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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 akyl
side chains and termina 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 slicate and the initiadl decomposition temperatures of OLS were in above 280 C. The polyimide
nanocomposite films based on heat resistant OL S showed that the OL Ss were well dispersed through the matrix and their
CTEs showed a decrease of 26% compared with pristine polyimide films.

Keywor ds: heat resistance, polyimide, nanocomposite, organophilic layered silicate (OLS).
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2a "H-NMR (CDCls, ppm): §=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 (CDCl3, ppm): §=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), 3.19~300(m, 1H), 2.78
~250(m, 1H), 2.04~1.99(m, 2H), 1.37~1.24(m, 16H), 0.89~0.85(t, 3H)

2c: "H-NMR (CDCls, ppm): §=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 (CDCls, ppm) : 5—5.96~5.93(d, 1H, Ar-H), 594~
5.93(d, 2H, Ar-H), 353(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): v(cm™) = 3433, 3367(amine N-H), 1772(cyclic
imide, C= 0, asym.), 1700(imide)

3b : '"H-NMR (CDCls, ppm) : $=5.99~5.97(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™) = 23417,
3343(amine N-H), 1773(cyclic imide, C= 0O, asym.), 1703(imide)

3c : 'H-NMR (CDCls, ppm): §=6.01~5.99(t, 1H, Ar-H), 5.96(d, 2H,
Ar-H), 3.27(S, 4H, NHy), 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(KBY) : v(em™)=3369(amine N-H), 1772(cydlic 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) (Maw/Marine) "Moei(g/mol)
da 3a 0.68 2100
4b 3b 0.64 1900
4c 3c 0.59 1900

3Stoi chiometric imbalance of molar ratio. "Measured by *H-NMR.
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4a: Yield: 91%, FTIR(KBr): v(cm™) = 3450(acid), 3400(NH, terminal),
3100(alkyl, side chain), 1720(C= O, amide), 1620(aromatic), 1385(C-N-C)
4b: Yield: 95%, FTIR(KBr): v(em™)=3445(zcid), 3400(NH,, termindl),
3090(alkyl, side chain), 1725(C= 0, amide), 1615(aromatic), 1383(C-N-C)
4c: Yield: 92%, FTIR(KBr): v(em™)=3453(acid), 3400(NH,, terminal),
3100(alkyl, side chain), 1717(C= 0, amide), 1617(aromatic), 1379(C-N-C)
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Figure 1. *H-NMR spectrum of monomer 3a

oloA, g F4 ALAo|ES] EAAE 9lsled gl of

ke Alzsigh Ve 2L A8e BE 2F ZRAAe) &

RRAORAE Ug FF olyel BA% U 34 Aesle]Es} of
REE) 7T 7St S fokek @

_g
k=)
AEi
>

m}o e

=(1+1)/ (1+r—2rp) ©)

o1714] r Soichiometric imbalance(r < 1) o™ p Wks-2] 2| o]
t} #hgo] HaiEo] p»1 o] A ()2 tha} o] T & 4= stk

=(1+1)/@-r1) ©

HEg DPy=2n+1E A S 9lor], g st 3w
999 A5 nel AAABE, B ATAAE 1
She AR gelauvlE o

o
= .
T EARHEM)S HNMR 24E Fdle] A3tk 5 o
At A e)
2

i

A = pro-
ton®] Hje} nkECkep o] WS protone] AJThA Q] BE o]8-5fo
T BAES AlLtelgon, Taile 1014 Blsh = %ol 34

AN

H o]E9] #ARF] 2000g/mol W YS &
T3 FTIR E-41 2 3bol M= 3400 cmoll A 2 ]
1700 om* F-29] opn= iR B4 W35S g9 42 Ak
32 ARIIY B4 AEFAHO0IEL M=
Ao Az S8 o ikE HBr 8§90
3L opit el onium ione] FAE AL, o]FH A FAE
g APAlC|E W] Na Fol23e] o )
of 71 S Aol ES AlZ3IGich o] weke-S
|l S AYAelEe] B 2 gyaune] gIEE
o] NMPH09] #-34]7} 3191 E3+-8viE ARE-aiSict &
A Az AR718 MMTY =3 (AJ)-— AAS(atomic absorption
spectrometen S o]-&-3ko] AASGATE B Aol ALE-E NaMMT
51 ME-100°] Na §%- 212} 36 B! 35% lom 7idntks & 3
3= Na S92 343190k AAS 54 23 MMTEZY-E 2
AN 24 A0l E A EMIP) © ME-1002 258 Az

Z2|H, A297 A|5%, 20055

=
Az At % v71 4 MMTE] s8h 72 2412 FTIRS AR
390 SR Y A RS XA 3d gd B TEM

< o83t gt
Figure 20l &2]a1 ofulato] =9ldl -4 MMTSR! MIP Al2]=
o] FTIR Z=FERS A8t Fgure 20014 & <+ Sl=ol, 44e]
23 E=oA 3600~3400 2 1020 cm'oll Al MMT 52 %Ag biE]
E 3Rlg = Alar, 53 3000 omt FEe] o] =)o) FrofA]
FAE I3 2 1700 et 9] opn|=r)e) Jlrd 54 v|=7}
o OP%‘*JOl aHoE MMTHel S90S
71202 3 MEIP Alg2AE vlzr1A] 9

';‘E%*—% ilcuf?j} T AP

F7F X A Ak gle] Av= Fgures 3 2 490 eI A1E
HA e MMTY F7AEE 124 €2 #H {7]3HE MMT(MIP
79l olmt} oF 4 A A S 6 FtollA] ¥=

o
o,
L"L’
38
=
<
m
=
m$

o wjsf F3 =)
Figure 52| TEM *}ﬂ OﬂfﬂE %%}Q
& o] Z7tel gt A W

AlEFe] A EY] Zoly o4 Alze] Ao AeE SE|am e

rr

=
E MIP8
2
8
3 MIP12
c
8
‘s
2]
8 MIP16
'—

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm™)

Figure 2. FTIR spectraof MIP8, MIP12, MIP16.

MIP8
E WWMWMM%WWM
e- MIP12
©
>
= MIP16
c
[J]
g
£
MMT
1 1 1 1 1 1 1
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Figure5. TEM images of (&) MMT and (b) MIP8.
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Figure 6. TGA curves of MMT, MIP16 and PMIP16.
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Table2. Synthetic Results of OL Sand Codes of Nanocomposites

Modiifier Layered OLS Codes of nano-

slicste  Codes Na(%) Exchangeratio composites

- MMT - 3.600 - -

- ME-100 - 3.500 - -

3a MMT MIP8 0.038 98.9 PMIPS

3b MMT MIP12  0.039 9.8 PMIP12

3k MMT MIP16  0.066 98.2 PMIP16

3a ME-100 MEIP8  0.037 98.9 PMEIP8

3b ME-100 MEIP12 0.056 9.4 PMEIP12

3c ME-100 MEIP16 0.078 97.9 PMEIP16
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Figure 7. XRD patterns of PMIP16 series.
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