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Abstract A colorless antistatic agent was prepared for use in antistatic films for liquid crystal displays
(LCDs) requiring low surface resistance and high transmittance. Among various lithium-fluoro
compounds and quaternary ammonium salts, antistatic materials were selected based on their electrical
conductivity, and antistatic agents were prepared to measure the surface resistance. As a result, the
material with high conductivity showed a relatively low surface resistance, i.e., relatively good antistatic
performance. Based on the antistatic materials selected, the formulation ratio for producing the best
antistatic agent was established through the experimental design method and the effects of each factor
were analyzed. The higher the use of lithium- fluoro compounds as antistatic materials, the higher the
ratio of oligomer use with multi-functional groups, and the smaller the surface resistance. The
quaternary ammonium salts increased the antistatic performance of the lithium-fluoro compounds, but
the effects of the amount used were not relatively large. After manufacturing the antistatic PET film, the
properties of the antistatic film showed low surface resistance values (<10° 2/sq.), high permeability
(092%), low haze ({0.5%), and high whiteness (L*)95). In addition, the antistatic film reliability was found
to be excellent by showing a stable surface-resistance change rate of less than 10%, even under high
temperature and high humidity conditions.
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faZdo] A% 7N Faio] Zuistel wet LA
HolHA Bt £ LCD] HAYREE A=z A
|2 S Qe 1459 dAIAAS o] a7EL
Ut F oheFet 1EA FH Y HALAAE 5t
A7A 2 ARgslo] giAEA] s Hofsy] 9f%t
7} B QATH1-6]. T2y IR FEje] A
A9 A% ofz] DA Fdgo] dgste] FHo| &
Aefdole Bety, AxE ARALES] BHAG
gl 10°~10" 2/sq.& Uerdozn Bget Ax34
of ¥ls} 21 &7} ofF Holurka §71slr] oAt o]
of met FAEESEA EHEE &S B ohzt oY
2ol EHATY W3S YEhd 4 9= LCDE Hia%
AYES Axsted g 1S JARAAS B}
dstA Azxoks 342 Ndstast stk

3719 B4 Bt AR AE Aot Kot

F HiEE] dsdR Argo] AEHE 2E B4 I
FE[7,81F 43 FREFS Tsto] o A7|AYH
S UERd 5 s qIANAAS st stk o
M) B4 AL Ar|HEEo] 7| zstgoH, A
2] 24o] A8E AN LEe] AR A7A
Erole] ARPAS Fgstaat st o2 A AAH
A B4 F408 M) JALAAES Azt
L i3S AgAE e Bl 49519t Add o
ALAAES PET "E] I3 T U.V. A3 A
WA P20 E4S Bt BE A AAE B
Aol °F 10" Q/sq oI3HLE HAYA Z3p} 9l
o EAAG] oF 10" 2/sq ol5tY AL 1 Z3ph
958 Zog BEErH9] wehd B Agoas A
w7 g2o] wHAFgo] 10" /sq. o5k YEh#

2.1 XA Mz

H]o]# 250mlo MEK(Methyl ethyl ketone, th7
S}2A)) 40mlet TOL(Toluene, YA 40mlE &
g5t 8o IBOA(Isobornyl acrylate, AldrichA|)

16g7} ths 28179 (Polynetron-3640 & Polynetron
-3292, Polynetron A} 36gZ& ¥il 45| =& 74|
RN, Lithium bis(trifluoromethane sulfonyl)imide
10g¥} Tetraethyl ammonium tetrafluroborate 0.5g
< Y3 wHsPEA] BYK-333(BYK-Chemie GmbH)
0.1g¥ PI-184(Aldrich#l) 2.0g& Hol WAPAAIE
Azt

2.2 UMYX HE HX 3 4 Tt

wjgte AR AE PET "S5 Bar Coater (bar
#10)2 Y3 F, 100CAA 28 B EAE A=
the UVE HSHRAMIE: UV-A7IE 500mV/cm?,
2 400 mj/em?, Hg Lamp)3l2ich. A|z5 Bge
I8 39 FAE= & 2m Wl

B4 W71E ot iAAR IE 8o &
AGZ LabollA] EHAZFZA7I(SIMCO, ST-H=Z 5%
ST ESE 8llo]=u]E(Nippon Denshoku, NDH-5000)5
0]-8-5to] FE3-E&(Transmittance)¥ d|o]Z(Haze)& &
Aot o, 444 (Konica Minolta, CM-3600A)
£ Agote] IE9] AL E S5l o2 A2
T Al87](Landtek, HT-6510T)E ©]-83t 1000g5t
= 41 ADAEE ST QB2 PAHA AlFE
o= 3t A"AEY 53] At

SHH, AlxE AR B9 A= B7hE st
Climatic Chamber(Weiss, WKL-64/70)& A}835}o]
85C/85%RH &740lA 10¥ & BES EIF High
Resistivity Meter(Mitsubishi Chemical, Hiresta-UX)Z
ALESHe] HIAE Heo] HARGY Wk 2ot Fd
SH &35ttt

o4, [‘E
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3.1 ™IRO 7|=5 YK 22 M-

3.1.1 2§ 2 seE M

g& B4 FEY AL E F7g6t] A &
A A3 V1o it 45RY gF B4 SRMES
|l =91 & &N MRS St Sl
PC(Propylene carbonate)/DMP(Dimethoxy propane),
MEK/TOL ¥ MEK/PC &&-81 A|7}7] e9] 2=
AHESIgit 4579 2l B4 SRIE $olA Lithium

hexafluorophosphate= &0 & o FA] AR
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g0z golo] Mzo] Hol= dAto] TWAE ] H7|H
T Z3oA AlQlstTt. Ao FA] WMol A
o] k2 3719] 2l B4 313E(Type A : Lithium
bis(trifluoromethanesulfonyl)imide, Type B: Lithium
trifluoromethanesulfonate, Type C Lithium
tetrafluoroborate) & A& 3719] 81 ZH(Type A :
PC/DMP, Type B : MEK/TOL, Type C: MEK/PC)
A9l H7|HEEE Conductivity Meter(Thermo
Scientific, Orion 5 Star)& ARgsto] &43¢ AAE
Fig. 19 =319}t Lithium tetrafluoroborate®]
A% HE 89 Y ColMe 7MY =2 A7desE
BHolgolx Eoty &uf A EFJ(PC/DMP E3H-g4l)
oA Alzto] Aol whet kA o 2 WKL XE
Hog FA HAE= Aol TEE ] & AR A
oFo] Sl wet AAolA] wiAlsH L e F FF]
g5 247 SRIEY A4 Bt AV |HEEE B
b8 Hoh & 7HEo] diEtde]l &olgt Lithium
bis(trifluoromethanesulfonyl) imideE WAYA|&
HigEd R XAkt

Type (

—PC/DMP MEK/TOL

MEK/PC

Fig. 1. Conductivity by Li-F chemical type
(X-axis:Li-F Chemical Type, Y-axis:Conductivity(zS/cm))

3.1.2 4X Y2EE ME

AR B2 AREotE 431 dEEA] H9E
F EAA IRET e PR VAR EE 57
st AAstlh 63F9 43 dEEDNo.l:
Tetrabutylammonium tetrafluoro borate, No.2:
Tetraethylammonium tetrafluoro borate, No.3:
Pentadecafluorooctanoic acid ammonium salt,
No.4:Tetrabutylammonium hexafluorophosphate,
No.5:
No.6: Ammonium hexafluorophosphate)& 22} 1
11 HlEE S8R 238 80mlof =91 & A Ao
HE Bl AT g S5t Table 1). 42 92

Ammonium trifluoromethanesulfonate,
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39 ARto] gl Het B AROE o

B9 AWl FFS F& AFol Yons

A Et Qi We) olH FHEE A A

L 0] wigAsity waEol 44 GREES Nt 4
1

Zko] #71% AAY §Ao] HX] ok
5t & ARE o2 8BS A FSh= Aol
7Fst 3709] 431 AREH FOlA Tetraethylammonium
tetrafluroborate?} Al7ko] AU {HBAtofjA Aol ¥
SR FA 22 A7AEEE B O EA hHA] & Hf
FELZ Aot

Table 1. Effect of Amount and Solvent on Conductivity
by Type of Ammonium Salt

Ammonium | Amount Conductivity(#S/cm) Remark
Salt ©® PC/DMP | MEK/TOL
0.05 89.4 33
No. 1 05 924 2465 | Normal
0.05 2005 325
No. 2 05 1526 567 Normal
0.05 36 26 D
No. 3 05 - - 2)
0.0 1145 508
No. 4 05 845 2075 | Normal
- 0.05 2885 241 D
o2 05 - - 2)
0.05 258 54
No. 6 05 1903 240 3)

Note 1) When left at R.T., the color gradually changes to black.
2) When dissolve in solvent, the color rapidly turns black.
3) Low solubility requires a lot of solvent usage.

3.2 UINIER| HSHAS 9I8t HEZH HE
gz g Aot EUATYEE
KPOV(Key Process Output Variable)& 5}1l,0]0] %
T rE ZoR gdE= g 40 RE AR,
473 AREG A, B AR S By 2
|1 S 57HA AR AAstnh AFEAHGA
A 2548, BERERIY)E A85to] Table 249 oA}
Q5] 9% ABE Axst &9 FHAYE 573
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EA5HT. Fig. 2041 B v}k Zo] HHAF] tist
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HOFT YA F AR Be= BEAPA vA=
Yol ko] Al QAek= g2 A9 il

Table 2. Experimental Design and Surface Resistance

No. Li-F [Ammoniu| IBOA | Oligomer | Solvent | Result
m Salt Type Type (Q/sq.)

10g | 05g 16g |3640/3292| MEK/TOL | 1087

2g | 05g 168 [3910/3292| pc/DMP | 10100

10g | 05g 45 |3640/3292| pPc/DMP | 1080

3910/3292 | MEK/TOL | 1010-1
3640/3292 | MEK/TOL | 10110

10g 0.1g 4g

1
2
3
4 2g 0.5g 4g
5
6
7

2¢ | 0.1g 4 |3910/3292| pc/pMP | 1084
2¢ | 0.1g 165 |3640/3292| pc/DMP | 10107
3910/3640/, 96

8 | 6g | 03¢ 10g 3005 | MEK/PC | 10

9 | 10g 0.1g 16g |3910/3292| MEK/TOL 1084

Ariciwk el | Amwvarss s Bk [ ee——— ey

] i E [] -1 [] i E a £, L]

Fig. 2. Influence of each factor on surface resistance
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Fig. 3. Interaction between each factor

3.3 4xt Y2 0| EHNYY O|X|= T

ARA LY AJollA 431 vl QlobH 43} dHEH
9] A& wE EHAYZOl Hgt IFo] e Ex
Al SRHE9 ARkl tigh JFETH 2HA UERgtt o]
of] wet 43 dHFO] Aol Aol B A= o
I Hot gEotA metetr] flsto] 359 gE E4A
SRBMEO | Tetraethylammonium tetrafluroborate 0.5g
= ARG B9} ARESHA] 2 ARl wE BHAY
& S5k 11 A& Fig. 40 HEgITh

120

10.10
B.0
b.0
4.0
2.0
0.0

Type A Type B Type C

B Without gquaternary ammmonium salt
B With quaternary ammonium salt
Fig. 4. Effect of quaternary ammonium salt on surface
resistivity

(X-axis: Li-F Chemical Type, Y-axis: Surface
Resistance(10"2/sq.))
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A, & A7NAEETT 22 E40] W2 ZHATE E3h AlzE AR 259 A4 H7HE ot
S BT 32 ¢ 4 0tk S HHF0RE =24 2E(85TC/85%RH &A)oA 109 &<t BES Hus}
NAEEE Bl YA A7L Bt Fodh thdA] 4 HA REATEY B3LE S35k AES Pt
= AU &S HojEoh PARAEES AR * Hoh 43 58S fisto
12 I7RSAAE 7RI sS4 7 1A 8 A(Korea Testing
1 ol B . 0 P * Laboratory, KTL)O|A] 12115A18 & EHAY W}
. . be © o tigt &7 B7HE XSG AL HHAYG
2 Al Fo] EHAYZLS sampled 4314 Z7oto] Hat
X &S Al Y A3k AW o) HEAY WseS
AHESEITHTable 4). 71 A3 T2UIFAIE & HHA

‘ FF o] 9.84 x 108 2/sq. 581 1.02 x 107 2/sq.7H4

0 200 400 600 BOD 1000 1200 é@ﬁgilﬂ AlE Fo= 43t FHAPGE A5

Fig. 5. Correlation between conductivity and surface I Qg BolFglet ol wet A2aFAE Aee
resistance HHEAY Wskgo] 9.39%FH 9.82%7HA] UEht EH
(X-axis: Conductivity(uS/cm), Y-axis: Surface e} Wake 10%0|HE WHEAZI o2 A W2o] AlFE

resistance(10"2/sq.) )
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3.5 THHYX Gt
A7 dgAAlR Al A 259 54 ¥
7HE flote] 2% AFAAE ARgste] 59 HiA

PABEL Azokn F2te] BEUE S4L Blete]

Table 30 +Z3131ch AxH 589 BF EF 92% ©]

g9 T2t 0.5% olste] slo|=E EioH, 1 |t

T Rk} WML O] AL [*7Fo] 952 AFS|3to B A B
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Table 3. Characteristics Evaluation of Antistatic Film

{iigzzg,}; Haze(%) Whlt&n*)e > | Hardness
samplel 92.74 0.30 96.88 3H
sample2 92.73 0.31 95.87 3H
sample3 92.75 0.31 96.84 3H
sample4 92.59 0.30 96.76 3H
sample5 92.67 0.31 96.76 3H

579

ojo o
MO = =

7t o 4% Wgo] A=

shIsloict

Table 4. Surface Resistance Change Before and After
High Temperature and High Humidity Test

Surface Resistance

(x108 0/sq) %ﬁ%
Before After
samplel 9.20 10.1 9.78
sample2 9.24 10.1 9.39
sample3 9.26 10.2 9.75
sample4 8.96 9.84 9.82
sample5 9.07 9.94 9.59

AR Al LA AEEREEY A stead
of, qigrel)e) 3¢ wRAY 108~10100/sq. ¥
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