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i S B H Development of 3D Printable Shape Memory Hydrogels and Their Applications
to Soft Robotics

Soft materials like hydrogels require facile fabrication and designability for task-specific implementati
on in engineering field. Smart hydrogel materials like Shape memory hydrogels (SMGs) is an excell
ent candidate for creating soft robot through programmable fabrication processes called additive man
ufacturing or 3D printing.
In this study, I attempt to fabricate SMGs with tunable mechanical properties with 3D printing proce
ss and utilize 4D printing concept for developing untethered hydrogel actuators with soft robotic func
tions.
In chapter 2, I developed highly robust thermoresponsive poly (dimethyl acrylamide-co-stearyl acrylat
e and/or lauryl acrylate) (PDMAAm-co-SA and/or LA)-based shape memory gels (SMGs) using a ¢
ustornized optical 3D gel printer. This process enabled rapid and moldless fabrication of SMGs with
a variety of shapes and sizes. By varying the compositions of the constituent monomers, a wide va
riety of SMGs with tunable mechanical, thermal, optical and swelling properties has been obtained.
Printed SMGs with excellent fixity and recovery ratio have exhibited a wide range of Young’s mod
ulus 0.04 MPa-17.35MPa and strain 612%-2363% at room temperature when acrylate co-monomer
(SA and LA) content was varied and the value of strain has been found to enhance at elevated tem
perature. Thermogravimetric analysis (TGA) of the SMGs shows one step peak degradation (407°C-
417°C) regardless of compositions after initial mass loss for water evaporation. Dynamic mechanical
analysis (DMA) and Differential scanning calorimetry (DSC) revealed variable transition temperature
s (29°C-49.5°C) depending on the SA and LA content. SMGs at all the compositions possess high t
ransparency with variable swelling degrees in water and different organic solvents and exhibits refrac
tive index value in the range of intraocular lens making them suitable for application in the optical f
ield. These unique properties of 3D printed SMGs with free formability and tunable properties are e
xpected to generate rapid demand in a variety of sectors in biomedicine, robotics and sensing applic
ation. ‘
In chapter 3. [ demonstrate a novel approach to fabricating a shape memory hydrogel (SMG)-based
bilayer system using three-dimensional (3D) printing to yield a soft actuator responsive to the metho
dical application of swelling and heat. Each layer of the bilayer is composed of poly(N,N-dimethyl a
crylamide-co-stearyl acrylate) (P(DMAAm-co-SA))-based hydrogels with different concentrations of th
e crystalline monomer SA within the SMG network and exhibits distinctive physicochemical properti
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es that enable anisotropic swelling-induced actuation of the bilayer with reversible shape memory pro
pertics. The deformation, reversibility and response time of the bilayer actuator are extensively depen
dent on temperature. Utilizing the proposed SMG bilayer actuator model with synergistic finctions, a
nature-inspired flower architecture that changes its shape upon immersion in water and an underwat
er 3D macroscopic soft gripper that can grab, ransport and release a guest substance are developed
to demonstrate their applicability in biomimetic actuators, encapsulating systems and soft xobotics.
These results demonsirate that, the 3D prmiability of SMGs have a great application as a novel mat
erial and designability for soft robotics.
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