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Transparent Polyimide Nanocomposite Films with Various
Equi-biaxial Stretching Ratios
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Bicyclo(2,2 2)oct 7-ene-2,3,5,6-tetracarboxylic dianhydride(BTDA)S} 1,3-bis(3-aminophenoxy)benzene(BAPB)
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Abstract: A series of transparent polyimide (PI) nanocomposite films was synthesized from bicyclo(2,2,2)oct-7-ene-
2,3,5,6-tetracarboxylic dianhydride (BTDA) and 1,3-bis(3-aminophenoxy)benzene (BAPB) with various organoclay con-
tents via solution intercalation polymerization to poly(amic acid)s, followed by thermal imidization. Varying organoclay
loading in a range of 0 to 1.5 wt% produced variations in the optical transparency, morphology, and oxygen barrier prop-
erty of the hybrids. An optimum oxygen barrier property was observed for the hybrids containing 1.0 wt% Cloisite 30B;
these properties were degraded gradually by further increases in the clay content. The PI hybrid films were found to
exhibit excellent optical transparency and almost no color. However, the transparency of the hybrid films decreased
slightly with increasing organoclay content. Transparent PI hybrid films containing 1.0 wt% Cloisite 30B were stretched
equi-biaxially with various stretching ratios in a range of 100-140% to investigate their optical transparency and oxygen
permeability in detail; the variations of clay dispersion and morphology were also determined as a function of equi-biaxial
stretching ratio. PI hybrid films with > 120% stretching were found to contain homogeneously dispersed clay in the poly-
mer matrix and exfoliated nanocomposites. The highest barrier to oxygen permeation was found at an equi-biaxial stretch-
ing ratio of 130%.

Keywords: transparent polyimide, organoclay, nanocomposite, equi-biaxial stretching.
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Scheme 1 Synthetic route of Pl nanocomposite.

Table 1. Thermal Heat Treatment Conditions for PAA and
PI Films

Samples Temp(°C) / Time(hr) / Pressure(Torr)
PAA 0/1/760 — 25/14/760
PAA hybrid 25/2/760 — 50/1/760 — 80/1/1

110/0.5/1 — 140/0.5/1 — 170/0.5/60 —
200/0.5/760 — 230/0.5/760 — 250/0.5/760

PI hybrid

¥ PL &Y Foll 2ok e {7718} H== PL 59
54 IS Walske ZloR oAAXI.
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Figure 1. FTIR spectra of PAA and PI.
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Figure 2. XRD patterns of Cloisite 30B and PI hybrid films with
various Cloisite 30B contents.
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Figure 3. XRD patterns of PI hybrid films containing 1.0 wt%
Cloisite 30B with various equi-biaxial stretching ratios.
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Figure 4. TEM micrographs of 1.0 wt% Cloisite 30B in PI hybrid
films increasing the magnification levels from (a) to (b).
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Figure 5. TEM micrographs of PI hybrid films containing 1.0 wt%
Cloisite 30B with various equi-biaxial stretching ratios: (a) 120; (b)
130; (c) 140%.
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Table 2. Optical Transparencies of PI Hybrid Films
Cloisite 30B Ao 400 nm"™™

in Plwt%sy 1V Yr (nm) %)
O(pure PI) 068 1.70 280 o1
0.5 0.51 281 282 89
1.0 0.59 3.55 283 88
15 0.53 6.56 289 86

“Inherent viscosities were measured at 30 °C by using 0.1 g/100 mL
solution in a N,N’-dimethylacetamide.
"Yellow index.
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Figure 6. UV-vis. transmittances(%) of PI hybrid films with various
Cloisite 30B contents.
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Table 3. Optical Transparencies of PI Hybrid Films Containing
1 wt% Organclay with Various Equi-biaxial Stretching Ratios

Equi-biaxial - Mo 400 nm™"™
stretching®(%o) (nm) (%)
100(un-stretch.) 3.55 283 88
120 3.62 285 86
130 3.67 291 87
140 3.56 290 86

“Equi-biaxial stretching at 220 °C with 1 mm/sec draw speed.
"Yellow index.
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Figure 7. UV-vis. transmittances(%) of PI hybrid films containing
1.0 wt% Cloisite 30B with various equi-biaxial stretching ratios.

Figure 8 Photographs of PI hybrid films containing 1.0 wt%
Cloisite 30B with various equi-biaxial stretching ratios: (a) 100 (un-
stretch); (b) 120; (c) 130; (d) 140%.
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Table 4. Oxygen Barrier Properties of PI Hybrid Films
with Various Organoclay Contents

(;loisite 30B Thickness O,TR¢ PPt
in PI(wt%) (um) (cc/m*/day) @i
0.0 (pure PI) 68 1.202 1.00
0.5 64 0.897 0.75
1.0 66 0.203 0.17
1.5 65 0.340 0.28

“Oxygen transmission rate.
*Composite permeability/polymer permeability (i.e., relative permeability
rate).
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Table S. Oxygen Barrier Properties of PI Hybrid Films
Containing 1.0 wt% Organoclay with Various Equi-biaxial
Stretching Ratios

Equi-biaxial Thickness O, TR

stretching®(%) (um) (cc/m*/day) PP
100(un-stretch.) 66 0.203 1.00
120 79 0.134 0.66
130 71 0.027 0.13
140 68 0.156 0.77

“Equi-biaxial stretching at 220 °C with 1 mm/sec draw speed.
*Composite permeability/polymer permeability (i.e., relative permeability
rate).
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