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Recent advances in the application of soft materials, such as polymer gels, represent the
beginnings of a new branch of engineering. Some very novel polymer gels that are responsive to external
stimuli have been developed in the past few years. The stimuli that have been demonstrated to induce
discontinuous volume changes are diverse, and include temperature, pH, solvent- or ionic composition,
electric field, light intensity as well as introduction of specific ions. In the last years, these gels have
become of major interest as novel intelligent materials with sensor, processor and actuator functions.
Many kinds of such gels have been developed and studied in regard to the application to many biomedical
and industrial fields, e.g. controlled drug delivery systems, muscle-like soft linear actuators, biomimetic
energy transducing devices.

Attempts at developing stimuli-responsive gels are often complicated by the fact that structural
changes - which are generally based on some form of discontinuous volume phase transition — are
kinetically restricted by diffusion of liquid molecules into or out of polymer matrix, respectively. The
swelling or shrink rate is rather small, and strongly depends on the geometry and the size of the gel
sample. A completely different mechanism has been applied recently to induce fast change in the
geometry of the gel. Magnetic field sensitive polymer gels, called ferrogels, have been developed. A
ferrogel can be considered as a special type of filler loaded, swollen network, where the fine, nano-sized
- particles carry considerable magnetic moment. In other words, a magnetic field sensitive gel is a
chemically cross-linked polymer network swollen by a ferrofluid. A ferrofluid, or a magnetic fluid is a
colloidal dispersion of monodomain magnetic particles with a typical size of 10 nm. As to the magnetic
field sensitive gel, not its volume, but its shape changes in a non-uniform magnetic field. It can be
realised to induce significant elongation, contraction and curvature within less than a second. Since the
ferrogel deforms silently in a smooth life-like quality, operates quickly with a precise controllability and
can be made to create a wide range of motions, these magneto-controlled soft and wet substances seem to
be promising materials in the growing family of stimuli responsive gels.

In the first part of this work I concentrate on the physical properties of magnetic gels. However,
this thesis would not be complete without the outline of the preparation process given in the first chapter.
Then follows a detailed analysis on the magnetic properties of ferrogels. Different experimental methods



such as transmission electron microscopy, static- and dynamic magnetization measurements, and
Mossbauer spectroscopy have been used and proven the superparamagnetic nature of ferrogels. In
accordance with numerous studies on magnetic nanoparticles we also observed a reduced magnetic
moment of the magnetite particles probably due to a magnetically dead layer at the surface. This
drastically reduces the susceptibility of the gels. In the absence of an external magnetic field, ferrogels

present a mechanical behavior close to that of a swollen filler-loaded network. I have shown however,
that deviations from the often-used Gaussian stress-strain dependence exist and a generalized van der
Waals approach is needed to describe the elastic properties of magnetic gels. Being aware of the basic
material behaviors of ferrogels I have developed a continuum material model by coupling magnetic and
non-linear elasticity equations. The model describes the 3D deformation of a piece of ferrogel in an
arbitrary magnetic field. On the basis of the model finite element calculations have been carried out to
illustrate the complex deformation. A detailed discussion on the new and unique features such as
nonhomogeneity and non-continuity is also given based on a one-dimensional version of the
magneto-elastic model.

In the second part of the thesis I discuss the potential application of ferrogels as
magneto-mechanical actuator and artificial muscle. First, a thermodynamic analysis is given to explain
the unique, non-continuous shape transition of ferrogels. The free energy of the swollen network includes
the elasticity of network chains as well as magnetic interactions of the dispersed solid particles with the
_external field. I have found that noncontinuous shape transition is due to a shift of equilibrium state from
" one local minimum to another one, similar to a first-order phase transition. Another interesting feature of
ferrogels, namely the dependence of compression modulus on the applied magnetic field is also discussed.
Experimental results and their theoretical interpretation are presented. The results suggest that magnetic
gels have a great possibility to be used as tuned vibration absorbers, stiffness tunable mounts, and
suspensions. Finally, a brief discussion is given on ferrogels as artificial muscles. The maximum
retrievable work and the efficiency of the conversion of magnetic energy into mechanical work have been
determined experimentally. A comparative study of electric- and magnetic field sensitive gels is also
presented.

In the final, third part of the thesis studies on the structural characterization of the surface of
polyelectrolyte gels is presented. A simple model for the kinetics of spreading of film-forming liquids on
polymer gels has been developed. The results of the model are compared with experiments and fair
agreement is obtained. Based on the model it is also shown that spreading experiments can provide
information on the structure of the underlying polymer surface. However, certain discrepancies between
theory and experiments indicate the importance of a microscopic model of the gel surface. I simple model
has been developed to describe the structure of the surface of a polyelectrolyte gel. The presented results
show that surface chains have a significantly different conformation than those in the bulk.
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