|

) <

The University of Osaka
Institutional Knowledge Archive

Title Preparation and Applications of Smart Composite
Hydrogels Using Cellulose

Author(s) |FE, 18

Citation |KFRKZ, 2024, HIHwX

Version Type|VoR

URL https://doi.org/10.18910/98765

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3
Abstract of Thesis

Name ( WANG JUAN )

Preparation and Applications of Smart Composite Hydrogels Using Cellulose

Title (evm—2%2 WA~ — MIEANA FrZLof|$ L5 H)

Abstract of Thesis

In this dissertation, the author incorporated biomass cellulose into polymer matrices to prepare three types
of smart hydrogel sensors with excellent physical properties, and investigated the applications in information
storage, strain sensors, and actuators. This thesis is expected to provide new avenues for the development
of next—generation smart anti-counterfeiting materials, intelligent information storage and recognition
devices, flexible electronic health monitoring equipment, and soft robotics.

Chapter 1: To overcome the shortcomings of nanoparticle leaching, avoiding the migration of carbon dots (CDs)
outside the gel when swollen, a facile fabrication of chemistry bonding fluorescent nanocomposite hydrogel
based on green—-synthesized CDs and fibrillated citric acid-modified cellulose (F-CAC) was reported in this
chapter. Through the stupendous chemical interaction between the CDs and F-CAC, CDs/F-CAC was incorporated
into a biocompatible, flexible hydrogel matrix of acrylamide (AAm) and the hydroxyethyl methyl acrylate (HEMA)
copolymer, P(AAm—co-HEMA). The CDs/F-CAC not only significantly improved the mechanical properties and
anti—fatigue performance of P(AAm—co-HEMA) but also endowed the hydrogels with excellent fluorescence
properties. Satisfyingly, the fluorescence of the CDs/F-CAC hydrogels was quenched by Fe®" ions and recovered
in an ascorbic acid/EDTA-2Na mixture solution. Thus, the as—prepared display platform of fluorescent hydrogel
via ionoprinting technique could be used repeatedly.

Chapter 2: A multi-functional hydrogel-based flexible sensor was developed through an “one—pot” strategy
benefiting from lignin sulfonate (LS)-metal ions (Fe®) dynamic redox system and reversible non—covalent
cross—linking formed between 3—acrylamidophenyboronic acid (APBA) and cellulose nanocrystals (CNC). In detail,
the LS-Fe® dynamic catalytic system resulted in rapid copolymerization of acrylamide (AM)
sodium acrylate (AAS) and APBA at room temperature in the presence of ammonium persulfate (APS) as the
initiator. The synergistic interactions of massive hydrogen bonding, the boronic ester bond between APBA and
CNC as well as the metal-ligand complexation of Fe* and polymer chain endowed the hydrogel with reliable and
efficient self-healing properties. The AAS offered physical crosslinking sites, contributing to the
significant toughness and anti—fatigue performance. Apart from facilitating the rapid preparation system,
an appropriate amount of LS avoided implosion as a dispersant and enhanced mechanical strength. Furthermore,
the intermediate catechol groups generated by LS enabled the hydrogel with repeatable self-adhesive behavior.
Chapter 3: The author proposed a versatile conductive composite hydrogel with integrated near—infrared light
(NIR) —driven deformation and strain sensing behaviors by combining a synthetic process of incorporation of
metal-organic coordination bond into carbon nanotubes with a post in—-situ polymerization. Specifically, the
Fe*—tannic acid (TA) complex—modified single-walled nanotubes (Fe—-TA@SWNT) was introduced into a hydrogel
network composed of carboxymethylcellulose (CMC), copolymer of acrylic acid (AA) and [2-(methacryloyloxy)
ethylldimethyl—(3-sulfopropyl) ammonium hydroxide (SBMA) (P(AA-SBMA)), followed by in-situ polymerization
of polypyrrole (PPy) in the hydrogel network using Fe—TA@SWNT, CMC, and P(AA-SBMA) as the skeletons. Through
the synergistic interactions of chemical cross—linking bonds and various dynamic bonds (hydrogen bonds, ion
coordination bonds, cation-7 interactions, and electrostatic interactions), the prepared hydrogel exhibited
significant stretchability, toughness, self-recovery, and repeatable self-adhesive properties. Moreover, the
NIR photothermal effect exhibited by Fe-TA@SWNT and PPy, in conjunction with the interconnected conductive

channels formed, enabled the integration of sensing and actuation functionalities within the hydrogel.
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