[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information

oo@a) 00000000000 DOO0DOO0DOO0oOoDooooooooaon
Title(English) Fabrication of Mesoporous Polyimide Films by Soft-Template Method
oo@a) oood
Author(English) Takahiro Komamura
oo@a) OO0:00@0),

oOooooo:0oo0ooa,

O000:00119480,

O0000:20210 30 260,

ooooo:0o0o0a,

OO00:00 00,00 00,00 00,000 00,00 00

Citation(English) Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1194801,

Conferred date:2021/3/26,

Degree Type:Course doctor,

Examiner:,,,,
oooo@oD) oooo
Category(English) Doctoral Thesis
oo@o) oooo
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(FHRR )

Doctoral Program

i X BB

THESIS SUMMARY

Fea—A A PR HREFNL RS« 1t ( T2 )
Department of, Graduate major in M *4' a—A Academic Degree Requested Doctor of

25 . . g E i :

TR Bk £ FRRAR (R = Sl R
Student” s Name Academic Supervisor(main)

fEHEA E) -

Academic Supervisor(sub)

i (F13C 2000 FFLE)
Thesis Summary (approx.2000 Japanese Characters )

A 7 vy 7 HEAREFMETEA YV R—=F ZRY A I REOAIS] L, SEF 2250 & o 8kt 2 H el 2
HAVR—=FARY A FEOAIREZ B E LT, 7y 7 HEAKBCP) O 7 o oS 2858 L 35K U 7 2 R (PAA)
DREYETERERI & G TNE, BL OB I ML ZAUETFIEICOWTEEICKRET L TWA. KRSUILLTO 7 =m0 bR ST
AV

B1E (PR T, AV A I RO RIEERHEREOMRME, ZAERY A I FOREEMRE, BLOHEMHMECL DAY
R—F ARY A 2 FEEROBMEHEEZHR Uz BT, AEOEZ L BNEZBRTVD
W2 E ZEETIVEMWZEBRRY 7 I FRRICESS A Y R—=F AR A 2 FEOIERL] T, AREFAEICB VTR
VA I REAROIRT 2RV REGFIEEZMALT 5 Z L2 AMIC, ZEREEEKET IV, 135-MV X 473/ 7=
=R EY) (TAPB) & AWIAUETIAR—F AR Y A I RIEE/ER L, EOMAMEEIC O W TFHEL TW\W5. TAPB IZ L 548
S OE AL, RV A I REAREETIES 2 L HABIOERIND 7 oS0 L EEZ M EXE5 2 L
ZHLMILTWS., £72, $FEDFORSEICBNT, 7 o OEREGE ICHET 2IEK 50 nm O R YU v MROZER LK)
40 nm OEEILEH T HR—TF AR Y A 2 FIEZERT D Z IR LT 5.

%3 TBYERDCIEEMI 2B T 2R Y 7 I FIB AT VTS A Y R—F AR Y 4 I FIEOMERLY TlE, 246G 0BIE RS
ZHEFTREND, RV A I REFROK T 2DV RBETEEMNLT D222 HME LT, AX 7 UNEE 2-8 Fax
v F L (HEMA) ZMEHICAHTHRY 7 Fig= 250 (PAAE) ZHWTR—F AR Y 4 I FEAERL, ZOMAtEEIC
DOWTHHMli L T 5. PAA DIfEE(LE, TOHDOT AT UIZ L D ZBMEOE D TSI LV, HIEHIZ HEMA 723 7.5 %8 A X
U7z PAAE AR L TV 5. {ER S 72 PAAE/Pluronic F127 EATBICIZEWIE 15.0nm O > ) 2 —IkD I 7 a #Hr BEREE 03
HENTWEZ EEZWLNIL TS, EARICENREZ BE L HEMA IO BEAEIT o128, BUHEEZITH Z & TERLE
R—=F ARV A I FELSIE, BVLEANIEMR STV S 7 o MO BESE S EE LI Z L 26N LTV A,

W4 VRO RGN 2 AT AR Y 7 FIE-7 I VHRICE S A Y R—F 2R Y o 2 FEOER] TlE, % 3 Z0%4ET
EEWEL, AX T UNAEE2- (PAFAT I ) =F (DMAEMA) 27 I e LTRY 7 3 RERICE A L7- PAA-DMAEMA
WAL, AHEHFNEEZAVDEZETAYR=FT AR A I FEERL TS, BRI SEiE & RRIERIE DR R
$ 7 oy 7 LEAK Pluronic F127 OFEE FIZHBWTH, DMAEMA 1T PAA L3R Z TR L7- [ CEARIC L 5 BEA RS EST
L, AHEFANEICEIT D PAA OEGFEE L CRIATRETHD Z & 2R LT 5. PAA-DMAEMA #i/Pluronic F127 454 513 &
R 14.8 nm OELSLHREFIRD I 7 o HOEEE Z TR L TVWA Z L ZH BN L TW5S. PAA-DMAEMA Hi/Pluronic F127
ORI LTI Z BB U CAE 21T o 7214, B2 L TR L7= A VY iR—F 2R Y A I NI AR E 7B 22
(SEM) OfER, EK 100 nm ORI SN TVD Z L 2L/ LTV 5. DMAEMA 12 X 5 R @A X,
BVLBRATICTA ST A7 2 7 ol B S IC B sk 2 AL E NS DN TREME A R L T 5.

EBSE (USHAA 2y F U 72N A Y R—=F 2R A 2 FEOIER)] TlE, AEHFAEICEIDIR—F AR 1 3 N
OFERICEB W CRERIEL » BIRFAR S AL TEETNL T2 2 L 2 BIG, SJUSHEA A2y F U 7 2FHA L TR—=F AR Y 1 2
FEABEZERL TV A, PAAIRY (2-E=/LE Y V) -block-7R U * & 7 U LEE A F /L (P2VP-b-PMMA)E AR Z 1 I ML L
T2RICREAFEZIT, RISHEA Ao F o 7 %475 2 L2k, $#7 a v 7 3LEARD PMMA K5 &8 Rmic k%95
ZEIHRHIL TS, KSHEA A =y F U ZIEEIR TR Y A I NERR 2 ZFLL, 7 a0 BHEEH KD 2 VR —F A #
EEREICAINT 22 M TELI LA RLTWA. SEMBIEIC XY, MFALAITH 25 nm, Lo HLERIEK 50 nm TH
HZERHLMILTVWAS.

Hew (A U NI A Y R—F AR A I REOER] i, AMHEEICL 2R —F AR A I FEOERIZHS N
T, WEREL D BIEMTHOERAE LA TE D FEEMTHZ L2 BN, Y U EFIAL TR—FAKY 4 2 N
BBEAERLL TWD., ~X Yo PzisiT 5 PAAIR Y (14-1 Y7 L) -block-RY 2-E =Y 20) (Pl-b-P2VP)E LD 7
VURIE, R e B OB A IR T S S 2 LML, FIRTES 150 pm OREERIRICH L A VR — T AEEE A
THZENARETHHZ L EZH LT L TWAS. PAAPI-b-P2VP/resol BEIED A L 3 fifis iz A X Meafid Z L2k - T, 1K
I 7 e MBS DML EA L, 2> o3 0 BT Al AR el E 2 R FF L2 A VYR —F AR U A 2 RIEO/ERLIC )
LTW5. SEM BB IUSAXS HIEICL Y, MAITK20nm, FAHEIL288nm THELZ LEZPALMNMILTWA.

F7E RIE) T, $ETHLNIERERET 5L & BICABRDBRIZOVWTIHRRTIND.

% MSCE R, A3 2000 F-& 330 300 #F% 1T ORI 50, b L<IFHEIL 800 7F% 1B LT ES0,
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This study focuses on the fabrication of well-ordered mesoporous polyimide films by a block
copolymer (BCP) template method. Morphologies of poly(amic acid)s (PAAs) composite films,
crosslinking systems, conditions of thermal imidization, and porosification processes were
investigated in detail. The microphase-separated structures of the films were characterized by
small-angle X-ray scattering (SAXS), scanning electron microscopy (SEM), and transmission
electron microscopy (TEM). This thesis is composed of seven chapters.

Chapter 1 outlines the background and challenges of porous polyimide and provides context for
the results presented herein.

Chapter 2 discusses the fabrication of mesoporous polyimide films based on crosslinked PAA. A
trifunctional amine, 1,3,5-tris(4-aminophenyl)benzene (TAPB), was used as a crosslinkable
monomer of the PAA to achieve both order and mechanical property of the films. The use of
relatively high ratio of TAPB resulted in porous polyimide films which had lamellar pores based
on the microphase-separated structure with domain spacing of 39.5 nm. Moreover, it was clarified
that the timing of crosslinking is important to obtain porous films with more precisely controlled
pore structures.

Chapter 3 and Chapter 4 discuss the introduction of 2-(dimethylamino)ethyl methacrylate
(DMAEMA) and 2-hydroxyethyl methacrylate (HEMA), respectively, as a sacrificial
photocrosslinkable side chain to PAA. The photocrosslinkable side chain contributed to the
stabilization of the microphase-separated structures.

Chapter 5 and Chapter 6 discuss the fabrications of mesoporous polyimide films using reactive
ion etching (RIE) and ozonolysis, respectively, to develop milder porosification processes of the
polyimide films than the conventional method. As a template BCP, poly(2-vinyl
pyridine)- b-poly(methyl methacrylate) was used for RIE and poly(1,4-isoprene)-bpoly(2-vinyl
pyridine) was used for ozonolysis. Fabricated polyimide films had pores based on the
microphase-separated structure with diameter of 25 nm on the film surface by RIE and with 20
nm entire the film by ozonolysis.

Chapter 7 summarizes the results of this study for future perspectives.
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