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PREFACE

It is our great pleasure and honor to welcome the participants of the Fifth Regional
Symposium on Electrochemistry – South East Europe (RSE-SEE5) to Bulgaria. To
follow the 20th century traditions of the strong Regional Electrochemical Schools and
the excellent networking between them is a challenge and a responsibility, but also a
driving force and landmark in the new, dynamic, and quick-paced global environment of
the 21st century.

The four successful Symposium meetings in Croatia (Red Island, 2008), Serbia
(Belgrade, 2010), Romania (Bucharest, 2012) and Slovenia (Ljubliana, 2013) have built
a strong and solid base for the fulfillment of the 5th edition mission - to contribute to the
excellence in electrochemical science as a part of the European Research Area.

We would like to thank the 154 scientists and experts, who represent the best from
both research and industry in 24 countries (16 of them from the region), for bringing
their extensive knowledge, novel ideas, and boundless enthusiasm to the RIU Pravetz
conference venue. During the next few days, we will work together, sharing our recent
results, discussing emerging ideas, finding new solutions. Thank you for your interest,
valuable contributions, and efforts in preparing 85 oral (6 plenary, 16 key note) and 85
poster presentations.

We encourage your participation in the first RSE-SEE special brokerage session
aiming to initialize common projects and wish the successful establishment of new
partnerships on an international and interdisciplinary level.

We cheer the active participation of the young scientists and wish them success in the
heated competition for the RSE-SEE Young Scientist Awards.

Sincere thanks to the members of the Scientific and Organizing Committees for their
continued dedicated support and the commendable decision to incorporate the national
event Sofia Electrochemical Days into the Symposium.

We hope that the current Symposium venue, RIU Pravets, with its picturesque scenery
and relaxing setting, far away from the hustle and bustle of the big city, will create a
warm, friendly, comfortable atmosphere and make RSE-SEE5 an unforgettable
gathering from both a professional and a personal point of view.

Thank you for all the ideas and experience you bring to this Conference.

Daria VLADIKOVA Zdravko STOYNOV

RSE-SEE5 Co-Chairs

Institute of Electrochemistry and Energy Systems

Bulgarian Academy of Sciences

June 2015
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RSE-SEE5 PROGRAM

SUNDAY, June 7, 2015

16:30-17:00 Bus transportation from IEES (via Sofia Airport) to Pravets, check in
18:30-19:30 Registration
19:30-20:30 "Meet and Greet"

MONDAY, June 8, 2015

08:30-08:45 Opening ceremony
Welcome address by the Co-Chars of the Organizing Committee
Welcome address by Representative of the BAS

Morning Session / Chairs: Visnja Horvat-Radosevic and Ingrid Milosev
08:45-9:30 Nadine Pebere

PL1 Contribution of local electrochemical impedance spectroscopy to study
corrosion processes

9:30-10:00 D. Rosestolato, S. Ferro, A. De Battisti
KN1 On the Complex Mechanism of a “Simple” Electrochemical Reaction: State

of the Art and Some New Results on Chlorine Evolution Reaction
10:00-10:30 J. Moskon, M. Gaberscek, R. Dominko

KN2 Li ion insertion battery cathodes: determining different transport
contributions

10:30-11:00 Magdaléna Hromadová and Lubomír Pospíšil
KN3 Electrochemical Oscillation Reactions on Mercury Electrodes

11:00-11:20 Coffee Break
Session 1 / Hall A

Chairs : Sanjin Gutić and Sotiris Sotiropoulos
11:20-11:40 Paolo Piccardo and Roberto Spotorno

CPA-O-01 Interaction between differently coated commercial stainless steels and
contacting layer (LSCF) aged in air at 800°C

11:40-12:00
Jelena B. Bajat, Ljiljana S. Živković, Bore V. Jegdić, Jovan P. Popić and Vesna
B. Mišković-Stanković

CPA-O-02 Corrosion stability of cerium modified cataphoretic epoxy coatings on
Al6060 alloy

12:00-12:20 Peter Plagemann,  Ariane Friedemann
CPA-O-03 Investigation of Porous Titanium Dioxide Layers by Plasmaelectrolytic

Oxidation
12:20-12:40 András Hushegyi and Ján Tkáč

ESD-O-01 Ultrasensitive detection of glycan-protein interactions with
electrochemical impedance spectroscopy (EIS)

12:40-13:00 Ľudmila Kluková, Jaroslav Filip and Ján Tkáč
ESD-O-01 Graphene-based lectin biosensor as a promising tool for glycans analyses

Session 2 / Hall B
Chairs : Jan Tkac and Alain Thorel

11:20-11:40 Antonino Arico, Stefania Siracusano, Vincenzo Baglio, Eddy Moukheiber, Luca
Merlo

ECS-O-02 Advanced electro-catalysts and membranes for proton exchange
membrane water electrolysis

11:40-12:00 Svetlozar Ivanov, Codruta Aurelia Vlaic, Ralf Peipmann, Anja Eisenhardt, Marcel
Himmerlich, Stefan Krischok and Andreas Bund

ECS-O-03 Electrochemical lithiation of thin silicon based layers potentiostatically
deposited from an ionic liquid

12:00-12:20 Venko Beschkov, Elena Razkazova-Velkova, Martin Martinov, Nicolae
Vaszilcsin, Konstantin Petrov, Dzhamal Uzun

ECS-O-04 Production of energy from marine water by sulfide-driven fuel cell
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12:20-12:40 Jaroslav Filip, Jana Sefcovicova and Jan Tkac
ECS-O-05 Production of energy from marine water by sulfide-driven fuel cell

12:40-13:00 Andraz Pavlisic, Primož Jovanovič, Goran Dražić, Marjan Bele And Miran
Gaberšček

ECS-O-06 3-D Atomistic Modeling: Dealloying Of Bimetallic Alloys
13:00-14:00 Lunch
Afternoon Session / Chairs: Eleonora-Mihaela Ungureanu and Atanaska Trifonova
14:00-14:45 N. Wagner, C.A. Cañas, D. Wittmaier and K.A. Friedrich

PL-02 Post Li-ion batteries
14:45-15:15 Cecilia Cristea, Mihaela Tertis, Oana Hosu, Luminita Fritea, Robert Sandulescu

KN-04 Innovative carbon-based nanoplatforms for biosensing design
15:15-15:45 Sanjin Gutić

KN-05 Electrochemistry of self-doped polyanilines in neutral and alkaline media
15:45-16:00 Jan Tkac, Tomáš Bertók, J. Filip, Ľudmila Kluková, András Hushegyi, Dominika

Pihíková, Štefan Belický
KN-06 Nanoscale-controlled interfaces for construction of ultrasensitive lectin

biosensors and effective biofuel cells
16:00-16:35 Coffee Break
Session 3 / Hall A

Chairs : Achille De Battisti and Jelena Bajat
16:35-16:55 Galin Borisov, Stefan Avramov, Evelina Slavcheva, Werner Lehnert

ESD-O-04 Stability and durability of gas diffusion ORR electrodes for HT - PEMFC
16:55-17:15 Dimitra Sazou, Kyriaki Saltidou

FSP-O-02 The influence of donor density on electrochemical processes taking place
across the Ti|TiO2 interface

17:15-17:35 G.G. Láng, M. Ujvári, S. Vesztergom, K.J. Szekeres, J. Gubicza
FSP-O-03 Structural changes during the overoxidation of electrochemically

deposited poly(3,4-ethylenedioxythiophene) films
17:35-17:55 A. I.Mintsouli, J.Georgieva, A. Papaderakis, E.Valova, S. Armyanov,

K.M.Papazisi, S.Balomenou, D.Tsiplakides, S.Sotiropoulos
FSP-O-04 Galvanic replacement as a route for the preparation of multi-metallic

Mnoble (M) electrocatalysts
17:55-18:15 Nicoleta Cotolan, Liana-Maria Mureşan, Marjan Bele and Ingrid Milošev

FSP-O-05 Synthesis of Ag-TiO2 coatings on titanium substrate by sol-gel method
and their characterization

Session 4  / Hall B
Chairs : Raicho Raicheff and Marijana Kraljic Rokovic

16:35-16:55 M.P. Carpanese, A. Giuliano, D. Clematis, A. Bertei, C. Nicolella, M. Delucchi,
M. Panizza, R. Botter, A. Barbucci

ECS-O-07 Kinetic mechanism that influence the electrochemical behaviour of
different type of cathodic materials for intermediate temperature solid
oxide fuel cells

16:55-17:15 Katarzyna Lota, Ilona Acznik, Agnieszka Sierczynska, Grzegorz Lota
ECS-O-08 Supercapacitors Based on Polypyrrole/Carbon Nanotubes Composites

17:15-17:35 V. Horvat-Radošević, K. Magdić, K. Kvastek
ECS-O-10 Impedance aspect of graphite and glassy carbon electrodes in redox

electrolyte
17:35-17:55 Roberto Spotorno,Paolo Piccardo, Massimo Viviani, Zdravko Stoynov, Daria

Vladikova, Günter Schiller
ECS-O-11 Influence of Working Parameters on Anode-Supported Cells studied by

Electrochemical Impedance Spectroscopy
17:55-18:15 Sanja Brkić, Zoran Mandić

ECS-O-12 Anodic deposition of PBO2 on Nafion-covered Au electrodes
Poster Session 1
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TUESDAY  June 9, 2015

Morning Session / Chairs: Paolo Piccardo and Zoran Mandic
08:30-9:15 J.C. Grenier, J-M. Bassat, A Flura, F. Mauvy, V. Vibhu,  A. Rougier

PL-03 Structural features and electrochemical properties of Lanthanide
Nickelates as oxygen electrodes for application in SOFC, PCFC and Steam
Electrolysers

09:15-9:45 Stefan Freunberger
KN-07 Nonaqueous Electrolytes for Post Li-Ion: Materials and Mechanistic Aspects

09:45-10:15 Soma Vesztergom, Noémi Kovács, Mária Ujvári and Győző G. Láng
KN-08 Generator/Collector Systems under Full Potentiodynamic Control:

Aspects of Instrumentation and Modelling
10:15-10:40 Coffee Break
Session 5 / Hall А

Chairs: Magdaléna Hromadová and Venko Beshkov
10:40-11:00 Dominika Pihíková, Ján Tkáč

BEH-O-01 Fabrication of lectin-based immunosensor with reduced non-specific
interactions in favour of early-stage cancer diagnosis

11:00-11:20 I. Milošev, B. Kapun, P. Rodič, J. Iskra, M. Bele, N. Veronovski, M. Rak, A. Cör
BEH-O-04 Functionalized hybrid sol-gel coatings deposited on titanium

11:20-11:40 Yolina Hubenova , Mario Mitov
BEH-O-05 Mechanisms of electron transfer in eukaryotic biofuel cells

11:40-12:00 Mario Mitov ,  Yolina Hubenova
BEH-O-06 Bioelectrochemical systems as an innovative approach for electrical

energy generation, biosynthesis and bioremediation
Session 6 / Hall B

Chairs: Antonio Barbucci and Vesselin Naydenov
10:40-11:00 Yehor Brodnikovskyi

ECS-O-13 Zirconia powder for SOFC anode
11:00-11:20 B. Drenchev, M. Dimitrov, V. Boev and A. Aleksandrova

ECS-O-14 Absorptive glass mat separator coating and its influence on the heat
generation in VRLA battery cell

11:20-11:40 Albena Aleksandrova, Mitko Dimitrov, Detchko Pavlov
ECS-O-09 Evaluation of polyethylene separators influence on charge acceptance of

negative plates of lead-acid batteries
11:40-12:00 M. Matrakova, M.Foudia, L. Zerroual

ECS-O-21 Effect of a mineral additive on the structure and electrical characteristics
of the positive active mass of а lead-acid battery

12:30 Excursion to Veliko Tarnovo

WEDNESDAY June 10, 2015

Morning Session / Chairs: Evelina Slavcheva and Gyözö G. Lang
08:30 -9:15 Sylvia Sanchez, Raul Salazar, Cyril Chappaz-Gillot, Solenn Berson, Dmitry

Aldakov and Valentina Ivanova
PL-04 Electrochemically and Chemically Prepared Materials for Solar Energy

Application
09:15-9:45 A. Karantonis, P. Chryssafidis and D. Karaoulanis

KN-09 Electrochemical resonance: theoretical and experimental aspects under
different modes of operation

09:45-10:15 M. Kraljić Roković, D. Sačer
KN-10 Incorporation of graphene oxide into polypyrrole films for supercapacitor

application
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10:15-10:45 Burak Esat, Sumeyye Bahceci, Sevda Akay, Anton Momchilov
KN-11 Organic Electrode Materials in Rechargeable Batteries

10:45-11:00 Coffee Break

Session 7 / Hall А
Chairs: Cecilia Cristea and Mario Mitov

11:00-11:20 A. Stoyanova, D. Kovacheva, M. Mladenov, R. Raicheff
ECS-O-15 Symmetric and hybrid battery-supercapacitor systems for energy storage

11:20-11:40 N. Hassan, M. Kilicc, E. Okumus, B. Tunaboylu, A.M. Soydan
ECS-O-16 Experimental determination of optimal clamping torque for Air Breathing

PEM Fuel cell
11:40-12:00 Y. Vlamidis, E. Scavetta, D. Tonelli

ECS-O-17 Pseudocapacitors based on Layered Double Hydroxides electrodeposited
on Pt electrode

12:00-12:20 Mila N. Krstajić, Sanja I. Stevanović, Vuk V. Radmilović, Jelena R. Rogan,
Aleksandra Gavrilović-Wohlmuther, Velimir R. Radmilović, Snežana Lj. Gojković
and Vladislava M. Jovanović

ECS-O-18 Shape controlled, carbon supported Pt anodic catalysts for DFAFC
Session 8 / Hall B

Chairs: Tamara Petkova and Ljubomir Arsov

11:00-11:20 Romana Sokolová, Jan Fiedler, Šárka Ramešová, Jacek E. Nycz, Ilaria Degano,
Marcin Szala, Viliam Kolivoška and Miroslav Gál

MOE-O-01 Self-deprotonation in oxidation mechanism of quinoline compounds
11:20-11:40 Alan Liska, Jiří Ludvík

MOE-O-02 Stereoelectrochemistry of molecules with multiple redox centres. Influence
of structure on electrochemical reduction of isomeric mono- and di-, nitro-
or nitrosocalix[4]arenes

11:40-12:00 Tsutomu Takamura, Junji Suzuki and Kyouichi Sekine
PEA-O-02 Investigation of Li Mass Transfer in Metal

12:00-12:20 Kiyoko Takamura, Akira Kotani and Fumiyo Kusu
PEA-O-03 Quinone-Mediated Electrochemical Detection for the Determination of

Total Acid in Food
12:20-13:40 Lunch & Organizing Committee meeting

Afternoon Session Chairs: Norbert Wagner and Tamás Pajkossy
13:40-14:25 Zdravko Stoynov

PL-05 Mathematical Fundamentals of Impedance Spectroscopy
14:25-14:55 Vessela Tsakova

KN-12 Electrochemical nucleation and growth on foreign substrates – emerging
challenges in an old scientific field

14:55-15:25 Vladimir D. Jović
KN-13 Electrodeposited coatings as cathodes for hydrogen evolution in industrial

chlor-alkali electrolysis
15:25-16:30 Coffee Break

Session 9 / Hall А
Chairs: Igor Povar and Konstantin Petrov

16:30-16:40 Ungureanu Eleonora-Mihaela, George-Octavian Buica, Liviu Birzan, Alexandru
C. Razus, Cristina, Andreea Amarandei

PEA-O-01 Concept of new azulene modified electrodes for heavy metal ions analysis
16:40-16:50 Oxana Spinu

PEA-O-04 Thermodynamic Approach for Calculating Potential - PH Diagrams in the
System Cr –Natural Waters
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16:50-17:00 Koray Dºnmez, Seda Deveci, Ebru ¢etinkaya, Mustafa Doĵu
EMD-O-01 Determination of plant available Mn(II) in soil samples with Voltammetric

method after UV-Digestion
17:00-17:10 G§bor M®sz§ros

EMD-O-02 Some fundamental aspects of EIS data validation

17:10-17:20
Ilona Acznik, Katarzyna Lota, Krzysztof Fic, Grzegorz Lota, Agnieszka
SierczyŒska

ECS-O-19 Hybrid solutions for high-energy storage systems
17:20-17:30 Plamen Nikolov, Maria Matrakova, Detchko Pavlov, Paolina Atanassova,

Aurelien DuPasquier, Miki Oljaca
ECS-O-20 Carbon additives for advanced lead-acid battery applications

17:30-17:40 M.P. Carpanese, S. Presto, M. Viviani, A. Pesce, A. Pecunia, V. Bongiorno, R.
Spotorno, D. Clematis, F. Perrozzi, D. Clematis, A. Giuliano, A. Barbucci and P.
Piccardo

ECS-O-22 Evaluation of glass sealant properties versus thermal ageing simulating
switch on and off of an SOFC stack

Session Sofia Electrochemical Days 2015 / Hall B
Chairs: Vessela Tsakova and Victor Boev

15:40-16:00 A. Milchev
SED Presentation of the book “Rise of Electrochemistry in the Eastern Europe

Countries” to be published by Springer in 2015

16:00-16:20
O. Koleva, D. Kochnitcharova, M. Krapchanska, E. Lefterova, D. Vladikova, T.
Petkova

SED-O-01 Structure-conductivity correlation of (TiO2)x(V2O5)y(P2O5)100-x-y system
for SOFCs application

16:20-16:40 Nina Dimcheva, Elena Horozova and Totka Dodevska
SED-O-02 Electrochemistry of immobilized multicopper ascorbic oxidase (Cucurbita

sp.): a third generation amperometric biosensor for ascorbate
16:40-17:00 R. Boukoureshtlieva, Y. Milisheva, I. Popov,  A. Trifonova and A. Kaisheva

SED-O--03 Investigation and application of pyrolyzed CoTMPP catalysts
17:00 Petar Angelov, Stanislav Slavov, Elefteria Lefterova and Yanko Dimitriev

SED-O-04 Applications and Trends of Ultrasound Treatment for Activation and Preparation
of Perspective Nanosized Materials for Energy Conversion and Storage

17:20-17:40 K. Maksimova, E. Lefterova, E. Slavcheva
SED-O-05 Influence of metal loading on morphology and performance of Co-based

Magnelli-phase titania supported electrocatalyst
17:40-18:00 Stefan Avramov, Galin Borisov, Werner Lehnert, Evelina Slavcheva

SED-O-06 Stable and effcient catalyst support for OER in HT-PEMWE
Session 10 BROKERAGE

Chair: Antonino Arico
18:00-18:15 O. Vasylyev, Ye. Brodnikovskyi, M. Brychevskyi

Implementing ScSZ electrolyte SOFC for Combined Heat and Power Production
18:15-18:30 Alain Thorel

RIGEL, a Reversible and Innovative fuel cell based system for Grid
balancing and Energy storage from Large green hydrogen production

18:30-18:45 B.Burdin, D.Vladikova and Z. Stoynov:
Project for Hydrogen Fuel Cell Forklift

18:45-19:00 Disscusion

19:00-20:00 Poster Session 2
20:00 Closing Banquet



xii
June 11, 2015

THURSDAY  11, June

Morning Session / Chairs: Dimitra Sazou and Jaroslav Filip
08:30-9:15 Ilia Valov

PL-06 Atomically scaled systems in action – past and future of memristors
09:15-9:45 Igor Povar, Oxana Spinu

KN-14 Thermodynamic evaluation of disproportionation and comproportionation
equilibria in heterogeneous systems „solid phase – aqueous solution”
under real conditions

09:45-10:15 Irena Mickova, Ljubomir Arsov
KN-15 Ellipsometric study of passive and anodic oxide films formed on Nb and Ti

substrates
10:15-10:45 O. Vasylyev, Ye. Brodnikovskyi, M. Brychevskyi

KN-16 From powder to power: Ukrainian experience
10:45-11:00 Coffee Break
Session 11 / Hall А

Chairs: Massimo Viviani and Oleksandr Vasylyev
11:00-11:20 Antonio Bertei, Cristiano Nicolella

ECS-O-01 Physically-based impedance simulation to decouple convoluted transport
and reaction phenomena in SOFC cathodes

11:20-11:40 Borislav Abrashev, Tony Spassov, Sasho Vassilev and Alexander Popov
ECS-O-24 Hydrogen sorption and electrochemical properties of TiFe based alloys

synthesized by mechanical alloying
11:40-12:00 E. Petkucheva, E. Lefterova, J. Heiss, U. Schnakenberg, E. Slavcheva

ECS-O-25 Influence Of The Gold Sublayer To The Catalytic Properties Of Magnetron
Sputtered Pt, Ir And Irox Thin Films

12:00-12:20
Daria Vladikova, Dario Montinaro, Ivaylo Genov, Paolo Piccardo, Zdravko
Stoynov, Zacharie Wuillemin, Roberto Spotorno, Andrea Pecunia, Valeria
Bongiorno, Mélanie Rolland, Blagoy Burdin

ECS-O-26 In situ impedance monitoring of NiO-YSZ anode behavior during its initial
reduction and redox cycling

Session 12 / Hall А
Chairs: Tsvetina Dobrovolska and Nicolae Vaszilcsin

11:00-11:20 Éva Fekete, Béla Lengyel, Tamás Cserfalvi and Tamás Pajkossy
IND-O-01 Electrocoagulation: an electrochemical process for water cleaning

11:20-11:40 Tz. Boiadjieva-Scherzer, H. Kronberger and M. Monev
IND-O-02 Zn-Cr electroplating of steel

11:40-12:00 Laszlo Peter, Katalin Neuróhr, Ádám Marsai, Lajos Pogány, Ádám Révész,
Bence G. Tóth and Imre Bakonyi

IND-O-03 Electrodeposition of nickel and nickel alloys from alcoholic solutions
12:00-12:20 Noura Touabi, Sanja Martinez, Moussa Bounoughaz

IND-O-04 Optimization of Electrochemical Copper Recovery Process: Effect of the
Steering Speed in Chloride Medium of ph=3

12:20 Closing ceremony
Award Ceremony for Best Young Scientist Presentations
Closing Remarks

13:30 Bus leaves from Pravets for Sofia (Airport and IEES)
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LIKE. BULGARIA

Welcome to Bulgaria, a postcard-sized country that has it all: mystical forests, golden
shores, snowy peaks, ancient fortresses, heavenly monasteries and astounding natural
wonders. It is a place where civilization and nature meet to create the perfect blend
between urban life and the great outdoors and where everything is within an arm's
reach.

Bulgaria lies at the heart of the Balkan Peninsula, building a bridge between the classy
and sophisticated West and the colorful and friendly East and, quite naturally, is heavily
influenced by both. The country was formed in 681 AD and this makes it one of the
oldest in Europe and the world. Hence, the numerous historical and cultural
monuments one will find here. In terms of territory, it occupies the mere 111 thousand
square kilometers which makes it a real tiny gem, offering so much with so little.

The attractions Bulgaria offers are varied and exciting: skiing, windsurfing, hiking, spa,
golf, fine dining, organic delights, world-class performances, ancient archaeological
sites, historical monuments, museums with priceless artifacts and much more. Bulgaria
is among the most affordable destinations in Europe where the wishes of even the
most exacting of tourists will be satisfied. And once visited, it will always give you
something to come back for. Let the journey begin!
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Contribution of local electrochemical impedance spectroscopy to study
corrosion processes

Nadine Pébère
Université de Toulouse, CIRIMAT, ENSIACET, 31030 Toulouse, France
Nadine.Pebere@ensiacet.fr

For a better understanding of processes taking place at local scales, new techniques have
been developed during the last decades by using local probes. In electrochemistry,
measurements with miniaturized electrodes, allows current and potential distributions to be
determined. These local approaches provide significant contribution for the characterization of
local electrochemical processes which represent an issue in many domains such as health (cell
tissue, DNA chip), energy (fuel cell, electrode material) or the durability of material. The aim of
the presentation will be to present local electrochemical techniques which are used and in
development in the corrosion domain and more particularly local electrochemical impedance
spectroscopy (LEIS) which is particularly applied in this field.

After the description of some local techniques in corrosion science such as microcell, local
current measurements by scanning vibrating electrode technique (SVET) and scanning
electrochemical microscope (SECM), the principle of the LEIS will be presented [1] and some
examples will be discussed:

- Pitting corrosion of stainless steel [2,3],
- Determination of the sensitized zone extension in welded AISI stainless steel [4],
- Corrosion behaviour of aluminium alloys: galvanic coupling between pure Al and pure

Cu or pure Mg and pure Al [5-7],
- Corrosion of magnesium alloys [8],
- Corrosion inhibitors for aluminum alloys [9],
- Delamination of organic coatings [10].
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Post Li-ion batteries

N. Wagner*, C.A. Cañas, D. Wittmaier and K.A. Friedrich
German Aerospace Center, Institute for Engineering Thermodynamics, Pfaffenwaldring
38-40, 70569 Stuttgart, Germany,
* Corresponding author: norbert.wagner@dlr.de

In the last decades, the investigation of new secondary cells has been increased
considerably, because high energy density rechargeable batteries are supremely demanded for
different applications, such as consumer electronic, electro mobility and renewable energy
storage. Very promising battery systems are the so called “Post Li-ion batteries” (4. generation
batteries) with metal anodes: metal-sulfur and metal-air (oxygen) batteries, in particular Li-sulfur
and Li-air batteries.

Li-sulfur battery is a promising system, due to its high theoretical capacity (1675
mAh/gsulfur), energy density (2500 Wh/kg), the low cost and non-toxicity of sulfur. Nevertheless,
some of the drawbacks of lithium-sulfur batteries are the poor rechargeability and high self-
discharge rates. Due to the low electrical conductivity of sulfur, electrical conductive material
has to be added in order to encourage the electrochemical reaction. Furthermore, polysulfides
of high order (Li2Sn with 2 ≤ n ≤ 8) dissolve in the electrolyte and can diffuse to the anode and
react directly with lithium metal. This so-called shuttle mechanism causes irreversible loss of
sulfur [1-2]. Moreover, insulating and insoluble polysulfide discharge product (Li2S) can
precipitate on the surface of electrodes, avoiding further electrochemical reaction.

Metal-oxygen cells exhibit highest theoretical energy densities. Among them, the Li-O2
system offers highest theoretical gravimetric energy density (11680 Wh/kg) however, anodes of
highly abundant elements, such as Al, Si or Zn, offer several advantages over lithium. Apart
from the availability, these latter metals are safer and more stable, allowing the battery
processing in air. State-of-the-art metal-oxygen cells mainly suffer from severe cyclic aging and
low Coulombic efficiency. To overcome these challenges, the underlying complex
electrochemical reactions between the electrolyte and the electrocatalyst and the electrodes
have to be understood. One of the major challenges is the development of suitable electrolytes
and electrocatalysts for the oxygen reduction and gas evolution reactions. One of the major
limiting factors on performance and round-trip efficiency is the catalyst used. Today´s Lithium-air
batteries still suffer from high charge- and discharge overpotentials caused by insufficient
catalysts. The major goal is to reduce overpotentials by using bifunctional catalysts catalyzing
both the oxygen reduction reaction (ORR) as well as the oxygen evolution reaction (OER).
Noble metal catalysts show good performance on both reactions but with increasing prices of
noble metals metal oxides have drawn attention recently.

In the presentation new results from the production and characterization of Lihium-sulfur
batteries [3-4] and bifunctional cathodes for Li-air batteries [5-6] will be shown.

References
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Structural features and electrochemical properties of Lanthanide
Nickelates as oxygen electrodes for application in SOFC, PCFC and Steam
Electrolysers

J.C. Grenier*, J-M. Bassat, A Flura, F. Mauvy, V. Vibhu,  A. Rougier,
CNRS-ICMCB, Univ. Bordeaux, 87. Av. du Dr Schweitzer,  F-33608 Pessac cedex,
France
* Corresponding author: grenier@icmcb-bordeaux.cnrs.fr

High temperature ceramic solid oxide cells (SOC), based on an ion conducting solid
electrolyte are of great interest in many energy conversion systems. These technologies are
based on ceramic electrolytes with either oxide ion conductivity (Intermediate Temperature
Solid Oxide Fuel cell, ITSOFC, High Temperature Steam Electrolysis (HTSE)) or protonic
conductivity (Protonic Ceramic Fuel Cell, SOFC-H+). Nowadays, a lot of work is devoted to the
development of such systems operating at intermediate temperatures (550 - 750 °C). One of the
main issues is to decrease the high overpotential at the oxygen electrode. Various solutions are
considered such as developing new electrocatalyst oxide materials or new designs for single
cells or electrodes.

In recent studies carried out at CNRS-ICMCB, the lanthanide nickelates Ln2NiO4+δ (Ln = La,
Pr or Nd) have been shown to exhibit very good electrochemical properties as oxygen electrode
materials [1]. The main features of these compounds is that they show oxygen
overstoichiometry leading to an oxide ion conductivity with a 2D character, as well as a mixed
valence of the nickel (Ni2+/Ni3+), which induces Mixed Ionic and Electronic Conducting (MIEC)
properties (Fig. 1). Used as SOFC (O2- or H+) cathodes as well as anode material of HTSE, they
show excellent electrochemical performances as well as cell tests.

Fig.1  Structure of Ln2NiO4+ compounds showing the NiO2 and Ln2O2 layers

Another key point is the shaping of these electrodes in single cells. Two ways of shaping
will be compared:

i) the screen printing technique followed by a sintering at high temperature; more
especially the role of a barrier layer (GDC (gadolinia doped ceria)) in between the nickelate and
the YSZ (Yttria Stabized Zirconia) dense ceramic membrane is emphasized.

ii) the infiltration of a nickelate in a porous skeleton of ionic conductor sintered on zirconia
electrolyte, followed by a subsequent annealing at moderate temperature (T < 900 °C). Such a
process is interesting for the last generation of SOFC single cells, namely Metal Supported
Cells, now well known for presenting several advantages.

Comparison based on electrochemical results will be discussed.

References
[1] J.C. Grenier, J.M. Bassat, F. Mauvy, "Novel cathodes for solid oxide fuel cells. Functional materials

for sustainable energy applications. Eds. J. Kilner and S. Skinner. Oxford Woodhead Pub., (2012)
402-444.
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Electrochemically and Chemically Prepared Materials for Solar Energy
Application

Sylvia Sanchez1, Raul Salazar1, Cyril Chappaz-Gillot1,2, Solenn Berson2, Dmitry
Aldakov3 and Valentina Ivanova1*

1 CEA, LETI, MINATEC Campus, 17 Rue des Martyrs, 38054 Grenoble, France
2 CEA-INES, Savoie Technolac  BP 332, 50 Avenue Du Lac Léman, 73377 Le Bourget
Du Lac, France
3 CEA, INAC/SPrAM, 17 Rue des Martyrs, 38054 Grenoble, France
* Corresponding author: valentina.ivanova@cea.fr

Until recently, investments in photovoltaic (PV) research have been driven by the imminent
shortages of fossil fuels and problems related to climate changes, health hazards and political
problems. The efficiencies of commercialized solar cells have increased at a slow pace due to
the high production costs when compared to well established energy systems. Considerable
progress in PV technology is therefore required in order to face the growing energy problems.
The new solar cell must not only be highly efficient but also cheap. Among some of the
innovations, the third generation solar cells based on nanomaterials was proposed to overcome
the hurdles of high production costs. Our research activities are focussed in the preparation of
high quality materials for the extremely thin absorber and the hybrid solar cells by low cost
deposition methods. With this purpose, the electrodeposition of ZnO and CuSCN thin films and
nanowires (NWs) were studied since they play a fundamental role as nanostructured electrodes
[1]. Also, wet chemical room temperature deposition by Successive Ionic Layer Adsorption and
Reaction (SILAR) technique for the preparation of absorbing materials (CdS, CdTe, CdSe,
Cu2ZnSnS4 (CZTS) and CuInS2 (CIS)) was investigated [2]. The thin films (between 12 and 20
nm) of these absorbers we deposited on the ZnO nanowire arrays. These layers are composed
of quantum dots with size less than 10 nm and exhibit good optical and crystalline properties.
Only few SILAR cycles are enough to reach full light absorption in the large range of visible
solar spectrum.

Electrodeposited ZnO and CuSCN thin films and nanowires have been integrated in
organic photovoltaic devices as electron and hole transporting layers, respectively [3].  The n-
type or p-type transparent inorganic semiconductors are very interesting due to the physical and
chemical stability of these materials compared with that of currently used organic compounds.
We consider that a big advantage of the electrodeposited layers is the fact that they exhibit
good crystalline quality and could be further used in the polymer solar cells without subsequent
annealing process.
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Mathematical Fundamentals of Impedance Spectroscopy

Z. Stoynov
Acad. Evgeni Budevski Institute of Electrochemistry and Energy Systems, Bulgarian
Academy of Sciences, Acad. G. Bonchev Str., bl.10, Sofia1113, Bulgaria
zistoynov@gmail.com

The enlarging application of Electrochemical Impedance Spectroscopy (EIS) for studying of
large variety of laboratory and practical objects is aimed to explore the enormous information
capabilities of the method. With unbeatable selectivity and precision and a huge frequency
range the EIS is the preferred electrochemical method of our days. It worth to remember that
the EIS is converting the phenomena taking place in the time-domain into frequency domain
images replacing in this way the solution of complicated integro-differential equations by
solution of simple algebraic equations with complex numbers.

The kernel of these excellent properties is the mathematics of the Fourier Transform,
embedded in every impedance analyzer from the state of the art. Created more then 200 years
ago, at present the FT is the basis of many scientific and technological applications in
communications, geology, corrosion etc. The application of the FT in electrochemistry has
started 100 years ago, converging later in EIS.

The present contribution is aimed to refresh the knowledge about FT and specifically about
its form applied in EIS. Many properties of the finite time FT as selectivity, noises and harmonics
rejection, efficiency and sufficiency of this estimator will be discussed in details.

The second part of this contribution is devoted to a solution of a general problem – studying
non-stationary signals and systems into the frequency domain. The detailed analysis of the
errors of the classical FT in a presence of a-periodic additive and multiplicative noise has led us
to a creation of new transform, free of those errors. Called Rotating Fourier Transform, the new
mathematical tool rejects such noises and provides for effective studies of non-stationary
electrochemical objects
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Atomically scaled systems in action – past and future of memristors

Ilia Valov
Institut für Werkstoffe der Elektrotechnik II, RWTH Aachen University, 52074 Aachen,
Germany
i.valov@fz-juelich.de

Since their re-discovery roughly 20 years ago the resistive switching memories (RRAM)
turned out into one of the most exciting, innovative and multidisciplinary scientific field with a
greatest potential for application in the nanoelectronics and information technology. Relating
these systems to the Leon Chua’s missing memristor (memory + resistor) by HP in 2008 and
pointing out the possible functionalities pushed this topic to one of the highest priorities not only
for the academic research but also for the computer industry.

Resistive switching memories are nanoscale, or in some cases even atomically scaled
electrochemical systems fulfilling the demands for low power consumption, high information
density, fast read and write speeds and non-volatility. Based on a simple Metal-Insulator-Metal
structure these type memories also demonstrate great promise as building units for memrisitve
and neuromorphic operations, paving the way for beyond von Neumann computing.

Control over physicochemical processes at the atomic scale is the key factor for
improvement of these devices. However, instrumental but also physical limitations hinder to
achieve complete microscopic understandings of the switching mechanism and therefore the
ability to finely tune the device characteristics and properties.

The present talk will focus on the thermodynamics and kinetics of nanoscaled memristive
devices emphasizing the ability to study and control the device processes at the atomic scale.
The interface dynamics, the importance of local charge concentration and distribution, and the
generic relevance of the counter charges will be highlighted. The nanobattery effect and its
implications on both memristors’ theory and device stability and performance will be outlined on
theoretical and experimental level.

The topic will be discussed in a more fundamental context of microscopic description of
electrochemical processes at the atomic scale.
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LIKE. BULGARIA

Bulgaria is one of the oldest European countries and is the only one that hasn't changed its name
ever since it was founded.
Bulgaria ranks third in Europe only after Greece and Italy for the number of its valuable
archaeological monuments.
The famous Bulgarian rose oil is used for making some of the world’s most popular and
expensive perfumes. One gram rose oil is produced out of 1000 rose blossoms.
Bulgarians express approval by shaking their heads rather than nodding.
World's first digital wristwatch was developed by the Bulgarian Peter Petroff.
Bulgaria is second in the world in international IQ tests and fourth in the world in per capita
university education after the US, Japan, and the UK.
The Bulgarian folk song "Izlel e Delio Haydutin" has been flying around open space together with
Bach’s and Mozart’s greatest works since 1977 when the Voyager 1 & 2 probes left the Earth.
Bulgarian yogurt is the best in the world thanks to the unique Lactobacillus Bulgaricus bacteria
used for its production, which can only be found naturally on the territory of the country.
The first wrestler in the world with 1500 wins and only 2 lost matches is the Bulgarian Dan Kolov.
Bulgaria is the country with the most natural mineral springs in Continental Europe – over 600.
The Bulgarian army has never lost a single flag in battle.
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On the Complex Mechanism of a “Simple” Electrochemical Reaction:
State of the Art and Some New Results on Chlorine Evolution Reaction

D. Rosestolato1, S. Ferro2 and A. De Battisti3,*

1 SIA Batteries, Ltd., Altedo (BO), Italy
2 Dipartimento di Scienze Chimiche e Farmaceutiche, Università di Ferrara, Italy
3 Gate Ltd., Ferrara, Italy
* Corresponding author: dbtcll@unife.it

The anodic oxidation of chloride ions in acidic media (typically below pH 3) has been widely
studied, primarily because of the paramount importance of this reaction in chlor-alkali industrial
processes but also, from a more fundamental point of view, for its kinetics and mechanism(s).
The introduction of stable anode materials, since the middle of the 60’s, has allowed the
obtainment of quite reliable experimental data, with important connections with the basic
principles of catalysis at the surface of solids. Proposed mechanisms of the reaction at RuO2-
based electrodes were typically the Volmer-Heyrovsky and the Volmer-Tafel mechanisms,
which correspond to the Eley-Rideal and Langmuir-Hinshelwood patterns, respectively, well
known in heterogeneous catalysis. In spite of the wealth of available data, no univocal
mechanism proposition has been achieved so far and a critical literature study is required in
order to find out possible coherent data sets and consistent interpretations. In this contribution,
a summary of the literature is presented and novel experimental results are also described.
Based on a thorough experimental study, the applicability of the Volmer-Heyrovsky mechanism
has been proposed, with the electrochemical desorption step as rate determining. In fact, Tafel
plots were evidently non-linear and limited linearities with slopes close to 0.040 V could be
found only within lower overpotential ranges. It is interesting to observe that in several other
papers, although not commented, analogous non-linearity occurrence has been found. On the
other hand, as exhaustively proved in the literature, when electrochemical reaction mechanisms
involve adsorbed intermediates and the rate-determining-step is the radical desorption, linearity
of Tafel plots and “obvious” slopes like 0.030 (Volmer-Tafel) and 0.040 V (Volmer-Heyrovsky
mechanism) can be found only if intermediate coverages are low. In cases where coverages
reach more significant values, non linearity of Tafel plots is the first consequence. The analysis
of our results, with testing of adsorption isotherms of Langmuir and Frumkin, has confirmed that
at oxide electrodes chlorine evolution reaction takes place in the presence of high Cl.

coverages. Analysis of electrochemical reaction orders supports this hypothesis.
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Li-Ion Insertion Battery Cathodes: Determining Different Transport
Contributions

J. Moskon1*, M. Gaberscek1,2, R. Dominko1

1National Institute of Chemistry, Hajdrihova 19, Ljubljana, Slovenia
2Faculty of Chemistry and Chemical Technology, Aškerčeva 6, Ljubljana, Slovenia
* Corresponding author: joze.moskon@ki.si

To prepare powerful and reliable Li batteries it is necessary to optimize the transport of
charge and mass between and within the electrodes. We have studied extensively transport
processes in cells based on different typical cathode active materials for Li ion batteries: LiCoO2
(LCO), LiFePO4 (LFP), LiMnPO4 (LMP), and comparably on Li4Ti5O12 (LTO) material. We
performed experiments where we were changing the state of the inter-phase contacts in the
corresponding electrodes while the intrinsic properties of active material (morphology, crystal
structure etc.) were not altered. We used electrochemical impedance spectroscopy (EIS) and
found that corresponding EIS spectra of cells based on those different active materials (that
differ even in their chemistry and structure) exhibit some main features that are surprisingly
common to all the tested active materials. Most evident was the presence of the high-frequency
impedance arc (H.F.-arc) with peak frequency of 1 kHz that was found to be strongly related to
the electronic contact resistance of the (current collector)-(electrode composite) interface.
Based on those experimental findings we proposed a general equivalent circuit that takes into
account the poor inter-phase contacting [1].

We have carried out a detailed analysis of the energy changes in the LFP based cell during
galvanostatic charge/discharge in the light of energy efficiency and energy loss of the cell. In
this manner we have been able to examine and quantitatively determine the apparent energy
loss due to H.F.-arc contribution. We have established that the varying of the condition of the
inter-phase contacts is already important at moderate rates (1C) with increasing importance
when going to high (10C) and very high current densities (10C). We have determined the
values of the "wiring" parameters of a typical Li ion electrode. We obtained experimentally
determined values of the electronic composite resistance – separately of the value of the
"contact resistance" between the composite and the current collector. We have also determined
the value of the ionic resistance of the composites introduced into the battery cell. We
demonstrated how the electrical properties of the "wetted" electrode differ from the one in the
starting "dry" state.

As observed experimentally already almost a decade ago a LFP based cell exhibited an
effect of reduced total electrode resistance when subjected to an increase of a current driven
through the cell [2]. Later on this “activation” phenomenon was confirmed in the work of other
groups [3]. Recently in an extensive experimental observation of LFP based electrodes using
synchrotron Scanning Transmission X-Ray Microscopy (STXM) Chue et al. [4] have
demonstrated that the fraction of the phase-transforming particles depends on C-rate. In the
light of the obtained results of our study we proposed that observed decrease of total electrode
resistance with increasing current originates from the increase of population of LiFePO4
particles that simultaneously undergo phase-transition.
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Electrochemical Oscillation Reactions on Mercury Electrodes

Magdaléna Hromadová1* and Lubomír Pospíšil1,2
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Several types of non-linear phenomena (spontaneous oscillations, negative differential
resistance NDR, stochastic resonance and chaotic behavior) will be discussed in selected
electrochemical redox systems. As a first example we will discuss the indium-thiocyanate
oscillator, where the occurrence of spontaneous oscillations of the indium(III) reduction current
stems from the catalytic effect of the thiocyanate anions at the hanging mercury drop electrode
(HMDE) and their subsequent desorption at more negative potentials.1 Another type of the
electrochemical oscillator is based on the cation-catalyzed reduction of a nitroaromatic radical
anion. Described system is a new type of NDR oscillator, in which double-layer effect in
connection with cationic catalysis rather than anionic catalysis plays a crucial role in the
observation of NDR. At low concentration of tetrahexylammonium hexafluorophosphate the
anion radical reduction occurs at extremely negative potentials due to the double layer effect on
the negatively charged reactant. An addition of small cations (Li+, Na+ and K+) to such a system,
forming ion pairs with the radical anion, has a remarkable acceleration effect on the electron
transfer rate. The double-layer effect ceases to operate in the case of neutral species. At
potentials where alkali metal cations are reduced to the corresponding amalgams the
acceleration ceases. As a result the current-potential curves show a negative slope.
Electrochemical impedance spectroscopy sensitively indicates the presence of the negative
differential charge transfer resistance (NDR) or hidden negative differential resistance (HNDR).
The addition of an external resistor in series with the electrochemical cell leads to the current
oscillations at the stationary mercury electrode and to the current bursts on the dropping
mercury electrode.2,3

Finally, we will discuss the above-mentioned non-linear phenomena in two oligomers from
a series of the extended viologen compounds, which were synthesized to fulfill the function of
molecular wires for long-distance transfer of electrons. We will show that such systems obey
Feigenbaum universality route from order to chaos.4-6 Additionally, a selective generation of the
odd higher harmonic frequencies in the current domain as a response to small voltage
perturbation will be presented. The effect is explained in terms of a theory of the stochastic
resonance occurring in the driven oscillating reactions.

Acknowledgments: Financial support from Grant Agency of the Czech Republic (14-05180S),
Grant Agency of the Academy of Sciences (M200401202 and HU/2013/05) and the Czech
Ministry of Education, Youth and Sports (7AMB15FR027) is greatly acknowledged.
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Innovative Carbon-Based Nanoplatforms for Biosensing Design

Cecilia Cristea*, Mihaela Tertis, Oana Hosu, Luminita Fritea, Robert Sandulescu
Analytical Chemistry Department, Faculty of Pharmacy, Iuliu Haţieganu University of
Medicine and Pharmacy, Cluj-Napoca, Romania,
* Corresponding author: ccristea@umfcluj.ro

Various types of carbon nanostructures such as carbon nanotubes (CNT) and graphene
have recently been used in the development of electrochemical sensors due to their specific
structures, properties and their wide application range such as: drug delivery, energy storage
and sensing devices [1]. Moreover, their use in the development of electrochemical (bio)sensors
offers certain advantages such as: decrease of the overpotentials, increase of the active surface
area, improvement of the charge transfer between the (bio)elements and the transducer, all
coupled with the possibility of multidetection in complex matrix.

The presentation will focuse on the use of CNT and graphene for the design of
electrochemical (bio)sensors and immunosensors for the detection of drugs like acetaminophen
and dopamine.

The incorporation of single and multi CNTs into layer by layer (LBL) films containing
enzymes enhances the electrons diffusion through the films and the electrochemical surface
area, increasing the response of the sensor. In the same time, the adsorption of enzymes
directly on the CNT reduces the distance between the active site of enzyme and the electrode
surface. CNTs provide also a homogeneous porous composite film that facilitates substrate
transfer. By using electrochemical impedance spectroscopy (EIS) a comparative study between
different types of CNTs for doping polymeric films was achieved [2].

After this study, the optimization of new biosensors with horseradish peroxidase
immobilized in carbon nanotubes-polyethyleneimine or polypyrrole nanocomposite film at the
surface of two types of transducer was done. The amperometric detection of acetaminophen
was carried out at −0.2 V versus Ag/AgCl using carbon based-screen printed electrodes (SPEs)
and glassy carbon electrodes (GCEs) as transducers. The electroanalytical parameters of the
biosensors are highly dependent on their configuration and on the dimensions of the carbon
nanotubes. The best limit of detection obtained for acetaminophen was 1.36 ± 0.013 μM and the
linear range 9.99–79.01 μM for the HRP-SWCNT/PEI in GCE configuration. Those biosensors
were successfully applied for the detection of acetaminophen in several drug formulations [3].

Another platform was develloped by combining the enhanced sensibility given by the
special properties of graphene and β-cyclodextrin, and the specificity of the enzyme tyrosinase.
The nanoplatform was elaborated using the same LBL deposition method on GCEs and various
parameters were optimized. Microscopic and spectral techniques (Raman, FTIR, EIS) were
used to characterize the modification of electrodes and of the graphene oxide. The biosensor
was successfully applied for dopamine detection in pharmaceutical products, human serum and
urine with good recoveries.

Carbon based nanomaterials were successfully used also for innovative immunosensors
design. By using carbon-based SPEs modified with graphene oxide functionalized with N-
hydroxysuccinimide in the presence of 1-ethyl-3-(3-dimethyl aminopropyl) carbodiimide
hydrochloride a novel immunosensors for selective detection of acetaminophen in synthetic and
real samples was developed [4]. The template made by LBL technique provides activated
carboxylic groups, which form amidic covalent bonds with the terminal amine groups of
antiacetaminophen antibody. The optimization of antibody immobilization and the blocking of
the free active groups from graphene template with bovine serum albumin was performed by
using EIS, cyclic voltammetry and square wave voltammetry. A limit of detection of 0.17 μM was
obtained with minimal interference of dosage forms excipients and serum components.
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Electrochemistry of Self-Doped Polyanilines in Neutral and Alkaline Media

Sanjin Gutić
Faculty of Science, University of Sarajevo, Zmaja od Bosne 33-35
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Distinctive features that have marked polyaniline as an interesting material, such as its
unique redox properties, easiness of transition from insulating to conducting form,
electrochromic and pseudocapacitive properties, are strongly dependent on the pH and are
typical for acidic environments. Absence of these features in neutral and alkaline media limits its
applications in wide range of electrochemical and biological systems.

Introduction of covalently bound acidic groups on polyaniline backbone leads to the effect
known as self-doping, which seems to be responsible for the retention of their electrochemical
activity and conductivity in neutral and alkaline environments. Further, functionalization of
polymer backbone with different acidic groups opens new possibilites for application in sensors,
electrochromic devices, ion exchange materials, energy storage devices, etc.

In this presentation, some synthetic aspects of copolymers of aniline and its derivatives with
acidic groups and their electrochemical behaviour as a function of pH in aqueous media is
discussed, with some insight into the transport of positive ions in polymers.
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Nanoscale-Controlled Interfaces for Construction of Ultrasensitive Lectin
Biosensors and Effective Biofuel Cells

Jan Tkac*, Tomáš Bertók, J. Filip, Ľudmila Kluková, András Hushegyi, Dominika
Pihíková, Štefan Belický
Institute of Chemistry, Slovak Academy of Sciences, Dúbravská cesta 9, 845 38
Bratislava, Slovakia
* Corresponding author: Jan.Tkac@savba.sk

Preparation of different functional biodevices has to be carefully optimized with the primary
focus on the interfacial properties of the surface for effective coupling of
biorecognition/biocatalyst elements. An enhanced overall performance and robustness of such
devices can be guaranteed in case biorecognition/biocatalyst elements are integrated with
nanomaterials. Two different electrochemical-based functional biodevices – biofuel cells and
lectin biosensors are presented.

Various concepts applied to increase biocatalyst´s loading and an accessibility of the
biofuel to the biocatalysts within 3-D structure were tested (1,2). The main objective was to
prepare biofuel cells in a cost-effective way implementing cheap sources of carbon
nanostructured material including carbon nanotubes and graphene and low-cost biocatalysts of
bacterial origin (3,4).

Lectin biosensors working in a label-free mode using an electrochemical detection platform
are described (5,6). Moreover, an increase of the device sensitivity using a 3-D configuration
based on gold nanoparticles is provided (7). Application of some of these devices in analysis of
serum samples from people having various diseases, assay of various cancer cell lines and in
cancer diagnostics are provided (8,9).
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Aspects of Instrumentation and Modelling
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Four-electrode configurations containing two working, a single reference and a single
counter electrode in the same electrochemical cell have been routinely used in electrochemistry
over the past 50 years. A typical example is the rotating ring–disk electrode (RRDE) introduced
by Frumkin et al. in 1959. The RRDE was historically the first generator-collector (GC) system
used for studying the intermediates or products formed in electrode processes. The operating
principle of RRDEs is the following: when on the generator (disk) electrode some electroactive
species are formed as a result of an electrode reaction, these products can be involved in
another reaction at the collector (ring), and can thus be detected. In the RRDE system, the
transfer of species from one electrode to another occurs by convection due to the rotation of the
tip.

Although most GC systems are based on the measurement of steady-state currents, there
is a growing interest in the application of transient techniques as well. It was shown for example
that the simultaneous potentiodynamic perturbation of the generator and collector electrodes
can result in a considerable sensitivity enhancement of RRDEs. The application of transient
techniques might also be expedient in the case of other generator/collector systems, such as
scanning electrochemical microscopy (SECM) studies, especially when accurate temporal
resolution is to be achieved. The simultaneous application of potentiodynamic perturbation to
the generator and collector electrodes in such systems can, however, not only yield an
increased detection sensitivity (when a charge transfer reaction takes place on both working
electrodes), but may also broaden the application range of GC systems. Let us consider as an
example the case when an electrochemical reaction taking place on the generator yields only
products which are neither reducible nor oxidable on the collector in a reasonable potential
range. These products, under steady-state conditions, should not be detectable as they cannot
be involved in any charge transfer reaction. This does not mean, however, that the species may
not interact with the collector at all: the species can, for example, modify the structure of the
electrical double-layer, which can occur by means of specific adsorption, by changing the
concentrations in the diffuse double layer, etc. Such effects are, in principle, detectable by
measuring the ac capacitance of the collector electrode.

In this presentation capacitance measurements are carried out on the ring electrode of an
RRDE, and this technique is used to study the counter-ion flux that accompanies the
potentiodynamic charging/discharging of conducting polymer films. By taking a poly(3,4-
ethylenedioxythiophene) (PEDOT) modified disk electrode in combination with a bare gold ring
as a model system, it is shown that the measured ring capacitance correlates with the
polarization of the polymer film. The capacitance changes measured in a 0.5 M H2SO4 solution
are in fair agreement with the results of previous RRDE studies, where the halide counter-ion
flux leaving the polymer film was assessable by the standard (faradaic) method of detection.
The method of calculating the ring capacitance based on a small-signal sinusoid perturbation is
discussed in the presentation, and the most important instrumental limitations are addressed.

In addition, general issues concerning the application of “dual dynamic” perturbation
techniques in RRDE systems are discussed. Numerical simulations along with measurements in
simple model systems are used to demonstrate the nature of the “electrical cross-talk” in GC
configurations that arises due to a shared current route of the two working electrodes, and
which often causes severe difficulties in the interpretation of collection phenomena. It is pointed
out that in electrochemical systems of a considerable ohmic resistance, the positioning of the
reference electrode has a major role in the appearance of the unwanted cross-talk effect. For
the case of RRDEs, a practical method is suggested to distinguish between the unwanted
cross-talk and the actual collection phenomena.
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Electric resonance corresponds to a maximum of the total admittance of the system at a
specific frequency of a time dependent applied voltage perturbation, Fig. 1(a). This means that
at the resonance frequency the amplitude of the current becomes maximum (ideally infinite).
Electric antiresonance is observed when the total admittance of the system exhibits a minimum
at a specific frequency of the voltage source, Fig. 1(a). At the antiresonance frequency the
amplitude of the current becomes minimum (ideally zero). Finally, electrochemical resonance is
observed when the electrode potential becomes maximum (ideally infinite) at a specific
frequency of the voltage source. The above expressions hold under potentiostatic operation
whereas similar definitions are introduced for the galvanostatic case, where the perturbation is
the applied current. The importance of these findings lies in the fact that electrochemical
systems can be utilized either as band-pass or band-stop devices.

Fig. 1. (a) Theoretical Bode diagram of a system showing resonance and antiresonance around 10 Hz, for
different values of the damping parameter, and (b) experimental Bode diagram of the Fe/2M H2SO4

system showing resonance and antiresonance around 10 Hz, for different values of  the applied voltage.

In principal, resonance can be observed if the electrochemical system is on a steady state
characterized by a natural frequency and damping. Thus, resonance is expected to occur when
the system is on a steady state of a stable focus type. The conditions of resonance are derived
for potentiostatic and galvanostatic operation. The effect of the system parameters is studied
numerically, revealing that it is possible to control the resonance amplitude, as well as the
functioning of the interface as a resonator or antiresonator. The theoretical and numerical
conclusions are tested experimentally for three different electrochemical systems, namely, the
electrodissolution of copper in TFA, of iron in H2SO4 solution and of nickel in H2SO4 solution. It
is shown that the theoretical and numerical predictions are observed experimentally, Fig. 1(b),
where the system is acting either as a resonator or antiresonator, depending on the value of the
applied voltage.

Finally, the effect of non-harmonic (chaotic) perturbations on an electrochemical system
that exhibits resonance is studied numerically. Two different types of chaotic signals are applied
and it is shown that the electrochemical interface acts as a resonator. As a result, even though
the input is chaotic, the output of the electrochemical system is close to harmonic. It is
concluded that the electrochemical interface under resonance conditions can control a chaotic
signal by transforming it to a harmonic one.
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Supercapacitors play important role as energy power sources due to fast
charging/discharging process that can be utilized in a number of applications such as
acceleration of electric vehicle, breaking energy storage, different small electric devices like
displays, cameras, mobile phones, toys etc. They can store higher amount of energy compared
to the classical capacitors and can achieve much higher power than batteries. Conductive
polymers show pseudocapacitive properties due to high electroactivity and reversible redox
reaction. They exhibit good stability, easy processability, low cost and could be easily
synthesised. Polypyrrole (PPy) is one of the most important candidates among them.
Electrochemical properties of PPy depend significantly on the porosity of material that can be
improved by adjusting the synthesis parameters or by forming composites with nanostructured
materials like carbon nanotubes or graphene [1].

The objective of this work was to prepare PPy by electrochemical synthesis and to provide
compensation of positive charge within polymer backbone by graphene oxide (GO) [2]. GO was
obtained by chemical oxidation of graphite flakes by Staudenmaiers method. It is oxidized form
of graphene containing different oxygen functional groups in basal plane and edges while the
size of GO sheet varies in range from 200 nm - 1500 nm. Ppy polymerization was performed
from the solution containing 0.3 mg/ml GO and 0.1-0.3 mol dm-3 pyrrole. During electrochemical
synthesis of PPy from GO solution oxidized form of graphene can be intercalated within polymer
matrix due to electrostatic forces between negatively charged oxygen functional groups and
positively charged PPy backbone. In order to characterize obtained material cyclic voltammetry,
electrochemical quartz crystal microbalance and scanning electron microscopy were used.
Porous conducting polymer structure was obtained during this procedure. The presence of GO
within the PPy influenced morphology and redox reaction properties of the polymer. Obtained
layer did not show good electrochemical activity in GO solution, but after transferring it to 0.5
mol dm-3 Na2SO4 solution activity of the layer has significantly increased and overall properties
were improved compared to the properties of PPy prepared from Na2SO4 solution. Resulting
material has good pseudocapacitive properties and it is suitable to be used as active material in
supercapacitors.
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The ever-increasing demand for high-performing, light weight, economical, and safe power
storage for high–tech portable devices and electric vehicles leads to augmented research
efforts in the field of organic or organic/hybrid materials to be used as electrodes in energy
storage devices [1-13] . There has recently been an increasing number of studies toward the
development of novel pure or composite materials containing redox polymers with pendant
organic electro-active groups which may be used as cathode- or anode-active material in
batteries. These efforts may eventually lead to totally organic batteries [14] with improved
properties such as light weight, flexibility, improved environmental safety, low cost of
manufacturing. We hereby represent novel polymers and reduced graphene oxide with pendant
electro-active groups such as TEMPO, benzimidazole-1-oxyl-3-oxides and quinones used
against conventional inorganic cathode or anode materials.

Fig.1 A Nitroxide radical pendant polymer used as a cathode material vs Li.

References

[1] [Liang ,Y. ; Tao, Z.;  Chen, J. Adv. Energy Mater. 2012, 2, 742–769.
[2] Novák, P.; Müller, K. ; Santhanam , K. S. V. ; Haas , O.  Chem. Rev. 1997 , 97 , 207.
[3] Cheng , F. Y. ; Tang , W. ; Li , C. S. ; Chen , J. ; Liu , H. K. ; Shen , P. W. ; Dou , S. X. Chem. Eur.

J. 12 , 3082.
[4] Neves , S. ; Polo Fonseca , C. J. Power Sources 2002 , 107 , 13 .
[5] Janoschka, T. ; Hager, M. D. ; Schubert, U. S. Adv. Mater. 2012, 24, 6397–6409
[6] Sukegawa, T. ; Kai, A. ; Oyaizu, K. ; Nishide, H. Macromolecules 2013, 46, 1361−1367
[7] Choi, W. ; Harada, D. ; Oyaizu, K. ; Nishide, H. J. Am. Chem. Soc. 2011, 133, 19839–19843
[8] Suga T., Ohshiro H., Sugita S., Oyaizu K., Nishide H., Adv. Mater. 2009 , 21 , 1627
[9] Tang Z. Y., Xu G. X., Acta Phys. -Chim. Sin. 2003 19 , 307 .

[10] Yao M., Senoh H., Sakai T., Kiyobayashi T., , Int. J. Electrochem. Sci 2011. 6 , 2905 .
[11] Yao M., Senoh H., Sakai T., Kiyobayashi T., , J. Power Sources 2012,202, 364.
[12] Song Z., Zhan H., Zhou Y., , Chem. Commun. 2009, 448 .
[13] Song Z., Zhan H., Zhou Y., Angew. Chem. Int. Ed. 2010 , 49 , 8444 .
[14] Nishide H, Koshika K, Chikushi N, Sano N, Oyaizu K,  Green Chem., 2010, 12, 1573–1575.

KN-11

21

Organic Electrode Materials in Rechargeable Batteries

Burak Esat1*;Sumeyye Bahceci1; Sevda Akay1; Anton Momchilov2

1Fatih University, Buyukcekmece, Istanbul 34500, Türkiye
2 Acad. Evgeni Budevski Institute of Electrochemistry and Energy Systems, Bulgarian
Academy of Sciences, Acad. G. Bonchev Str., bl.10, Sofia1113, Bulgaria
* Corresponding author: besat@fatih.edu.tr

The ever-increasing demand for high-performing, light weight, economical, and safe power
storage for high–tech portable devices and electric vehicles leads to augmented research
efforts in the field of organic or organic/hybrid materials to be used as electrodes in energy
storage devices [1-13] . There has recently been an increasing number of studies toward the
development of novel pure or composite materials containing redox polymers with pendant
organic electro-active groups which may be used as cathode- or anode-active material in
batteries. These efforts may eventually lead to totally organic batteries [14] with improved
properties such as light weight, flexibility, improved environmental safety, low cost of
manufacturing. We hereby represent novel polymers and reduced graphene oxide with pendant
electro-active groups such as TEMPO, benzimidazole-1-oxyl-3-oxides and quinones used
against conventional inorganic cathode or anode materials.

Fig.1 A Nitroxide radical pendant polymer used as a cathode material vs Li.

References

[1] [Liang ,Y. ; Tao, Z.;  Chen, J. Adv. Energy Mater. 2012, 2, 742–769.
[2] Novák, P.; Müller, K. ; Santhanam , K. S. V. ; Haas , O.  Chem. Rev. 1997 , 97 , 207.
[3] Cheng , F. Y. ; Tang , W. ; Li , C. S. ; Chen , J. ; Liu , H. K. ; Shen , P. W. ; Dou , S. X. Chem. Eur.

J. 12 , 3082.
[4] Neves , S. ; Polo Fonseca , C. J. Power Sources 2002 , 107 , 13 .
[5] Janoschka, T. ; Hager, M. D. ; Schubert, U. S. Adv. Mater. 2012, 24, 6397–6409
[6] Sukegawa, T. ; Kai, A. ; Oyaizu, K. ; Nishide, H. Macromolecules 2013, 46, 1361−1367
[7] Choi, W. ; Harada, D. ; Oyaizu, K. ; Nishide, H. J. Am. Chem. Soc. 2011, 133, 19839–19843
[8] Suga T., Ohshiro H., Sugita S., Oyaizu K., Nishide H., Adv. Mater. 2009 , 21 , 1627
[9] Tang Z. Y., Xu G. X., Acta Phys. -Chim. Sin. 2003 19 , 307 .

[10] Yao M., Senoh H., Sakai T., Kiyobayashi T., , Int. J. Electrochem. Sci 2011. 6 , 2905 .
[11] Yao M., Senoh H., Sakai T., Kiyobayashi T., , J. Power Sources 2012,202, 364.
[12] Song Z., Zhan H., Zhou Y., , Chem. Commun. 2009, 448 .
[13] Song Z., Zhan H., Zhou Y., Angew. Chem. Int. Ed. 2010 , 49 , 8444 .
[14] Nishide H, Koshika K, Chikushi N, Sano N, Oyaizu K,  Green Chem., 2010, 12, 1573–1575.

KN-11

21

Organic Electrode Materials in Rechargeable Batteries

Burak Esat1*;Sumeyye Bahceci1; Sevda Akay1; Anton Momchilov2

1Fatih University, Buyukcekmece, Istanbul 34500, Türkiye
2 Acad. Evgeni Budevski Institute of Electrochemistry and Energy Systems, Bulgarian
Academy of Sciences, Acad. G. Bonchev Str., bl.10, Sofia1113, Bulgaria
* Corresponding author: besat@fatih.edu.tr

The ever-increasing demand for high-performing, light weight, economical, and safe power
storage for high–tech portable devices and electric vehicles leads to augmented research
efforts in the field of organic or organic/hybrid materials to be used as electrodes in energy
storage devices [1-13] . There has recently been an increasing number of studies toward the
development of novel pure or composite materials containing redox polymers with pendant
organic electro-active groups which may be used as cathode- or anode-active material in
batteries. These efforts may eventually lead to totally organic batteries [14] with improved
properties such as light weight, flexibility, improved environmental safety, low cost of
manufacturing. We hereby represent novel polymers and reduced graphene oxide with pendant
electro-active groups such as TEMPO, benzimidazole-1-oxyl-3-oxides and quinones used
against conventional inorganic cathode or anode materials.

Fig.1 A Nitroxide radical pendant polymer used as a cathode material vs Li.

References

[1] [Liang ,Y. ; Tao, Z.;  Chen, J. Adv. Energy Mater. 2012, 2, 742–769.
[2] Novák, P.; Müller, K. ; Santhanam , K. S. V. ; Haas , O.  Chem. Rev. 1997 , 97 , 207.
[3] Cheng , F. Y. ; Tang , W. ; Li , C. S. ; Chen , J. ; Liu , H. K. ; Shen , P. W. ; Dou , S. X. Chem. Eur.

J. 12 , 3082.
[4] Neves , S. ; Polo Fonseca , C. J. Power Sources 2002 , 107 , 13 .
[5] Janoschka, T. ; Hager, M. D. ; Schubert, U. S. Adv. Mater. 2012, 24, 6397–6409
[6] Sukegawa, T. ; Kai, A. ; Oyaizu, K. ; Nishide, H. Macromolecules 2013, 46, 1361−1367
[7] Choi, W. ; Harada, D. ; Oyaizu, K. ; Nishide, H. J. Am. Chem. Soc. 2011, 133, 19839–19843
[8] Suga T., Ohshiro H., Sugita S., Oyaizu K., Nishide H., Adv. Mater. 2009 , 21 , 1627
[9] Tang Z. Y., Xu G. X., Acta Phys. -Chim. Sin. 2003 19 , 307 .

[10] Yao M., Senoh H., Sakai T., Kiyobayashi T., , Int. J. Electrochem. Sci 2011. 6 , 2905 .
[11] Yao M., Senoh H., Sakai T., Kiyobayashi T., , J. Power Sources 2012,202, 364.
[12] Song Z., Zhan H., Zhou Y., , Chem. Commun. 2009, 448 .
[13] Song Z., Zhan H., Zhou Y., Angew. Chem. Int. Ed. 2010 , 49 , 8444 .
[14] Nishide H, Koshika K, Chikushi N, Sano N, Oyaizu K,  Green Chem., 2010, 12, 1573–1575.

KN-11



22

Electrochemical Nucleation and Growth on Foreign Substrates –
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Electrochemical nucleation and growth on foreign substrates is considered from
thermodynamic and kinetic points of view [1-4]. Attention is drawn to the decisive role of the
substrate for the nucleation process in terms of its surface characteristics. It is demonstrated
that the involvement of specific active sites for nucleation in the kinetics of the process depends
both on their activity and number.

Limitations of the existing models for the current of nucleation and growth are commented
and juxtaposed to the conditions in real systems. Effects due to different types of active sites,
parallel electrochemical reactions and availability of porous substrates are addressed.
Examples of metal nucleation and growth are given to illustrate the occurrence of these effects.
The experimental findings originate from studies on copper and silver (Fig. 1) electrodeposition
on conducting polymer substrates [5-11].

Fig. 1. Reduction current transients measured in the course of silver electrodeposition on
polyaniline layers with different thickness (a). Procedure for decoupling silver and polyaniline
reduction currents (b).
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Composite Ni-MoO2 coatings: These coatings were electrodeposited under simulated
conditions for industrial production of commercial De Nora’s Ni-RuO2 coatings in the small pilot
plant with electrolyte circulation and mixing. They were electrodeposited onto Ni 40 mesh
substrates (cathodes dimensions 20x25 cm2) from the suspension containing 0.2M NiCl2 + 2M
NH4Cl solution and MoO2 powder. The MoO2 powder of the particles dimension of 200 nm was
used. Depending on the current density and hydrodynamics of coatings deposition it was shown
that some cathodes possess lower over-voltage for hydrogen evolution than the commercial
one under the conditions of industrial electrolysis in chlor-alkali process (in 32 mas. % NaOH at
90 oC, j = -0.3 A cm-2). Service life test (SLT), the most important criteria for use in industrial
plants, showed that Ni-MoO2 coatings could be promising replacement for the commercial Ni-
RuO2 cathodes.

Ni-Sn alloy coatings: These coatings were electrodeposited from the solution containing
0.6M K4P2O7 + 0.3M NH2CH2COOH + 0.1M SnCl2 and different concentrations of NiCl2 onto
Ni plates and Ni 40 mesh substrates. It was shown that their chemical and phase composition
changes with changing the current density of electrodeposition and that they influence the over-
voltage for hydrogen evolution. At the same time, for electrodeposition current densities higher
than 10 mA cm-2, the morphology of Ni-Sn coatings changed from relatively flat to rough
coatings. Catalytic activity for hydrogen evolution was found to be influenced to small extent by
the phase composition, while their roughness (high real surface area) mainly caused low over-
voltage for hydrogen evolution. EIS measurements performed during the SLT showed that the
real values of the (Rct + Rp)(r), reflecting intrinsic catalytic activity for the HER, could be
obtained (Fig. 1a). Hence, after taking into account the roughness factor, the lowest value of the
(Rct + Rp)(r) is obtained for the DN electrode, confirming that this cathode should possess the
highest current density at a given potential (-1.2 V vs. SCE), which is in accordance with the
polarization curve measurements. At the same time it could be stated that intrinsic catalytic
activity for NiSn(30), NiSn(60) and NiSn(100) are practically insensitive to the number of cycles,
as it was the case for the commercial DN cathode. Comparing the values of potential (corrected
for the IR drop) recorded at the current density of -0.3 A cm-2 as a function of the number of
cycles (Fig. 1b), it appears that the activity for the HER for all cathodes decreases in a similar
way with the number of cycles, being lower for about 20-25 mV after 25 cycles. Hence, it could
be concluded that the EIS measurements and polarization curve measurements are in
accordance with the SLT measurements and that Ni-Sn coatings could also be promising
replacement for the commercial cathodes.

Fig. 1. (a) The values of (Rct + Rp)(r) as a function of the number of cycles for all investigated
electrodes. (b) SLT results, represented as potential (corrected for the IR drop) for the HER at j

= -0.3 A cm-2 as a function of the number of cycles for all investigated electrodes.
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The Frost diagrams (FD) are used to represent evidently the disproportionation conditions
of ions and allow judging the possibility along with the extent of disproportionation
(comproportionation) of the valence states of the element. In this diagram, the dependence of
the reduced standard energy of formation of ions (F is the Faraday number
and is equal to 98.487) on the degree of oxidation of an element (n) is represented [1]. So, the
Gibbs energy change is expressed in eV / mol. FD, being simple to accomplish, characterizes
clearly the disproportionation (dismutation) processes of ions in solution. The disproportionation
occurs if the value of the analyzed ion is situated above the straight line joining the

points of neighboring valence forms on the diagram. In the case of
oxygen-containing species (ions, molecules), on the ordinate axis the standard Gibbs free
energy of formation of ion ( ) minus the Gibbs energy of a number x of water molecules,

equal to the number of oxygen atoms in the examined species ( ), is
placed. When the valence form contains more than one element, which is subject to redox
transformations, the values is calculated per one atom. The standard redox potential
represents the negative slope of the straight line joining two points on the diagram,
corresponding to any two valence forms, since the equality is valid: ./00 nGE f

 Here the n
quantity coincides with the degree of oxidation of the ion of interest. The angle of inclination of
the curve for the given pair of the valence forms characterizes the ability of interaction with the
formation of the products with a lower Gibbs energy. By means of this diagram is easy to
establish whether a particular ion is stable against disproportionation. Hitherto, the Frost
diagrams could be used only under standard conditions, i.e. for semi-quantitative estimations.
However, under non-standard, real conditions, a number of factors such as pH, concentrations
of soluble forms, participation of each valence state of element in diverse auxiliary chemical
reactions (precipitation, complex formation, hydrolysis etc.) can exert influence on the
disproportionation-comproportionation processes. The goal of this paper is to propose a method
to build Frost diagrams in real, non-standard conditions, taken into consideration all the factors
mentioned above. The development of Frost diagrams for the soluble species of uranium has
been performed. An essential point in the modified method is that instead of the standard Gibbs
energy of formation of ions , the use of the Gibbs energy change of the oxidation
reaction of element up to the respective valence state under non-standard conditions has been
proposed. Within the proposed approach, a new type of diagrams, based on the thermodynamic
examination of the stability of solid phases and original conditions of mass balance in the
heterogeneous systems, has been used [2]. The conditions of mass balance take into
consideration all the chemical forms present in aqueous and solid phases, including inorganic
and organic mononuclear and polynuclear forms. Within the developed approach, the effect of
major factors influencing on the distribution and concentration of soluble and insoluble species
of key components in heterogeneous systems can be analyzed. The developed method of
presentation of Frost diagrams removes the previous shortcomings and allows rapid and
quantitative problem solving on the possibility of disproportionation of ions in real, non-standard
conditions.
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Niobium and titanium metals are very stable in various corrosive media as a result of
existence the natural oxide films always present on theirs surfaces. The thicknesses of these
films vary from 1 to 3 nm and it is extremely difficult to remove them from the metal substrates.
The corrosion stability of these metals can be considerably enhanced by electrochemical
passivation and anodic oxidation.

Passive and anodic films formed on the Nb and Ti substrates at different concentrations of
H2SO4 and KOH solutions (from 0.1 M to 10 M) were studied using cyclic voltammetry,
corrosion measurements and ellipsometry [1-4]. Results indicate the strong influence of the
concentration and electrolyte nature to the active/passive transitions and stability of passive
films. Cyclic voltammetry profiles show that the niobium and titanium easily passivated even at
higher concentrations of H2SO4 and the KOH solution. By multiple cycle sequences in which the
final anodic potential was gradually enlarged, the barrier properties of the passive films were
confirmed [5]. For active and passive transition, as well as the reactivation process on Nb
surfaces strongly influences the concentration of KOH solution while this effect is insignificant in
H2SO4, even at higher concentrations. In contrast, in the process of reactivation with the
titanium strongly influences H2SO4, especially in the higher concentrations. The active/passive
transition for both electrodes shows the shifts of primary passivation potential towards more
positive potentials with increasing the concentrations of H2SO4 and shifts to more negative
potentials with increasing the concentration of KOH. The films thickness growth on Nb and Ti
surfaces and their dissolution in the passive potential range were investigated in specially
prepared electrolytic-optical cell adapted for electrochemical and in-situ elliposometric
measurements. Comparing the theoretically computed curves with the experimental
ellipsometrical  vs  loci, the linear dependence of the applied potentials/voltages with film
thickness was determined. In the same time the coefficient of film thickness growth and indexes
of refraction of anodic oxide films were also determined. By electrochemical and ellipsometric
measurements it was confirmed that with suitably chosen cathode potential, the complete
reduction of anodic and passive oxide films as well as partly reduction of natural oxide film is
possible for Nb only in KOH solutions, whereas for Ti in H2SO4 and KOH solutions [6].

The structure of passive and anodic oxide films were investigated with Raman and micro-
Raman spectroscopy. Raman spectroscopy is an alternative technique to the standard X-ray
and electron diffraction techniques to study crystal structure. The Raman spectra reveal that the
thin passive films for Nb and Ti in all investigated concentrations of H2SO4 and KOH solutions
are amorphous. At some critical voltages, depending of concentrations of H2SO4 and KOH
solutions, as well as time of anodization, begin the transformation of the films from amorphous
state to the crystalline form.

For Ti the anatase, brookite and rutile have been identified. The micro Raman spectra
reveal that brookite is intermediate form of the anodic oxide films. The primarily film formed is
composed of an anatase and the final film formed at higher voltage is mainly composed of rutile
type TiO2. For Nb, the passive films are amorphous, as in case for Ti. At higher voltages, in the
beginning of crystallization, the anodic oxide films consist of mixtures of NbO2 and Nb2O5, while
NbO2 is completely transformed to Nb2O5 for thicker and well-crystallized films.
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Zirconia (ZrO2) doped with 10-mol. % Sc2O3 and 1-mol. % CeO2 (1Ce10ScSZ) is
considered now as a promising highly conductive alternative to widely used yttria stabilized
zirconia (8YSZ) ceramic electrolyte and studied now extensively.

The comparative study of three types of 1Ce10ScSZ zirconia powders (Ukr, DKKK and
Praxair), which differ by their initial particle size, size and mechanical properties of particle
agglomerates, impurities and their distribution across agglomerates and ability to sinter, allows
concluding as follows:

In spite of the formal similarity of three 1Ce10ScSZ zirconia powders by their chemical
formula, their ceramic (solid) electrolytes are very different by both their electrical conductivity
and mechanical behavior.

At short-term testing, 1Ce10ScSZ powder consisting of really nanosized, 9-13 nm, particles
and doped with aluminum, silicon and iron oxides (Ukr) developed by V. Vereshchak [1,2] may
provide almost one order of magnitude higher conductivity than its the purest DKKK industrial
counterpart (Fig. 1a).

At long-term testing, above 300 hours, 1Ce10ScSZ electrolytes made of powders, purity of
which differs for more than one order of magnitude, namely Ukr and DKKK, have practically the
same conductivity (Fig. 1b). 1Ce10ScSZ electrolytes containing ~0.05-wt. % and 0.004-wt. % of
silica, Ukr and DKKK, have practically the same electrical conductivity for at least 1500 hours of
testing.

The laminar-columnar structure of EB-PVD 1Ce10ScSZ film provides 5-6 fold gain of
electrolyte conductivity in comparison with conventional screen-printed film.

The NiO-ZrO2 anode composite based on the Ukr 1Ce10ScSZ powder ensures above 100
MPa mechanical strength and near zero electrical resistance at >30 % porosity in reduced state.

a b
Fig. 1. The short-term (a) and long-term (b) oxygen ionic conductivity of 1Ce10ScSZ electrolytes

made of Ukr and DKKK powders. Measured by J. Irvive et al at Univ. of St Andrew.
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LIKE. SOFIA

Welcome to Sofia, a city of contradictions: ancient yet modern, mysterious yet
accessible, but above all timeless, cosmopolitan, elegant, and vibrant. There's no
better place to visit if you're looking for cultural riches and diverse activities (not to
mention friendly locals). Sofia is Europe's second oldest capital city and 7000 years of
existence have gifted it a unique atmosphere all of its very own.

Unlike many Central and Eastern European capital cities, all of Sofia's sights aren't
compacted into a tiny Old Town, but spread out throughout this large and vibrant
capital, waiting to be found. The city of over 1,500,000 people has a long and turbulent
history that adds to the complexities of its current layout.

Huge contrasts can be found in Sofia's city centre: Roman ruins and ancient
Cathedrals are surrounded by grey Stalinist architecture, while sprawling block housing
stands next to pre-war structures and tree-lined Neoclassical streets. Meanwhile, all
that can be seen from 500 years of Ottoman domination is one functioning mosque.
Stylish restaurants, chic bars, and buzzing nightclubs mean that night time need never
be boring, whilst the many and varied theatres, concert halls ensure there's always a
more relaxed alternative.
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Aberrant changes in carbohydrate content of proteins, lipids or on the cell surface are
closely related to the pathological processes and disease development in a human body [1].
Thus, better understanding of glycan changes may serve as a reliable diagnostic tool. Such
lectin-based biosensors capable to detect a minor glycosylation change of tumour specific
glycoproteins can provide additional useful information applicable in diagnostics [2-4].

Herein we present impedimetric biosensor approach based on gold electrode modification
with a mixed self-assembly monolayer (SAM). Briefly, SAM was constructed by immersing the
pre-treated gold electrodes for 16 h at room temperature in a mixed solution of
11-mercaptoundecanoic acid and 6-mercapto-1-hexanol (in a ratio 1:3). Subsequently, a
covalent antibody immobilization was carried out via EDC/NHS chemistry with further incubation
of the electrode with a blocking agent to avoid non-specific interactions. The following step was
attachment of a prostate specific antigen (PSA) with a final incubation of the electrode with
various lectins (SNA, MAA, LTA, LCA) to glycoprofile a disease specific glycoprotein. The
fabricated lectin-immunosensor was characterized by using electrochemical impedance
spectroscopy (EIS).

A crucial event of the assay is minimizing non-specific interactions of biomolecules to
biosensor surface [5,6]. Therefore, a comparison with 3 blocking agents (gelatine, carbo-free
blocking solution and ethanolamine) was performed. Furthermore, an effect of blocking solution
was examined in a human serum with final optimization of serum dilution applied in analysis.

These preliminary results indicate an employment of such a biosensor for biomedical
diagnostic purposes with low sample consumption and a sensitive glyco-biomarker detection in
patient sample potentially applicable for early-stage cancer diagnosis.

Fig.1. A graphical representation of lectin-based immunosensor.
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Inorganic zirconium-based alkoxide as a completely hydrolysable precursor was combined
with organically functionalized silane which is a partially hydrolysable precursor. It gives the
hybrid of interesting properties: chelated organic/inorganic network of high density, elasticity
and corrosion resistance [1]. Hybrid sol-gel was synthesized as a basis for the preparation of
coatings to be used as anticorrosion and antibacterial protection of medical implants. As
precursors, zirconium(IV) propoxide and (3-glycidyloxypropyl)trimethoxysilane were used, and
acetic acid as a catalyst [2]. The synthesis was followed using in situ Fourier transform infrared
spectroscopy. Of special interest was to follow the reaction of the opening of the epoxy ring of
GPTMS, both during synthesis and curing at room temperature and at 150 °C without the
addition of curing agent. To improve the antibacterial properties of the coatings [3] nano-sized
TiO2 particles were incorporated in the coating. Scanning electron microscopy image reveals a
homogeneous coating structure despite the presence of nano-particles (Fig. 1).

To test the corrosion properties of bare titanium samples and samples coated by hybrid
coatings electrochemical polarization curves were measured in a simulated physiological
solution. Antibacterial activity of prepared coatings was tested by a study of attachment of cells
to the surface of the coating. For this purpose bacterial strain Pseudomonas augerinosa was
used.

The coating effectively impedes the dissolution of the underlying substrate and offers
antimicrobial activity. Therefore, sol-gel treatment combined with the use of nano-technology
enabled the functionalization of the surface.

Fig.1. SEM image of cross section of sol-gel hybrid coating deposited on titanium. The coating contains
0.2 % of TiO2 nanoparticles.
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The bioelectrochemical systems (BESs) using whole microorganisms as biocatalysts attract
a growing attention in the last decade. Most investigated biocatalysts are bacteria and the
mechanisms of electron transfer in these microbial fuel cells (MFCs) are established. In this
study we generalize the mechanisms of extracellular electron transfer (EET) of eukaryotic
organisms. We discovered that Candida melibiosica 2491 yeast strain secrete endogenous
mediator of electron transfer as response to the applied conditions and connected load
resistance. The intracellular origin of electrons and protons was analyzed by characterization of
the redox behavior of intracellular fractions in the presence and absence of specific inhibitors of
the mitochondrial electron transfer chains (ETC) and determination of the specific enzyme
activities of NADH ubiquinone oxidase (Complex I) and cytochrome c oxidase (Complex III).
Contribution of the glycolysis and aerobic respiration to the EET is proposed. We proved that
the addition to the culture of electrochemically active substances possessing different potentials
modifies EET by changing the cellular metabolic processes and electron exchange with redox
molecules with identical and lower potential. The recently synthesized stilbazolium dye 4-{(E)-2-
[4-(dimethylamino)naphthalen-1-yl]ethenyl} -1- methylquinolinium iodide monohydrate
(DANSQI) increases the generated by the biofuel cell current. Based on the recognized 12
times increased catalase activity of the intracellular fractions, we speculate that the dye entries
the cells and provoke peroxisomes retaining for rapid adaptation to the new growth conditions.
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The bioelectrochemical systems (BES), utilizing whole living microorganisms as
biocatalysts, have attracted an increasing attention during the last decade as an innovative
approach for electricity generation, biosynthesis and bioremediation. BES can produce energy
from waste, by converting biodegradable organic matter directly into electricity, hydrogen or
other valuable products. Based on the principles of microbial fuel cells (MFCs), in which the
ability of specific bacteria to transfer electrons extracellularly to the anode is used, a variety of
modifications such as Sediment MFC, Plant MFC, Metallurgical MFC, etc., has been recently
developed. While MFCs produce an electric current from the microbial decomposition of organic
compounds, microbial electrolysis cells (MECs) partially reverse the process to
generate hydrogen, methane or other products by applying an electric current. The use of
microorganisms in MEC decreases the overpotential, making easier the electron exchange, as
well as the quantity of electricity needed for the conventional electrolysis. This contribution
reviews the principles of operation, specificity, advantages and drawbacks as well as potential
applications of different BES, based on microbial fuel cells and microbial electrolysis cells. Major
results, obtained by our research group with yeast-based biofuel cells, Plant MFCs, Sediment
MFCs and MECs, are summarized and discussed.

BEH-O-06



35

Biomedical Composite Silver/Hydroxyapatite/Graphene Coatings

Sanja Eraković1,*, Ana Janković1, Maja Vukašinović-Sekulić1, Kyong Yop Rhee2 and
Vesna Mišković-Stanković1

1Faculty of Technology and Metallurgy, University of Belgrade, Karnegijeva 4, 11 000
Belgrade, Serbia
2Department of Mechanical Engineering, Kyung Hee University, Yongin, 449-701
Korea
* Corresponding author: serakovic@tmf.bg.ac.rs

Novel composite silver/hydroxyapatite/graphene (Ag/HAP/Gr) coatings were produced by
electrophoretic deposition (EPD) on titanium to assemble porous bioactive homogenous
coatings, with improved corrosion stability in simulated body fluid (SBF). Interesting aspect
revealed in related literature showed that EPD is a very attractive technique used to produce
single isolated and/or stacked layers of graphene regardless of its orientation and density [1].
Lately, research efforts are devoted to the fabrication of graphene or its derivates reinforced
biocomposites with HAP [2].

Herein, the novel biocomposite Ag/HAP/Gr coatings were characterized by X-ray diffraction
(XRD), field emission scanning electron microscopy (FE-SEM), Fourier transform infrared (FT-
IR), thermogravimetric analysis (TGA), Raman spectroscopy, X-ray photoelectron analysis
(XPS) and electrochemical impedance spectroscopy (EIS).

The analysis showed improved properties of Ag/HAP/Gr coatings as a consequence of
graphene toughness, as opposed tothe graphene-free coatings. The surface morphology
showed reduced surface cracks, nanoindentaion proved better mechanical resistance
(hardness and elastic modulus increased by 10% compared to measured values of its
counterpart Ag/HAP) and enhanced thermal stability, while the Ca/P ratio was closer to the
stoichiometric value.

Fig.1. The Nyquist plots of the Ag/HAP/Gr after different immersion times in SBF at 37 ºC.

The evidence of good biocompatibility of Ag/HAP/Gr coating was the formation of a new
apatite layer, indicating biogrowth of carbonated HAP after only 7 days of immersion in SBF as
confirmed by increase of Rc values, SEM and XRD results. The high value of coating pore
resistance after 21 days indicated improved bioactivity of Ag/HAP/Gr coating.
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(a)

(b)

Fig.2. XRD patterns (a) and FE-SEM microphotographs (b) of the Ag/HAP/Gr coating before and after
immersion in SBF (inset: Ag/HAP/Gr coating, 7 days in SBF, 37ºC).

Ag/HAP/Gr composites were subjected to microbiological testing. Antibacterial activity
against Staphylococcus aureus and Escherichia coli was confirmed after only 3 hours of
incubation and noncytotoxicity against healthy peripheral blood mononuclear cells (PBMC)
indicate the high potential for biomedical applications
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Graphene and cyclodextrins have been widely employed for sensors elaboration combining
the enhanced sensibility given by the special properties of graphene and cyclodextrins [1, 2].
These sensors were applied for a wide range of biological molecules detection, among which
dopamine, an important neurotransmitter, can be mentioned [3, 4].
A graphene/β-cyclodextrin biosensor with tyrosinase was developed for dopamine detection
(Fig. 1.).

Fig. 1. Schematic representation of the biosensor development

In order to improve the thermal, mechanical and electrical properties, the graphene oxide
(GO) was reduced with ascorbic acid, a simple green method to avoid the environmentally
harmful reducing agents [5]. The glassy carbon electrode was modified with reduced graphene
oxide (RGO), β-cyclodextrin (β-CD) and polyethylenimine (PEI) by using layer by layer method
(LBL). The obtained nanocomposite was then characterized by Raman and FTIR spectroscopy
and optical microscopy. The biosensor elaboration process was studied using electrochemical
impedance spectroscopy. The β-CD presence determined the increase of the Rct, while RGO
layer increased the sensor conductivity due to their specific characteristics.

The electrochemical behavior of DA was investigated by electrochemical methods on
electrodes modified through multiple possible combinations during the optimization process and
the best results were obtained on the electrode modified with 1 layer of RGO, 1 layer of β-CD
and 1 layer of PEI. This nanoplatform was used to immobilize the tyrosinase (TYR) obtaining a
biosensor applied for the DA determination from pharmaceutical products, serum and urine
samples with good recoveries, enhanced sensitivity (LOD of 3.3 μM) and good selectivity
(tested in the presence of ascorbic acid, uric acid and glucose as interferents).
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The procedure of voltammetry of microcrystals, also known as abrasive stripping
voltammetry, consists of mechanical immobilization of microparticles of water-insoluble matter
on the surface of graphite electrode, which is then used as the working electrode in
voltammetric experiment [1]. In this work the method is used for the determination of oxidation
potentials of powders of several anthocyanidins, catechins and myricetin. These compounds
are natural antioxidants and their activity is inversely proportional to the oxidation potential.
Electrochemical properties of immobilized microparticles were measured by square-wave
voltammetry. All electrode reactions were reversible and the net peak potentials are reported in
the Table. The results show that the pyrogallol group is more easily oxidized than the catechol
group. The oxidation potential is particularly low if the hydroxyl group on the position 3 in the C
ring of molecule is conjugated to pyrogallol group in the B ring, but the ketone group on the
position 4 in the C ring inhibits the oxidation.

Net peak potentials of voltammograms of immobilized microparticles at pH 2

Figure 2 Abrasive stripping square-wave voltammogram of immobilized microparticles of epigallocatechin
gallate on the paraffin-impregnated graphite electrode in 0.1 mol/L KNO3 at pH 2. A net response (ΔI) and
its forward (If) and backward (Ib) components are shown. The frequency is 100 Hz, the pulse amplitude is
50 mV, the potential increment is 2 mV, the starting potential is 0 V vs. Ag/AgCl and the scan direction is

positive.
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Compound Ep,1 / V vs Ag/AgCl Ep,2 / V vs Ag/AgCl
delphinidin 0.327

epigallocatechin gallate 0.365 0.486
epigallocatechin 0.373

cyanidin 0.403
myricetin 0.415

pelargonidin 0.440
epicatechin gallate 0.480
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A theoretical model of electrocatalytic mechanism that is determined by Michaelis-Menten
kinetics is developed for cyclic voltammetry. The adsorption and desorption of product of
catalysis is considered and their influence on voltammograms is investigated. These two
processes control the surface concentration of the complex between catalyst and substrate and
the establishment of steady-state. The rate of dissociation of the product from the surface can
be neglected only if it is infinitely high. Generally, the response of electrocatalytic mechanism in
cyclic voltammetry exhibits a minimum in the reductive branch, which is followed by the limiting
current under steady-state conditions. The response acquires the sigmoidal form if there is no
influence of the product. The rate constants of catalytic reaction and dissociation of the product
from the surface can be estimated from the linear relationship between inverse limiting current
and inverse concentration of substrate. +  (1)

+  ( ) (2)

( ) + → ( ) (3)( ) → + (4)

Fig. 1  Dimensionless cyclic voltammogram (1) and its surface (2) and catalytic (3) components.

∗ = 1, = 1, = 0.257 and = 0.3 V vs. .
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Enzymes are biocatalysts with a significant capacity to catalyze the conversion of various
compounds (enzymatic substrate) to different products. Lipase is one of the most used
enzymes in biocatalytic processes. [1-2]. We investigate the mechanism of lipase interaction
with new pyridinium ligands derivated from 4,4’-bipyridine, which have an essential role in
biological systems and are involved in cycloaddition reactions with different dipolarophyls, by
biocatalytic way in order  to obtain the indolizine core [3].

The new synthesized ligands were N, N’ bis (p-bromophenacyl)-4,4’-bipyridinium dibrome
(rigid ligand, Lr) and N, N’ bis (p-bromophenacyl)-1,2-bis (4-pyridyl) ethane (mobile ligand, Lm).
The stability in time of ligands was evaluated by pH and conductivity analysis. Cyclic
voltammetry measurements were performed as a useful electroanalytical method to
characterize the reduction ability and electrochemical behaviour of new pyridinium ligands
which are involved in biocatalyzed cycloaddition by lipase enzymes. To highlight the biocatalytic
properties of the lipase, the precursor’s behaviour, phenacyl bromide and the dipolarophyle
ethyl propionate, involved in biocatalytic process with lipase was evaluated. The precursor and
the dipolarphyle are involved in electronic change process for platinum electrode, which is more
intense in presence of lipase.

The stability of new ligands in KNO3 10-1 M as support electrolyte is influenced by the lipase
quantity added. The recorded voltammograms showed an intensive electronic transfer in case
of Lr interaction with lipase compared with Lm due to mobile groups from its chemical structure
(Fig.1).
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Fig. 1. CVs of Lr and Lm interaction with 10 mg lipase, 500 mV/s; WE-C, CE- Pt; RE- Ag/AgCl
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LIKE. VELIKO TARNOVO

Known as the "City of the Tsars", Veliko Tarnovo is located on the Yantra River and
famously known as the historical capital of the Second Bulgarian Kingdom (13-14th
century) attracts many tourists with its unique architecture. In the Middle Ages it was
among the main European centers of culture and gave its name to the Tarnovo Artistic
School of architecture, painting and literature.

The old part of the city is situated on the three hills: Tsarevets, Trapezitsa, and Sveta
Gora, rising amidst the meanders of the Yantra. Tsarevets houses the palaces of the
Bulgarian Tsars and the Patriarchate, the Patriarchal Cathedral, and also a number of
administrative and residential edifices surrounded by thick walls. After the the
establishment of the Second Bulgarian Empire with its capital in Veliko Tarnovo, the
Tsarevets fortress became the most important one in Bulgaria, often compared with
Rome and Constantinople in magnificence. Trapezitsa is known for its many churches
and as the former main residence of the nobility.

The Sound and Light audiovisual show is a unique attraction that uses hundreds of
coloured lights, music and church bells to depict key moments of Bulgarian history on
the stunning backdrop of the skillfully reconstructed medieval fortress.
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Two commercial steels currently used as interconnect materials in SOFC stacks (Crofer 22
APU and AISI 441) were aged for 100 hours in near real life working conditions (i.e. 800°C in air
flow and with a current flow of 0.5A/cm2) after being covered with colloidal LSCF. Such samples
are meant to simulate the situation found at the rib of metal plate shaped with channels for gas
feeding of the cathode. The ribs of an interconnect are actually in direct contact with the
cathode or, in more modern and effective stacks, with the contacting paste used to increase
efficiency of electrons distribution between the interconnect and the electrode. LSCF can be
used for this purpose thanks to its good conductivity at working temperature and to its complete
compatibility with the cathode which is often made of the same material.

The samples are previously prepared according to the nature of the steel. For Crofer 22
APU [1-2], a special ferritic stainless steel designed to be used as interconnect for SOFC
stacks, in two differing conditions are used as substrate for the LSCF: as received and after pre-
oxidation. The AISI441, a ferritic stainless steel used in high temperature application and
already widely used for stacking [3-5], is previously coated with Co1.5Mn1.5O4 spinel oxide and
then covered with the LSCF.

The interaction between the LSCF and the metallic substrate is studied with the application
of a current flow in the range of the one typically present inside a stack. Despite the short
ageing time (i.e. 100h) it was possible to observe the diffusion of elements from the metallic
substrate into the LSCF layer and to highlight the effect of the current flow direction on the
modification of the layer composition and microstructure
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Protective coatings should provide good barrier to ingress of corrosive species, sufficient
adhesion to the substrate as well as good compatibility with additional top coats. The presence
of pigments and/or functional agents in the coating composition could be beneficial [1,2] in the
corrosion protection.

The doping with rare earth elements, like cerium, has shown to enhance the corrosion
stability of organic coatings due to their self-healing properties [3]. In this work cerium doped
nanometric epoxy primers were deposited cataphoretically with different amounts of cerium
nitrate (1, 5 and 10 mM) with the aim of optimizing the cerium content in the epoxy emulsion
with respect to adhesion and corrosion stability of deposited primer coating. Cerium-free epoxy
coating was also analyzed as a reference. The long term protection was evaluated in the
chloride environment (3 wt.%NaCl) using electrochemical impedance spectroscopy (EIS) and
polarization measurements. Coatings were also analyzed by scanning electron microscopy
(SEM) coupled with EDX, Fourier transform infrared spectroscopy and thermogravimetric
measurements. Size and zeta potential of epoxy emulsion were measured by dynamic light
scattering and Laser Doppler velocimetry. Adhesion was determined both by a standardized
pull-off method and by swelling in N-methyl pyrrolidone [4].

The ceria content, as well as its distribution in the epoxy coating, was determined by SEM
cross-sectional analysis. The homogeneity of epoxy coatings was evaluated and related to
corrosion stability. The results showed that cerium-doping can promote the formation of
compact epoxy coatings with enhanced protectiveness in the early stage of immersion in the
corrosive media. Increased barrier properties of epoxy primers suggest good compatibility of
ceria particles with polymeric epoxy layer. However, zeta potential measurements indicated that
higher amounts than 10 mM Ce(NO3)3 added into the epoxy emulsion resulted in unstable
emulsion. The water content in the epoxy coatings and their thermal stability were also
determined. In addition, a detailed EIS study was undertaken to follow the evolution of corrosion
stability of all samples with time of exposure to corrosive media.

It was shown that all examined ceria containing epoxy emulsions resulted with the
enhanced adhesion and corrosion stability of epoxy primers. However, the smallest loading of 1
mM showed only improvement during the initial exposure to NaCl solution. EIS and polarization
measurements confirmed that higher ceria loadings also provide long term protection in chloride
solution.The optimal ceria content in the epoxy emulsion, with respect to adhesion strength,
thermal stability and long-term corrosion stability of protective systems was 10 mM.
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For titanium there is an ongoing search to improve its beneficial properties. One aspect is
to strengthen its  applicability by modification of surface characteristics like adhesion and
biocompatibility with an adapted chemical surface treatment. Anodization is one of the typical
methods to modify the oxide layer on the surface of titanium and its alloys. The plasma
electrolytic oxidation (also: micro arc oxidation MAO, plasma chemical oxidation, anodic spark
deposition) is a newer type of high-voltage anodic oxidation capable for producing a stable
oxide layer on valve metals (Al, Zr, Mg, Ti etc.). It is very suitable as a surface treatment due to
the combined adjustment of morphology and chemical composition, while offering the possibility
of generating a uniform crystalline surface [].

In the present study TiO2-surfaces were prepared in acidic and alkaline electrolyte and
impressing a current in a voltage range between 100 and 300 V on pure titanium plates (grade
1). The voltage was consequently raised into 3 minutes to an assigned value and kept until 15
min and the current was monitored. During the electrochemical process a high amount of
characteristical micro discharges on the sample surface occur.  These discharges are due to
local breakdowns of the growing oxide layer and form a porous structure. The process includes
chemical, electrochemical and physical reactions (plasma generation) with a distinct local
temperature increase which leads to the formation of a partly crystalline surface. The plasma
electrolytic process allows a high layer thickness and surface roughness in comparison to other
chemical surface treatments.
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Key role in formation of the properties of the anode layers of niobium pentoxide is related to
defects of their own or additive nature, while the main defects are oxygen vacancies. The aim of
this work – analysis of additive influence in niobium on formation of defects in Nb2O5.

The object of the study were layers of Nb2O5, formed by anodic oxidation of the sintered
niobium pellets of two types (denoted as A and B), differ by the presence on the surface of A
type samples of Mg additive, controlled by X-ray photoelectron spectroscopy (XFES). It shall be
noted that XFES - initial analysis of the niobium powder applied at generation of samples of
both types, has shown no differences in the composition of additives; presence of Mg has only
been detected on the surface of the pellets formed by high-temperature vacuum powder
sintering. This fact affirms that additives located in the niobium powder as a result of sintering
are concentrated on the pellet’s surface probably according to the bulk diffusion mechanism.
Anodic oxidation of niobium was similarly carried out in two stages: in a galvanostatic mode,
and subsequent aging at a constant voltage. Concentration of charged defects is determined
from the current-voltage characteristics (C - V) according to Mott -Schottky equation. The results
can be interpreted as follows: at the first (galvanostatic) stage of anodic oxidation of samples
part of A atoms displaced from the metal oxide pellets are represented by additive metal atoms
(Mg), which behavior in electric field is determined by mechanisms specific for anionic defects.
As a result, after galvanostatic stage less quantity of defects as compared to B sample case will
be carried out to the oxide / electrolyte border. Further, at the transition to the potentiostatic
oxidation mode, Mg2+ cations along with the basic (anionic) defects are moved to the outer
boundary of the oxide layer, which leads to an increase in concentration of the charged defects
in the surface layer Nb2O5.
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Aluminium and its alloys are commonly used materials in different applications in industry,
especially in aircraft, due to good chemical and physical properties. The mechanical properties
of aluminium alloys are improved with addition of metal inclusions, like copper, magnesium,
zinc, silicon and others, while the corrosion properties deteriorate, particularly in chloride media.
To protect the surface of aluminum alloy against corrosion, chromate conversion coatings have
been used for many decades. Today is their used severely restricted, because six-valent form
of chromium is very toxic and carcinogenic [1, 2].

To protect aluminum alloys against corrosion, various new solutions, which are more
environmentally acceptable are seeked today. As an alternative, conversion coatings based on
rare earth salts have been identified, especially cerium [3]. Cerium is the most active and the
only lanthanide, which can be oxidized in a stable salt with higher oxidization state [4].
Lanthanide compounds are environmentally friendly, they are available in natural sources and
also their price is reasonable.

The aim of this work was to investigate various lanthanide compounds as a potential
corrosion inhibitors of aluminum alloys and replacement of chromate coatings. To protect
aluminium alloy AA7075-T6 against corrosion, conversion coatings based on various lanthanide
compounds and their mixtures were investigated [5]. Conversion coatings were prepared using
0.01 M nitrate lanthanide salts, i.e., cerium nitrate, lanthanum nitrate and mixtures of cerium and
lanthanum nitrate in ratio 1 : 3 and 3 : 1. Coatings were prepared at different times of immersion
in lanthanide solutions with the addition of 30 % hydrogen peroxide at room temperature. The
corrosion properties of bare substrate and substrates modified by conversion coatings were
studied by electrochemical measurements in 0.1 M NaCl solution. Surface morphology,
roughness and composition of the conversion coatings were analyzed. Protection ability of
conversion coatings was tested in the salt spray chamber for 24 hours.

Fig.1. PD curves measured in 0.1 M NaCl for bare substrate and for substrates modified with conversion
coatings prepared by immersion for 1 hour at room T.
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also their price is reasonable.

The aim of this work was to investigate various lanthanide compounds as a potential
corrosion inhibitors of aluminum alloys and replacement of chromate coatings. To protect
aluminium alloy AA7075-T6 against corrosion, conversion coatings based on various lanthanide
compounds and their mixtures were investigated [5]. Conversion coatings were prepared using
0.01 M nitrate lanthanide salts, i.e., cerium nitrate, lanthanum nitrate and mixtures of cerium and
lanthanum nitrate in ratio 1 : 3 and 3 : 1. Coatings were prepared at different times of immersion
in lanthanide solutions with the addition of 30 % hydrogen peroxide at room temperature. The
corrosion properties of bare substrate and substrates modified by conversion coatings were
studied by electrochemical measurements in 0.1 M NaCl solution. Surface morphology,
roughness and composition of the conversion coatings were analyzed. Protection ability of
conversion coatings was tested in the salt spray chamber for 24 hours.

Fig.1. PD curves measured in 0.1 M NaCl for bare substrate and for substrates modified with conversion
coatings prepared by immersion for 1 hour at room T.
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Aluminum alloys are traditionally used in many industrial applications. The properties which
give rise to their widespread use are: lightness, suitability for surface treatments, corrosion
resistance, diversity, ease of forming, etc. Aluminum alloys series 7xxx, rich in zinc, are most
commonly used in aerospace industry. Despite the fact that aluminum alloys resist corrosion
well, they may not be corrosion resistant in specific environmental conditions. Chromate
conversion coatings have been effective as aluminum protection against corrosion for many
years. Nowadays their use is restricted because of their toxicity. Numerous studies have been
focused on the development of technologies alternative to chromates. Before any kind of
treatment, cleaning of metal surface to be treated, is necessary to remove inorganic and organic
residues from the surface. Cleaning agents can have a role of pickling agents, detergents,
degreasing agents or of corrosion inhibitors. The first part of present work aims to study the
effect of cleaning of aluminum alloy of series AA 7075 with two different alkaline cleaners, first
based on 0.01 M NaOH and 50% HNO3 (NaOH/HNO3), and second supplied by SurTec which
is based on phosphates. According to the results obtained by electrochemical method, the
cleaner NaOH/HNO3 causes the passivation of AA 7075, while the potentiodynamic curve of
surface cleaned with SurTec is similar to pure aluminum. Results obtained by X-ray
photoelectron spectroscopy (XPS) show that both cleaners remove contamination quite
effectively. High resolution spectra of Al 2p show that in all samples aluminum is mostly present
in its oxide state. Moreover, after both cleaning procedures, using NaOH/HNO3 and SurTec, the
surface of AA 7075 becomes almost superhydrophilic, while the untreated sample is hydrophilic.
The concentration of elements as obtained by X-ray photoelectron spectroscopy after various
surface treatments, are presented in figure below.

Fig.1. The concentration of elements obtained by XPS after various surface treatments: untreated,
exposed to 0.01 M NaOH and HNO3, and exposed to SurTec cleaner.

The second part of the present work aims to study the corrosion protection of aluminum alloy
AA 7075 by conversion coating that is already commercially used by the industry.
Measurements were carried out by electrochemical polarization measurements and electron
impedance spectroscopy (EIS). The obtained results will serve as the reference for our further
work.
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Zinc coating on steel rebars is often used in order to decrease corrosion rate of reinforced
steel structures [1]. Being amphoteric metal, zinc is expected to corrode in fresh concrete with
alkaline media, but instead, the slightly soluble corrosion product, calcium hidroxyzincate is
formed, which is responsible for Zn passivation. However, in concrete exposed to carbonation,
where pH is changed to around 9.5, the Zn corrosion is accelerated [2]. Recently, zinc coated
steel rebars have been additionally coated  with an organic coating [3].

In this work Zn-Mn alloy coating was analyzed as a potential replacement of zinc coated
rebar. The aim was to optimize Zn-Mn plating parameters with respect to corrosion stability in
alkaline environment, and use it as a sublayer for an organic coating deposition.

The alloy coating was obtained potentiostatically by electrochemical deposition in the range
of potentials, starting from -1.6 V vs saturated calomel electrode, i.e. the onset of coating
deposition. On the basis of deposition efficiency and coating homogeneity, several deposition
potentials were chosen for further study. Surface morphology of freshly prepared and corroded
samples was analyzed by SEM, while the alloy crystal structure was examined by XRD. Pure
zinc was analyzed as a reference.

The corrosion rates of Zn and Zn-Mn alloy coatings were determined in two carbonated
solutions, with different concentrations of CO3

2– and HCO3
– anions, by electrochemical

impedance spectroscopy. Results confirmed that Zn-Mn alloy coating with 16 mass% Mn,
deposited at -1.8 V, showed the greatest corrosion stability.

Impedance spectra for both Zn-Mn alloy coating and zinc, in differently carbonated
solutions, showed two time constants: one related to corrosion product layer and the second to
substrate corrosion. The fitting results of impedance spectra, using appropriate equivalent
electrical circuits, indicate that the film resistance and charge transfer resistance are higher for
Zn-Mn (16 mass% Mn) coating. EDX analysis revealed that after 48 h in concrete solutions, the
Mn amount on Zn-Mn surface decreased from 16 to around 3 mass%.

It can be concluded that a significant dealloying (Mn dissolution) occurs at Zn-Mn coating,
but part of Mn ions form Mn oxides [4] in carbonated alkaline solution, thus producing layer of
better protective properties as compared to pure Zn. This alloy coating will be further analyzed
as a sublayer for organic coating.
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LIKE. PLOVDIV

Plovdiv – the ancient Philipopolis is one of the oldest towns in Europe. It was inhabited
by the Thracians, Romans, Goths, Slavs and Ottomans whose traces have virtually
turned the town into a museum.

Plovdiv is the second largest city in Bulgaria situated 150 km to the east of Sofia. Its
distinctive location on these ancient crossroads has stimulated strong cultural and
political influences from East and West civilizations, and yet maintained its unique
cultural identity. Being older than most of the oldest towns like Rome, Athens, Carthage
or Constantinople, and almost contemporary of Troy, it is a town built upon layers of
towns and a culture  developed upon layers of cultures.

Plovdiv is a picturesque metropolis, with many parks and gardens, and museums. The
city has more than 200 archaeological sites. Many remains from antiquity – Plovdiv is
among the few cities with two ancient theatres; remains of the medieval walls and
towers; Ottoman baths and mosques. Its old part, called the Old town, with houses
from the National Revival period (18-19th century), is an imposing open-air museum
situated on the three hills of the ancient Trimontium.

Plovdiv is also famous as the city of painters, a Bulgarian Mon Martre of sorts.
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Glycan biosensors have become a successful tool for the detection of glycan-protein
interactions. The structure of biosensors allows us to use label-free detection methods as:
electrochemical impedance spectroscopy (EIS), surface plasmon resonance (SPR), atomic
force microscopy (AFM), etc. The process of preparation of glycan biosensors has three basic
steps: the cleaning of the sensor surface, a surface modification with functional groups
contained self-assembled (mono) layers (SAM) and the immobilization of glycans.1 Most
common used surface is a gold, because it can be easily modified with thiol molecules.2 The
length, presence of functional groups and the structure of thiols can define operational features
of a biosensor. Shorter thiols are often used for the dilution of SAM, longer thiols with different
functional groups can be utilized for different immobilization techniques and functional groups
as –OH, ethylene glycol or betain can differently avoid  non-specific interactions.3 Functional
groups can also affect the density and the organization of SAM layer. EIS as a sensing method
was chosen because it can offer analysis in an ultrasensitive way i.e. single molecule level
detection limits can be achieved.4

The mixture of 11-mercaptoundecanol and 6-mercapto-1-hexanol was used to create a
functional glycan biosensor which is able detect lectins and viral hemagglutinins at aM (10-18 M)
level, what is currently the lowest detection limit achieved for EIS-based glycan biosensor.
Glycans with terminal sialic acid were immobilized onto surface via amine coupling. EIS, AFM
and SPR were used to study interactions between the biosensor and lectins (MAA, DSL) and
hemagglutinins from avian and human influenza virus. Moreover, we were able to visualize
individual glycan molecules with width of 0.9 nm and length of 1.8 nm by AFM.
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Graphene is a term used for description of a 2-dimensional (2D), one-atom-thick layer of
carbon, consisting of sp2-hybridized carbon atoms with regular hexagonal configuration. Its
discovery in 2004 caused a revolution in the field of nanotechnology and graphene gained
worldwide attention thanks to its unique features. Exceptional electron transfer, thermic, optical
and mechanical properties, make graphene a very interesting material for many applications,
including lectin biosensors.

It is a well-known fact that various pathophysiological conditions result in an increased
concentration of specific substances (biomarkers) in blood or blood serum. Some biomarkers
may carry on their surfaces characteristic saccharides (glycans), which may have a different
structure comparing to normal (healthy) physiological condition. This means, that glycan
profiling can distinguish between healthy and sick individuals, and, in some cases, even
determine the stage of the disease.

Lectins are proteins with high affinity towards saccharidic structures, hence they play an
important role in profiling of altered glycoform of biomarkers. Moreover, they can be also applied
in the process of discovering new (potential) biomarkers

Glycoprofiling of biological samples is relatively demanding and often requires complex
instrumentation. Besides this, many of currently used methods involve labelling or fragmentation
of target molecules, which can eventually influence whole analysis. Contrary to this,
electrochemical methods provide very sensitive, rapid a simple analysis of intact glycoproteins
in real samples, without the need of labelling, which makes them an attractive tool for biosensor
construction and optimization. Furthermore, in association with unique graphene features and
lectin specificity, electrochemical methods bring a promising vision in the field of glycoprofiling.

Fig.1. Construction of graphene-based lectin biosensor.
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High temperature polymer electrolyte fuel cells (HT-PEFC) based on phosphoric acid
doped polybenzimidazole type membranes are considered as alternative power source for
airplanes, trains, ships and other transport and stationary applications, especially when
reformate gas is used. On the one hand the high operating temperature (1600C – 2000C)
ensures increased tolerance to CO compared to the PEMFC working in the temperature range
up to about 80 oC. On the other hand, the more severe working conditions including the highly
aggressive phosphoric acid which serves as electrolyte impose the need for increased corrosion
resistance in order to reach long term stability of all system components (catalysts, electrodes,
current collectors, bipolar plates, etc.). The reliable performance of the HT-PEFC membrane
electrode assembly (MEA) requires also a constant amount of phosphoric acid in the MEA
which depends to a great extent on the type of gas diffusion electrodes (GDE) used. In the
present work anode GDE for HT-PEFC with a catalytic loading of 1 mg cm-2 were prepared and
optimized in regard to porosity, active surface area, and performance through variations in the
electrodes sintering regime. The catalyst was a commercial product (Pt/C 20% wt., Johnson
Matthey HISPEC 2000). It was mixed with polythettraethylene (Denyon PTFE) emulsion serving
as binder and spread over a non-woven GDL with a microporous layer (Freudenberg H2315).
The prepared samples were thermally treated in order to change the pore structure and crack
size of the catalyst layer influencing the electrochemically active surface area.  The
electrochemical stability and catalytic utilization were investigated by cyclic voltammetry,
polarization curves, and impedance measurements. A series of surface and bulk analysis (XRD,
SEM, EDX, TGA, etc.) were performed to characterize the morphology and the electrochemical
surface of the electrodes before and after 460 hours operation at a constant current density of
0.2 A.cm-2. It was found that in all samples the catalyst particles agglomerate during operation.
The GDE treated at 320 oC demonstrated superior catalytic utilization and highest stability
without degradation for the whole test duration.
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test temperature 160 oC
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The thiol residues of L-cysteine and 2,5-dimercapto-1,3,4-thiadiazole and other low
molecular mass thiols are readily oxidized in electrochemical reaction on the surface of various
thiol sensitive electrodes. For electrochemical detection of thiols the major problem related with
high over potential required at most conventional electrode surfaces, thus the use of chemically
modified electrodes has been proposed for amperometric detection thiols at low applied
potentials.

The aim of this work is to develop a new sensor and optimize the method for determining
thiol compounds: L-cysteine and 2,5-dimercapto-1,3,4-thiadiazole in real samples.

A new low-potential amperometric sensor for L-cysteine and 2,5-dimercapto-1,3,4-
thiadiazole based on glassy-carbon electrode modified by a water insoluble redox mediator
sodium dichloro-bis[N-phenyl-5-bromosalicylideniminato-N,O]ruthenate(III) complex. FIA (Flow-
Injection Analysis) amperometric measurements for two thiol compounds was performed at the
operating potential of 150 mV v.s. Ag/AgCl reference electrode for L-cysteine and 200 mV v.s.
Ag/AgCl reference electrode for 2,5-dimercapto-1,3,4-thiadiazole in 0.1 M phosphate buffer, pH
7,4 and 8 with flow rate  0,20 mL/min. The modified electrode shows a fast electric response for
L-cysteine and 2,5-dimercapto-1,3,4-thiadiazole oxidation showing good reproducibility and
stability. The sensor was tested in the range of 3-9 pH.

Linearity between concentration of L-cysteine (pH 8) and signal exists from 5-125 mg/L,
with a correlation coefficient over 0.99. The detection limit (3σ) for L-cysteine for pH 8 is 0,12
mg/L (or 9.9•10-4 mmol/L). Linearity between concentration of L-cysteine (pH 7,4) and signal
exists from 0,5-100 mg/L, with a correlation coefficient over 0.99. The detection limit (3σ) for L-
cysteine for pH 7,4 is 0,26 mg/L (or 2,1•10-3 mmol/L).

Linearity between concentration of 2,5-dimercapto-1,3,4-thiadiazole (pH 8) and signal
exists from 25-500 mg/L, with a correlation coefficient 0.99. The detection limit (3σ) for 2,5-
dimercapto-1,3,4-thiadiazole for pH 8 is 0,62 mg/L (or 4,13•10-3 mmol/L). Linearity between
concentration of 2,5-dimercapto-1,3,4-thiadiazole (pH 7,4) and signal exists from 20-100 mg/L,
with a correlation coefficient 0.98. The detection limit (3σ) for 2,5-dimercapto-1,3,4-thiadiazole
for pH 7,4 is 0,45 mg/L (or 2,99•10-3 mmol/L).

Nowadays, sensor research, an ever expanding field of analytical chemistry, has been
attracting scientists for many related disciplines such as biology, material sciences etc.
Chemical sensors are offering alternative solutions, capable of satisfying the increasing demand
for precise and fast analytical information through devices that require relatively simple
instrumentation.
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LIKE. BOROVETS

Borovets, the first and most famous Bulgarian mountain resort, is situated on the
northern slopes of the Rila Mountain at an altitude of 1300 meters. It was originally
established at the end of the 19th Century as a hunting place for the Bulgarian Kings.
The resort enjoys a perfect location right at the foot of Mount Musala (2925 m), the
highest peak on the Balkans. Only 72 km away from Sofia and just 126 km away from
Plovdiv, Borovets is easily accessible from most parts of Bulgaria.

Borovets boasts stunning scenery, sun and of course a great variety of ski runs – 24
tracks with a total length of 58 km. The ski runs offer various degrees of difficulty levels
and traffic intensity and are suitable for beginners as well as for advanced and expert
skiers.

As an all-year resort, during the warmer months Borovets offers some glorious
mountain walks with spectacular views and the cleanest, crispiest air. The resort is the
perfect start for all kinds of summer adventures: hiking, mountain biking, kayaking,
sport fishing, horseback riding, zip lining, shooting, golf and much more.
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Physically-Based Impedance Simulation to Decouple Convoluted
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A mechanistic model, based on mass and charge conservation equations [1], is
presented for the physically-based simulation of impedance spectra in composite solid
oxide fuel cell cathodes, taking into account the complex interaction between transport
and reaction phenomena. The impedance simulation, which reproduces the same
procedure used in laboratory frequency response analyzers, allows the de-convolution
of distinct elementary processes and the identification of a specific double layer
chemical capacitance, describing the possible accumulation of adsorbed species and
reaction intermediates at the interface between electron-conducting and ion-conducting
particles. The satisfactory agreement of simulated spectra with experimental data for
different operating conditions and electrode thicknesses reveals that the model is
capable to reproduce the transient behavior of composite electrodes by relying on only
one fitted parameter. Model simulations show that mass-transfer processes within the
electrode produce a resistive contribution in the impedance spectra related to the effect
of the local oxygen partial pressure on the reaction kinetics. In addition, the pores act
as a buffer for molecular oxygen, leading to a capacitive contribution in the frequency
range 102-104Hz, more pronounced at high current densities.

Fig.1. Equivalent circuit and complex-plane impedance diagram of an adsorption model.
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The interest in water electrolysis has recently increased with the large diffusion of
renewable energy sources and the perspective to produce hydrogen with a very low
environmental impact [1-2].  In this regard, hydrogen appears a promising energy carrier that
can be produced by cost-effective electrolysis of water using renewable energy sources and it
can be used to store energy in grid-balancing services.  A challenging problem to the
development of such process is the substantial energy loss associated with the oxygen
evolution during electrochemical water splitting and ohmic losses. High surface area
nanostructured electro-catalysts and highly conductive membranes can substantially reduce
such losses allowing to achieve efficient  hydrogen production with good perspectives for a wide
scale decentralised hydrogen production. IrOx and IrRuOx nanosized materials of similar
crystallite size (mean size 5 nm) were prepared for application as oxygen evolution electro-
catalysts in solid polymer membrane water electrolysers (PEMWEs). These materials have
been investigated in combination with novel short side chain membranes (Aquivion®).

The physico-chemical properties of the catalysts were characterized by X-ray diffraction
(XRD), Transmission Electron Microscopy (TEM), Scanning Electron Microscopy (SEM) with
Energy Dispersive X-ray (EDX) and X-ray-Photoelectron Spectroscopy (XPS). Particular efforts
were addressed to tailor the crystallographic characteristics and the surface properties. The
electrochemical properties were investigated in an electrolysis cell, based on Nafion® or
Aquivion®  perfluorosulfonic membranes and 30% Pt/C as cathode catalyst.  Linear sweep
voltammetry, electrochemical impedance spectroscopy and Tafel curves were used to assess
the membrane-electrode assemblies. The IrRuOx-based electro-catalyst showed a performance
better than 3  A cm-2 at 1.8 V at 90°C  in combination with the Aquivion® membrane. The
present study indicates that mixed-oxide catalysts in combination with Aquivion®  can be  very
appropriate to enhance the PEM water electrolysis process.
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The development of thin-film and micro batteries based on Li ion technology established a
further main direction for the progress of the electrochemical energy storage. Due to their
narrow geometry, a space and shape optimization of the batteries is required. Therefore,
deposition of stable and thin layers is a promising approach for attaining simultaneously the
required geometry and high energy density [1,2]. In the current work, deposition of thin silicon
based layers on copper substrates was performed by potentiostatic electroreduction from 1 M
SiCl4 in 1-butyl-1-methyl-pyrrolidinium bis (trifluoromethyl) sulfonylimide [BMP][TFSI] ionic liquid
(IL). The electrodeposition process was investigated by means of voltammetric techniques,
coupled with in-situ microgravimetry (quartz crystal microbalance, QCM). Considerable impact
of side reactions parallel to the deposition process was indicated by QCM measurements
performed under potentiostatic and potentiodynamic conditions. SEM imaging showed a
compact and uniform globular morphology of the layers with thickness of about 1 m. The
deposition of silicon-based films was confirmed by energy dispersive X-ray analysis (EDX).

Precise investigations of the chemical composition of the deposit and its elemental
distribution were achieved by means of X-ray photoelectron spectroscopy (XPS) depth profiling.
The analysis suggests a major contribution of Si, C and O during the electrodeposition process,
whereas N and F are present in lower amounts. The distribution of Si, O, C, N and F throughout
the film is nearly constant at levels of ~50 at. % for Si, ~20 at. % for O, ~20 at. % for C, ~2 at. %
for N and ~1 at. % for F. The absence of [TFSI]- anions related signals in the C1s and N1s
spectra points to a fragmentation of the [TFSI]- anions at the electrode, resulting in incorporation
of oxygen, carbon, nitrogen and fluorine into the growing film. The [BMP]+ cations are more
stable and remain accumulated at the surface.

The electrodeposited layers showed stable galvanostatic cycling reaching capacity values
of about 1200 mAh g-1 and 80% capacity retention after 300 cycles in standard Li+ electrolytes.
The specific discharge capacities obtained in a carbonate based electrolyte are comparable
[3,4] or even superior [5] to already reported ones. The effective preservation of the structural
integrity of the layer during electrochemical cycling can be related to incorporation of side
organic products caused by IL decomposition, acting as mechanical buffer against strain
accumulation. In ionic liquid media, the material displayed a lower capacity of 500 mAh g-1. The
galvanostatic discharge transient showed a considerable inhibition of the de-lithiation process,
evidenced by a polarization of more than 170 mV. The observed difference in the anodic
potential profiles can be related to the influence of the additional passivating products deposited
during the charging process and a hindered Li+ transport into the bulk due to the significant
viscosity of the ionic liquid.
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The present work is directed to two simultaneous goals: first, remediation of the severe
environmental situation in the Black Sea waters, and next, to produce “carbon-free” energy. It is
based on the opportunity to recover energy from the hydrogen sulfide in the Black Sea deep
waters. The thermodynamic analysis shows that the energy recovery of the latter is an energy
alternative to the natural gas used in the coastal countries.  This technology has a goal the
utilization of the energy, conserved in the hydrogen sulfide as well as of other compounds
contained in the deep marine water.

It is based on new design of a fuel cell, enabling the oxidation of sulfide to sulfate in order
to attain high electromotive force. The proposed technology consists of the following steps:
pumping of the water from depths where the sulfide concentration is relatively high; enrichment
of the pumped water to attain higher concentrations of sulfide and to enhance the next step:
generation of sufficiently high electromotive force (EMF) in a new designed fuel cell operating
by catalytic sulfate oxidation by oxygen. This EMF can be employed for hydrogen production by
electrolysis.

Experiments with sulfide containing aqueous solutions were carried out. Different factors
with impact on the fuel cell performance have been studied: sulfide concentrations (from 10 to
1000 mg m-3), pH of the media, operation electrochemical conditions, flow pattern and cell
design. Sodium chloride, model saline water as well as genuine Black Sea water pumped from
up to 1000 meters depths were used as supporting electrolyte. Different catalysts (cobalt spinel,
zirconia) embedded in the electrodes were tested. Carbon electrodes (felt, graphite, etc.) were
studied as anodes. Gas diffusion electrodes as well as graphite electrodes operating in saline
water blown by air or oxygen were used as cathodes in the new designed fuel cell. Five different
ion-exchange membranes were tested. Kinetic studies in batch and continuous stirred tank
reactor have been carried out.

The electrochemical processes are sensitive to the sulfide concentrations and the
associated pH of the tested solutions. At higher sulfide concentrations the governing reactions
are mostly formation of polysulfides, thiosulfate, dithionate, etc. The straightforward oxidation of
sulfide to sulfite and sulfate was favored at lower sulfide concentrations and in presence of
cobalt spinel and zirconia as catalyst. It was established, that under certain conditions the fuel
cell efficiency, based on the created electro-motive force may lead to 80-90% depending on the
electrochemical reactions taking place within it. These results were tested and verified in a pilot-
scale experiment carried out on a ship in the Black Sea using genuine marine water containing
sulfide.

Our future plans are to enhance the current density and the power density to values of
importance for practical applications.
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In recent decade, nanomaterial-based biosensors and biofuel cells (BFCs) have gained
significantly increased attention. These devices are based on electron exchange between
biocatalysts (purified enzymes or enzymes in whole microbial cells) and the surfaces on which
they are immobilized. “Bioelectrodes” fabricated in this way are able to transform chemical
energy of substrate(s) relevant for the used biocatalyst(s) into electricity. Application of
nanomaterials in these systems does not only promote the rate of these reactions and charge
transfers. It also helps to increase an amount of biocatalytic units per geometric area of
electrode surface and thus improve significantly the performance of BFCs [1].

Since there are reports on efficient but rather complex methods of preparation
nanomaterial/biocatalyst interfaces, we have focused on development of less expensive and
more time-saving protocols for integration of either microbial or enzymatic biocatalysts with
diverse nanomaterials. Our findings include composites of ethanol-oxidizing Gluconobacter
oxydans (GbO) cells with diverse nanoparticles prepared by simple mixing of the two
components and mild ultrasound treatment. Expensive carbon nanotubes were replaced with
much cheaper carbon black with only minor loss of performance of the prepared microbial
bioanode [2]. Recent experiments also suggest that graphene oxide (GO) – a “Nobel prize
nanomaterial” – can be also employed in the same way. Furthermore, when GO was employed,
we observed that bacteria were able to certain rate of exchanging of electrons with electrode
surface (via the surrounding nanoparticles) without any electron mediator needed. Influence of
GO sheet size and other GO properties and conditions of composite preparation this
phenomenon is now under the testing.

Bilirubin oxidase (BOD) is a “multicopper oxidase” enzyme with cuprous active sites where
electrons from oxidized substrate or electrode surface are utilized in reduction of dioxygen at
high potential [3]. These features make BOD a perfect candidate for biocatalyst securing the
final step in electricity generation in BFCs, i.e. passing electrons on the final electron acceptor.
Adsorption of BOD on carbon black dispersed in hydrophobic fluorinated polymers, as reported
by other scientist, was found to be very effective method of BOD-based biocathode fabrication,
but this approach can be modified in more “ecofriendly” and cheaper version by using
biopolymers (chitosan or poly(lactic acid)) as dispersing agents. Furthermore, some interesting
features of electron exchange between BOD and electrodes were revealed when the enzyme
was adsorbed on carbon black dispersed in biopolymers, i.e. electrochemical transformation of
all three enzymatic redox sites [4, 5]. Another inexpensive and intriguing way of effective BOD
application is its simple adsorption on GO sheets. After collection of the formed composite,
deposition on an electrode surface and electrochemical reduction of GO, biocathodes were
prepared with current densities as high as 0.28 mA cm-2 observed in air-bubbled buffer, without
any additional stirring or mediator used [6].

Obviously, there is a space for significant simplification of integration of biocatalysts and
nanomaterials as well as for employment of cheaper materials. Hopefully, this approach will be
another step in development of affordable commercial biofuel cells.
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Fuel cells have emerged as a very promising substitute for selected conventional energy
conversion technologies (e.g. internal combustion engine). To some extent, carbon-supported
Pt alloy catalysts have fulfilled the expectation when used in contemporary PEM (proton
exchange membrane) fuel cells. At the moment, a more critical concern seems to be the
durability of PEMs.

Together with platinum dissolution, carbon corrosion is the main cause of a decrease in the
electrochemical surface area (ESA) during typical operation of PEM. In search of deeper
understanding of this process we performed atomistic modeling which not only explained
degradation behavior but also gave us the answer how to prevent it. Model was verified with
many state of the art techniques and was in good agreement with experimental results. Thus,
we could also use it to design a new generation of catalysts.

Fig.1. Disordered (Fm3̄m crystal structure throughout) and ordered (Pm3̄m-shell and Fm3̄m-core crystal
structure) particles after acidic treatment: (a) Simulated ordered particles (left) at the tipping point of pore

creation and disordered particle (right) with fully developed porosity, taken at the same time. (b)
Experimental and simulated HAADF/STEM images of ordered (left) and disordered (right) ~30 nm particles

after 12 h in 0.1 M HClO4 (in the upper row are presented close-up atomic resolution images of below
particles edges).
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after 12 h in 0.1 M HClO4 (in the upper row are presented close-up atomic resolution images of below
particles edges).
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Since long time perovskite-type cathodic materials have attracted attention as cathodes for
intermediate-temperature solid oxide fuel cells (500-700 °C), because of the high catalytic
activity for oxygen reduction reaction.

However, a delicate match between high electrocatalytic activity and long lasting
electrochemical and structural properties is still an open issue for good performing SOFCs
electrodes and cells.

The study presented in this paper will analyse the results obtained on this field by the
authors since several years of research activity considering three types of basic materials
(La0.8Sr0.2MnO3-δ –LSM, La0.6Sr0.4Co0.2Fe0.8O3-δ –LSCF, and Ba0.5Sr0.5Co0.8Fe0.2O3-δ -BSCF) in
different electrode configurations; pure materials, composite and impregnated electrode
formulations.

The aim of this research is to elucidate how the intrinsic material properties can affect the
kinetic rate determining step within the complex overall reaction mechanism of oxygen
reduction. The evidence of these phenomena is highlighted through the electrochemical
response of the considered systems operating under different conditions determined by applied
overpotentials, reactant partial pressures and temperatures.
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Electrochemical capacitors have raised great interest because of their high power density,
fast charging/discharging rate and excellent long-term cyclability. There is a number of
electrode materials being developed for electrochemical capacitors. New trends for
supercapacitors development are connected with application of materials such as conducting
polymers, with pseudocapacitance properties [1]. However, conducting polymers present some
drawbacks (e.g. poor stability during cycling). On the other hand, carbon nanotubes could
provide good charge propagation and can be used as a support and an additive for different
composite electrode materials [2,3].

The properties of polypyrrole/carbon material composites as electrode materials for
supercapacitors are discussed. Composites with different kinds of multi-walled carbon
nanotubes (the commercial ones and those obtained by catalytic decomposition of acetylene)
and polypyrrole were prepared. The morphology of the composites were observed by SEM and
TEM. The electrochemical measurements were carried out using cyclic voltammetry,
galvanostatic charge/discharge and electrochemical impedance spectroscopy. The composites
were tested in 1 M H2SO4 aqueous electrolyte using two- and three-electrode Swagelok®
systems.

Fig.1. The electrochemical capacitance performances of PPy and PPy composites.

Carbon nanotubes can play a role of conducting support for homogenous distribution of
pseudocapacitive components in the composite and can protect conducting polymers from
mechanical changes during cyclic charging/discharging. The results showed that addition of
only few percent of carbon nanotubes to polypyrrole provided the highest value of capacitance
during high current regimes. It could confirm the fact that such amount of carbon additive is
optimal to take advantage of both components of the composite, and the latter can be a good
solution as a negative electrode in asymmetric configuration.
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Battery separators are complex multi-component membranes that dictate the mechanical
and electrical performance of the battery. A separator is a material that is inserted between the
positive and negative plates of the cell to prevent short circuiting. Materials for flooded lead-acid
battery separators typically include porous derivatives of cellulose, polyvinyl chloride (PVC),
organic rubber and polyolefins.

Microporous polyethylene (PE) lead-acid battery separators are commonly used because of
their ultrafine pore size, which inhibits “dendritic” growth of metallic deposits (a short circuit risk),
while providing low electrical resistance. Besides, PE separator material is characterized by
high puncture strength, good oxidation resistance, and excellent flexibility.

PE separators for lead–acid batteries have traditionally been produced by extrusion and
subsequent extraction of a calendered sheet from a multi-component mixture of ultrahigh
molecular weight polyethylene (UHMWPE), precipitated silica, process oil, pore formers,
surfactants, and anti-oxidant. The chemical composition and the amount of above listed
substances can all play a role in the electrical, mechanical and oxidation resistance of the
separator. During operation and throughout the service life of a lead-acid battery, the
microporous polyethylene separator is exposed to a strong oxidizing environment of
concentrated sulfuric acid, oxygen and hydrogen gases, and high temperatures.

A set of organic substances are usually added to the separator to enhance the oxidation
stability or to capture metallic ions which may act as hydrogen evolution catalysts.

The aim of present investigation is to evaluate the influence of a new PE separator additive
on the charge/discharge performance of the negative plates in a lead acid battery. Two types of
separators are investigated, denoted as control (without additive) and new separator with
experimental additive, respectively. The basic hypothesis is that some organic species are
released from the separator and are slowly adsorbed on the surface on the negative plate
aggravating the charge reaction on the lead surface or stabilizing lead sulfate. Therefore, we will
try to accelerate the release of the organic substance by raising the temperature and increasing
as much as possible the quantity of separator relative to the volume of electrolyte.

The test cell used comprises a flat pure lead working electrode and two symmetrically
placed pure lead counter electrodes. All electrodes are enveloped in separators of the
respective type, without additive or with additive. The separator to electrolyte ratio is about 3
times higher than that in a real battery. The electrolyte is sulfuric acid artificially enriched with
separator leachate.

Linear sweep voltammetry measurements are conducted to characterize the behavior of
the Pb electrodes between the hydrogen evolution and oxygen evolution reactions.
Potentiostatic reduction experiments are performed to test the reactivity of lead sulfate deposits.
X-ray diffraction analysis and scanning electron microscopy are used to characterize the
surface of the electrodes.
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Presence of a redox system in electrolyte solution is generally considered valuable in the
field of electrochemical capacitors and supercapacitors, where fast redox reaction coupled with
already high electrode (pseudo)capacitance is requested for a device with improved charge
storage properties 1,2. Within this area, electrochemical characterization has usually been
made by cyclic voltammetry and galvanostatic charging/discharging techniques and in much
less extent by electrochemical impedance spectroscopy, EIS. Here, analysis will be presented
of some experimental EIS results (Fig. 1) of unmodified graphite, G, and glassy carbon, GC,
electrodes in H2SO4 electrolyte solution and in the same solution containing K4Fe(CN)6. In this
condition, negatively charged ferro-ferri cyanide complex ions would undergo the one electron
redox reaction: Fe(CN)6

4-  Fe(CN)6
3- + e-.

Fig. 1. Bode plots of: (a) graphite and (b) glassy carbon electrodes in 0.5 mol dm-3 H2SO4 and in 0. 5 mol
dm-3 H2SO4 + 0.5 10-3 mol dm-3 K4Fe(CN)6 . E = 0.40 Vsce = E0 Fe(CN)6

3-/4.

Fig. 1 shows that for both electrodes, more (GC) or less (G) expressed capacitive
impedance responses, characteristic for blocking electrodes and measured in pure H2SO4
electrolyte are in presence of K4Fe(CN)6 in H2SO4 electrolyte changed to the impedance
response characteristic for almost reversible redox reaction with semi-infinite diffusion of
electroactive species 3. Here, difference between G and GC electrode impedance response is
perceivable at higher frequencies, where prominent shift of capacitive impedance curve, i.e.
enhancement of electrode capacitance, is obtained for G vs. GC electrode. This clear pseudo-
capacitive contribution of redox reaction can be interpreted as certain extent of electrolyte
retention 4 within unmodified and inherently macroporous G surface vs. unmodified and
almost flat GC electrode surface 5.
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Electrochemical Impedance Spectroscopy (EIS) is one of the most common techniques to
characterize Solid Oxide Fuel Cells (SOFCs) during operation and to evaluate the influence on
their performances of several working conditions and degradation effects. However the
processes overlap in the frequency domain makes difficult to clearly distinguish each cell
contribution and to understand the impedance spectra. This becomes even more challenging
when complete SOFCs are under investigation.

In this work a state of the art anode-supported cell has been characterized by means of
current-voltage curves and EIS under several working conditions. A preliminary investigation
consisting in varying the electrodes gases compositions and flows allowed to identify the
corresponding processes on the impedance spectra. Afterward, the evolution of such
contributions has been studied at the Open Circuit Voltage (OCV) varying the cell working
temperature in the range 700-800°C and applying electrical loads up to 1 Acm-2. Post-
experiment analyses have been carried out to support the electrochemical observations.
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Metal oxides have a great importance in the development of high performance
supercapacitors (SC). Lead(IV) oxide shows very promising properties as cathode material due
to its high redox potential, high conductivity and facile charge transfer kinetics. However, in
order to design SCs of sufficient energy content for practical applications the uniform
electrochemical reaction throughout the layer thickness together with negligible slow diffusion-
like processes must be ensured.

The aim of this work was to prepare nano-structured PbO2 electrode by anodic deposition
on Nafion-coated gold electrode solutions for the potential utilization as active electrode material
in pseudocapacitors. The role of Nafion was to provide a template consisting of nano-channels
for Pb(II) ion diffusion resulting in PbO2 layer which is expected to achieve sufficient porosity to
enable fast sulphate ion and proton diffusions.

Nafion coated electrodes were prepared by casting the Nafion solution in iso-propyl alcohol
on gold electrode. The thickness of the layer was controlled by varying Nafion concentrations.
The electrochemical deposition was carried out by cyclic voltammetry and potentiostatic
transient methods from lead(II) nitrate solution. The results showed that electrocrystallization
mechanism does not differ considerably from the mechanism taking place on the bare gold
electrode. The mechanism, which is well known for these systems, consists of anodic
intermediate formation, nucleaction and the growth of the resulting layer. However, the obtained
results demonstrated that Nafion did not act as an inhibiting layer for the deposition process but,
rather surprisingly, facilitated the nucleation and growth rate. Nucleation overpotential was
significantly reduced in the presence of Nafion and kinetics of the deposition depended on the
Nafion layer thickness (Figure 1).
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Figure 1. Current transients obtained at 1.6 V vs. Ag/AgCl reference electrode with varying thickness of
Nafion coating

XRD results showed the formation of β-PbO2 phase with the similar structure as the PbO2
layer obtained in non-covered Au electrode. This confirms the observation that Nafion does not
influence the mechanism but kinetics of nucleation process. This is explained by favourable
interactions of soluble Pb(III) intermediates with fluorine atoms on Nafion chain as proved by
XPS analysis.
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Solid oxide fuel cell (SOFC) is the device for direct transformation of chemical energy of
fuel in electricity and heat [1,2]. Its anode is the SOFC's component, which provides passing of
main electrochemical reaction and provides mechanical stability of all SOFC as a supporter of
SOFC. Therefore, strength is one of the basic requirements for anode. Anode should provide
strength not less than 100 MPa and have high porosity (>25%) for venting gases.

The most widespread anode material is a composite on the basis of stabilized in a cube
phase zirconia (further ZrO2) and nickel. Usually, anodes are made from mixture of powders of
ZrO2 and NiO. Nickel is reduced at operating condition of SOFC.

Influence of zirconia powder morphology on structure formation of anode NiO-ZrO2 sintered
at different temperatures (1300-1450ºC) and its mechanical behavior was studied. Type 1 –
agglomerated powder with initial nanoparticles; Type 2 – dense plane agglomerates consist of
uniform initial particles; Type 3 – practically non-agglomerated powder with uniform initial
particles (Fig. 1).

Fig. 1. Structure of different types of ZrO2 powders: a – type 1, b – type 2, c – type 3.

The size of the initial particles (crystallites) of powders ZrO2 and NiO were estimated from
TEM images of the powder. 20 mm dia, 1.5-2 mm thick disc shaped samples were pressed
uniaxially at 20 MPa and then sintered at different temperatures 1300-1450°C for 2h in air. The
porosity of the sintered NiO-ZrO2 samples were measured by means of the Archimedes
method. The samples were tested for the mechanical strength with biaxial bend test and their
fracture surfaces were analysis by means of SEM.

It was found that for formation suitable porosity level (~30 %) and temperature stable
structure of anode with strength of 100 MPa, the agglomerated zirconia powder with nanosized
initial particles (type 1) is the most suitable.
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Тwo types of valve-regulated lead-acid (VRLA) battery cells with uncoated and polymer
composite coated absorptive glass mat (AGM) separators were studied. The volt-ampere
characteristics of the studied cells, recorded at different ambient temperatures, show that the
cells with polymer coated separators have significantly lower overcharge (recombinant and gas)
current than the cells with conventional untreated AGM separator. During overcharge, the
higher recombinant current in the cells with uncoated separator leads to higher cell temperature
than that of the cells with polymer coated AGM separator.

The possibility to avoid thermal runaway (TR) is also illustrated during polarization of the
cells at 2.65 V. After 320 h, a conventional cell has C/4 current (trend to TR), while the cell with
composite coating sustains low (C/26) constant current for long period of time (at least 650 h).
The cycle life test indicates stable operation of the cells with coated separator, while the
conventional cell reaches high recombinant current and thus, it is susceptible to thermal
runaway phenomena.

SEM images of bare and coated AGM separator are presented in Fig.1. The impact of
composite layer on overcharge behavior of the studied AGM lead-acid battery cells is presented
in Fig.2 and Fig.3. Cells labeled 01,02&03 are with bare AGM separators. PM labeled cells have
coated separators. The percentages on the graphs mark the cell’s electrolyte saturation.

Fig.1 SEM images of bare AGM separator surface before coating (a); polymer coating spread on AGM
separator (b) and cross section of the coated separator (c).

(
a
)

(b) (c)

Fig.2 Overcharge current and temperature change
during polarization at different constant voltages at
40 °C.

Fig.3 Overcharge current, temperature and gas flow change
during polarization at 2.65 V at room temperature.
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The increased interest to supercapacitor systems is largely determined by the growing
needs for new technologies for storage of energy produced by renewable energy sources as
solar stations and wind generators, as well as by the remarkable advantages of supercapacitors
in comparison to the conventional electrochemical power sources – batteries and fuel cells,
such as high power characteristics and practically unlimited cycle life. On the other side, the
integration of double layer supercapacitors and batteries in hybrid electrochemical systems
gives a possibility to combine the high transient performance of supercapacitors with the high
steady-state characteristics of batteries.

In the present paper are reported some results of our research carried out for development
of different supercapacitor systems [1-3]. Two types of supercapacitors (SC) are developed:

(i) Symmetric double-layer SC cells assembled with two identical electrodes of activated
carbon materials and a non-aqueous electrolyte. The nanoporous carbons (specific surface
area in the range 700 – 1600 m2g–1) and various pore structure (partial micropore volume 0,15 –
0,60 cm3g–1) are produced by carbonization of mixtures of coal tar pitch and furfural (600 0C)
with subsequent steam activation at 800 0C. Three types of organic electrolytes are tested:
LiPF6 – DMC/EC (dimethyl carbonate/ethylene carbonate mixture 1:1), Et4NBF4 – PC
(propylene carbonate), LiBF4 – PC;

(ii) Asymmetric SC cells – hybrid lithium battery-double layer supercapacitors composed by
an electrode of nanosized activated graphitized carbon (1600 g/m2 specific surface area), a
composite electrode with activated carbon matrix and additions of an electrochemically active
nanosized oxide (Li4Ti5O12 or Fe2O3), and an organic electrolyte (LiPF6 – DMC/EC 1:1 or LiBF4 -
DMC/EC 1:1). The Li4Ti5O12 spinel material is prepared by thermal co-decomposition of oxalates
and subsequent thermal treatment (800 0C/1h). The nanosized oxide Fe2O3 is produced by two
methods – synthesis by solution-combustion method with subsequent thermal treatment (400
0C/1h) and by thermal treatment (400 0C/2h) of biogenic α-FeOOH, obtained by laboratory
cultivated Leptothrix bacteria. An asymmetric SC cell composed by an activated nanosized
cabon electrode, Ni(OH)2 electrode an aqueous electrolyte (7M KOH) is also developed. The
SC cells are subjected to charge/discharge cycling test under galvanostatic conditions at
different current loads.

Both the symmetric and hybrid SC cells demonstrate excellent cycleability, high power
capability at discharge (up to 600 mAg-1) as well as high current efficiency and stable capacity
behavior at prolong cycling. It is proved that the organic electrolyte plays an important role in
determining the capacity performance of symmetric SC. It is also shown that the conductivity,
pore size distribution and chemical surface properties of the carbon materials contribute greatly
on charge storage behavior of the electrodes in the supercapacitor systems.

The capacitance values up to 80 F g-1 for the symmetric carbon-based SC, depending on
the electrolyte and microstructure of the carbon material used, and capacitance up to 2 times
higher for the hybrid lithium battery-supercapacitors were obtained.
Acknowledgement: The financial support of the BNSF under project № ДФНИ Е02/18-2014 are gratefully
acknowledged.
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Polymer electrolyte Membrane (PEM) fuel cell is an electrochemical device producing
electricity by the reaction of Hydrogen and Oxygen without combustion. PEM fuel cell stack is
provided with an appropriate clamping torque to prevent leakage of reactant gases and to
minimize the contact resistance between gas diffusion media (GDL) and bipolar plates. GDL
porous structure and gas permeability is directly affected by the compaction pressure which
consequently, drastically change the fuel cell performance. Various efforts have been made to
determine the optimal compaction pressure and pressure distributions through simulations and
experimentation [1, 4, 5]. Lower compaction pressure results in increase of contact resistance
and also chances of leakage. On the other hand, higher compaction pressure decreases the
contact resistance but also narrows down the diffusion path for mass transfer from gas channels
to the catalyst layers consequently lowering cell performance [2]. The optimal cell performance
is related to the gasket thickness and compression pressure on GDL [3]. Every stack has a
unique assembly pressure due to differences in fuel cell components material and stack design.
Therefore, there is still need to determine the optimal torque value for getting the optimal cell
performance. This study was carried out in continuation of development of Air Breathing PEM
fuel cell for small UAV applications. Compaction pressure at minimum contact resistance was
determined and clamping torque value was calculated accordingly. Single cell performance
tests were performed at five different clamping torque values (0.5 Nm, 1.0 Nm, 1.5 Nm, 2.0 Nm
& 2.5 Nm) for achieving optimal cell performance. Experimental and theoretical results were
compared for making inferences about optimal cell performance. A clamping torque value of 1.5
Nm was determined experimentally to be the best for getting optimal performance for this
specific fuel cell (Fig.1).

(a) (b)

Fig. 1: Fuel Cell performance as a function of clamping torque, (a) Polarization (b) Power
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Electrochemical capacitors also known as supercapacitors can be divided into two
categories, namely, electric double layer capacitors (EDLCs), founded on non-Faradic charge
storage process, and pseudocapacitors, which use metal oxides/hydroxides as the main
electrodes since their capacitance arises from redox processes occurring at or near the solid
electrode surface. Layered double hydroxides (LDHs) especially those containing transition
metals are considered as ideal pseudocapacitive materials due to their peculiar properties such
as efficient anion exchange capacity and high redox activity[1,2]. LDHs have the general
formula [M(II)1–xM(III)x(OH)2]x+[Xq

x/q−· nH2O] where M(II) and M(III) are bivalent and trivalent
metal cations and X is the charge-balancing interlayer anion.

Electrosynthesis is an efficient method to prepare LDH thin films suitable for sensing
applications and in the last few years our group has optimised the one-step electrodeposition,
mainly on Pt electrodes, of LDHs based on redox active metals as Ni or Co and Al [3]. The
applications of LDH modified electrodes requires the formation of well adherent thin films and
this result can be achieved if Pt surface is electrochemically pre-treated in 0.1 M H2SO4 [4].

In this work four LDHs containing Co and Ni, as bivalent and Fe and Al as trivalent cations
have been synthesized on Pt by electrochemical reduction, at –0.90 V vs SCE for 30 s, of the
proper electrolytic solution [5]. All the LDHs have been characterized in basic solution (0.1 and
1 M NaOH) to investigate if they behave as pseudocapacitive materials by using cyclic
voltammetry and galvanostatic charge/discharge curves. The calculation of capacitance per
gram of material is very important when evaluating materials for this application, so the mass
deposited during the synthesis was determined using the electrochemical quartz crystal
microbalance. As an example in Fig. 1 a and b the CV and the galvanostatic charge/discharge
curves recorded for the LDH containing Al and Co, are shown.

Fig. 1. Characterization CV (5th cycle) of Co/Al-LDH coated Pt recorded in NaOH 0.1 M at the scan rate of
0.05 Vs-1 (a) and galvanostatic charge/discharge curves recorded in NaOH 0.1 M (b)

All the LDHs displayed good performances both in terms of specific capacitance and life
cycles, as estimated by galvanostatic charge/discharge curves. As conductive support also
glassy carbon was investigated in order to fabricate cheaper devices.
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Electrocatalytic activity of platinum-based electrocatalysts used in fuel cells has been well
recognized. However, significant attention remains on the particle shape and size control of
such nanomaterials. Catalytic activity can be enhanced by alloying Pt with another element (e.g.
Ru and Sn) [1], or by supporting Pt on metal oxides [2], both of which involve a bifunctional
effect. It is also possible to achieve better catalytic characteristics by exposing different Pt
crystal facets, which alters chemical and electronic interactions (structural effect) [3].

In order to synthesize Pt nanoparticles of a pre-determined shape, water in oil
microemulsion method was used [4], with a few modifications: carbon support (Vulcan XC-72R)
was added into the microemulsion itself, just after the completion of the reduction reaction of
H2PtCl6 with NaBH4 as the reducing agent and this was crucial for further improvements of the
catalyst cleaning procedures. Microemulsion consisted of [n-heptane] / [polyethileneglycol-
dodecyether (BRIJ30)] / [0,1M H2PtCl6 in 0, 15, 25 and 35% HCl], so four Pt catalyst were
formed using different amounts of HCl in the water phase of the microemulsion. In comparison
to previously reported applications of the microemulsion method [5], where electrochemical
treatment of catalysts before its application was necessary, this alteration of cleaning steps
made use of the “as prepared” catalysts possible.

Catalysts A (0% HCl), B (15% HCl), C (25% HCl) and D (35% HCl) were characterized by
thermogravimetric analysis (TGA), X-ray diffraction (XRD) and transmission electron microscopy
(TEM), as well as with electrochemical characterization methods (cyclic voltammetry in
supporting electrolyte, CO stripping). Some of the obtained results are given in the following
figures.

Fig. 1. Left: TEM image of catalyst D; right: XRD patterns of supported Pt catalysts

TEM images confirmed the presence of cubic Pt particles, and indicated their good
dispersion on carbon support, while XRD patterns revealed the share of each plane orientation
in all investigated catalysts. This acknowledged the influence of HCl in the microemulsion on the
shape of Pt particles. Mean particle size was determined both by TEM and XRD investigations,
which are in good accordance, and show that average diameters of these four catalysts vary
from 3 to 8 nm.
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Fig. 2. Left: Basic voltammograms recorded in 0.5 M H2SO4, scan rate 50 mV/s; right: CO stripping,
positive going voltammograms, recorded in 0.5 M H2SO4, scan rate 50 mV/s

Electrochemical investigations of basic voltammograms and CO stripping voltammograms
gave insight into catalyst surface structure, which was further compared to TEM and XRD
results. Specific surface area (SSA) was calculated from CO stripping charge, as well as
electrochemically active surface area (EASA) that was used for current density calculations.

After characterization of all catalysts by both physical and electrochemical methods, formic
acid electrooxidation was carried out. This particular reaction is of great interest for fuel cell
technology, because it is one of the anodic reactions for clean fuel production. It takes place in
the direct formic acid fuel cells (DFAFC), that use formic acid as a fuel, which is oxidized at the
anode surface to CO2 and water, but CO can also be formed in an indirect mechanism. Surface
structure of the anodic catalyst is, therefore, of great influence on the reaction mechanism. A
good catalyst must possess high activity towards this reaction, fair stability, and exhibit surface
characteristics that would suite the favorable reaction mechanism. HCOOH oxidation
voltammograms of four catalysts are shown in Fig. 3.

Fig. 3. Formic acid electrooxidation positive going voltammograms, in 0.5 M HCOOH in 0.5M H2SO4, left:
1st cycle; right: 100th cycle

Activity and stability during the first 100 cycles of formic acid electrooxidation were
investigated for all catalysts, and these results indicated that changes in shape and plane
orientation of the particles cause differences in catalysts’ activity and stability.
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Due to the growing technological advances requirements of energy storage systems
incessantly increase. Taking into account power needs for portable devices, the energy storage
through electrochemical reactions seems to be a crucial technology. Electrochemical capacitors
have attracted great attention as a promising energy storage devices because of their high
power density and cycle life noticeably longer than batteries [1, 2]. Recently, extensive work has
been focused on several ways enhancing both the energy and power density accompanied by
reasonable cost of device production as well as its environment-friendly character.

Asymmetric supercapacitors composed of battery-type electrode and a high surface area
carbon electrode [3] merge the advantages and reduces the drawback of redox and capacitive
based systems; namely, asymmetric design offers the advantages of supercapacitors (power
rate, cycle life) and batteries (energy density) [4].

This work is focused on high-energy electrochemical capacitors utilizing graphite (G)
(normally working as an anode in lithium-ion cells) as negative electrode material and activated
carbon (AC) with well-developed surface area as positive electrode material. The
electrochemical exfoliation of graphite made by reversible intercalation of lithium ions has been
chosen as the main method of negative electrode material obtaining. Performed electrochemical
measurements i.e., cyclic voltammetry in the range 1 – 100 mV s-1 and galvanostatic
charging/discharging with current regimes from 0.1 to 5 A g-1, presented improved energy
efficiency compared with results for symmetric cells (i.e. AC/AC capacitor). All measurements
were performed in organic electrolyte to provide a wide range of operating voltage.

In the case of the hybrid system energy density has been improved and approaches 100
Wh kg-1 compared to c.a. 25 Wh kg-1 for a symmetric systems and are accompanied by good
power profile (Fig.1).

Fig.1. Ragone plot for symmetric capacitors (AC/AC) and hybrid solution (AC/G)
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New applications such as micro-hybrid cars, remote telecommunications and energy
storage for renewables are placing strong demands on lead–acid batteries for improved charge-
acceptance and cycleability under partial state-of-charge (PSoC) conditions. Carbon additives
to negative active mass (NAM) have a pronounced beneficial effect by reducing negative plate
sulfation and significantly improving cycleability and dynamic charge acceptance, both for valve-
regulated (VRLA) and enhanced flooded lead–acid batteries.

Unfortunately, other properties such as high-rate discharge and water loss may be impaired
by the addition of carbon materials to NAM. When the overall concentration of lignosulfonate in
the negative plate paste is appropriately adjusted, the high-rate discharge performance and
water loss can be restored to the desired level. Understanding the fundamentals of water loss
as a function of carbon properties is critical for identifying conditions under which the beneficial
effects of carbon on dynamic charge-acceptance and cycleability are further increased without
exacerbating water loss.

Cabot Corp. (USA) has developed several new grades of carbon additives with controlled
surface area, morphology and surface properties for the improvement of charge acceptance
and cycle life with minimum adverse impact on water maintenance and high-rate discharge.

The present work will describe new test data on how to balance water loss and high rate
discharge characteristics for high content carbon lead-acid batteries while preserving the
benefits of high charge acceptance and improved cycle life. Test data on the effect of carbon
additives to NAM on charge acceptance and cycle life for deep cycling applications will be
presented. Relevant applications include motive power and stationary flooded batteries where
both increased cycle-life and faster charging capability are desired.

Commercially available carbon black additives (PBX51, PBX09, PBX135, Cabot
Corporation) were selected to study the impact of BET surface area and morphology on the
electrochemical performance of the negative active material, and the effect of these carbon
blacks was compared to those of an activated carbon (PBX101, Cabot Corporation) and an
expanded graphite (ABG1010, Superior Graphite). Mixtures of carbon black (PBX135) and
activated carbon (PBX101) or expanded graphite (ABG1010) were also evaluated.
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The lead-acid battery has inherent characteristics that make it attractive for many
applications. These include high specific power and power density, high volumetric energy
density and low initial cost. Compared to the negative plate, the positive plate performance is
limited [1-4]. Therefore, extensive research work has been conducted to improve its capacity by
the use of positive plate additives [5-8]. It has been concluded that the low coefficient of
utilization of the positive active material is a result of pore blockage and reduced pore size
caused by PbSO4 that blocks the diffusion in the pores and leads to lack of electrolyte [9-11].

The present work focuses on the improvement of the capacity of the positive (PbO2)
electrode of a lead-acid battery. To this end, we add a mineral additive, in various percent
concentrations, during the stage of positive paste preparation. Leady oxide (LO) containing
different amounts of mineral additive (0-15 wt.% (w/o)) is mixed with water and 1.40 s.g. H2SO4
solution in a H2SO4/LO ratio equal to 5%. The paste mix is homogenized for 30 min as a result
of which 3BS paste is obtained. The paste is filled in a tubular electrode and the latter is set on
formation.

Samples of the formed positive active mass are characterized by X-ray diffraction analysis
(XRD), thermogravimetry (TG), differential scanning calorimetry (DSC) and scanning electronic
microscopy (SEM).The capacity of the different PAM samples is determined by galvanostatic
discharge technique.

This study aims to investigate the effect of a mineral additive on the structure and
performance of the positive active material in a lead- acid battery. It is found that the addition of
mineral additive to the paste before oxidation exerts an influence on the composition and the
capacity of the positive active mass after oxidation. We observe a remarkable improvement of
the discharge capacity of the positive active mass for additive loading levels ranging between 1
and 5%. This may be explained by the fact that, at this concentration of mineral additive,
nanosized PbO2 particles with amorphous character are obtained. These positive active masses
contain more structural water which facilitates the diffusion of the protons through the gel zones.
In addition, the mineral additive with its high porosity facilitates the transport of the electrolyte
throughout the positive active mass volume.
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SOFC stack have in prospect to show high reliability and durability working in a
temperature range of 650-800°C with degradation rate below 2% of voltage loss for 100 hours.

The state of art fuel cells are expected to grant this behavior for long enough to consider
this power source as one of the best solutions for the next future. The recognized bottleneck is
currently related to the stacking materials: i.e. metals (frames and interconnects) and sealant.

The investigation on sealing materials is the focus of this communication, with the aim to
study a suitable method to evaluate in real time the degradation rate by measuring the
capacitance of glass as function of operating parameters.

A commercial glass ceramic sealant is used in connection with ferritic stainless steel AISI
441 and aged at 750°C for 500 h in single atmosphere of laboratory air. Electrochemical results
are related to crystallinity and the structural feature of the glass.

Acknowledgment
The research leading to these results has received funding from the European Union’s

Seventh Framework Programme (FP7/2007-2013) Fuel Cells and Hydrogen Joint Undertaking
(FCH-JU-2013-1) under grant agreement No 621207.

ECS-O-22



84

Hydrogen sorption and electrochemical properties of TiFe based alloys
synthesized by mechanical alloying

Borislav Abrashev1*, Tony Spassov2, Sasho Vassilev1 and Alexander Popov1

1 Acad. Evgeni Budevski Institute of Electrochemistry and Energy Systems, Bulgarian
Academy of Sciences, Acad. G. Bonchev Str., bl.10, Sofia1113, Bulgaria
2 Faculty of Chemistry and Pharmacy, University of Sofia “St. Kl. Ohridski”,1 James
Bourchier str. 1164 Sofia, Bulgaria
*Corresponding author: babrashev@abv.bg

TiFe alloys with composite nanocrystalline-amourphous structure were obtained mechano-
chemically by high-energy ball milling in a planetary type mill. The duration of milling was varied
with the aim to produce alloys with defined microstructure. The average size of the powders
was reduced from 50μm to <1μm after 30-40 hours of grinding. The synthesized composite
material showed relatively high thermal stability. The electrochemical hydrogen charge-
discharge behavior of materials with different microstructure was investigated. Increasing the
milling time to 40 hours resulted in significant increase in the discharge capacity and cycling
stability of the as-prepared hydrogen storage alloys.

Keywords: TiFe alloys, discharge capacity, hydrogen storage
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One of the key goals of catalyst manufacturing for hydrogen energy system is the
development of new materials with improved cost efficiency. It is possible to design catalysts
with superior properties by alloying two or more metals. Bimetallic catalysts have demonstrated
enhanced activity compared to the corresponding monometallic catalysts. Since surface
catalyzed reactions are extremely sensitive to the atomic-level details, the choice of the method
for preparation of smooth thin layers with good mechanical strength is essential in order to
utilize effectively the limited resources of the noble metal elements. Usually the catalysts are
powders consisting of metal nanoparticles deposited on catalytic support with high surface area.
There are various catalyst preparation techniques such wet chemical reduction, sol-gel, thermal
decomposition of metal salts, electrochemical deposition, under-potential deposition, radio
frequency and direct current magnetron sputtering (DCMS), and etc. The choice of the method
depends on several strict criteria including efficiency, reproducibility, time consumption, cost as
well as the technological availability in regard to the application.

Platinum is the best known pure metal catalyst for hydrogen evolution (HER), hydrogen
oxidation (HOR), and oxygen reduction (ORR) reactions, while it is not so efficient with respect
to the oxygen evolution (OER). The most commonly studied catalysts for OER are Ir, Rh, IrOx
and RuOx. In order to increase the catalytic activity and reduce the cost of catalysis Pt is often
alloyed with cheaper metals from the transition series such as Ni, Co, Fe and etc. or with o

ther noble metals (Ru, Ir, Os) which improve not only the efficiency but also the stability of
the composite catalysts.

This work concerns: i). the preparation of thin composite catalytic films in which an
essential part of the efficient but expensive Pt, Ir and IrOx is substituted by dense Au sublayer
using the method of magnetron sputtering; ii).characterisation of the surface structure,
morphology, and electronic state; and iii).investigation of catalytic performance toward the
partial electrode reactions proceeding in the hydrogen energy systems.

The selected single and composite catalytic films (Au, Pt, Ir, IrOx and Au-M) are prepared in
sequence (layer by layer) using the method of direct current magnetron sputtering on glass
substrate upon 25 nm thick Ti-sublayer. The total thickness of all samples is 250 nm. In the
bimetallic catalysts 240 nm of the basic functional layer is substituted with Au on the top of
which a 10 nm functional layer (M = Pt, It, IrOx) is sputtered.

The surface structure, morphology and composition of the prepared catalysts are
characterized by XRD and XPS analysis. The performance and catalytic efficiency are
evaluated in acid aqueous solution (0.5 M H2SO4) using a standard three electrode cell applying
the conventional electrochemical methods of cyclic voltammetry and steady state polarisation
curves.

The experimental results in fig.1 show that the intensity of the OER increases in the order
Au<IrOx<Au-IrOx<Ir<Au-Ir, while for the partial cathodic reaction at low overpotentials Pt still has
superior efficiency. In the potential range where hydrogen evolution takes place (HER) the
efficiency of Pt and Au-Pt films is nearly the same despite the huge difference in Pt content
(250:10 nm, respectively).

The cyclic voltammograms recorded in the water window potential range are compared in
fig.2. It is seen that Au-Pt and Au-IrOx CVs combine features typical for both single metals.

To evaluate the intrinsic catalytic efficiency (not dependent on the film thickness) the
current densities at defined potential are normalised to the thickness of the top functional layer
(Pt, Ir or IrOx).These data are presented in Table 1.
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Fig. 1.Steady state polarisation curves a) anodic and b) cathodic, recorded in 0.5M H2SO4 at 22 0C;
potential scan rate - 1mV s-1

Fig. 2.Cyclic voltammograms of Au and Au-M sputtered films in 0.5M H2SO4 at 22 0C and 100mV.s-1; the
right y-axis presents the current density of Au-Ir and Au-IrOx and left-y Au and Au-Pt respectively

Table 1. Intrinsic catalytic efficiency of the sputtered films

The results demonstrate the superior performance of Au-Pt for HER and Au-Ir for OER
compared to the pure metals (Pt and Ir). The synergetic effect is explained with formation of the
interfacial bimetallic layers end electronic interactions, confirmed by the registered shift in the
binding of the metallic components. The research proves that the method of DCMS could be
used as precise technique for deposition of multilayered catalysts with controlled thickness and
tailored synergetic effects between the components.

Participation of E. Petkucheva in RSE-SSE 5 has been made possible with the financial
support of Bulgarina Ministry of Education and Science
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This presentation introduces a new approach for in-situ conductivity measurements of the
Ni network‘s initial formation in NiO-YSZ and its changes during cyclic oxidation and reduction,
applying electrochemical impedance spectroscopy. Usually, the electrochemical behavior of the
anode reaction is evaluated by impedance measurements carried out on cells. Although
impedance is an informative and powerful technique, the data analysis needs the application of
equivalent circuit models based on validated preliminary working hypothesis for separation of
the anode contribution from the total impedance of the cell.  In the present study the testing is
performed on single bare anodes. This approach bypasses the complications arising from the
impedance data analysis of the cell and ensures more accurate and targeted information
regarding the initial stages of the Ni particles electric connectivity in the YSZ matrix and the
changes in the Ni percolating network during redox cycling. It opens a new niche for direct
observation of the conductivity changes during redox cycling in conditions which can simulate
the operating system and thus for the development of strategies for minimization of the
degradation effects.
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Fig. 1. Complex plane impedance diagrams measured during reduction after 8,5 minutes (), after 9,5
minutes (□) and after 10,5  minutes (⧍) from the beginning of the reduction process

For more complete description of the changes in the anode microstruture, gas permeability
measurements are also introduced. The obtained results show that impedance can register the
changes in the sample’s conductivity during anode reduction, as well as during redox cycling
performed in mild oxidation conditions. The oxidation rate is much slower than the reduction
one. The combination of impedance with gas permeability and microstructural measurements
gives new opportunities for anode optimization in respect to the ohmic and concentration
polarization.
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The predicted depletion of fossil fuels, coal, oil and natural gas by 2050 places special
emphases on the integration of alternative energy resources, of which energy produced from
hydrogen could be predominant primary energy source. Most experts consider that hydrogen
can play an important role as energy carrier in the possible scenario for the future. Furthermore,
hydrogen has great potential to hold promise as a power source for future, with socio-economic
benefits and positive environmental impact [1-3].

In this study, the catalytic effect of several organic amines on hydrogen evolution reaction
(HER) was studied on copper electrode. Kinetic parameters were determined from Tafel
polarization curves in order to obtain more information about catalytic effect of organic amines.
In the case of N,N-dimethylaniline (DMA) the best electrocatalytic effect was reached in 0.5 M
H2SO4 solution. Molecular parameters of protonated amines were determined by quantum
calculation. A larger dipole moment obtained for N,N-dimethylanilinium (DMAH+) showed that
the orientation of these molecules are more favorable ordered on the electrode surface. In
addition, the adsorption behavior of DMA on copper surface follows the Langmuir adsorption
isotherm. The low negative values of the standard Gibbs free energy of adsorption ΔGads at
different temperature suggested a physiosorption. The value of the activation energy obtained
for 10-3 M DMA was 37% higher than that obtained in the absence of DMA.
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Fig.1. Arrhenius plots for HER in 0.5 M H2SO4 and in the presence of different concentrations of DMA
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Hydrogen evolution reaction (HER) was investigated in 1M NaOH supporting electrolyte at
different temperatures on three types of nickel-based electrodes: (I) pure smooth nickel
electrode as reference (smooth Ni); (II) smooth nickel electrode-one layer of platinum
nanoparticles (smooth Ni-Pt1); (III) skeletal nickel electrode-one layer of platinum nanoparticles
(skeletal Ni-Pt1) prepared by spray pyrolysis.

The surface morphologies (figure 1) and compositions of electrodes were characterized by
scanning electron microscopy (SEM) and energy dispersive X-ray (EDAX) techniques,
respectively, and the electrocatalytic efficiency was evaluated based on steady-state
polarization curves, Tafel plots and electrochemical impedance spectroscopy (EIS). Exchange
current density io and cathodic transfer coefficient 1- were calculated, as well as activation
energy.

The activation energy for pure smooth Ni was 44.1 kJ mol-1 while for smooth Ni-Pt1 and
skeletal Ni-Pt1 the values of 38.8 kJ mol-1 and 34.7 kJ mol-1 have been obtained. Obviously,
skeletal Ni-Pt1 shows higher catalytic activity for HER than smooth Ni-Pt1 and pure smooth Ni
by reducing the activation energy of the reaction, which is in accordance with the corresponding
diminution of the overpotential for hydrogen evolution. The enhancement of the electrocatalytic
activity of skeletal Ni-Pt1 suggests that there is a synergistic interaction between Ni and Pt in
comparison with pure smooth Ni.

The results presented in this work show that the spray pyrolysis method is a useful method
to prepare stable nickel cathodes for alkaline water electrolysis.

Figure 1. SEM images of smooth Ni-Pt1 electrode.
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Silicon is perspective anode material for lithium-ion batteries due to high theoretical
insertion capacity 4210 mAh/g.  The films of amorphous Si with thickness less than 1 μm are
capable to maintain hundreds cycles without considerable loss of capacity. However, the
increase in thickness of such films results in drastic acceleration of degradation at cycling.
Recently it was found that layered composites Si-Al possess much higher cycling stability. In the
present work, we study multi-layered electrodes made from composite Si-O-Al.

Thin-film layered composite electrodes were prepared by alternate magnetron sputtering
pure silicon and mixture of silicon and aluminum onto titanium foil in oxygen-containing
environment. The composite under study consisted of 12 layers of plain Si and 12 layers of
mixture Si:Al (84:16). Thickness of single layer was ca. 85nm. Cyclic voltammetry tests were
carried out in a cell with Li counter and reference electrodes. The electrolyte was 1M LiPF6
solution in a 1:1:1 (v/v) mixture of ethylene carbonate, dimethyl carbonate and diethyl
carbonate. Cyclic voltammograms were registered between 0.0 and 1.0 V at scan rates from 0.1
to 1.0 mV/s by using a cycle tester P30J “Ellins” (Russia).

Cyclic voltammograms registered at low scan rates reveal two cathodic peaks at potentials
ca. 0.2 and 0.04 V, and two anodic peaks at potentials 0.35 and 0.5 V. It was shown by special
experiments that cathodic peak at 0.04 V unambiguously corresponds to anodic peak at 0.35 V,
whereas cathodic peak at 0.2 V corresponds to anodic one at 0.5 V. One can suppose that
cathodic peak at 0.2 V reflects the formation of intermetallic compound Li2Si, and cathodic peak
at 0.04 V could be attributed to formation of more lithium-rich alloys. It is worth noting that the
shape of voltammograms at layered composite coincides very well with that of voltammograms
at plain silicon, and drastically differ from the shape of cyclic voltammograms at aluminum.

It turns out that the peak currents Ip are proportional to the square root of the potential scan
rate v. From the slope of Ip versus v1/2, we can calculate the apparent diffusion coefficient of Li+

in the Si-O-Al composite according to modified Ševcik equation with account for non-ideality of
Li alloy. The diffusion coefficient happened to be 5.10-10 cm2/s. We underline that the above
figure is some effective one, because Li+ ions can travel through phase bulk as well as along
interphase boundaries.
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Nowadays the specific capacity of negative graphite electrodes in commercial lithium-ion
batteries reached its maximum value, which is close to theoretic value of 372 mAh/g. The only
way to increase the specific capacity of battery is the transition to new materials with much
higher specific capacity of lithium insertion then carbon materials. The most promising (in terms
of specific capacity) is the silicon whose theoretical specific capacity is 4200 mAh/g [1].

We prepared layered Si-O-Al composites by alternate magnetron sputtering pure silicon
and mixture of silicon and aluminum in oxygen-containing environment onto titanium foil. The
composite thickness was more than 2 μm. The Si-O-Al composite contained about 75,5 at. %
silicon, 11 at. % oxygen, and 6.86 at. % aluminum. Such composites were found to have
columnar morphology with average pillars’ diameter of 50 nm, and inter-pillar distance 1-2 nm.
Electrochemical measurements at Si-O-Al-electrodes were carried out in sealed three-
electrodes cells of flat-parallel construction. Cells contained one work electrode, two lithium
counter and one lithium reference ones. We used 1М LiPF6 in ethylene carbonate -
diethylcarbonate - dimethylcarbonate (1:1:1) mixture as an electrolyte. The cells were
assembled in glove-box with humidity about 10 ppm. We used non-woven polypropylene
separator. The electrolyte humidity was less than 20 ppm. Cycling of electrochemical cells was
performed with computerized cycler of Buster Co. (St. Petersburg, Russia). Potential limits of
cycling were 0.01–2.0 V relatively to lithium reference electrode. Before physical chemical
investigations, electrodes were thoroughly rinsed by dimethoxyethane in a glove-box.

The discharge capacity at galvanostatic cycling (C/8) of Si-O-Al electrodes was stable for
no less than 100 cycles and was about 2800 mAh/g (1.1 mAh/cm2). During the multiple cycles
of lithium insertion-extraction the composite thickness increases. Thickness growth happens
unequally along the electrode surface. The total thickness of layered composites increases by
10-30-fold after 100-180 cycles. The elemental composition of Si-O-Al films changes during the
cycling, specifically, fluorine and phosphorous appears at the surface and in the bulk of the
composite. Simultaneously oxygen and carbon contents increase. This suggests the formation
of passive film on the pillars’ surface, due to electrolyte reduction. Irregularity of thickness
growth of Si-O-Al can be a consequence of non-uniform current density distribution, which can
be related with different resistance in different areas.
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The first report about olivine lithium iron phosphate was made in 1997 by Goodenough and
coworkers [1]. Now LFP is the most recent state-of-the-art cathode material. LiFePO4 theoretical
specific capacity is 170 mAh g-1 and it has a flat voltage plateau of around 3.45 V (vs. Li/Li+).
Rather low electronic conductivity (σ≈10-9 S cm-1) should be mentioned as one of the
disadvantages of this material. However, electron transfer can be enhanced by a simple carbon
coating of the LFP particles in situ during synthesis or ex situ by post-treatment. This leads to
significant increase of the achievable specific capacity. Different ways for further enhancement
of this active material have been extensively studied for the last few years:

Development of advanced nanostructured LFP-carbon composites
Replacement of carbon by conductive, electrochemically active polymers
Doping of LFP by the ions of transition metals and others
In this paper authors used the last method, Fe ions being partially replaced by the dopant.

Sol-gel method was used for synthesis of the samples of different composition:
LiFe0.99V0.01PO4/C, LiFe0.97V0.03PO4/C, LiFe0.95V0.05PO4/C, LiFe0.9V0.1PO4/C, and
LiFe0.7Mn0.3PO4/C.

The performance of samples was investigated by galvanostatic cycling. Electrodes for
electrochemical studies were made by pasting the material (85% active material, 10% carbon
black and 5% polyvinylidene fluoride dissolved in anhydrous N- methylpyrrolidone) on a
substrate. The electrochemical cell assembled in a glove box with a dry argon atmosphere. The
mass of LiFePO4 on the substrate was roughly 6–10 mg/cm2. The current density ranged from
20 to 1600 mA/g. The values of specific capacity obtained at C/8 rate were 130, 117, 96, 128
and 95 mAh/g for LiFe0.99V0.01PO4/C, LiFe0.97V0.03PO4/C, LiFe0.95V0.05PO4/C, LiFe0.9V0.1PO4/C
and LiFe0.7Mn0.3PO4/C respectively. Figure 1 shows the comparison of different materials at
different cycling rates. As we see LiFe0.9V0.1PO4/C is the most beneficial. However, in the case
of LiFe0.7Mn0.3PO4/C an additional plateau at the potential of 4.2 V which increases overall
energy density.

Fig.1 The comparison of different materials at different cycling rates
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One-step simple temperature-controlled microwave synthesis was applied to prepare
nanocrystalline RuO2 dispersion from aqueous RuCl3. RuO2 dispersion was subjected to
dynamic light scattering in order to analyze the synthesized particles, whereas structural and
morphological properties of the solid phase are investigated by AFM, SEM, EDAX and XRD
techniques. The ordered unusual shape of ca. 100-nm native particles, as well as highly-
ordered prismatic agglomerate sheets are observed. Capacitive properties of RuO2 was
investigated by cyclic voltammetry and electrochemical impedance spectroscopy in 1 M H2SO4
and standard three-electrode cell, with ink-type working electrode on glassy carbon substrate A
specific capacitances as high as 750 F/g were obtained, which negligibly depend on sweep rate
in 5–500 mV/s range (Fig. 1). These findings are quite unusual for this kind of material
consisted of rather large particles [1], and makes it excellent candidate for both low and high
power applications. The capacitive response appears stable during prolonged charge/discharge
cycling.

Fig.1. Cyclic voltammograms of nanocrystalline RuO2 in 1 M H2SO4.
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Development of low cost and efficient electrode materials is the main target for researchers
in Rechargeable Lithium Ion Battery (LIB) Technology. In order to achieve fast electron transfer
and thus high power capability, graphene carbon network has attracted a great deal of attention
due to its high electrical conductivity and easy modification by electron donating and deficient
organic/inorganic compounds, which can tune its chemical and electrochemical behavior. In the
light of these feedbacks, reduced graphene oxide (RGO) samples were chemically synthesized
by using graphene oxide (GO) precursor in accordance with literature procedures. Then
obtained carbon nanosheets were modified by electroactive anthraquinone (AQ) moities in
different ratios by using azide chemistry. In this way, the main solubility problem of electro-
active organic compounds (or polymers) faced during charge-discharge cycling is precluded.
Thus, electrode integrity was protected and capacity losses during repeated
charging/discharging was minimized. Sheet resistance of partially reduced graphene sample
increased from 5.175 to 13.83, 16.83, 21.11ohm/sq depending on loading level of AQ groups on
RGO, 50%, 200% and 500% by mass as compared to RGO weight respectively. The electrodes
were prepared by spreading of active mass (85% AQ modified graphene samples (RGO-AQ)
and 15% TAB (Teflonized conductive carbon)) on Al and Cu foils with mass loading of 1-
2mg/cm2. The electrodes were tested in 1M LiClO4 in PC and 1 M LiPF6 in EC:DMC by cyclic
voltammetry and galvanostatic cycling. The obtained AQ modified graphene nanosheets show
good cycleability with a voltage plateau at about 2.5V vs. Li metal.

Fig.1. Cyclic Voltammetry (CV) of reduced graphene oxide (RGO) and AQ modified graphene (RGO-AQ)
samples vs. Li metal at scan rate of 0.07mV/s.
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Development of low cost and efficient electrode materials is the main target for researchers
in Rechargeable Lithium Ion Battery (LIB) Technology. In order to achieve fast electron transfer
and thus high power capability, graphene carbon network has attracted a great deal of attention
due to its high electrical conductivity and easy modification by electron donating and deficient
organic/inorganic compounds, which can tune its chemical and electrochemical behavior. In the
light of these feedbacks, reduced graphene oxide (RGO) samples were chemically synthesized
by using graphene oxide (GO) precursor in accordance with literature procedures. Then
obtained carbon nanosheets were modified by electroactive anthraquinone (AQ) moities in
different ratios by using azide chemistry. In this way, the main solubility problem of electro-
active organic compounds (or polymers) faced during charge-discharge cycling is precluded.
Thus, electrode integrity was protected and capacity losses during repeated
charging/discharging was minimized. Sheet resistance of partially reduced graphene sample
increased from 5.175 to 13.83, 16.83, 21.11ohm/sq depending on loading level of AQ groups on
RGO, 50%, 200% and 500% by mass as compared to RGO weight respectively. The electrodes
were prepared by spreading of active mass (85% AQ modified graphene samples (RGO-AQ)
and 15% TAB (Teflonized conductive carbon)) on Al and Cu foils with mass loading of 1-
2mg/cm2. The electrodes were tested in 1M LiClO4 in PC and 1 M LiPF6 in EC:DMC by cyclic
voltammetry and galvanostatic cycling. The obtained AQ modified graphene nanosheets show
good cycleability with a voltage plateau at about 2.5V vs. Li metal.

Fig.1. Cyclic Voltammetry (CV) of reduced graphene oxide (RGO) and AQ modified graphene (RGO-AQ)
samples vs. Li metal at scan rate of 0.07mV/s.
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Doped CeO2 is widely considered as the only feasible alternative to YSZ as electrolyte
material in SOFC. In fact, ionic conductivity of RE-doped CeO2 can exceed 0.01 S/cm already at
600 °C , which would allow a decrease in the standard operating temperature of cells.

Thanks to the fluorite structure, ionic conduction mechanism relies on oxygen vacancies
which are formed to compensate charge unbalance due to the incorporation of RE3+ ions at
Ce4+ sites and their equilibrium concentration can be extrinsically modified just by changing the
amount of doping agent. However, increasing dopant concentration beyond a certain threshold
reduces ionic conductivity, due to defect clustering and structural modifications.

In order to investigate the correlation between structure and electrical conduction at
different doping levels, a detailed structural-electrical study was carried out in the system CeO2-
Sm2O3.

Ternary oxides of nominal composition Ce1-xSmxO2-x/2 with 0.1≤x≤0.9 were prepared by co-
precipitation of mixed oxalates and subsequent thermal treatment in air at 1200, 900, or 800
°C; the structure was then analyzed at room temperature both by synchrotron X-ray diffraction
and μ-Raman spectroscopy, while conductivity was studied in the temperature range 300 – 800
°C by electrochemical impedance spectroscopy (Fig. 1) on samples sintered in air at 1400°C.

Results show that for x<0.3 a solid solution exists, and conductivity increases with x, while
for 0.3≤x≤0.9 a hybrid structure, intermediate between the CeO2 and the Sm2O3 cubic structure,
becomes stable; within this compositional range a gradual change of structural parameters
sensitive to the fluorite→cubic Sm2O3 transition can be observed. Correspondingly, conductivity
decreases with increasing x.

Fig. 1. Arrhenius plot of total conductivity at different Sm-concentrations.

ECS-P-08



96

Enhanced ionic conductivity in borate ester plasticized Polyacrylonitrile
electrolytes for lithium battery application

Hamide Aydın1*, Ayhan Bozkurt2
1BioNanoTechnology R&D Center, Fatih University, 34500 Büyükçekmece
İstanbul/Turkey
2Department of Chemistry, Fatih University, 34500 Büyükçekmece-Istanbul/Turkey
*Corresponding author: aydinhamide34@gmail.com

Lithium ion batteries have acquired great importance in the last several decades as the
energy storage of portables devices, such as cell phones and laptop computers [1]. However
most lithium ion batteries containing liquid electrolytes have potential safety problems, due to
the presence of large amount of organic solvents. In order to solve the safety problems, polymer
electrolytes have attracted attention [1]. Solid polymer electrolytes as well as gel polymer
electrolytes have been reported by many groups [2]. Solid polymer electrolytes have
advantages like high specific energy, high energy density, leak proof, high ionic conductivity,
wide electrochemical stability windows, light, solvent free and easy processability [2]. The
interest in using of borate esters as additives have increased as they can lead to higher
conductivities by trapping the anions due to their Lewis acidic nature, in spite of a very low
solvent dielectric constant. They are non-volatile and also have high flash points [3]. Many
borate esters have been recently synthesized and studied both as additives [4] and as solvents
[5] in salt-in-polymer electrolytes. It is therefore of interest to analyze their influence on
conduction of PAN-based electrolytes. The effect of low molecular weight borate ester on the
ionic conductivity of polyacrylonitrile (PAN) was systematically investigated by means of
measuring conductivity using the impedance technique. Gel polymer electrolyte (SPE) films
consisting of PAN as host polymer, LiCF3SO3 and LiBF4 as ionic salts, and poly (ethylene
glycol) borate ester (PEGB), ethylene carbonate/propylene carbonate (EC/PC) as plasticizers
were prepared by physical blending method. All measurements were performed on electrolyte
samples with various contents. Fourier transform infrared spectroscopy (FT-IR) gave evidence
of the interactions among PAN, plasticizers and lithium salt. The surface morphology of the
electrolytes was investigated by scanning electron microscopy (SEM). Thermal properties of
these materials were searched with thermogravimetric analysis (TGA) and differential scanning
calorimetry (DSC). Conductivity studies of these blend polymer electrolytes were carried out in
the temperature range 20–100 oC. The maximum ionic conductivity values of 1.8×10−3 and
1.4×10−4 S.cm−1 were measured for the film containing 4PAN-10EC/PC-4LiBF4 and 4PAN-
10PEGB-4LiCF3SO3, respectively, at room temperature. These films have a good conductivity,
better dimensional stability and wide electrochemical stability window. These unique properties
make the composite gel membranes suitable for application as electrolyte in rechargeable Li-ion
batteries.
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Nickel - yttria stabilized zirconia (Ni/YSZ) cermet is the most common anode material in
solid oxide fuel cells (SOFC). The high catalytic activity of Ni for the H-H bond breaking and
relatively low cost justify its application. In addition the anode should ensure good permeability
for the input of the fuel and the output of the exhaust water, which requires percolating porous
structure combined with highly conducting Ni network needed for reduction of the ohmic losses.
Usually the quality of the porous anode microstructure is evaluated by a combination of
microscopic observations and electrochemical testing of the concentration polarization [1-5].
This work proposes a new approach - direct measurement of gas permeability in the porous
anode media.

The experiments were performed on bare anode samples with different porosity obtained
by variation of the graphite pore former (15-40 vol% for NiO/YSZ samples; 20-55 vol% for
Ni/YSZ samples). The granules of NiO-YSZ mixture were compacted and uniaxially pressed into
pellets with 1,5 mm in thickness and 25 mm in diameter and then sintered at 1350°C in air. The
reduction of NiO/YSZ cermet to Ni/YSZ was performed at 725°C in gas mixture of Ar and H2 in
ratio 3:1. For evaluation of the Ni network the resistivity of the reduced samples was measured
at room temperature applying advanced DC four points method.

For the performance of the permeability studies a new testing system was especially
designed. It is based on measurements of the gas flow qflow [ml/min] and pressure P (mm H2O)
when penetrating through media with different porosity. A new characteristic parameter, named
permeability resistance Rp was introduced [6]:

Rp = P/qflow , (1)
The permeability measurements were carried out at room temperature with different gases:

air, O2, N2, Ar, dry and humidified H2.
Gas permeability is sensitive to gasses pathway tourtuosity in the porous structure which

may not correlate with the porosity volume. Thus the combination of porosity and gas
permeability measurements opens additional opportunities for optimization of the anode.

The permeability measurements were carried out with different gasses at room temperature
and constant conditions (set-up configuration and porosity) (Fig.1).
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Fig.1. Gas pressure as a function of the gas flow: a) sample before reduction (NiO/YSZ); b) same sample
after reduction (Ni/YSZ).
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An increase of the permeability with the decrease of the molecular weight was registered
for all the samples before, and after reduction. This tendency is valid also for gas mixtures.

The results show that an anode with a given porous structure should have different
permeability in respect to the fuel and the exhaust water. Since H2 is diluted in operation
conditions with the heavier inert gas (N2 or Ar), the permeability decreases with the increase of
its concentration. The effect is stronger for Ar. For humidified H2 the permeability decreases in
respect to dry H2.

It is interesting to check the dependence between Rp and the molecular weight. Since the
samples have different height h, Rp was replaced with the resistivity ρp:

ρp = Rp . s / l , (2)
where s is the surface of the pipe line input. The results are presented in Fig. 2.
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Fig.2. Dependence between permeability resistivity ρp and the gas molecular weight for the anode sample
from Fig.1: a) before reduction  (NiO/YSZ); b) after reduction (Ni/YSZ).

The observed dependence shows a kink in the vicinity of molecular weights about 28-30
(nitrogen/air). For higher molecular weight (as that of Argon) the resistivity increases faster. This
experimental fact needs further studies for its explanation.

The resistivity of the reduced samples (Ni/YSZ) was evaluated by DC resistivity
measurements. The results show that although the samples are reduced, those with lower
porosity (about 20%) have no conductivity, i.e. there is no Ni percolation to ensure electron
transport through the anode. We suppose that the loss of electron conductivity could be
connected with Ni evaporation/deposition, which we have observed during reduction (Ni
deposition on the sample’s holder). Very probably for denser samples that process occurs
inside the porous structure, causing Ni coarsening and thus, preventing the formation of the Ni
network.
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The influence of structure on mechanical behavior of 1Ce10ScSZ (1-mol. % CeO2, 10-
mol. % Sc2O3, 89-mol. % ZrO2) electrolyte ceramics made of powders of various types was
studied. Assuming that consolidation of powders and refinement of ceramic structure with
sintering are thermally activated processes, the analytical equations, which are describing the
relationships between strength, structural sizes, porosity and quality of interfaces are invented.

Strength of ceramics  is dependent on the sintering temperature Ts too and might be
described as some complex function of structural components, primary porosity P, effective size
of structural elements d and some effective surface energy , which describes quality of
boundaries between all structural components and depends on amount and state of impurities.

Generally, the named dependence might be expressed as some complex function
(Тs)=f{d(Тs), P(Тs), (Тs)}. It requires numerous structural parameters. Traditional ones, like
grain size, porosity, are obtained easily. Parameter describing state of inner interfaces might be
obtained from fractography, e.g., as strong or weak boundaries resulting in transgranular or
intergranular failures, which reflect cleavage and intergranular fracture micromechanisms.

The detailed study of structure and mechanical behavior shows that the fullest set of
structural parameters suitable for a sophisticated analysis might be obtained from structural and
fractographical data on ceramics made of three different types of zirconia powders, which differ
by properties of initial particles and their agglomerates [1]. The data show dramatical difference
of structure that is dependent on both the powder type and sintering temperature (Fig. 1).

a b c

d e f
Fig. 1. Facture surfaces revealed with scanning electron microscopy of 1Ce10ScSZ ceramics made

of I - III powder types and sintered at 1350 and 1550 °C, respectively: I - a and d; II - b and e; III - c and f.

Finally, for intergranular and cleavage fracture micromechanisms, ceramic strength is
described in above mentioned terms as

   nPkd )1()( 2
1

0 , (1)
where  - the normalized coefficient that determines the boundary quality.
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LIKE. BANSKO
Bansko, once mainly a stockbreeding and travelling merchant community, has become
an international centre for winter and summer tourism. The mountain peaks near the
town, the numerous lakes, mineral springs, and old pine woods make it a popular site
for recreation. Bulgaria's share in European winter tourism is steadily rising, and
Bansko increasingly competes with Alpine resorts with 70 km in ski slopes, modern lift
infrastructure, various attractions and a skiing season that lasts more than 5 months.
Bansko has a unique past and authenticity in culture, ethnography and customs. The
atmosphere of mystery and remoteness is created by the meandering cobblestone
streets, houses-castles with high gateways and long eaves made of black wig. Small
and lively pubs, restaurants, clubs, cafes in the old town will make your going-to-bed
early virtually impossible.
The sports events and cultural happenings in Bansko ensure pleasant experiences for
the guests of the town throughout the year. The small town of the Bulgarian national
revival hosts a number of big sports competitions in both summer and winter. Bansko
has an extremely rich catalogue of cultural events. A part of them have preserved the
traditions in folklore, customs, woodcarving, painting and are of regional importance.
Today, Bansko is one of the jewels in Bulgaria's tourism crown. This charming, historic
town is located in the broad Mesta River plain, which is bordered by three mountain
groups: the Rila, Rhodopes and Pirin.
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Plant available Mn (II) can be determined with flame atomic absorption spectroscopy
(FAAS) and also by inductively coupled plasma optical emission spectrometry (ICP-OES) after
DTPA extraction. These techniques are time-consuming and expensive due to the reagents
used in analytical procedures [1]. For these reasons, electroanalytical methods can be used due
to high sensitivity, portable instrumentation and low cost.

Homemade UV digestion system has been used to breakdown the organic matter (DTPA-
Mn complex) prior to electrochemical determination of available Mn in soil samples. After the UV
digestion and anodic polarization, a cathodic peak has appeared at 0.50 V resulting from
reduction of MnO2 to Mn2+. Differential pulse cathodic stripping voltammetry (DPCSV) was used
as electroanalytical method with disposable pencil graphite electrode. Electrochemical
parameters affecting the determination of Mn (II) such as supporting electrolyte, accumulation
time, accumulation potential and stirring rate have been deeply investigated. UV digestion
parameters were also optimized. Analytical variables such as linear working range, detection
limit, etc., have been determined for Mn (II). Then, the resulting electroanalytical method has
been tested on environmental samples.
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For immittance data validation electrochemist generally use the consistency test based on
the Kramers-Kronig transformation. In spite of the extensive discussion in the literature, a few
fundamental questions were simply omitted, namely:

What is the mathematical idea behind the Kramers-Kronig transformation?
The transformation in the present form comes from optics: Is an optical system completely

analogous to an electrochemical system? Can Kramers-Kronig transformation be directly
applied to electrochemical systems in the same way as in the case of optical systems?

Does the KK compliance of the impedance data imply the compliance of the corresponding
admittance data and vice versa? Is it enough to test only the impedance data, or should a
complete validation procedure involve the testing of both the impedance and corresponding
admittance?

From mathematical point of view the KK transformation can be explained in a very simple
way based on the corresponding w(t) weight function of the system. Wehever w(t) = 0 for each
t ≤ 0 and the Fourier integral is convergent for w(t), the corresponding impedance data will obey
the KK test - better saying, such an impedance is KK transformation invariant. However, KK
transformation will never fail on an impedance data set involving a time delay. That is a main
difference between optical systems and impedance. An electrochemical cell is basically an
electrical two-pole, not allowing the presence of a time delay between voltage and current
signals in any direction. In contrast, an optical system is analogous to an electrical four-pole
permitting the presence of a time delay between the input and output signals. Thus, unlike in
optics, it is not sufficient to test only the impedance or the admittance for KK invariance, a
complete consistency test should involve the test of both the impedance and admittance.

A regularization based algorithm will also be shown for the calculation of KK transformation.
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The hydrogen being the only carbon-free fuel is of particular interest as a future energy
source because of its renewability and absence of polluting emissions during its direct
combustion or application in fuel cells. Unfortunately the high cost of hydrogen and the
atmosphere contamination during its production limits its application – only 4% are produced by
the application of clean industrial technologies. The use of green biological methods however
can significantly reduce the cost of hydrogen production using industrial wastes as substrate
and sun light as an energy source [1]. The photosynthetic bacterium Rhodobacter capsulatus is
one of the strains able to produce H2 at anaerobic conditions with a high efficiency with the
participation of the enzyme nitrogenase, which in absence of alternative substrates reduces
protons to hydrogen gas at presence of light. The optimization of the experimental conditions of
this process to obtain maximal hydrogen production efficiency requires a great number of
experiments, respectively a great amount of reagents and a long duration of the experiments to
collect a volume of hydrogen able to be measured precisely.

The application of small volume photosynthetic reactors may reduce the quantity of the
reagents but it must be combined with a real time in-situ method for dissolved hydrogen
concentration measurement. Recently the authors developed a potentiometric sensor [2] based
on Reversible Hydrogen Electrode (RHE) which drawback however was the altering of the
calibration curve with the changes of the bacterial medium composition, mainly pH. This
drawback was overcome by the development of a voltammetric sensor, subject of the present
work where the electrodes and the electrolyte are separated from the bacterial media by a
membrane. This sensor is based on the hydrogen electrochemical oxidation occurring in
accordance with the equations: H2 + 2OH- = 2H2O + 2e- in alkaline media and H2 = 2H+ + 2e- in
acidic media respectively. Since in both cases electrolyte acidification occurs a concentrated
HCl was applied as supporting electrolyte. The low hydrogen solubility in water of about 1.6
mg/L at 20oC and 1 bar pressure requires great electrodes surface of the sensor to obtain
sufficient current response level, shown in Fig. 1. The developed voltammetric sensor was
analytically characterized and applied for the hydrogen production efficiency evaluation of the
wild variety B10 and genetically modified one IR3 of the strain Rhodobacter capsulatus.
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Fig. 1. Dissolved hydrogen probe response to increased H2 concentration
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Determination of trace levels form heavy metals in the environment is highly important, yet
challenging analytical problem, because numerous health problems are associated with
exposure to high levels of these metal ion due to their tendency to be accumulated in the body,
toxicity and low rate of clearance. The electrochemical methods for detection of trace metals are
very important since these methods offer several advantages, including remarkable sensitivity,
inherent miniaturization and portability [1]. Electrochemical analysis using chemically modified
electrodes represents a promising method for metals determination at trace levels [2].
Conducting polymers based on azulene are very interesting building block among the polymers
for the synthesis of advanced materials.

New complexing polymer-coated electrodes were prepared by electropolymerization in
acetonitrile solutions of azulene derivative L. The novel electrodes were tested for the
electrochemical detection of Pb(II), Cd(II), Cu(II) and Hg(II) ions by means of the chemical
preconcentration-anodic stripping technique.
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In this study, a simple and rapid electroanalytical method was proposed to determine boron
in environmental samples with glassy carbon working electrode. After the extraction of boron in
the samples, boron is complexed by addition of Alizarin Red S (ARS) to the extraction solution.
An anodic peak has appeared at -0.45 V for Boron-Alizarin Red complex. Differential pulse
anodic stripping voltammetry (DPASV) was used to determine the amount of the complexes.
The electroanalytical parameters affecting the determination of boron have been optimized
according to the experimental results. Magnitude of oxidation peak currents was used to get
optimal parameters at each optimization step. The optimum stirring rate, accumulation potential,
accumulation time and pH of supporting electrolyte were determined as 250 rpm, -0.6 V, 60
seconds and 7.5, respectively. Optimized method with glassy carbon working electrode showed
good selectivity and sensitivity on the determination of boron. Analytical parameters such as
linear working range, detection limit, etc., have been determined for boron. Then, the glassy
carbon working electrode has been tested on real samples.
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One of the most important social, economic, and technical problems of the global world is
related to the rational use of the fuel and energy resources from the nature.

The quality of the lubricants is essential both for the transport and the economy sectors
since high quality oils provide reduced friction and high compression to internal combustion
engines. The presence of highly active additives in motor oils can significantly increase their
lubricating properties.

The classical methods used for motor oil quality characterization are slow and time
consuming. Therefore, the development of modern methods for their rapid screening is of great
interest.

The present investigation aims to use Dielectric Impedance Spectroscopy (DIS) to perform
rapid characterization of the complex properties of motor oils. DIS can be also used as a basis
for non-destructive oil quality analysis.
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Fig.1. Effective capacity frequency dependence of 3 motor oil samples

The conducted experiments led to the development of a new methodology. It is based on
the frequency analysis of the real part C’ of the impedance in a wide frequency range. At low
frequencies a “gigantic enhancement” of the effective capacitance C’ is observed. The value of
this enhancement is used as a measure of the oiliness. In high quality oils, the enhancement of
C' is larger and faster, and occurs at higher frequencies.
The phenomenon can be explained with the formation of a highly polarizable dipole structure
called "dipole micelle". The results obtained by the DIS study are fully consistent with the results
obtained by classical testing in an accredited laboratory.

Acknowledgement
The authors acknowledge Operational Programme “Development of the Competitiveness of

the Bulgarian Economy” 2007-2013 Grant Agreement № BG161РО003-1.1.06-0102-С0001 and
the National Innovation Fund Grant Agreement BG 6IF-02-28 for the financial support that made
possible the publication of this paper.

EMD-P-04



FSP

ELECTROCHEMISTRY OF FUNCTIONAL
STRUCTURES AND MATERIALS
(NANOSTRUCTURES, CONDUCTING
POLYMER FILMS, DIELECTRICS,
SEMICONDUCTORS)



110

LIKE. BLACK SEA COAST
Bulgaria's long Black Sea coastline is the country's summertime playground, attracting
tourists from across Europe and beyond, as well as Bulgarians themselves. The big,
purpose-built resorts here are becoming serious rivals to those of Spain and Greece,
while independent travelers will find plenty to explore away from the parasols and jet
skis. Sparsely populated sandy beaches to the far south and north, the bird-filled
Burgas Lakes and picturesque ancient towns such as Nesebar and Sozopol are
rewarding destinations, and the 'maritime capital' of Varna is one of Bulgaria's most
vibrant cities, famous for its summer festival and nightlife as well as its many museums
and galleries.
The Balkan Mountains cross the country reaching to the edge of the Black Sea at Cape
Emine, dividing the coastline into a southern and northern part. Parts of Bulgaria's
northern Black Sea Coast feature rocky headlands where the sea abuts cliffs up to 70
metres in height. The southern coast is known for its wide sandy beaches. The
Bulgarian Black Sea coast offers many and diverse opportunities for recreation and
entertainment. With an impressive 378 km of shore line, the coast offers 70 beaches,
many bays, picturesque estuaries with beautiful dense forests and a delightful mixture
of mountain and sea climates.
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Although the mechanism for oxide breakdown and local metal dissolution are not
completely understood for Ti, it is widely accepted that electric-field assisted electron and/or ion
transfer processes on the passive oxide film are involved [1]. The chemical and electronic
properties of the native and/or anodically formed oxide film on Ti that control interfacial charge
transfer are, therefore, of both fundamental and technological importance. Microscopic models
that may account for both chemical/ionic and electronic properties of the oxide are based on the
point defect model (PDM), suggested by Macdonald [2] to describe either the oxide growth and
breakdown for many metals, as well as the electrochemical oxygen reduction/evolution
reactions on passive Ti [3,4]. Moreover, modified PDMs were utilized to gain understanding of
the metastable pitting induced by chlorides [5,6] and the spatially-localized electrochemical
activity of Ti interacting with bromides [7]. TiO2 is an n-type semiconductor with oxygen
vacancies (donors, ND) as the main charge carrier.

The role of oxygen vacancies on interfacial electrochemical reactions occurring across the
Ti|TiO2| electrolyte system is investigated in this study. Tuning of the oxygen vacancy
concentration controls the rate and extent of surface processes. In contrast to the destabilizing
effect of the bromide oxidation leading to localized corrosion, the electrochemical oxidation of
aniline (AN) results in the polyaniline (PAN) film formation and oxide stabilization. The Ti|TiO2-
PAN electrodes were stable in air, while exhibit a characteristic electrochemical response in
acidic solutions, that differs from that obtained for PAN deposited on conventional electrodes.

The Ti|TiO2 electrodes were prepared galvanostatically by applying different current
densities, japp, on a Ti substrate immersed in 0.5 M H2SO4 solution. Different japp led to TiO2 films
of same thickness but with varied concentrations of oxygen vacancies ( ••

OV ). The concentration

of ••
OV in TiO2 was estimated via Mott-Schottky analysis. To ensure that the oxide thickness

remained constant for different japp, a constant upper potential limit was used during the
galvanostatic formation. The pretreatment procedure, namely electrochemical reduction of the
native TiO2 (of a thickness, L ~ 20Å) or chemical etching, affects the reaction rates. The former
procedure facilitates electron transfer processes as the galvanostatically grown oxide film found
to contain a higher concentration of oxygen vacancies, in comparison with the chemical etching
procedure. The rate of oxidation reactions and polymerization increases upon increasing the
donor density, ND. Cyclic voltammetry and electrochemical impedance spectroscopy were used
to characterize the Ti|TiO2 and Ti|TiO2-PAN electrodes in sulfuric acid solutions. The
morphology of the unmodified and modified Ti|TiO2 electrodes was examined by scanning
electron microscopy. The different redox behavior of the Ti|TiO2-PAN electrodes seems to be
related with the electronic properties of the interfacial system that lead to a multistep PAN
reduction. Its origin is discussed on the basis of the different electrochemical response obtained
for PAN films, upon limiting the upper switching potential for a cyclic potential sweep deposition,
and when galvanostatic and potentiostatic techniques were used for the PAN formation.

References
[1] N. Casillas, S.R. Snyder, W.H. Smyrl, H.S. White, J. Phys. Chem. 95 (1991) 7002.
[2] D.D. Macdonald, Pure Appl. Chem. 71 (1999) 951.
[3] B. Roh, D.D. Macdonald, Russ. J. Electrochem. 43 (2007) 125.
[4] S. Ahn, D.Y. Kim, H.S. Kwon, J. Electrochem. Soc. 153 (2006) B370.
[5] Z. Jiang, T. Norby, H. Middleton, Corrosion Science 52 (2010) 3158.
[6] Z. Jiang, X. Dai, T. Norby, H. Middleton, Corrosion Science 53 (2011) 815.
[7] D. Sazou, K. Saltidou, M. Pagitsas, Electrochim. Acta 76 (2012) 48.

FSP-O-02



112

Structural Changes During the Overoxidation of Electrochemically
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Among the organic conducting polymers poly(3,4-ethylenedioxythiophene), often
abbreviated as PEDOT, and its derivatives appear to be among the most stable organic
conducting polymers currently available. Previous studies with metal|PEDOT|electrolyte solution
systems have shown that at sufficiently positive electrode potentials degradation of the polymer
film takes place. In some cases structural changes of the polymer layer (the change in the film
stress) caused by overoxidation could be detected by using the electrochemical bending beam
method [1,2]. The morphological changes of the films during the degradation process in
aqueous sulfate solutions were analyzed by scanning electron microscopy (SEM). Changes of
the effective mass of the Au|PEDOT film were studied by EQCM. Impedance spectra recorded
before and after overoxidation were analyzed. The results support the mechanistic picture,
according to which the originally compact and strongly adherent polymer films undergo
structural changes during electrochemical degradation [2,3], and agree with earlier observations
that the porosity of the film increases progressively during the degradation process.

This topic may be an interesting subject for further studies, since according to literature
reports conducting polymers in different overoxidation states show unique features useful for
analytical, sensing and biomedical applications, e.g. it has been reported in [4] that overoxidized
poly(3,4-ethylenedioxythiophene) film-modified screen-printed carbon electrodes exhibited
superior sensitivity and selectivity for the recognition of electrochemical probes. The basis for
the observed selectivity of overoxidized films is not entirely clear, although in some cases it has
been attributed to the increase in porosity of the polymer layer [5].

In order to highlight some of the features mentioned above, PEDOT (Poly(3,4-
ethylenedioxythiophene)) films deposited on gold (and immersed in sulfate or perchlorate
solutions) have been selected as illustrative examples. It can be seen from the SEM images of
overoxidized Au|PEDOT that the degradation process induces a partial delamination of the
polymer film from the underlying metal. Delamination may occur due to stress induced crack
growth between the film and substrate. According to SEM images the overoxidation/degradation
of PEDOT films can result in random-like, but quite well-ordered arrays of islands and trench-
like structures. X-ray diffraction results showed that besides degradation, the crystallinity of the
PEDOT film was also gradually improved with increasing number of overoxidation cycles [6].
These changes may result in the generation of sites with novel catalytic and binding properties
that may be advantageous for specific applications.
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Multi-metallic catalysts with a noble metal shell, Μnoble (Μnoble: Pt, Au, Ru, or their
combinations), and a core consisting of their alloy with a less noble metal, M (Μ: Pb, Cu, Co or
Ni), have been prepared by the galvanic replacement method [1, 2] and are denoted as
Mnoble(M) hereafter. The method is based on the spontaneous replacement of layers of M (which
have been chemically, electrochemically or photochemically deposited on an electrode
substrate) by Μnoble, during the immersion of M into solutions of Μnoble ions. For example, Cu
platinization by a solution of chloroplatinate ions, Pt(IV),  occurs according to the reaction:

2 Cu + PtCl
6

2-
 Pt (Cu) + 2 Cu

2+
+ 6 Cl.

The initial deposits of M are formed either by electrodeposition on a glassy carbon
substrate (for basic research studies) or by chemical or electroless deposition on high surface
area carbons of the fuel cell technology (Vulcan XC72R; for the preparation of practical
catalysts) or semiconductor photocatalyst powders (TiO2 or WO3). In the case of TiO2, Cu can
be photodeposited from its ionic solutions during illumination by UV light. SEM and ΤΕΜ
micrographs reveal the formation of micro- or nano- Mnoble(M) particles (depending on the
substrate and the method of M deposition), whereas EDS και Auger spectroscopy points to
Mnoble penetration into the core  of the particles. XPS spectroscopy has confirmed the metallic
nature of both metals, while XRD measurements indicate their alloying. Finally, the surface
electrochemistry of the Mnoble(M) catalysts in deaerated acid solutions, following electrochemical
and/or acid treatment, points to the formation of a pure Mnoble shell. The modification of the
electronic properties of the Mnoble shell by strain or/and ligand effects due to the underlying M
alters the catalytic properties of the former for a number of fuel cell related reactions (namely
ORR, BOR, MOR and CO oxidation). In this communication, emphasis is given in: a) methanol
and CO oxidation on PtRu(Ni) trimetallic catalyst layers, b) methanol and CO oxidation on
Pt(Cu) and Pt(Ni) supported either on C or TiO2 or WO3 and c) the operation of a H2/O2 PEM
fuel cell based on the developed catalysts in CO-contaminated streams of H2.
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Titanium is presently among the most important materials for biomedical and dental implant
applications. The use of titanium and its alloys in surgery has been growing steadily due to the
combination of properties superior to other metallic implants materials, like stainless steel and
cobalt-chromium alloys. These include good fatigue strength, corrosion resistance and
biocompatibility, relatively low elastic modulus and low density, which gives high specific
strength-to-weight ratios allowing the manufacture of lighter and stronger structures [1]. The
formation of a passive film, consisting mainly of amorphous titanium dioxide (TiO2) [2] is
responsible for both corrosion resistance and biocompatibility [3,4].

Titanium dioxide has received considerable attention in the field of materials science and
has been extensively investigated for its unique physical and chemical properties. Due to its
ability to kill microorganisms, TiO2 has been applied also in environmental treatments such as
water and air purification[5], water disinfection and sterilization. On the other hand, silver is a
suitable nontoxic element which improves the TiO2 bioactivity because of its inherent
antibacterial activity against different microorganisms [6,7].

This workpresent the sol-gel synthesis of TiO2coatings containing Ag and their
characterization after being deposited on titanium discs.The TiO2 and Ag-TiO2 sols were
synthesized starting from titanium(IV) chloride, TiCl4, under acidic conditions [8]. After addition
of ammonia, hydrated titanium(IV) hydroxide, Ti(OH)4, was formed. Following the addition of
hydrogen peroxide, H2O2, and silver(I) nitrate, AgNO3, the sol was heated at 90C to form Ag-
TiO2 sol. The TiO2 sol was prepared without the addition of AgNO3. Prepared sols were
deposited on Ti discs by a spin-coater.

The properties of the obtained coatings were investigated by several characterization
techniques: scanning electron microscopy (SEM), X-ray diffraction (XRD), 3-D profilometry and
electrochemical potentiodynamic polarization curves in order to investigate their morphology,
crystalline structure, topography and corrosion resistance. The TiO2 coatings are homogeneous
containing silver nanoparticles clustered on top of the coating (Fig. 1). Crystallographic structure
of the TiO2 coating depends on the pH of the sol and changes from rutile to a mixture of rutile
and anatase with decreasing pH (Fig. 2).

Fig.1. SEM images of (a) TiO2 and (b) Ag-TiO2 coatings on titanium substrate. Coatings were prepared
from sols synthesized at pH=0.
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Fig. 2. XRD spectra for Ti-coated for TiO2 sol (pH = 0) and Ag-TiO2 sol at different pHs (0, 1, 2.8).

Electrochemical measurements performed in a simulated body fluid (pH 7.4) demonstrate
good protection of the TiO2 and Ag-TiO2 coatings for the titanium substrate (Fig. 3). The
presence of silver can be detected electrochemically as the peak at ~0.1 V related to the
dissolution of silver. Topographic image of the surface of Ag-TiO2 coatings identifies the
presence of silver nanoclusters and surface roughening (Fig. 3).
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Fig.3. (a) Potentiodynamic polarization curves recorded in simulated body fluid (SBF) at 37 C forTi and Ag
substrates, and Ti substrates coated with TiO2 and Ag-TiO2 coatings obtained from sol of pH=0.

(b) Side view of profiles of Ag-TiO2 coated titanium substrates recorded after measurement in SBF. The
colouring is according to the scale on the right which spans the ± 2.5 µm range.

It was concluded that the coatings prepared from sols at very low pH values (pH=0) confer
best anticorrosion protection to Ti substrates. These coatings will be the basis for the further
study of antibacterial properties.
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The toxic heavy metal ions Cd(II) and Pb(II) may simultaneously exist in real samples, their
detection being necessary in these conditions [1]. The paper presents a new carbon paste
electrode (CPE), containing Bi doped carbon xerogel (BiCXe).The proposed electrode was used
for the Pb(II) and Cd(II) ions determination at trace levels by using square wave anodic stripping
voltammetry (SWASV) [2,3]. The ex situ preparation of BiCXe involved the sol-gel technique.
The electrochemical properties and applications of the modified CPE were studied by SWASV.
Operational parameters such as a graphite powder:xerogel mass ratio, deposition potential,
deposition time, pH, preconcentration time were optimized for the purpose of trace metal ions
determination in 0.1M acetate buffer solution (pH 4.5) under the optimal conditions determined
for the individual detection of ions [4]. The SWAS voltammograms obtained in a solution
containing Cd(II) and Pb(II) ions are shown in fig 1. The anodic peak currents of both metal ions
were well-defined and placed at -0.8 V vs. Ag/AgCl,KClsat and -0.54 V vs. Ag/AgCl,KClsat, for
Cd/Cd(II) and Pb/Pb(II) oxidation, respectively. From the calibration curves for the Cd(II) and
Pb(II) ions mixture the calculated sensitivities are: 9.36  1.13 A/M for Cd(II) (R = 0.980, n = 5)
and 17.31  1.68 A/M for Pb(II) (R = 0.986, n = 5). BiCXe-CPE has been found sufficiently
selective, so it can be applied not only to individual determination of Cd(II) or Pb(II), but also to
the simultaneous determination of Cd(II) and Pb(II).

Fig.1. SWASVs responses for increasing concentrations of Cd(II) and Pb(II) at BiCXe-CPE. Experimental
conditions: electrolyte, 0,1 acetate buffer pH=4.5, starting potential, -1.3 V vs. Ag/AgCl, KClsat; deposition
time 120 s under continuous stirring; frequency 25 Hz; amplitude 0,05 V; step potential, 0.004V, electrode
conditioning, +0.3 V vs. Ag/AgCl, KClsat; duration, 20 s under continuous stirring at 500 rpm, equilibration

time, 10 s.
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Superhydrophobic surfaces are characterized by a static water contact angle greater than
150 degrees. These surfaces have certain interesting properties, such as self-cleaning ability,
corrosion protection etc.

In the present work, superhydrophobic surfaces on metallic substrates are fabricated by
electrochemical methods and studied by electrochemical, optical and spectroscopic techniques.
The superhydrophobic surfaces consist of salts of saturated fatty acids, specifically myristic and
stearic acid. The growth of these layers is achieved either by anodic or cathodic polarization in a
two electrode electrochemical cell. The electrolytic solutions are methanolic or ethanolic
solutions of the corresponding acid, with or without supporting electrolyte.

An example of a deposited myristic salt layer on a copper substrate for different anodic
growth times and applied potential of 100 V, is shown in Figure 1(a) and (b). The hydrophobic
layers have a characteristic blue color, having the best performance when the growth time is
between 150 and 195 minutes.

Fig. 1. Images of the myristic salt layer after (a) 150 and (b) 195 min. SEM images after (c) 150 and (d)
240 min. Applied voltage 100 V.

As can be seen in the SEM images (400x magnification), Figure 1(c) and (d), the layer has
a characteristic morphology, consisting of flower-like structures, having a diameter of about 10
μm. It is believed that the superhydrophobic properties are a result of this special morphology,
as air is trapped in the cavities and prevents the water from further wetting the surface. FTIR,
XRD and EDS measurements confirmed that the layer consists of a copper (II) salt of the
corresponding fatty acid.

The ability of the above layers to protect the metallic substrate against corrosion was tested
by immersing in 3.5% NaCl and 0.1 M H2SO4 solutions. For 1 week of immersion, the layer was
acting as a perfect barrier and the system was exhibiting only capacitative properties, with no
sign of corrosion. Corrosion tests performed with Electrochemical Impedance Spectroscopy for
thin/incompletely formed layers at low applied voltages (approx. 1 V) revealed that even these
layers exhibit high impedance values, corresponding to low corrosion rates.
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TiO2 was synthesized by forced hydrolysis process in order to be used as the support
for Pt electrocatalyst (Pt/TiO2). Pt was deposited from Pt colloid solution synthesized by
microwave-assisted polyol process. TiO2 powder (or C) was dispersed into H2O and 2 M H2SO4.
The obtained suspension was stirred and Pt colloid was added afterwards. Upon filtration and
rinsing with water, the obtained Pt/TiO2 (or Pt/C) catalyst was thermally treated at 160 C in N2
atmosphere. The catalyst water suspension for the preparation of 0.31 mg/cm2 thin layer
electrode was loaded onto glassy carbon disk. Physical and chemical properties of the TiO2 and
supported Pt catalyst were characterized by EDS, SEM, dynamic light scattering and XRD
techniques. The influence of TiO2 thermal treatment on the electrochemical properties of Pt/TiO2
was also checked. Nominal Pt loading was 20 wt. %. EDS method revealed 18 wt. % loading of
Pt on TiO2. The electrochemical properties of the Pt/TiO2 were examined by cyclic voltammetry
in 0.1 M HClO4. The obtained results were compared with those obtained for carbon-supported
Pt under the same conditions (Figure 1). The charge corresponding to the hydrogen desorption
on Pt/TiO2 is lower than expected for  20 wt. % Pt. Although the voltammetric response is typical
for Pt-based electrode material, the charge corresponds only to ~3 wt. % Pt. SEM images
showed that TiO2 particles tend to form 3µm-sized agglomerates of ellipsoidal shape. The
results indicate the possibility for platinum particles to be trapped inside TiO2 agglomerates.
Even though calcination of TiO2 improved the Pt uptake from colloidal dispersion, it is still not as
effective as commercial carbon support.
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Figure 1. Cyclic voltammograms of Pt supported on thermally treated TiO2 and Pt/C in
deaerated 0.1 M HClO4, sweep rate 50 mV s-1.
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Co/Cu multilayers produced by two different deposition strategies were compared. One
series of Co(2 nm)/Cu(tCu) multilayers with tCu ranging from 0.5 nm to 6 nm was prepared with
the conventional two-pulse plating by using a galvanostatic/potentiostatic (G/P) pulse
combination for the magnetic/non-magnetic layer deposition [1], respectively, whereby the Cu
layer deposition was carried out at the electrochemically optimized potential [2]. Another Co(2
nm)/Cu(tCu) multilayer series with the same tCu range was prepared with the help of a G/P/G
pulse combination. In this latter case, first a bilayer of Co(2 nm)/Cu(6 nm) was deposited in
each cycle as in the G/P mode after which a third G pulse was applied with a small anodic
current to dissolve part of the 6 nm thick Cu layer in order to ensure the targeted tCu value.

The comparison of the two series revealed that the G/P/G pulse combination yields
multilayers for which giant magnetoresistance (GMR) can be obtained even at such low nominal
Cu layer thicknesses where G/P multilayers already exhibit bulk-like anisotropic
magnetoresistance only. Surface roughness measurements by AFM revealed that the two kinds
of pulse combination yield different surface roughnesses the value of which correlates with the
structural quality of the multilayers as indicated by the absence or presence of multilayer
satellite reflections in the XRD patterns. A separation of the superparamagnetic (SPM)
contribution from the total observed GMR [3] provided useful hints at the understanding of
differences in layer formation between samples prepared with the two kinds of pulse
combination. The results of multilayer chemical analysis revealed that mainly an increased Cu
content of the magnetic layer is responsible for the onset of SPM regions in the form of Co
segregations in the G/P/G multilayers with small Cu layer thicknesses.

Fig. 1. Ferromagnetic (FM) and superparamagnetic (SPM) components of the magnetoresistance of the
multilayers produced with two-pulse and three-pulse plating
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Both nickel and cadmium are a prominent components of anticorrosive coatings. They form
two equilibrium alloys, Cd5Ni and CdNi with a few atomic percent homogeneity range [1]. The
establishment of the phase diagram of the Cd-Ni system was based on structural studies of
metallurgically processed samples [2-4]. Although some studies have revealed the possibility of
the formation of these alloys by electroplating [5,6] and their dissolution behaviour [6], no
parallel electrochemical and structural study is available on the Cd-Ni system. The goal of the
present research is to correlate electrochemical, composition and structural properties of Cd-Ni
deposits obtained from two bath types, a modified Watts bath and a full-chloride bath.

The solutions were first investigated with cyclic voltammetry. An unusually large difference
was found between the voltammograms recorded for macroscopic electrodes and
microelectrodes. While at macroelectrodes the Cd deposition and dissolution could hide the
signs of alloy formation, the stripping peaks characteristic of the Cd-Ni alloys were always
present if microelectrodes were used. This clearly indicates the role of spatial confinement on
the codeposition phenomenon. The formation of Cd-Ni alloys could be verified with
voltammograms of multiple stages in combination with a quartz crystal microbalance
observation.

The ratio of the stripping peaks related to the dissolution of Cd-Ni alloys was different in the
two baths. The chloride bath was much more favourable for the alloy formation than the
modified Watts bath. If saccharine was also present in the Watts-type bath, the sulphur
incorporation to the Cd-Ni alloys was significant, which was identified as a possible reason for
the lack of lines corresponding to the alloys in the X-ray diffractograms. However, a few lines of
the CdNi phase could be observed on samples produced from the sulphur-free chloride bath.
The Ni content of the samples deposited from the chloride bath was much larger compared to
the modified Watts bath. The scanning electron micrographs could help to identify the crystals
of pure Ni in the deposit.
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Electrodeposited thin films usually have a grain size in the nanocrystalline range [1],
especially if some kind of organic additive is used in the electrolyte [2] since additives have an
effect on the defect structure. Microstructural features are responsible for many macroscopic
properties of materials (eg. corrosion, conductivity, abrasion resistance, plasticity threshold
etc.). In the present work, the effect of two kinds of organic additive (saccharin and formic acid)
on the microstructure (texture, grain size, twin boundaries and dislocations) of electrodeposited
Ni films was investigated by transmission electron microscopy (TEM) and X-ray diffraction
(XRD) line profile analysis.

A detailed analysis of the defect structure was carried out: not just the average parameters
of the microstructure but the detailed distribution of grain sizes, twin boundary spacings and
twin texture were determined. In comparison with former papers of this area, new results of our
work are the homogeneity investigations in both planar and cross-sectional directions and the
detailed TEM measurements about the twin spacing and grain size distributions. A particular
virtue of the present study is the comparison of TEM and XRD results on the very same
samples, both without and with additives.

In films deposited with no additive, a columnar structure with (200) texture was observed
after a structure stabilization period of a few micrometer thickness, showing similarities to the T-
zone of structure zone models [3] proposed for atom-by-atom deposition methods used for
growing thin films.

The addition of both formic acid and saccharin resulted in nanocrystalline films with
decreased grain size (20-50 nm) and increased defect density (both the density of dislocations
and twin boundaries). Both effects were stronger in deposits obtained with saccharin additive (in
this case, the Ni film contained about 0.3 at.% S as revealed by energy dispersive X-ray
spectroscopy). In addition, in the presence of these additives in the bath, the structure became
homogeneous and free of texture throughout the total deposit thickness. Detailed grain size and
twin boundary spacing distributions were determined from TEM which confirmed the
presumptions of X-ray line profile analysis (viz. spherical grains, lognormal and geometric
distributions of grain size and twin spacing, resepctively). According to the cross-sectional TEM
images taken on the sample deposited with saccharin, the average grain size remained
constant throughout the total deposit thickness. Both films deposited with an organic additive
contained numerous nano-twins [4]. Their density can be hardly measured by TEM but can be
well evaluated from XRD profiles. TEM shows that twin boundaries typically span over the
whole grain, have no texture and the average size of grains containing twin boundaries is two or
three times larger than the average grain size.

In conclusion, both XRD and TEM methods evidenced that the application of organic
additives induces smaller grain size and higher number of lattice defects and also eliminates the
strong texture. Saccharin as additive was more successful in this regard, presumably due to the
codeposited sulphur.
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YBaCo4O7+δ cobalt perovskite, called Y-114, originally discovered by Valldor and
Andersson in its stoichiometric oxygen δ = 0 [1], shows remarkable ability for the intake/release
oxygen [2-4]. Layered crystal structure of this compound allows local changes in arrangement of
atoms, which leads to a variable oxygen content. Thermogravimetric studies have revealed that
the perovskite Y-114 captures an excess of oxygen corresponding to δ ≥ 1 during heating it in
air or oxygen flow, and then release it the further increase in temperature, the whole process of
intake/ release of oxygen being achieved in a narrow range of temperature between 200 and
400°C [1]. From the point of practical use, a critical problem is the thermal instability of Y-114 at
high temperature.  As soon as the optimum temperature of the reversible process of
intake/release oxygen, by continuing the heating to 700-800°C, Y-114 phase begins to
decompose in a mixture of BaCoO3-δ and CoO and other compounds containing Y and Co [1].

In order to increase the stability of the Y-114 phase, the control of the chemical composition
is one of the most promising methods. It is known that perovskite Y-114 supports different types
of cation substitutions, of which the most important are: Ca and smaller atoms such as rare
earth elements (Dy, Ho, Er, Tm, Yb and Lu) to substitute Y and Fe, Zn, Al and Ga for
substitution of Co [5]. It was proposed the substitution of half number of cobalt ions with iron
ions; the new compound has the formula YBaCo2Fe2O7+δ, and using the method of preparation
chosen δ=0.5. The paper presents how the substitution affects the electrochemical behavior of
the new compound and the ability to intake/release of oxygen by electrochemical methods.

In the present study it was followed the electrochemical characterization of YBaCo2Fe2O7.5
compound correlated with the study of oxygen intake/release process in neutral and alkaline
aqueous solutions. Electrochemical behavior has been studied by cyclic voltammetry, chrono
electrochemical methods and electrochemical impedance spectroscopy. In correlation with
these techniques the compound morphology was determined by scanning electron microscopy.
Compound porosity was determined using BET technique.
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Fig.1. Cyclic voltammograms plotted on YBaCo2Fe2O7.5 in alkaline (a) and neutral (b) aqueous solutions

FSP-P-07



IND

ELECTROCHEMICAL INDUSTRIAL
APPLICATIONS (PLATING, SYNTHESES,
ENVIRONMENTAL PROTECTION)





125

Electrocoagulation: an Electrochemical Process for Water Cleaning

Éva Fekete1, Béla Lengyel1, Tamás Cserfalvi2 and Tamás Pajkossy1,*
1Institute of Materials and Environmental Chemistry, Research Centre for Natural
Sciences, Hungarian Academy of Sciences, Magyar tudósok körútja 2., Budapest,
Hungary, H-1117
2IC-Produkt Zrt, 2040 Budaörs, Puskás Tivadar út 14. C/B
*Corresponding author: pajkossy.tamas@ttk.mta.hu

Electrocoagulation is a collective term for a couple of procedures that are generally used for
removing various – mostly suspended material type - contaminants from water.

The basics of all of these procedures are as follows: Assume an electrolysis cell with a
metal (Me = Al or Fe) anode, and some neutral aqueous solution with dc flowing through it. On
the cathode hydrogen evolution, on the anode metal dissolution proceeds, the metal dissolution
yields Mez+ (Al3+ or Fe2+ or Fe3+) ions. These cations induce the decontamination by two
different ways:

(1) The ions of high positive charge, in accord with the Schulze-Hardy rule, cause the
coagulation of the contaminant colloids of negative surface charge. Decontamination in this
case means that the coagulated colloids finally are separated from the liquid phase.

(2) In neutral aqueous solutions the hydrolysis of the Mez+ proceeds immediately yielding
Me(OH)z. The growth of Me(OH)z particles starts as polynuclear complexes, continues as
growth of colloids, which finally merge yielding flocs. During the growth, certain components of
the solutions, like the contaminating particles, substances can be incorporated in the flocs,
thereby finally the flocs comprise of the metal-hydroxide and the contamination.
Decontamination effect is a consequence of incorporation, which is much more pronounced at
the initial stage of the hydroxide formation. In other words, the “nascent” Me(OH)z colloids are
the active particles rather than the big flocs.

Depending on their specific density, the merged particles are separated from the liquid in
two ways: either precipitate, or form a float or a scum (note that even the relatively heavy flocs
may float if are attached to hydrogen bubbles evolved on the cathode). The difference between
the two basic separation techniques of the electrocoagulation: electroflocculation and
electroflotation, is ultimately based on the specific density of the merged particles (sink or
swim).

Here we note that Mez+ ions just as the Me(OH)3 colloids can be generated by simply
dissolving Me-salts in water, the main advantage of the electrochemical generation of the
coagulant ion (over that of dissolving the salts) is that electrochemically the "nascent" colloid is
formed and introduced in the bulk of the solution in a much more controlled way – this is why
electrocoagulation is regarded to be more efficient [hiv].

Various sorts of electrocoagulation - as water cleaning, or wastewater processing industrial
procedures - have been introduced since the begin of the past century. However, due to big
energy costs and to various technical problems (mostly: inhibition of electrodes' dissolution) the
procedure could not penetrate in industrial water- and waste-water processing up till recently. In
the recent years a number of enterprises appear and sell electrocoagulation process units,
typically with 1-10 m3/h capacity. Also the number of the technical papers have been increasing
in the past twenty years. Most of these are on experiments on removal of some, usually organic
contaminants from some wastewater. The list of the substances which can be - or at least were
attempted to be - removed is fairly long; most of them are oily emulsions or other colloid-forming
organics. Nevertheless, removal of inorganic compounds (e.g. heavy metals from groundwater
or from effluents of various metal industries) has also been implemented.

Despite the boom of the technical papers, the number of studies published in scientific – in
particular, electrochemistry-related – journals is small. The lack of interest of the researchers of
the academia is probably due to the complicated nature of phenomena associated with
electrocoagulation; in which many and diverse physico-chemical processes are scrambled.
There is a big need for results of well-defined, "single issue" experiments characterizing the
main processes of electrocoagulation. Our aim is to highlight single electrochemical steps
(issues) within this complex phenomenon/procedure.
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The alloying with Cr significantly improves the corrosion resistance and the protective
potential of Zn coatings at a reduced layer thickness. This main benefit determines the interest
of the automotive industry and leading steel manufacturing companies to the production of Zn-
Cr alloy coatings for corrosion protection of steel substrates. The electrodeposition of Zn-Cr
alloy coatings has been optimized for high speed deposition on steel strips for car body
application in the automotive industry [1]. Best results in corrosion protection, respectively
lifetime have been obtained with Zn-Cr coatings in combination with a corrosion resistant layer,
making the final product costly. Further achievement in the Zn-Cr alloy production would be the
optimization of the deposition process for batch galvanizing, focused on coatings with higher Cr
content, good exposed quality and sufficient corrosion protection without additional layers.
Following this concept, a part of a comprehensive study of the effect of the electrolyte
composition and hydrodynamics upon appearance, morphology and composition of the alloy will
be presented. Cyclic voltammetry, galvanostatic and potentiostatic methods were used for
investigating the deposition process. Experiments were carried out on rot, flat samples and
rotating cylinder electrodes. Coatings were characterized by using RFA, SEM, EDX and XRD.
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Although the overwhelming majority of technologically relevant electroplating procedures
are based on various aqueous solvents, there are cases where the application of non-aqueous
solutions offers advantages over the traditional baths or even in some cases represents the only
way to electrodeposit some metals. While the appearance of non-aqueous molecular solvents is
rather scattered in the literature of electroplating, the application of ionic liquids soon became a
hot topic. In the present study, the comparison of aqueous bath, non-aqueous solutions and
ionic liquids will be compared from many view-points.

A comparative study of the electrodeposition of Ni from various alcoholic solutions will be
presented. The list of solvents used include the following alcohols: methanol, ethanol, ethylene
glycol, glycerol, 1,2 propanediol and 1,3 propanediol. The dry nickel(II) salt was in all cases
nickel chloride which is commercially available in non-hydrated form and it is soluble in all
alcohols used in the present study. The solubility of NaCl was also sufficient to use it in 0.1
mol/liter concentration as a supporting electrolyte.

The conductivity of various solutions has been measured. The detailed cyclic voltammetric
study of the solutions applied will be shown to establish the background of the sample
preparation. The cyclic voltammetric experiments were completed with a quartz crystal
microbalance study of the deposition and dissolution of Ni in the methanolic bath. The surface
morphology, crystal structure and texture as well magnetic properties of the deposits have also
been investigated. The best results were obtained with methanol as solvent. The nickel samples
deposited were comparable to those obtained with aqueous solutions in terms of both structural
and magnetic properties. The lattice distance of nickel obtained from methanol corresponds to
metallurgical standards, while its magnetization behaviour was identical to nickel electroplated
from aqueous baths. However, some other alcohols led to non-metallic deposits, which was due
to the formation of a precipitate of the nickel salt and the decomposition product of the solution.

Deposition of Fe-Ni alloys also proved to be possible from methanol. The composition of
these samples showed that the electrodeposition of Fe besides Ni can be classified as
anomalous codeposition, similarly to the aqueous baths.

Since the electrodeposition of manganese alloys is a particularly difficult task in the case of
aqueous solutions, Mn-Ni deposits were produced from methanol. The preliminary assessment
of the deposit quality was performed with the help of optical micrographs. The trends related to
the deposit composition as a function of the sample preparation parameters have been
established. Although the codeposition of manganese took place, the diffraction patterns were
all characteristic of nickel rather than a Mn-Ni alloy. The ratio of metallic Mn in a Ni-rich deposit
was determined with X-ray photoelectron spectroscopy. These experiments showed that the
majority of Mn incorporated is not metallic, similarly to deposits obtained from aqueous
solutions.
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The wastewater pollution by heavy metals remains today one of the important problems to
solvein the industrialized countries. Various conventional methods are used to remove these
metals. In the present work, the effect of the steering speed on copper recovery by
electrodeposition from synthetic medium of pH=3 has been studied. In order to optimize
electrodeposition and facilitate recovery, we have used a chloride electrolyte [1].

Copper was deposited potentiostatically on a graphite electrode with graphite auxiliary
electrode and saturated calomel electrode as a reference.

Cyclic voltammetry, electrochemical impedance spectroscopy and chronoamperometry
were used to characterize the kinetics of nucleation and electroplating of copper deposits.The
study of the effect of the scanning rate on cyclic voltammograms in the presence and absence
of agitation shows that the copper was deposited under diffusion control in quasi reversible
process with partial oxidation of bulk deposited copper.

Characterization of the deposits formed at different stirring speeds was done by scanning
electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR) and X-ray diffraction
(XRD).The quality of the deposits obtained depended strongly on agitation. Our goal was to
obtain copper deposit which was easily removable from the cathode due to a dentritic growth
mechanism in the presence of chlorides ions.

Excellent copper removal percentage and the current efficiency of the deposition, equal to
94% and 99% respectively, have been obtained at a steering speed of 1500rpm [2].
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The hydrogen evolution reaction (HER) was studied at electrodeposited Ni and Ni-(Ebonex-
30wt.%-Ir) coatings in 1 mol dm-3 NaOH solution at 25°C. The Ni-(Ebonex-30wt.%-Ir) coatings
were  electrodeposited from a nickel Watt’s type bath containing corresponding suspended
particles (0 to 2 g dm-3) onto Ni 40 mesh substrate. The electrodes were investigated by cyclic
voltammetry (CV), scanning electron microscopy (SEM-EDS), electrochemical impedance
spectroscopy (EIS) and polarization measurements. It was shown that the roughness factor of
coatings increases with increasing the content of the Ebonex-30wt.%-Ir particles to a maximum
value of 26.9, while that of pure Ni coating was found to be 3.15. In the whole potential range of
the HER only one Tafel slope of about –120 mV dec-1 was present at all polarization curves.
The increase of catalytic activity for the HER at Ni-(Ebonex-30wt.%-Ir) coatings was attributed
only to the increase of the electrochemically active surface area, while the high intrinsic catalytic
activity has already been achieved with addition of the lowest amount of incorporated Ebonex-
30wt.%-Ir particles (0.1 g dm-3 ).

Fig. 1. (a) Measured polarization curves for all investigated samples: 1 – Ni; 2 – Ni + 0.1 g dm-3 Ebonex-
30wt.%-Ir; 3 – Ni + 0.5 g dm-3 Ebonex-30wt.%-Ir; 4 – Ni + 1.0 g dm-3 Ebonex-30wt.%-Ir; 5 – Ni + 2.0 g dm-3

Ebonex-30wt.%-Ir (b) The same polarization curves corrected for the rf

.
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The treatment of plating rinse waters containing dissolved metals represents a major
environmental concern in the metal plating industry. This paper aims the cadmium ions removal
from wastewater by electrodialysis in the presence of ion exchange membranes.

The use of electrodialysis to remove cadmium from water has been shown to be feasible in
a wide range of conditions. As much as three orders of magnitude reduction in the
concentration of cadmium was observed for the feed with the concentrate stream from the
process containing cadmium concentrations greater than 100 mg/L. The effect of cadmium
concentration and water pH was also discussed.

Fig. 1 Schematic representation of of experimental set-up (A – anion exchange, C – cation exchange) [1]

The results of this study allowed identifying and relating significant parameters that
influence the cadmium ion transport through different polymer membranes which contained
various resins (Purolite A500 and Hypersol-Macronet MN500). The results showed that the
cadmium ions removal ratio by electrodialysis was increased with the augmentation in the metal
ion concentration. The removal ratio of the ionic species was higher (>85%) when concentrated
solution were treated (0.1 g/L). This fact demonstrated the excellent separation features of the
studied membranes.
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The drastically increase of legislative regulations regarding the wastewater discharged lead
to an urgent need to develop innovative and more effective methods. In this context,
electrocoagulation seems to be one of the most effective alternatives [1,3]. Electrocoagulation is
an electrochemical technique used for potable water and various wastewaters containing: dyes,
fluoride, surfactants, oil-in-water treatment [2].

In this paper, aluminium sacrificial anodes behavior was monitored. Different operational
parameters, namely: electrolysis time, temperature and sulphuric acid (H2SO4) concentration
influence on aluminium anodes dissolution was investigated in a systematic manner. The
optimum temperature and sulphuric acid concentration were found to be 333 K and 6%,
respectively. The reaction rate strongly depends on the temperature reason for which activation
energy was calculated. The activation energy values obtained for different H2SO4
concentrations and correlation coefficient are similar to those obtained in other studies
presented in the literature (Ea = 23.2 J/mol, R2 = 0.9777). The results of this study were
optimized by means of an experimental mathematical model created using Mathcad 14
programme. The use of this mathematical programme allows the identification of optimal
operating conditions, important for further experimental studies. Partial order of reaction and
reaction rate constant were determined by means of the graphical integral method.

Keywords: mathematical, kinetic, modeling, aluminium, anodes, electrocoagulation
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The purpose of the study is to find a suitable method for removal of iron and manganese
from ground water, considering local economic and environmental aspects. Ground water is
highly important source of drinking water in Romania. Ground water is naturally pure from
bacteria at a depth of 25 m or more, however solved metals may occur and if the levels are too
high the water is unsuitable to drink. Different processes, such as electrochemical and
combined electrochemical-adsorption methods were used to obtain both metals content to the
level in accordance to reports of National Water Agency from Romania (ANAR). Every water
source contains dissolved or particulate compounds. The concentrations of these compounds
can affect health, productivity, compliance requirements, or serviceability and may not be
economically removed by conventional filtration means.

In this study we made a comparison between the electrochemical and adsorption (using
membranes)methods. Both methods have been used to evaluate the efficiency to remove iron
and magnese at different times and temperatures. We used two membranes: composite and
respectively cellulose. Different approaches including lowering the initial current density and
increasing the initial pH were applied. Kinetics of the reaction was achieved using mathematical
models: Jura and Temkin isotherms.
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In the presence of dissolved oxygen CuFeS2 undergoes an oxidative dissolution reaction
which contributes to the phenomenon of acid mine drainage (AMD). AMD is characterized by
low pH and high concentrations of toxic elements, such as Cu, Cd, Hg, As, etc. [1,2]. As the rate
of the oxidative dissolution of mineral sulfides can be influenced by the organic molecules, the
purpose of this study is to investigate by electrochemical techniques the effect of three organic
compounds (Pr02: 4-Phenyl-2-N-morpholinyl-thiazole; Pr04: N, N-diethyldithiocarbamate 1-
(3,5-dibromo-2-hydroxyphenyl) -1-oxoetan-2- yl; and Pr06: a-etilxantogenat of 1- (5-bromo-2-
hydroxy-3-methylphenyl) -1-oxoetan-2-yl) on the chalcopyrite oxidation.

Potentiodynamic polarization measurements were performed at pH 2.50 and 25oC.The
working electrode was a carbon paste electrode (CPE) containing pretreated CuFeS2. The
pretreatments were carried out with ethanol or 1 mM ethanolic solutions of Pr02, Pr04 and Pr06,
respectively.

The experimental results show that the three organic compounds accelerate the oxidative
dissolution of CuFeS2. The current densities corresponding to the oxidative dissolution of
CuFeS2 (iox) increase from 84 µA cm-2 (ethanol) to 124 µA cm-2 (Pr02), 351 µA cm-2 (Pr04) and
173 µA cm-2 (Pr06), respectively.
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The oxidative dissolution of PbS produces divalent lead (Pb2+), which is a toxic species.
Because the hydrogen peroxide (H2O2) is among the most powerful natural oxidants of PbS [1],
the main objective of this study is to investigate the oxidative dissolution of galena in the
presence of hydrogen peroxide using electrochemical methods.

Electrochemical measurements were performed with a carbon paste electrode (CPE)
covered with PbS powder. The concentration of H2O2 was varied in the range of 1-10 mM, the
temperature was 30oC and pH 2.00. The results of the potentiodynamic polarization
experiments (Fig. 1) show that the current density associated to the oxidative dissolution of
galena (iox) increases when the concentration of the oxidant increases from 1 mM (0.13 µA cm-

2) to 10 mM (4.61 µA cm-2).

Fig. 1. Potentiodynamic polarization curves for PbS in H2O2 solutions at pH 2.00 and 30 oC
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Number of studies demonstrate better corrosion protective properties of electrodeposited
Zn-Cr alloy coatings on steel in comparison to Zn coatings. The electrodeposition of the Zn-Cr
alloy coatings has been optimized for high speed deposition on steel strips for car body
application in the automotive industry [1, 2]. In order to achieve the final product, the
electrogalvanized steel sheet undergoes intermediate treatments, including application of
additional layers in alkaline and acidic solutions. In this respect, the question about the
corrosion resistance of the alloys rises. The present work is focused on the corrosion behavior
of Zn-Cr alloy coatings with different Cr content in a model corrosion media, in the range of pH
1-13. The investigations were performed by means of electrochemical methods, atomic-
absorption analysis (AAA), X-ray fluorescent analysis (XRFA), X-ray microanalysis (EDX) and
scanning electron microscopy (SEM). It is shown that the Zn-Cr alloys are corrosion resistant in
a wide range of pH. The dissolution rate significantly increases at pH ≤ 3.
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In principle, nano-composite materials present superior properties than their simple
counterparts. Such nano-composites can be fabricated by electrochemical cathodic co-
deposition. In the present work, the effect of hybrid multi-walled carbon nanotubes/Al2O3
particles (MWCNT/Al2O3) on the deposition of Ni from Watts solution is studied by Linear Sweep
Voltammetry (LSV), Electrochemical Impedance Spectroscopy (EIS) and Scanning Electron
Microscopy (SEM). Moreover, the fabrication of a MWCNT electrode is attempted by selective
electrodeposition of the nanotubes.

Fig. 1. (a) LSV for pure Watts (red), Watts-MWCNT/Al2O3 (black) and Watts-MWCNT/Al2O3-SDS (green),
(b) Nyquist plot at -0.8 V and (c) SEM image of MWCNT modified electrode.

In Figure 1(a), the LSVs for the electrodeposition of Ni from different baths are shown. The
presence of nanotubes enhances the current in comparison to the case of the pure Watts
solution. The presence of SDS does not further increase the cathodic current. The increase of
the cathodic current may be due to increase of the Ni electrodeposition rate or the increase of
the proton reduction rate. As can be seen in Figure 1(b), the Nyquist plots of the three different
baths present the same qualitative features but they are quantitatively different. The charged
transfer resistance in the case of the Watts-MWCNT/Al2O3 bath is very small, indicating that Ni
electrodeposition is catalyzed by the hybrid nanotubes. Similar conclusions are derived by
comparing the LSVs with impedance spectra at various cathodic potentials.

In order to achieve selective deposition of MWCNT on a graphite electrode, potentiostatic
pulse electrodeposition/electrodissolution was performed. During the cathodic portion of the
pulse, co-deposition of Ni and nanotubes was occurring whereas during the anodic portion of
the pulse, Ni was dissolved from the composite matrix. The resulting surface is shown in Figure
1(c). This surface morphology is completely different than the morphology of a graphite
electrode, indicating that MWCNT actually remained on the electrode surface. This modified
electrode has very good capacitative properties, estimated around 9x10-4 F, for apparent area of
0.07 cm2. The capacitative properties of the electrode where evident during Cyclic Voltammetry
in K4Fe(CN)6, where the redox peaks almost disappeared due to the high value of the
capacitance current.
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The textile dyeing industry consumes large quantities of water and produces large volumes
of wastewater from different steps in the dyeing and finishing processes. Wastewater from
printing and dyeing units is often rich in color, containing residues of reactive dyes and
chemicals, such as complex components. This study investigates the decolorization of synthetic
dye wastewater containing textile dye Reactive Violet 5 (RV5) by electrocoagulation. A
laboratory batch reactor was used to investigate the effect of various operating parameters
using aluminium (Al), iron (Fe) and stainless steel (SS) anode. The effect of dye concentration,
current density, supporting electrolyte, supporting electrolyte concentration, electrolysis
duration, and material of anode of the systems were evaluated. Color removal efficiency was
22, 91.5 and 99.8% in 15 minutes using Al, Fe and SS anode, respectively (j=10 mA/cm2,
cNaCl=0.171 M).

Keywords: electrochemical degradation, reactive dye, Reactive Violet 5, RV5, textile
wastewater.
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Ballast water is an important factor for the stability and proper propulsion of ships. Ships fill
their tanks with water at the port of departure and eject it at the port of destination. The
introduction of new microorganisms in the marine ecosystem of the port of destination
constitutes a major ecological problem. One of the methods used for the disinfection of ballast
water is the electrolysis of seawater for the production of chlorine by anodic oxidation of
chlorides. The aim of the present study is the modeling of an electrochemical reactor for the
production of chlorine, by using the COMSOL Multiphysics software. The reactor consists of two
feeder electrodes (anode and cathode) and a sequence of bipolar electrodes in a parallel
configuration. The feed of seawater is considered to be continuous and the problem is solved
under stationary conditions. On every bipolar electrode, three reactions are taking place, the
production of chlorine, the production of oxygen and the production of hydrogen. More
specifically: (a) The oxidation of chloride ions to chlorine occurs at the anode, (b) chlorine is
hydrolyzed to hypochlorous oxide in the aqueous solution, (c) hypochlorous oxide is dissociated
to hypochlorous anions and protons, (d) the electrolysis of water to oxygen occurs at the anode,
(e) the reduction of water to hydrogen occurs at the cathode.

The computational study is based on the solution of a current distribution problem with
boundary conditions the electrochemical kinetics on the feeders and the bipolar electrodes. The
geometric characteristics of the reactor and the operational conditions are considered as
parameters. An example is presented in Fig. 1.

Figure 1. Contour of y-component of the current distribution in an electrolytic cell with 2 bipolar, 2 anode
(left) and 3 cathode (right) electrodes while the lower axis is considered symmetric.
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Leader industry wastewater is contaminated with bacteries including E.coli. The treatment
of test solution of water, containing a high concentration of CI- ion, by an electrochemical
method using Mixed Metal Oxide (RuO2, IrO2) electrodes was investigated. In all experiments
the same materials were used as anode and cathode except the two last where used anode
was IrO2 and in other RuO2 and graphite cathode. Electrodes with platinum group metals or
their oxides as active coatings are generally the best suited for electrochemical water
desinfection. In this experiment, the eficiency of Cu and Al electrodes were tested directly and
indirectly by oxidation of microorganisms present in the leather industry wastewater. After 7 min
of electrolysis at only 0,018 A/dm2, Cl- was reduced and using both tested electrodes, the
efficiency of microorganisms removal followed the order: Cu > Al. The electrochemical
treatment of  wastewater by leather industry resulted in the production of chlorine gas and
hypochlorite, which is microorganisms inactivator. Also, electrocoagulation by Al anode has
been in use for water production or wastewater treatment to reduce all pollutants, including
chlorides and microorganisms. With this technology, metal cations are produced on the
electrodes via electrolysis and these cations form various hydroxides in the water depending on
the water pH. The effect of the main parameters – current density, initial pH, temperature and
electrolysis cell construction on microorganism removal was investigated.
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Modified Watts type baths are used in electrodeposition of nickel, nickel alloys or composite
materials with special properties  [1,2]. Investigation of the nickel deposition as well as its
codeposition with other metals is still a challenge for electrochemists, mainly due to the
availability to obtaining nanostructures and materials with magnetic properties and alloys for
microelectronic applications [3]. Meanwhile, research continues in order to identify new Watts
bath additives that improve its leveling capacity and corrosion resistance, adhesion, internal
stress and brightness degree of deposits [4].

An important role in the achieving of the appropriate quality of nickel deposits (adherence,
compactness and eventually brightness) is played by leveling agents and brighteners. Most
effective additives of Watts type baths are aromatic compounds having an inhibitory effect on
the cathodic nickel deposition [5]. Considering that most of the active substances of drugs are
more expensive than the more common additives used in Watts baths, experiments were
focused on expired drugs. Use of expired drugs active substances has two major benefits:
limited environmental pollution by active pharmaceutical compounds and reduced cost of
medical waste disposal.

In this paper, the studies on the inhibitory effect of streptomycin in the electrodeposition of
nickel from Watts bath are presented. Streptomycin was chosen because pharmaceutical
formulation of the commercial product contains only streptomycin sulphate without excipients.

Experimental studies presented in this paper demonstrate that expired streptomycin can be
used as a leveling agent in nickel Watts bath. Streptomycin and its hydrolysis products inhibits
the cathodic deposition of nickel.
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Fig.1. Cyclic voltammograms on platinum electrode
in various electrolyte solutions.

Fig. 2. Linear voltammograms on nickel electrode
in various electrolyte solutions.

References
[1] S. Spanou, E.A. Pavlatou, N. Spyrellis, Electrochim. Acta, 54, (2009), 2547-2555.
[2] N. Spyrellis, E. A. Pavlatou, S. Spanou, A. Zoikis-Karathanasis, Trans.Nonferrous Met.Soc.China, 19,

(2009), 800-804.
[3] G.N.K.R. Bapu, S. Jayakrishnan, Surface & Coatings Technology, 206, (2012), 2330-2336.
[4] A. Ciszewski, S. Posluszny, G. Milczarek, M. Baraniak, Surface and Coatings Technology, 183,

(2004), 127-133.
[5] E. Raub, K. Müller, Fundamentals of Metal Deposition, Elsevier, Amsterdam, (1967), p. 105-123.

IND-P-12



MOE

MOLECULAR ELECTROCHEMISTRY,
MECHANISMS AND INTERMEDIATES;

ORGANIC, ORGANOMETALLIC AND
COORDINATION





143

Self-Deprotonation in Oxidation Mechanism of Quinoline Compounds

Romana Sokolová1*, Jan Fiedler 1, Šárka Ramešová 1, Jacek E. Nycz 2, Ilaria Degano3,
Marcin Szala2, Viliam Kolivoška 1 and Miroslav Gál4
1 J. Heyrovský Institute of Physical Chemistry of the AS CR, v.v.i., Dolejškova 3, 18223
Prague 8, Czech Republic
2 Institute of Chemistry, University of Silesia, Szkolna 9; PL-40006 Katowice, Poland
3 Department of Chemistry and Industrial Chemistry, University of Pisa, Via Moruzzi 3,
56124 Pisa, Italy
4 Department of Inorganic Technology, Faculty of Chemical and Food Technology,
Slovak University of Technology in Bratislava, Radlinského 9, 81237 Bratislava,
Slovakia
*Corresponding author: sokolova@jh-inst.cas.cz

The coupling of proton transfer with electron transfer was found to play an important role in
the oxidation mechanism of hydroxyquinoline compounds [1]. Proton transfer often influences
oxidation or reduction of organic compounds [2,3]. Auto-deprotonation takes part in their
oxidation mechanism due to the nitrogen atom present in the chemical structure of studied
compounds. Three starting molecules participate in oxidation of one molecule if no strong
proton acceptor is present in the solution: two molecules serve as proton acceptors on account
of the basicity of nitrogen heteroatom in the quinoline structure. The study is based on cyclic
voltammetry and UV-Vis, IR spectroelectrochemistry. Oxidation products were identified using
HPLC-MS/MS technique.

Fig. 1. Chemical structure of 2-methyl-8-hydroxyquinoline-7-carboxylic acid.

The oxidation of hydroxyquinolines proceeds quantitatively, when a strong proton acceptor
for ex. pyridine, is present in the solution. Pyridine was chosen as a strong proton acceptor in
this study, to mimic possible nitrogen containing heterocycles present in vivo. Our findings imply
that in biosystems oxidation could proceed easily by the interactions with purine or pyrimidine
bases and influence the efficiency of hydroxyquinoline drugs.
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Calixarene skeleton is a favorite framework in supramolecular chemistry [1], which is,
however, not electroactive. Therefore, for any direct electrochemical studies it´s essential to
introduce a redox probe, i.e. a functional group which undergoes reversible redox process(es)
under conditions available in electrochemical measurements. Our project is focused mainly in
nitro [1-5], if need by nitroso group [2]. Both of them – in the first step – are reversibly reduced
in aprotic media by one electron to form a stable radical anion (1) [3]. (The next three-electron
reduction process (2) yielding the corresponding hydroxylamine derivative follows at much more
negative potentials.)

R-NO2 +  e−  RNO2
− (1)

R-NO2
− +  3e− +   4SolvH+ →   R-NHOH   +   4Solv   +  2H2O (2)

Calixarenes can exist in four atropoisomers: cone-, paco-, 1,2- and 1,3-alt. The series of
studied compounds contains eight cone- and for comparison one 1,3-alt-conformers, six of them
bearing the nitro- and the other three nitroso group (Fig. 1-1-9). All of them contain propoxy
groups on the lower rim in order to stabilize the specific conformation. The cone-derivatives
generally don´t have the ideally symmetrical bowl shape (C4v) but a “pinched” one, and are
known to be involved in periodic conformational change (C2v → C4v → C2v, Fig. 1-a-b) in
solutions with frequency of 102-103 Hz. This hypothesis has been confirmed experimentally by
comparison of observed reduction behaviour of derivatives 1 and 2: because both molecules
are reduced by the first electron(s) in two separated steps (Table 1), consequently, there are
two species which differ in energy, even in the case of the compound 1. This effect points to the
existence of two forms of mono-nitro derivative – the NO2 group is alternately at the "close" pair
of the benzene rings and at the "distant" ones.  According to the quantum-chemical calculations
on similar systems [4] the first electron reduces the nitro group on the more “distant” pair of
benzene rings. If the molecule contains more redox centres, a recent spectroelectrochemical
study [5] proved formation of polyradical polyanions with unpaired spins.

On the other hand, the dinitro-1,3-alt-derivative 3 is rigid. This information is apart from
usually used NMR techniques also readily accessible by DC-polarography and cyclic
voltammetry: in contrast to the above mentioned derivative 2 there is only one single two-
electron reversible process (Table 1). Such an approach when electrochemical data point to a
certain actual molecular shape in the solution combining both stereochemical and
electrochemical considerations, we call “stereoelectrochemistry”. In the case of investigation of
macrocyclic compounds it seems to be a worthy method not estabilished yet.

The m- and m-/p-nitro- and nitroso-cone-compounds 4-6 and 7-9 exhibit the same
qualitative reduction pattern: first electron(s) reduce the molecule at one potential (≈ −1,25 V in
the case of nitro, ≈ −0,96 V for nitroso compounds). Thus, their skeleton must be rigid (the
information proved independently). This finding shows that

(a) simple electrochemical methods can reveal the dynamics of calixarene systems in
the solutions and
(b) the flexibility vs. rigidity of calixarene skeleton seems to be unpredictable on the

basis of conformation knowledge itself.
The m- or m-/p-polynitro-/nitroso-cone-calix[4]arenes are rigid like p-polynitro-1,3-alt-

calix[4]arenes but only the p-substituted cone-calix[4]arenes are flexible. All the compounds 1-9
contain non-communicating redox centres (reduction of equivalent groups occurs within single
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step). As expected, the nitroso derivatives are reduced at less negative potentials than the nitro
analogues.

Fig. 1: Studied compounds (1-9) and schematic representation of “pinched cone-pinched cone
interconversion” (a-b) [2]

Table 1: Overview of electrochemical data [2]

Compound Potentials / V (vs. SCE) Ratio of currents
E1A (rev.) E1B E2 i1 : i2 : i3

1 −1,27 −1,37 −2,40 (broad wave) 0,5 : 0,5 : 3
2 −1,25 −1,43 −2,53 (broad wave) 1 : 1 : 6
3 −1,29 −2,21 2 : 0 : 6
4 −1,26 −2,26 1 : 0 : 3
5 −1,25 −2,29 2 : 0 : 6
6 −1,25 −2,32 2 : 0 : 6
7 −0,96 −1,58 1 : 0 : 0,25
8 −0,96 −1,60 2 : 0 : 0,5
9 −0,98 −1,52 2 : 0 : 0,5
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This work is devoted to the synthesis and electrochemical characterization of some
oleoylamides.

The compounds were synthesized from of oleic acid and 1,1’ - carbonyldiimidazole to give
the oleyl-imidazol intermediate which reacted with the corresponding amines, according to the
procedure described in [1]. The new oleoylamides were characterized by IR, 1H- and 13C-NMR
spectra.

Electrochemical investigations were performed by cyclic voltammetry, differential pulse
voltammetry, and rotating disk electrode.

The results obtained are in agreement with the previous characteristics obtained for a
similar compound [2].
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Electrochemical behaviour of several azulen-derivatives (L) has been investigated.
Complexing polymer-coated electrodes have been synthesized by oxidative
electropolymerization of L in acetonitrile solutions containing 0.1M tetrabutylammonium
perchlorate. The films were characterized by cyclic voltammetry, differential pulse-voltammetry
and scanning electron microscopy [1]. The complexing properties of L and these new polymer-
coated electrode materials were investigated towards heavy metals leading to complexation of
lead and cadmium metal cations inside the polymer film. The novel chelating chemically
modified electrodes were used for the electrochemical detection of Pb(II) and Cd(II) ions by
means of the chemical preconcentration–anodic stripping technique. The electrode material
showed a particular selectivity towards lead ions, even in the presence of a large excess of
other metal cations. Detection limits for lead(II) and cadmium(II) ions were in the range of
nanomolar concentrations [2]. These modified electrodes have been used for the determination
of lead in water samples.
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During the course of studying the Li insertion/deinsertion process of Li in the negative
electrode material of Li-ion battery we happened to find the Li insertion in solid metal at room
temperature. This induced us to measure the rate of diffusion of Li particle in solid phase. For
the purpose of the determination of the Li diffusion rate in solid we found that the use of bipolar
cell was quite convenient. We constructed a bipolar cell where a sample metal plate is
sandwiched between the two facing cylindrical cell compartments, the plate being used as a
working electrode. Propylene carbonate (PC) dissolved with 1 Molar LiClO4 was filled in one of
the cell compartment(Cell A) and 1 Molar NaClO4 containing PC was filled in the other cell
compartment (Cell B). The schematic figure of the cell system is shown in Fig. 1

In case of the measurement process, the working electrode in Cell B was polarized
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Total acid contents in food and beverage are usually determined for the food quality control,
since the acid contents exhibit significant effects on both taste and aroma of foods. A
commonly used method for determining acid content is neutralization titration using an
appropriate indicator and/or potentiometry. However, the titration method requires large
amount of sample and much time to conduct. We had developed a voltammetric method using
a quinone reagent as a mediator for measuring the total acid concentration, and it was shown to
be quite sensitive and selective for the acid determination [1].

In the present study, the method was assessed for determining the total acid content in
food and beverage, such as vinegars etc. Moreover, flow injection analysis with
electrochemical detection (FIA-ECD) system was fabricated to provide a simpler, more sensitive
and rapid method for determining acid content in various food and beverage.

The FIA-ECD system was comprised of a pump, a sample injector, an electrochemical flow
cell, a potentiostat, and a recorder.   The electrochemical flow cell was constructed from a
glassy carbon working electrode (φ 6 mm), an Ag/AgCl reference electrode, and a stainless
steel counter electrode. An ethanol-water (1:1, v/v) mixture solution containing 3 mM 3,5-di-tert-
butyl-1,2-benzoquinone (DBBQ) and 50 mM NaCl served as a carrier solution, and flow rate of
the carrier solution was set at 0.1 mL/min.   The detection potential for monitoring acids were set
at -0.15 V vs. Ag/AgCl.   Each food and beverage sample was diluted with the ethanol-water
(1:1, v/v) mixture solution containing 3 mM DBBQ and 50 mM NaCl to prepare a test solution,
and a 5 L aliquot of test solution was injected into the FIA-ECD system to observe a flow
signal.

A linearity of the flow signal obtained by the present FIA-ECD against the acid content in
vinegar was examined.   A 5 L standard solution of acetic acid was injected into the FIA-ECD
to observe a flow signal caused by acetic acid.  The height of the flow signal was found to be
proportional to the acetic acid concentration ranging from 2.0 M to 0.1 mM (r = 0.999).

The determination of acid content in vinegar was performed by the present FIA-ECD
method.   The values of the acid contents are shown as the concentration of acetic acid, since
acetic acid is the major acid component in vinegars.  The acid content value in cider vinegar
obtained by the present FIA-ECD was 5.22 g/dL, while that by the potentiometric titration using
0.1 M NaOH was 5.06 g/dL. The acid contents in rice, cereal, and wine vinegars determined by
the present FIA-ECD also agreed with those by the conventional titration (r = 0.973).   The FIA
operating conditions made possible the processing of 45 samples/h. The present FIA-ECD
method is superior in sensitivity, and accordingly it requires small sample volume (1 L), unlike
the titration which requires relatively large sample volumes (ca.10 mL).   Although the precision
of the present FIA-ECD method is less than the titration, the RSD values of the data in the
former are less than 3% (n=5).   The present FIA-ECD method was thus proved to be suitable
as an alternative to the conventional potentiometric titration method.

In addition to vinegars, the present FIA-ECD method should be widely applicable to
determine the acid contents in other foods and beverages including fruit juice and seasoning.
Thus, the present method for determining the total acid content is expected to have a potential
for checking the quality in food analysis as criteria.
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Chromium (Cr) is one of the most strategically important materials in the world, having a
wide range of applications in metallurgy and chemical industry. Alloys containing chromium
metal enhance such properties as the resistance, stability to corrosion and oxidation.
Furthermore, chromium is used as an additive in the production of stainless steel, in the
treatment of leather, metal plating, in the production of catalysts and in other industries.
The increased knowledge regarding the behavior of chromium in natural waters and soils is
essential for the complete and accurate determination of its possible toxicity to the particular
ecosystem, as well as for the development of methods which minimize the risk of pollution
areas. Due to the complex, heterogeneous nature of the soil and surface waters, the
determination of the chromium behavior may be a very difficult task. Only by understanding the
specific mechanism of the reactions, in which chrome may participate, one can expect a truthful
forecast of its behavior.

In this paper an original approach for calculating the potential - pH (Pourbaix) diagrams,
based on rigorous thermodynamic analysis of chemical equilibria in the system Cr – natural
waters, has been applied. This approach implies the implementation and application of a wide
range of new graphical representations of complex chemical, geochemical and electrochemical
equilibria, namely heterogeneous chemical equilibrium diagrams, revised Frost diagrams
(displaying processes of disproportionation, complex metal formation, hydrolysis) etc. In natural
waters, chromium exists in only two stable states, Cr(III) and Cr(VI). The presence and the ratio
between these two forms dependent on the various processes that include chemical,
photochemical, and redox processes, reactions of precipitation/dissolution and
adsorption/desorption.

On the basis of currently revised thermodynamic data for Cr(III) and Cr(VI) hydrolysis and
photolytic equilibria in addition to original thermodynamic and graphical approach, used in this
paper, the repartition of their soluble and insoluble chemical species has been investigated. By
means of the diagrams “ΔG – pH”, the areas of thermodynamic stability of chromium (III)
hydroxide have been established for a number of the analytical concentration of Cr(III) in
heterogeneous mixtures. The degree of polynuclearity for Cr(III) and Cr(VI) has been calculated
for different initial composition of aqueous solutions. The diagrams of heterogeneous and
homogeneous chemical equilibria have been used for graphical representation of complex
equilibria in aqueous solutions containing Cr(III) and Cr(VI). It is worthy to note that our results,
based on the thermodynamic analysis and graphic design of the calculated data in the form of
the diagrams of heterogeneous chemical equilibria, are in good agreement with the available
experimental data.

Based on thermodynamic analysis, the exact   value of the beginning of disproportionation
(or comproportionation) is found. After that, the diagrams of heterogeneous chemical equilibria,
developed by us earlier, as a function of pH and the total concentration of metal ion in solution,
are built. Then, it is derived a system of electrochemical equations of electrode reactions
between chemical species in different degrees of oxidation, the predominance areas of which
are overlapped. Finally, the dependence  or E on pH is calculated for different redox pairs.
The calculated potential—pH diagrams within our approach agree well with the previously
reported experimental data.
The developed approach has been applied for calculating redox environments in natural
heterogeneous aqueous systems with participation of other toxic heavy metals and other
important inorganic and organic ionic and molecular components.
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The etching process (wet etching) GaAs wafers is applied in the semiconductor industry for
the removal of nucleus of roughness and cracks at the edges of the dice, thereby preventing
subsequent emergence of the hidden cracks in semiconductor dice. The more effective in this
process is the solution known as SC-1 [1] consisting of H2O2, NH4OH, and H2O (1:1:10).
Unfortunately, the SC-1 solution is very unstable: H2O2 (the most important component) is
continuously decomposed both because of its reaction with the semiconductor material, as well
as by its instability in alkaline medium (NH4OH).

To be effective the SC-1 solution, the H2O2 concentration should be kept constant by
adding of fresh H2O2. This correction requires measurement of the actual H2O2 concentration
automatically - in real time and online. Analytical techniques such as UV-VIS spectroscopy,
Raman spectrometry [2, 3] and some electrochemical methods able to be used cannot be
applied automatically online requiring highly trained personnel and equipped laboratories.
The objective of this work is the development and characterization of an analytical method for
automatic online quantification of H2O2 based on its decomposition and measurement of the
produced oxygen concentration by the application of a Clark type oxygen probe.

Fig. 1. Clark oxygen probe responses to H2O2 concentrations from 0.3 to 3% (step 0.3%)

H2O2 undergoes decomposition by KI in accordance with equation: 2H2O2→2H2O+O2(g)
which is the total of the following reaction: H2O2(aq)+I(aq)→H2O(l)+IO(aq) and
IO(aq)+H2O2(aq)→H2O(l)+O2(g)+I-(aq). The optimum KI concentration to obtain maximum
reaction rate and minimum analysis time respectively was experimentally determined to be 0.75
mol L-1. The following steps were applied: the measuring cell was equipped with a Clark oxygen
probe and magnetic agitator was completely filled by KI solution. Then micro-liter volume of the
H2O2 containing solution was added to the cell registering the current through the Clark oxygen
probe. Clark oxygen probe responses to various H2O2 concentrations are shown in Fig. 1.

The maximum analysis duration was found to be 360s at the highest H2O2 concentration of
2.5% (vol) used in the etching process. The H2O2 concentration in %(vol) was calculated
employing the following previously constructed calibration curve: CH2O2 = 0.198 I. The limit of
detection (LOD) was determined to be 0.02% (vol) that meets the requirements of the
semiconductor industry. The relative error of the analysis was found to be from 6.2% at LOD
concentration down to 2.8% for the top of the measured concentration range.
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The impurities control in Ni electrolysis baths is of great importance for the quality of the Ni
electroplating protective and decorative coatings. Inclusions having more negative potential
than Ni form anodic corrosion zones, or black spots corrupting the Ni layer protective and
decorative properties. One of the most dangerous inclusions is Zn co-deposited together with
Ni. Zn2+ contamination of the Ni2+ industrial electrolyte results from brass detail dissolution in the
low pH Ni bath just before the deposition of the first Ni layer. The maintenance of the Zn2+

concentration in the Ni bath bellow 3 ppm can prevent Zn inclusions in the Ni coatings [1]. This
requires reliable and simple analytical method for rapid on-line Zn2+ quantification. The spectral
analytical techniques such as AAS and ICP require preliminary Zn2+ extraction to prevent Ni
crystallization on the nebulizer, occurring due to the huge Ni2+ concentration (about 300 g/L).
The very small difference of the E½ of Zn2+ and Ni2+ causing peak overlapping does not allow
direct application of the voltammetric methods.

However, the facts that: Zn2+ forms soluble hydroxyl complex in excess of OH-, while Ni
precipitates as Ni(OH)2 having solubility product as low as 6.10-16, and Zn2+ participates in
several equilibriums inhe  presence of OH- [2]:

Zn2+ + OH– = Zn(OH)+ (pk = 5.7). (1)
Zn(OH)+ + OH– = Zn(OH)2 (pk = 5.4)… (2)
Zn(OH)2 + OH– = Zn(OH)3

– (pk = 3.2) (3)
Zn(OH)2 + 2OH– = Zn(OH)4

2–- (pk = 2.0) (4)
allow the application of KOH or NaOH as a supporting electrolyte causing Ni2+ precipitation

and soluble Zn2+ hydroxyl complex formation. By this way, a well defined peak of Zn2+ could be
registered free of any interface of Ni2+ because of its precipitation, as shown in Fig.1.

Fig. 1. DPV curves of Zn2+ in ppm range in 5 M KOH supporting electrolyte
A simple and rapid voltammetric method (DPV) for on-line Zn2+ quantification in Ni2+ plant

electrolyte based on this suggestion was developed and analytically characterized. The
influence of: hydroxide concentration, the Zn2+/Ni2+ concentration ratio and the Zn2+ adsorption
by the precipitated Ni(OH)2 on the analytical results are the subject of this study.

The limit of detection (LOD) of the proposed voltammetric method was found to be 170 ppb
at 300 g/L excess of Ni2+ in 5M KOH with a relative error of 8.7% (series of 20). The error of the
quantification decreases down to 4.1% for the top of the concentration range of interest of 20
ppm at same Ni2+ excess. The time from sampling to the result was less than 5 minutes.
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The organophosphorus pesticides (OPs) are widely used in the agricultural and veterinary
practices because of their high toxicity, fast biodegradation, low bioaccumulation, and broad
target spectrum [1]. Nevertheless, the extensive and indiscriminate application of OPs causes
public and environmental concerns and creates a demand for the development of reliable,
sensitive, simple and low-costing methods for their determination. Such are the electrochemical
biosensors based techniques, which meet all these analytical requirements [2]. The direct and
specific quantification of a large group of organophosphorus pesticides, namely the phenyl-
substituted OPs, relies on their organophosphorus hydrolase (OPH) catalyzed hydrolysis
followed by the amperometric detection of the released p-nitro phenol (PNP). However, PNP
oxidation produces phenoxy radicals which couple to form an insulating polymeric film. The
resulting passivation of the electrode surface alters the precision of the analysis.

The objective of this work is to develop an OPH based sensor with pulsed amperometric
detection for the precise determination of OPs pesticides. It was expected that the in situ
cleaning and reactivation of the electrode surface, achieved by applying an appropriate pulse
waveform would allow the efficient elimination of the electrode fouling and would result in
amperometric biosensor precision improvement.

The phenyl-substituted OPs selected were paraoxon-ethyl, parathion-ethyl, and parathion-
methyl. Their quantification using an OPH-modified graphite electrode was performed applying
a detection potential of +1.1 V/Ag, AgCl, and a cleaning potential of +1.4 V/Ag, AgCl. The
detection and the cleaning time periods were respectively 66.64 ms and 166.6 ms. The
obtained at these conditions calibration plots are shown in Fig. 1.
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Fig. 1.Calibration plots for OPs determination

The pulsed amperometric detection allowed achieving a RSD of 0.41% at 40 mmol L-1 p-
nitrophenol after 10 determinations, instead of 43.93% without the pulsed cleaning application.
The RSD for paraoxon-ethyl, parathion-ethyl, and parathion-methyl was correspondingly 1.45%,
2.96%, and 2.08% at 0.2 mmol L-1, which demonstrates the feasibility of the suggested
approach.
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Heavy metal concentration in food samples is very important for human health [1-3]. This is
the cause of various health problems, such as cardiovascular diseases, kidney failure, cancer,
etc. [4]. It is important to accurately determine levels by using various analytical techniques.
Techniques such as spectroscopic and electrochemical methods are used for metal analysis [5-
7]. Electrochemical techniques on modified electrodes are especially very sensitive for metal
solutions with very low concentrations [8-10].

Graphene oxide (GO) was covalently attached to glassy carbon (GC) electrode (GC-O-GO)
for fabricating nanosensors to determine trace Pb2+ and Cd2+ using differential pulse anodic
stripping voltammetry (DPASV). Surface characterization of the nanofilm covered electrode was
performed via electrochemical cyclic voltammetry (CV), transmission electron microscopy
(TEM), atomic force microscopy (AFM), and X-ray photoelectron spectroscopy (XPS)
techniques. Surface pKa of the GO covalent attached GC (GC-O-GO) was calculated via CV.
Under optimal conditions, a linear response was found for Pb2+ and Cd2+ in the range from
1×10-8 M to 1×10-12 M. The limit of detections (LODs) of Pb2+ and Cd2+ were 0.25 pM and 0.28
pM, respectively.  The method shows good reproducibility and stability was successfully applied
to measure Pb2+ and Cd2+ levels in rice, soya, milk, and tap water samples, with good
agreement with those obtained by the standard ICP-OES method. The method was evaluated
by application with the simultaneous determination of the ions in food samples (n=6) using the
standard addition method. The recoveries of the Pb2+ and Cd2+ were up to 98%.

Fig. 1 DPASV calibration voltammograms (a) of 1×10-8 M, 1×10-9 M, 1×10-10 M, 1×10-11 M and 1×10-12 M
Cd2+ and Pb2+ on the GC-O-GO (b) calibration curves of Cd2+ and Pb2+ on the GC-O-GO
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Heavy metal concentration in food samples is very important for human health [1-3]. This is
the cause of various health problems, such as cardiovascular diseases, kidney failure, cancer,
etc. [4]. It is important to accurately determine levels by using various analytical techniques.
Techniques such as spectroscopic and electrochemical methods are used for metal analysis [5-
7]. Electrochemical techniques on modified electrodes are especially very sensitive for metal
solutions with very low concentrations [8-10].

Graphene oxide (GO) was covalently attached to glassy carbon (GC) electrode (GC-O-GO)
for fabricating nanosensors to determine trace Pb2+ and Cd2+ using differential pulse anodic
stripping voltammetry (DPASV). Surface characterization of the nanofilm covered electrode was
performed via electrochemical cyclic voltammetry (CV), transmission electron microscopy
(TEM), atomic force microscopy (AFM), and X-ray photoelectron spectroscopy (XPS)
techniques. Surface pKa of the GO covalent attached GC (GC-O-GO) was calculated via CV.
Under optimal conditions, a linear response was found for Pb2+ and Cd2+ in the range from
1×10-8 M to 1×10-12 M. The limit of detections (LODs) of Pb2+ and Cd2+ were 0.25 pM and 0.28
pM, respectively.  The method shows good reproducibility and stability was successfully applied
to measure Pb2+ and Cd2+ levels in rice, soya, milk, and tap water samples, with good
agreement with those obtained by the standard ICP-OES method. The method was evaluated
by application with the simultaneous determination of the ions in food samples (n=6) using the
standard addition method. The recoveries of the Pb2+ and Cd2+ were up to 98%.

Fig. 1 DPASV calibration voltammograms (a) of 1×10-8 M, 1×10-9 M, 1×10-10 M, 1×10-11 M and 1×10-12 M
Cd2+ and Pb2+ on the GC-O-GO (b) calibration curves of Cd2+ and Pb2+ on the GC-O-GO
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In nature many metals are present. They have a very high atomic weight and so they are
called heavy metals which have density much greater (at least 5 times) than water1. Heavy
metals are found almost every creature body in nature. Especially they are settled down in the
centre of enzymes and hormones hence they play crucial role in the live metabolism. One of the
heavy metal elements is copper. It is obedient to as a cofactor in leastways 30 essential
enzymes2. At the beginning of the nineteenth century Hugo Schiff has claimed condensation
between an amine compound and an aldehyde compound causing a new compound that was
bind or coordinated with metals3. After that Schiff bases have been worked by many
researchers and these works show that Schiff base can be used for many purposes4 such as
biosensors5, optic sensors6, electrocatalytic7, antimicrobial8 inhibitors of corrosion9. This type of
compound can be easily characterized and determined with using electrochemical methods
especially voltammetric techniques which in used cyclic voltammetry because of having metal
atoms in their structure10,11.

In the present work reports; a compound, which has been newly synthesized and
characterized, 2-methyl-6-((2-(4-(3-methyl-3-phenylcyclobutyl)thiazol-2-yl)hydrazono)methyl)
phenol (MPTHP). The new molecule has been used to modify the glassy carbon (GC) electrode
surface with alcohol oxidation method due to –OH group on its structure. MPTHP modified GC
(MPTHP/GC) electrode has been used a chemical sensor electrode for the quantitative
determination of Cu (II) ions. After the modification process done by cyclic voltammetry (CV)
technique, the surface characterization process of modified electrode has been carried out
using CV, electrochemical impedance spectroscopy (EIS) and scanning electron microscopy
(SEM). In this work, Cu (II) ions have been detected quantitatively by using differential pulse
voltammetry (DPV) technique. The limit of detection (LOD) was found to be 1x10-9 M. For the
calibration curve, solutions of Cu (II) ions changing from 1x10-9 M to 1x10-3 M have been
prepared using Britton-Robinson (BR) buffer solution at pH 5. The developed sensor electrode
has been applied to natural water sample for the quantitation of Cu (II) ions.

Fig. 1 The proposed electrochemical grafting mechanisms of MPTHP onto the GC electrode surface and
MPTHP-Cu complexes on the modified GC electrode surface.
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Electrochemical oscillators can form networks by communicating through the electrolytic
solution. The resulting dynamical response can be synchronized in-phase or out-of-phase,
depending on the electric and geometric characteristics of the network.

In the present work, networks of electrochemical oscillators are studied both experimentally
and computationally. The aim of this work is to elucidate the physical meaning of the coupling
between the electrodes and to investigate the influence of external perturbations on the
dynamics of such networks.

Fig. 1. (a) Spatio-temporal variation of the electric potential in the solution between the anode and the
cathode during oscillations and (b) experimental observation of the effect of an external perturbation (top)

to a network consisting of two coupled electrochemical oscillations.

For the computational study, a tertiary current distribution is assumed, taking into account
the Nernst-Planck equation and electroneutrality for all diluted species. A two electrode
configuration is considered for three different kinds of geometries (one-dimensional, two-
dimensional for plate electrodes and two-dimentional for disc electrodes).The computational
study revealed the spatio-temporal distributions of the concentrations and the electric potential,
as shown in the example of Figure 1(a).

The effect of external perturbations was studied experimentally by constructing a simple
network consisting of two coupled electrochemical oscillators and a third couple, playing the role
of a perturbation source. As can be seen in Figure 1(b), the oscillators are synchronized in
phase in the absence of perturbation. When the perturbation is influencing one of the oscillators,
the oscillators move to a silent state. Once the perturbation is removed, both oscillators wake up
and revert to the in-phase synchronized oscillatory state. It is evident that external perturbations
can modify the dynamics of the network reversibly between an oscillatory and a silent state. A
similar result is observed when the perturbation amplitude is smaller; in this case the reversible
transition is between two in-phase synchronized responses, the one having a greater frequency
than the other. Hence, the amplitude of the perturbation can control the frequency of the
synchronized dynamics.
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Phenothiazine and its derivatives proved to be amongst the most versatile organic
molecules used as scaffolds for the synthesis of new materials with desired electrochemical and
optical properties. Due to their electron-rich nitrogen-sulfur heterocycles, tunable redox
potentials and luminescence properties, they may be used in a variety of application areas (e.g.
electrically conducting charge transfer composites [1], materials for photoinduced electron
transfer [2], redox active fluorophores [3], electrode materials [4]).

The electrochemical behavior of azomethine-bridged phenothiazine dyads, Fig.1, was
studied by cyclic voltammetry (CV), rotating disk electrode (RDE), chronoamperometry (CA) and
electrochemical impedance spectroscopy (EIS) in dry acetonitrile, 0.1M TBAPF6, using Pt for
both working and auxiliary electrodes and Ag+/Ag (0.01M AgNO3) as a reference electrode.

Fig.1. Azomethine-bridged dyads containing naphthyl, fluorenyl, and phenothiazinyl units

Cyclic voltammograms of phenothiazine-based dyads display one or two Nernstian redox
couples in the potential region between 0.15 and 0.75 V, typical to the
phenothiazinium/phenothiazine (Ptz+/0) redox processes The current function (ip/v1/2) was
constant for all compounds up to 5 Vs-1, indicating diffusion controlled electrode reactions. EIS
studies confirmed the reversibility of charge transfer processes.

Naphthyl- and fluorenyl-azomethines containing only one phenothiazine unit show similar
voltammetric behavior, each of them demonstrating one-electron redox couple with slightly
more negative half wave potentials (E1/2) of about 11 mV in the case of fluorenyl- containing
dyad. Diffusion coefficients for naphthyl- and fluorenyl-conjugated phenothiazine dyads were
estimated by using both CV and RDE techniques.

As expected, voltammetric behavior of azometines containing two phenothiazine redox
active unites display two consecutive reversible charge transfer processes with half wave
potential splitting values (∆E1/2 ) significantly influenced by the substitution pattern of the
phenothiazine unit. Calculated ∆E1/2 values, varying from 92 to 184 mV, reveal different degrees
of electronic communication between phenothiazine redox centers, pushing regioisomers from
class I to class II in the Robin-Day classification system [5]. The first redox couple, with more
negative E1/2 was assigned to the more electron-rich phenothiazine unit attached to the nitrogen
atom of the bridge, while the second one is attributed to the other phenothiazine unit directly
influenced by the electron withdrawing effect of the –HC=N functional group.

CA studies confirmed one-electron charge transfer in case of naphthyl- and fluorenyl-
azomethines containing one phenothiazine unit, and two-electrons for bis-phenothiazinyl dyads.
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The book contains valuable information on scientists from the former Eastern bloc
countries, who contributed essentially to different fields of electrochemical science. The idea for
this book belongs to Professor Fritz Scholz from the University of Greifswald, Germany, who is
also the Editor of the Journal of Solid State Electrochemistry and the ChemTextJournal.

Professor Scholz asked colleagues from Czechoslovakia, East Germany, Poland, Romania
and Soviet Union to select scientists from their own countries and he suggested to me to select
also Bulgarian scientists and to provide information on their most important scientific
achievements. Here is my choice: Prof. Zakhary Karaoglanov, Prof. Ivan Stranski, foreign
member of the Bulgarian Academy of Sciences and the academicians Rostislav Kaishev,
Stephan Christov, Alexey Scheludko, Evgeni Budevski and Jordan Malinovski.

I would like to believe that readers of this book will find it interesting and worth reading.
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The ever increasing energy needs of the modern society lead to gradual exhaustion of
fossil fuels while, at the same time, their use is accompanied by release of a big amount of
noxious gases. All these facts require ceaseless development of novel materials with improved
structure and properties. This drift is valid for all major energy fields and to a great extent for
both energy sources and storage. In this respect, the solid oxide fuel cells (SOFCs) are a
forward-looking approach for highly efficient, environmentally friendly power generation.

The SOFC is a high-temperature (800-900 C) device that converts the chemical energy of
fuels (such as hydrogen, natural gas or other hydrocarbons) directly into electricity through
electrochemical oxidation of the fuel with an oxidant, typically oxygen from air. The conversion
of chemical into electrical energy is achieved by separating the chemical reaction into two
electrochemical reactions ((1) and (2)) taking place inside the porous electrodes and the overall
reaction (3). At the negative electrode (anode) the hydrogen and carbon monooxide are
oxidized with oxygen ions from the electrolyte to form water and carbon dioxide, respectively.
The resulting electrons are transported through an external circuit to the positive electrode
(cathode) where they are used to reduce oxygen to oxygen ions which are subsequently
transported through the electrolyte to the negative electrode [1].

Anode reaction: 2H2 + 2O2- → H2O+4e- (1)
Cathode reaction: O2 + 4e- →O2 (2)
The overall cell reaction: 2H2 + O2 = 2H2O (3)

The SOFC with its solid state components may in principle be constructed in any
configuration (tubular, flat plate, etc.). The material selected for use in the SOFC are
constrained by the chemical stability in oxidizing and/or reducing conditions, the conductivity
and the thermo mechanical compatibility in high temperatures. Another restriction placed on the
cell components is that they must be capable of withstanding thermal cycling.

Economically competitive SOFC systems appear suited for commercialization but
widespread market penetration requires continuous innovation of materials and fabrication
processes to enhance system lifetime and reduce costs. An effective approach to cost reduction
is the lowering of the operating temperature without inferring performance losses [2]. This can
be achieved either by using of thin electrolytes and/or electrolytes with high ionic conduction [3-
5]. It was found that decreasing the electrolytic membrane width leads to a decrease in
electrolytic resistivity. This had been attained in SOFCs with planar geometry by using an
additional porous anode, on which firstly a uniform thin film (10 μm) from the electrolyte material
and thereafter a porous cathode material with a thickness around 50 μm are deposited. For
such a type of configuration a very high energy density at temperatures from 700 to 800 ºC was
achieved [6].

Modification in a property of a material is directly related to both controlled microstructure
and the way it is produced. In other words, revealing the microstructure of a material opens the
door for improving its macroscopic properties and consequently its practical use. Therefore, this
work is dedicated to searching of a direct relationship between structure of a material and some
characteristic properties such as a. c. conductivity of oxide (TiO2)x(V2O5)y(P2O5)100-x-y system in
view of its potential use as a electrolyte in SOFCs. It is widely accepted that proton transport
dependents on the interface region in the composite materials. The presence of hydrogen
bonds and grain boundaries in the oxides is advantageous for the proton conduction process.
Based on both these arguments and the results from this study, we may propose that the
materials under study can act as an electrolyte in a fuel cell that works in the intermediate-
temperature region. The glass-crystalline samples are more beneficial compare to amorphous
samples showing better conductivity values. The small TiO2 content introduces additionally
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interface and supplies high conductive paths. The presence of titanium facilitates the
depolymerization of the phosphate network and the outcome is appearance of isolated
orthophosphate structural units.

Among the best strategies for achieving high proton conductivity is to obtain cation-
offstoichiometric materials. The charge imbalance caused by the cation non-stoichiometry is
compensated by protons. Phosphates are among the materials that receive much attention due
to their high-temperature proton conduction. Depolimerization of the phosphate network and
incorporation of vanadioum ions produces new pathways by modification and deformation of the
crystal structure.Furthermore, transition metals, when combined with other elements, can form
variety of compounds which range in chemical bonding from ionic (oxides), through covalent
(sulfides, arsenides) to metallic (carbides, nitrides). This range in valence character promises a
great variety of energy band structures and transport processes and offer rich field for
theoretical and experimental investigations [7].Taking all these into account we have selected
for study the oxide (TiO2)x(V2O5)y(P2O5)100-x-y system, where x = 5, 10, 15, 20 and y = 30, 40, 50,
60, 70. Bulk materials were synthesized by means of melt quenching method from initial
compounds of TiO2 and V2O5 powders. We used orthophosphoric acid H3PO4 for the
(TiO2)5(V2O5)70 (P2O5)25 and (TiO2)10(V2O5)50(P2O5)40 compositions and meta-phosphoric acid
HPO3 for (TiO2)10(V2O5)60(P2O5)30 and (TiO2)20(V2O5)50(P2O5)30 samples as third component. The
structure of obtained materials was investigated by both Infrared spectroscopy and X-ray
diffraction. Their electrochemical behavior was studied with the aid of Electron Impedance
Spectroscopy (EIS).

The results from the XRD analysis revealed two of the samples, i. e. (TiO2)5(V2O5)70
(P2O5)25 and (TiO2)10(V2O5)50(P2O5)40 are amorphous, while the other two, i.e.,
(TiO2)10(V2O5)60(P2O5)30 and (TiO2)20(V2O5)50(P2O5)30 are glass-crystalline (amorphous with
nanocrystalline inclusions) defined by peaks. The peaks correspond to NASICON and Rutile
(TiO2)-type structure. NASICON is acronym of Na superionic conductor. This is a mixed metal-
phosphate type structure with a formula AxB2(РО4)3, where A is an one-valence ion and B is one
or more ions in a three-, four- or five-valence state. The IR technique was used to elucidate the
microstructure and vibrational behavior of the molecules. For all studied samples, we found
presence of VO5 groups and isolated PO4

3- structural units, as well as TiO6-octahedra. With
increasing of both TiO2 and P2O5 contents, we found appearance of new VO4 structure units.
The EIS analysis showed a jump in in the conductivity above 300°C. This behavior is discussed
in view of the structure and adequate conclusions are made.
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The electrochemical activity of the oxidative enzyme ascorbate oxidase (AOx) has been
examined on smooth gold electrodes and on electrodes modified with gold nanostructures. The
electrode modification was performed through electrodeposition, i.e. the gold nanoparticles
(GNPs) have been grown on the electrode’s surface by electrochemical reduction of
tetrachloroaurate in acidic medium. Both on smooth and GNPs-modified electrodes, the
biocatalyst has been attached to the surface using gold-thiol chemistry (also known as self-
assembly process) which warrants the monolayer formation. It has been found that the self-
assembled on GNPs modified electrodes enzyme manifests high electrochemical activity and
acts as an efficient electrocatalyst at the electrochemical reduction of oxygen, or oxidation of L-
/D- ascorbic acid and sodium ascorbate.

Alternatively, when self-assembled onto a smooth gold electrode, the protein shows a
negligible electrochemical activity and shows poor electrocatalytic activity in the above
processes which takes place at a considerably higher applied potential – very close to the one
at which electrooxidation process takes place in absence of the enzyme. Above findings support
to a great extent the hypothesis that the electrochemical and electrocatalytic activity of the
redox-active biocatalyst is promoted by the gold nanostructures.

Enzyme inhibition with phenol and with NaF performed in both absence and presence of
the enzyme substrates (oxygen and ascorbate) has proved that the electrocatalytic oxidation of
ascorbate is due to the enzyme presence.  Moreover, the electrooxidation of ascorbate has
been found to be much more efficient under anaerobic than under aerobic conditions.

The established electrocatalytic activity of the redox enzyme immobilized onto GNPs-
modified electrodes has been successfully applied in the development of electrochemical
biosensor for the assay of Vitamin C using the self-assembled on GNPs ascorbate oxidase
enzyme as bio-recognition element.
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Fig.1.Cyclic voltammograms (CVs) in 0.1 M phosphate buffer pH = 7.0, 1 mM L-ascorbic acid
present of: 1) smooth gold electrode; 2) gold electrode with chemisorbed AOx enzyme; and 3)

GNPs-modified glassy carbon electrode with chemisorbed AOx.
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In the present paper the experience of the “Electrochemistry of Biocatalytic and Metal-air
Systems” Department team in the field of investigation and application of pyrolyzed CoTMPP
(Co-tetramethoxyphenylporphyrine) catalysts in air gas-diffusion electrodes for metal-air
batteries and in enzyme electrodes (for glucose and lactate) is summarized.

These types of catalysts possess high activity for the electrochemical reduction of oxygen
and are widely used in air gas-diffusion electrodes for Zn-air, Mg-air and Li-air primary cells.
Because of their high activity for electrochemical oxidation of hydrogen peroxide (H2O2), these
catalysts are also successfully applied in enzyme electrodes and biosensors with enzymes-
oxidases in which the electrochemical oxidation of H2O2 is used as indicator reaction.

Many attempts have been made to clarify the structure of the pyrolyzed catalysts by using
various physical methods.

Methods for diagnostics of the activity and transport hindrances of air gas-diffusion
electrodes with pyrolyzed CoTMPP catalysts are proposed. It is shown that these electrodes
can be successfully utilized in metal-air cells with different types (alkaline, saline or non-
aqueous) of electrolyte.
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The current presentation is intended to show some useful ultrasound techniques and
methods for treatment, activation and modification of properties of materials by using simple
and cheap physical treatment and processing methods.

Ultrasound treatment is based on the well-known phenomena in liquids called cavitation.
Powerful cavitation caused by high power irradiation – ultrasonication by intensive waves
causing both micro thermobaric acting bubbles and micro cumulative acting hydro-jets.

Several applications of ultrasound treatment techniques are described.
Some examples for utilization of ultrasound treatment:
In Sodium-Sulfur battery for Beta”-Alumina solid electrolyte preparation route, as

well as for ceramic composite solid electrolyte – for activation purposes. By intensive
ultrasonification 50% increase of ceramic powder surface area is achieved leading to higher
reactivity. This leads even to a necessity for ceramic sintering procedure parameters reduction.

Treatment of Ebonex as catalytic support used in PEM water electrolysis. The
ultrasonication affects the material mainly by reducing particle size observed by SEM, as well
as, crystallite size and accumulation of additional micro stresses which leads to widening of
diffraction peaks. Moreover it is observed a change in the intensity of corresponding peaks
which means that there is a change in the ratio between the separate Magneli phases caused
by the ultrasound cavitation.

Presynthesis and synthesis of ceramic materials. Preliminary ultrasound activation of
powdered materials and nanomaterials for pre-sinthesis synthesis of various materials. In our
case bismuthate-titanate ceramic powders are tested by this method and in some cases
sonochemical solid-state reaction produces phases that usually without treatment is achieved
by heating 500-700oC higher. Investigations are made in the example in system Bi2O3–Ti2O3–
SiO2–Nd2O3. Different available equipment for ultrasonication is used for comparison. The
investigation is under way to elucidate the parameters of treatment.

Our long-term experience show that this useful method - ultrasonication exhibits wide
applicability in electrochemical applications, in future hydrogen energy conversion systems, for
optical, electro-optical and ferroelectric ceramic materials production. We suggest using it for
production of other glass ceramics, materials for battery applications, metal ceramics and
composite materials, and also as an alternative or addition to the mechanochemical methods for
both synthesis and activation of materials.
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Alkaline water electrolysis is the most mature technology for electrochemical hydrogen
production due to of its less corrosive environment and cheaper materials of construction. In the
recent years the substitution of the commonly used aqueous KOH solution by OH-conductive
polymer electrolyte membranes has become increasingly attractive since the membrane
electrode assembly exhibits lower overpotentials and higher current densities. The catalysts and
alkaline anion exchange membranes are the key components for development of efficient
hydrogen production technology free of noble metals.

In this study composite nanosized Co-based materials are deposited by sol-gel method
from acetylacetonate precursors Co(C5H7O2)3 on Magnelli phases titania (commercial product оf
Ti-dynamics Co. Ltd, denoted N82)) and are investigated as anode catalysts for alkaline water
electrolysis. The metal loading is varied in the range 20-40 wt.% (Co20/N82; Co30/N82;
Co40/N82, respectively). The composition, surface structure and morphology of the synthesized
composite catalysts are characterized by XRD, EDX, and SEM analysis. The activity toward the
partial oxygen evolution reaction is assessed in aqueous alkaline media (25% KOH) at room
temperature applying common electrochemical techniques. Cyclic voltammetry and polarization
curves are used to obtain information about the proceeding changes in the surface oxidation
state as well as to determine the potentials of oxygen offset and the corresponding current
densities. A standard three electrode electrochemical cell is used with Ag/AgCl and Pt wire as
reference and counter electrodes, respectively. The working electrode contains 0.5 mg.cm-2 of
the synthesized catalysts, spread as catalytic ink on a commercial gas diffusion electrode
(carbon Toray paper, ETEK).

Fig.1:  X-ray diffraction patterns of: а) all samples taken in the range 2 = 30÷90° and b) zoomed patterns
of Co40/N82

In figure 1a are shown the XRD patterns for all catalysts under study, recorded in the
angular range 2 = 30-900. The spectrum of the support is shown for comparison. The peaks of
cobalt  are well recognized. The analysis shows that in the Co20/N82 and Co30/N82 catalysts
cobalt is crystalized in hexagonal syngony, while in  Co40N82 both cubic and hexagonal phases
are present (Co-fcc and Co-hcp).

Fig. 1b illustrates the profile line analysis performed to separate the overlapping XRD peaks
and to determine the size of the crystallites. It is found that all samples are with relatively large
crystallites. In the hexagonal phase the Dhcp size is varies in the range 30-50 nm depending on
the diffraction reflection. In fcc  phase, registered only in Co40/N82 catalyst tthe crystallite size
is smaller (Dfcc  30 nm).
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The performed scanning electron microscopy (fig.2) proved that the metal particles are
homogenoously distributed on the substrate forming a well defined spherical clusters.

Fig.2: SEM of catalysts with different metal loading a) 20 wt%Co and b). 40 wt.% Co
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Fig.3: Cyclic voltammetry (a) and steady state polarisation curves (b) recorded in 25% KOH

The results form the electrochemical investigation of the synthesyzed catalysts are
presented in fig.3. The cyclic voltammograms of the samples with lower metal loading are rather
shapless, while the CV of Co40/N82 has two well defined anodic peaks related to changes in
the oxidation state of Co (Co to Co2+ and Co2+ to Co3+) and two corresponding reduction peaks
during the reverse cathodic potential scan. The oxygen evolution for reaction startes at anodic
potentials in the range 0,62-0,70 V and at 0,75 V the process is already very intensive reaching
current densities above 150 mA cm-2. The superior behavior of Co40/N82 is clearly seen in
Fig.3b, where the anodic steady state polarisation curves of this sample are compared with that
of Co20/N82. The results obtained are explained with the smaller cristallite size, ensuring more
active surface sites for the proceeding of the electrochemical reaction and the registered
presence of two crystallographic phases in this sample. The chosen catalytic support plays a
key role for the established  corrosion stability of the catalysts. At the same time  due to its
hypo-d-electron character it interacts with Co having hyper-d-electron character thus, leading to
changes in the mchanism of the oxygen evolution and increase of the reaction rate.
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Recently Magnelli phase titania (MFT, substoichiometric mixture of titanium oxides) has
been successfully used as catalytic support for hydrogen generation via polymer electrolyte
membrane water electrolysis (PEMWE). This ceramic material has stable electrochemical
behavior, good electrical conductivity, and resistance to corrosion at elevated temperatures
above 200 oC. Therefore, it should be also suitable for high temperature applications such as
HT-PEMWE. This work reports a research on: deposition of Pt nanoparticles (20 wt. % metal
loading) upon MFT by sol gel method; physicochemical characterization of the synthesized
material; integration in gas diffusion electrodes and membrane electrode assembles;
investigation of catalytic activity toward the oxygen evolution reaction in standard
electrochemical cell with aqueous acidic electrolyte (0.001M H3PO4) and in a cell with high
temperature polymer electrolyte membrane (phosphoric acid doped AB-PBI). The results
obtained showed that the noble metal is homogeneously dispersed on the substrate (fig.1). It is
mainly in crystal state with preferential crystal orientation (111). The size of the crystallites is
about 6-7 nm. The material demonstrates high electrochemical activity toward OER proven by
cyclic voltammetry, steady state polarization curves (fig.2), and stationary amperometric tests.
The polarization curve measured in a single cell with the anode containing 1 mgPt cm-2 from the
synthesized composite catalyst reached current density of 500 mA cm-2 at potential of 1.6V and
temperature 120 oC.  On the cathode side Pt flat electrode was used as counter electrode in this
experiment.

Fig. 1: SEM image of Pt/MFT catalys Fig.2: Anodic polarization curves of Pt/MFT in H3PO4in liquid
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Experimental work on silver cementation from spent photographic fixer thiosulphate
solutions by iron in magnetically assisted beds has been performed in axial magnetic fields.
Batch nodes allow to establish the optimal structures of the magnetized beds a by adjustment of
both the field intensity and flow rate in various operating modes [1]. The recirculation mode is
the main operating approach following the batch mode step thus allowing deep recovery of the
metal for runs lasting about 1.5 hours. With flow rates slightly exceeding the minimum
fluidization point in absence of a field the preferable operating regimes are: a fixed bed (FB) and
moderately expanded magnetically stabilized beds (MSB) regimes, both of them with the
Magnetization FIRST mode. However, when high flow throughputs are required, the frozen
beds with the Magnetization LAST exhibit higher separation efficiencies and higher mass
transfer coefficients than those with FB and MSB.

Fig.1. Three-dimensional representation of the efficiency of the silver recovery by cementation in magnetic
beds as a function of the time and the Rosensweig number

The main results can be outlined as:
The preferable operating modes are slightly expanded MSBs (Magnetization FIRST mode) and
frozen beds (Magnetization LAST mode). However, the frozen beds exhibit about 5 time higher
mass transfer coefficients that those of MSBs.
The increase in the experimental runs up to 1.5 h allows about 90 % recovery of the silver from
the solution in the form of cemented deposits.
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The impedance spectroscopy is a fast and non-invasive electrochemical method which
usage in cancer cell investigations in the last years has rapidly increased. In this paper we
present the possibility to use the impedance spectroscopy as a technique for breast cancer cells
studies and the effect of the anti-cancer agent Erufosine on such cells.

Obtained results show in real-time the adhesion of L929 and MDA-MB-231 cells. An
evaluation of the development of the cytotoxic effect of Erufosine on cancer cells has been
performed.
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Sulfites are wastes produced from different industries and mainly from the flue gas
desulfurization processes. For their stabilization or transformation into commercial product they
have to be oxidized to sulfates that are more stable. The efforts of our team are to oxidize the
sulfites in a newly constructed fuel cell thus gaining electrical energy while solving this
environmental problem at the same time. In this paper the choice of membrane is investigated.
Five different membranes were tested: Cel Gard 3501, Fumapem FAA-3-PK-75, Neosepta,
porous sintered PVC and Nafion. The influence of the initial concentration, the concentration of
the product and the pH is studied on the obtained electrical power of the cell. The electrodes
used are graphite rods covered with activated carbon. The latter is proved to be a catalyst of the
process. Although the Cel Gard 3501 membrane has shown very good exploitation
characteristics for a sulfide driven fuel cell it is not appropriate for our purposes. Best overall
results were obtained with Fumapem FFA-3-PK-75.

Key words: sulfites, oxidation, fuel cells, membranes
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The orthopedic materials used in medicine are made from different materials and the
principle requirement to each material used is its biocompatibility [1]. The materials have to be
corrosion resistant to body fluids since the release of metallic ions could provoke degradation of
implants as well as undesired reactions in the human body. Therefore, the electrochemical tests
of any new material suggested as implants should be performed in controlled media simulating
human body fluids.

This work reports preliminary results regarding assessment of high nitrogen stainless steel
(HNS) as an implant material replacing of the common Ni containing stainless steels which are
toxic [2].

Two austenitic stainless steels (the conventional Cr18Ni9and the new HNS Cr18Mn12N)
were investigated in Ringer's solution[3] with pH 7.25. All tests were carried out in a
conventional three electrodes cell in open air conditions at 37°C. Three electrochemical
methods were used: Cyclic potentiodynamic polarization method, Open circuit potential (OCP) -
time measurement and Potentiostatic method. In addition, after the electrochemical experiments
the specimen surfaces were observed by an optical microscope.

Two types of OCP - time measurements were done: short-time (for 1 h) and long-time (for
more than 200 h). During the short-time measurements the OCP - time dependencies revealed
that both steels are in the passive state and the potentials shift in the positive direction. After 1 h
stay in the experimental solution the potentials do not reach constant values. That was the
reason to extend the measurements for the HNS up to 230 h. During the long-time experiments
two types of dependencies were observed. The first dependence revealed that the potential was
slightly shifted in negative direction after the initial ennoblement and attained almost stable
value of about -0.05 V(SCE). The second type dependencies was characterized by sharp
decreasing in the potential due to crevice corrosion development (between the steel sample and
the insulation).

The potentiodynamic studies revealed that both the scan rates of 0.16, 1 and 5 mV.s-1 ,
and the preliminary treatment of the samples affect significantly the obtained electrochemical
parameters such as : corrosion potential (Ecorr), pitting potential (Epit), repassivation potential
(Erp), passive current density (jpass), etc. The increase in the scan rate, for instance, is
manifested by increase in jpass for both steels tested but does not affect Ecorr and Epit. The
preliminary treatment affects mainly the Ecorr, Epit and Erp, but does not change jpass.

The tests by potentiostatic method reveal that the Epit and the incubation time for pits
initiation (ti) can be determined. The results show that the HNS is more susceptible to
metastable pits nucleation and needs long times to form stable pits. However, the Ni-base steel
samples demonstrated stable pits developed faster for short times

The optical microscopy after the potentiostatic experiments indicated numerous pits on
Cr18Ni9 steel surfaces which are larger in contrast to surface of the  Cr18Mn12N samples

In conclusion, it could be outlined the HNS steel exhibits better corrosion resistance in
Ringer's solution, but additional studies in various media stimulating human body fluids should
be carried out.
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А novel nanoporous furfural-resin-derived carbon, with improved pore size distribution, was
synthesized by carbonization of a mixture of furfural and pyrolysed tar, and subsequent steam
activation. The synthesized carbon is characterized by high BET surface area of 1140 m2·g–1

(Fig. 1).

Fig.1 N2 (77 K) adsorption isotherm of nanoporous carbon

Laboratory capacitor is built using 100 mg activated carbon. Electrochemical characteristics
of the novel carbon material in two electrolytes, 1 M LiBF4 and Et4NBF4 in PC solution, were
studied using cycling charge-discharge test at constant electrical current (Fig. 2).

Fig.2. Cycling performance of symmetric cell with nanoporous carbon electrodes in the voltage range of
1.25–2.5 V at electrical current loading 25 mA·g–1 in cell with carbon ACN-1 and electrolyte 1 M LiBF4– PC

It is shown that furfural-resin-derived carbon electrode material demonstrates very good
capacitive characteristics. Although the specific gravimetric capacitance of the novel carbon in
Et4NBF4 in PC solution (24 F·g–1) does not surpass that of other advanced activated carbon
materials, the volumetric capacitance of this sample (over 18 F·cm–3) is excellent for non-
aqueous supercapacitors, using working voltage up to 2.5 V. The internal resistance of the
laboratory supercapacitor is 1.2 mΩ, and the stored capacitance was calculated to be 25 mA·g–1

at cell voltage of 2.5 V. The carbon material properties, as well as the resulting energy system
properties, are taken into account, when integrating the energy units into a power source. The
power flows are actively controlled in order to assure the energy system effectiveness.
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The investigation of pitting corrosion is really important for evaluation of corrosion
behaviour of stainless steels. The most used method of pitting corrosion studies is the Cyclic
potentiodynamic polarisation method (CPPM). However, some of the corrosion parameters
determined by it strongly depend from scan rate. Therefore, the use of additional
electrochemical method for proving and clarification of pits nucleation kinetic is recommendable.

One of these rarely used electrochemical methods is the potentiostatic polarisation method
(PPM). The latter could surmount the problems of CPPM and obtain more real evaluation of
pitting potential (Epitt). The method consists in continuous polarisation of the examined samples
at potentials before and after the pitting and repassivation (Erp) potentials previously defined by
CPPM. Some of the authors [1] accepted that pits start to appear when the resulting current
exceeds 10 μA/cm2. The time in which the current suddenly rise is called incubation time (ti).
This is other important information which might be obtained only by PPM.

In the present study, two austenitic stainless steels (conventional Cr18Ni9 and high
nitrogen Cr18Mn12N) are examined with the purpose of demonstrate applicability and
sensibility of PPM to pitting corrosion investigation. The experiments were conducted in 0.1 M
Na2HPO4 + 0.5 M NaCl at room temperature and open air conditions.

The typical potentiostatic dependencies obtained at the applied potentials around the Epitt
are given in Fig. 1-a. In addition the rate of pits nucleation (expressed by 1/ti, s-1 [2]) vs. applied
potential is shown in Fig. 1-b.

Fig.1. (a) Current density vs. time dependencies, (b) Rate of pits nucleation vs. applied potentials

Regarding the curve of Cr18Ni9 steel (Fig. 1-a) the pits appear in about 15 s and grow up
very fast. The pits on Cr18Mn12N arise in around 25 s and try to repassivate which is obvious
from the fluctuations in current density. The minimum current values are bigger than mentioned
above for pits initiation, but after the experiments pits were not found on the samples surface.
That is why this current value could be connected to the thickness and structure of the passive
layers. The rate of pits initiation also gives valuable information (Fig. 1-b). It is clear that the pits
onto Cr18Ni9 steel surface appear at more positive potential but develop faster than pits on
Cr18Mn12N steel surface.

Taking into consideration all written above it can be concluded that during electrochemical
studies of pitting corrosion the using of potentiostatic experiments after the CPPM will provide
really important and useful information for the susceptibility of materials to pitting corrosion and
the type of the appeared pits. What is more the evaluation of properties of the passive layers
could be made.
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exceeds 10 μA/cm2. The time in which the current suddenly rise is called incubation time (ti).
This is other important information which might be obtained only by PPM.

In the present study, two austenitic stainless steels (conventional Cr18Ni9 and high
nitrogen Cr18Mn12N) are examined with the purpose of demonstrate applicability and
sensibility of PPM to pitting corrosion investigation. The experiments were conducted in 0.1 M
Na2HPO4 + 0.5 M NaCl at room temperature and open air conditions.

The typical potentiostatic dependencies obtained at the applied potentials around the Epitt
are given in Fig. 1-a. In addition the rate of pits nucleation (expressed by 1/ti, s-1 [2]) vs. applied
potential is shown in Fig. 1-b.

Fig.1. (a) Current density vs. time dependencies, (b) Rate of pits nucleation vs. applied potentials

Regarding the curve of Cr18Ni9 steel (Fig. 1-a) the pits appear in about 15 s and grow up
very fast. The pits on Cr18Mn12N arise in around 25 s and try to repassivate which is obvious
from the fluctuations in current density. The minimum current values are bigger than mentioned
above for pits initiation, but after the experiments pits were not found on the samples surface.
That is why this current value could be connected to the thickness and structure of the passive
layers. The rate of pits initiation also gives valuable information (Fig. 1-b). It is clear that the pits
onto Cr18Ni9 steel surface appear at more positive potential but develop faster than pits on
Cr18Mn12N steel surface.

Taking into consideration all written above it can be concluded that during electrochemical
studies of pitting corrosion the using of potentiostatic experiments after the CPPM will provide
really important and useful information for the susceptibility of materials to pitting corrosion and
the type of the appeared pits. What is more the evaluation of properties of the passive layers
could be made.
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Compared are the kinetics of deposition of Cu and Co, and the possibility for their co-
deposition in Cо-Cu alloy from ammonia-sulphate electrolyte (AMSE), weakly acidic citrate
electrolyte (CE) аnd  from СЕ with addition of saccharin (CE+SHR) in constant potential mode.
Data are obtained about the chemical content (from Atomic Absorption Analysis, ААА and
Energy Dispersive Spectral Analysis, EDSA), the cathodic current efficiency (upon Faraday
law), and the morphology (from SEM-images) of Co-Cu coating deposited from the above
working electrolytes. The kinetics investigation of the processes indicate that the deposition of
Co-Cu alloys from AMSE occurs without initial polarization, while the individual deposition of
both Co and Cu is a two-step processes of reduction of complex ions. The deposition from CE
occurs with long initial polarization and the overall polarization is higher compared to that in
AMSE because of the greater difficulties associated with the formation of more stable citrate
complexes of the metals. It is found that Co-Cu alloys with cobalt content up to 50-60wt%
deposited from AMSE have coarse-grained crystalline structure with comparable amount of
elongated and spheroid crystals with average size in the range from 2 to 10 μm, as compared to
those deposited from CE with average size of about and less than 1 μm.  The increase of Co
content in the alloys up to 80wt% results in decrease of the average size of crystallites in AMSE
to less than 5µm, and to about 500 nm in СЕ. The addition of saccharin in the citrate electrolyte
yields a glossy, smooth coating with close to nano-sized structure with  average size of
crystallites in the range from 100 to 300 nm.
Key words: electrodeposition kinetics, cobalt alloys, nanostructured coatings, morphology,
chemical composition, constant potential mode.
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Naturally, the cementation of metals is a spontaneous electrochemical reaction at the
interface of an active metal and the electrolyte containing ions of more noble metal. The use of
the classical electrochemical tests for direct studies of the cementation encounters some
serious obstacles due to the high rate of the reaction at the surface of the cementer. The high
reaction rate results in rapid changes of the metal-electrolyte interface such as active area,
structure of the anodic and cathodic sites as well as in the content of the electrolyte due to the
depletion of cemented ions at the vicinity of the interface and enrichment by the ion of displaced
metal.

The electrochemical behaviour of the redox couples can be studied through the
experimental determination of the mixed potential of cementation compared to the potential of
the individual couples at open circuit state. This approach allows determining the values of both
the anodic and cathodic polarisations but not the reaction kinetics.

The reported results refer to a methodology applied to electrochemical determination of the
rate of metal recovery through a combined use of the potentiodynamic experiments and the
open circuit potential measurements. The polarisation curves, with a scan rate of 10 mV/s,
separately for the iron (Fe│Fe2+) and the copper (Cu│Cu2+) electrode allow to elucidate the
nature of the kinetics of the half-reactions of those electrodes. The intersection of the anodic
branch of the polarisation curve of the iron electrode with the cathodic one of the copper
electrode corresponds to the rate of copper deposition at the iron surface, represented indirectly
by the deposition current density idep (Fig. 1). The determined potentials in sulphate (-0.05 V)
and chloride (-0.13 V) solutions, however, are more positive with respect to the open circuit
potentials of direct copper cementation by iron (respectively -0.34 V and -0.30 V).

Fig.1. Potentiodynamic curves of copper (solid lines) and iron (doted lines) electrodes in sulfate (black
lines) and chloride (grey lines) 0,08М solutions.

More accurate results about the reaction rate can be obtained by plotting of the values of
the open circuit potentials of a real cementation process onto the polarisation curves of a
copper electrode. The intersection is located in the area corresponding to an active iron
dissolution and copper deposition under a transport control (Fig. 1). These results correspond
adequately to those obtained by other methods applicable to kinetic measurements (weighting
technique and ICP, for example).
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Photocatalysts for organic pollutants degradation and hydrogen generation from water
using solar light energy has attracted increasing interest in the past years due to the growing
environment concerns and the energy demand [1]. An ideal photocatalyst should have both a
wide photoabsorption range and a low recombination rate of the photogenerated charge
carriers. WO3, a semiconductor of a smaller bandgap which is active under visible (Vis) light is a
well-known multi-functional material with interesting photoconducting behaviour. In addition, the
use of bi-layer TiO2/WO3 anodes can significantly improve the photooxidation efficiency and the
usage of the visible part of the solar light too [2, 3]. Modifying the semiconductor oxides by
precious metals (especially Pt) is a well-established practice to improve their photocatalytic
activity by reducing photogenerated electron-hole recombination rates [4].

Pt doped WO3 and bi-layer TiO2/WO3 coatings were prepared by electrodeposition /
electrosynthesis of the semiconductors on graphite (Gr) substrates from acidic aqueous
solutions, photodeposition of Cu on WO3 or TiO2/WO3, followed by a galvanic replacement
process in a chloroplatinate solution. The resulting Pt/WO3/Gr and Pt/TiO2/WO3/Gr electrodes
were characterized by SEM microscopy/EDS and XPS spectroscopy. The feasibility of
improving the photocatalytic activity of the semiconductor oxides towards the oxidation of water
and organic pollutant under Vis light by combining the presence of Pt nanoparticles with the
application of anodic bias was investigated. The electrochemical and photoelectrochemical
behavior of Pt/WO3/Gr and Pt/TiO2/WO3/Gr anodes was assessed by voltammetry and
chronoamperometry in 0.1M Na2SO4 and 0.1M HClO4 in the absence and presence of methanol
in the dark and under Vis light irradiation. The experimental results showed that the deposited
Pt has an apparent enhancement effect with respect to suppressing the recombination between
the photogenerated charge carriers and enhancing the oxidation of water or methanol. The
photoelectrocatalytic activity of platinized WO3 and bi-layer TiO2/WO3 coatings was considerably
dependent on the amount of deposited Pt.

Fig.1. Cyclic voltammograms (at 10 mV s-1 potential scan rate) of WO3/Gr and Pt/WO3/Gr electrodes in
deaerated 0.1 M HClO4 + 0.5 MeOH solutions.
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Ternary alloys on the base of Ni-P are of great academic interest as well as of practical
importance. This motivates the aims to reveal the third element inclusion mechanism, its
chemical state in the coatings and its influence on their properties. Cerium is expected to modify
thermal stability, corrosion resistance, mechanical properties. The introduction of Ce in
electroless Ni-Ce-P is a possible way to avoid direct electrodeposition restrictions due to its high
standard reduction potential (−2.336 V) in aqueous solutions. This can be done by adding Ce3+

or Ce oxides in the bath for deposition of Ni-P.
A citrate bath is used with hypophosphite as reducing agent, as metals source NiSO4.6H2O

and Ce(NO3)3 and buffering components for setting solution pH9.5. The plating temperature is
maintained at 92°C.

The influence of Ce3+ concentration in the bath on Ni-Ce-P deposition rate, coatings
composition and crystallographic structure are assessed. Increasing the Ce3+ concentration
within the range 0.002 – 0.006M causes slow variation in Ce content (4.1 – 5.5 mass %) in the
deposits with a trend of saturation. Simultaneously, P content in the coatings is lowered as
compared with Ni-P and progressively decreases with Ce3+ concentration increase.
Augmentation of Ce3+ leads to slower deposition rate (of Ni and P). These features infer the idea
that Ce3+ addition changes the surface condition for the growth of the deposit.

a) b)
Fig. 1. a) FIB – TEM cross-section perpendicular to coating plane: nanocrystalline phase (Moiré patterns),

dispersed in amorphous matrix; b) the corresponding SAED pattern.

The chemical state of Ni-Ce-P constituting elements is revealed by XPS. The presence of
Ce3+ implies that it is not reduced in the process of electroless plating and preserves its initial
chemical state. Ni is in elemental state, whereas P is partially oxidized.

To investigate in more details the effect of Ce3+ on the electroless process a sample just
immersed in the plating solution and then taken out is investigated by XPS and FE SEM. XPS
data confirm the presence of Ce3+. This means that the most probable mechanism is adsorption
of Ce3+ ions on the surface of the growing coating.

The structure of Ni-Ce-P deposits is complicate, as seen in Fig. 1 and according to XRD
also. In relation with the nanocrystalline structure, the microhardness is comparable, though
being less than high phosphorus Ni-P. The structure transformations of Ni-Ce-P with higher Ce
content inspected by DSC reveal a behavior typical for hypoeutectic Ni-P alloys and higher
thermal stability than amorphous Ni-P. In connection with the nanocrystalline structure all Ni-Ce-
P coatings show small coercive force, larger for coatings richer in Ce and substantially
increased after annealing due to the additional crystallization.
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Due to its properties and biocompatibility polydimethylsiloxane (PDMS) is an important
material for the development of microelectromechanical systems or long-term, biocompatible
implants. Selective electroless metallization is applied for building electrical micro-circuits on
PDMS. Laser pre-treatment is an advanced method for designing circuits geometry.

Data about the chemical status of PDMS after near infrared, visible and ultraviolet radiation
of the nanosecond-laser treatment are presented. As result of laser treatment μ-Raman
spectroscopy analyses reveal a sharp peak of crystalline silicon (c-Si) adjacent to the peaks of
native PDMS. In addition, broad bands also appear assigned to the D band of amorphous
carbon and to the G band of microcrystalline and polycrystalline graphite. The μ-Raman spectra
are variable in different inspected points in the laser-formed tracks. This can be explained by
the inhomogeneity of the laser spot. In fact the laser spot has multimode structures.

XPS and μ-Raman spectroscopy analyses are conducted about a month after the laser
treatment. The surface survey spectra indicate that the deposits contain the constituent
elements of PDMS: C, O and Si. The spectra of detailed XPS scans illustrate the influence of
the laser treatment. The position of Si 2p peaks of all treated samples are close to the value of
non-treated except the one exposed to near infrared 1064 nm radiation with 66 pulses, which is
shifted at 0.9 eV. On the O 1s peaks a shift at 0.4 eV is noticed, which reflects again a stronger
oxidation of Si. The curve fitting of Si 2p and O 1s peaks after this particular laser treatment
shows the oxidation degree attained during the irradiation - Fig.1. A possible recovering of the
surface after the laser ablation similar to the development after plasma treatment should not be
overruled. This can explain why after one month following uniquely exposure to near infrared
radiation a noticeable oxidation is revealed. The aim of the laser treatment is to enable selective
electroless deposition with high resolution on threated areas. In addition the processes of
sensibilization and activation, usual before plating on insulators, are eliminated.

Structure

Abbreviation Si(-O)2 Si(-O)3 Si(-O)4

Experimental BE (eV)
(eV)

101.8 102.6 103.3
Reference BE (eV) 101.79 102.67 103.3

Calculated from the
fitting in Fig. 1 (%) 10.0 46.8 43.2

Fig. 1. Curve fitting of XPS Si 2p for 1064 nm 66 pulses 6.5 J/cm2. The dashed line is the fitting curve. Blue line -
Si(-O)2 101.79 eV; green line - Si(-O)3 102.55 eV; orange line - Si(-O)4 103.3 eV. The scheme of silicon chemical

environments and the corresponding Si 2p are also shown.
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sensibilization and activation, usual before plating on insulators, are eliminated.

Structure

Abbreviation Si(-O)2 Si(-O)3 Si(-O)4

Experimental BE (eV)
(eV)

101.8 102.6 103.3
Reference BE (eV) 101.79 102.67 103.3

Calculated from the
fitting in Fig. 1 (%) 10.0 46.8 43.2

Fig. 1. Curve fitting of XPS Si 2p for 1064 nm 66 pulses 6.5 J/cm2. The dashed line is the fitting curve. Blue line -
Si(-O)2 101.79 eV; green line - Si(-O)3 102.55 eV; orange line - Si(-O)4 103.3 eV. The scheme of silicon chemical

environments and the corresponding Si 2p are also shown.
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Electrolytic Membrane Preparation of Boron Hydrofluoric Tin
Concentrates

I. Gadzhov1*, D. Dimitrov, D. Lilova
1University of Chemical Technology and Metallurgy – Sofia, Department "NEP",
direction "Electrochemical Technology and Corrosion Protection", 8 Kliment Ohridsky,
1756 Sofia, Bulgaria
*Corresponding author: gadjov@abv.bg

Using three-cell membrane electrolyser in which the anolyte and the catholyte are
separated with cationite and anionite membranes МК–4 and МА–4, the transport numbers (t±) in
highly concentrated boron hydrofluoric acid with CHBF4=400 g/l are determined. It is found that t±
are 0.97 – 0.98, which means that they are actually indicative about the coefficient of selectivity
of the two membranes having too high value of 97–98 %. Using a two-chamber laboratory
electrolyser and membrane МА-4, detailed balance is made of the inter-electrode voltage of
saturation of the starting HBF4 (CHBF4=400 g / l) with tin through anodic dissolution. The high
anodic density applied is selected based on our previous studies for characterization of the
anodic behavior of tin in boron hydroflouric acid. The roles of the individual components in the
voltage balance are assessed and the specific resistance of the membrane is estimated.

Designed is a semi industrial membrane electrolyser with movable membrane module and
horizontal anionite membrane MA-4. The electrolyser is functional and mobile and allows
working with both monolithic and bulk anodes and cathodes. During the membrane preparation
of boron hydrofluoric tin concentrate, kinetic dependencies are build that illustrate the increase
of the concentration of tin, the variation of anodic current yield, the variation of inter-electrode
voltage, and the variation of temperatures of anolyte and catholyte. Specified are the optimal
parameters of the membrane electrolytic process, and namely the ratio of the volumes of
anolyte and catholyte, the volumetric current loading and the maximum permissible current
loading of the membrane, as well as some other technological requirements: application of
circulation, arrangement of the membrane module depending on the type of the anodes used,
etc. It is namely in compliance with these requirements that the higher efficiency of the process
is achieved, as tin concentrates with very high concentration of tin of 255 g/l are prepared,
which do not contain Sn4+, and the yield in terms of Sn2+ amounts to 97-98%, which coincides
with the coefficient of selectivity of the membrane. At these optimal parameters the electrolytic
saturation is steady, the voltage is low and invariable 2V, and the temperature in the two half-
cells increases insignificantly without any need of forced cooling.

Key words: boron hydrofluoric tin concentrate, membrane electrolysis, inter-electrode voltage,
transport numbers, ohmic resistance, selectivity of membrane.
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Based on the polarization dependencies recorded in potentiostatic and potentiodynamic
mode, the anodic behavior of tin in boron hydroflouric acid is studied in a wide range of
concentrations from 50 g/l to 400 g/l, and from 50 g/l до 200 g/l with addition of Sn2+. The
objective is to identify the maximum permissible anodic current densities (ia,max), to which the
metal is dissolved only in the form of Sn2+, but not to undesired oxidation to Sn4+, or to release
of oxygen that accompanies both reactions. The values of ia,max thus specified are a solid
ground for further application of the method of membrane electrolysis for preparation of highly
concentrated boron hydroflouric tin solutions for the needs of galvanotechnics. It is found that
with the increase of the concentration of HBF4 to 400 g/l, the anodic polarization decreases.
The saturation of HBF4 (CHBF4=400 g/l) with Sn2+ up to 100 g/l leads to effect of
depolarization but at higher concentration СSn = 200 g/l the anodic polarization substantially
increases. Moreover, using two independent methods, i.e. gravimetric analysis and ISP, the
anodic current efficiency (Wa) is determined with simultaneous record of chrono potentiometric
dependencies in galvanostatic mode. It is shown that at values of ia within the range from 40
A/dm2 to 80 A/dm2, Wa=100% and concomitant chemical dissolution is not present.

The activation energy for anodic dissolution at different potentials is determined, and based
on the temperature-kinetic analysis, the type of anodic polarization is identified depending on
the range of applied anodic current densities or potentials.

Key words: tin, anodic behavior, boron hydrofluoric electrolytes, polarization dependencies,
current efficiency
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This work presents results from studies of processes and phenomena associated with the
behavior of polar dielectric liquid (water and alcohol) in a non-polar porous matrix of (proton and
oxide ion) conducting dielectric ceramic composite material BaCe0.85Y0.15O2.925/ Ce0.85Y0.15O1.925
(BCY15/YDC15) and proton conducting ceramic material BCY15. The investigation was
performed by Permittivity Spectroscopy which is a branch of the Impedance Spectroscopy
especially tuned for measurements and analysis of dielectrics permittivity properties. This
method is based on the relationship between admittance, capacity and dissipative permittivity:( ) = = ( − ) = + ′, (1)

where the real component ωC’’ represents dielectric losses and ′ is directly related to the
dielectric permittivity, i.e. to the polarization ability. The measurements were carried out in large
frequency range (from 1 MHz down to 0.01 Hz). Above a certain level of wetting a gigantic
enhancement of the effective capacitance was observed at low frequencies. The effect is
stronger in the BCY15 matrix and for the more polar water dielectric liquid.
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Fig.1. Frequency dependence of ′ at different levels of watering

The phenomenon of gigantic enhancement of the effective capacitance is explained with
the formation of dipole volumetric layer which was induced by the external alternating electrical
field.
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This work considers the possibility of using new electro-catalytic materials in chemical and
microbial fuel cells.

The possibility of using fullerenes as promising catalysts has been considered in the past.
In the present study we utilize higher fullerenes as fabricated by Diener & Alford by applying the
carbon arc method in a quartz reactor designed for both production and subsequent sublimation
[1]. Higher fullerenes are small-bandgap fullerenes currently commercially available from Sigma
Aldrich. These include the fairly stable species C74, C78, C80, C82, C84, C86, C88, C90, C92, C94, C96,
C98, C100. Larger species become unstable as they grow in size. Characteristic of higher
fullerenes is that the bonding sites between pentagon atom groups are usually found to be the
most reactive.

In this study we have applied a new method to fabricate the electro-catalyst for the fuel cell
electrodes. To overcome catalyst agglomeration a process of lyophilization was applied. We
used higher fullerenes to maximize the electro-active surface area of the catalyst. Up to 3mg of
higher fullerenes were dispersed in 6ml of distilled water in a sonic bath for 15min. Next, (20-
40)mg of manganese acetate and (20-100)mg of polypyrrole were slowly added to the aqueous
suspension. These ternary components were then baked at 180C0 for 12h in a Teflon autoclave.
Thus, Mn particles were deposited on the higher fullerene lattice structures with polypyrrole
binding. The suspension was finally dehydrated by freeze-drying yielding a monolithic three
dimensional block composed of carbon networks and MnO4 nano particles.

X-ray diffraction studies were carried out on a wide range of samples with different
quantities of manganese acetate included as the catalyst.

The catalyst was used in the process of oxidation of sulfites to sulfates in solution. The
solution was sodium sulfite.

The initial results are encouraging with reactions such as:

SO3
2- + 0.5O2 ↔ SO4

2-

Polarization curves were acquired characterizing the higher fullerene and Mn containing
catalyst.
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Effect of silver doping on the electrical properties of (As2Se3)100-xAgx (x = 15, 20, 25 mol. %)
bulk glasses was studied by impedance spectroscopy in the frequency range from 1 Hz to 1
MHz in the temperature region between 20 to 120 °C.

The electrical conductivity of the glasses σ was analyzed as a function of the silver
concentration. It was found that the samples with 20 and 25 mol. % Ag have conductivity one
order of magnitude higher than the sample, containing 15 mol. % Ag. The activation energy was
calculated from Arrhenius plots. The relation follows an irregular trend due to structural
rearrangements after the silver incorporation.

The results from the impedance spectroscopy measurements were related to the results
from the scanning electron microscopy working in backscattered image mode analysis. А phase
separation was identified in the glasses with higher silver concentration (Fig. 2). A correlation
between the phase separation and conductivity jump with an increasing silver content was
established.
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Fig.1. Impedance spectra of the samples from the (As2Se3)100-xAgx system (x=15, 20, 25 mol. %)

Fig.2. SEM images of As2Se3 and (As2Se3)75Ag25, showing the phase separation at 25 mol.% Ag
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In recent years there is a considerable interest in development of hybrid electrochemical
battery-supercapcitor systems involving hybridization of a faradaically rechargeable battery-type
electrode with an electrochemical double-layer capacitor-type electrode. Various asymmetric
supercapacitors using composite electrode usually with carbon matrix and addition of an
electrochemically active oxide are developed.

The objective of the present work is development of hybrid battery supercapacitor based on
active carbon and synthetic Fe2O3.

Fe2O3 oxide is synthesized by solution-combustion method using solutions of Fe(NO3)2 and
sucrose as starting materials and the amorphous powder oxide obtained is subjected to thermal
treatment (400 0C/1 h). The nanosized hematite thus produced (average particle size about 30
nm) is structurally and morphologically characterized by XRD, SEM and TEM, and tested as
electrode material in hybrid lithium battery-double layer capacitors.

The hybrid supercapacitor cell studied is assembled by an electrode of nanosized activated
carbon (TDA Research USA - 1600 g/m2 specific surface area), a composite electrode with
activated carbon matrix and additions (20-80 %) of Fe2O3, and an organic electrolyte - LiBF4
with solvent elthylene carbonate/dimethyl carbonate mixture (EC/DMC) 1:1. Symmetric
supercapacitor cell composed by two identical electrodes of the same activated carbon and the
same organic electrolyte is also assembled and tested for comparison.

The supercapacitor cells are subjected to electrochemical charge/discharge cycling test
under galvanostatic conditions at different current loads (15 – 450 mA/g). The hybrid
supercapacitors developed demonstrate very good cycleability, current efficiency (up to 95%)
which increases with the current load and specific capacity higher than the capacity of the basic
symmetric capacitor.

The results obtained prove the possibility of application of Fe2O3 as electrochemically active
material for hybrid lithium battery – supercapacitor systems.
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Electrochemical deposition of silver is studied on conducting polymer layers of poly(3,4-
ethylenedioxythiophene (PEDOT) doped with polystyrenesulfonate (PSS) or dodecyl sulfonate
(DDS) ions. Experiments are performed by means of electrodriven and
electrolessdepositionprocedures at PEDOT layers with polymerization charge, Qpoly of 4 mC.
Several potentiostatic current transients are obtained at constant potential for both types of
PEDOT layers. It is found that for PEDOT/DDS the first several current transients vary within the
usual scattering of the experimental data, whereas for PEDOT/PSS there is a consecutive
decrease in the currents within the first 4-5 measurements followed by stabilization at relatively
low current values. Thus the currents of silver electrocrystallization at PEDOT/DDS layers
exceed about four times those obtained at PEDOT/PSS layers. These results are commented in
terms of the dopant- based difference in the surface morphology and bulk structure of the
polymer layers as well as their different mechanical properties. SEM pictures taken after
dissolution of the silver crystals give evidence for the existence of crystal “fingerprints” in the
relatively soft PEDOT/PSSpolymer matrix.

Series of current transients are obtained at different constant potentials for both types of
PEDOT layers. The current transients are tentatively interpreted by the model for nucleation and
diffusion-controlled growth developed by Scharifker et al [1]. The experimental dtat can be
easily described by the theoretical equation if using three free parameters (number of active
sites for nucleation, nucleation rate at a single nucleation site and product of electrode surface
area and diffusion coefficient). Nevertheless the obtained best fit parameters seem to be not
always reasonable. Microscopic pictures show marked difference in the characteristic of the
metal deposits obtained at the two types of PEDOT – a small number (105 cm-2) of large
(several micrometer sized) well faceted silver crystals are observed in the PEDOT/PSS case
whereas a larger number (106 cm-2) of bulk crystals and dendrites are found on the
PEDOT/DDS surface.

In the case of electroless metal precipitation the reduction of the metal ions is driven at the
expense of PEDOT oxidation. (PEDOT layers are pre-reduced in the absence of metal ions in
supporting electrolyte.) The electroless deposition process is studied in the presence oftwo
types of silver ionic species: silver cations (Ag+) and silver anion complex of EDTA ([AgEDTA]3-

). It is found that independently on the PEDOT dopant and the type of the silver species the
amount of electroless deposited silver remains the same. In all cases electroless deposition of
silver results in a larger number (108 cm-2) of sub-micrometer sized silver crystallites that are
homogeneously dispersed over the entire electrode surface.There is however a difference in the
number, size and size distribution of the silver crystallitesdepending on the doping agent of
PEDOT with smaller crystals observed in the PEDOT/PSS case.

The results obtained demonstrate the significant role of the PEDOT dopant used in the
course of electrochemical polymerization for the subsequent process of metal electrodeposition.
The main effect in the electrodriven deposition of silver seems to be related to the more
permeable and soft polymer matrix obtained in the PEDOT/PSS case in contrast to the
PEDOT/DDS layer which is more rigid and hydrophobic thus impeding presumably the metal
ions diffusion inside the polymer layer. A major effect of the dopant is observed also in the
electroless deposition process. The more hydrophillic and porous PEDOT/PSS layer provides
the possibility for the dispersion of a larger amount of smaller sized silver particles.
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Rechargeable zinc-air batteries are attractive candidates for applications where the high
specific energy and simple design provide significant cost advantages. Unfortunately, improving
the basic characteristics of the rechargeable zinc-air battery are still hindered by various
technical problems related to the reversibility and lifetime of the electrodes.

The main idea of the proposed Bifunctional Oxygen Electrode (BOE) is to achieve
characteristics similar to both state of the art electrolyser and fuel cell electrodes with a high
stability. Specifically, this would be obtained through: (i) Non-carbon gas diffusion electrode
(GDE) substrates design and fabrication. A variety of gas permeable particles will be teflonized.
A critical aspect of successful gas diffusion layer (GDL) fabrication is the sub-micron level
mixing of the hydrophobic binder, generally Teflon and the gas diffusion agent, generally a
mesoporous particle capable of delivering the requisite oxygen quantities; (ii)Modeling, design,
deposition and characterization of disordered amorphous nano-materials as bi-functional
electro-catalysts/electrocatalytic layers (ECL). The ECL will have a double layer structure: spots
with areas of < 1 mm2, consisting of nano-sized particles of the catalyst placed on the current
collector screen (Ni or Ag), so there will be no losses in conductivity.

The electrochemical properties of BOE in an alkaline electrolyte have been investigated.
The GDL was obtain with carbon teflonizated (60%) Vulcan XC 72. The catalytic layer was a
silver coating (for oxygen reduction) deposited directly on the GDL. On the other hand the
current collector which contains various oxides (in the oxygen evolution reaction) was pressed
on to the silver coating. The surface area of the electrodes was 10 cm2.

At a current density of 20mA/cm2 the average potential at oxygen reduction and evolution
are promising for further investigation of the as prepared BOE.
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Selectivity of a previously developed enzymatic electrochemical biosensor for Vitamin C [1,
2] has been studied in model aqueous solutions upon addition of organic compounds potentially
attending the real samples.  Voltammetric studies have shown that in neutral buffer solutions
(pH= 7.0) both D- and L- isomers of ascorbic acid are oxidized at the same potential yielding
virtually the same current densities, whilst in slightly acidic buffers (pH = 5.6, where the
enzymatic activity is maximal) the current density of L-ascorbic acid oxidation is by ca. 30%
higher. It has been established that the electrochemical oxidation of Na-ascorbate proceeds
identically to the Vitamin C in both neutral and acidic media.

The following substances have been tested voltammetrically as potentially interfering
substances of the Vitamin C assay with the biosensor: antocyanes, carotenoids (from paprika
extract, orange peel extract, lutein), betanine from beet root, Cu-chlorophyline, saffron extract,
gamma- amino butyric acid (GABA), para-amino benzoic acid (PABA); taurine, L-carnitine, and
ubiquinone/ubiquinol (Q10).

It has been found that none of the colored food extracts (antocyanes, carotenoids,
betanine, Cu-chlorophyline, saffron extract) interfered the electrode response substantially.
Slight inhibiting effect on the enzyme activity has been noted for antocyanes and betanine,
which is most probably due to their strong adsorption onto the electrode. Similarly, the other
tested substances did not contribute to the response of the biosensor.  Due to its very limited
solubility in physiological solution, ubiquinone/ubiquinol (Q10) did not have effect on the
biosensor performance despite it is a potentially oxidizable and reducible over the same range
of potentials as the target analyte (Vit. C).

Authors gratefully acknowledge the support from the Bulgarian National Science Fund (grant
E0214/2014).
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The influence of the quartz roughness on the ZnO sorption properties is investigated. AT-
cut quartz plates with different treated surface - flat polished and rough ones are used. The
frequency of used Quartz Crystal Microbalance (QCM) is 10 MHz. The nanostructured ZnO
layers are deposited by electrochemical method on the Au electrodes of the quartz resonators.
Thin ZnO nanostructured films are deposited by an electrochemical process from slightly acid
aqueous solution of ZnCl2 (5. 10-3 M) and KCl (0.5 M) with pH 4.0 at 80ºC and -1000mV (vs
SCE) using a three-electrode electrochemical cell [1]. The electrolyte is agitated by magnetic
stirrer. The quartz crystal resonator with Au electrode is used as a cathode. Spectrally pure
graphite plate electrode is used as an anode. The deposition is carried out controlling the redox
potential of the system. The total oxygen content in solution is controlled in addition by a DO&T
meter Hanna Instruments 9146. Duration of the ZnO deposition is 60 min. The thicknesses of
the prepared ZnO films are in the range of 0.5-0.7 µm. The structure of the ZnO layers
deposited on the polished and rough QCM surface is studied by SEM and the optical
spectroscopy - by the spectra of specular and diffused reflection. The results are compared to
the corresponding data obtained for the QCM before ZnO growing. The specular reflection of
the QCM on the polished substrate decreases from 70% to 20% after ZnO deposition while
these values for the rough quartz surface slightly decrease from 20% to 10 % (Fig. 1 a and b).
The values of the diffused reflection increase in the case of deposition on flat polished QCM
surface and decrease in the case of deposition on the rough quartz surface. These changes
correlate with the surface structures of the deposited ZnO films.

a                                                                          b

Fig.1. Spectra of reflectance (a) and diffused reflection (b) of QCM with polished quartz surface before
(QCM G 111) and after ZnO layer deposition (QCM+ZnO G 111) and with rough quartz surface before
(QCM G 121) and after ZnO layer deposition (QCM+ZnO G 121).

The sorption properties of ZnO layers deposited on different kind of surfaces are estimated
by QCM method.

The measured changes of the QCM frequency as result of the ZnO mass loading  are 60-
70 kHz The sorption ability of the ZnO thin layers is defined by measuring the resonant

SED-P-21

192

Effect of the Surface Structure of the Electrochemically Deposited ZnO
Films on the Quartz Crystal Microbalance on Its Response to NO2

H. Nichev1*, B. Georgieva2, M. Petrov1, K. Lovchinov1, V. Georgieva3, G.Alexieva4, L
Vergov3, D. Dimova-Malinovska1

1Central Laboratory of Solar Energy and New Energy Sources – Bulg. Acad. Sci.,
bulv. Tsarigradsko chaussee 72, Sofia -1784, Bulgaria
2University of Chemical Technology and Metallurgy, “St. Kliment Ohridski” № 8, Sofia
1756, Bulgaria and Institute of Electronics- Bulg. Acad. Sci., bulv. Tsarigradsko
chaussee 72, Sofia -1784, Bulgaria
3Institute of Solid State Physics - Bulg. Acad. Sci., bulv. Tsarigradsko chaussee 72,
Sofia -1784, Bulgaria
4Department of Solid State Physics and Microelectronics, Sofia University, 1164 Sofia,
Bulgaria
* Corresponding author: nitschev@abv.bg

The influence of the quartz roughness on the ZnO sorption properties is investigated. AT-
cut quartz plates with different treated surface - flat polished and rough ones are used. The
frequency of used Quartz Crystal Microbalance (QCM) is 10 MHz. The nanostructured ZnO
layers are deposited by electrochemical method on the Au electrodes of the quartz resonators.
Thin ZnO nanostructured films are deposited by an electrochemical process from slightly acid
aqueous solution of ZnCl2 (5. 10-3 M) and KCl (0.5 M) with pH 4.0 at 80ºC and -1000mV (vs
SCE) using a three-electrode electrochemical cell [1]. The electrolyte is agitated by magnetic
stirrer. The quartz crystal resonator with Au electrode is used as a cathode. Spectrally pure
graphite plate electrode is used as an anode. The deposition is carried out controlling the redox
potential of the system. The total oxygen content in solution is controlled in addition by a DO&T
meter Hanna Instruments 9146. Duration of the ZnO deposition is 60 min. The thicknesses of
the prepared ZnO films are in the range of 0.5-0.7 µm. The structure of the ZnO layers
deposited on the polished and rough QCM surface is studied by SEM and the optical
spectroscopy - by the spectra of specular and diffused reflection. The results are compared to
the corresponding data obtained for the QCM before ZnO growing. The specular reflection of
the QCM on the polished substrate decreases from 70% to 20% after ZnO deposition while
these values for the rough quartz surface slightly decrease from 20% to 10 % (Fig. 1 a and b).
The values of the diffused reflection increase in the case of deposition on flat polished QCM
surface and decrease in the case of deposition on the rough quartz surface. These changes
correlate with the surface structures of the deposited ZnO films.

a                                                                          b

Fig.1. Spectra of reflectance (a) and diffused reflection (b) of QCM with polished quartz surface before
(QCM G 111) and after ZnO layer deposition (QCM+ZnO G 111) and with rough quartz surface before
(QCM G 121) and after ZnO layer deposition (QCM+ZnO G 121).

The sorption properties of ZnO layers deposited on different kind of surfaces are estimated
by QCM method.

The measured changes of the QCM frequency as result of the ZnO mass loading  are 60-
70 kHz The sorption ability of the ZnO thin layers is defined by measuring the resonant

SED-P-21

192

Effect of the Surface Structure of the Electrochemically Deposited ZnO
Films on the Quartz Crystal Microbalance on Its Response to NO2

H. Nichev1*, B. Georgieva2, M. Petrov1, K. Lovchinov1, V. Georgieva3, G.Alexieva4, L
Vergov3, D. Dimova-Malinovska1

1Central Laboratory of Solar Energy and New Energy Sources – Bulg. Acad. Sci.,
bulv. Tsarigradsko chaussee 72, Sofia -1784, Bulgaria
2University of Chemical Technology and Metallurgy, “St. Kliment Ohridski” № 8, Sofia
1756, Bulgaria and Institute of Electronics- Bulg. Acad. Sci., bulv. Tsarigradsko
chaussee 72, Sofia -1784, Bulgaria
3Institute of Solid State Physics - Bulg. Acad. Sci., bulv. Tsarigradsko chaussee 72,
Sofia -1784, Bulgaria
4Department of Solid State Physics and Microelectronics, Sofia University, 1164 Sofia,
Bulgaria
* Corresponding author: nitschev@abv.bg

The influence of the quartz roughness on the ZnO sorption properties is investigated. AT-
cut quartz plates with different treated surface - flat polished and rough ones are used. The
frequency of used Quartz Crystal Microbalance (QCM) is 10 MHz. The nanostructured ZnO
layers are deposited by electrochemical method on the Au electrodes of the quartz resonators.
Thin ZnO nanostructured films are deposited by an electrochemical process from slightly acid
aqueous solution of ZnCl2 (5. 10-3 M) and KCl (0.5 M) with pH 4.0 at 80ºC and -1000mV (vs
SCE) using a three-electrode electrochemical cell [1]. The electrolyte is agitated by magnetic
stirrer. The quartz crystal resonator with Au electrode is used as a cathode. Spectrally pure
graphite plate electrode is used as an anode. The deposition is carried out controlling the redox
potential of the system. The total oxygen content in solution is controlled in addition by a DO&T
meter Hanna Instruments 9146. Duration of the ZnO deposition is 60 min. The thicknesses of
the prepared ZnO films are in the range of 0.5-0.7 µm. The structure of the ZnO layers
deposited on the polished and rough QCM surface is studied by SEM and the optical
spectroscopy - by the spectra of specular and diffused reflection. The results are compared to
the corresponding data obtained for the QCM before ZnO growing. The specular reflection of
the QCM on the polished substrate decreases from 70% to 20% after ZnO deposition while
these values for the rough quartz surface slightly decrease from 20% to 10 % (Fig. 1 a and b).
The values of the diffused reflection increase in the case of deposition on flat polished QCM
surface and decrease in the case of deposition on the rough quartz surface. These changes
correlate with the surface structures of the deposited ZnO films.

a                                                                          b

Fig.1. Spectra of reflectance (a) and diffused reflection (b) of QCM with polished quartz surface before
(QCM G 111) and after ZnO layer deposition (QCM+ZnO G 111) and with rough quartz surface before
(QCM G 121) and after ZnO layer deposition (QCM+ZnO G 121).

The sorption properties of ZnO layers deposited on different kind of surfaces are estimated
by QCM method.

The measured changes of the QCM frequency as result of the ZnO mass loading  are 60-
70 kHz The sorption ability of the ZnO thin layers is defined by measuring the resonant
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frequency shift (∆f) of the QCM-ZnO structure in the presence of different NO2 concentration.
The measurements are based on the correlation between the frequency shift of the QCM and
additional mass loading (∆m) on the resonator calculated using Sauerbrey equation for the AT-
cut quartz plate [2].

In the present work the Frequency – Time Characteristics (FTCs) of the sample are
measured on QCM with differently treated quartz surface - polished one and deliberately rugged
one before Au electrodes and ZnO NS films deposition. The experiments are carried out on a
special laboratory set up in dynamically regime. From FTCs the response and the recovery
times of the QCM-ZnO structure are measured (Fig. 2 a and b). The study is carried out in the
NO2 concentration interval of 50 - 5000 ppm.

a                                                                        b

Fig.2. Frequency-time characteristics of QCM with ZnO layer deposited on polished (a) and rough (b)
quartz surface measured at 500 ppm NO2 concentration.

The correlation between the sorption ability of the ZnO and the different state of the quartz
surface is obtained from the QCM response. The QCM with ZnO deposited on the polished
quartz demonstrate better sorption ability compared to QCM fabricated on rough quartz surface.

References
[1] Doriana Dimova-Malinovska, Konstantin Lovchinov, Maxim Ganchev, Orlin Angelov, Joachim Seland
Graff  and Alexander Ulyashin, Phys.Stat.Sol. A 210 (2013) 737.
[2] Sauerbrey G  Zeitschrift für Physik 155 (1959) 206.

193

frequency shift (∆f) of the QCM-ZnO structure in the presence of different NO2 concentration.
The measurements are based on the correlation between the frequency shift of the QCM and
additional mass loading (∆m) on the resonator calculated using Sauerbrey equation for the AT-
cut quartz plate [2].

In the present work the Frequency – Time Characteristics (FTCs) of the sample are
measured on QCM with differently treated quartz surface - polished one and deliberately rugged
one before Au electrodes and ZnO NS films deposition. The experiments are carried out on a
special laboratory set up in dynamically regime. From FTCs the response and the recovery
times of the QCM-ZnO structure are measured (Fig. 2 a and b). The study is carried out in the
NO2 concentration interval of 50 - 5000 ppm.

a                                                                        b

Fig.2. Frequency-time characteristics of QCM with ZnO layer deposited on polished (a) and rough (b)
quartz surface measured at 500 ppm NO2 concentration.

The correlation between the sorption ability of the ZnO and the different state of the quartz
surface is obtained from the QCM response. The QCM with ZnO deposited on the polished
quartz demonstrate better sorption ability compared to QCM fabricated on rough quartz surface.

References
[1] Doriana Dimova-Malinovska, Konstantin Lovchinov, Maxim Ganchev, Orlin Angelov, Joachim Seland
Graff  and Alexander Ulyashin, Phys.Stat.Sol. A 210 (2013) 737.
[2] Sauerbrey G  Zeitschrift für Physik 155 (1959) 206.

193

frequency shift (∆f) of the QCM-ZnO structure in the presence of different NO2 concentration.
The measurements are based on the correlation between the frequency shift of the QCM and
additional mass loading (∆m) on the resonator calculated using Sauerbrey equation for the AT-
cut quartz plate [2].

In the present work the Frequency – Time Characteristics (FTCs) of the sample are
measured on QCM with differently treated quartz surface - polished one and deliberately rugged
one before Au electrodes and ZnO NS films deposition. The experiments are carried out on a
special laboratory set up in dynamically regime. From FTCs the response and the recovery
times of the QCM-ZnO structure are measured (Fig. 2 a and b). The study is carried out in the
NO2 concentration interval of 50 - 5000 ppm.

a                                                                        b

Fig.2. Frequency-time characteristics of QCM with ZnO layer deposited on polished (a) and rough (b)
quartz surface measured at 500 ppm NO2 concentration.

The correlation between the sorption ability of the ZnO and the different state of the quartz
surface is obtained from the QCM response. The QCM with ZnO deposited on the polished
quartz demonstrate better sorption ability compared to QCM fabricated on rough quartz surface.

References
[1] Doriana Dimova-Malinovska, Konstantin Lovchinov, Maxim Ganchev, Orlin Angelov, Joachim Seland
Graff  and Alexander Ulyashin, Phys.Stat.Sol. A 210 (2013) 737.
[2] Sauerbrey G  Zeitschrift für Physik 155 (1959) 206.



194

Synthesis and Characterization of LiV3O8 as a Negative Electrode
Materials for Li-Ion Battery with Water Electrolyte
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LiV3O8 was synthesized via “wet” chemistry followed by SSR method and alternatively by
melting process. The initial syntheses compounds were LiOH and V2O5 for both syntheses.
The SSR method was consisted at three temperatures (450◦, 550o and 590◦C) for 24 h each
treatment. The “melting” material was heated at 400◦C for 24 h and than at 640◦C for few hours.
The obtained lithium vanadates were characterized physico-chemically by XRD, SEM and BET
analyses. The melted sample was grinded few hours in a ball mill to obtain relatively small
particles from the melt. Further, part of the sample was treated in autoclave at 250o C. The
electrochemical performance of  the materials were investigated using three-electrode cells in
aqueous solution of  LiNO3, with Ag/AgCl reference electrode. LiMn2O4 was used as a counter
electrode. The working electrodes were made by mixture of  50% active material and 50%
TAB2 (teflonized acetylene black) and than  pressed on the Ni-mesh under a pressure of 3
tones.

The aim of this work is characterization of LiV3O8 as a negative active material for
reversible Li intercalation in LiNO3 water electrolyte.

The SSR sample possessed the best electrochemical characteristics from all of three
samples.
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During cathodic polarization in an acidic media containing hydrogenation-enhancing
additives, nickel absorbs large quantities of hydrogen [1]. A new crystal phase, nickel hydride
(-NiHx, where 0.7 ≤ x ≤ 0.8) with a f.c.c. lattice is formed, the lattice parameter being
approximately 6% larger than that of nickel [2]. For a very short time strongly stressed layers are
formed [3] that lead to lasting structural alterations.

The conversion of nickel into nickel hydride in bright nickel electrodeposits is more
complete than that of matt ones obtained from an additive-free electrolyte [4]. The hydride
phase is unstable and disintegrates under normal conditions. In contrast to matt coatings where
the disintegration follows an equation inherent to first-order reactions [5], the disintegration of
the hydride phase in the bright coatings begins after a certain period of time after the end of
hydrogenation [4]. When the hydrogenation is over above a certain degree, a process of crack
formation in the bright nickel deposits starts [6]. The cracking process proceeds at a rate which
offers a possibility for a direct observation of the initiation and propagation of the cracks by
using a metallographic microscope. A part of the cracks shows a shape close to that of the
Archimedes spiral.

However, bright coatings can be obtained in the presence of at least two organic additives
– each one of the two classes of additives for nickel electrodeposition, which are usually added
in order to improve the properties of the layers such as their appearance, internal stresses, etc.
[7]. The present research shows the effect of saccharine and butyndiol - typical representatives
of the two classes of additives to the process of phase transformation, as well as on the
subsequent cracking of the nickel coatings after the end of cathodic hydrogenation. The
investigation showed that both additives in the nickel electrolyte contribute to a more complete
phase transformation of nickel into nickel hydride. This is assisted by the fine structure of the
nickel deposits with a higher density of defects as well as the incorporated compounds
containing sulphur as a product of electrochemical transformation of the saccharine. The type of
the additives influences both the tendency of the nickel layers to form cracks and the shape of
the cracks.
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Electrooxidation of Glycerol in Alkaline Medium
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In the recent years glycerol was investigated intensively for its possible application in direct
alcohol fuel cells, converting the free energy of the alcohol into electrical energy. The anode
catalyst and the corresponding matrix for the deposition of the catalyst are crucial for the
efficiency of the fuel cell.

In the present investigation composite layers of catalytically active Pd particles deposited
on pre-synthesized layers of the conductive polymer poly-3,4-ethylenedioxythiophene  (PEDOT)
are used as an anode material for electrocatalytic oxidation of glycerol. The Pd particles are
obtained by electroless deposition occurring at the expense of the oxidation of the PEDOT
layers that are reduced in a former step of the experiment. The polymer matrix is not
electroactive for electrooxidation of glycerol and serves only as support for dispersing the
catalytic metal phase.

The oxidation of glycerol is studied by cyclic voltammetry in alkaline electrolyte. It is found
that the use of several sequential palladium deposition steps of on the same PEDOT layer
provides the possibility to increase the amount of deposited metal and thus the electrocatalytic
response. Fig. 1 shows the first and the fifteenth voltammetric curves obtained in the course of
continuous voltammetric cycling in 0.1 M glycerol and 0.5 M KOH solution. The grаy line
denotes the measurement in the absence of glycerol. The composite Pd/PEDOT layers exhibit
good stability for glycerol electrooxidation reaction upon further cycling in the glycerol containing
solution.
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Fig.1. Cyclic voltammetric curves measured in 0.5 M KOH and 0.1 M glycerol at Pd/PEDOT: First scan
(dashed line), fifteenth scan (full line). The gray line is measured in supporting electrolyte.

Scan rate v = 0.02 V s-1
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Glassy Carbon Modified With Zr, Ce And Y Oxides as Cathode in
Hypochlorite  Production
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` Zr, Ce and Y – oxides were coated on  glassy carbon (GC) by electrolysis  of ethanol
solutions. The surface morphology and elemental  analysis of electrode were examined by
means of SCE  and XPS. The electrochemical  behaviour was characterized by CVA and
potentiodinamic  polarization curves. The  effect  on the current efficiency  (CE) of the
electrodes was also investigated. The higest CE for hypochlorite production occurred on the
ZrO2 - 60 - 65 %. This electrode possessed the maximum apparent activity for HER ( the  side
reaction) and optimal apparent activity for hypochlorite(the main reaction), respectively.
Deposition of  Cu - sublayer onto the glassy carbon in the regime of reverse current effects
positively onto the layer of ZrO2 in the relation of its selectivity of the hydrogen reaction and
simultaneously the rate of reduction of Cl+ do not increase..

The major conclusion of the investigation is the GC modified with  ZrO2 can be considered
as an alternative to chromate additions in the  hypochlorite electrolyte .
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Polypyrrole (PPy) layers are potentiostatically synthesized on glassy carbon substrate in
the presence of two different anionic species – perchlorate (ClO4

-) and polystyrenesulfonate
(PSS). Electrocatalytic and redox properties of the polymer layers are studied at two different
values of the polymerization charge. It is established that in comparison to PPy/ClO4

- the
PPy/PSS layers have a broader potential region corresponding to the high conducting, oxidized
state of PPy.

Electrooxidation of ascorbic acid and epinephrine (pH=6.9, 1 mM analyte concentration)
are used as model reactions to elucidate the electrocatalytic properties of the PPy layers. It is
found that for PPy/PSS layers the oxidation current of epinephrine is higher than for PPy/ClO4

-.
Furthermore the main epinephrine oxidation peak is shifted to more negative potentials by about
100 mV (Fig. 1). In the case of ascorbic acid oxidation, the effect of the doping anion results in a
slight shift of the oxidation peak towards more negative potentials when using PPy/PSS layers.
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Fig. 1 Anodic parts of the voltammetric curves (after substraction of the buffer curves) corresponding to the

electrooxidation of epinephrine for PPy/PSS (gray line) and PPy/ClO4
- (black line) coated electrodes.
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During electrodeposition of Ag-Sn, Ag-In и In-Co alloys formation of wave, spiral and target
structures on the electrode surface can be observed [1-3].

According to the phase diagram of the Sn-Co alloy different intermetallic compounds can
be formed depending of the metal content. Possibility to obtain heterogeneous coatings gives
us the opportunities to study the self-organization phenomena [4].

The influence of glycine on the electrochemical processes of deposition and dissolution of
tin, cobalt and tin-cobalt alloy from a gluconate electrolyte are studied by means of cyclic
voltammetry.

The addition of glycine to the weak acid electrolyte for deposition of Sn-Co alloy has no
significant influence on the deposition of tin and relatively strong influence on the deposition of
cobalt, with a strong effect on the deposition of Sn-Co alloy.  The addition of the glycine and the
increase of its concentration lead to a strong increase in the cobalt percentage in the coatings at
pH=3.

Dull coatings with high cobalt content can be deposited from the investigated electrolyte.
Depending on the pH and glycine addition the deposition of coatings with cobalt content in the
whole range from 0 up to 60 wt. % is possible.

Under certain conditions instabilities in the electrochemical system and resulting potential
oscillations could be observed.
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Tin sulfide thin layers were deposited by Chemical Bath Deposition on glass or on TiO2
covered glass substrates in acidic medium. The morphology, crystal structure and optical
properties of the thin films have been investigated using X-ray diffraction, Atomic Force
Microscopy, Vis-NIR spectroscopy and Scanning Electron Microscopy with EDAX. The influence
of the bath composition, plating time and solution temperature on the growth and optical
characteristics of the films were established. The as deposited films are smooth and uniform
and improve crystalinity after annealing at 250 oC. The optical band gap of thin SnS films were
calculated for the case of the direct transitions to be between 1.23 - 1.28 eV.
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Polymer electrolyte membrane water electrolysis (PEMWE) is an attractive method to
produce pure hydrogen for various energy clean stationary and transport applications. The
choice of efficient catalysts dispersed on high surface area stable catalytic supports has
important role for the reliable operation and durability of the membrane electrode assembly
(MEA) - the main PEMWE component where the energy conversion (electrical to chemical)
takes place.

In this work the phyllosilicate mineral Montmorillonite (MMT) has been investigated in
regard of its properties as catalytic support for hydrogen generation via electrochemical water
splitting. MMT is a cheap natural product, main constituent of the volcanic ash. Chemically, it is
a complex mixture of hydrated hydroxides with general formula
(Na,Ca)0.33(Al,Mg)2(Si4O10)(OH)2·nH2O. Potassium, iron, and other cations are common
substitutes as the exact ratio of cations varies with source. Morphologically, MMT consists of
plate-shaped nano-crystallites which form clay with high surface area and thermo-mechanical
properties of a polymeric matrix. MMT possesses low electrical conductivity and by now has not
been investigated as catalytic support.

In the present research MMT has been loaded with noble metal nanoparticles (Ir and Ru)
with proven high catalytic activity towards the oxygen evolution reaction. Ir has been deposited
by the well established sol gel technique, while Ruthenium montmorillonite was prepared by the
following procedure: a mixture of 1g montmorillonite Na+ and 10 ml solution ofruthenium (III)
chloride was irradiated with ultrasound for 2h. The solution is obtained
by dissolving 0.1g ruthenium (III) chloride in 10 ml of 50:50% ethanol-water system. The slurry
were used as received. The obtained MMT-supported catalysts have been characterized by
EDX, SEM, and XRD techniques. Their electrochemical performance and OER catalytic
efficiency have been investigated by cyclic voltammetry and steady state polarization curves in
aqueous acid solutions (0.5 M H2SO4) and in proton conductive polymer electrolyte (Nafion 117,
DuPont). The results obtained showed superior performance of Ir/MMT in regard to both activity
and stability as well as a good correlation with the previously reported data about Ir supported
on commercial ceramic supports with excellent electrical conductivity such as Magnelli phase
titania (Ebonex, Atraverda and N82, Ti-Dynamics).

The results obtained proved that the MMT can be considered as potential catalytic support
for hydrogen generation via water Energy System.
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The communication presents results about the effects of a zinc-based phosphating agent
KAF-101-ZT modified by calcium, nickel and manganese on the processes of phosphating film
formation onto zinc substrate surfaces.

The results from the gravimetric, chemical, electrochemical and physical test revealed data
about the density, conductivity, the total and free acidity as wells as those of the produced
coatings (thickness, phase and chemical compositions,structure, corrosion
resistivity, protection ability).

The phosphatig processes with modified solutions of the agents KAF-90ZN(Ni), KAF-
90ZM(Mn)  и  KAF-90ZK(Са)  result in films with thicknesses finer than those obtained with the
basic agent KAF-101ZT, irrespective of the operating conditions ( concentration range 5-15 %,
temperature range (20-60oC).

The phosphate coatings consist mainly of the phases hopeite with a partial
replacement of Zn in it by Ca, Ni and Mn, but not enough to lead to formation of a new phase.
The modification of the hopeite could classified as quasi-hopeite of the calcium, nickel and
manganese, respectively.

The modification of the phosphate coatings by nickel, calcium and manganese leads to
shifts in a positive direction of their corrosion potentials in model NaCl solutions with about 25-
10 mV. In case of 0.6M NH4NO3, the corrosion potentials are positive with high corrosion
currents  greater than the ones  observed in the NaCl solutions.

Fig.1. Relationships “potential – time” (Е,V-τ,s) during
galvanostatic polarization of phosphate coatings

The electrochemical methods determining the protective characteristics of the coatings are
related to measurements of the time evolution of anodic potential EAmax in course of
galvanostatic  polarization in a suitable electrolyte (NaCl + Na2SO4; 6 + 94 gl-1) as it is illustrated
by Fig. 1. Each sample was tested  in triple experiments  in order to assure acceptable accuracy
and reproducibility of the measured characteristics. The anodic behaviours of the coatings
reveal that better corrosion-protection properties correspond to higher maxima of the anodic
potential.
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90ZM(Mn)  и  KAF-90ZK(Са)  result in films with thicknesses finer than those obtained with the
basic agent KAF-101ZT, irrespective of the operating conditions ( concentration range 5-15 %,
temperature range (20-60oC).

The phosphate coatings consist mainly of the phases hopeite with a partial
replacement of Zn in it by Ca, Ni and Mn, but not enough to lead to formation of a new phase.
The modification of the hopeite could classified as quasi-hopeite of the calcium, nickel and
manganese, respectively.

The modification of the phosphate coatings by nickel, calcium and manganese leads to
shifts in a positive direction of their corrosion potentials in model NaCl solutions with about 25-
10 mV. In case of 0.6M NH4NO3, the corrosion potentials are positive with high corrosion
currents  greater than the ones  observed in the NaCl solutions.

Fig.1. Relationships “potential – time” (Е,V-τ,s) during
galvanostatic polarization of phosphate coatings

The electrochemical methods determining the protective characteristics of the coatings are
related to measurements of the time evolution of anodic potential EAmax in course of
galvanostatic  polarization in a suitable electrolyte (NaCl + Na2SO4; 6 + 94 gl-1) as it is illustrated
by Fig. 1. Each sample was tested  in triple experiments  in order to assure acceptable accuracy
and reproducibility of the measured characteristics. The anodic behaviours of the coatings
reveal that better corrosion-protection properties correspond to higher maxima of the anodic
potential.
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The corrosion behavior of anodically deposited oxide films on Аl-1050 has been studied in
0.1М NaCl solutions. The Al2O3 films have been formed in an electrolyte containing H3PO4 – 40
g/l under voltostatic conditions of anodization. The sealing has been carried out in 0.5М CeCl3
solutions at temperatures 25оC and 60оС. The thickness of the coatings was 3-5µm.

The surface morphology and the composition of the sealed nano-porous anodic films have
been studied by means of scanning electron microscopy (SEM) and energy dispersive analysis
(EDS). It has been established that depending on the conditions of sealing the concentration of
cerium inside the pores of the oxide films is growing up from 5.3 up to 10.4 wt.%. On the basis
of the XPS spectra of the studied systems the chemical state of cerium in the nano-pores of the
oxide film has been defined.

Potentiodynamic investigations have been carried out and the corrosion currents from
polarization (E-i) curves have been determined for non-sealed and sealed in solutions
containing Ce3+ ions anodic oxide coatings on aluminum. It has been shown that the filling up of
the nano-pores of the formed Al2O3 anodic film with Ce (OH)3/Ce2O3 is promoting its corrosion
protection ability.
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One of the most common electrode materials is based on nickel and its alloys because of
their good catalytic activity for hydrogen evolution reaction (HER). These electrodes play an
important role in various electrochemical processes. In order to improve the properties of these
materials and increase their electrocatalytic activity various methods are applied such as
alloying with other elements, incorporation of composite components and other changes with
the aim to obtain electrodes with well-developed, rough or porous surface. Codeposition on
nickel with transition metals, which have better catalytic activity compared with the pure metal is
one of the most popular methods. In this study, based on Ni-Fe-Co alloys with the addition of
Mo and P, were electrodeposited. The morphology and component distribution were
characterized by SEM and EDX analyses.  These materials was investigated by galvanostatic
steady-state curves in 6 M KOH  for HER. It is shown that in dependence of the electrolysis
process conditions rich of nickel, molybdenum or iron alloys can be obtained. The hydrogen
overvoltage is reduced when the alloys contain more Fe and Co than Ni in the layers without
phosphorus. The presence of phosphorus (2 to 4%) in the alloys significantly reduces the
content of molybdenum in them. Polarization dependences of these alloys show better catalytic
characteristics for HER than the deposits without phosphorus content. The amorphous systems
NiFeCoP alloys show the lowest polarization for HER. The reason for such result is probably the
synergism between Ni and Co, Fe from one hand, and the reduction of the crystal grain size,
from the other hand, which determines a more developed surface.

Acknowledgment: This study was funded by the National Science Fund of Bulgaria through
contract E 02/9.
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With the advancement of technology, requirements for the efficiency and stability of
chemical power sources increase. Lighter, providing with high energy density and longer life
materials are being sought. The interest in highly conductive lithium compounds is dictated by
their potential use as a solid electrolyte in various energy systems. In particular, our interest is
directed to LiNaSO4 compound which is used as a solid electrolyte and as a supplement in a
functional layer in a medium temperature fuel cells [1,2]. It is famous for its ionic
superconductivity in the range of  500-700 oC (~ S cm-1) [1,2].

The purpose of this work is investigations of this compound as a potential solid electrolyte
in lithium batteries. Samples were prepared by the mechano-chemical method. This method is
cheap and easily accessible. It allows the managing of the atmosphere and the synthesis at
room temperature. The performed X-ray investigations confirmed that all characteristic peaks of
LiNaSO4 are present. The samples are homogenous and all of the starting materials have
reacted. The claim was confirmed by the SEM images. The samples were tested for total
conductivity by means of impedance spectroscopy method. The results are very promising.
Further investigations are in progress.
Acknowledgement

The research leading to these results has received funding from Bulgarian NSF under grant No
E02/3/2014
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The main reason to alloy copper with antimony is two-fold: once, to obtain very thick copper
bright coatings ( with up to 3-5 wt. % of antimony)  for the purpose of microrobotics and second,
to obtain colored coatings – some phase of Cu-Sb alloys are  purple [1].

One more reason – the possibility to obtain periodical spatio-temporal structure onto the
electrodeposited surface of alloy due to the presence of intermetallic compounds in the phase
diagram of the alloy.

Recently was presented that the copper-antimony alloys could be deposited from acid
methansulfonate electrolytes and optical heterogeneity could be observed onto the cathode
surface  [1].  Investigations of some other alloys ( Ag-Sb, In-Co, Ag-In) allows to summarize that
the  optical heterogeneity in a form of waves, spirals and structures are closely connected with a
phase heterogeneity [2]. The present investigation aimed to find out the appropriate electrolyte
for the deposition of copper-antimony alloy in a wide range of antimony content and to
investigate the possibility to observe spatio-temporal structures onto the electrode surface.
Some comparative experiments for the deposition of copper-antimony alloys from acid as well
as from alkaline electrolytes with equal content of metal ions  (2.5 – 7.5 g dm-3 Cu and 3- 9 g
dm-3 Sb) are performed. The substrates are brass and the anodes – platinum.

It is established, that from methanesulfonic electrolytes at the low current densities (0.1-0.4
А dm-2) the coatings are copper like (up to 2 wt. % of Sb) and with increasing current density
onto the pink base the spots and lilac shadows appear ( after 0.5 – 1 А dm-2).The ordered
pattern could also be observed. At the antimony content in the alloy about 70 wt. % the coatings
are purple.

The electrodeposition from pyrophosphate electrolytes at low current densities (0.1- 0.3 A
dm-2) leads to the obtaining of grey coatings, rich of antimony (with more than 80 wt. % Sb). The
co-deposition of copper starts at higher current densities. The pyrophosphate ions, being strong
complex forming agents for the copper ions shift the deposition potential of copper to more
negative potentials. It is obvious, that in the methanesulfonate  electrolytes for the alloy
deposition the copper deposits predominantly and vice versa in the alkaline electrolytes.
Composition and the morphology of the obtained coatings are also presented.
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The interest to the rechargeable alkaline nickel-zinc batteries in recent years is determined
by the advantages offered by this type of battery – high both specific energy density and power
density, high voltage, relatively low-cost materials and environmental friendly chemistry. The
battery life is largely determined by the life of the zinc anode, usually a paste type composite
electrode with main component - electrochemically active ZnO powder and various additives for
improving electrochemical performance of the electrode. The electronic conductivity of ZnO
however is rather poor and this is the main reason for the electrochemical heterogeneity of the
anode mass and the loss of active surface area during charge/discharge cycling with a
corresponding negative effect on zinc electrode characteristics. In order to improve the
conductivity of the zinc electrode mass a carbon powder additive (e.g. acethylene black) is
usually applied but this may result in an increase of the hydrogen gas evolution during charging.
The main objective of the present work is a study on the possibility of application of
superconductive cuprate Bi-Pb-Sr-Ca-Cu-O (BSCCO) ceramics as a multifunctional conductive
additive to the zinc electrode mass.

Powder samples of cuprate superconducting ceramics Bi1,7Pb0,3Sr2Ca2Cu3O8-х (x 0.2) are
produced by conventional solid-state synthesis. The ceramics samples are structurally and
morphologically characterized by XRD, SEM and EDX analysis. The X-ray diffraction patterns
and phase identification as well as the SEM observation reveal a well crystallized single phase
of superconducting 2212 system BSCCO with an average crystallite size 2-5 µm. The chemical
stability of the obtained BSCCO ceramics in alkaline medium is studied by analyzing
polycrystalline samples before and after prolong exposure (96 h) to an alkaline solution (7M
KOH), normally used as a basic electrolyte in alkaline nickel-zinc batteries. The high chemical
resistance of the ceramics in strong alkaline media is confirmed by structural and surface
morphological observations [1].

The electrochemical behavior of zinc electrodes with addition of BSCCO powder (7 w%) to
the active electrode mass based on ZnO (89 w%) are studied and compared to the behavior of
zinc electrodes with an active mass with similar composition but containing acethylene black (2
w%) as a conductive additive instead of BSCCO ceramics. The electrochemical tests are
carried out by a specially designed prismatic Ni-Zn battery cell with conventional sintered type
nickel electrodes. The study show that the cells with BSCCO superconducting ceramic additive
to the zinc electrode exhibit very good cycleability and remarkable capacity stability at
charge/discharge cycling as well as much higher specific capacity at prolong cycling in
comparison to the cells with zinc electrode with “classic” carbon conductive additive. It is
suggested that the addition of BSCCO ceramics improves not only conductivity of the zinc
electrode mass and reduces the gas evolution but also stabilizes its porosity structure.The
results obtained prove definitely the positive effect of application of superconducting BSCCO
ceramics as a multifunctional additive to the active mass of the zinc electrodes for alkaline
battery systems.
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The present investigation is aimed to demonstrate the results concerning the corrosion
behavior and protective properties of zinc composite coatings with embedded polymeric
particles some of them additionally treated in chromium (III) based conversion solution.

Zinc composite coatings are electrochemically obtained from a sulphate-chloride electrolytic
bath the latter containing selected concentration of PEO113-b-PS218 core-shell micelles known as
“frozen micelles”. Their presence in the zinc metallic matrix is expected to lead to improving of
the protective ability of the coatings in a model corrosion medium containing chloride ions as
corrosion activators [1-3].

The galvanic and composite zinc coatings are treated in conversion solutions based on tri-
valence chromium salt in order to ensure better corrosion resistance due to appearance of an
additional surface layer with protective (barrier) characteristics.

The zinc galvanic coatings and their composites are investigated with following methods:
cyclic voltammetric curves (CVA), polarization resistance (Rp) measurements, potentiodynamic
polarization curves (PDP), Scanning vibrating electrode technique (SVET), electrochemical
impedance (EIS), X-ray diffraction (XRD).

The composite zinc coatings show higher corrosion resistance in the model medium
compared to the pure galvanic ones. However, the increase in the protective ability of the
composites as a result of the presence of the polymeric particles and of the treatment with
conversion solution is not observed in the expected degree during the applied test period.

Fig. 1. Current density maps (SVET) after treatment in model corrosion medium
with Cl--ions as corrosion activators
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Zirconia (ZrO2) doped with 10-mol. % Sc2O3 and 1-mol. % CeO2 (1Ce10ScSZ) is
considered now as a promising highly conductive alternative to widely used yttria stabilized
zirconia (8YSZ) ceramic electrolyte and studied now extensively. 600 oC Ceramic Fuel Cell is a
promising technology for reliable and environmentally safe power generation.

The project is directed on
Further development of zirconia powders to be produced in Ukraine and validated at the

partnering institutes;
Further development of EB-PVD towards larger cell areas;
Development of a stack design optimized for low temperature operation;
SOFC prepared by EB-PVD and traditional techniques will be compared and tested at least

for 2000 hours of operation;
These activities will constitute a major step towards the industrial implementation of new

powder sources.
Ukrainian SOFC team has achieved:
Zirconia powders; EB-PVD technique for electrolyte; LSCF cathode for 600 oC operation.
The state of the proposed:
Laboratory technologies. As result, specific resistance at 600 oC of Zirconia Ukraine FC is

~0.6 ohm·cm2. Typical is >2.0 ohm·cm2. Sample of portable 10 W FC battery is demonstrated.
FC equipment of $500 per kW is expected.

IPMS SOFC team, 2014. From the left: Ye. Brodnikovskyi, O. Kyrpa, N. Lysunenko,
M. Brychevskyi, D. Brodnikovskyi, I. Bykov, I. Brodnikovska, O. Vasylyev

Potential participants:
EU Ukraine
-University of Birmingham -Institute for Problems of Materials Science
-Jülich Research Center -Physical-Mechanical Institute
-Warsaw Technical University -Ukrainian Chemical Technology University
-Sofia Institute of Electrochemistry & Energy Systems -Institute for Physical Chemistry
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RIGEL will study, explore in depth and develop a radically new, efficient, simple, robust
high-performance reversible solid-oxide electrochemical device able to quickly switch from fuel
cell (FC) to electrolyzer (EC) mode. This concept of a totally new electrochemical device follows
the EERA policy for long-term breakthrough research in support of the Hydrogen Economy
establishment.

The RIGEL reversible cell derives from a novel dual membrane high-temperature FC
designed and patented by key consortium members in a successful FP7 project (IDEAL-Cell)[1,
2, 3, 4]. RIGEL goes well beyond this original idea and the current state of the art, boosting the
concept to a reversible cell coupled with a renewable energy source (RES) as a stand-alone
single system able to provide grid balancing services through hydrogen production using
momentary electricity over-capacity.

In the RIGEL cell, water, oxygen and hydrogen are produced/consumed in three separate
chambers, which ensures considerable advantages compared to existing technologies (no
dilution of gases, easy pressurization, fast switching from FC to EC modes, no severe
interconnect corrosion, simple auxiliaries, excellent aging resilience).

The project will bring the RIGEL concept from TRL2 to TRL4 in 4 years via 3 successive
steps of increasing levels of integration through a high degree of basic science, ensuring: i/
optimization of the reversible cell through an Integrated Computational Materials Engineering
approach, combining novel materials and microstructure architectures, microscopic reaction
kinetics and 3D modeling of the cell components microstructure, ii/ integration of the cells into a
specifically designed innovative 3-chamber short stack, and iii/ evaluation of the RIGEL
technology as a means combined to weather-dependent RESs. The dissemination activities aim
at attracting industrial partners for further development of the RIGEL concept in FCH JU, as well
as towards increased public awareness of hydrogen technologies.

The consortium that will contribute to this project gathers renowned experts in
complementary fields (materials science, electrochemistry, modeling, metallurgy, solid state
physics and chemistry, powder metallurgy, impedance spectroscopy, renewable energy
management and systems, communications) from Bulgaria, Italy, Serbia, Norway, France.

We are looking for partners who are interested in the concept and its realization, who have
experience in proton conducting SOFC and can contribute to the scaling up and fabrication of a
stack.
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Fuel cell powered forklifts have numerous benefits against battery powered forklifts
including: increased productivity through quick refueling and constant power across the
operation and 3-shift operation with one energy system. The main disadvantages of the fuel cell
drives are: high cost of the fuel cell system, expensive and complicated storage of hydrogen in
high-pressure cylinders, limited number of charging stations for hydrogen.

The project’s background is the accumulated experience of Bulgarian companies and
research organizations in batteries electric forklifts and involvement in the development of
hydrogen technologies.

The concept of the proposal is based on the following ideas:
Hybridization of the drive – fuel cell and battery. This is one of the main questions in a

hydrogen fuel cell forklift development, because the system cannot be built only on fuel cell
concept. Energy is needed to start the cell, to assistance in peak power consumption when the
dynamics of the cell is insufficient. It is convenient to have a backup power in the case of
hydrogen depletion.

One problem that arises when replacing batteries with fuel cells is the lower system weight,
which brings to insufficient mass of the counterweight or higher center of gravity. We offer a
solution – metal hydrides for hydrogen storage which on the one hand compensate the lower
weight and on the other hand increase the safety of the system.

The conversion will be performed on standard battery forklift, produced by the Bulgarian
company ”Balkancar Records” Co (Fig. 1);

Software for optimization of the hybrid power units will be developed.
The design will be based on the real driving cycle.

Fig. 1. The Project idea for hybrid fuel cell power system is based on a standard 2.5 or 3.5 tons
battery forklift on the Balkancar Records manufacturer.

Current IEES partners:
”Balkancar Records” Co., Plovdiv, Bulgaria – forklifts producer;
ADVENTURE AD, Sofia, Bulgaria – producer of Hydrogen generators by oxy-steam

reforming.
We are looking for:
Fuel cells producer;
Metal hydrides producer;
Other partners interested in that topic.

Participation of B. Burdin in RSE-SSE 5 has been made possible with the financial support of
Bulgarina Ministry of Education and Science
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Phone: +33(0)4 76 98 68 31
Fax: +33(0)4 76 98 69 09
herve.bonin@bio-logic.net
www.bio-logic.info

Bio-Logic is a global leader for high precision potentiostats/Galvanostats and
Multipotentiostats, battery cyclers and Electrochemical Scanning system for more than
20 years.

We provide integrated EIS systems, either in multi-channels format for battery
cyclers or single portable potentiostats.

Our leadership in the energy testing is balanced by our ability to explore low
current as well for analytics and sensors investigations.

Powerful EC-Lab & BT-Lab software platform proposes all kind of electrochemical
tests procedure with built in the calculations tools.

All our products are developed and designed in Claix,France (Potentiostat, multi-
potentiostat, battery cyclers, stopped flow and Optical CD) or (Macclesfield), UK
(Scanning) . Bio-Logic skill is dedicated to strong support and relies on optimized
partners distribution network.

We invite you to learn more about Ionic liquid conductimeter and  new BCS range.

Gamry Instruments

734 Louis Drive
Warminster, PA 18974
United States of America
Phone: +215-682-9330
Fax: +215-682-9331
vladajovic@imsi.bg.ac.rs
www.gamry.com

Gamry Instruments designs and manufactures high-quality electrochemical
instrumentation and accessories. Our full lineup includes single and multichannel
potentiostats from 600 mA to 30 A, fully-integrated spectroelectrochemical setups for
both UV/Vis and Raman, a DSC characterization setup, coin cell and 18650 battery
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PalmSens BV was founded in 2001 by Dr. Kees van Velzen, one of the driving
forces in the field of potentiostat digitalization in the late 80’s and 90’s. PalmSens was
the first company to reduce a research grade potentiostats to a size that fits in your
pocket.

At PalmSens we are committed to make electrochemistry easier, more portable
and more accessible for novice and advanced researchers.

We provide a comprehensive range of instruments for most types of
electrochemistry with an emphasis on mobility and cost. We manufacture the world’s
smallest commercially available potentiostat: the EmStat. While our unique flagship
device, the PalmSens3, is one of the most compact frequency response analyzers
(FRA) / EIS capable devices in the market.

Embedded solutions (OEM)
We have extensive experience as an OEM partner providing instruments for

integration into dedicated electrochemical applications. Our EmStat Starter Kit includes
an EmStat potentiostat as a small module and comes with communication protocols
and an optional software development kit for .NET. With this bundle a quick
implementation of the EmStat can be achieved with minimum time invested.

Adventure AD

1 Kukush str ▪
Sofia ▪ 1309 ▪
Bulgaria ▪
Phone: +359 2 483 70 92
Fax: +359 2 442 40 74
adventure@overgas.bg
www.adventure.overgas.bg

Adventure AD a newly emerging company is situated in Sofia, Bulgaria. The
company, manufactures an innovative formulation of environmental catalysts,
combination of precious and transition metal oxides, the result of more than 18 years of
research and experimental work.

Adventures AD owns two patented models of systems for generating of H2 fuel
(H2GS) from diesel, gasoline, methanol, ethanol and natural gas.

Adventure AD production facilities are well equipped for the manufacture of
catalytic coated ceramic and metal monoliths, a modern chemical laboratory for quality
control of the production, and highly qualified engineering personal.
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Structural Optimization of Solid Oxide Fuel Cells

O. Vasylyev1*, Ye. Brodnikovskyi1 and M. Brychevskyi1
1 Frantcevych Institute for Problems of Materials Science, 3, Krzhyzhanivsky Str., Kyiv,
03680, Ukraine
* oleksa.vasylyev@gmail.com

The nano-sized materials used for high-performance ceramic fuel cell (CFC) produced with,
e.g., EB-PVD, are able to realize the highest transforming properties (Figs. 1,2). Nano-sized
powders aggregate easily due to their strong and inevitable van der Waals attraction. They
irreversibly tend to form hard, secondary aggregates from densely packed agglomerates of
smaller grains.

The CFC is a high temperature device operating at both high (700-900 °C) temperature and
gas environments, which are different in electrode compartments. In terms of a material, the
CFC is a multi-layered macrocomposite. Except for some mechanical stresses, loading on fuel
cell materials is complicated by both electrical charge and mass transfers, and reduction –
oxidation of materials as well as their cycling. As result, the structure of this multi-layered
macrocomposite is changed, which in its turn, results in worsening of FC transforming
properties.

The most significant factors influencing degradation in steady state operation are the
current density and the operational temperature. Degradation processes take place in all parts
of a fuel cell. High temperature interdiffusion of chemical elements occurs in the zirconia
electrolyte, which results in a harmful decrease of its oxygen ionic conductivity due to doping
with ~2-wt.% Ni [1]. The anode suffers from agglomeration of its Ni-constituent; Cr ensures high
thermal stability of Fe-Cr interconnects but creates serious problems in the cathode. Cr
penetrates in the cathode even without intimate contact with the interconnect and poisons the
cathode, increasing its resistivity [2]. It would seem that decreasing operating temperature, e.g.,
to  600 °C could diminish the degradation problems, however, new challenges arise.

The data on the CFC degradation that is already available, could be used to diminish the
degradation effects. It could also be used to transform degradation into an instrument for
directional influence of degradation processes on the CFC materials in order to enhance or
optimize the CFC structure via a "positive degradation" that could optimize the CFC structure.

At a stage of the "positive degradation", using data obtained for powders and CFC,
materials would be modified and optimized in order to get a positive effect in long-term
performance of CFCs at their application in energy systems.
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Fig. 1. Cross-section with fracture of 10Sc1CeSZ
film deposited on Ni-8YSZ anode with EB-PVD [1].

Fig. 2. The total conductivity of 10Sc1CeSZ films
deposited on Ni-8YSZ anodes with EB-PVD () and

screen printing () techniques [1].
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tsvetina@ipc.bas.bg

In the present lecture the short coverage of fundamentals for electrochemical methods,
widely used is given.  The potentials and thermodynamics of cells, kinetics of electrode
reactions, double-layer structure, mass transfer by migration and diffusion, potentials sweep
methods polarography and pulse voltammetry are briefly presented. The very convenient
experimental tools of electrochemical methods are presented with emphasis made toward their
application.

The lecture includes numerous problems and examples especially in the field of noble
metals deposition processes as well in the electrodeposition of alloys.

The anodic linear sweep voltammetry (ALSV) is an appropriate in situ technique for
electrochemical characterization of the phase composition of an electrodeposited alloy [1-5].
This technique is based on the electrochemical principle, that each phase in the coating has its
own equilibrium potential, i.e. dissolution potential and therefore the anodic linear sweep
voltammetry (ALSV) can successfully be applied as a method for anodic dissolution of thin alloy
layers in a specially chosen electrolyte and determination of their phase compositions. In the
present lecture an attempt was made to summarize the methods of using the ALSV technique
and to compare the results with those obtained by the conventional techniques, such as X-ray
analysis and scanning electron microscopy.
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1. Introduction
Oxidation reactions of phenols and aromatic amines in aqueous solution are of great

interest for wastewater remediation [1]. Laccases (benzenediol:oxygen oxidoreductases) have
proved to be an excellent choice as biocatalyst for the oxidation of aromatic derivatives due to
their large substrate diversity (phenols, methoxyphenols, aromatic amines, etc.), as well as  the
use as co-substrate of oxygen from air. The oxidation potential (Eox) of the substrates, together
with the working pH, play an important role in the bioremediation of wastewater with laccases
[2]. The pH values for good enzymatic activity and stability for most of the laccases are in the
range: mild acidic – weak alkaline [3]. Therefore, we consider of interest to investigate some
representative phenols and aromatic amines by electrochemical methods to determine how the
Eox value is influenced by the pH value in a range suitable for laccases. Theoretical quantitative
structure–property relationships (QSPR) studies were performed to identify the molecular
characteristics of the substrates that are significant for the value of the Eox.

2. Experimental
The studied compounds were: catechol, resorcinol, hydroquinone, pyrogallol,

phloroglucinol, gallic acid, p-aminophenol and p-phenylenediamine. All chemicals were of
reagent grade quality from commercial sources and used without further purification.

Electrochemical experiments have been carried out in a conventional three-electrode cell
using an Autolab-PGSTAT12 potentiostat. The working electrode was a glassy carbon electrode
(GCE) (Ø = 3 mm). As reference electrode, Ag/AgCl electrode in saturated KCl was used. A
platinum wire was the counter electrode. Before each experiment the active surface of the GCE
was polished with diamond paste (0.25 μm) and subsequently washed with distilled water. The
Eox values were determined by cyclic voltammetry (CV) and differential pulse voltammetry
(DPV). For resorcinol the square wave voltammetry (SWV) was also used. The aromatic
compounds were dissolved in a Britton-Robinson (BR) buffer to make 1 mM solutions with pH
between 3 and 8. CV curves were recorded at 0.1 V/s, DPV curves were recorded at 0.01 V/s
with a pulse height of 0.025 V and a step time of 0.2 s, and SWV curves were recorded at a
frequency of 25 Hz with the amplitude of 20 mV.

3. Computation method
QSPR calculations were performed for the pH dependent neutral and cationic species of

the substrates. The PCModel program was applied for virtual building and optimization of
geometry of the studied compounds. Based on the MOPAC program and the PM6 semi-
empirical method the geometries of the studied molecules were more rigorously optimized and
a number of molecular descriptors (computable features of the molecules) were calculated.
Nearly 500 global descriptors and the percentages of molecular weight fragments for each
species were calculated using the statistical program PRECLAV. The aromaticity descriptors
were calculated by DESCRIPT program.

4. Results and discussions
All the previously mentioned compounds were analyzed by the CV and DPV methods. As

an example Fig. 1 shows how the pH value influenced the voltammetric curves for
p-aminophenol.
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For resorcinol a comparison of results obtained by the three voltammetric methods (CV,
SWV, DPV) was performed (see Fig. 2). For the three methods, a similar variation of the Eox
values with the modification of the pH was observed.

Fig. 3 shows a similar pattern, Eox decreases with the increase of pH, for the Eox variation
with the pH for all compounds. The substitution position is also of importance. Thus, the meta
substituted phenols (resorcinol and phloroglucinol) have the highest value for Eox, while the
aromatic amines (p-aminophenol and p-phenylenediamine) have lower values.
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Fig. 1. CV curves for p-aminophenol at different pH
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The QSPR calculations reveal that the value of the Eox of the species (neutral and cationic)
correlates with the net charge of the hydrogen atoms and aromaticity of the cycle (influenced by
the type, number and position of substituents). This is in agreement with the results obtained by
the electrochemical study: the meta substitution deactivates the aromatic ring which explains
the high Eox value. The amino group present in the aromatic amines, being a better electron
donor than the hydroxyl from phenols, leads to low Eox values.

5. Conclusions
By electrochemical methods (CV, DPV, SWV) a decrease of the oxidation potential with the

increase of pH, for all the studied aromatic compounds was evidenced. Thus, performing the
oxidation in neutral or alkaline conditions leads to better results in the wastewater remediation.
However, by using laccase as biocatalyst, the choice of the working pH depends also of the
enzyme optimal pH. The QSPR calculations demonstrate the influence of the substituent on the
Eox value.
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One-step simple temperature-controlled microwave synthesis was applied to prepare
nanocrystalline RuO2 dispersion from aqueous RuCl3. RuO2 samples were synthesized at
temperature 120, 150, 200, 220 and 250 °C in closed vessel. Reaction time was 5 min.
Capacitive properties of RuO2 was investigated by cyclic voltammetry and electrochemical
impedance spectroscopy in 1 M H2SO4 and standard three-electrode cell, with ink-type working
electrode on glassy carbon substrate. The specific capacitance of 320, 550, 750, 750 F/g was
obtained for samples synthesized at temperature 150, 200, 220 and 250 °C respectively, cyclic
voltammetry curves are shown in (Fig.1). The best capacitive performance was obtained for
sample synthesized at temperature of 200 °C, specific capacitance of 750 F/g which negligibly
depend on sweep rate in 5–500 mV/s range. RuO2 dispersion was subjected to dynamic light
scattering in order to analyze the synthesized particles, whereas structural and morphological
properties of the solid phase are investigated by AFM, SEM, EDAX and XRD techniques.The
ordered unusual shape of ca. 100 nm native particles, as well as highly-ordered prismatic
agglomerate sheets are observed for sample synthesized at temperature 200 °C .These
findings are quite unusual for this kind of material consisted of rather large particles [1], and
makes it excellent candidate for both low and high power applications.

Fig.1. Cyclic voltammograms of RuO2 synthesized in microwave at temperature
150, 200, 220, 250 °C in 1 M H2SO4, scan rate 50 mV/s.
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IrO2 electrodes used as oxygen evolving anodes were studied by electrochemical
impedance spectroscopy (EIS) to establish criteria for the assessment of their electroactive
surface area and their intrinsic catalytic activity. Two types of IrO2-coated electrodes were used:
anodically grown oxides on an Ir substrate and commercially available IrO2 nanoparticles,
dispersed in a Nafion® polymer electrolyte layer on a glassy carbon substrate. EIS data
obtained at potentials outside and within the oxygen evolution reaction (OER) range, indicate
that both formulations behave as porous electrodes and their AC response can be described by
variants of the classic transmission line model [1]. In order to obtain an independent estimate of
electrochemically active surface area (EASA) based on the total capacitance of the electrode,
an alternative approach (free from the assumptions and geometric formulations of a model) has
been adopted comprising the construction of -1/(ωZIm) vs. Zre plots. The latter acquire or
approach a limiting value at low or intermediate frequencies which can be related to the total
electrode capacitance Ct [2]. Ct values scale well with the charge associated with IrO2 surface
electrochemistry and with oxide layer thickness or oxide particle loading. Fig. 1a presents such
plots for anodic IrO2 at potentials outside (inset) and in the OER potential range. An attempt has
been made of decoupling the intrinsic catalytic activity for OER and surface area effects
(assessed by the values of total electrode capacitance during OER, Ct,OER) from the overall
catalytic activity (assessed by the values of Rp for each electrode). We propose that Rp should
be normalized for the electroactive area by multiplication with Ct,OER, since the latter is
proportional to the surface area. Ct,OER can also be used to correct direct current vs. electrode
potential OER data for electroactive surface area effects (Fig. 1b).

Fig.1. a) Plots of -1/(ωZIm) vs. Zre (where Ae is the electrode substrate area) obtained in deaerated 0.5 M
H2SO4 solutions at +1.28 V vs Ag/AgCl at anodically produced IrO2 electrodes (by 100, 200, 300 potential
cycles). Inset: Plots of -1/(ωZIm) vs. Zre at +1.00 V vs Ag/AgCl from the same EIS data described above.
(The lines correspond to simulated AC responses based on the classic transmission line model [1]). b)

Linear sweep voltammographs for OER at anodically produced IrO2 electrodes (by 100, 200, 300 potential
cycles), recorded in deaerated 0.5 M H2SO4 solutions at a 1 mV s-1 potential scan rate. Currents are

normalized per total capacitance, Ct,OER as obtained from data in Fig.1a.
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Microbial electrolysis cells (MECs) are an innovative technology for hydrogen production
[1]. Although the cathode process in MEC is the same as that of a water electrolyzer, the
operational conditions in both systems are completely different. As MECs typically operate at
neutral pHs and ambient temperatures (20–30oC) suitable for microbial growth, the
development of cost effective cathodes at mild conditions is the most critical challenge for the
practical application of the technology. In this study, new supported electrocatalysts were
produced and investigated as cathodes for HER in neutral phosphate buffer solution (PBS) with
respect of their possible application in MECs. Two methods were used for preparing the
materials: chemical reduction and electrochemical deposition on different support materials:
carbon felt (SPC-7011, 30g/m2, Weißgerber GmbH & Co.KG), Ni-foam (RCM-Ni-4753.016) and
porous graphite (GMZ, Russia). Depends on the catalyst elemental content, the produced
materials may be divided into three groups: i) Pd-Au modified electrodes in different ratio of both
metals; ii) CoB, NiB, CoNiB modified electrodes; iii) NiW and NiMo modified electrodes.
Scanning electron microscopy and energy-dispersive X-ray spectroscopy investigations were
performed to explore the morphology and the elemental composition of the prepared catalysts.
The electrocatalytic activity of the newly produced materials towards HER in PBS was examined
by means of linear voltammetry. In all cases the modified electrodes possess much higher
electrocatalytic activity compared to that of the non-modified support materials [2-6]. The
quantities of the produced hydrogen gas with different electrocatalysts were calculated from
data obtained by chronoamperometry. The highest hydrogen production rate of 26 ml.mg-1.cm-

2.h-1 (at -1.2 V vs. Ag/AgCl) was achieved with Pd50Au50/Ni-foam [4]. NiMo and NiW
electrodeposited on Ni-foam were explored as non-precious metal electrocatalysts for hydrogen
production in a tubular membrane-free MEC. The obtained values of hydrogen recovery with
these cathodes are 80±8%.

References
[1] E. Chorbadzhiyska, Y. Hubenova, G. Hristov, M. Mitov, In: Proc. of the Fourth International

Scientific Conference FMNS-2011, Blagoevgrad, p.422.
[2] E. Chorbadzhiyska, M. Mitov, G. Hristov, N. Dimcheva, L. Nalbandian, A. Evdou, Y. Hubenova, Int. J.

Electrochem., 2014, Article ID 239270, 6 pages (2014). http://dx.doi.org/10.1155/2014/239270.
[3] E. Chorbadzhiyska, Y. Hubenova, G. Hristov, L. Nalbandian, M. Mitov, Bulg. Chem. Comm., in press.
[4] E. Chorbadzhiyska, M. Mitov, L. Nalbandian, Y. Hubenova, Int. J. Hydrogen Energy (2015). doi:

10.1016/j.ijhydene.2015.04.029
[5] E. Chorbadzhiyska, M. Mitov, Y. Hubenova, L. Nalbandian, In: Proc. of the Fifth International

Scientific Conference FMNS-2013, Blagoevgrad, p.88.
[6] M. Mitov, E. Chorbadzhiyska, L. Nalbandian, Y. Hubenova, Bulg. Chem. Comm., in press.



231

Freshwater Sediment Microbial Fuel Cells as Remote Area Power Sources

Ivo Bardarov1*, Yolina Hubenova2 and Mario Mitov1

1 South – West University “Neofit Rilski”, Blagoevgrad, Bulgaria
2 Plovdiv University “Paisii Hilendarski”, Plovdiv, Bulgaria
* ivobardarov@gmail.com

Microbial Fuel Cells are a rapidly evolving technology, which utilizes the natural
electrogenic properties of specific bacterial species. Sediment Microbial Fuel Cells (SMFCs)
utilize the natural potential gradient existing in the benthic zone to allow bacteria to generate
current by the oxidation of organic and inorganic matter contained in the sediment. SMFCs are
inexpensive and easy to construct, which makes them suitable for power sources in remote
areas.  The current article summarizes the results from a 3-years study of twelve freshwater
SMFCs in laboratory conditions. The electrical outputs achieved by fuel cells using river
sediment and soil were compared and discussed. Their long-term reliability as power sources
was proved using statistical evaluation of the data collected from continuous and periodical
polarizations. Several ultralow voltage power managment systems were explored in order to
determine their ability to power different sensors using the developed SMFCs as power
sources.
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1. Introduction
This work is devoted to the electrochemical characterization of two oleamides (Fig. 1): 1

phenoxy-2-propanol-3-izopropyloleamide (1) and N-(4-hydroxyphenethyl)oleamide (2). The
compounds were synthesized from of oleic acid and 1,1’ - carbonyldiimidazole to give the oleyl-
imidazol intermediate which reacted with the corresponding amines, according to the procedure
described in [1]. The new oleamides were characterized by IR, 1H- and 13C-NMR spectra.
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Fig. 1. Structure of investigated copmpounds

Electrochemical investigations were performed by cyclic voltammetry (CV), differential
pulse voltammetry (DPV) and rotating disk electrode (RDE).
2. Experimental

All compounds used for synthesis were purchased from Merck and used without further
purification. For electrochemical investigations acetonitrile and tetrabutylammonium perchlorate
(TBAP) from Fluka were used (as received) as solvent and supporting electrolyte, respectively.

The electrochemical experiments were carried out using a PGSTAT12 AUTOLAB
potentiostat coupled to a three-compartment cell. The CV curves were generally recorded at
0.1V/s or at various rates (0.1 - 1V/s) when studying the influence of the scan rate. DPV curves
were recorded at 0.01V/s with a pulse height of 0.025V and a step time of 0.2 s. The RDE
curves were recorded at 0.01V/s. The working electrodes were glassy carbon disks (diameter of
3mm). There active surface was polished before each determination with diamond paste (200
μm). Ag/10 mM AgNO3 in 0.1 M TBAP, CH3CN was used as reference electrode. The potential
was referred to the potential of the ferrocene/ferricinium redox couple (Fc/Fc+) which in our
experimental conditions was +0.07V. A platinum wire was used as auxiliary electrode. The
electrochemical experiments were performed at 25ºC under argon atmosphere.
3. Results and Discussion

The electrochemical behavior of compound was studied in acetonitrile (CH3CN) containing
tetrabutylammonium perchlorate (TBAP) as supporting electrolyte, using stationary or rotating
glassy carbon electrodes.The results of electrochemical experiments carried out by CV, DPV
and RDE are shown in Fig. 2. Anodic curves were recorded individually, starting from the
stationary potential. No cathodic process can be evidenced. The anodic processes (1a - 5a) are
denoted in the order in which they appear in the voltammograms. Two main anodic processes
(1a and 2a)  are observed in all kind of curves (Fig. 2). The influences of the scan rate and scan
domain on the CV curves showed that all processes are irreversible.

By cycling the potential in the range of the first anodic peak a decrease of the current has
been seen showing the formation of a film or accumulation of insoluble products on the
electrode surface. The cycling led to a modified electrode which was characterized by CV. The
transfer of this modified electrode in ferrocene solutions in supporting electrolyte showed altered
CV curves for the redox probe. The ferrocene signal is smaller in intensity and very flat,
confirming the electrode covering with a insulating layer (film or insoluble products). The
electrode modification can be performed also by controlled potential electrolysis.

The results obtained for both oleamides are in agreement with the previous characteristics
obtained for a similar compound [2]. However, the two investigated compounds show different
electro activities evidenced by different domains of potential for anodic processes. Compound 2
is oxidized easier then 1. This behavior could be explained by the
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differences in their structures. The presence of an aromatic moiety connected to the amide in 2
is expected to give it better adsorption on the electrode and, consequently, 2 is oxidized easier.

Fig. 2. CV (a,d), DPV (b,e) and RDE (c,f) curves for 1 (a,b,c) and 2 (d,e,f) obtained for different
concentrations of each compound

4. Conclusions
Two main anodic irreversible processes were identified by cyclic and differential pulse

voltammetry. Scanning the potential in the range of the first anodic peak led to the coverage of
the electrode with an insulating layer. Its formation was confirmed by rotating disk electrode
curves.

Acknowledgments
The work has been funded by the Sectoral Operational Programme Human Resources Development

2007-2013 of the Ministry of European Funds through the Financial Agreement
POSDRU/159/1.5/S/132395 and UEFISCDI project ID PN-II-PT-PCCA-2013-4-2151, contract nr.
236/2014.

References
[1] C. Tanase, C. Negut (Cioates), D. I. Udeanu, E.-M. Ungureanu, M. Hrubaru, C. Munteanu, S. P. Voicu,
F. Cocu, A. C. Ionita, Revista de Chimie, 65 (7), (2014),  p. 768-773.
[2] C. Negut (Cioates), E.-M. Ungureanu, F. Cocu, C. Tanase, C. Draghici, C. Munteanu, Scientific Bulletin,
Series B, Chemistry and Materials Science, 76 (4), (2014), p. 173-182.



234

Talloil Diethylenetriamine Imidazoline as Corrosion Inhibitor for Mild Steel
for both Continual Immersion and Top of the Line Conditions

Ivana Jevremović 1*, Marc Singer 2, Srđan Nešić 2, Vesna Mišković-Stanković 1

1University of Belgrade, Faculty of Technology and Metallurgy, Karnegijeva 4, 11000
Belgrade, Serbia, 2Institute for Corrosion and Multiphase Technology, Ohio University,
342 West State St. Athens, OH 45701, USA.
* ijevremovic@tmf.bg.ac.rs

The use of corrosion inhibitors is one of the most practical and cost effective methods for
combating CO2 corrosion in oil and gas wells and flow lines [1]. Carbon dioxide (CO2) top-of-
the-line corrosion (TLC) occurs in wet gas flow where a significant temperature gradient
between the outside environment and the inner pipeline surface leads to high condensation
rates. The presence of various corrosive species such as CO2 and acetic acid (CH3COOH)
causes a severe corrosion problem [2]. Conventional mitigation methods can fall short in
protecting the top of the line since the conditions do not allow the inhibitor to reach the top
sections of the wall. New inhibitor delivery method is being investigated as an alternative to
conventional batch treatment. A novel idea consists of injecting the corrosion inhibitor within a
foam matrix and delivering the corrosion inhibitor to locations where condensation occurs.

The objective of this research was to investigate the inhibitor efficiency in liquid phase and
to prove if the corrosion inhibitor can be carried by the foam matrix and provide sufficient
corrosion inhibition on the top of the line. The inhibition effect of talloil diethylenetriamine
imidazoline (TOFA/DETA imidazoline) on corrosion of mild steel in CO2-saturated 3 wt. % NaCl
solution was investigated by electrochemical impedance spectroscopy (EIS), potentiodynamic
sweep (PDS), cyclic voltammetry (CV) and scanning electron microscopy (SEM). Corrosion rate
was monitored under condensing conditions, in the vapor phase, using electrical resistance
(ER) measurements.

The investigated organic compound TOFA/DETA imidazoline exhibited high inhibition
efficiency against mild steel corrosion in 3 wt. % NaCl solution saturated with CO2. The
protection efficiency increased with increasing inhibitor concentration from 50 ppmv to 90 ppmv,
up to 92 %. PDS measurements shown that TOFA/DETA imidazoline can be considered a
mixed-type corrosion inhibitor with the predominant anodic effect. The addition of TOFA/DETA
imidazoline decreased the corrosion current density for more than one order of magnitude. The
results of CV measurements indicated inhibited electrode processes in the presence of
TOFA/DETA imidazoline due to the adsorption of inhibitor molecules on mild steel electrode
active sites (Fig.1).

Fig. 1. Cyclic voltammograms obtained in CO2-saturated 3 wt. % NaCl solution at mild steel electrode with
and without 90 ppmv of TOFA/DETA imidazoline, 20°C, scan rate 20 mV s-1.

EIS measurements revealed that the thickness of TOFA/DETA imidazoline protective layer
increases with increase in inhibitor concentration resulting in a decrease in double layer-
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The use of corrosion inhibitors is one of the most practical and cost effective methods for
combating CO2 corrosion in oil and gas wells and flow lines [1]. Carbon dioxide (CO2) top-of-
the-line corrosion (TLC) occurs in wet gas flow where a significant temperature gradient
between the outside environment and the inner pipeline surface leads to high condensation
rates. The presence of various corrosive species such as CO2 and acetic acid (CH3COOH)
causes a severe corrosion problem [2]. Conventional mitigation methods can fall short in
protecting the top of the line since the conditions do not allow the inhibitor to reach the top
sections of the wall. New inhibitor delivery method is being investigated as an alternative to
conventional batch treatment. A novel idea consists of injecting the corrosion inhibitor within a
foam matrix and delivering the corrosion inhibitor to locations where condensation occurs.

The objective of this research was to investigate the inhibitor efficiency in liquid phase and
to prove if the corrosion inhibitor can be carried by the foam matrix and provide sufficient
corrosion inhibition on the top of the line. The inhibition effect of talloil diethylenetriamine
imidazoline (TOFA/DETA imidazoline) on corrosion of mild steel in CO2-saturated 3 wt. % NaCl
solution was investigated by electrochemical impedance spectroscopy (EIS), potentiodynamic
sweep (PDS), cyclic voltammetry (CV) and scanning electron microscopy (SEM). Corrosion rate
was monitored under condensing conditions, in the vapor phase, using electrical resistance
(ER) measurements.

The investigated organic compound TOFA/DETA imidazoline exhibited high inhibition
efficiency against mild steel corrosion in 3 wt. % NaCl solution saturated with CO2. The
protection efficiency increased with increasing inhibitor concentration from 50 ppmv to 90 ppmv,
up to 92 %. PDS measurements shown that TOFA/DETA imidazoline can be considered a
mixed-type corrosion inhibitor with the predominant anodic effect. The addition of TOFA/DETA
imidazoline decreased the corrosion current density for more than one order of magnitude. The
results of CV measurements indicated inhibited electrode processes in the presence of
TOFA/DETA imidazoline due to the adsorption of inhibitor molecules on mild steel electrode
active sites (Fig.1).

Fig. 1. Cyclic voltammograms obtained in CO2-saturated 3 wt. % NaCl solution at mild steel electrode with
and without 90 ppmv of TOFA/DETA imidazoline, 20°C, scan rate 20 mV s-1.

EIS measurements revealed that the thickness of TOFA/DETA imidazoline protective layer
increases with increase in inhibitor concentration resulting in a decrease in double layer-
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capacitance. The SEM measurements revealed that the appearance of steel surface was
significantly improved after the introduction of TOFA/DETA imidazoline to the corrosive solution
suggesting that TOFA/DETA imidazoline forms an inhibitive film on the mild steel surface which
is very stable and protective even at elevated temperatures after 24 h exposure to the
aggressive solution.

The TLC rate of mild steel, calculated from metal loss, which was measured in the vapor
phase using the ER probe, was reduced effectively by periodic treatment by the foam, sodium
C14-16 olefin sulfonate, concentration 20 vol. % in deionized water containing 1000 ppmv
TOFA/DETA imidazoline corrosion inhibitor. Fig. 2 shows the time dependence of metal
thickness loss in vapor phase for contact times of 15 s indicating that the corrosion rate
remained below 0.1 mm·yr-1 for at least 15 h. Consequently, it can be considered that the
TOFA/DETA imidazoline carried by the foam matrix was effective and significantly decreased
the TLC rate.

Fig. 2. Time dependences of metal thickness loss in vapor phase when 1,000 ppmv TOFA/DETA
imidazoline was added in the foam, 3 wt. % NaCl solution at 70°C, pH 4 with acetic acid in a concentration

of 0.02 mol·dm–3 for contact time of 15 s.

The electrochemical study confirmed the efficiency of the TOFA/DETA imidazoline in the
CO2-saturated 3 wt. % NaCl solution while the measurements in the vapor phase confirmed that
the foam matrix containing 1000 ppmv TOFA/DETA imidazoline can be used to effectively apply
batch inhibition at the top of the line.
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Materials based on carbon are important because of its low price and abundance, many
potential applications in various fields of science and engineering. Graphene1 is carbon based
material consisting of atomic layer of graphite, organized into a hexagonal lattice in which
carbon atoms are connected using sp2 hybridisation resulting in unique electrical properties of
zero bandgap semiconductor with both holes and electrons as charge carriers. Its excellent
electrical and mechanical properties combined with optical and thermal ones, make it the one of
the most investigated material in recent years. One of the possible applications of graphene is
based on its high surface area which together with high conductivity opens up the possibility for
its application as active electrode components in supercapacitors. Till today a lot of efforts have
been made to create the best method for providing graphene in bulk quantities. Most frequently
used methods were mechanical or thermal exfoliation of bulk graphite, chemical vapor
deposition or epitaxial growth. However, until now only chemical2 synthetic methods proved
capable of production of graphene with relatively good properties in bulk quantities. In chemical
methods first step is oxidation and exfoliation of graphite into graphene oxide (GO), product that
contains high quantities of different oxygen functionalities, followed by its reduction into the
compound usually termed reduced graphene oxide (rGO). However, rGO are far away from
theoretical predictions due to agglomeration of rGO sheets and also due to residual defects
from oxidation step which highly disrupts the conductivity of such materials and consequently
limits its application properties.

The aim of this work was the synthesis of rGO starting from different precursors and using
different experimental conditions in order to determine the optimal conditions for production of
rGO with the best capacitive properties. Two precursors were used: natural graphite flakes and
synthetic graphite. Both materials were subject to the oxidation and exfoliation by Staudenmaier
method followed by treatment with either sodium borohydrate2 or hydrazine hydrate as reducing
agents. Obtained GO and rGO were characterized using SEM, AFM, XPS and UV
spectroscopy. Supercapacitive properties of resulting materials were investigated by cyclic
voltammetry. In addition, the influence of rGOs on the pseudocapacitive responses of
pseudocapacitive materials such as MnO2 and polypyrrole was also investigated.

Using cyclic voltammetry method it was shown that GO layer on Pt support had poor
conductivity and that it was not electrochemically active, while rGO had much better conductivity
and reversible capacitive response due to the charging/discharging process at
electrode/electrolyte interface. Capacitive values of rGO varied from 10-100 F g-1 depending on
choice of graphite precursor in the oxidation step, the type of reducing agents as well as on the
pH value and reaction temperature during synthesis.
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Efforts in the domain of solid oxide fuel cells (SOFCs) are focused on devices capable of
operating within an intermediate temperature (IT) range (500-700 °C) for an acceptable period.
In this range one of the main polarization losses occur on the cathode considering hydrogen as
fuel [1].

La0.8Sr0.2MnO3-δ (LSM), a commonly used cathode material, exhibits high polarization
resistance below 800 °C [2], [3].

For this reason, many mixed electronic and ionic conducting perovskite cathode materials
have been developed. Mixed conductors with both electronic and ionic conductivity (MIEC) [4]
can be considered as promising cathode materials because of their extended electrochemically
active area. In MIECs the reaction sites for oxygen exchange reaction occurs in the whole
electrode volume [1]. The iron-cobalt-based perovskite are good candidates for intermediate-
temperature SOFCs (IT-SOFCs), in particular Ba0.5Sr0.5Co0.8Fe0.2O3-δ (BSCF) and
La0.6Sr0.4Co0.2Fe0.8O3-δ (LSCF) are proposed as cathode materials because of their sufficiently
high electronic conductivity and high catalytic activity for the oxygen reduction reaction,
unfortunately their use in IT-SOFCs has been hindered by performance degradation.

Interdiffusion between the cathode and the electrolyte and strontium segregation have been
reported to be responsible for the performance degradation of LSCF cathode [8].Efforts to
improve the LSCF stability by infiltration with LSM, SSC and GDC [5], [6] have been performed.

On the other hand BSCF is not stable because enrichment of Sr2O3 and BaO on the
surface leads to the formation of carbonates in the presence of CO2 [7].

The aim of this study is to enhance and stabilize performance of BSCF and LSCF for the
use as cathode materials in IT-SOFCs combining the high electronic conductivity and stability of
LSM with the high ionic conductivity and electrochemical activity of BSCF and LSCF. Then, a
BSCF or LSCF cathode scaffold were impregnated with LSM nanoparticles in order to form a
composite structure.

To reach this goal, a Samaria-doped ceria (SDC) electrolyte supported half-cell with three-
electrode configuration was performed.

BSCF and LSCF electrode scaffolds were prepared using commercial powders (Treibacher
and Marion Technology respectively) and in lab synthetized by a novel autocombustion method
that use sucrose like complex agent. A fine tuning of electrode decoration was performed by
LSM infiltration with a simple sol-gel synthesis that allows the production of nanoparticles.

XRD measurements were applied to investigate the phase composition; Scanning Electron
Microscope (SEM) was used to observe the microstructure of obtained cell.

The cathode performances, durability, and long-term stability were evaluated by
electrochemical impedance spectroscopy (EIS) measurements. Impedance measurements
were carried out at OCV and under applied overpotentials at different O2 partial pressures and
temperatures.

In table 1, Rp values at 700 °C, OCV and 21% O2 partial pressure, for impregnated and
non-impregnated cathodes, are reported, together with the apparent process activation
energies.
.

Rp (Ω∙cm2) Ea (kJ/mol)
LSCF 0.76 138.94

LSM-impregnated LSCF 0.65 138.76
BSCF 0.081 111

LSM-impregnated BSCF 0.06 100.38

Table 1. Polarization resistance and activation energies for LSCF, LSM-impregnated LSCF, BSCF and
LSM-impregnated BSCF cathodes.
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Electrochemical measurements demonstrate that, for BSCF and LSCF based cathodes, the
polarization resistance (Rp) decrease when LSM impregnation was carried out. Moreover the
impregnation successfully increases the long-term performances of cathodes.

Fig.1. Nyquist plots for BSCF and LSM-impregnated BSCF cathodes and polarization resistance in
function of time. Measurements were performed under an applied current voltage of 200 mA∙cm2, at 700

°C and 21% O2 partial pressure.

Fig.2. SEM micrograph for LSCF and LSM-impregnated LSCF cathodes.

References
[1] S. B. Adler, “Factors Governing Oxygen Reduction in Solid Oxide Fuel Cell Cathodes,” 2004.
[2] J. Nielsen and M. Mogensen, “SOFC LSM:YSZ cathode degradation induced by moisture: An
impedance spectroscopy study,” Solid State Ionics, vol. 189, no. 1, pp. 74–81, 2011.
[3] J. Nielsen and J. Hjelm, “Impedance of SOFC electrodes: A review and a comprehensive case study
on the impedance of LSM:YSZ cathodes,” Electrochim. Acta, vol. 115, pp. 31–45, Jan. 2014.
[4] A. Petric, P. Huang, and F. Tietz, “Evaluaton of La-Sr-Co-Fe-O perovskites for solid oxide fuel cells
and gas separation membranes,” Solid State Ionics, vol. 135, p. 719, 2000.
[5] X. Lou, S. Wang, Z. Liu, L. Yang, and M. Liu, “Improving La0.6Sr0.4Co0.2Fe0.8O3−δ cathode
performance by infiltration of a Sm0.5Sr0.5CoO3−δ coating,” Solid State Ionics, vol. 180, no. 23–25, pp.
1285–1289, Oct. 2009.
[6] L. Nie, M. Liu, Y. Zhang, and M. Liu, “La0.6Sr0.4Co0.2Fe0.8O3−δ cathodes infiltrated with samarium-
doped cerium oxide for solid oxide fuel cells,” J. Power Sources, vol. 195, no. 15, pp. 4704–4708, Aug.
2010.
[7] A. Yan, M. Cheng, Y. Dong, W. Yang, V. Maragou, S. Song, and P. Tsiakaras, “Investigation of a
Ba0.5Sr0.5Co0.8Fe0.2O3 based cathode IT-SOFC. I. The effect of CO2 on the cell performance,” Appl.
Catal. B Environ., vol. 66, pp. 64–71, 2006.
[8] S. P. Simner, M. D. Anderson, M. H. Engelhard, and J. W. Stevenson, “Degradation Mechanisms of
La–Sr–Co–Fe–O SOFC Cathodes,” Electrochem. Solid-State Lett., vol. 9, no. 10, p. A478, 2006.



239

Conversion coatings based on lanthanide salts and their mixtures as a
corrosion protection of 7075-T6 aluminium alloy in chloride solution

Barbara Volarič*, Ingrid Milošev
Jožef Stefan Institute, Department of Physical and Organic Chemistry, Jamova c. 39,
1000 Ljubljana, SLOVENIA
* ingrid.milosev@ijs.si

Aluminium alloy 7075-T6 is due to good physical and chemical properties commonly used
material in different applications in industry. To protect the metal surface against corrosion
phosphate and various organic polymer coatings were often used. Some of the components
used for their production include toxic organic solvents harmful to the environment. Chromate
coatings have been for many decades extremely effective and easy way to improve corrosion
resistance on aluminium alloy. Cr6+ has very good mobility and solubility in solutions, so it can
be transported to the parts, where the process of corrosion started. Reduction of Cr6+ to form
Cr3+ leads to a formation of protective layer of solid chromium hydroxide on the metal surface.
CrOOH represents the “backbone” of the protective layer. Within this structure is formed islands
Cr6+ and connections Cr3+-O-Cr6+. This process is referred to as a self-healing process [1] and
results in the protection of the material in different corrosive media [2]. Six-valent form of
chromium is well soluble in water, it also has good permeability through biological membrane,
so it is very toxic and carcinogenic [3]. Due to health and environmental problems the use of
chromate coatings has become increasingly controlled in the early 90s.Today is the use of
chromate conversion coatings severely restricted [4].

As an alternative, various new approaches, which are more environmentally acceptable,
are used today to protect metals and their alloys. These include the conversion coatings based
on titanium or zirconium [5], sol-gel coatings [6] and conversion coatings based on rare earth
salts [7, 8]. Lanthanide compounds are environmentally friendly, their price is reasonable and
are available in natural sources. Among lanthanide salts, especially cerium has been identified.
Cerium is the most active and the only lanthanide, which can be oxidized in a stable salt with a
higher oxidization state [5]. The mechanism of surface protection includes the formation of a
protective layer of hydroxide and/or oxide. Due to reduction of oxygen, pH increases, and in the
case of cerium forms Ce(OH)3, which is then oxidized to Ce2O3. According to another theory,
the first step is oxidation of Ce(III) in Ce(IV), which is then precipitated as insoluble CeO2 [9].
This reaction is carried out on metal inclusions (Zn, Cu, Mg), which are electrochemically more
negative compared to remaining surface of aluminium alloy, and act as a cathode site.
Generally, the sites of nucleation coating are cathode inclusions in aluminium alloy [10].

The aim of this study was to investigate various lanthanide salts as potential corrosion
inhibitors of technologically important aluminium alloys and may be suitable as replacements of
chromate coatings. Conversion coatings are expected to provide equivalent corrosion protection
and to be environmentally friendly at the same time. Conversion coatings based on various
lanthanide compounds, as well as their mixtures were investigated [11]. Conversion coatings
were prepared using 0.01 M nitrate lanthanide salts, i.e., cerium nitrate, lanthanum nitrate and
mixtures of cerium and lanthanum nitrate in ratio 1 : 3 and 3 : 1. Coatings were prepared at
different times of immersion in lanthanide solutions with the addition of 30 % hydrogen peroxide
at the room temperature.

The corrosion properties of bare substrate and substrates modified by conversion coatings
were studied by electrochemical measurements in 0.1 M NaCl. Linear polarization (LP) (dE/dt =
0.1 mV/s) and potentiodynamic polarization (PD) curves (dE/dt = 1 mV/s) were performed in 0.1
M NaCl solution using an Autolab PGSTAT12 instrument. The stabilization time at the open
circuit potential was 1 hour. Polarization resistance (Rp), corrosion potential (Ecorr), corrosion
current density (jcorr) and inhibition effectiveness (IE) were determined. The surface morphology
and composition of the coatings were analysed using a field-emission scanning electron
microscope (FEGSEM) Joel JSM-7600F and energy dispersive x-ray spectrometer (EDS).
Roughness of conversion coatings surface was also analysed by profilometer (Bruker).
Corrosive resistance of the conversion coatings were tested up to 24 hours in the salt spray
chamber (Ascott) in 5 wt. % NaCl at 35 °C.

Nitrate lanthanide salts and their mixtures achieved good protection of 7075-T5 aluminium
alloy. Conversion coating of Ce(NO3)3 is formed over the entire surface with occasional cracks.
On the contrary, conversion coating of La(NO3)3 results in the formation of deposits
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preferentially at the intermetallic inclusions. Mixtures of Ce and La nitrate conversion coatings
are formed at the entire surface and also on inclusions (Fig. 1).

Fig. 1. SEM images of conversion coatings: (a) Ce(NO3)3, (b) La(NO3)3, (c) Ce(NO3)3 + La(NO3)3 1:3,
(d) Ce(NO3)3 + La(NO3)3 3:1. Conversion coatings were prepared by immersion for 1 hour at room T.

Substrates coated by conversion coating of Ce(NO3)3 and by mixture of Ce(NO3)3 and
La(NO3)3 in ratio 3 : 1 prepared by 1 hour immersion achieve the best inhibition effectiveness
(Fig. 2). Longer immersion time degrades the effectiveness of inhibitors, except that of
La(NO3)3.

Fig. 2. PD curves measured in 0.1 M NaCl for bare substrate and for substrates modified with conversion
coatings prepared by immersion for 1 hour at room T.
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Substrates coated by conversion coating of Ce(NO3)3 and by mixture of Ce(NO3)3 and
La(NO3)3 in ratio 3 : 1 prepared by 1 hour immersion achieve the best inhibition effectiveness
(Fig. 2). Longer immersion time degrades the effectiveness of inhibitors, except that of
La(NO3)3.

Fig. 2. PD curves measured in 0.1 M NaCl for bare substrate and for substrates modified with conversion
coatings prepared by immersion for 1 hour at room T.
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The development and design of battery materials requires good understanding of the
relation between chemistry, structure and its properties. Ab initio calculations based on density
functional theory provide information, from which the materials usability in electrochemical cells
can be predicted and additionally, further details about the structure and its stability are gained
[1].

For cathode material enhancement a lithium nickel manganese cobalt oxide (NMC) powder
was synthesized successfully via coprecipitation using different precursors and different
temperatures (see figure 1) [2].

First, a theoretical model calculation of symmetric NMC, based on the structural data of
lithium cobalt oxide (LCO), was carried out using density functional theory and the all electron
full-potential linearized augmented plane wave method as implemented in the WIEN2k code [3].

Then the theoretical model was subsequently improved using both, the real experimental
crystal structure parameters gained via XRD, and the theoretically optimized structure and the
results of these two models will be compared and differences will be evaluated.

Fig. 1 TEM picture of synthesized NMC (left) and corresponding XRD pattern (right)
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The influence of structure on mechanical behavior of 1Ce10ScSZ (1-mol. % CeO2, 10-
mol. % Sc2O3, 89-mol. % ZrO2) electrolyte ceramics made of powders of various types was
studied. Assuming that consolidation of powders and refinement of ceramic structure with
sintering are thermally activated processes, the analytical equations, which are describing the
relationships between strength, structural sizes, porosity and quality of interfaces are invented.

Strength of ceramics  is dependent on the sintering temperature Ts too and might be
described as some complex function of structural components, primary porosity P, effective size
of structural elements d and some effective surface energy , which describes quality of
boundaries between all structural components and depends on amount and state of impurities.

Generally, the named dependence might be expressed as some complex function
(Тs)=f{d(Тs), P(Тs), (Тs)}. It requires numerous structural parameters. Traditional ones, like
grain size, porosity, are obtained easily. Parameter describing state of inner interfaces might be
obtained from fractography, e.g., as strong or weak boundaries resulting in transgranular or
intergranular failures, which reflect cleavage and intergranular fracture micromechanisms.

The detailed study of structure and mechanical behavior shows that the fullest set of
structural parameters suitable for a sophisticated analysis might be obtained from structural and
fractographical data on ceramics made of three different types of zirconia powders, which differ
by properties of initial particles and their agglomerates [1]. The data show dramatical difference
of structure that is dependent on both the powder type and sintering temperature (Fig. 1).

a b c

d e f
Fig. 1. Facture surfaces revealed with scanning electron microscopy of 1Ce10ScSZ ceramics made

of I - III powder types and sintered at 1350 and 1550 °C, respectively: I - a and d; II - b and e; III - c and f.

Finally, for intergranular and cleavage fracture micromechanisms, ceramic strength is
described in above mentioned terms as

   nPkd )1()( 2
1

0 , (1)
where  - the normalized coefficient that determines the boundary quality.
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Solid oxide fuel cell (SOFC) is the device for direct transformation of chemical energy of
fuel in electricity and heat [1,2]. Its anode is the SOFC's component, which provides passing of
main electrochemical reaction and provides mechanical stability of all SOFC as a supporter of
SOFC. Therefore, strength is one of the basic requirements for anode. Anode should provide
strength not less than 100 MPa and have high porosity (>25%) for venting gases.

The most widespread anode material is a composite on the basis of stabilized in a cube
phase zirconia (further ZrO2) and nickel. Usually, anodes are made from mixture of powders of
ZrO2 and NiO. Nickel is reduced at operating condition of SOFC.

Influence of zirconia powder morphology on structure formation of anode NiO-ZrO2 sintered
at different temperatures (1300-1450ºC) and its mechanical behavior was studied. Type 1 –
agglomerated powder with initial nanoparticles; Type 2 – dense plane agglomerates consist of
uniform initial particles; Type 3 – practically non-agglomerated powder with uniform initial
particles (Fig. 1).

Fig. 1. Structure of different types of ZrO2 powders: a – type 1, b – type 2, c – type 3.

The size of the initial particles (crystallites) of powders ZrO2 and NiO were estimated from
TEM images of the powder. 20 mm dia, 1.5-2 mm thick disc shaped samples were pressed
uniaxially at 20 MPa and then sintered at different temperatures 1300-1450°C for 2h in air. The
porosity of the sintered NiO-ZrO2 samples were measured by means of the Archimedes
method. The samples were tested for the mechanical strength with biaxial bend test and their
fracture surfaces were analysis by means of SEM.

It was found that for formation suitable porosity level (~30 %) and temperature stable
structure of anode with strength of 100 MPa, the agglomerated zirconia powder with nanosized
initial particles (type 1) is the most suitable.

References
[1] S. C. Singhal, K. Kendall (eds.): High-temperature Solid Oxide Fuel Cells: Fundamentals, Designand

Applications. Elsevier: Oxford, U.K., 2003. (ISBN 13: 978-1-85617-387-2).
[2] F. Tietz, H.-P. Buchkremer, D. Stover: Components manufacturing for solid oxide fuelcells. Solid

State Ionics 152, 153 (2002) 373– 381.

243

Zirconia Powder for SOFC Anode

Y. Brodnikovskyi
Frantsevich Institute for Problems of Materials Science of NASU, 3, Krzhizhanovskoho
Str., Kyiv, 03680, Ukraine
bregor@ukr.net

Solid oxide fuel cell (SOFC) is the device for direct transformation of chemical energy of
fuel in electricity and heat [1,2]. Its anode is the SOFC's component, which provides passing of
main electrochemical reaction and provides mechanical stability of all SOFC as a supporter of
SOFC. Therefore, strength is one of the basic requirements for anode. Anode should provide
strength not less than 100 MPa and have high porosity (>25%) for venting gases.

The most widespread anode material is a composite on the basis of stabilized in a cube
phase zirconia (further ZrO2) and nickel. Usually, anodes are made from mixture of powders of
ZrO2 and NiO. Nickel is reduced at operating condition of SOFC.

Influence of zirconia powder morphology on structure formation of anode NiO-ZrO2 sintered
at different temperatures (1300-1450ºC) and its mechanical behavior was studied. Type 1 –
agglomerated powder with initial nanoparticles; Type 2 – dense plane agglomerates consist of
uniform initial particles; Type 3 – practically non-agglomerated powder with uniform initial
particles (Fig. 1).

Fig. 1. Structure of different types of ZrO2 powders: a – type 1, b – type 2, c – type 3.

The size of the initial particles (crystallites) of powders ZrO2 and NiO were estimated from
TEM images of the powder. 20 mm dia, 1.5-2 mm thick disc shaped samples were pressed
uniaxially at 20 MPa and then sintered at different temperatures 1300-1450°C for 2h in air. The
porosity of the sintered NiO-ZrO2 samples were measured by means of the Archimedes
method. The samples were tested for the mechanical strength with biaxial bend test and their
fracture surfaces were analysis by means of SEM.

It was found that for formation suitable porosity level (~30 %) and temperature stable
structure of anode with strength of 100 MPa, the agglomerated zirconia powder with nanosized
initial particles (type 1) is the most suitable.

References
[1] S. C. Singhal, K. Kendall (eds.): High-temperature Solid Oxide Fuel Cells: Fundamentals, Designand

Applications. Elsevier: Oxford, U.K., 2003. (ISBN 13: 978-1-85617-387-2).
[2] F. Tietz, H.-P. Buchkremer, D. Stover: Components manufacturing for solid oxide fuelcells. Solid

State Ionics 152, 153 (2002) 373– 381.

243

Zirconia Powder for SOFC Anode

Y. Brodnikovskyi
Frantsevich Institute for Problems of Materials Science of NASU, 3, Krzhizhanovskoho
Str., Kyiv, 03680, Ukraine
bregor@ukr.net

Solid oxide fuel cell (SOFC) is the device for direct transformation of chemical energy of
fuel in electricity and heat [1,2]. Its anode is the SOFC's component, which provides passing of
main electrochemical reaction and provides mechanical stability of all SOFC as a supporter of
SOFC. Therefore, strength is one of the basic requirements for anode. Anode should provide
strength not less than 100 MPa and have high porosity (>25%) for venting gases.

The most widespread anode material is a composite on the basis of stabilized in a cube
phase zirconia (further ZrO2) and nickel. Usually, anodes are made from mixture of powders of
ZrO2 and NiO. Nickel is reduced at operating condition of SOFC.

Influence of zirconia powder morphology on structure formation of anode NiO-ZrO2 sintered
at different temperatures (1300-1450ºC) and its mechanical behavior was studied. Type 1 –
agglomerated powder with initial nanoparticles; Type 2 – dense plane agglomerates consist of
uniform initial particles; Type 3 – practically non-agglomerated powder with uniform initial
particles (Fig. 1).

Fig. 1. Structure of different types of ZrO2 powders: a – type 1, b – type 2, c – type 3.

The size of the initial particles (crystallites) of powders ZrO2 and NiO were estimated from
TEM images of the powder. 20 mm dia, 1.5-2 mm thick disc shaped samples were pressed
uniaxially at 20 MPa and then sintered at different temperatures 1300-1450°C for 2h in air. The
porosity of the sintered NiO-ZrO2 samples were measured by means of the Archimedes
method. The samples were tested for the mechanical strength with biaxial bend test and their
fracture surfaces were analysis by means of SEM.

It was found that for formation suitable porosity level (~30 %) and temperature stable
structure of anode with strength of 100 MPa, the agglomerated zirconia powder with nanosized
initial particles (type 1) is the most suitable.

References
[1] S. C. Singhal, K. Kendall (eds.): High-temperature Solid Oxide Fuel Cells: Fundamentals, Designand

Applications. Elsevier: Oxford, U.K., 2003. (ISBN 13: 978-1-85617-387-2).
[2] F. Tietz, H.-P. Buchkremer, D. Stover: Components manufacturing for solid oxide fuelcells. Solid

State Ionics 152, 153 (2002) 373– 381.



244

Highly Effective Pd-Au Catalyst for Borohydride Electrooxidation

Georgi Hristov, Elitsa Chorbadzhiyska, Mario Mitov
Department of Chemistry, South-West University "Neofit Rilski", Blagoevgrad, Bulgaria
mitovmario@mail.bg

In this study, Pd-Au catalysts were prepared by chemical co-deposition on Ni-foam from
mixed solutions, containing Pd(II) and Au(III) in different proportions. The morphology and
elemental content of the newly synthesized catalysts were characterized by using scanning
electron microscopy (SEM) and energy dispersive spectroscopy (EDS), respectively. The
electrocatalytic properties of the developed electrodes towards borohydride electrooxidation
reaction were explored by means of polarization at variable resistances and
chronopotentiometric measurements in stabilized alkaline solution of sodium borohydride. The
comparison of the achieved power and discharge capacity values with those obtained with the
previously investigated Co-based catalysts reveals a big potential for practical application of the
examined materials as highly effective anodes in Direct Borohydride Fuel Cells.

Keywords: Pd-Au catalyst, borohydride electrooxidation, Direct Borohydride Fuel Cells.



245

Opportunities and Services for Researchers and Research Units.
Technology Transfer

Marin Pandev
Institute of Electrochemistry and Energy Systems – Bulgarian Academy of Sciences,
10 Acad. G. Bonchev Str., 1113 Sofia 1113, Bulgaria
pandeff@gmail.com

The work presents different opportunities and services for researchers and research units
supported by the European Commission, as well as, the model and organisations working in
Bulgaria on that field, including the specialised horizontal unit of the Bulgarian Academy of
Sciences.

The whole partnership process between science-science and science-business units is
explained with aim to assist researchers in achieving business, technological or research
partnership agreements.

The Services comprise different tools and approaches, taking into consideration:
Finding international business partners
Finding new technologies
Access to new markets
Information on funding opportunities
Advise on various issues such as intellectual property rights or European legislation and

standards
Three specific types of instruments for collaboration are discussed:
Technology Profiles
Business Cooperation Profiles
Project Partner Search Profiles
The drafting of each profile has specific elements since they are for different purposes.

Stress is put on explaining the different collaboration types, partners sought and providing
targeted information.
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