--sveeeesieeeeeeenan(])

T(shear stress) = F(force) / Alarea) = dyne / cm?-wveeeehereneeenn(2)

T(shear rate) = (dy/dx) / dt

=| dv(differential velocity) / dx(differentia thickness) (3)
n(Viscosity)*= {(g - cm\/ sec® / (em*1)} / 1/sec

= {(g + c)W (sec?: em®)} 7/ 1/sec

= g / (sec - cm)

=N PR e e b A (4)

2-1-3. A= g2y &

A=A 7]E2 shear stresso] UgH shear rate?] A <t
S-S(stress-strean)= & o]afst == 3ttt Fig.l oA A+ Newtonian,
B+ Pseudoplastic flow, C+= Dilatant, D+= Plastic fiow= WERHI
t}.

A. Newtonian

oo g AulHlfFsoltt. FE AR =H4(E, €3, )oY
Newtonianel] tjste] =34 o= vehh= A= Non-Newtoniang} 3s}il
Pseudoplastic(shear thinning), Dilatant(shear thickening)%©] < 3kt}.



B. Pseudoplastic flow

UL A28 agrlol YAF0] ofd £33
C. Dilatant
&S A Yv shear rate’} T7FshH o A <

ML E 2 EE Fol o

Pseudoplastic flowe} Wkt 74
AE7F S71st. 49 & 5 gle ol

=

710l &3k}

D. Plastic fiow

A A stresso] S 7Fsfofnt 5 AlFkElY HExo] 5o A3k F
HY =7t el7lel 4@

2}
A%He] shear stressES UEIWT - dlmxd o=z QI

]—/]_2)
80 . £
60
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Rate
20
D :
0 (yield value)
1 || 1
500 1000 1500

Shear Stress

Fig. 1. Fluid flow behavior type Newtonian &
Non-Newtonian.
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2-2-2. 8 ¥4

S 7HAE fFAldl o' A &X(shear rate)7} 7helAlW HE+
ol ol21g F A FEel ol A £x7F Sl weEk A=
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3. 43

® ERANE 228 ARE A8 A%RE ﬂﬂ%%ﬂ‘r w39

B AHe 2% 23+1TC A= 50+5%0 41 438} o)

’

T4 FAEL HAIFEAOm x 10ecm)ol F7- . 02mm7F =2 1
i

tdsle] A ES Axst] A8 FHS Sctoz 3

i

—
0
=
@)
=
X
o}
B
N

star, A(cell) WOl B4 AH =

O : Alcell)o] HEdatA FAE

O : AW 2] 10% o3}l A EALETF

A AHA ] 50% o] sfell A EARE )

X 1€ 9] 100% ool A EAERe] ¥ dA=Z R

hole)¢] S Fetow JJr?LO}Oi A% - ¥ Z(pin hole)o] HF =] ¢

& ATE O, A EuAA & A o BAA AT X £ el e

i

3-1-3. Wi=&A4

10 x 20cm®] =gh=o] FHo|2E ZHAES =X

a4 wHA=Z ZYste] 180T AWM S Hof 6% &<t ASAIA +H|g
t}. WwpEA A8 7] (sutherand type rub tester, JIS K5701-1, YASUDA

= I



SEIKDE H%2H254mm x 50.8mm, %57 @ 8mm, 500g)o] w}z&
A% w3, AHe Qs +3 FRae] BhAAUS 5 £ lmm, U

3 3 A A4S 180mm=E AP, 18 500g/cm’e] FES 97}
Sho] 453)/min®] %= 5008 WEse] AHe] rpE AEE Ko B
Zatel, 30mm o4 zele) z=AA B A X, 1 o]d Zole] A

2 2y A O she] YER LT

3-1-4. A&H

80mm x 80mm =&t2el] FHo|AEE =¥ g & 2005 SUS =39 b
A2 ZY3 GlassE 180T &9 62 &<t A3AZ F FH 82~ g
°o|ZE 50mm x 40mm =72 &I} Xu”—‘}g—:‘, A7l A FE
60mm x 25mm & 2 7]3 U] FEAE A Aske] BEEAZT a1 &
59 b golZe wA® 50mm x 40mm FEE 90 %9 7E Fof

o
AZ43% H, load range 5N, 77 Imm; 5¢] 50mm, Z2°] 20mm % A
45 100mm/mine. 2 A d A== SAH7](SWU-10M) ‘A 23t =
He 289 e A dHE A4S 79 AlHE © 234 AAFle] H

e A

& =X3te] 80 A=HAHE AZE S o] PAE 180T
A 71 Beoll, 80mmex180mm Alol =2 AYd &
A2 g S| ~Eo FAE AT 4 A IA
AWDE ZA8taL, 80T QB ABSFAIT Alojd AEZ ¥
I 1kge] dF& 7he AEjdl A 48A1F WA & AlHS AU AlH 9

3-1-6. A&7
80mm x 80mm ZFetro] Ho|AEE =¥3 T 200 & SUS ~=29
AR T8I FHAE 180T LB 7 637 FoF A3A7l & dojx

1=
E b Bty eqlth H 57 S4 71 (Dropmaster 300, FAMAS)E o] &
3ol 80mm x 80mm Bare glass®] A4S 2 57d A 72, M2, o
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3-1-7. 234 &

ASTM D 542 +ZA0] =3}e] prism coupler W2 02 2 A 5tA ), ¥ o]
2~EQ9 A3 A AEAE(FE 50mm x AlZ 50mm, T4 30um) =
=dE 7]7](Prism Coupler2010/M (MetriconA}))E A3}l Alaef X
25 Atole] HEF ¥-9l= 8mmx Smm= FH|SFal =4 A~ IH(spot)e] A
71 A% 1mm= 3stSith.

2kE k7] e 300mm 2l BlojAo] Eg-2-od

g H o] E(Tris (2-Ethylhexyl) Trimellitate, TOTM) 32.0 %

, ol Z=A13k ) 5Ff(Epoxidized soybean oil, ESO) 20 %% 2 E
o}l AH(Triphenyl Phosphite, TPP) 2.0 T %45 E 33 3
o[;g3ke] 30TCH A ==& FH I 2281 Hgad 20 F
29E A golEg A2 oH Z(Bisphenol A Diglycidyl Ether,
BADGE) 1.0 S 3%, kg AZ Z+4 ¥ ] E(Calcium Oleate) 1.2 5%
Foorn 2 o8] axErE Aol (Copper phthalocyanine blue) 0.3 % %5,
3} %F/l‘ﬂ” 37.0 %%ki 5’-1 Aspuld v dolalH ol B F5 A 225

2 pHksle] & eEl W o] ~EE A Z

i)
)19
[m ot o
K
z,

ot 2 M oo et
e o & drop
T

E

E

au AF %ze 5 9 S ]
i R=SeN
= =2

Gyt 4]
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Table 1. Experiment Developmental Ratio

Homo Co

Lignin BADGE TOTM ESO TTP | Stabilizer Pigment
polymer polymer

Experiment

| 3700 | 2250 | 20 1.0
Experiment
’ 3730 | 2270 | 15 1.0
Bxperment | 3790 | 2300 | 06 1.0 320 | 20 | 20 12 0.3
Experiment
‘! 3640 | 2210 | 20 20
Experiment
i 3730 | 2270 | 20 05

o

* Homopolymer : Z2] 9 3}n <,
Copolymer : G3tH] < v LolA H o] E <54,
Lignin : AP ZE g1,
BADGE : H23¥E A A2 EH =,
TOTM : Eg-2-cd " Egju el E,
ESO @ ol FA]3} o 5=,
Stailizer : Z-# & 9] E,

Pigment : 72| Z@ZA] o}

3-3. 4= v AY

EWlE wubgo] H2RE wuty] 9l 300mm 8 HjolA o E-2-o€
a2 E g v g g o] E(Tris: (2-Ethylhexyl)-Trimellitate, TOTM) 32.0 =
g5 o Z A3} o) F - (Epoxidized soybean oil, ESO) 20 %%, 2 E
gl#dld o}l AH(Triphenyl Phosphite, TPP) 2.0 F=#HHZ F9ldto] 3|
WNES o] &ato] 25To SLoA] HFo =z HQth, Ity Ao =
FAAZIH JEFdES FH st

d718F #Zo] F=HlE ARE ol&ste] H2HE A HolEYAlE oHE=
(Bisphenol A Diglycidyl Ether, BADGE) 1.0 %%, =44 =2 g4t
ZaHETYE 19A45m) 4.0 FHF5, A Z ZF =9 ol E(Calcium
Oleate) 1.2 %5 otg=® g 322 Aol (Copper phthalocyanine
blue) 0.3 FHH, 93t Zvd 3575 T, E dsnjd nidolA
OolE FTHA 2175 TEHE SAHE EH Fste] wtsial =
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ojw] &7WF %= 25TolA 3AF wnket EaeEe] £ HA
S| Z 2 A (mixer)E 40hPa/mbarol] 4]

ek stiA dAe] wwtsta, Xy GEE st FH] T
E Z4UHd we 955 FA Ao

q

[e]
w, A7) HolAE FAEY ZAH|E Table 20 vero] A8 W ast
A

oL

Table 2. Experiment Developmental Ratio

Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample
1 2 3 4 5 6 7 8 9 10
Homo
37.75 | 37.00 | 38:25 | 37.00 | 37.00 | 37.00-| 37.00 | 37.00 | 37.00 | 37.00
polymer
Co 21.75 | 22.50 | 23.25 | 22.50 | 22.50 -+ 22.50 | 22.50 . 22.50 | 22.50 | 22.50
polymer
Lignin = = - 2.0 2.0 2.0 2.0 2.0 2.0 2.0
BADGE 1.0 1.0 0 1.0 1 1.0 1.0 1.0 1.0 1.0
TOTM 32.0 32.0 32.0 = 3 - - 34.0 33.5 34.0
DOA - - y 32,0 - a il . - -
DOP — B . o 32.0 F = = - -
PDGAP - - “ - - 32.0 . ~ - -
AAP - = = - 2 - 3270 - - -
ESO 2.0 2.0 2.0 2.0 2.0 2.0 2.0 - 2.0 2.0
TPP 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 0.5 -
Filler 4.0 2.0 - - - - - - - -
Stailizer 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Pigment 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

* Homopolymer : Z 2] 3}n] <,
Copolymer : @38d|d H]dolAH o] E F A,

Lignin : AP ZE g1,
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BADGE : v]2dEs A YA Do E,
TOTM : Eg]-2-dgad2 EgvdHolE,
DOA : f(2-o e A )oltys ol E

DOP : HSdzgolE
PDGAP : £ -t (2-oEd4) S ZFotdHolE
(Poly-di(2-ethylhexyl) glycoladipate),

AAP : oftjF 4t &g o 2~ (adipic acid polyester),
TPP : EFFdE 7 olE

ESO : o Z A3} of Fr,

Stailizer : ZHF & olE

Pigment : 78] ZE & A| o}

3-4. 43 94 7‘21

Aol AkgE

Table 34 Test

Conditions of Screen Printing

Parameter Setting Note
Print Speed 10715mm/sec
IR Belt Speed 1.0£0.1m/min
IR Temp Setting 140/190/160£5C
MIR Belt Speed 2.0+0.5m/min
MIR Temp Setting 29733A 2207240C
Final Tickness 30740um
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-

T

Fig. 11. Im'éées of screen printing machine.

Fig. 12. Images of IR drying machine.
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Fig. 13. Images of MIR drying macﬁine.

3-5. 44§ #7} 4
47 A7E BEUw o6 @A el Av Zels Azerle A
AT GAMIA 71Ee] AR&EQl oFE el AlE 4 Rlud ks Adgasint

NEel AEEY Umet AN G2E F8 LotdE BRee] »
20 2 eE WARR A DAL D 7R ol goto

Fig. 14. Images of 3D measuring instrument.
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AERERL

Fig. 16. Images of film type exfoliation test.
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3-5-3. A% %A

e AFe Fold HA5
9 a3 A4 FANA A
Qa8 ),

Fig. 179 4% F540 929
249 480KHz9) S 52 o] &3}
oA el g g d

Fig. 17. Images of ultrasonic exfoliation test.

_26_



4. 2% % 1F

4-1. 9= =73 FAF3
Table 45 X Sample 4 A5 A theF dut o]3le] FHE4ko] wb

W EHFo] sy AY |F - | Z(pin hole)o] A3 T
Agold FHEAre] HAsHA] Fgorn AP E F
Uelgoh el e Asuy 29 13 Sample 8ol A&
AR FAY W&ol I A, 2EA TAAE A
Sample 4o A =2 AT T8 FAZE T st g ado] £3HH3]
et ubggd s 235 Holx i vt wakAd flade £
A e gl ol EA 7HA A7 7} of oF BN %t ¢

&5

)

PR
i

.

N
QL
i

AE &l Ute Ads Uit A7 Es dHEd (A 194
A4 04N o429 EAS YEell = HBFE) Sample = 0.2 1wko A 0.3
o HAE HAFn . TS o]el SHolME Ao F o]
B2 003%=E =gk~ FHo Mol & olsido] ufy Fe EANES Y
Bl= Aoz Yt Ho|~E AP SHAA T gEo yioldigdo] EHY
g AS AT g UqAT I HEL 9-2HE AE T HolzE
ZAEY 7 A& A3t S ZFA Y Aol gRlsto] whAbE A 7o
HE AR AA7E 124 7hsgFHAel e 2 VEs 0T AN
T} Sample 13 o] Fade ALt FAAES FU3 45, 24&
zol7b 2818 Frbeke A4S 1T 4 A A, 1B tAAE
A48 A9 49 A9, w1 A 7taAd PDGAPS F<918 Sample 69
A EEE A B AT AR 1 WA 33 FAREE 2 HE AolE KBS
o, abA, A4 A9 R dimbEAd e A @A e AE &l
& AAG 2FFel 22k TFAARA o EAS dFa e EUd
ofQlAkel el wel & Aol7t A= AS FA Ul

_27_



Table 4. Each Experiment Developmental Ratio Test Result

Wity | bitty | seraten | 0 ||| Refractive

Experiment 1 © © © 0.513 0.005 33.5 | 0.0059
Experiment 2 © © © 0.492 0.007 39.8 | 0.0086
Experiment 3 © © © 0.448 0.02 44.3 | 0.0085
Experiment 4 © © © 0.403 0.03 50.0 | 0.0107
Experiment 5 © © © 0-413 0.02 46.7 | 0.0097
Sample 1 © X X 0F297 0.91 47.8 | 0.0291
Sample 2 ©) © © 0.353 0.79 48.1 | 0.0178
Sample 3 © © © 0.256 0.71 52.9 | 0.0118
Sample 4 A X X 0.235 3.23 49.1 | 0.0432
Sample 5 A\ X X 0.101 5.95 50.1 | 0.0521
Sample 6 A X X 0.343 1.69 39.5 | 0.0070
Sample 7 A X X 0.399 1.30 31.7 | 0.0051
Sample 8 A © © 0.190 3492 47.8 | 0.0315
Sample 9 A © © 0.187 4.80 48.3 | 0.0304
Sample 10 © © © 0-197 6.40 51.8 | 0.0458

¥ Best © / Normal A / Bed X

aL
o
HAstd JAE o8 VIEAEFTN AT HUHEAI VIEAE i of
o

go] BHAA 53 Ave AT & YA
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of nlete] ~AA EFE 2F10% tin] oF 2004 3% ~TAUA EFE
2 EYE A 398 998 F AAgHh
B o] W]
1317%  1365%
10.46% - —
: §.95%
8.03% T B.30% 8.09%
05%
40%
00% -20% -30% 10% 0% 3%
10% 7%
WW29  WW30  WW31  WWw32Z  WW33 O WW34 O WW35  WW36  WW37  WW38

Fig. 18. Weekwork scratch breakdown trend.

] B

14.67% 14.00%
11.11%

10.00% 10.67%

7.33%
5.33%

.33% 1.33% 3.33%
1.33% .33% 0.67% g,
.00% :

.67%

GAD804028D GA0811001D GA0814007D -GAO324007D GAO824008D GAD831017D GAD831018D GA0S09014D GA0909015D

Fig. 19. Lot size scratch breakdown trend.
4-2-2. JAAQ FJAAH

71E AEe] AP Aaba H A s dae) ARk

A 3 AN A sl
A AR GAsk A1E AF hshe] eR2ule] Y YL ol
= A%E B
Table 5. Productivity by Hour
Existing Improvement
Capacity 357 607
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4-2-3. N3 A FA4%

71E AFY 1Kgd ©@7F 1330009 2 HA st AlFe 1Kgd @7t
512009 Hlastel, HA5 AFe 944 EH Lo e
o 2 AE AF E welAY w3 HHs 92 G A FH
o] AbAlElo] F7hu]go] glojm, AAn] Azt 7)ol s At

Table 6. Cost Reduction Breakdown

Existing Improvement
Cost 133,000 51,200]
Existing Improvement
Capacity 0% 100
Existing Improvement
Amount Used 205Kg 143Kg
Amounf Usel Existing Improvement
Cost 217,265,000 7,321,600
Existing Improvement
Chemical Cost 30,000,0009] Nod
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