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Srovnavaci studie elektrokatalytické aktivity novych typu
katalyzatoru pro nizkoteplotni palivové ¢lanky.
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Jednou z mnoha oblasti, kterou se souCasna elektrochemie intenzivné zabyva, je
problematika palivovych ¢lankd. Ty predstavuji alternativni zdroj elektrické energie. Uspokojivé
rychlosti elektrodovych déjl, a to zejména u nizkoteplotnich palivovych ¢€lankud, nelze dosahnout bez
pouziti uc€inného katalyzatoru. V soulasnosti jsou pouzivany vyhradné katalyzatory na bazi
platinovych kovl. Jejich zasadnimi nevyhodami jsou vysoka cena a citlivost ke katalytickym jedim.
Vyzkum v této oblasti se ubira nékolika sméry: a) zvySeni odolnosti katalyzatoru proti katalytickym
jeddm, s tim je spojena i mensi spotfeba katalyzatoru a b) nahrazeni platinového katalyzatoru jinym
srovnatelné Ucinnym, jehoz cena je vyrazné nizsi.

V ramci této prace budou shrnuty vysledky srovnavaci studie elektrokatalytické aktivity nové
vyvinutych katalyzatort vzhledem k oxidaci vodiku, redukci kysliku a nachylnosti k otravé. Studovany
byly katalyzatory na bazi Pt kovu a jejich slitin, neplatinovych kovd ( jako Cu a Ni ) legovanych
platinovymi kovy a katalyzatory neplatinové. Nékteré z nich byly naneseny na uhlikovém nebo
keramickém nosici, zbyvajici pak byly studovany samostatné. Pfi studiu katalytické aktivity byla
pouzita rotujici diskova elektroda ze skelného uhliku. Katalyzator byl fixovan na jejim povrchu pomoci
techniky tenkého filmu. Katalyticka aktivita byla stanovena pomoci Kouteckého - Levicovy analyzy.
Katalytické aktivity novych katalyzator( byly srovnany s komeréné dostupnym katalyzatorem E-TEK.

Selective removal of copper ions from waste water by
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The contamination of our environment with heavy metal ions represents a serious problem,
which has to be solved. Main sources of copper polution are galvanoplating industry and mine water.
The ion exchange process offers a viable possibility to solve this problem.

In the present work an ion exchange resin Purolite A 832 was used. It is macroporous, weak
base resin with a polyacrylic matrix supporting tetraethylenpentaamine functional groups. The process
is based on the high stability of the complex formed between the ion exchanger active groups and the
metal ions.

Under common conditions it removes all species capable to form complex with the functional
groups. By modification of regeneration procedure it is possible achieve its high selectivity for copper
ions. The influence of regeneration procedure, pH-value of the contaminated solution and the heavy
metal concentration on process efficiency was studied. The principal purpose of the experiments is to
find ecologically acceptable process with relatively low operating cost for the removal of copper ions
from mine water with complex composition changing in time.



Dezaktivace katalyzatoru pro aromatizaci methanu
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Neoxidativni katalytick&d aromatizace methanu, pouZivajici jako katalyzatory tvarové selektivni
mikroporézni materidly, je jednou z moznosti zpracovani zemniho plynu na produkty vyssi uzitné
hodnoty, zejména benzen a dalSi aromaty. V pribéhu tohoto procesu dochazi k pomérné rychlé
dezaktivaci katalyzatord vlivem vzniku uhlikatych Usad na jejich povrchu a uvnitf mirkoporézni
struktury. Tato prace je zaméfena na studium moznosti potlaéeni dezaktivace téchto katalyzatord a
moznosti jejich zpétné regenerace. Byly navrzeny a experimentalné sledovany dva postupy:
(i)pfidavek CO, do vstupni smeési, (ii)modifikace katalyzatoru Mo/ZSM5 pfidavkem Co. Byla téz
testovana moznost regenerace dezaktivovanych katalyzatord zpétnou oxidaci uhlikatych usad pomoci
smési N, - O,. Katalyticka aktivita pfipravenych Mo/ZSM5 a Mo-Co/ZSM5 katalyzatord byla testovana
v pratoéném reaktoru s katalytickym lozem. Bylo zjiSténo, Ze nizka koncentrace CO, ve vstupni smési
potlacuje tvorbu inertniho uhliku a tim prodluzuje aktivitu katalyzatoru. PFi vySSi koncentraci CO, klesa
obsah zadanych produktl ve vystupni smési a selektivita k benzenu. Modifikace Mo/ZSM-5 kobaltem
neméla zasadni efekt na dosazené vysledky. Dezaktivované katalyzatory Ize téz Castecné
regenerovat pomoci smési N, - O..

Testing of electrocatalytic activity of the PEM fuel cell catalysts
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The fossil fuel like coal, oil or gas is not for ever and we need a new system for energy
production. This is the reason why the electrochemistry searches about fuel cell. All types of fuel cells
can transform chemical energy involved in burning of hydrogen in oxygen directly into the electric
energy. In this study Proton-Exchange-Membrane (PEM) fuel cell is considered.

PEM fuel cell consists of a polymer membrane and two electrodes (anode and cathode)
loaded by catalyst. It is a typically represented by Pt or Pt metals alloy. Pt is the material with very high
catalytic activity. But it suffers by two main disadvantages, namely high price and sensitivity to the
catalytic poisoning by CO. There are two solutions of these problems. First one consists in
enhancement of the catalyst resistivity against poisoning, allowing thus for the catalyst load reduction.
Another one is focused on the replacement of the platinum metal catalyst by the new type of materials.
In the present study electro catalytic activity of bare platinum electrode for the hydrogen oxidation and
oxygen reduction, as well as the resistively against CO poisoning, was followed using rotating disk
electrode (RDE) and Koutecky-Levich analysis. Subsequently it was compared with nanosized Pt and
Pt/Ru catalyst on the carbon support fixed on the glassy carbon RDE by the thin film technique. The
obtained results document clearly advantages of application of the later form of Pt.
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A high concentration of nitrates in water is not good to the environment and human health.
The main sources of nitrates are intensive agriculture and industrial wastewater. Therefore the EU
gives 50 mg/dm® of nitrate concentration in drinking water as a maximum permitted limit.

Previous research has shown that ion exchange is one of the suitable techniques for selective
lowering of nitrate concentration in water. A main disadvantage of ion exchange represents large
amount of spent regeneration solution. This problem can be solved by the application of electrolysis
capable to reduce the nitrate. It enables us to use regeneration solution in a close cycle stream.

In the present work the strong basic ionex IRA 996 (Rohm & Haas, USA) in hydrogen
carbonate form was used for the nitrate removal. The electrolyser with parallel plate electrodes and
fluidized bed of inert particles was used for treatment of the spend regeneration solution. The
laboratory scale apparatus has shown promising results, but during scale up to the pilot plant, low
efficiency of electrochemical nitrate reduction was achieved. It is probably caused by unsuitable
concentration profile and current distribution inside the cell. Therefore aim of present work is to
optimize the construction of the electrolytic cell.

Modification and Determination of Nafion Polyaniline Composite
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In the last 20 years the fuel cell was rediscovered as an effective method of energy
production. In the past, the fuel cell was just used in special fields, but times have changed and now it
is the task to develop fuel cells with high efficiency and low costs in mass production. Therefore it is
important to search for other, cheaper construction methods and materials. Large potential of
conducting polymers in various fields were discovered during the last two decades, some of them
being utilized as a catalyst support in the fuel cell. Polyaniline (PAni) is one of the most widespread
conducting polymers characterised by high stability in the acidic environment. The Nafion® surface
was modified with PAni on one side of the membrane. The aim was to study the adherence, structure
and kinetic of the PAni layer growth. In the next step composite permeability for methanol and
electrochemical activity was determined. For the investigation of the film surface structure and
thickness Scanning Electron Microscopy was used. Diffusion cell consisting of two compartments
containing 1 M MeOH solution and demineralised water separated by the studied sample was used to
determine composite permeability. The electrochemical activity of the polymerised (CgHsNH), layer
was determined by the means cyclic voltammetry. Our further research will focus of the monomer
diffusion behaviour through the composite and the possibility of modifying both sides of the Nafion®
surface with PAni.
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Zeolite membranes have many possible applications in the chemical industry. Comparing them with
widely used organic membrane their higher thermal and chemical stabilities not only make inorganic
membranes very promising for separation applications, but also for reaction enhancement (e.g.
separation of aromatic and aliphatic hydrocarbons in naphtha craker feedstocks, enhancement of
conversion in the water-gas shift reaction carried out under lower temperature etc.)

The apparatus for characterization of the cylindrical membranes by diffusion and permeation
measurements under steady state conditions was built up. A composite silicalite-1 membrane was
prepared by synthesis from tetraethyl orthosilicate (TEOS) and tetrapropylammonium hydroxide
(TPAOH). The separation properties of prepared membrane was tested in the binary system CO, and
CH, at different temperature (20 °C to 400 °C), pressure and input mixture composition. The simple
mathematical model of separator based on the mass balances of individual species in permeate and
retentate compartment of separation module was developed. The permeability of CO, and CH, was
calculated.
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V posledni dobé vzriista zajem o vyuziti palivovych ¢lankd jako alternativnich zdroji energie.
Typickym predstavitelem nizkoteplotnich palivovych ¢lanku je ¢lanek typu PEM (Proton Exchange
Membrane), ve kterém klasicky kapalny elektrolyt nahrazuje polymerni iontové selektivni membrana.
NejCastéji je pouzivana perfluorovana membrana typu Nafion. Pfes svou vysokou chemickou
a tepelnou stabilitu ma vSak tato membrana nékolik nedostatkd (vysoka cena, nizka iontova vodivost
pfi teplotach nad 100 °C,...). Z tohoto dGvodu se v sou€asnosti fada vyzkumnych pracovist intenzivné
zabyva hledanim novych typd membran minimalizujicich vliv uvedenych nedostatk(. V uplynulych
letech byly v nasi laboratofi studovany transportni charakteristiky membran na bazi sulfonovaného
polyfenylenoxidu. Tento material vykazuje transportni vlastnosti vhodné pro potencialni vyuziti
v palivovych ¢&lancich typu PEM. Vyznamnou informaci z hlediska optimalizace jejich syntézy
pfedstavuje zavislost vlastnosti membrany na stupni sulfonace zakladniho materialu. V ramci této
prace byla testovana zavislost iontové vyménné kapacity, kinetiky iontové vymény a iontové vodivosti
membran v rozsahu stupné sulfonace cca 10 az 60 %. Pomoci teorie spfazené difuze a absolutni
pohyblivosti za pouziti Einsteinovy rovnice byly z experimentalné stanovenych parametrd vypoéteny
hodnoty difuznich koeficient protonu a sodného iontu pro rizné stupné sulfonace polymeru.
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Skladky hornické hluSiny pfedstavuji vazny ekologicky problém. Tyto haldy totiZ obsahuji
velké mnozstvi arsenu, ktery mize byt velmi snadno vlivem meénicich se podminek prostredi
vyluhovan a zpusobit tak kontaminaci pldy a podzemni vody. Aby se této kontaminaci Zivotniho
prostfedi zabranilo, je nutné arsen vtéchto haldach stabilizovat prostfednictvim vhodné upravy
hlusiny. V praxi se k odstrafiovani arsenu z pitné vody b&zné pouzivaji hlinité soli. Reenim by tedy
mohl byt pfidavek takové latky, ktera by arsen fyzikalné ¢i chemicky adsorbovala.

V této praci byl sledovan vliv pfimési hliniku a vapniku do hornické hlusiny na mnozstvi
vyluhovaného arsenu. Pouzita byla hornicka hluSina po zpracovani cinu z Gottesbergu v Krusnych
horach, ktera obsahuje 500-1000 mg arsenu na kg. Pokusy byly provedeny jednak v michané 10 %-ni
suspenzi hornické hlusiny ve vodé za pouziti tzv. mikrokosmu (vsadkovy michany reaktor s rozsahlou
meéfici a regulacéni technikou), ale také v nasypu, coz mélo ukazat, jak by bylo mozné cely proces
realizovat v praxi. Sledovano bylo mnozstvi rozpusténého arsenu po provedené stabilizaci materialu.
Rozpusténé slouceniny arsenu byly kvantifikovany metodou IC-ICP-MS.

Bylo zjisténo, ze jak pfidavek hliniku ve formé Al,(SO,);-18H,0, tak vapniku ve formé CaCO;
pfi souCasném dosazeni neutralniho pH prostfedi umoznuje dlouhodobou stabilizaci materialu.



