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=8: ARl 4.4’ (4,4'—isopropylidene —diphenoxy) bis (phthalic anhydride) (BPADA) &} oF1A|Ql 2,2'—
bis (trifluoromethyl) benzidine (TFB), bis(3—aminophenyl) sulfone (APS), 4,4'—methylene—bis— (2—methyl—
cyclohexylamine) (MMCA), bis [4— (3—aminophenoxy) phenyl] sulfone (BAPS) ] melamine—% 27y 5 B
HESAIA N N=dimethylacetamide (DMAc) £l oA Z2joFAt(poly (amic acid), PAA) £ 43tk £ 2
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calorimetry (DSC), thermogravimetric analysis (TGA), thermomechanical analysis (TMA) &
217 (spectrophotometry) & ©]- €319t} Axd e L& 4 H3
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Abstract:

Ao = P2 AJ59] gl X|<4=(yellow index, Y1) &=

A series of poly (amic acid)s (PAAs) was prepared by reacting 4,4'—

olg3l =7

T 48.53—
3 olakE LeRhgi

(4,4'—isopropylidene—

diphenoxy) bis (phthalic anhydride) (BPADA) as the anhydride monomer and 2,2'—bis (trifluoromethyl)
benzidine (TFB), bis(3—aminophenyl) sulfone (APS), 4,4'—methylenebis— (2—methylcyclohexylamine)
(MMCA), or bis[4— (3—aminophenoxy) phenyl] sulfone (BAPS) as the amine monomer with 5 mol%
melamine in NV,N—dimethylacetamide (DMAc). Colorless and transparent polyimide (PI) films were
obtained by casting the PAAs at various heat treatment temperatures. The thermo—mechanical properties
and optical transparency of the PI films were investigated. The thermal properties of the PI films were
examined using differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), and ther—

momechanical analysis (TMA), and their optical transparency were measured by spectrophotometry.
The coefficient of thermal expansion (CTE) and yellow index (YI) values of all samples were in the

range of 46.89—64.24 ppm/C and < 3.0, respectively.

Keywords: colorless PI, melamine, films, thermal property, optical transparency.
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Scheme 1. Synthetic routes for PI films with various diamines.

Table 1. Heat Treatment Conditions of PI Films with Various
Diamines

Temperature (C)/Time (hr) /Pressure (Torr)
0/1/760 — 25/14/760 — 50/2/760 — 80/1/1
110/0.5/1 —140/0.5/1 —170/0.5/760 —
200/0.5/760 — 230/0.5/760 —250/0.5/760

Sample
PAA
PI
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AR Sl S8 itk E-71A1A S Ak §
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150 T7kx|2] A 33 Al(coefficient of thermal expansion, CTE)
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Table 2. Thermal Properties of PI Films with Various Diamines

Diamine  7,(C) 754(C)  wi™®(%) CTE*(ppm/C)
I 214 437 59 46.89
1I 197 392 44 61.59
1T 173 368 8 64.24
vV 184 518 64 48.53

At a 2% initial weight—loss temperature. *"Weight percent of residue at
600 C. “Temperature range of CTE is 50—150 C.
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Figure 1. DSC thermograms of PI films with various diamines.
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Figure 2. TGA thermograms of PI films with various diamines.
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Figure 3. TMA thermograms of PI films with various diamines.
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Figure 4. FTIR spectra of [I-PAA and [I-PI films.

Table 3. Color Coordinates of PI Films with Various Diamines

Dianmine Film Thickness A" 400 nm’ e -
(um) (nm) (%)

I 46 363 75 0.85

Il 50 371 61 1.59

I 50 353 88 1.65

v 43 361 77 2.13

Kapton® 200 KN 52 448 0 97.50

“Cut—off wave length. *Transmittance percent at 400 nm. ‘Yellow index.
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Figure 5. UV —vis. transmittances of PI films with various di—
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