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As people’s demands for materials continue to evolve, it is becoming increasingly challenging for
any single material to fully satisfy these needs, which has promoted the development of new polymers
with specific functions. Such polymers are referred as advanced functional polymers, which hold
significant potential for applications in various fields. However, the extensive use of polymer materials
also imposes a significant burden on the environment due to their persistence and difficulty in degrading,
resulting in some harmful problems such as plastic pollution and textile pollution. This highlights the
importance of biodegradable polymers. Moreover, the functionalization of biodegradable polymers is
crucial for practical applications. In this thesis, extensive research was undertaken to explore the
functionalization of Poly( ¢ —caprolactone) (PCL) using surface modification and filler modification
methods. These methods involved introducing diverse functional groups onto the surfaces or throughout
PCL-based materials.

In Chapter 1, PCL was functionalized by surface oxidation method using chlorine dioxide radical
(C10,) gas, facilitated by ultraviolet (UV) light irradiation. The study investigated the effects of
oxidation duration and UV light intensity on elemental ratios, chemical components, and morphology.
Additionally, a dye test was conducted to confirm the presence of carboxyl groups and to elucidate the
underlying mechanism. In addition, electroless metal plating was employed on oxidized PCL film to explore
its potential applications. This approach is expected to expand the range of available materials suitable
for polymer substrates coated with metal layers.

In Chapter 2, a porous monolithic material was fabricated with a PCL matrix using the non-solvent
thermally-induced phase separation (N-TIPS) method. Subsequently, surface modification of the PCL
monolith was achieved using polydopamine (PDA) due to its strong adhesion property. The PDA-coated PCL
monolith (PDA-PCL monolith) served as a catalyst support for dye wastewater treatment. In this study
gold (Au) particles were immobilized onto the surface of the PDA-PCL monolith, leveraging PDA’s adhesion
properties akin to double—sided tape. Furthermore, the catechol groups within PDA acted as reducing
agents to convert Au® ions to Au, facilitating the formation of Au particles. The resulting Au@PDA-PCL
monolith was employed as a flow reactor using a peristaltic pump to degrade azo dyes in water.

In Chapter 3, a photoluminescent film incorporating PCL and nitrogen—doped carbon quantum dots (N-
CQDs) with the function of information protection and encryption was prepared. The N-CQDs were synthesized
from citric acid with urea as a dopant for the enhancement of fluorescent properties. Then, the
synthesized N-CQDs was utilized as a filler for the modification of PCL film, providing an enhanced
hydrophilicity and mechanical properties. The good photoluminescent properties of N-CQDs was preserved
in PCL/N-CQDs composite film. Based on this, the information encryption and decryption were achieved
using UV light.

In summary, functionalization of PCL was prepared with various methods, demonstrating different
application potentials. This thesis aims to contribute to the development of the next generation of

functionalized PCL materials and explores their applications in various fields.
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MXTIE, R BT T 7 by (PCL) OBKMECHEMAIZRTRE & WolcEom BICEH L, PCLA SR &
T HOMEREMEM B OB LERUCET A2 E L Db D TH Y, Fime AR =3, RIENLORD, TORNELE
KIDEUTOEEY THD,

B O, AR T 5 2 & THRIEMHAL ZRLESR T UL (C10;) H A& AWK ERBLEIZ XY, PCL
7 4V ORI E LB AN L CHEIELT 5 2 & 2t Lo, JIEMECI0. 1 X W Mk B EER A PCL Y 1 L
LAOREITHEAL, BILRICIBEL EBRFBEEA RS DML, AR 325 2 & TPCLY /L AR E D BiK
PEDN D PKMEIZZE L L2 2 & R SN, PCLY 4 A ATIEEOERRO LB S NT=7-%, BIIEME., 5
PIBRAEICE L7 <L MR M B L7 2 E 3 HIA L2, B SALTWRWPCLY 4L A bR LT, ka7
PCLZ 4 WA MAA DT N—IZx L TENTERAERIIZTR L, HARFIVENEA LT, S b, MEMHH
HoXZkY, Bfbaiie PCL ORI XV IRERFANBE I N, L7z o> T, SRHEAMENIFVPCLIX
FTEHEALCL0,- 12 X 0 BREFEDSEA L CEBEAEENM E L2 L 2R Eni-,

B OETIE, HERIEBGE SRS (N-TIPS) ICK VPCLEREM L L2 LE® ) U AME 2 BRI L, #55E
ZHEORY F—s83 > (PDA) AW TEEEMIC XL VPCLE / U 2 DREREL Z M5 L7, PDA-PCLE / U R [Zfiifit
Bk~ MY w7 2L LCHRHAT D720, T/ U ATEALEHEEMELZFOPDAC L » T4 (Au) RFZEE L
2o SHIT, PDAOH T a— VEEREITLH E UTEA L, &4 4 B30It L TAuhi 724 L7 2 & D3RR
iz, 1ERLL 7= Auki 1% [EE L72PDA-PCLE / U AL, AT ALY [TH L TEWREEI%E (98.54%) Z/R L
oo SHIC, PR EBEITTDZEICEVENTZHAAEEZRL, KFOT Ykt 3 RT 5 DIEHTED 2 L
TR S iz,

BomTIE, A=A UET Ry b (CQDs) 27 4 F7—& LTHERAL., PCLY 4 VAT AT Z & TPCLEHREIL
FTHEERF LI, CQDsiZZ @M HER L, JRETR—795 2 L TEIEFENR LS, RIEOTINEIC
X U N-CQDs DAL ZFAE &I L OFRHE~DFBIKIA L7z, 512, ARSN7ZN-CQDs EPCLEREGT 5 Z & T,
BUKME &MY RFED M B U7z, PCLOGERKIREE &R LEEIZ LY . A 7 4V TR TRE et 2 £F
B, BSOS TE S 2 L 2 AMREIC L=, N-CQDs DI 7= F8 M IZPCL/N-CQDsHER 7 4 /L LN TIRER &
e AN (V) SEE AW TEROBE BB L OERISH TE 2 Z LR a i,
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