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ABSTRACT: During the reprecipitation process, porous poly(amic acid) (PAA) nanoparticles were
successfully fabricated by the addition of LiCl or other polymers as a source of pores, Furthermore,
porous polyimide (PI) nanoparticles were prepared by the two-step imidization of porous PAA
nanoparticles without morphology transformation. The pore size of PI nanoparticles can be
controlled in the range of 30~300 nm just by changing the source of pores and its concentration
in PAA solution. Porous PI nanoparticles obtained provide a unique and prospective approach for
dielectric applications with extendibility to the ultra-low dielectric constant regime (k< 1.9).
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Fig. 1 Fabrication scheme for Pl nanoparticles by reprecipitation method.
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DIRUT 2w U (PAA) OWEEZEBIAEIZEAL, PAA /) KiTOHBIE S ERYS, Bk
EHIEDTIM &L DIEEA 2 RIET 5 2 & TPLF /K FOEEZEIT 57~ (Fig. 1) ZOFED
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PLBAI TONERE RS VDT T I3 B2 0, PAABIRICH U B RWE 2R 2 = &A%
AIEETH D 1B AR TEOEMBARETH 5, BT, TORITERXNE PAA F /) KiFE2
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BRELELS, BRSNTWIFERTIEN 2V, F /R TFEKICELEEATSZIETE
BOBABRAWFETES, TIT, APRTIE, PAABIKICEWEEHRML, ALK
DEIUHE PL ) WIF OEBR OEFLY A XOFRIZ DWW THRE L7z,

2. ER

PI ORiEAEFR YT —TH5 PAA 1T 4,4-(hexafluoroisopropylidene)-diphthalic anhydride
(6FDA) & 4,4-oxydianiline (ODA)» 5755 6FDA-ODA (HEE(LF T ¥ (%) 124t) 2H /=, PAA
DRBHEIC 1-AF)-2-¥0Y F(NMP), BEICS 7 anFY > 2ER L, BKEE - Y
VY ORAGEER (B 1) 2RAREEEL L TRV, —F, ZREVTRIEY T
L\, poly(vinyl alcohot) (PVA, M,,=500), poly(acrylic acid) (PA, M\=2,000)% F\ 7z,

LI PL - VRIFOEBUIEILRIC L 01T o /=, ZOERFIES Fig. 11277, L Xiddth
DA T —% PAAIZH LT 5~70 wt%FRII L /= PAA O NMP i a > 7 ONFY VICHA, B
BRIV D LT, ZAMPAA T JRIFONBIREER L, T2iT, BKEEE - YYD 0
BAEBRERINT 5 Z & TFEA 2 RMEEfTo 2. EBLE NS 7L PL - /R F O B = H
FAEMICF+ A bL, BEEERTERELT, &5I12270CT 1 KEMATLIETHRA 2
MMezfrorz, B2 % PLF  RFOY 1 X - BREERIIEEME FEMSI(SEM)IZX
Nfro’z.

3. MREBR
3.1 HEU FULERMIC L AL PL K FOER

LiCI FMic &3 P 7 4 )V LAADZEFL 8 A Niyogi 2 Vi k- THEX N TS, TOFHE
i, Fr X b T4 NVLRICHELE UO #E&EKTEET LW BOT, um A —F -0
BOZELEET D Pl 7 A IV LWERENTNS, F2 T, FRICBWTHRE L, Fig. 2 iK%
DED L 2L 7= PAANMP 731 % AW THER X W /- 2708 PLJ /K0 SEM %R 7,
WTNORIFIZOWTHABO MRS N, BREETEREC L VRE2T A XORF
BHETIZ—VRBRTHD Zeftbho . Tz, TOZEEIT LC OFRMEDH M
WL TWD ZEWHRTE D, DD, ZZALOBRIL LA OFEMICL 2D TH D, Niyogi
SOBREBEBIZEALOBREZL TRBEMS, LA PAAT MY 7 AR TH T DLIRTICE
BICIRNVRE TR AT S iz D EE X 55, iz, BTFRAOZELFIC DOV T LC
DOFEIMBEICH U THBXE 100~300 nm & —ETHo 2. —F, LG ERMO PLAIFH 1 X(ca.
200 nm)iZ X L T, B 5 NS T ORI M d 500 nm~10 pm &R E <72 72, PAA
BEETEAE, WEMERLT, BIEREETEICL D PAARI TN N5, LCZEMNT 3

Fig. 2 SEM images of porous P! particles prepared by the addition of LiCl.
The addition of LiCl was (a) 5 wt%, (b) 10wt%, (c) 20wt%.
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RUYR—T 2T L— b ELUTPVA ZRWTHER S NELTLE PL S /A7 SEM %% Fig. 3
IR Y. PVA OFIRZEME§ THAHBDOZ LGSR o /2. PVA OERIIED 50 wt%
ThH2HE, 30~50 nm O/NS72FABDOZEILNRD SR, SR TOREBNIEEIC DR
Mol UL PVA & PAA OHBHMEWED THE EEZ GNSD, —F, PVA OFEMEN
50 wt% bl ETH B84, 2301 ANk EL< 20, BRLAHRBRIZZoTLE >, ZH
IZPVA S EDEIIHEN T VEEFO PVAHDOBUNKELRDEDTH D EEZL HND,

KEDZEAEZFFD Pl F /RFOEREDED, HIVERFIIIEEES, PAA OEIZL DTN
PART>TL—hELUTHERLE, 5290 PLF /B FO SEM % Fig. 4 1Z~9, 28
LY X1 40~100 nm QEFENTH 5 /=, & 512 PA DEEDBINIAENZEFLY 1 AR 2T
3L, 40 wt%A EiFiEF—E Tho 7. 40 Wt%DB A, ZEFH-1 T 70 nm T, Ze7lEK
LEE THYVRERETHDEEZ NS,

s

Fig. 3 SEM images of porous Pl particles prepared by the addition of PVA.
The addition of PYA was (a) 5 wi%, (b) 50 wt%, (c) 70 wt%.

Fig. 4 SEM images of porous Pl particles prepared by the addition of PA.
The addition of PA was (a) 20 wt%, (b) 40 wi%, (c) 60 wi%.

3.3 Z=fL AR

EILRER#ICE S N PAA - KO SEM % Fig. 5 1TR T, LC X3 R v— %254,
BELTHWEWThOBRES PAA /K FORR THICZILELEN TS Z L0100 5.
Eiz, ZILERITOBREIZ BT I MuBEE TEL LN I LR S Nz, Lok
ENG, ROLDLZEAEREEBIEEI NS, PAAEILEORSHEREZEREICEAR, -
51T PAA-ZEILROESIANERT 2. TOHE, BEMELEERICBWN THEIBEENE
FREN, PAA U FBE /NS BERROZEALIRY v F72 NMP AR S h B, 517, &

—176—

2005



AR EILEAYET L, PAA OILEREHZZ27LIRY) » T/ NMP I ERCREE TR FANICHRH S h
=8, ZEILEHRMAAEOELELTERELEDOEEZ NS,

Fig. 5 SEM images of porous PAA particles after reprecipitation.
The source of pores was (a) LiCl, (b) PA.

e, BILOKRZFE, FIE, AEMELEBRICBNT, PAARERICEGFT S ELERD
BITKEL, TORGRIIPAAZILEOREERICHRBERL TS EEZ 515, L ZEZE
LREE U THWERS, UFUASAIBEOETO N HBEIETHS NMP &1 F 22—
BTPHEERICEOERRTS 9, Eiz, PAA ONILRFIIVEBEIA A 2N LT
Li*-NMP Dtk L8 < MEMERET 5, —F, RUNT—F 2T L— hEEIEELTHWS
E,PAA L5 27 L— bR U T — RO FEMES B T 5., EIRIC PAA (IBfRE /XS A —45=20.8)
CBEMEINT A=Y DEIN/NST: PA (6=23.6)2F > 7L — FELUTEHERLZRIL PVA
(6=30.5)ZH AL Lk, EAEDN SN, UL, TR EERS, EARIIENE
ZZ 505, PAA EOMHBENEIZRWRY Y —2ZFLIEE L THWS I ETHEVWELERT
LEAMEPI T IR FERERTESLEEZ LN,

4, &R

FEABRRIZ LC 253 22 & T, %94 PLRITOESIZRIIL 2. LA OFRMEDEINC
PENZEFLEIIEIM U =2, 2RLY A ABEF 100~300 nm & —E TH o, DRI T—%
FoTL—RELTHENT S ET, LUC R DS XDLTLME PLF /K FOEEIZ AL
Nl 727 V— hOBERLUZFOFEMEERZE X 5 Z & T, 30~100 nm OFEENTZELY
A ZAOFHIENARETH D Z ENFER S Nz, KGR THREEE =700 PT F R FId, EFLE
DR & DR BEMEADISHVAR TE 3,

728, AFEIIRAERIREERE CREST FE L i 1)L F—  EEHNR 6B RERE(NEDO)
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