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A Study on the Synthesis of Transparent Polyimide Film with Siloxane Group
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EE: B Ao Tt ddE £ Z2] o] =(transparent polyimide; TPI) ZE-2 33171 S5l
71(Si-0-SiyE zh= tlohl w9l 1,3-bis(3-aminopropyl)tetramethyldisiloxane(BAPTMDS)=} £-427](-CF3)E zte
4 4-(hexafluoroisopropylidene)diphthalic anhydride(6FDA) 2 &3Z7](-S0,-)& %I+ 4,4-diphenylsulfonetetracarboxylic
dianhydride(DSDA) F-73l& @S FFTAH. ov|= FARENA A5AE =48 =W Asto] 2
B9 AAEt FEo] 90% oS 7= TPIE 382 A2 = AUT). 3HA5E, BAPTMDSS] “M” Ef
Yol AEL|9] mQjom AA, ZAIA AHo] FhAiE ], o]& /MAlst7] 918t bis(3-aminophenyl)sulfone(APS)2}
BAPTMDS tlo}ql ©efd|e] BuE 243tk AxE TP BEo a3 B4k 2 & 1ieglo|ojE Fgsle] A
7] Ax EAS wARYT). Siloxane based TPI2] ZEjH o] EAE7) 714 581on ) o) AEAb7)9] A
g Bl 7IR1skthal AT & vhiegtolo] BlERS Aubet AEAV] FHy TPIe 738 EWAEH(~30 /)
I FEHZ(>85%)5 R tgst A 79 FH7)eze] &8o] 7|t

EER:

Abstract: 1,3-Bis(3-aminopropyl)tetramethyldisiloxane (BAPTMDS), a diamine monomer having a siloxane group (Si-
0O-Si), 4,4-(hexafluoroisopropylidene)diphthalic anhydride (6FDA) having a group (-CF5) and/or a 4,4-diphenylsul-
fonetetracarboxylic dianhydride anhydride (DSDA) monomer having a sulfone group (-SO,-) were copolymerized to pre-
pare a transparent polyimide (TPI) film with improved transparency. When a siloxane group was introduced in the imide
main chain, TPI having a high transmittance ( >90%) was effectively achieved by inhibiting formation of a charge transfer
complex. However, the thermal and mechanical properties were reduced due to the introduction of the “M” type siloxane
group in the BAPTMDS. Thermal and mechanical properties of the TPI were enhanced by controlling the molar ratio
of bis(3-aminophenyl)sulfone (APS) and BAPTMDS diamine monomer. The electroconductive properties of TPI films
were investigated by graphene dispersion and silver nanowires coating. The graphene dispersity of siloxane based TPI
was excellent among the prepared various TPIs, which is thought to be due to the hydrophobic character of the silox-
ane group. Siloxane containing TPI films coated with silver nanowire thin films are expected to be used as various con-
ductive transparent flexible substrates because of their excellent surface resistance (~30 /o) and light transmittance
(>85%).

Keywords: transparent polyimide, film, siloxane group, conductive film, CT-complex.
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Scheme 1. Chemical structure and polymerization route for transparent polyimide films.

4= 7] wel] WA AFERE S-8F 3 ok S| o]
A B2 FHES 2= PIe Hold 7] &AddlE 5
a1, 559 xlgh 2 ool 2 g8l AlghAd St
of $ixAch. B PIo] B, B84 Wl 7 Tk £
sith. waEba] o] PIO| B S 73S AT
= o8 dAFEe] FY=IL Yok prt o] gk 72
S wEe A& Aslo] 2 A (charge transfer complex, CT-
complex)2] B4 W]tk > CT-complex@t ©|v|= AREL]
A5G o2 A e n-dAe] HolE Hshe AR, 1
Aol Al UlollA dojd dint o2} A& A Alole]]
ME AST) PI FAREO RS o] 3T S
G55 -7k do|7t AYAI=H o= om= o] Wl
Az e] n-AdA=E Qlete] Ho] o|A] F917F HolA|7] of

o aape] Az 349 roll-to-roll Z4ol 2gHabA] it 22
olgfgt wAIE FHEal] flal A4 Aol A=A =S
EYste] AxAd 58 Alxdhs 349 o= tujo]x
o] J3H 543 A IAH S B WSS £
gov|= I5S M-Sl HEAS Fofsle oy 7
T7F RSP AL ek

£ ATl d71elA dEs £, H 71418 54, A
T35 7K TPI &A1& 7Wdatarat sigich. 58] 94
£ tuo] 2 Fopol]l Ha gk fANH F T FFE 9
A AE71(-80,-) 2] obdl ¥k ohe} siloxane(Si-O-
Si) 2o o}HlE =]kt Et ofNle sk, F
3l=2 -CF; T2 7HA = 4,4-(hexafluoroisopropylidene)
diphthalic anhydride(6FDA) T4 9} -SO,- T2 & 7HA &

iwolth o] gt WAUZORE TR 9] 5 We & 4,4-diphenylsulfonetetracarboxylic dianhydride(DSDA) &%
Tl H=Hl, PR= 400~500 nm 7HA1A F9e] Us 5 Ao Eulol Wsts FHA TPI 2E52 3 (Scheme 1)3}4

slo] 2 HARL E-fe] 7 YIS VBRI PI®] CT-complex
£ A2A717] flEiA oEIE(-0-), HE(-S0,), EBZSFL
HE(-CF) 2 715457t 28t 948 FAE &4
shAY, #lAlo] opd F2E E9sle] pdAle] UEE i
AlA TPIE AxT 4 Aok 4 Al S22 dukd e
2 dimethylacetamide(DMAc)Y} N-methyl-1-2-pyrollidone 2
2 718 E AREET) &l o] FRell wEka] olm =3t
Brrh gebd g AT o] FA viSolxl £ Eejoln]
T (transparent polyimide; TPI)= CT-complex”} 7A~%|o] $-
T FAEE HoX|RE QA TAA 5] FaEe A
o] St} wEpM Fawel A T|AH B4 BT 99k TPI
£ Alxslr] A% A7 FegElo] Fok gk A A
Hule] A5 93k M7134 SAS 7= 79 171 A5 o
gk A= ghks] = AL vk #A] ARSE AL 9= indium
tin oxide(ITO)= E< W7 =AAY Fo= wdl A=/
g okl da] 220|aL = Aoy, ITOE el §l
[e]
o

A2 NAE A wiel taEdel, doEE EoF 5

F-EEEEH 548 AT AlxzE TP &9 ol
=8t i, a5y 24 ¥, PR, Eeeey 54
3} Aks} 12 F (graphene oxide, GO) H-AF} & L olo]o
(AgNW)°] 8-S Falod #A|zE TPI D52 #7134 54
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AlgF & ZHE. o7l TEFAZE Gelest AH] AE4F 27T 9
= 1,3-bis(3-aminopropyl)tetramethyldisiloxane(BAPTMDS) <}
TCI A+¢] AE7]7} = bis(3-aminophenyl)sulfone(APS)E
AMEBIGATE FrekE TR 2 Aldrich AFe] ER|EFo 2
He X375 7IAE 6FDAS} TCI ALe] HE7|E 7HAE
DSDA7} AFE-EIRATE. &7l 2% Junsei AR DMACE AR5}
Ak, ARl (GO) 4t 8wl DMA Grapheneall
A GOE 5gLe §E2 EAAA ALEsit ol
0.15 wt%2] ko g7 BAalel AgNWeF o] Fellin)
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AllA] F-Erolr] AAglo] AME-SISATE.

TPl & 8. Table 1 TPI 34 A3 ARRH tlo}rl
I FrslE dEA e & 2AJolth AlRE A7 AlEe
TPI= tolla} Frsls Al & HE L1E 8l T
311t} Sulfone based TPI, sulfone-siloxane based TPI &
siloxane based TPI= APSS} BAPTMDS tlo}dl & kg
1:0, 0.5:0.5, 0:1% 3} 2}z A %3}k =3 7+ TPIS &
27 i F53HE(6FDAYt &7 3 F-5731=(DSDA)
o] kS 1:0, 0.8:0.2, 0.5:0.5, 0.2:0.8, 0:1¢] TH 714 EIYY
o2 o] F 1559 TPIE A=At S Bukz Yo
A} 20mL fr8] AlEHe] 10 mLe DMAco) tloplz} =
SHES ZH7h 1A B9t A ¢ E] 591 Sl e A
9 719 fFidol HA R=F stk 2 & F 7R @
A SHEE A £91719] 0°C olF A whg7]ol Aset

sle] AA3E] FYI) "ATt~E FAsIAA 2417

71 3 LA 13A)7F B9F 2719
HESHS] poly(amic acid)(PAAYS U=
th P19 A7 PAA £4& Alx & 89S {2 AEH
3 3719] el kA S A9

Bag) B Aol A ARE-gE oju| =8 W2 g HolA
eskal AAAR] A olu|=8lER AMESIGITE TP &
o] AzE 9Jsir PAA §S Fd3 e fE|de] U¥F
3l &= FA-o] 7153t bar coaters AHEEt] 35 mm/sec <
=2 393 Z8E fees 50°Co] F Q20lA 24
5 QPgaAIl Fol] 80, 110°CollA Ztzt M7, 308 5
32 GuE 28] A AT Z-E PAAE ©]
n) =3} gkl o3l aefs} o|n|= §hgo] xleEo] e QF
29e 7K E 5748 327t Aol A] JSkEEA] F7E Rl
71a7b dojui= 7 olw| =8} ukgo] s1salt), ExjE 9
Z7e 23] Ar 59)7] HU2oA 712}k 110 °C/30 min —
140°C/30 min — 170°C/30min — 195°C/50 min —
220°C/50 min — 235°C/2h <=2 2 o|n| =312 2183t}

HMEY EHE M=, £ AllA Al TPI 5 A=A
S Hojalr] 98te] GOZ PAAY] B2 A AA FES
WAL AgNW BHeRS 229 TPI 2 ol dAAA
= e FE48A0t GO E4H(GO

Zlo|mE ANl AlzE TPI WEel AR5 AgNW
8L A th 30 mmx30 mmz FHEo) R TP Zato]m
50 rpmO 2 FYIIH L FHER 130°Ce] QB 1%

W
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Table 1. Reaction Compositions for Synthesizing Various TPI

(unit: mole)
Diamine Anhydride
Series Type
APS BAPTMDS 6FDA DSDA
1I 1 0 0.8 02
Sulfone based
TPI 11 1 0 0.5 0.5
v 1 0 02 0.8
1 0.5 0.5 1 0
11 0.5 0.5 0.8 0.2
Sulfone-siloxane
based TPI I 0.5 0.5 0.5 0.5
v 0.5 0.5 0.2 0.8
\% 0.5 0.5 0 1
11 0 1 0.8 0.2
Siloxane based
TPI 11 0 1 0.5 0.5
v 0 1 02 0.8

40 mm, MZ 80 mm, 57| 2 mme] 2713 oA AZz=
Atk A zE HE9 ojn =3} ofHE= FTIR spectrometer
(PERKIN ELMER, SPECTRUM 1000)2 o]-&-3}] 2}ela}%)
t}. ZEo| 7 =48 FE-SEM(TESCAN:MAIA3)S A&
S, o 7] A A AlzE FEe 19 2y
o] A 498 218 Energy Dispersive X-ray(EDS, Oxford
Instruments; X-MaxN)2 ARl HE9] ¥4 e Y
ul A (elcometer, 3092 sclerometer Hardness Tester), W3}F&+
JEEe] B8 7EA9] isopropanole] 21471 TG rubbing
397 2 AFAE(ASTM D3363:05)2 SA3Ith 29
FEIEE UV-Vis spectroscopy(Optizen 2120 UV Plus,
Mecasys)S A&l 400~800 nm HE] 2] 71A]34 G0
Al F73I3T). 50 84 54S oty flaiA AR
A+ -4 7] (differential scanning calorimetry, DSC, TA
instruments DSC Q20)E A&l f2ldo] 2=(T)E &7
sttt Az B4 71A1A 245 2540l 40mm, F
10 mm, 57 0.05 mme] AFHOE THs BAAEEA7) Tk
A& 7] (universal testing machine, UTM, Qmesys QM700)E
ARgEl] 91T 10 mm/ming ST 71417 BA =
A2 AT 07119 AlES THEo] Has W s AlE
of thgk A=ES =T 259 FHAEY 42 4-point
probe meter(CMT-SR 1000N, AIT)E AM-3151
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Pt =M 24, 2 Aror] 7] A FiolA &
3 ZAxH Al AlE9 sulfone based TPI, sulfone-siloxane
based TPI 2 siloxane based TPIE APS$} BAPTMDS t]o}
Hlo] kS upito] A2, ZF TPI AES B47) 3Hir
FrelEs) £27] 3 FslEe] 3R ol 7] B
O 2 o] F 1552 TPIE AZsIT) o]k TPI §F
A Aol ek A Table 19 Aglske] ehidct.

A zE TPIY olr|=3} H-5 FRI57] £18] PAA £
7 g olm=3ld TPIQ) FTIR ¥4 Z#E Figure 1914 1
ERQITE. PAAS] oF|=71¢] N-H I =& 3100 cm”, 7HE-2)
71¢] C=0 == 1725 cm™, O-H I =7} 2500 cm'ol|A] 2}
7} A2 cKFigure 1(a)). Figure 1(belA F7 olm|=3s}7}
e & TPI &9 FTIR 2= EHS Yeh)Qlt} ojnj=
719] N-H "z} 7H3-417]9)9] O-H =7} olw| =87} 71
e 5, A AT oA on =l KIsHol wElA

fon

(a)

Transmittance (%)

4000 3500 3000 2500 2000 1500
Wavenumber (cm‘1}

ARG 579 D7t o] BSAEA & B} AA
£ SUFYo! o] oIk, o|v =5} w2 Bl
2374 E TPI®] C-N-C 3|=E 1390 cmol|A] E15I3 T
TPI ZEo| 3}8Ha] 2Ao] #datA FF=J=A st
7] $13iA1 SEM-EDS 42 aF3ith. 2h2he] A zz1eA
Az TPI BE(type Do T4 = oF 50 um= 2433
(Figure 2). Sulfone based TPI(type I), sulfone-siloxane based
TPI(type 1, V), siloxane based TPl(type 1) Z &< EDS
point 4] A3E Figure 3¢4 UJERHITE EDS 240l 4
AT = 949 3 fX= 22 &22(C0) =027 keV, &
N)=0.39keV, 2F2(0)=0.52keV, ZF 2 H(F)=0.67 keV,
A 2] Z(Si) = 1.73 keV, ¥ F(Pt)=2.04keV, 3H(S)=2.30keV
o|t}. Sulfone based TPI®] 73-%- APSS} 6FDA A7} 71
A3 A= S FrTosiloxane based TPI®] 73-$+= BAPTMDS
°} 6FDA @A 7F 7R 2L = Sid FrF AEE A
Sulfone-siloxane based TPI¢] 7d-9-= BAPTMDSE APS U
opvle] Hlste] Fo] FdEF Sie] Aol S7etar

100C 1500 1450 1400 1350 1300 1250

Wavenumber {cm‘1 )

Figure 1. FTIR spectra of sulfone-siloxane based TPI: (a) polyamic acid; (b) TPI film.

Figure 2. FE-SEM cross section images of TPI films (type 1): (a) sulfone based TPI; (b) sulfone-siloxane based TPI; (c) siloxane based TPI.

Polymer(Korea), Vol. 43, No. 3, 2019
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Figure 3. EDS point analysis of TPI films for each series: (a) sulfone based TPI, type I; (b) sulfone-siloxane based TPI, type I; (c) sulfone-

siloxane based TPI, type V; (d) siloxane based TPI, type I.

Hith o] 74-9+= SO ZdtistEre]l Skttt 6FDATRS: -
3}E 2 ALE-3 sulfone-siloxane based TPI(type 1) F7} 7
Z5 %o, DSDATRS: F538l=2 ARS-gH sulfone-siloxane
based TPI(type V)&= F/I AEEA] ol T ] slehs %=
dollA ol dst TPIF A= =S FRlskith
LEo| Cldst S2Ista] SMEY. 7 A Az
TPl 552 FHEE S73s17] flsted B3 Al &
UV-Vis 2FEZ 2418 74a34 99391 400~800 nmeoll 4]
=3 8} 94T}, Figure 494 sulfone based®} siloxane-sulfone
based TPI ¥ E(type )] FEARIS B W&} AL, Table 29
A 7RA18A 49?1 550 nmellA 72 HEL] AR R
= A23159}. Sulfone based TPIY] 749 PAA A|Z& Aol &
2A F53HE¢) 6FDASE HEA F731E9l 6FDAS] &1
7} AAaTE((a) - () P 572 =o] Meix)= 4
& HolH Fxwrt Ak A o] FElstt) v,
siloxane based TPI¢] 74+ 6FDA2] &H|7} 7HA31H
() — () Eol &= FHIPT, 550 nmol|A] =2

Zay, Al4378 A33, 20193

=7k 92.7%2 -7 5 A hFigure 49} Table 2). o] &
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sulfone based TPI2] A% 7+&E 3t HAEN71Q] ESEFL
ZWE(-CF;)717F AE71(-S0,-)°l vl3A] CT-complex 343
Hhel Jako] ¢ =7] W&o}, siloxane based TPR= 71A]
AL F3A] @ Si-0-Si A%l -CF; Zwo] HAadls
AL E BFely EHHoE EREE A7 AL
& 4= Utk oA FARE] AEAF 150 §9H O R Pl
A& AFE7R] CT-complex A o)E A &17] wj&olgtaL
A7,

2 ATelA Az TPI 59| H2agxy, d274=
22 FHE4S Table 39 YEhRSIT. 2F Al9e] TP
Aol ASA|7F Wold s FHEAC] 74
Bk AT, -CFy719] e s A54
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Figure 4. Photographs of colorless polyimide with varying concentrations of the anhydride and diamine: (a)-(e) sulfone based TPI; (f)-(j) sul-

fone-siloxane based TPI.

Table 2. Optical Transmittance of Various TPI Measured at
550 nm

(unit: %)

Type Sulfone based Sulfone-siloxane Siloxane

TPI based TPI based TPI
I 88.8 90.0 96.1
I 86.7 86.9 99.2
m 843 88.0 93.5
v 843 84.7 90.0
\Y% 63.9 84.7 92.7

B Aelr AR 2S5 tolwl’l BAPTMDS?] Si-O-
Si 27} A-REAS 7H “M> F30] 720 wfiFol|, FAKE
o] APS®} DSDAZ A|Z%+= sulfone based TPI] 7423l ub
= 1Y E 7= A vlEiM e 50 EREE WA
317] wjEol2l FetE T}, Sulfone based2} sulfone-siloxane
based TPI] N7 =o} ARSI E-S ¥ L3I TH(Figure 5).
FAE 25 CFy7] Al -S0,7}F E0125 Qg7d=s} <l
7 '3 Eo| 78ISt o132 TPI ZAKE] bulkygt -CF;
717} Bold S PL AREZF] Adszgo] o3 9A]7] wiio]
ol AJZMETh 3 A4S 7HRE M”29 Si-0-Si 7]
o] ZAZ <)M siloxane based TPI2] ¢1ebAE<] sulfone
Aol Hlate] skt

ok 27004 A z=E TP EHEA TS AxFA
GHFEA71E o83t STt TPI FAKEl AE4 +
X7} =ErE fEldol et F45H AT oA

Table 3. Surface Physicochemical Properties of Various TPI

Films
Series Type resiifa?(t:zh(N) Pencil hardness

1 2.2 4 H

II 1.5 3H

Sulfone based TPI I 1.6 3 H
v 1.6 3H

\% 1.4 4H

1 1.7 2H

II 14 1 H

sabnesiowe w4 2
v 1.2 3H

\% 1.1 2H

1 1.1 1B

II 1.0 25B

Siloxane based TPI  1II 1.0 4B
v 1.1 4B

\" 1.2 4B

2 oA AFsIRe], ARSE AE2H TielRIql BAPTMDS
o] “M” FZo AEAbo] EAFE O E ¢35l siloxane based
TPIe] AREA Q] F7tel e PI A& A& Alele] CT-
complex /o] A E oM Yeh= a32 Azt ) dut
29l Zjoln|=8] G4 olm|=sh= 300 °C o) ol KaH
ofok A FHE . Aol = siloxane based TPIS] €& &
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Figure 5. Comparison of mechanical properties of diamines and anhydrides: (a) tensile strength; (b) tensile modulus.

Table 4. Glass Transition Temperature of the Various TPI Film with Different Diamines and Anhydride

L T, (°C)
Diamine
I 11 1 v \%
Sulfone based TPI 239 242 241 248 245
Sulfone-siloxane
based TPI 167 164 170 163 171
Siloxane based TPI 89 87 89 91 92

2 7HA] BEAES Ao Bkt &
silsesquioxane(“T”) -3 7FA= toRlg AA|/G g5t o
FA R AREsh= Aol olHgh g3 544 Astks AT
ATkl AT Th A7 AE BE -CFy7] thil -S0,-7t £
s frejdolRErt S7eke A Bl oA
TPI 2AE&El bulky$t -CFy717}F Bold4-E Pl AR s
Zpg-o] oA AL, o]l wt Ak AlE Abe] ] Hargle]
Haate] fEjde] 27t kil Alolet ke th(Table 4).

MY gEc=o| 8. & dtiXe AlxH 4502
A 258 Alxst7] 915 DMAce 83lE PAA “dE]ol
A GOE 5ol AT &, E3 ojn|=slo] oair M=

de WHor F 7

(Figure 6). A|1ZH
31992 ul, siloxane based TPI®] EAF=7| 714 94t} o]+
2 BAS 7THRE AEq]e EAd 7113 Aelgka

Zay, Al4378 A33, 20193

Azt GO §3Fo] 0.4~1.0 wt%oll A 2F 200~400 MQ/[]
Hele] HlwA =& THATS HoFn) o] ARSSH W
flollA el GO ke idle] SRS HF ol 25
7HAA Fah7] weletar ATk gk o] Ak
TPI 852 BF3ee] ZA9ol= 1Lowt% o Helolx =
GO9| 7l oJste] F438 s BoFU(Figure 7). 3t
ARk, GOY A7l 93t F ke o] 7= siloxane based
TPI®] 757t 71 At

1A B3 T3 =(>92%)7F H]2 A $-4=3 sulfone-
siloxane based TPI(type V) &l A=AdS H3t7] ¢t
T A WO E AxE TP EE 210 AgNW HHehe =
E3to] FAAZAL 2A1F- 9] rpmol] Wb TPI
AgNW Bt S5 ZAdste] T2k H7]4 3
g 4= AATH(Figure 8(a)). 2=BFH ] 5 T

= A7 go] FE Foh=E o At o
2P O] FTho) ofafix] AuE AgNW HHEre] 7
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Figure 6. GO dispersion in the various TPI film by using image J program. GO 0.4 wt% (a) sulfone based TPI; (b) sulfone-siloxane based
TPI; (c) siloxane based TPI. GO 0.8 wt% (d) sulfone based TPI; (e) sulfone-siloxane based TPI; (f) siloxane based TPI.
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Figure 7. Transmittance as afunction of GO content for (a) sulfone based TPI; (b) sulfone-siloxane based TPI; (c) siloxane based TPI.
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Figure 8. Opto-electrical properties of AgNW coated sulfone-siloxane based TPI (Type V) at varying spin coating speed: (a) surface resis-

tance; (b) optical transmittance.
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