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Abstract

The barrier to transport of solutes (ions, molecules and gases) through a polymeric
film could be varied by adding impermeable fillers or particles (clay, metal oxides,
hexagonal boron nitre (hBN) and graphene etc). These impermeable particles in
composites creates long tortuous paths for diffusion of solute and hence have shown
to decrease their permeability by several degrees as compared to the pure polymer
matrix. Such enhanced barrier properties of composites mainly depend on load-
ing, aspect ratio (ratio of thickness to diameter), dispersion and interaction of such
particles within the polymer matrix. Clay particles (laponite, kaolinite and montmo-
rillonite) used in composites are present in different morphological states or phases
(exfoliated, intercalated, stacked and aggregated states), hence the permeability of
composite films are expected to vary with the distribution of such phases in the
polymer matrix. One of the objectives of this work is to study the change in barrier
properties of polyvinyl alcohol (PVA) film with added laponite clay for liquid (dilute
hydrochoric acid) transport. A significant change from exfoliated state of embedded
particles to that of highly aggregated state may vary the barrier properties of such
composites. The complex behaviour of such particles in composites may not only
vary the barrier to transport of gases and liquids, but it may also affect the optical
transmission of such composites. Moreover, the use of high aspect ratio particles
(like graphene or graphene oxide) could further enhance the barrier properties even
at low loading. Graphene oxide (GO) being hydrophillic shows better dispersion in

PVA as compared to graphene (being hydrophobic).

While factors like filler loading and their aspect ratio are well controlled in the
experimental studies, factor like alignment of the particles are not well controlled.

There has been limited experimental study so far where the tuning of the properties



of composites membranes with well controlled alignment of thin platelet shaped

particles (or sheets) has been done.

The current work focuses on tuning the alignment of modified graphene oxide (mGO)
using external magnetic field. The mGO is prepared via adsorbing the iron oxide
nanoparticles (IONPs) on graphene oxide (GO) at low pH. The mGO sheets show-
ing magnetic response are aligned in parallel and perpendicular configurations in the
polymer matrix using external magnetic field, along with random aligned in absence
in absence of magnetic field to form composite samples. The IONPs and magnetic
GO exhibits superparamagnetic behavior, which could result in an ultrahigh mag-
netic response (UHMR), allowing alignments to be achieved at low magnetic fields.
The well-aligned composites exhibit varying optical properties, reflecting the influ-
ence of particle orientation. Finally, the pure and composite samples are character-
ized using various techniques to assess their morphology, optical behavior, topology,

and barrier properties.
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