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Vitrimers, a class of dynamic polymer networks, have received a lot of interest over the 
last decade since they combine the benefits of both thermoplastics (reprocessability) and 
thermosets (robustness). A variety of vitrimers have been synthesized to achieve strong but 
recyclable materials. However, vitrimers shouldn’t be solely limited to polymer network 
recycling, as dynamic covalent bonds could provide a fantastic platform for advanced 
application development. Based on this concept, a library of different vitrimers was developed 
in this thesis to address a variety of issues, including water remediation, motion monitoring, 
energy harvesting, and healable 3D printing.

The thesis starts with a short introduction to this topic and the motivation of this project 
(Chapter 1). Following that, dynamic polymer networks have been reviewed in Chapter 
2. Based on their dynamic interaction various advanced materials have been developed 
during the last decades. Depending on the mechanism of their dynamic interaction, these 
polymer networks can be divided into two major groups: supramolecular polymer networks 
(SPNs) and covalent adaptable networks (CANs). As the most classical dynamic interaction, 
supramolecular chemistry has been widely applied in a variety of functional materials and 
processes, such as recycling, stimuli-responsiveness, self-healing, and shape memory. 
However, SPNs underperform in strength, robustness and stability.

Recently, by deep understanding of covalent bond exchange reactions, a group of CANs 
called vitrimers were developed to tackle the limitations above. Vitrimers can break and 
form their network of dynamic bonds simultaneously, resulting in a topology reorganization 
but remaining crosslinking density during this process. Because of the strong covalent bond 
interaction and topological reorganization, vitrimers show similar mechanical behavior to 
classical covalent networks (thermosets) while possessing SPN-like dynamic properties. 
In this thesis, a series of applications based on diverse dynamic covalent bonds has been 
introduced. Different topics have been explored, including superwetting surface construction 
(Chapter 3), MXene strain sensor fabrication (Chapter 4), tribology energy nano generator 
design (Chapter 5) and circular 3D printing (Chapter 6). By varying the molecular structure 
of the developed vitrimers, the materials not only show their intrinsically fundamental 
recyclability, but also enlighten the development for advanced applications based on their 
characteristic structure.
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In Chapter 3, a new generation of superamphiphilic vitrimer epoxy resin membranes (SAVER) 
was invented to separate oil and water efficiently. As the main component of SAVER, a vitrimer 
epoxy resin is synthesized of malic acid, a biobased resource. The intrinsic structure of malic 
acid enables an amphiphilic network. Owing to the dynamic bond exchange reaction, enough 
roughness was introduced on the surface of the membrane to achieve a superamphiphilic 
membrane via a straightforward process. Similar to classical epoxy resins, SAVER shows 
strong mechanical robustness and sustains exposure to aqua regia and sodium hydroxide 
solutions. Furthermore, the clogged membrane can be easily recovered when contaminated 
with mixed foulants after longtime service by using dynamic transesterification reactions 
within the polymer network. Although our biobased SAVER can be easily manufactured, 
used, recycled and re-used, the mature large-scale production technique for our bio-based 
epoxy resin should be conquered to realize the practical application in the future.

MXenes (Ti3C2Tx) were used as promising 2D materials for strain sensor development. 
However, MXene-based sensors typically suffer from a decrease in sensitivity up to complete 
breakdown due to small structural defects that will be generated during their longtime practical 
service. Additionally, chemical oxidation of Ti3C2Tx is another significant obstacle but has 
been overlooked, especially for existing self-healing hydrogels since water and applied 
voltage accelerates irreversible oxidation. In Chapter 4, a novel dynamic covalent bond-
based flexible composite, named MXene acrylate vitrimer network (MAVIN), was designed 
for the strain sensor fabrication. Due to the abundant hydroxyl groups in the material, Ti3C2Tx 
can be dispersed homogenously within the network. As strong microwave absorbers, well-
dispersed MXene flakes enable MAVIN to be repaired with a high healing efficiency of 
92.4% within 1 minute, which is as good as the best healing efficiency reported in literature 
so far but 30 times faster. At the same time, our solvent-free vitrimer provides a suitable 
condition for the MXene to work stably and continuously, which brings a new perspective 
to the development of a quick self-healing device, particularly for sensitive materials (i.e. 
perovskites).  

As novel energy harvesting materials, triboelectric nanogenerators (TENG) have drawn lots 
of attention, since they show great potential as an energy resource for wearable devices. 
Similar to soft strain sensors, various self-healing mechanisms have been widely introduced to 
improve their durability. In Chapter 5, a self-healable vitrimer energy-harnessing triboelectric 
nanogenerator (VITENG) was developed based on diacrylate poly(dimethylsiloxane) 
(AA-PDMS) via a fast thiol-Michael reaction. Conventional polyester-based triboelectric 
nanogenerators often require a high temperature and a long time to crosslink, rendering them 
not useful for large scale application. To address this issue, 2,3-dihydroxypropyl methacrylate 
was used, resulting in hydroxyl end dangling side chains that enhance the flexibility and 
transesterification efficiency of the created polydimethylsiloxane (PDMS) network. The 
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abundant dynamic β-hydroxyl ester bonds in the PDMS network were efficiently exchanged, 
resulting in 100 % effective mechanical damage healing. Mechanical energy from minor 
periodic deformation can be converted into electricity at low frequency (135V, 1Hz), 
revealing the potential for mechanical energy harvesters with extended life time and high 
design flexibility.

Digital light processing (DLP) 3d printing is an attractive technique for complex structure 
manufacturing. However, once the objects were printed out, they can’t be reprocessed any 
more due to the curing mechanism. To address these shortcomings, a sustainable printing 
technique is described in Chapter 6. A large amount of dihydroxypropyl methacrylate 
(DHPMA) was synthesized with low viscosity and high hydroxyl group content by a simple 
and high yield process, which makes it an ideal candidate for 3D printing of vitrimers. 
By including a methacrylate phosphate and diacrylate, complex 3D objects were printed 
via bottom-up DLP with feature sizes of around 50 µm. Moreover, those high resolution 
objects can be repaired after printing owing to accelerated transesterification reactions at 
elevated temperatures. By increasing the temperature, the exchange reaction between 
dynamic covalent bonds within the printed network enable repairability up to 95 % of the 
initial strength following the first healing cycle. To further push forward this sustainable 
printing technique, monomers with more reactive dynamic bonds will be developed to fit the 
requirements of the fused deposition modeling filament preparation. Thus, a totally closed-
loop printing technique will be achieved in the future. 

Catalysts played an important role in the vitrimer systems, described in this thesis. It 
should be noticed that the leakage of catalysts could be a problem for a long life time of the 
developed materials. Therefore, catalyst-free systems should represent the future of vitrimer 
development. For example, amino esters can be expected to build CANs showing lower 
energy barrier for activating the transesterification, which will be further investigated in the 
near future.

Additionally, it is unavoidable that the rate of CANs exchange reaction is lower than the 
supramolecular interaction, so a dual network, combining both, could be an ideal solution 
to develop a strong self-healing system with outstanding healing speed. The hydrogen 
bonds will, for instance, form between the amino groups and the carbonyl groups within the 
mentioned amino ester vitrimer system, resulting in a faster healing time. 
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