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W X RBE H Study on Fabrication of Fiber-Reinforced Microstructures using

Ultrahigh-Pressure Homogenizer-Defibrillated Cellulose Nanofibers.

Thermal imprinting is a promising technology for fabricating micro- and nanostructures. It
has recently gained traction in various fields for developing functional devices, specifically
those designed for water repellency and antireflective properties. In particular, microneedle
arrays (MNAs), also known as painless needles, are being developed for medical and
cosmetic fields. MNAs should be painless, rigid for preventing breakage, and biodegradable
so that they decompose in the body. However, biodegradable plastics exhibit inferior
mechanical properties and are easily damaged when microshaped, such as into MNAs. In this
study, cellulose nanofibers (CNFs), which possess characteristics such as high strength and
biodegradability, were used as a reinforcing filler for fabricating biodegradable plastic. To
enhance the mechanical properties of the MNA, flexible nanosized CNFs were uniformly
dispersed inside the micropattern by controlling the CNF concentrations and thermal
imprinting conditions. This study comprises the following chapters.

Chapter 1 lists examples of developments in the thermal imprinting technology and research
in the plastic industry. The importance of material design for the thermal imprinting process is
explained. Furthermore, an overview of CNFs and examples on the development of CNF
reinforced polymer composites, including related technical problems, are presented.

Chapter 2 describes the effect of ultrahigh-pressure homogenizer (UHPH) processing on the
higher-order CNF structure and characterization of polyvinyl alcohol (PVA)/CNF composites
by changing UHPH pass counts.

Chapter 3 describes the surface replication mechanism of PVA/CNF composites via thermal
imprinting using various line/space micropattern molds. The effect of CNF content on the
characterization and replication performance of PVA/CNF composites is reported.

Chapter 4 discusses the fabrication of MNA micropatterns on the PVA/CNF composite
surfaces using thermal imprinting. The effect of CNFs on the mechanical performance of
MNAs is also reported.

Chapter 5 summarizes the results of this study.




AL L OB N OREHEBROMEEDES
4 Fn 64 2H 13H

EHM B 27 AFERE B
MR R CEERES

T4
il
il
g A
B Fl
SRRSO R B ORI % TR0 & 350 Ht U 4
@
WX B EE | ARME AT ARK K& Fm R
G i HEERESTA VTR LI trn—2F ) 774 3—C L5
SRR e e 0> PR B 2 B
SRR T ok % EEEA A iz Zi ;g o
w2 | fF 64 2H 6H % AT TR GMAP 4-406 2=
I YL e RAERBEA R | A 64 2A 6H

FALm L OFERROEE (1, 000 FRE)

AFHL T, BEERETY T A — (UHPH) TR LB n—RF ) 7 57 A A—|2 L 2 ke R (L s o feilic
BY L T, HEMEIO ) FRER L ORISR R IE S ONF O EEO BEBRL A 7 v MoBITAHEE
B OTMR EEE S, RKE WSS O /2 E IS RIE S ONF BN BB 282 L HREDIZEL A 51 = X MW TH
TeRAMREBIENETHY, £25EFETHERIATWS,

B1ETIE, Fime LTRIFEOE & BB X ORGR LOBEIE~SR TV,

B2ETE, R E=AT/a—nL (PVA) & CNF OEEMEIO D 5SS L O REERVEC, UHPH Ofgisit
BRIEFTEEICZOVWTESSHN TS, CNF MifiSh5 Z L TPVA ~ h YU 7 ARNIZEIT D CNF O — Mk p3 ik
&, PVA & CNF M0 RFRHEFMENSETH 2 L T CONF ORMBENm LT 52 L #HALMNT LTINS,

# 3 BT, B 7Y MZISH D PVAICNF BAFBIOMME HIETICRIET CNF IRIMOBBIC 0T, Bh
NTW5H, CNF & PVA v b 7 RAIZDBIFIMTHZ LT, A 07V > MBI A MMERIRGHEAUETE L &
L IROEESMEIIIMBHFER K ESEE L TWAZ LZALMI LTV S,

HATETIE, A 7Y M2 & o T PVA/CNF AWM EIREICIRS S - isE o H 5 ic RIF 9 CNF o
BRI OWTH~ bR TS, REMAITEIEPNEEIC CNF 2 A4aAte 2 & T, BIMEDE E UEHERICST 2 BAREHE&
BT HZEEHLMILTWS,

ACEALR L, PRI Ak S 7z ONF SR EMAIEEO MMM & LCTHRTHA 2 L&2FR L, 7 a2 W
PRHREIE DO W 2> D HSRER B IC DV TE L DTV D, RS RS L OB MOREICE < Sh, FHcH b &Y oF
HOLESoTEY, LBRPRENTRE LIZMET —~ I o iR ERBR RSN T W5, T —~ OFHEME « fi
BRI OWTIL, B & QR UFMGREC 2 MO BHE A L - TE Y, £FEICH L TEHRNLTEENE L TWS,
o, INETEHRESTTH, BREST I HROMAREEZTL> T D, AT SCEA N (K
AHEPE S A7 LFERHE LR IIRRR) 20 LTk, AREHELE,

Adm i, AFFEMmPEIIFSH RS 4R 5 FNRANC S FHEX TSN EH Y FH A,

RO ROBE S

NS THRICERERVEIE 2 210 5 0 R&HBR A EM Lz, EEEBRIT. ASOBEICHV., A L ORHES
FIZBE L T30 o0 AERABICL W E L=, ZORE, FFRTONELR O CICEESSICET 2 B EEIT+H5Th
N, BLOPEEzRETIOIL SR EENETE LTS LHE L, S EHE LR,






