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Development of Multifunctional Composite Materials Using Green Tea Extract
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In this thesis, the author aimed at developing efficient methods for multifunctional composite materials
using GTE provides a fresh and universal route in diverse applications.

In Chapter 1, an active food packaging film using GTE biomass compounded with PVA was successfully
developed. The SEM images obtained indicated that PVA, GTE, and glycerol were homogeneously mixed in the
GTE-PVA biocomposite films established in this study. The tensile strength and surface hydrophobicity of the
biocomposite films was found to increase with an increasing concentration of GTE. The increased concentration
of GTE caused a significant reduction in the water solubility, water vapor permeability, and elongation at break
of the established films. The GTE-PVA biocomposite films showed superior UV-vis light barrier properties
compared to those exhibited by pure PVA control film. This characteristic may be attributed to the UV
absorption ability of the phenolic compounds in GTE, a property that can be used to protect food from UV light.
Owing to the abundant phenolics found in GTE, the GTE-PVA biocomposite films showed high levels of
antioxidant activity and pH-sensitive abilities.

In Chapter 2, a simple, one-step green approach was developed for the synthesis and immobilization of
AgNPs using GTE, which acted as the reducing agent. TC, which was obtained from tea residue, was converted
into TTC via TEMPO-mediated oxidation that was subsequently employed as a substrate and a stabilizer to
immobilize AgNPs onto the flexible and transparent Ag-TTC-PVA composite film. The Ag-TTC-PVA composite
film featured improved mechanical and thermal properties. In addition, the presence of TTC inhibited the fast
release of AgNPs from the TTC-derived films, thereby reducing the cytotoxic effects of the AgNPs. Ag-TTC-PVA
composite film possessed high antioxidant activity and photocatalytic performance, which is beneficial for
decreasing the agglomeration of nanoparticles and simultaneously improving the photocatalytic efficiency.

In Chapter 3, a functional film with good protein adsorption prevention properties was developed using GA
as a linker molecule to combine poly(2-ethyl-2-oxazoline) (PEtOx) and poly(methyl methacrylate) (PMMA).
Firstly, bio-based polymer (PEtOx-GA) was synthesized via a simple and convenient method for the direct
esterification of GA with PEtOx using Yb(OTf)s as the catalyst. And then, it reacted with the
poly(ethyleneimine)-modified PMMA substrate (PEI-S) to form the functional film (PEtOx-GA-PEI-S) via
Schiff-base and Michael addition reactions. The morphology, surface chemical structure, and composition of the
PMMA substrate, PEI-S, and PEtOx-GA-PEI-S functional films were characterized by scanning electron
microscopy (SEM), atomic force microscopy (AFM), Fourier transform infrared spectroscopy (FTIR), and X-ray
photoelectron spectroscopy (XPS), respectively. The PEtOx-GA-PEI-S functional film prevented protein
adsorption and the mass of adsorbed BSA was reduced by ~70%. Therefore, this bio-based polymer plays a fresh
and universal route to construct antifouling surface applying for multifunctional composite materials.

In Chapter 4, a new membrane with superhydrophobicity was synthesized by a facile, green, and low-cost
method. First, cellulose non-woven fabric (CNWF) was modified by poly(catechin) (pCA), which has good
antioxidant and antibacterial activities, to make it unaffected by ultraviolet light and improve the stability of
the structure. Then, hydrolyzed polydimethylsiloxane (PDMS) was coated on the pCA@CNWF surface via
chemical bonding to make the composite hydrophobic. This durable superhydrophobic fabric can be used to
separate various oil/water mixtures by gravity-driven forces with high separation efficiency (over 98.9%).
Additionally, the PDMS-pCA@CNWF possesses the advantages of flexibility, high efficiency, and outstanding
self-cleaning performance and demonstrates significant potential for applications in various environments,

which make it very promising for the treatment of oil pollution in practical applications.
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AFSE, BEASBEIED D DI LTS A A~ AE e U CTHEZIFIAT 2 7o dIckA Y (GTE) & W T HRELIE
EMELOBRIZET 2R A E L DO THY , Fime Rin 4 =, MIEENL2 D, TORNFEZENTHLLUTOLE
DThb,

F1ETIE, GIE &RV E=ATha— PVAZESET DI EICL VRIS A A3 RKYy b7 s V&L
oo NAFALRY Y N7 4V AOFIREE R L OEmBUKMEIL, GTE BEOHEME & ML, KEME, KEX
FHiEMEIX, GTE BED LH L L B F L, &5I2, GTE-PVA SA ARV M7 VAL, PVA 7 4 VL E
el LT, 7 UV-RIEDE N Y 77 & Fi kit & 7" Lz,

%2 BT, GTE 2@ oAl & UM LzgR) /it (AgNP)EE(LT AT v 77 ) — U Hifli &% Lz, 4B
% TEMPO Bt L. GTE & A2 KL m—2F ) 77 A "— (TTC)%AVERL LT AgNP #[EE L. PVA LHEAT 5
ZXIZLY ., Ag-TTC-PVA A7 4 VA EAE LT-, Ag-TTC-PVA A 7 4 /L AL, ENHRAYER L OB %
FiH, TTCIZE Y AgNP Z[HET 5 Z & TAgNP DIEHZFF S Z &N TE D, SHIT, Ag-TTC-PVA 457 4 /L A%
EWPTIBIEME & YEAREEERE 2 f 2 TV 5,

EIETEH, "M AR U H—FE LTHRETFR GAZFEALTRY Q-=F 24X V) (PEOX)ZH
BT oz licky, KUY (AFAAZ7 Y L—1) (PMMA)Z ML Uiz & o X7 EW g IERRVE & i 2 7 REME ~
4 /v 2 (PEtOx-GA-PEI-S)% B%& L 7=, PEtOx-GA-PEI-S #HREMEY 4 VAT L R BOWREZE, i Sz BSA
L PMMA X 9 70 %l Liz,

4 ETIE. KUY (IFEY) (pCA)TER L=t 1 — A REkA (CNWE)IZ X 0 BBUKES 7 « A2 B% L,
RYDAFLvaFxdh (PDMS) LA %N LT pCA@CNWE EHIZEAT S Z & CHBUKEEZERLEZ, =
DBBIKEE 7 4 V2%, TR & UEER M, KRG A S VBRI (8.9% U L)y THlfCTE 5, &
5IZ, PDMS-pCA @ CNWF %, EhR, ik 7 7 U —=v 7MW a iz, MEROMBIIIEEICAL TH D,
LLED X 51T, ARSUTRARBERM ) DI L7z GTE, 722 DOE W% A A~ AkLE L THEBRIAT 5729,
xR B E LTI 2T ELICHEZIRE Lz, GTE ILEATEEER T =/ —/ULEWIT UV I, Htisibis
PEL pH EEZMEARTTod, ER LTo A A~ A A EHI R 2 SR & BLIER D O ORET D 72DIc b T
%, Rt TRE /R R 2 KRBT D720 DA F~ AEEM B ORI e GHEH 2 525 b D Th %, &> TRRIHE L
e LTHEESH Db D ERD D,




