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ABSTRACT Diamines (p—phenylenediamine, m—phenylenediamine, and n—hexamethylenediamine)
were intercalated into sodium montmorillonite for the further reaction with the anhydride end
groups of polyamic acid. The anhydride terminated polyamic acid was synthesized using a mole
ratio of 4,4'—oxydianilline : 1,2,4,5—benzene tetracarboxylic dianhydride = 1.50 1.53. The
modified montmorillonite was reacted with polyamic acid terminated with anhydride group in N—
methyl—2—pyrrolidone (polyamic acid/clay nanocomposite). After imidization, thin films of the
polyimide/clay nanocomposite were prepared. From the results of XRD and TEM, we found that
mono layered silicates were dispersed in polyimide matrix and those resultants were exfoliated
nanocomposites. Mechanical properties of exfoliated polyimide nanocomposite were better than
both those of pure polyimide and those of intercalated polyimide nanocomposite.

Keywords  polyimide, polyamic acid, montmorillonite, intercalated, nanocomposite, exfoliated
nanocomposite.
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Figure 1. X—ray diffraction patterns of (a) Na'—MMT,
(b) sa—MMT, (c) PAA—MMT, and (d) PI-MMT.
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Figure 2. X—ray diffraction patterns of (a) Na—MMT,
(b) m—PDA—MMT, (c) p—PDA—MMT, (d) HMDA—
MMT, and (e) p—PDA/sa—MMT.
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Figure 3. X-ray diffraction patterns of dried
polyamic acid films prepared with 2 wt%. (a) m—
PDA—MMT, (b) p—PDA—MMT, (c) HMDA—MMT,
and (d) p—PDA/sa—MMT.
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Figure 4. X—ray diffraction patterns of polyimide
films prepared with 2 wt%. (a) m—PDA—-MMT, (b)
p—PDA—MMT, (¢) HMDA—-MMT, and (d) p—PDA/sa—
MMT.

Figure 5. TEM micrographs of polyimide nano-—
composites prepared with 5 wt%. (a) sa—MMT, (b)
p—PDA/sa—MMT, (c) p—PDA—MMT, and (d) HMDA—
MMT.
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Table 1. Mechanical Properties of Intercalated and
Exfoliated Polyimide Nanocomposite

property contents of modulus max. stress  elongation
modified MMT organoclay
(wt%)  (GPa) (MPa) (%)
PMDA-ODA (pure-Pl) 0 059 68.89 141
1 0.59 68.21 145
3 0.63 66.82 141
1 0.69 84.28 17.1
(’E;fo?i:\t;g"_hg) 2 129 82 175
3 1.96 89.24 195
1 0.65 82.81 172
(:ngt_e’:ﬂ) 2 071 8308 205
3 0.82 87.33 22.3
1 0.79 88.21 175
”[;?ﬁgﬂ:f; 2 o8 %R 26
3 123 106.82 23.1
(b)—(d)
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