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Abstract: In the field of designing of nano-fillers of polyimide nanocomposites, the two strategic points are the heat-
resistance and compatibility with polyimide, a matrix polymer. In this study, we designed oligo(amic acid) having alkyl
side chains and terminal amine groups to satisfy previous requirements and studied the modification of surface of layered
silicates. Oligo(amic acid)s were prepared by the reaction of diamine monomers and PMDA and their molecular weight
was controlled in about 2000 g/mol. After that, acidification and ion exchange reaction led to the high-temperature
organophilic layered silicate (OLS). XRD patterns of OLS showed the more increased gallery spacing by 4 A than that of
the pristine layered silicate and the initial decomposition temperatures of OLS were in above 280 C. The polyimide
nanocomposite films based on heat resistant OLS showed that the OLSs were well dispersed through the matrix and their
CTEs showed a decrease of 26% compared with pristine polyimide films.

Keywords: heat resistance, polyimide, nanocomposite, organophilic layered silicate (OLS).
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2.1 Al
3,5-Dinitroaniline, 2-octen-1-ylsuccinic anhydride, 2-dodecen-1-ylsuccinic
anhydride, n-hexadecylsuccinic anhydride 52 TCIAFER-E FYU&to]

Z2|H, #2949 A|5%, 20059
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Scheme 10} EA)38 vk Ao} o] A7) F-3lellA] 250 mL 37
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2a: 'H-NMR (CDCl, ppm): 8=9.05~9.03(t, 1H, Ar-H), 8.67~8.66(t,
2H, Ar-H), 5.70~5.61(m, 1H), 5.41 ~5.31(m, 1H), 3.15~3.01(m, 1H), 2.79
~2.71(m, 1H), 2.04~2.02(d, 2H), 1.38 ~ 1.24(m, 8H), 0.89~0.84(t, 3H)

2b: 'H-NMR (CDCl, ppm): 8=9.05~9.03(t, 1H, Ar-H), 8.67 ~8.66(t,
2H, Ar-H), 5.70~5.61(m, 1H), 540~531(m, 1H), 3.19~3.00(m, 1H), 2.78
~2.50(m, TH), 2.04 ~1.99(m, 2H), 1.37 ~1.24(m, 16H), 0.89 ~0.85(t, 3H)

2¢: 'H-NMR (CDCl;, ppm): 8=9.07~9.05(t, 1H, Ar-H), 8.69(d, 2H,
Ar-H), 3.17~3.06(m, 1H), 2.71 ~2.65(m, 1H), 2.06~2.04(m, 2H), 1.70
~1.25(m, 28H), 0.90 ~0.85(t, 3H)
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Scheme 1. Synthetic route to monomers.
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3a : '"H-NMR (CDCl;, ppm) : $=5.96~5.93(d, 1H, Ar-H), 5.94~
5.93(d, 2H, Ar-H), 3.53(s, 4H, NH,), 2.98 ~2.84(m, 1H), 2.54~2.47(m,
1H), 1.98 ~1.94(m, 1H), 1.62~1.52(m, 1H), 1.33~1.27(m, 10H), 0.90~
0.86(t, 3H); FTIR(KBr): vicm™)=3433, 3367(amine N-H), 1772(cyclic
imide, C= 0, asym.), 1700(@imide)

3b : '"H-NMR (CDCl;, ppm) : 8=599~597(t, 1H, Ar-H), 594~
5.93(d, 2H, Ar-H), 3.54(S, 4H, NH,), 2.39 ~2.34(m, 1H), 2.06 ~1.96(m,
1H), 1.26~1.22(m, 20H), 0.90~0.85(t, 3H); FTIR(KBr): v{cm)=13417,
3343(amine N-H), 1773(cyclic imide, C =0, asym.), 1703(imide)

3¢ : 'H-NMR (CDCL, ppm): §=6.01~5.99(t, 1H, Ar-H), 5.96(d, 2H,
Ar-H), 3.27(S, 4H, NH,), 3.00~2.85(m, 1H), 2.56~2.35(m, 1H), 1.99~
1.95(m, 2H), 1.63 ~1.53(m, 2H), 1.39~1.25(m, 26H), 0.90~0.85(t, 3H);
FTIR(KBr) : v(em’)=3369(mine N-H), 1772(cyclic imide, C=0, asym.),
1707(imide)
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Scheme 2. Preparation of oligo(amic acid)s.
Table 1. Reaction Conditions of Polymerization
Code  Diamine “Molar ratio(r) (Mam/Mamine) "Mmp(g/mol)
4a 3a 0.68 2100
4b 3b 0.64 1900
4c 3c 0.59 1900

“Stoichiometric imbalance of molar ratio. “Measured by 'H-NMR.
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4a: Yield: 91%, FTIR(KBr): u(cm") =3450(acid), 3400(NH,, terminal),
3100(alky], side chain), 1720(C =0, amide), 1620(aromatic), 1385(C-N-C)

4b: Yield: 95%, FTIR(KBr): v(em™)=3445(acid), 3400(NHz, terminal),
3090(alkyl, side chain), 1725(C= 0, amide), 1615(aromatic), 1383(C-N-C)

4¢: Yield: 92%, FTIR(KBr): v(em™)=3453(acid), 3400(NH,, terminal),
3100(alkyl, side chain), 1717(C=0, amnide), 1617(aromatic), 1379(C-N-C)
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Figure 1. 'H-NMR spectrum of monomer 3a.
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Table 2. Synthetic Results of OLS and Codes of Nanocomposites

. Layered OLS Codes of nano-
Modifier .
silicate Codes Na(%) Exchangeratio composites
- MMT - 3.600 - -
- ME-100 - 3.500 - -
3a MMT MIP8 0.038 98.9 PMIP8
3b MMT MIP12  0.039 98.8 PMIP12
3c MMT MIP16  0.066 98.2 PMIP16
3a ME-100 MEIP8  0.037 98.9 PMEIP8
3b ME-100 MEIP12 0.056 984 PMEIP12
3¢ ME-100 MEIP16 0.078 97.9 PMEIP16
\WMWWM
g WWWMW
=]
o
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=
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E
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Figure 7. XRD patterns of PMIP16 series.
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