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1. Introduction, objectives

Since the lecture of Nobel laureate Richard P. Feynman in 1959 nanotechnology has
become a dominant factor in the development of mankind. It is not disputed that the results of
nanotechnology research essentially defined the last two decades of modern material science.
We already come across products manufactured with nanotechnology processes in many areas

of life (e.g. electronics, medical technology, medicine).

Carbon nanotubes are one of the protagonists of present and future nanotechnology. After
the first reports in the 50’s, lijima’s paper in Nature in 1991 was the breakthrough with the
discovery of carbon nanotubes. Carbon nanotubes are built of sp? hybridized carbon atoms
like graphite. We can imagine the structure of carbon nanotubes as a rolled up graphene sheet
with few nanometers in diameter. The average lengths of nanotubes are at least in the
micrometer range. The diameter of single walled carbon nanotubes are 1-2 nm while the
diameter of multi walled carbon nanotubes are mostly a few tens of nanometers. It follows
that the aspect ratio is very high, so these materials physically can be considered as one
dimensional structures. Due to their extraordinary properties carbon nanotubes are promising
candidates in a wide range of applications. Production of carbon nanotube composites with

various inorganic oxide coating might also find potential applications.

Composite materials (also called composition materials or shortened to composites) are
materials made of two or more constituent materials with significantly different physical or
chemical properties, that when combined, produce a material with characteristics different
from the individual components. Due to the widespread utilization of carbon nanotube based
composites in recent years numerous publications and review articles have been published for
the preparation of various inorganic layers for both single walled and multi walled carbon
nanotubes. As-prepared composites can be used in the field of catalysis, chemical sensors,

energy conversion, hydrogen storage, optics and electronics.

Recently the synthesis, characterization and application of carbon nanotubes have been
extensively studied at the Department of Applied and Environmental Chemistry at University
of Szeged. During my PhD work | have prepared metal oxide covered multi-walled carbon
nanotube based nanocomposites using different synthesis techniques. Keeping potential

nanotechnology applications in mind my research work covered the investigation of titanium-



dioxide and tin-dioxide covered multi-walled carbon nanotubes. The obtained

nanocomposites were tested in catalytic and sensor applications.

2. Experimental methods

In the first part of my experimental work TiO,/MWCNT nanocomposites were prepared by
impregnation technique using four different titanium precursors. Experiments were carried out
under both solvent and solvent-free conditions. In view of the obtained results
TiBry/ MWCNT/EtOH and TiCl/MWCNT/acetone systems were created again under
different conditions in order to investigate the effect of the speed of hydrolysis on the
structure of nanocomposite obtained. In the next step the hydrolysis process was studied using
desiccators and closed systems. Inside the desiccators different relative humidity (RH) values
were adjusted by varying the concentration of sulphuric acid-water mixture. In order to
transform the amorphous inorganic coatings on the surface of carbon nanotubes into a
crystalline phase samples were heat treated at 400°C or 700°C for 3 hours in each case.
Obtained TiO,/MWCNT nanocomposite was sensitized with Pd nanoparticles and then their
catalytic activity was tested in the enantioselective hydrogenation of a,B-unsaturated

carboxylic acids.

In the second part of my thesis we have studied the production and possible gas sensor
application of SnO,/MWCNT nanocomposites. One of our main goals was to compare the
results of impregnation and hydro-, solvothermal synthesis techniques. During syntheses
SnCl,x2H,0 was used as precursor while ethanol and water were used as solvents. During
our researches the effect of change of mass ratio was also examined. The following MWCNT:
SnO; mass ratios were applied 1:4, 1:8, 1:16, 1:32 and 1:64, respectively. Obtained
nanocomposites, which were produced with different preparation methods, were heat treated
in order to transform the amorphous inorganic coatings on the surface of carbon nanotubes

into a crystalline phase. Heat treatment was performed at 450°C for 3 hours.

Structural and morphological characterization of the nanocomposites was investigated by
transmission (TEM) and scanning electron microscopy (SEM). In order to analyze the
samples and to detect the presence of the components nanocomposites were examined by
energy dispersive X-ray spectroscopy (EDS) technique. Crystal structure of the inorganic
layer on the surface of carbon nanotube was identified by X-ray diffraction (XRD). Chemical

bond formed between metal-oxide nanoparticles and carbon nanotubes was confirmed by
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confocal Raman microscopy and Fourier transformed infrared spectroscopy (FT-IR). While
N2 gas adsorption was used to determine of the specific surface area of nanocomposites, the
thermal decomposition of samples was studied by thermogravimetric analysis (TG). Products
of hydrogenation reactions over Pd/TiO,//MWCNT catalysts and the ratio of saturated-
unsaturated carboxylic acids were identified by gas chromatography equipped with mass
selective detector (GC-MSD). A gas chromatograph equipped with a flame ionization detector
(GC-FID) was wused to investigate the enantioselectivity. Sensor sensitivity of

Ru/SnO,/MWCNT nanocomposites was studied by automated gas sensor measurement setup.



2. Summary of new scientific results
T1. Preparation of TiO,/MWCNT nanocomposites

1.1.  Preliminary results revealed that production of TiO,/MWCNT nanocomposites were
feasible using reactive titanium halides under solvent-free conditions. Electron microscopy
images showed relatively uniform homogeneous inorganic layer formed on the surface of the
MWCNTs for both of TiCl, and TiBr, precursors. However, separated aggregates of TiO;

nanoparticles were also observed under solvent-free conditions.

1.2. By applying appropriate solvents the amount of segregated TiO, particles were
successfully reduced in the resulting TiO,/MWCNT nanocomposites samples. Due to the
different polarity of solvents (ethanol, acetone, toluene, dimethylformamide) different quality
of inorganic coatings formed since competitive adsorption occurred on the surface of carbon
nanotubes. Comparing coated materials, in general it can be concluded that those prepared
from TiBr4 precursor produced more homogeneous coverage. Strong interaction between
solvent molecules and carbon nanotubes could inhibit the adsorption of precursors in case of
titanium-alkoxides. Formation of the inorganic layer, — “nucleation” — is assumed to start at
the defect sites of MWCNTSs produced by CVD process. Moreover, this is combined with the
extraordinary reactivity of TiBr, and TiCls. Applying these precursors more homogeneous
surface layers were obtained under solvent conditions than using Ti(OCsH;)4 and Ti(OC;Hs),

precursors.

1.3. In order to investigate the hydrolysis of precursors we applied ,,slow” and ,,fast”
hydrolysis processes. It was found that the speed of hydrolysis of precursor molecules
fundamentally influences the synthesis of TiO,//MWCNT nanocomposites and the
homogeneity of the resulting inorganic layer. Using slow hydrolysis speed it is easier to
control the structure of resulting TiO, layer and in addition the amount of aggregated

inorganic oxide in the samples is reduced significantly .

1.4.  In order to control the speed of hydrolysis more precisely, desiccators and different
relative humidity values were applied. SEM analysis revealed that relative humidity range of
10-20% was the most favourable for the formation of homogeneous surface layers. With
increasing relative humidity the amount of separated inorganic material increased in the
sample. Using confocal Raman microscope we could confirm that chemical bond formed

between MWCNTSs and TiO, nanoparticles.



T2.  Preparation of SnO,/MWCNT nanocomposites

2.1.  Preparation of SnO,/MWCNT nanocomposites was carried ot successfully applying
both the impregnation and hydro- and solvothermal synthesis methods. From the preparation
of nanocomposites with different weight ratios it was concluded that the structure of as-
prepared nanocomposite can be controlled easier by using hydro- and solvothermal
synthesisindependently from the applied solvent.. Raman and FT-IR measurements confirmed
that chemical bond formed between the MWCNTSs and SnO, nanoparticles.

T3.  Application of TIO//MWCNT and SnO,/MWCNT nanocomposites

3.1.  TiO,/MWCNT nanocomposite sensitized by Pd nanoparticles was tested in the
enantioselective hydrogenation of a,B-unsaturated carboxylic acids. Based on the results of
GC-MS and GC-FID measurements it was confirmed that the initial rate of hydrogenation
exhibits good catalytic activity, however, moderate enantioselectivity was observed during the
catalytic test reactions over Pd/TiO/MWCNT nanocomposites.

3.2. SnO,/MWCNT nanocomposite samples produced in EtOH by solvothermal method
with 1:4 and 1:8 weight ratios were sensitized by Ru nanoparticles fortests in gas sensor
applications. Results revealed that obtained nanocomposites are suitable materials principally
for the detection of ethanol and methanol. Sensitization with Ru nanoparticles positively

influenced the sensitivity of nanocomposites in all cases.
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