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Introduction

Nowadays carbon nanotubes can not be conside@sidoriosity. The synthesis
of nanotubes in a desired amount is routine warkhsas their characterization.

The utilization of carbon nanotubes offers a numtifepotential applications.
Their “popularity” is related to their specific sttural properties. The nanotube,
depending on its chirality can be conductor or seamductor. Gas molecules can be
adsorbed on the inner and outer surface of thestigesides of their special electric and
adsorption properties enhanced mechanical streagththermal stability were also
observed. Their adsorption properties related ¢osjpecial nanostructure, initiated the
research of applying the nanotubes as adsorbenks/dimogen storage. At present latter
application seems to be quite unlikely, howeverwloek on mentioned research field
raised a number of questions to be answered.

Although the production of carbon nanotubes istingdly simple, the application
of nanotubes as adsorbent requires materials al gaoality, i.e., materials which are
pure or contain contamination not influencing tls@ption properties adversely. The
catalytic technique produces carbon nanotubes watmsiderable amount of
contaminants such as residues of catalyst, metdiclea and other carbonaceous
formations. To obtain carbon nanotubes in pure fgshysical and/or chemical
treatments are necessary, which often change tpegies of nanotubes.

In adsorption-related applications the deep knogde@bout the adsorption
properties of the solid adsorbent (in this casedddon nanotube) is often required.
Sorption on faultless nanotubes can be describetidnretical methods. However, the
value of the computed results can be judged, whewn tan be confronted with results
of measurements. Nevertheless, only a few expetahatudies have dealt with the
dynamics of adsorption in carbon nanotubes.

Hydrogen storage is not the only option to applyboa nanotubes as
adsorbents. Therefore, the investigation of thegad®n properties of nanotubes is an
important field of research. The frequency-respomshod has been shown to be
useful for investigating the mass transfer kinet€gases in various adsorbents. This
technique can provide us with the possibility teestigate the dynamic adsorption

properties of carbon nanotubes.



Aims of the work

The Department of Applied and Environmental Cheryisf the University of
Szeged continues intensive research in the systhdsaracterization and application of
carbon nanotubes. On the other hand, with the dfetipe frequency-response technique
used in the Department of Micro and Mesoporous Na#esuccessful work has been
carried out to characterize the mass transport rdigsa of sorption in various
adsorbents. The present work concerns the resaegak of both groups.

The properties of carbon nanotubes required byeaifsp application can be
achieved by applying physical and/or chemical tremits. We examined the effect of
various treatments on the adsorption properties.

The applied (mainly chemical) treatments can resumltthe formation of
functional groups on the carbon nanotube surfabesd@ groups are new adsorption
sites. Our work showed the appearance of new sorgttes, and the affects of the sites
on the adsorption properties.

The induced changes in the adsorption propertiesanbon nanotubes can
modify the mass transport dynamics of sorption. @or was to learn more about the
nature of the rate-controlling step of the massigpart process in various carbon
nanotube modifications.

The mass transport process can be influenced mpbgrihe adsorbent but, also,
by the properties of the adsorptive. The effecitesl to the structure of the adsorptive
molecule was investigated on the dynamics of thesniansport processes in nanotube

preparations.



Experimental:

Using the catalytic chemical vapor deposition (CQMBchnique single- and
multiwalled carbon nanotube samples were obtaingulyang systematically varied
synthesis conditions. Treating multiwalled carboanetubes with physical and/or
chemical methods a series of nanotube samples btamed.

The structural, physical and chemical propertipecgic surface area, pore size
distribution, chemical contents etc.) of the carbanotube samples were analysed with
multitude of techniques such as transmission @gactnicroscopy (TEM), nitrogen
cryo-adsorption measurements, elemental analysiered spectroscopy, frequency

response (FR) method and temperature-programmedpties (TPD) measurements.



New scientific results

The results obtained are summarized as follows:

1.

The nitrogen adsorption isotherms related to thilbaracontent of the samples
and thecoincidence of the specific surface area valuesaled that both the
inner and the outer surface of the as-synthesitted purified, the ball-milled

and the ball-milled and oxidized samples are adalesfor nitrogen and other
molecules with similar size, in contrast to the mgitions reported in the

literature.

During our work the frequency response rate spsctqoy, developed for

studying the gas-solid interactions and mass t@atspwvas successfully applied
to experimentally examine the dynamic adsorptioopprties of mesoporous
carbon nanotubes. With this technique we put aremxgntal method beside
the theoretical treatments, ruling the literatarget the direct kinetic knowledge
about the real materials.

The adsorption of gas molecules on the inner amdatlter surface of the
nanotubes, and the intra and intertubular massspah processes could be
distinguished with the frequency response technique

We demonstrated that — irrespectively of the lemajtbarbon nanotube and the
catalyst content of the carbon nanotube sample -adsorption-desorption step
on the inner and the outer surface of the nanotight®e rate-controlling step of
the total mass transport process. This observatioalid between wide ranges
of applied conditions, such as 77-373 K temperattaege and various

adsorptive gas molecules.

The shape of the frequency-response spectra deratausthat the presence of
oxygen-containing functional groups, generated Iy axidative treatment,

resulted in the changing the mechanism of the qatgrolling step of the mass
transport process. The examination of thermal catidmu of these functional

groups proved that the increased amount of these swption sites was

responsible for the appearance of the intratubdifwsion as rate-controlling

process step.

The dynamics of the mass transport process wasdfaon be affected

significantly by the size of carbon nanotube aggoates. The self-assembly of



carbon nanotube fragments generated by the phyaichichemical treatments
resulted in the increase of the apparent densitth@fsamples. The frequency
response measurements showed that aggregationbohcaanotubes resulted in
the appearance of mesopores between the nanoark#he diffusion between

the nanotubes could become the rate-controlling at¢he transport process.

. The examination of propane, isobutane and neoperddsorption over carbon
nanotubes showed that the dynamics of the masspwanprocess is hardly
affected by the size and the structure of the autiser gas molecules, which
could be explained with the one magnitude diffeecbetween the size of gas
molecules and the inner diameter of the carbon totes.

. The examination of propane, propylene, propynegnall and cyclopropane
adsorption over carbon nanotubes showed that theandigs of the mass

transport process is hardly affected by the chenpcaperties of these gas
molecules. On the other hand the correspondenceebnt the chemical

properties of the adsorptive and the coverage ebtiter surface of the carbon

nanotubes could be concluded.
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