Sustainable Humanosphere, vol. 16, p.34, 2020

ABSTRACTS (PH D THESIS)

Strong cellulose nanofiber composite hydrogels via interface tailoring
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Cellulose, the most abundant biomass, has been commercially available in diverse fields, while the
application of cellulose in the nanoscale is not yet widely commercialized. This study is to explore the
application of cellulose in the nanoscale. Hydrogels are highly hydrated polymer networks, and have great
potential in many areas, such as artificial tissues and soft bioelectronics. In many cases, hydrogels require
load-bearing properties, however it is still challenging to obtain simultaneously tough and strong hydrogels.
Nanocelluloses possess many advantages to reinforce hydrogels, including good hydrophilicity, impressive
strength and stiffness, high specific surface area, and tunable surface chemistry. However, the
reinforcement is limited: (1) the concentration of nanocellulose is low; (2) the nanocellulose-matrix
architecture is scarcely designed. To solve above problems, cellulose nanofibers (CNFs), mechanically
disintegrated from wood powders, were used to fabricate composite hydrogels. First, it is easy to filtrate
CNF suspension to form a wet cake with a high CNF concentration. The obtained CNF cake, with layered
structures, is expected to be composited with polymer networks. Second, the surfaces of CNFs are covered
with hemicellulose which is more reactive than cellulose. The interfacial interactions between CNFs and
polymer networks may be precisely fabricated.

In Chapter 2, CNF/poly(vinyl alcohol) (PVA) hydrogels were prepared via direct blending. In brief, a
wet CNF cake was immersed into PVA solution with various concentrations to absorb PVA chains,
followed by drying-annealing and rehydration processes. The CNF/PVA hydrogels showed comparable
elastic modulus and fracture strength to skin and cartilage. In addition, the CNF/PVA hydrogels had a high
water content and showed high fracture energy.

In Chapter 3, poly(acrylamide-co-acrylic acid) networks were incorporated into CNF cakes via in situ
polymerization, followed by ionic cross-linking with Fe**. This method also resulted in simultaneously stiff,
strong and tough hydrogels. Compared with the blending method in Chapter 2, the method of in situ
polymerization was applied to diverse monomers, presenting versatile features. Based on the results of
Chapter 2 and Chapter 3, it was proved that a wet CNF cake was an appropriate start material for strong
and tough composite hydrogels. The polymer networks should have good compatibility with CNFs and be
easily cross-linked.

In Chapter 4, the surfaces of CNFs were modified to enhance the interfacial interactions between
CNFs and matrix. The reaction of CNFs and maleic anhydride, using a CNF cake as a reactor, was
examined. The water in the CNF cake was readily replaced by filtrating a mixture of solvent and reactant
through the cake. At the same time, the reaction between the CNFs and reactant mixture occurred. This
new modification method, inspired by the fluid in a plug flow reactor, was effective and convenient. Then,
the polymer networks, which were the same as Chapter 3, were fabricated in the modified CNF cake. The
composite hydrogels were indeed stiffened owing to the enhanced interfacial interactions, although the
toughness was reduced.

In Chapter 5, a new method of grafting polymers from CNFs was developed. Various vinyl polymers,
including hydrophobic and hydrophilic polymers, were grafted from CNFs via UV irradiation in the
absence of an initiator. It is assumed that the primary free radicals were generated on the surfaces of CNFs
(Figure 1). The hydrophilic-hydrophobic properties of CNFs were readily adjusted after polymer grafting
while the crystalline structure of CNFs was retained. This green and effective method was called UV
grafting.

In Chapter 6, polyacrylamide was grafted on CNFs via UV grafting to form a composite hydrogel,
which resulted in toughened property in contrast to the initiator-based sample. It was confirmed that UV
grafting was a powerful tool prepare CNF composites with a nanofiber/grafted matrix architecture and
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excellent features. In addition, the surface chemistry of CNFs played an important role in the process of
grafting.

In Chapter 7, poly(2-hydroxyethyl methacrylate)
was grafted on CNF via UV grafting to form a
composite hydrogel which presented strain-stiffening,
strong and tough properties. The stain-stiffening
behavior was ascribed to the synergistic alignment of
CNFs and rearrangement of polymer networks.
Double grafting was wused to enhance the
stain-stiffening behavior. It is believed that multiple
UV grafting can result in diverse CNF/matrix
architectures.

The main findings of this study are summarized
as follows: (1) incorporating polymer networks into a
CNF cake was an effective approach to prepare stiff,
strong and tough composite hydrogels; (2) interfacial
interactions between CNFs and matrix were tailored
by surface modification and polymer grafting; (3) the / CNE
plug flow reactor method simplified the chemical
modification of CNFs; (4) UV grafting was a powerful
method to graft vinyl polymers on CNFs and prepare
composite hydrogel with excellent features. Figure 1. Possible process of UV grafting
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