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Abstract: We describe a colorless, trangparent polyimide films for plastic display substrate which should have heat re-
sistance, roll-to-roll processability and low CTE (coefficient of thermal expansion) property. Colorless polyimides were
synthesized from 3,3',4,4-oxydiphthaic anhydride (ODPA) 4,4’-(hexafluoroisopropylidene)diphthaic anhydride (6FDA)
and diamines such as sulfonyldianiline, aminophenoxybenzene (TPE-p, TPE-q, TPE-r) and big4-(3-aminophenoxy)phenyl]
sulfone (M-BAPS). Their optical properties were measured by UV spectrophotometer, colormeter and hazemeter. We
prepared polyimide/organophilic layered silicate nanocomposite to improve dimension stability. These colorless polyimide
films showed UV transmittance by the level upper 89%, a 440 nm and excellent optica property having the value under
yelow index (YI)=7. In addition, polyimide nanocomposite films aso showed an improvement of CTE vaue as
decreased according to the amount of layered slicate contents.

Keywor ds: polyimide, organaphilic layered silicate, nanocomposite, flexible plastic display substrate, colorless.
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Figure 2. Lucentite structure and akyl ammonium sat for organophilic
layered silicate of STN and SPN.

Zlolu ks 3] 1% o] F R TR AMSS 44-(he
xafluoroisopropylidene)diphthalic anhydride(6FDA) % 3,3',4,4-oxydi-
phthalic anhydrideg(ODPA)= 2+2+ 53} 2 acdtic anhydrideol] 2x1d] A
AAste] FAS o, 33-sulfonyldianiline(3-SDA) 2 big4-(3-
aminophenoxy)phenyl]sulfone(m-BAPS) S H]£3+ 9%9] tlopyl &
FAEL Ao AAHste] A8 NN -dimethylacetamide
(DMAC, Junssi Chem.) 2 1-methyl-2-pyrrolidinoneNMP, Junssi Chem.)
< CaH, stellA 4k FHste] AASGIe wdh vieigts) 2
5& Axs] 9% 4 ~HElo]Ex JE CO-OP Chemicd Co. Lid.
o] STN, SPNE& T-dste] ARESRsih A =dElolE 52 1l /A
o AHEH RF713A1S Figure2o] YeER)ATH
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QSOQ A" 07 | : ¢, (o Abbreviation Chemical structure
HaN NH; o o] 3-SDA QSOZQ
HoN NH,
0 o
HO-& GFs &-NH SO,
HN-C C-CH
o) o n CFs
Scheme 1. Reaction of 6FDA/3-SDA polyamic acid(F-35). SHFDA < cp3

H,N NH,

CF,4
0 0 4-HFDA wan— S ),
= o S < CFs
QSOEQ + 0 | L Do
W : O™
o) o)
Ho—C@ o ﬁCNHOSOZ TPE-Q HZN@OOOONHZ
= =
HN-C C-CH
e} 0 n TPE-R HZNOO\QOONHZ
Scheme 2. Synthesis of ODPA/3-SDA poly(amic acid) (O-3S).
m-BAPS QOQSOZQOQ
= XRD(Rigaku DIMAX-11B X-Ray Diffractometer)2} TEM (Hitachi HoN NH,
H-7600) 0.5 &}213}9] ).
23 B2lofaihte] B pBAPS el -oX)sor o)
2.3.16FDA/3-SDA Poly(amic acid)(F-38)2| &4
k77 ke 250 mL 37 Zekslel 3-SDA 7.449 g(0.03 BAPP sz@oo@mm
mol)3} A A|¥l DMAC 83108 g& Wil &, A2 7|5 dlolA] uwk CHs
alo] ¢bAs] {3 T 6-FDA 13328 g(0.03 mol)S F¢15k5ith o -
w) AA LHEE 20 wigeo] HEE 2EEon LA 124] HFABAPP i~ Yo~ S N0 ),
CF3

b s}t vheEigit fE SYjobyate] HE 543 A3 038
dL/g®] ARAEE 7= R3S EEotHite] NS Il

511t (Scheme 2).
2.3.2 ODPA/3-SDA Poly(amic acid)(0-3S)2| &M

Table 2. Sample Codesand Inherent Viscosities of Poly(amic acid)s

~ _ Sample  Dian- L TUnh Sample  Dian- L TUnh
W17} A 250 mL 37 Zeh~0] 3-SDA 7.449 ¢(0.03 mol) Cote  fydide CP™™ (i) | code  hydide O™ (dig)
¥} “8#)¥l DMAC 66988 g= Wil 2, A 7|7 sfollA ksl F-35 3-SDA 0.1 | O-3HFD 3SDA 041
3] g3k T ODPA 9.307 g(0.03 mol)S 718kl 12413t & F-43 4-SDA —0.24 ) 043 4-SDA 022
R YL R S S v S <
7 053 du/ge] LAHEE 7HA+= 0-3S E]olulite]l AR F-TP TPEP 087 | O-TP TPEP 087
& 8913199 th(Scheme 2). FTQ  6FDA  TPE-Q 223 | O0-TQ  ODPA  TPE-Q  2.38
3719k FAG WHEENA o F5EE 22h 6FDASH ODPA o T S T
Al EejolulabE gt L AWE Table2e] YERITH F-BAP BAPP 081 | O-BAP BAPP 0.7
2.3.3 6FDA/3-SDA/m-BAPS =100/50/50 Poly(amic acid) F-HFBAP HF4BAPP 0.3 | O-HFBAP HF4BAPP 0.7

(FSBA-4)2| &M
Ek7) 7} A2E 250 mL 37 ZEk~Ho] 3-SDA 3.973 g(0.016
mol)Z} m-BAPS 6.920 g(0.016 mol)S “d A DMAc 100431 g} ¢+
A Q3 e, A 71FetelA] unkete] £473] 83l%k & 6-FDA
14.216 g(0.032 mol)S F7}sle] & Fo] 20 w7} HE=E 3l
AIZE 9hEstinh e Zjobuate] HeE HA4% A3 050
duige] THAEE 7 E ot iHFSBA-4)o] FEHASS &
Q13151 tH(Scheme 3).

Tynn = Inherent viscosity in DMAc, 0.5g/dL at 30 C.

2.3.4 ODPA/3-SDA/m-BAPS =100/50/50 Poly(amic acid)
(OSBA-4)2| &
A7} A2 250 mL 37 22230l 3-SDA 3.973 g(0.016 mol)
7} m-BAPS 6.920 g(0.016 mol)S “J 4|l DMAc 84.560 g2} 37 4
I 21, A 7)stell A gk
5

i, =2
10.247 g(0.032 mol)= F7kste] arddto] 20 wine’b ¥ ==

se] eh13] gelat F ODPA
w5 sl
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Scheme 3. Synthesis of 6FDA/3-SDA/m-BAPS poly(amic acid) (FSBA-4).
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Scheme 4. Synthesis of ODPA/3-SDA/m-BAPS poly(amic acid) (OSBA-4).

OO0

Table 3. Sample Codes of 3-Component Poly(amic acid) Copolymer
according to Molar Ratio of 3-SDA and m-BAPS

Sample Molar ratio Inherent viscosity
code Dianhydride  3-SDA : m-BAPS (dL/g)
FSBA-1 100: 0 0.11
FSBA-2 6FDA 90 10 0.32
FSBA-3 (100) 70:30 0.35
FSBA-4 50:50 0.50
FSBA-5 0: 100 1.06
OSBA-1 100: 0 0.41
BA-2 11 .57
e om B 0w

(100)

OSBA-4 50: 50 0.69
OSBA-5 0:100 0.89

dngH ﬂ" s 7 Eeo i 0sBA-4)°e] TS &
Q13+ th(Scheme 4).
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v
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| J
60 C,120 C forlh
ve—
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\ J
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v
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Nanocomposite
Colorless PI film

Scheme 5. The schematic preparation procedure of the polyimide/orga-
nophilic layered silicate nanocomposite film.
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Table 4. Optical Properties of 2-Component ColorlessPl Films
Sample AUV ®Yellow | Sample AUV ®Yellow
code trans.(%) index code trans. (%) index
F-3S 91 12 0-3S 89 17
F-4S 88 34 0-4S 88 6.3
F-3HFD 85 4.8 O-3HFD 79 31
F-4HFD 82 6.9 O-4HFD 89 55
F-TP 89 39 O-TP 82 4.2
F-TQ 82 55 O-TQ 81 17.1
F-TR 79 6.9 O-TR 79 19.2
F-3BA 88 7.0 O-3BA 87 48
F-4BA 86 9.1 O-4BA 71 11.2
F-BAP 74 17.2 O-BAP 71 18.8
F-HFBAP 76 10.0 O-HFBAP 72 12.3

#UV-Transmittance measured at 440 nm.
Y| measured by ASTM D 1925, E 308. All films thickness ; 200 um.
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o] BgAETA Fo3ltta & 4 o). DSCE AloldAs &
218 A3} Figures 63 791423 6FDAAIZ Al2Hst AR E2
o= FELS m-BAPSY shegel uwhebx ¢F 235~285 T, ODPA
AS AFS3E 9= oF 230~275 T fEdole: R¥E w3z
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Table 5. Optical Properties of 3-Component ColorlessPl Films

Polymer code 2UV transmittance(%) ®Yellow index
FSBA-1 89 3.3
FSBA-2 88 4.9
FSBA-3 86 6.5
FSBA-4 87 8.3
FSBA-5 84 14.0
OSBA-1 88 6.8
OSBA-2 85 84
OSBA-3 86 9.8
OSBA-4 87 11.0
OSBA-5 84 18.7

& UV-Transmittance measured at 440 nm.
®Y| measured by ASTM D 1925, E 308. All films thickness; 200 um.

Awm
0SBA-3

Transmittance(arb.unit)

4000 3500 3000 2500 2000 1500 1000
Wavenumber(cm™)

Figure 3. IR-spectra of FBAS-3 and OBAS-3.
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Figure 4. UV transmittance of FSBA series; ()FSBA-1, (b) FSBA-2,

(c) FSBA-3, (d) FSBA-4, and (€) FSBA-5.
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Figure 5. UV transmittance of OSBA series; (a) OSBA-1, (b) OSBA-
2, (c) OSBA-3, (d) OSBA-4, and (€) OSBA-5.
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W

200 220 240 260 280 300
Temperature(C)

Heat flow(arb.unit)

<« endo

Figure 6. DSC thermograms of FSBA series.
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Figure 13} 7¥o] &4 FACZ JfEE A el E(gynthe-
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gto] Zejotuiit W mghg ol s Alxstlal, B ANaw H Ex
2 HAE Sl AYTA TR Foln| =4 E
=5 AES Alxs3it) Taole 60l Wekd =l o] sPNe]
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« endo

Figure 7. DSC thermograms of OSBA series.

Table 6. Optical Propertiesof Colorless Pl Nanocomposite Films

UV-transmittance Haze .

& Polymer code (at 440nm) (%) %) Yellow index
FSBA3-ST0.25 84 0.79 4.9
FSBA3-0.5 83 0.91 5.2
FSBA3-ST1 80 1.20 6.4
FSBA3-ST3 80 157 7.4
FSBA3-ST5 76 2.04 10.3
FSBA3-ST7 76 2.25 111
FSBA3-ST9 73 3.31 115
FSBA3-SP1 67 6.90 104
FSBA3-SP3 24 33.40 115
FSBA3-SP5 16 47.35 124
FSBA3-SP7 16 44.65 17.6
FSBA3-SP9 10 53.16 20.1

2 polymer code 6FDA(M-BAPS)/3-SDA/STN 0.25~ 9 wt% and SPN 1~9 wi%.

Intensity(arb.unit)

ML‘ FSBA-STS ALl ) M

FSBA-SP5

2-Theta

Figure 8. X-ray diffraction of STN, SPN, FSBA-ST5, and FSBA-SP5.

2 7k didol wEE Y. oli= Figure 8°] XRDOI|AM = ¢
A E AAY Bolxvk TEMoR a3t Ayt 4 25 o
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(b)
Figure 9. TEM images of (8) FSBA-ST5, and (b) FSBA-SP5.
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Figure 10. Effect of organophilic layered silicate(STN) on the CTE of
polyimide/STN nanocomposites.
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