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AL NMERESIEIZE DAY A I N R ORZERHIEIZET 20198 S L, LTOREN GRS
TV 5,

F1E (FER) Tk, &0 TR TRV A I ROFRAMEZR L%, BEOMEREF BN LN LR
U A I RER O FREECRIEFRIEOBEEMELZHH L TWD, 72, INETHRI A I PR3 L THRE
SN TWRD o T2/ XRREGEL (SAXS)HIEIEIZ Wi U7z B CTUAISEDEFHE & BINIZ W TR TN 5,

B2 8K EHWIEEESECEI DRV A X RF7RFOFE) Tk, RV A I RFR7FIZBNT
50 nm LA F ORIZRHIHA FIRE & e 2 EESEEOMNZ BN E L, SHAIOFRIESE /v —HiE, £/ v —RE
REDERSEHEN, RUVAIRFT R FORRICEZ2EZEB2TML TWVWE, DBAGFETICBITS
Pyromellitic acid dianhydride (PMDA) & 1,3,5-tris(4-aminophenyl)benzene (TAPB) DiLEE A 1235\ C,
PMDA 228 0.005 mol Lt O THE LAY 4 2 RF/ ki7-id, RPN 21 nm M OFEHERZEN 2nm
WICHIBESND Z EEHLNICLTWND, T2, DBBIOFEIC L > TRHRDOE /) ~—RERGFENKE < K
HEEETRTZEEHLNIZL TS, DA ZEHAETICGHR LAY A 2 FF 2 RFoRiRIL, AU ~—
DOFRFFPECURE 72 E 32 LT PMDA JBE 723 0.03 mol L1 fHEIZR/NER LTz, —FF, BHFIGIET TR L
7RV A X RF 7 RFORBRIT., LT/ ~—OhRIESF L TEBROBERZRTZEEZHLMNILT
W5, &HIZ, EHREMETE ) ~—0 4,4-Oxydianiline (ODA)Z AW TR L 2RV A 2 R R+ & g2
L BEEEEET O EEREE /v — O TAPB 2 HWTHR LAY A 2 R ki, AR L7eRY =—
OFEFENMET T2 Z L2 FRE L TREN/ NS SCHIBIEND Z 2B LI LTINS,

%3 E THURFIZAB LAY 7 I RO SAXS f#ir ] Tk, HHANFE TICBIT 2B EAEZOR Y 7
I REAREIRIC X LT SAXS HIE 2 FEhE L, AN ARY 7 I RigT /B ORI T T2 %2 50 L T
5, BB WHRE TR L 6 HIEHORY 7 X FEET /KL TI2BW T, SAXS JlER L UVEARE T- B
# (FE-SEM#&I£ Tk, BohhBEREhETn I —HLTWD I D, HEAIGE FORBESIZE -
THREEINTZARY 7 I FBRIZBU 2 CORECRIEN, IBEREZ THHR SN TV Z EZHLMNC
LCW3, 72, B I MEEDORY A 2 R TR FIZBE L THRRERIERNDHEFI N TE Y, B0 I MM
DHHNOFRZ XA RIFBE SN TR, I B2, AU T I N R T ORARICEAL T, &5 —ED5
BHAREE TIIAR Y 7 I FBBOS TRITIKT L TELT 50, WRIEOSBHEEA L72Ga Ry 7 N
BRI TORER EZSIXEITIET, DTEITHFF SN EERERLZTINRESRDIEETLMNILT
W2,

%4 ® DR TRMAEHORFHC L DR Y 7 I FEREREIROFHE] Tk, 2WEIN%RE LAY 7 I N,
JRIHNaAT 2 VEEETER L TS EIREL, TD a7 ¥ o VIAENEE L T D NENERE LTV 5D,
SAXS HlETHLNI=T 1 T 7 A NO/NATEBITRL T BTN B SN TV A E M 572912, Percus-
Yevick ORWAERET /L, 38 XL OINERI - OBELET VA BB LIEETAVRNEANTT 4 v T 4 Y I fRFTL
TRERAH LT D, ETRRDT VX NVEEET H0HMAEHNTEHELNTZA Y 7 I FEEREEIKRD SAXS
T T 7 A ONT, MR A TS 2SIk o T, a7 Yo VEEORELZTME L T\ D, BRI TE
ONTRERERE L, DBAINKE LAY 7 I REET /K28R CHEAEHME U iR 2 R B 7
DOHANREETHOB L TVD EfEFRL TN D,

F5E RIE T, EETHONMRERIET 2 L LI, KRBT HRY A I K R0k
HIENZIS T 2P AR TWD, £, KRSUTHLNIZMAN, 5%FEA RICHERPHG N R Y 4
K R ORRFHEEHIKES BT ANETHAZ L EHTL L, R A 2 NF /R OEIERLRIEEDOE
IRABIERPIFCTEDH Z L 2RI TND,
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This thesis, titled "A Study on Particle Size Control of Polyimide Nanoparticles by Precipitation
Polymerization," consists of five chapters.

Chapter 1 explains the usefulness of polymer particles and polyimide. It summarizes the preparation
methods and the importance of particle size control for polyimide particles. The chapter discusses the
application of Small-Angle X-ray Scattering (SAXS) measurements to polyimide particles, a method
previously unapplied in this context, and outlines the significance and objectives of this study.

Chapter 2 explores how to achieve polyimide nanoparticles smaller than 50 nm by adjusting
polymerization conditions. In the presence of a dispersant, polyimide nanoparticles prepared by
precipitation polymerization of pyromellitic acid dianhydride (PMDA) and 1,3,5-tris(4-
aminophenyl)benzene (TAPB) under a PMDA concentration of 0.005 mol L exhibit controlled particle
size with an average diameter of 21 nm and a standard deviation of 2 nm. The chapter also demonstrates
that the presence or absence of the dispersant significantly influences the particle size. Furthermore, the
comparison between polyimide nanoparticles prepared using different monomers highlights the role of
monomer structure in controlling particle size.

Chapter 3 conducts SAXS measurements on suspensions of poly(amic acid) nanoparticles immediately
after the precipitation polymerization with a dispersant. The findings suggest that the morphology and
particle size in the liquid matrix are maintained even after solvent removal and subsequent thermal
imidization. The chapter also discusses how dispersant concentration and the molecular weight of
poly(amic acid) influence particle size.

Chapter 4 explores the concept of poly(amic acid) nanoparticles forming core-shell structures due to
adsorption of dispersants, and examines their aggregation behavior in suspension. The chapter assesses
using SAXS measurement analysis and fitting analysis results. It concludes that poly(amic acid)
nanoparticles with adsorbed dispersant remain dispersed without interacting significantly at a certain
distance.

Chapter 5 summarizes the study's findings and elucidates the mechanisms involved in controlling the
particle size of polyimide nanoparticles. It emphasizes the anticipated contributions of these insights to the
design and application of polyimide nanoparticles.
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