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Hydrogel is a soft material with a structure similar to natural biological tissue. It is soft, stretchable
and has good biocompatibility. Therefore, hydrogels have received extensive attention as carriers
for next-generation flexible wearable devices. However, conventional hydrogels typically lack
mechanical properties and functionalities such as toughness, anti-freeze property, adhesion, and
self-healing, which will not meet the needs of wearable devices for signal stability, durability,
low-temperature adaptability, and so on. Based on the above problems, this thesis designs and
develops conductive hydrogels with high toughness, anti-freeze property, adhesion, and self-healing
ability, and investigates in detail their application as flexible sensors. The specific research is
divided into the following parts:

In chapter 1, the research background, the application and limitations of hydrogels in sensors, the

current status of research on tough hydrogels and functional hydrogels, and the purpose of this
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research are introduced.

In chapter 2, the properties of experiment materials, as well as experimental methods and
characterizations are presented.

In chapter 3, to address the challenge of toughness, ionic conductive hydrogels have been
crosslinked by carboxymethyl cellulose and phytic acid via a simple one-pot approach. The unique
double crosslinked microstructure ensures that the hydrogel has favorable mechanical performance,
resilience (93%, similar to natural resilin), and recovery (20 min, after 7 cycles at 300%) along with
less residual strain {6.7%, after 20 successive cycles at 125%). The hydrogel also exhibits
outstanding ionic conductivity (6.0 S/m). The combined mechanical performance and ionic
conductivity of the prepared hydrogel results in its remarkable performance when used in sensors.
The hydrogel-based sensor displays superior sensitivity (GF of 2.86, at a strain of 600%), stability
and durability towards both tensile and compressive deformation. In practical applications, the
sensor demonstrates a broad strain window to detect both large and very small human activities,
showing the excellent potential of this hydrogel in sensing and flexible devices. The approach in
this work has also been optimized to potentially allow for large-area, low-cost fabrication.

In chapter 4, a novel anti-freezing system based on ice structuring proteins and CaCl was
introduced to enable a conductive hydrogel with low-temperature adaptability. Both formation of
ice nuclei and ice growth of the hydrogel at sub-zero temperature could be inhibited. Supported by
the anti-freeze system, the hydrogel revealed good flexibility (890% at -20°C), recovery and

conductivity (0.50 S/m at —20°C) at both room temperature and sub-zero temperature. The
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low-temperature adaptability enabled the hydrogel to be used as strain and temperature sensors at
both room temperature and sub-zero temperature. The anti-freeze system in this work is expected to
open up a new avenue to promote the conductive hydrogel with low-temperature adaptability.

The purpose of chapter 5 is to address two existing challenges. One is to achieve the balance of
mechanical properties, adhesion, and self-healing ability in hydrogel used in wearable devices. The
other is to use mature products as raw materials and simplify the preparation process of adhesive
hydrogels, so as to make it possible for large-scale industrial production. A novel PAA/Fe/PVP
hydrogel has been prepared by a simple one-step radical polymerization to meet the above
requirements. As the main component of adhesives in daily life, PVP is used to improve the
adhesion of the hydrogel. The adhesion as high as 64kPa is achieved in the hydrogel. The adhesion
can also withstand multiple uses due to the good mechanical properties of the hydrogel.
Furthermore, the hydrogel displays outstanding self-healing ability in terms of both mechanical
properties and conductivity. Because of the good mechanical properties, robust adhesion and rapid
self-healing ability, the hydrogel-based sensors have demonstrated stability, accuracy and reliability
in real-time monitoring of subtle facial micro-expressions and large human activities. In addition,
the method uses mature products as raw materials, and the preparation process is simple, so it has
the potential for large-area and low-cost production.

In chapter 6, the present study is summarized.
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