




    Ladies  
and Gentlemen, 

 
It is my great pleasure to welcome you to 

the 5th Polish Forum Smart Energy 
Conversion & Storage, held together with 14th 
Symposium on Fast Ionic Conductors in 
Białka Tatrzańska from September 22nd to 
25th 2015. The conference is co-organized by 
Polish Hydrogen and Fuel Cells Association 
(hydrogen.edu.pl) and AGH University of 
Science and Technology. The first Forum in 
2005 covered a relatively narrow issues of 
fuel cells and hydrogen technologies. After 
ten years of collecting experience of 
constantly expanding the formula of the 
Forums, this year’s scope includes: fuel cells, 
hydrogen production and storage, ionic and 
electronic conductors, Li-ion and Na-ion 
batteries, supercapacitors, solar conversion 
and thermoelectrics. All these topics are 
highly important for modern energy 
conversion and storage. Albeit different, they 
are based on similar mass and charge 
transport mechanisms, related to ionic and 
electronic defect structure. This brought the 
idea of gathering of high-level specialists, 
including theoreticians, in this field.  

Further progress in the field of modern 
energy technologies is conditioned by a 
development of the scientific basis of 
manufacturing of functional materials, which 
relies on comprehensive studies of their 
structural, transport, catalytic, thermal and 
mechanical properties, aiming to describe the 
relationship between crystal structure, 
chemical composition, electronic properties, 
and the catalytic efficiency of the 
electrochemical processes occurring in 
electrochemical devices. 

An analysis of available technological 
solutions shows that there is still a gap 

between current capabilities of fuel cells and 
practical needs of the hydrogen energy 
technology, in order to be competitive with 
the present ones based on coal, oil and natural 
gas. Failure of wide commercialization of fuel 
cells is associated with strenuous 
implementation of technology, which is based 
on technologically immature materials. 
Among many aspects of the hydrogen-based 
economy, which need to be considered, the 
key to its success is a solution of the 
fundamental issues of the used materials. 
Here, there is a particular place for 
technology of nanomaterials and studies of 
the catalytic processes. Understanding on the 
atomic-level of the fundamental processes 
involved in the catalysis, shall trigger 
correlated progress in all fields of modern 
energy technologies. 

Understanding of microscopic, on atomic 
scale, transport phenomena in nanomaterials 
is still at an early stage. The grain size 
dependent defect formation energy and space 
charge effects are significantly influencing the 
transport properties. Elucidation of the grain 
boundaries impact on defects and transport 
properties will enable designing of materials 
with tailored properties. An extra difficulty, 
slowing down the progress in science and 
technology of the nanomaterials, is related to 
the stability of nanomaterials and 
reproducibility of their properties, because, as 
it was observed for example in thin films, 
unique microstructure may provide unique 
properties. 

I put my big hope that this year's 
conference will be an excellent arena for 
interdisciplinary discussions in the field of 
materials and technologies for modern 
energy, and also a good school for Ph.D. 
students and young scientists, beginning their 
scientific carrier. I would like to thank all the 
participants who contribute to make this 
conference successful, wishing you an 
exciting and enjoyable time at the Forum. 

 

       
Prof. Janina Molenda 

Chairman  
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In my talk I will overview briefly the current view on 
metal-insulator transitions of the Mott type, as well as 
introduce in an elentary manner the concept of quantum 
criticality in that case. In particular, the interplay of 
theoretical concepts with experiment will be 
emhpasized, since the Mott transition marks the 
boundary of metallic state stability. The role of this kind 
of instability can be related to intriguing phenomena 
such as high temperature superconductivity or very large 
effective mass of the carriers. The effect of atomic 
disorder on the electronic properties will also be 
mentioned. 
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INTRODUCTION 

The identification of oxide cathodes in the 1980s 
enabled the commercialization of lithium-ion battery 
technology in the 1990s that has revolutionized the 
portable electronics market during the past two decades. 
The lithium-ion technology is now intensively pursued 
for both electric vehicles and grid storage of electricity 
produced by renewable sources like solar and wind. 
Cost, cycle life, safety, energy, power, and 
environmental impact are the major criteria for these 
applications, which are in turn controlled by severe 
materials challenges. Solid-state chemistry and 
condensed-matter physics have been at the forefront of 
addressing these challenges for nearly four decades, and 
they will continue to do so for years to come. This 
presentation will provide an overview of the structural 
and electronic stabilities of the three major classes of 
oxide cathodes that are currently in play: layered, spinel, 
and olivine cathodes.  
EXPERIMENTAL 

The layered and spinel oxide cathodes were 
synthesized by coprecipitation of the transition-metal 
hydroxides followed by firing with lithium hydroxide at 
elevated temperatures. The olivine phosphate cathodes 
were synthesized by a novel low-temperature 
microwave-assisted solvothermal process at < 300 oC 
within a short reaction time of < 30 min. Chemical 
lithium extraction was carried out by stirring the oxides 
thus synthesized with the oxidizing agent NO2BF4 in an 
acetonitrile medium under argon atmosphere to mimic 
the electrochemical charge and obtain products free 
from binder and carbon for chemical analysis. The 
products were characterized by Rietveld structural 
refinement of X-ray diffraction data, compositional 
analysis by inductively coupled plasma analysis, 
oxidation-state analysis by redox titrations, scanning 
electron microscopy, transmission electron microscopy, 
infrared spectroscopy, charge-discharge measurements, 
and electrochemical impedance spectroscopy.  

RESULTS AND DISCUSSION  
Layered oxides: Chemical and electrochemical 

delithiation reactions reveal that the layered LiMO2 (M 
= Mn, Co, and Ni) oxides with the initial O3 structure 
exhibit rich, but complex, crystal chemistry during the 
charge-discharge process with phase transitions to O1 or 
P3 phases, depending on the M ion. The phases formed 
would be rationalized based on cation ordering between 
the layers and electrostatic repulsions. More 
importantly, the lithium content in Li1-xMO2 at which 

chemical instability begins to set in due to an overlap of 
the metal:3d band with the top of the oxygen:2p band 
increases from M = Mn to Ni to Co, which controls the 
reversible capacity achievable. Furthermore, the amount 
of oxygen loss during the first charge and the reversible 
capacity values of the recently identified lithium-rich 
layered oxides Li[M1-y-zLiyM’z]O2 are sensitively 
influenced by the dopant M’ due to the drastic changes 
in the M’-O bond covalence depending on the relative 
positions of the M’:3d band with respect to the top of 
the oxygen:2p band.  

Spinel oxides: The 4 V spinel cathode LiMn2O4 is 
plagued by the electronic/chemical instability associated 
with the high-spin Mn3+:t2g

3eg
1 ion to undergo Jahn-

Teller distortion and, in presence of trace amounts of 
acid, to disproportionate into Mn4+ and Mn2+, which 
leaches out into the electrolyte.  The suppression of 
these instabilities with doping will be presented. On the 
other hand, with the 5 V spinel LiMn1.5Ni0.5O4, the 
importance of surface planes and segregation of specific 
cations to the surface on the chemical reactivity with the 
electrolyte will be presented. 

Olivine phosphates: The access to olivine samples 
with controlled particle size by the microwave-assisted 
synthesis process helps to demonstrate the importance 
of both electronic and lithium-ion conductivities for 
battery performance. The microwave-assisted process 
also helps to demonstrate the temperature dependence 
of aliovalent doping in olivines (doping decreases with 
temperature).  

CONCLUSIONS 
The novel synthesis approaches coupled with in-

depth characterization have enabled the establishment of 
a profound fundamental understanding of the structural, 
chemical, and electronic stabilities of the layered, 
spinel, and olivine cathode materials for lithium-ion 
batteries.  
ACKNOWLEDGMENT  
 This work was supported by the Welch Foundation 
grant F-1254 and the U.S. Department of Energy award 
numbers DEAC0205CH11231 and DE-SC0005397. 
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INTRODUCTION 
 Electron transport properties of crystalline systems 
belong to the most fascinating phenomena studied in 
materials science. Macroscopic quantities as electrical 
conductivity σ, thermopower S, Hall coefficient RH or 
thermal conductivity κ, are traditionally used to probe 
and classify materials as metals, semimetals or 
semiconductors. The aforementioned quantities are also 
essential to determine usefulness of materials for 
thermoelectric (TE) applications, which is commonly 
expressed via dimensionless figure of merit ZT=T S2σ/κ 
at a given temperature T. The TE performance can be 
optimized by proper adjustment of carrier concentration 
n for a given temperature range. It should also be noted 
that theoretical description of electronic and transport 
properties of solid state materials has always been a 
difficult problem for condensed matter theory due to 
complexity of phenomena that should be taken into 
account. Electron transport behaviors are directly related 
to electronic states near the Fermi energy and searching 
for accurate information on k-space electron features 
appears to be the key factor for reliable modeling, or 
even predicting, of TE behaviors.  
 
THEORETICAL DETAILS  
 Ab initio electronic band structure calculations 
combined with the Boltzmann transport theory [1-4] 
were established to be a quite convenient way to study 
electron transport in materials. In practice, it is 
performed via highly accurate calculation of ground 
state properties (T=0) of electrons near Fermi surface. 
Finite temperature effects, especially interesting in 
investigations of thermopower S(T) or electrical 
conductivity σ(T), are not explicitly taken into account 
in such calculations, but modifications of ground state 
electronic properties with temperature can be 
incorporated through the Fermi–Dirac distribution 
function. The constant relaxation time approach is used 
as reference approximation in Boltzmann transport 
theory. We should also bear in mind that real TE 
materials habitually contain different types of 
imperfections (alloying, impurities, vacancy, antisite 
defects, etc.) that may strongly affect TE properties, in 
particular electron transport properties. The Korringa–
Kohn–Rostoker (KKR) method based on Green function 
multiple scattering theory [3] was used to calculate 
electronic band structure and relevant kinetic parameters 
of electrons near the Fermi energy. Moreover, the 
coherent potential approximation (CPA) was employed 

to account for chemical disorder effects on electronic 
structure. Complex energy electronic band structure and 
resulting velocities and life-times of electrons are 
calculated in disordered alloys to derive electron 
transport quantities depending on temperature and 
carrier concentration. 

RESULTS AND DISCUSSION 
In this work recent results of KKR and KKR-CPA 
electronic structure calculations as well as modeling of 
electron transport properties of well-known TE bulk 
materials are discussed. We focus mostly on:  
(i) the effect of electronic band convergence achieved by 
alloy substitution in Mg2(Si-Sn) on thermopower and ZT 
in function of carrier concentration and temperature [6];  
(ii) the effect of electronic band alignment in selected 
disordered half-Heusler alloys on thermopower [7],  
(iii) the role of the “pudding-mold-like” shape of the 
highest valence band (strongly nonparabolic dispersion 
relations) in remarkable anisotropy of electron transport 
properties in p-type orthorhombic SnSe [8].  
Besides, in the case of p-type Mg2X (X = Si, Ge and Sn) 
series of compounds, we discuss the influence of spin–
orbit interaction on TE properties, clearly evidencing 
that fully relativistic treatment in ab initio calculations 
may markedly affect electron transport properties [9]. 
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INTRODUCTION 

Recently, NaxCoO2 has attracted much attention 
because of its unusual electronic and electrochemical 
properties. In hydrated form it exhibits superconductor 
properties below 4 K [1].  At high sodium concentration 
(x ≈ 0.65-0.75) it exhibits remarkable high values of 
thermoelectric power combined with metallic character 
of electrical conductivity, which was first reported in 
early 1980s [2]. Electrochemical studies on NaxCoO2-y 
(x ≈ 0.65 - 0.85) revealed unusual electrochemical 
behavior, establishing itself in a form of a step-like 
character of the discharge curve [2]. Moreover, previous 
examination of sodium intercalation into NaxCoO2-y 
indicated a strong dependence of EMF of cells on 
conditions of preparation of the cathode material (T, 
pO2), which affected structure of ionic and electronic 
defects in the compound [2, 3].  

 
RESULTS 

 Our comprehensive studies [4-6] of 
physicochemical properties of NaxCoO2-y cathode 
material (XRD, electrical conductivity, thermoelectric 
power, electronic specific heat, NEXAFS) supported by 
electronic structure calculations using KKR-CPA 
method [8] with account for chemical disorder, revealed 
that the observed step-like character of the discharge 
curve reflects the variation of the chemical potential of 
electrons (Fermi level) in the density of states of 
NaxCoO2-y, which is anomalously perturbed by the 
presence of the oxygen vacancy defects and sodium 
ordering. Fig. 1 presents correlation between proposed 
electronic structure of NaxCoO2-y and its electrochemical 
behavior in Na/Na+/ NaxCoO2-y cell. 

In this work we undertaken attempt to improve 
electrochemical properties of NaxCoO2-y by partial 
substitution of Co with Mn in order to achieved 
continuous density of states, monotonic variation of the 
Femi level and consequently monotonic character of 
charge/discharge curve. We would like to show a new 
approach to an explanation of the nature of the 
discharge-charge curve of Na/Na+/NaxCo1-zMnzO2−y (z = 
0, 0.3) batteries. This is still an open problem, which 
until now had no proper description in the literature.  

CONCLUSIONS 
Electronic structure “engineering” is a excellent method 
of controlling properties of cathode material, changing 
their unfavorable character of the discharge curve, from 
step-like to monotonic, through modification and 
control  density of states function of a cathode material. 

 
a) 

 

b) 

 
Fig.1. (a) Density of states of NaxCoO2-y from electronic structure 
calculations and measurements of electrical conductivity and 
thermoelectric power, (b) Sommerfeld coefficient illustrating density 
of states at the Fermi level in NaxCoO2-y plotted against discharge 
curve of Na/Na+/NaxCoO2-y cell. 
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INTRODUCTION 
 

There are urgent needs to develop lithium-ion 
batteries with high energy density for applications in 
electric vehicle (EV) and hybrid-electric vehicle (HEV). 
Energy density is dependent on both capacity and 
voltage. However, the capacity of most current cathode 
materials is limited, which hinders their widespread 
adoption. [1] Recently, many efforts have been focused 
on new cathodes with high operating voltage and/or high 
capacity. LiMn1.5Ni0.5O4 spinel is a promising material 
because of its high operating voltage. Although it suffers 
from the limited capacity above 3 V, doubled capacity 
can be obtained by insertion of lithium ion into the 
structure below 3V. [2] However, in this case, Jahn-
Teller distortion cannot be ignored and will result in a 
fast capacity fade. On the other hand, Mn-based layered 
oxides also become attractive recently as a result of their 
ability to deliver capacities of more than 250 mAh g-1 
with good cycle capability. Among them, Li2MnO3 has 
already been successfully adopted to stabilize other 
layered materials. [3] Since the Li2MnO3 component is 
inactive below 3V, it is possible to stabilize the structure 
of the spinel oxides and access good cycling stability. In 
result, high energy Li2MnO3-stabilized LiMn1.5Ni0.5O4 
cathode was synthesized for the first time in present 
study and its electrochemical performance will be 
reported in detail.  

EXPERIMENTAL  
A series of xLi2MnO3•(1-x)LiMn1.5Ni0.5O4 (x= 0, 

0.1, 0.2, 0.3, 0.4, 0.5 and 1) composites were prepared 
by co-precipitation using manganese sulfate and nickel 
sulfate. The aqueous metal sulfate solution was added 
dropwise into a mixed solution of sodium carbonate and 
ammonium bicarbonate. The obtained co-precipitated 
carbonate powders were filtered, washed, and dried in an 
air oven at 80℃. Thereafter, the dried carbonate powders 
were mixed with required amounts of lithium carbonate 
in a mortar. The mixtures were first heated at 600℃ for 
5h and then calcined at 900℃ for 10h in air to obtain the 
final products.  

The crystal structure of the as-prepared powders 
was characterized by X-ray diffraction (Shimadzu XRD-
6000 Cu-Kα radiation) in a 2θ range of 10-80° with a 
scan rate of 2° min-1. Morphology and microstructure of 
different samples were investigated by a high resolution 
transmission electron microscope (FEI Tecnai G2 F20). 
The electrodes were prepared by mixing 80wt% active 
material, 10wt% Super P carbon conducting additive, 
and 10wt% polyvinylidene fluoride (PVDF) binder in a 
N-methyl-2-pyrrolidone (NMP) solution and the slurry 

was finally casted on aluminum foils. Charge/discharge 
measurements were carried out at a current density of 
20mAg-1 between 2.0 and 4.8V by using Neware Battery 
Test Equipment.  

RESULTS AND DISCUSSION  
According to the XRD and TEM results, xLi2MnO3 

• (1-x)LiMn1.5Ni0.5O4 composites have been synthesized 
with layered Li2MnO3 nanodomains well embedded in 
the LiMn1.5Ni0.5O4 spinel matrix. From the cycling 
performance, the layered Li2MnO3 structural unit 
substitution can greatly improve the structural stability 
of spinel structure when cycled between 2 and 4.8 V, 
leading to much increased reversible capacity (Figure 1). 
Ex-situ XRD results confirm that the cubic spinel phase 
in the composite with intermediate composition is very 
stable during cycling, which could be main reason for 
the superior cycle stability.  Detailed studies that explain 
the effect of the domain structure on the electrochemical 
performance and stability of high energy spinel cathode 
will be presented. 

 

 
Figure 1. a schematic diagram showing the mechanisms 

behind the improved electrochemical performance 
 
CONCLUSIONS 

Layered oxide Li2MnO3 with good cycle stability 
has been successfully embedded into the spinel structure 
to extend its capacity by engineering the domain 
structure of the spinel and avoid the Jahn-Teller 
distortion. When it is used as a cathode material for 
lithium-ion batteries, it exhibits superior cycle stability 
after some conditioning cycles compared to pure spinel 
oxides and demonstrates a high energy density of about 
700 Wh kg-1, showing great promise for advance high 
energy density lithium-ion batteries.  
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INTRODUCTION 
 
Despite the great interest generated by neutrons’ 
sensitivity to lithium, in-situ neutron diffraction (ND) 
knew a slow development due to the intrinsic 
difficulties it held 1. We recently designed an 
electrochemical cell manufactured with a completely 
neutron-transparent (Ti,Zr) alloy 2, able to provide good 
electrochemical properties and ND patterns operando, 
with good statistics and no other Bragg peaks than those 
of the electrode material of interest. Importantly, this 
allows detailed structural determinations by Rietveld 
refinement during operation. The cell was validated 
using well-known battery materials such as LiFePO4 
and Li1.1Mn1.9O4

2 for real operando experiments 
conducted on the D20 high flux neutron powder 
diffractometer at ILL Grenoble, France.  
 
RESULTS AND DISCUSSION 
 
We report here in particular on a series of spinel 
materials Li1+xMn2-xO4 (x=0, 0.05, 0.1). The well-
known difference in electrochemical performances 
(capacity fading) observed in this family of materials 
was thoroughly investigated using operando neutron 
diffraction. The study 3 showed that not only the volume 
change induced by the delithiation is reduced while 
going from LiMn2O4 to Li1.10Mn1.90O4, but more 
importantly that the mechanism by which this happens 
is modified. In fact, while Li1.10Mn1.90O4 reacts though a 
“simple” monophasic reaction (a solid solution), 
Li1.05Mn1.95O4 shows the existence of a solid solution 
process followed by a biphasic reaction and LiMn2O4 
even shows a sequence of two biphasic reactions. Both 
the above mentioned features contribute to make over-
lithiated Li1.10Mn1.90O4 a much better candidate for use 
in Li-ion batteries than the standard stoichiometric 
LiMn2O4.  
 
In more details, neutrons allow us to be sensitive to 
lithium’s atomic parameters, such as atomic coordinates 
and even site occupancy factors (SOFs), and thus to 
include them in our analysis by the Rietveld method to 
increase the accuracy of our time-dependent structural 
model. In the specific case of Li1+xMn2-xO4 spinels, this 
meant the possibility to correlate, for the first time, the 
evolution of lithium’s SOF with the electrochemical 
features of the materials, which is of key importance for 

understanding and therefore improving Li-ion battery 
materials.  
 
Moreover, we recently conducted similar investigations 
on high voltage LiNi1-yMnyO4 spinels and we’ll present 
charge ordering phenomena within these spinels that 
occur for specific compositions during Li+ extraction.  
 

 
Contour plot of a selected 2θ range of neutron diffraction patterns 
recorded operando upon charge (Li+ extraction at C/20 rate) for 

LiMn2O4 (top), Li1.05Mn1.95O4 (middle) and Li1.10Mn1.90O4 (bottom). 
Phases in presence during Li+ extraction are given 3.  
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INTRODUCTION 

Application of thermoelectrics as autonomous 
power supplies (thermoelectric generators) or Peltier 
refrigerators requires new materials with thermoelectric 
figure of merit parameter ZT at least twice better than in   
currently used materials for which the p-n couple 
effective parameter ZT=0.5-1. The concept of new 
thermoelectric material being an electron crystal but  a 
phonon glass was recently successfully tested for various 
thermoelectric alloys,  crystalline nanocomposites, and 
multilayers  based on IV-VI narrow gap semiconductors. 
In heavily n- and p-type doped PbTe-PbS, PbTe-PbSe, 
PbTe-GeTe,  PbTe-MnTe, PbTe-SrTe, PbTe-MgTe, and 
PbTe-CdTe materials systems the enhanced density of 
states at the Fermi level as well as the reduced thermal 
conductivity resulted in ZT parameter improved up to 
ZT=1.5-2 [1-6]. These materials and nanostructures are 
also of importance for optoelectronics as active elements 
in mid-infrared p-n junction lasers and detectors.  

 Particularly important technological path involves 
spontaneous formation of nanoscale two-phase coherent 
crystalline structures, e.g. in PbTe-CdTe or PbTe-PbS 
semiconductor systems. It  permits the growth of 
crystalline composite thermoelectrics with nanosize 
precipitates embedded in PbTe thermoelectric matrix 
[4,5,7,8]. The newest directions in this field are related 
to more environmentally friendly orthorhombic IV-VI 
materials, SnSe and SnS [9] as well as thermoelectric 
exploitation of newly discovered topological surface 
electronic states in Pb1-xSnxSe and Pb1-xSnxTe [10,11]. 
 
EXPERIMENTAL 

Using various technological methods (growth from 
the melt, vapor phase growth and molecular beam 
epitaxy) we prepared PbTe-CdTe materials as bulk Pb1-

xCdxTe (x=0-0.11) monocrystals, bulk Pb0.99Cd0.01Te 
(rock-salt) - CdTe (zinc-blende) two-phase 
nanocomposites as well as PbTe/CdTe multilayers 
deposited on GaAs substrate. We also developed 
molecular beam epitaxy regime and designed  multilayer 
stack required to obtain, in a single technological step 
and in a single multilayer, a region consisting of PbTe 
thermoelectric matrix with epitaxially embedded CdTe 
quantum anti-dots (thermoelectric system) and an 
adjacent region consisting of CdTe insulating matrix 
with PbTe quantum dots (optoelectronic system) [7,8].  

We experimentally studied electrical conductivity,  
Hall effect, thermoelectric power, thermal conductivity, 
and photoluminescence of PbTe-CdTe materials doped 
n-type with Bi or I  and p-type with Na up to 1019 cm-3. 
In agreement with theoretical predictions [6] we found 

the band gap EG of Pb1-xCdxTe rapidly increasing  with 
the increasing Cd content dEG/dx=2.5  eV. It results in a 
large increase of carriers effective mass and 
thermoelectric power as well as improved thermoelectric 
parameters of these materials [3-7].  Applying the 
Harman method we directly experimentally determined 
the parameter ZT=0.7-0.9 at T=700 K for both n-type 
and p-type PbTe-CdTe. Good optical properties of 
PbTe-CdTe alloys and multilayers were confirmed by 
the observation of room temperature photoluminescence 
controlled in the mid-infrared spectral range of λ=2 - 6 
microns by chemical composition and dot size.  
 
CONCLUSIONS 

The excellent lattice parameters match and 
immiscibility of rock-salt PbTe and zinc-blende CdTe 
crystals facilitate the growth of   bulk Pb0.99Cd0.01Te-
CdTe nanocomposites and PbTe-CdTe multilayers with 
high thermoelectric ZT parameter for both p-type and n-
type materials. PbTe quantum wells and dots with CdTe 
electron barriers are also very efficient infrared emitters.  
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INTRODUCTION 
Solid oxide cells (SOCs) are reversible high temperature 
(600 – 1000 °C) cells, that operate equally well in fuel 
cell (SOFC) and in electrolysis mode (SOEC)1-4.  The 
cells consist mainly of ceramics and do not contain any 
noble metal5,6. 
This presentation gives an analysis of the problems 
involved in defining and measuring electrocatalysis and 
electrocatalytic activity of metals and ceramics (metal 
oxides) that are deposited as electrodes on solid oxide 
electrolytes or as additives into solid oxide electrodes in 
order to improve their electrode kinetics. Besides the 
analysis of problems involved in determining the 
electrocatalytic activity of these electrodes, methods of 
measuring relative activity of SOC electrocatalysts in 
ways that makes it possible to compare different electro-
catalysts at least semi-quantitatively are described.   

DEFINITION OF CONCEPTS 
Many scientists in the area of electrocatalysis say that 
electrocatalysis at temperatures above ca. 300 °C is not 
an issue, because there are no problems with electron 
transfer, and bond breaking of H2 and O2 is fairly fast 
above this temperature. As a consequence electro-
catalysts should not be necessary at all in an SOFC 
operating at temperatures above 600 °C. However, this 
actually depends on the definition of electrocatalysis, 
and as many workers in the area of SOFC use this term, 
it seems reasonable to consider if a suitable definition of 
the term can be given - a term which is not in conflict 
with IUPAC definitions of other catalysis terms. 
Regrettably, the UPAC Gold Book does not mention the 
concept of electrocatalysis. Therefore, we take our 
starting point in the concept of heterogeneous catalysis. 
The IUPAC Gold Book7 reads: “Catalyst: a substance 
that increases the rate of a reaction without modifying 
the overall standard Gibbs energy change in the 
reaction; the process is called catalysis. … text, which is 
not included here … heterogeneous catalysis, in which 
the reaction occurs at or near an interface between 
phases.” Based on this we adopt the definition: an 
electrocatalyst is a catalyst that 
promotes electrochemical reactions in electrodes of 
electrochemical cells. In line with this, turnover 
frequency (TOF = number of chemical entities reacted 
per second per catalytic site, unit: s-1) is the quantity 
describing the electrocatalytic activity in a clear 
physical chemical meaningful way, i.e.: the 
electrocatalytic activity of an electrocatalyst is the TOF 
for the given electrochemical reaction at given 
conditions. Yet, today we are usually not able to 
determine TOF quantitatively for any of our practical 
electrocatalysts, because it is very difficult to determine 
the number of electrocatalytic active sites. 

METHODS 
The difficulty of counting the number of active sites 
makes most workers look at the area specific electro-
catalytic activity, i.e. the number of chemical entities 
reacted per second per unit area of electrocatalyst with 
unit: cm-2 s-1. This is equivalent to current density for a 
given electrocatalytic reaction step in a given direction, 
and at eqiulibtium (open circuit voltage) it is equivalent 
to the exchange current density calculated using the area 
of active electrocatalyst. 
We will show using examples of oxygen and hydrogen 
electrodes that it is not trivial to determine the area ot 
the active electrocatalyst, but using impedance 
spectroscopy and cyclic potential sweep on model 
electrodes we may determine the relative order of 
electrocatalytic activity of different electrocatalytic 
active compounds8 and figure out to which extent 
various parts of an extrode that are electrocatalytic 
active9. Finally, we will point out that electrocatalytic 
steps need not be rate limiting steps in electrode 
reactions. Proposals for electrode reaction mechanisms 
will be presented. 
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BaZr0.8Y0.2O3-δ (BZY20) electrolyte nanoprecursors 

were prepared by Flame Spray Synthesis (FSS) 
technique. The nanoprecursors were composed of a 
perovskite phase, barium nitrate and doped zirconia. 
Pure BZY20 powder could be obtained after calcining 
the nanoprecursors at 1200°C. Both nanoprecursors and 
pure phase powder were sintered at 1600°C to obtain 
dense specimen. AC impedance spectroscopy performed 
on the sintered samples allowed correlation of the 
electrical properties of the samples to their 
microstructures. The sintered nanoprecursors compared 
with the sintered pure phase powders showed enhanced 
grain growth associated with an enhanced total proton 
conductivity of 7.7 × 10-3 S/cm at 450°C1.  

The effect of Ni doping on the sintering and 
electronic behavior of the BZY20 nanoprecursors was 
also investigated. Microstructures and electrical 
properties of 1% and 2% mol. Ni doped BZY20 were 
analyzed after sintering at 1400°C and 1500°C. The 
inclusion of Ni into the BZY20 lattice, though allowed 
to strongly reduce the sintering temperature, resulted to 
have a negative effect on the electrical properties of the 
material. A total proton conductivity of 4.1 × 10-3 S/cm 
at 450°C was measured for the 2% mol. Ni doped 
sample sintered at 1400°C2.  
 
1) F.Bozza, Y. Arroyo, T. Graule, Fuel Cells, 2015, 
DOI: 10.1002/fuce.201400179. 
 
2) F.Bozza, K. Bator, W.W. Kubiak, T. Graule, 
submitted. 
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INTRODUCTION 
Thermoelectric materials are used in power-

generation devices that can be designed e.g. for direct 
conversion of waste heat into electrical energy or for 
cooling applications in solid-state refrigeration devices. 
Especially, the conversion of waste or renewable heat 
may play an important role in development of 
alternative energy technologies to lower fossil fuels 
consumption and reduce greenhouse gas emissions. 

A number of different systems of potential TE 
materials are reviewed in the presentation. Research 
criteria for developing of new materials and devices are 
highlighted. These range from nanostructured  materials 
[1], segmented TE elements [2] to functionally graded 
thermoelectric materials FGTM [3]. The possibilities of 
application of strong gravity engineering technique in 
development of new TE materials are discussed. 

 Potential applications of TE materials including 
conversion of waste heat energy of automotive exhausts 
gases into electricity [4,5] and for improvement of 
effectiveness of selected devices in power plants [6] are 
considered.  
 
EXPERIMENTAL DETAILS 

High efficiency segmented thermoelectric 
unicouples STUs made of Bi2Te3 and CoSb3-based 
alloys doped with In and Te have been recently 
developed. The performance parameters of elements 
were tested on the constructed set-up for selected 
temperatures ranging from 288 to 673K. 
Characterizations of electrical resistances of contacts 
and materials were made by scanning thermoelectric 
microprobe (STM). 

The results of investigations indicate that 
constructed thermoelectric elements exhibit very high 
experimental maximal efficiency ηmax = 9.3% and 
power density of 1.48 W·cm-2 for temperatures TH = 
673 K at hot shoe and TC = 288 K at cold shoe.  
Measurements made by STM show very low electrical 
resistances of junctions from 16 to 22 µΩ·cm2 which 
effect in excellent load parameters for STUs:  Imax = 60 
A  
(at Uout → 0) and Iopt = 26 A for maximum power 
condition. 

The new method of preparation of functionally 
graded thermoelectric materials FGTM in ultra-high 
centrifugal force of about 106 G is developed. For 
preliminary studies simple Bi-Sb and Bi-Sb-Te systems 
had been chosen. Sedimentation experiment using 
ultracentrifuge of special construction (Kumamoto 

University, Japan) has been performed at different 
temperatures (265°C and 350°C) on alloys with 9:1, 8:2, 
7:3 and 6:4 Bi:Sb ratio, respectively, for period of 60 h. 
Changes in microstructure and composition were 
analysed using SEM microscope with EDX/WDS 
analyser. The Seebeck coefficient profiles, following the 
differences in experimental conditions and Bi:Sb ratio, 
were obtained using Scanning Thermoelectric 
Microprobe (STM).  

Theoretical calculations  confirmed that a 
maximum value of figure of merit ZTmax, as a function 
of carrier concentration, is attained just for one specific 
location of the Fermi level, with respect to the 
conduction band edge. The developed theoretical model 
allowed calculation of optimal dopant concentration 
profile especially in FGTM prepared by high-gravity 
sedimentation method. It was confirmed that for the 
optimal profile of carrier concentration the efficiency of 
TE elements can be improved by about 50%.  
 
CONCLUSIONS 

New thermoelectric materials for construction of 
waste heat recovery devices have been developed. It is 
predicted that designed thermoelectric generators can 
have potential to reach maximum efficiency of  9%. The 
preliminary economic analysis made for large scale 
thermoelectric generator TEG with power 44 kW has 
shown that TE technologies can be competitive to 
photovoltaic.  
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INTRODUCTION 

The hydrogenation of CO2 to hydrocarbons is a 
reaction of great potential and technological importance 
since it can lead to the production of renewable fuels but 
might also serve in the future as a means for decreasing 
the overall CO2 emissions. [1]. The hydrogenation of 
CO2 on Ru, which is known to give only CH4 and CO as 
products, has attracted considerable attention in recent 
years [2-4]. The electrochemical promotion of Catalysis 
(EPOC) or non-Faradaic electrochemical modification of 
catalysis (NEMCA effect) can be used to promote in situ 
the catalytic properties of metal catalyst films acting 
simultaneously as electrodes, which are deposited on 
solid electrolyte supports such as yttria-stabilized-
zirconia (YSZ, an O2- conductor), BaZrO0.85Y0.15O3-α 
(BZY, a H+ conductor),  Na-β″-Al2O3,  a Na+  conductor   
or  K-β″-Al2O3, a K+ conductor.  
 In this work the kinetics and the electrochemical 
promotion the hydrogenation of CO2 to CH4 and CO is 
compared for Ru porous catalyst films deposited on Na+, 
K+, H+ and O2- conducting solid electrolyte supports.  

EXPERIMENTAL  
Catalyst preparation: The solid electrolytes were discs 
of 8 mol% Y2O3-stabilized ZrO2 (YSZ) with 18 mm 
diameter and 2 mm thickness provided by Ceraflex, 
discs of β″-Al2O3 with 20 mm diameter and 3 mm 
thickness provided by Ionotec and discs of BZY 
(BaZr0.85Y0.15O3 + 1 w% NiO) with a diameter of 18 mm 
and a thickness of 2 mm provided by NorECs AS. Gold 
organometallic paste (Metalor, A1118) was used for the 
deposition of the Au counter and reference electrodes on 
one side of the discs, followed by calcination in air at 
650oC for 1 hr. Blank experiments showed that gold was 
catalytically inactive both for the methanation and the 
RWGS reaction. The Ru catalyst films were deposited 
on the other side of the discs, via impregnation of a 
150mM RuCl3 solution in isopropanol at 50oC, followed 
by calcination in air at 500oC for 1 hr. The loading of the 
catalysts was ~1 mg for Ru/Na-β″-Al2O3 and Ru/BZY, 
~2 mg for Ru/K-β″-Al2O3 and ~3 mg Ru/YSZ.  

Prior to any hydrogenation activity measurements, a 
reduction pretreatment in 5% H2/He was performed at 
300oC for 1 hr. The reaction was carried out in a 
continuous flow single pellet reactor analyzed in detail 
in previous papers [3, 4].  

RESULTS AND DISCUSSION  
It was found that varying catalyst potential has a 

pronounced effect on the rates of CH4 and CO formation 
and in product selectivity. An example is shown in 
Figure 1 which depicts the effect of the Ru catalyst 

potential, UWR, on the product selectivity. The 
methanation selectivity, SCH4, is generally enhanced with 
increasing potential for all four supports and this change 
in selectivity is very pronounced, particularly in the case 
of the K-β″-Al2O3 supported catalyst where the 
selectivity to CH4, SCH4, is enhanced from 4% to 97% 
upon increasing the catalyst potential by 0.5 V. 

CONCLUSIONS 
The electrochemical promotion of the CO2 

hydrogenation on Ru affects the catalytic rates and 
product selectivity in a very pronounced manner. 
Regardless of the type of promoting ion (O2-, H+, K+, 
Na+) the same trends are observed, i.e. the selectivity to 
CH4 is enhanced with positive potential (O2- supply to 
Ru, H+, Na+, K+ renewal from Ru) and the selectivity to 
CO is enhanced with negative potential (O2- removal 
from Ru, H+, Na+, K+ supply to Ru). The observed 
behaviour is in good agreement with the rules of 
chemical and electrochemical promotion [2].  

 

 
Fig. 1. Effect of catalyst potential, UWR, on the product 
selectivity of CO2 hydrogenation on Ru deposited on 
four different solid electrolyte supports.  
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INTRODUCTION  
Over the past decade, owing to the increasing need 

for clean energy production, significant effort has been 
made to exploit the properties of materials for 
applications in photovoltaic and related solar-harvesting 
devices [1]. Hydrogen generated by splitting of the water 
is one of the most potential forms of energy production, 
solar-harvesting devices can be an important source of 
sustainable energy and essential to decrease the 
consumption of fossil fuels. Metal oxides such as TiO2, 
ZnO, and WO3 have been investigated for water splitting 
with various morphologies [2]. Nevertheless, most of the 
metal oxides have large bandgap, leading to limited light 
absorption in the visible region, which impose a 
fundamental limitation on overall efficiency. One of 
methods is the use of semiconductor nanocrystals, 
known as quantum dots (QDs). QDs provide the more 
matches the solar spectrum better due to their absorption 
spectrum can be tuned with particle size. Additionally, it 
has been recently shown that QDs can generate multiple 
electron-hole pairs per photon, which could enhance the 
efficiency of the device [3]. 

In order to address this fundamental issue, we 
examine the combination of CdTe and InP QDs with 
ZnO nanowires for photoelectrochemical water splitting. 
Employment of CdTe QDs in water splitting system 
could be exactly measured the efficiency for water 
splitting reaction in aqueous system. 

The water splitting reaction was measured with the 
gold nanoparticles modified ZnO nanowires. Recently, 
the plasmon induced effects, such as “hot” electrons 
injection and the induced electromagnetic field, were 
demonstrated could improve the photovoltaic and the 
photoelectrochemical water splitting reaction [4]. 
Systematically investigation were designed for 
distinguishing the effects of the plasmon induced effects. 
 
EXPERIMENTAL  

Zinc nitrate, absolute ethanol, zinc acetate, and Te 
powder were purchased from Sigma-Aldrich. Sodium 
borohydride and hexamethylenetetramine (HMT) was 
obtained from Acros Organics. Cadmium chlorite and 
mercaptopropionic acid (MPA) were purchased from 
Fluka. All chemicals were used as delivered without 
further purification. Fluorine-doped tin oxide substrates 
were purchased from Hartford Glass Company. The 
water used throughout this investigation was of reagent-
grade, and was produced using a Milli-Q SP ultrapure-
water purification system from Nihon Millipore Ltd., 
Tokyo. F:SnO2 (FTO) was cleaned by ultrasonic 
agitation in acetone and ethanol bath individually. 100 

mL of a 0.06 M solution of zinc acetate in absolute 
ethanol mixed with ultrasonic agitation. The FTO 
substrates were wet with zinc acetate solution for 10 s, 
and then blown dry with stream of argon. This coated 
step was repeated eight times. The substrates were 
annealed at 350°C for 30 minutes to yield a layer of ZnO 
seeds. The seeded substrates were suspended 
horizontally in a reagent solution containing 0.06 M zinc 
nitrate and 0.06 M HMT in the Teflon vessel, and then 
sealed in autoclave and heated to 110°C for nanowire 
growth. The nanowire substrate was removed from the 
autoclave and thoroughly washed with the distill water 
after 24 hours of growth, and then dried in air. NaBH4 
(0.08 g) was reacted with Te powder (0.127 g) in water 
(1.0 mL) to produce sodium hydrogen telluride (NaHTe, 
0.99 M). The NaHTe solution (0.5 mL) was then added 
to a N2-saturated mixture (74.8 mL; pH 11.2) of MPA 
(38 mM) and CdCl2 (16 mM) to give a final 
Cd2+/MPA/HTe-molar ratio of 1 : 2.4 : 0.5. This mixture 
was then heated under reflux at 90 °C for 6 hours. The 
color of the solution changed from dark red to orange-
yellow. The CdTe QDs were purified by using 
centrifugation in absolute ethanol, which allowed 
removal of free ligands such as MPA and unreacted 
precursor ions from the CdTe QDs. A nanowire 
substrate was baked at 450°C for 30 minutes. After 
cooling in air the substrate placed nanowire-side up on 
the bottom of the vial containing the CdTe QD 
dispersion. After 24 hours the nanowire substrate was 
removed from the QD dispersion and thoroughly washed 
with the distill water, and then dried in the air. A module 
of three electrodes was used in an electrochemical test. 
A water splitting photoelectrode was used as the 
working electrode, a platinum plate served as the counter 
electrode and an Ag/AgCl was used as the reference 
electrode. All the PEC studies were operated in a 0.5M 
Na2SO4 (pH = 6.8) solution as the supporting electrolyte 
medium. Water was used as the solvent in all reactions, 
in which sodium citrate acted as both the capping 
reagent and the reducing agent. In a typical preparation, 
the colloidal nanoparticles were prepared by adding 5 
mL of sodium citrate (1%) to 50 mL of gold metal salt 
(HAuCl4, 0.4 mM) solution. The solution was heated at 
95 ˚C in an oil bath for 15 min, and then allowed to cool 
before the subsequent experiment was carried out. The 
as-prepared ZnO nanorod array substrates were placed 
with their nanowire side up in a gold nanoparticle 
solution for the desired duration. Following deposition 
in a chemical bath, the substrate was removed from the 
solution and washed by D. I. water to remove any excess 
gold solution. Illuminating the water splitting 
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photoelectrode with light source was a Xenon lamp 
using PE300BF equipped filters to simulate the AM1.5 
spectrum and ranged from 390 nm to 770 nm in visible 
region, in which light intensity fixed in 100 mW/cm2. 
Linear sweep voltammagrams, collected at a scan rate of 
20 mV/s at applied potential from -0.5 to +1.1V, 
Amperometric I-t curve of ZnO nanowires with 
decorating the CdTe QDs at an applied voltage of +0.5V 
at 100 mW/cm2. The UV/vis spectra of samples were 
obtained using a SHIMADZU UV-1700 
spectrophotometer at room temperature. The nanowires 
were performed using a JEOL JSM-6700F field 
emission scanning electron microscope (FE-SEM) that 
was equipped with an EDS probe. Transmission electron 
microscopy (TEM) was used to characterize the surface 
morphology of the samples. The images of high-
resolution transmission electron microscopy (HRTEM), 
electron diffraction patterns, and elemental mapping 
were collected on a JEOL JEM-2100F electron 
microscope. The specimens were obtained by placing 
many drops of the colloidal solution onto a Formvar-
covered copper grid and evaporating it in air at room 
temperature. Prior to specimen preparation, the colloidal 
solution was sonicated for 1 min to improve the 
dispersion of particles on the copper grid.  

 
RESULTS AND DISCUSSION  

To examine the photoresponse of this structure over 
time, I-t curve collected from the ZnO nanowires with 
loading of CdTe QDs (24 hrs) at +0.5 V. is shown in Fig 
1 (a). These results further confirm that photogenerated 
electrons quickly transport from CdTe QDs to ZnO 
nanowires. In the long term, the chemical stability issue 
of this structure could be addressed by depositing a 
monolayer on the ZnO nanowires. Fig. 1(b) 
demonstrated that the photocurrent response was almost 
identical over 50 cycles, demonstrating the stability of 
this structure and used as photoanodes were relatively 
stable in the photo-oxidation process in aqueous 
solution. The achieved high efficiency and stability may 
be attributed to major improvement. Monolayer 
deposition of CdTe QDs allow a fast and efficient 
transfer of the photogenerated electrons from CdTe to 
the ZnO nanowires, which lead to a much reduced the 
anodic decomposition/corrosion and much improved the 
stability of photodevices. 

 
 
 
 
 
 
 
 
Fig. 

1. (a) Amperometric I-t curves of ZnO nanowires 
with/without loading of CdTe QDs at 100 mW/cm2 with 
on/off cycles. (b) Stability of PEC performance after 50 
scans. [5] 
 

Figure 2 presents a model mechanism of the 
enhancement by localized surface plasmon resonance on 

an Au nanostructure. When the photoanode (Au-ZnO 
photoelectrode) captured solar illumination and ZnO 
simultaneously generated photoelectrons, the 
photogenerated electrons migrated to the conduction 
band of ZnO. Simultaneously, the Au nanostructure 
absorbed plasmon-induced irradiation, generating hot 
electrons and an electromagnetic field. 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Schematic illustration of the plasmon-induced 
effects on Au-ZnO photoelectrode.[6] 
 
CONCLUSIONS 

We demonstrated the QDs and gold nanoparticles 
could enhance the photoelectrochemical water splitting. 
The QDs could absorb the visible light and generated 
photocurrent and thus enhance the water splitting 
reaction. The gold nanoparticles coupled the surface 
plasma resonance induced effects, explaining why the 
coupling of hot electrons that were formed by plasmons 
with the electromagnetic field effectively increases the 
probability of the photochemical reaction in the splitting 
of water [6-9]. 
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INTRODUCTION 

  Nickel-metal hydride batteries are still one of the 
most used electrochemical power sources. Ni-MH 
batteries are much less toxic than nickel-cadmium 
batteries and still much cheaper and safer than lithium-
ion batteries. Although they are excellent for powering 
of many portable devices or Hybrid Electric Vehicles 
(HEV) [1, 2], the attainable current densities of Ni-MH 
batteries are not sufficient for their use in the devices 
demanding very high power densities or for usage at 
low temperatures. Preparation of new hydrogen storage 
alloys, used as the anode materials in Ni-MH batteries is 
one of the methods considered for the improvement of 
these batteries [3]  
 
EXPERIMENTAL  

Limited Volume-Electrode (LVE) method has been 
used in the study  of  the LaMm–Ni4.1Al0.3Mn0.4Co0.45, -  
typical AB5 alloy used in Ni-MH batteries which was 
deposited on gold matrix – neutral material to hydrogen 
sorption process. The electrode was placed in a 
specially designed PTFE holder [4]. We put the 
electrode between two pieces of separator (polyethylen) 
used in standard Ni-MH cells. Such experimental setup 
allows us to receive the electrochemical response from 
the pure alloy material, as no binder additives are 
necessary. All the measurements were performed in a 
three-electrode system in Teflon cell. MH-LVE 
electrode was used as a working electrode, Hg|HgO 
with 6M KOH and gold sheet were served as reference 
and counter electrodes. 

 
RESULTS AND DISCUSSION  

 A series of experiments using 1M solutions of alkali 
metal (Li, Na, K, Rb and Cs) bases: have been 
performed. One can observe that the activation process 
causes real surface increase (cracking of the grains). 
The capacity of the alloy obtained in CV technique is 
lower than in CA. These situation is due to non-
equilibrium state during voltammetric measurements 
(with scanning rate v=2mV/s). According to obtained 
results, the composition of the electrolyte significantly 
influences the electrochemical characteristics of the 
working electrode. The capacity value was obtained 
from charge of discharging electrode. The time required 
for full charge of electrode is dependent on the 
electrolyte composition. 
Hydrogen diffusion coefficient (DH) has been 
determined by charging and discharging working 
electrode maintaining constant current. The model of a 
finite space diffusion inside spherical particles was 

applied in the analysis of CA desorption curves [4], DH 
value can be calculated from the slope of a linear part of 
lnI vs. time plot.  DH changes non linearly in the 
function of state of charge (SOC) in a similar way for 
all the investigated electrolytes. At room temperature 
DH value in different alkali metal hydroxide electrolytes 
changes in an order: LiOH < NaOH < KOH > RbOH > 
CsOH. The corrosion process takes place during 
measurements (hydroxides and oxides are formed) and 
this process depends on the electrolyte composition. The 
strongest corrosion was observed in RbOH and CsOH. 
The time required for hydrogen desorption from the 
electrode is longer in lower temperatures. It is due to 
slower diffusion of the hydrogen through the alloy 
grains at lower temperatures. We suggest that it can be 
also due to the higher viscosity of the electrolyte at 
lower temperatures. It can be also due to the higher 
viscosity of the electrolyte at lower temperatures . 
 
CONCLUSIONS 

  The alloy is stable in wide range of temperature (0–
55ºC) and its structure remains is unchanged after the 
electrochemical treatment. The highest capacity and DH 
values have been observed in KOH solution. The 
decrease of the electrochemical capacity of the alloy 
was observed in other electrolytes LiOH, NaOH, RbOH 
and CsOH. It can be explained by strong interaction of 
the electrolyte with the surface of the alloy due to alkali 
metals intercalation and corrosion. Significant influence 
of temperature on capacity of the alloy has been 
observed. The decrease of temperature causes decrease 
of the capacity value. The capacity value is almost 
stable above 25oC. The results obtained suggest that the 
properties of the electrode made of the hydrogen storage 
alloy highly depend on the composition of the 
electrolyte. The presented electrochemical study is 
important in view of designing new electrolytes to be 
used in Ni-MH batteries. 
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ABSTRACT 
 
 Despite of the commercial success of lithium –ion 
batteries there is still need for energy storage systems 
with higher energy storage capacity longer cyclability 
and shorter charging time. To this end new positive and 
negative electrode materials are designed and studied in 
many university and industrial laboratories. Quite often 
these new electrodes do not work well with 
commercially available LiPF6 based electrolytes. There 
is a need for the new systems which characterized by 
conductivities electrochemical stabilities and safety 
superior to currently commercially available electrolytes. 
Although most of the investigations are carried out on 
lithium electrolytes sodium analogues seems to be 
equally important. One of the ways to enhance 
properties of the studied electrolytes is to develop new 
salts having relatively large anions with delocalize 
charge which lead to the limitation in the formation of 
ionic associates and in turn to the improvement in the 
conductivity and cation transference numbers 1-3. In the 
present work examples of newly developed lithium and 
sodium salts and their use in  liquid as well as polymeric 
electrolytes based on low as well as high molecular 
weight systems will be presented.  
 The lecture will be illustrated by some examples of 
application of newly designed electrolytes in batteries 
with novel electrode materials (silicon anode) and 
discussion on possible extension of its use in novel post-
lithium ion batteries assuming some unique properties of 
these electrolytes shown mainly on the bases of 
complementary electrochemical , X-ray and 
spectroscopic results 4-5.  

At the end formation of water hydrates in relation to 
possibility of application of these novel electrolytes in 
lithium-sulphur batteries will also be announced.  
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When it comes to electrocatalytic oxidations of 
importance to low temperature alcohol fuel cells, 
platinum nanoparticles are readily poisoned by the 
strongly adsorbed CO-type intermediate species 
requiring fairly high overpotentials for their removal. 
For example, to enhance activity of Pt-based catalysts 
toward the ethanol oxidation, additional metal or metal 
oxide nanostructures (rhodium, iridium, tin or 
molybdenum and tungsten oxides) will be intentionally 
introduced to the electrocatalytic interface. We are also 
going to demonstrate that catalytic activity of platinum-
based nanoparticles can be significantly enhanced 
through their interfacial modification with ultra-thin 
monolayer-type films of mixed-metal-oxo-species of 
titanium, cerium, zirconium or molybdenum and 
tungsten in their simple and polyoxometallate forms. It 
is noteworthy that certain metal and mixed-metal oxides 
can generate –OH groups at low potentials: they induce 
oxidation of passivating CO adsorbates (e.g. on Pt) or 
breaking C-H bonds (e.g. during oxidation of methanol 
or dimethyl ether). When combined with dispersed Rh 
or Ir, immobilized in the organized manner in the 
vicinity Pt sites, they tend to weaken C-C bonds during 
ethanol oxidation. 

Our research interests also concern development of 
electrocatalytic systems for reduction of carbon dioxide. 
For example, instead of conventional Pd nanoparticles, 
nano-sized Pd immobilized within tridentate Schiff-base 
ligands of the supramolecular complexes have been 
considered. Reduction of carbon dioxide begins now at 
less negative potentials and is accompanied by 
significant enhancement of the CO2-reduction current 
densities. Among important issues are specific 
interactions between nitrogen coordinating centers and 
metallic palladium sites at the electrocatalytic interface. 

We will also show that nano-electrocatalytic 
systems are of importance to the development of the 
effectively operating iodine-based charge relays in dye 
sensitized solar cells and in molecular electronic (charge 
storage) devices. The ability of platinum to induce 
splitting of I-I bond in the iodine (triiodide) molecule is 
explored here to enhance electron transfers in 
iodine/iodide redox couple. Following incorporation of 
Pt nanoparticles, charge transport has been accelerated 
within the triiodide/iodide-containing 1,3-
dialkylimidazolium room-temperature ionic liquid. 
When both Pt nanoparticles and multi-walled carbon 
nanotubes have been introduced to ionic liquid system, 
a solid-type (non-fluid) electrolyte has been obtained. 
The dye-sensitized solar cell with this electrolyte has 
yielded reasonably high power conversion efficiencies 
(up to 7.9% under standard reporting conditions). 

Significant progress has recently been made in the 
development of n-type metal oxide semiconductors able 
to act as sunlight-driven photoanodes for oxygen 
generation (photoelectrochemical water splitting to 
oxygen and hydrogen). Among important issue for the 
semiconducting oxides characterized by indirect optical 
transition are the long absorption depths in  visible part 
of the solar spectrum. We demonstrate here utility of 
gold nanoparticles (modified or stabilized with Keggin-
type polyoxometallates, PMo12O40

3-, as capping agents) 
to enhance photocurrents generated by mesoporous 
tungsten trioxide, WO3, photoanodes irradiated with 
visible light in aqueous solutions. We also demonstrate 
generation of localized surface plasmons at  the 
photoelectrocatalytic interface. 
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INTRODUCTION 

The electrochemical capacitors based on aqueous 
electrolytes start to be very attractive power sources. 
They present many benefits in comparison to capacitor 
operating with organic electrolytes even if the cell 
operating voltage is limited by the thermodynamic 
stability of water, i.e. 1.23V. Aqueous medium allows 
getting a higher charge propagation, better conductivity, 
construction out of glove box and low cost. However, 
they suffer from limited energy because of their lower 
operating voltage. The capacitance and voltage are the 
two main components of the formula of energy. The 
capacitance can be enhanced by applying nitrogen doped 
carbons, adding transition metal oxides and/or 
conducting polymers, hydrogen electrosorption etc.  

The extension of capacitor voltage above the 
thermodynamic limit is another big challenge. Various 
methods will be presented for this target. Using redox 
active couples, it was possible to increase the 
capacitance values as well as to extend the operational 
voltage.  

The application of neutral electrolytes and/or hybrid 
electrolytes is another interesting option to extend 
voltage. In this case, the specific energy of the system 
could be greatly improved. 
 
EXPERIMENTAL  

Activated carbons from NORIT or Kuraray in the 
form of powder/tissue were used as electrode materials.  
Carbon tissue served as self-standing electrodes without 
using binder. All carbons were carefully characterized 
physic-chemically by nitrogen sorption, surface 
chemistry measurements. Most of experiments were 
performed in Swagelok system where electrodes have 
mass of 8-10 mg. Apart from detailed electrochemical 
characterization (cyclic voltammetry, galvanostatic 
cycling, impedance spectroscopy, floating), in situ 
Raman spectroscopy was used.  

 
RESULTS AND DISCUSSION  

Most of electrochemical experiments were 
performed in neutral medium such as sulphates, nitrates, 
iodides of alkali metals. However, acidic (H2SO4) and 
alkaline (KOH) solutions were used for comparison. 
Example of cyclic voltammograms in various 
electrolytes is shown in Fig. 1. Extension of operating 
voltage was possible in the case of neutral medium and 
constructing of capacitor where both electrodes are 
operating in different electrolyte [1].   

 

 
Fig. 1. Cyclic voltammograms (10 mV s-1) for 

capacitors operating in different couples of electrolytes  
and single components  

 
Combination of various electrolytes is especially 

beneficial to enhance energy of capacitor reaching 
almost values of organic medium (shown in Fig. 2 as 
Ragone plot).  

 

 
Fig. 1 Ragone plot for capacitor in pH combined  

electrolytes  
 

CONCLUSION 
Capacitors operating in two well selected 

electrolytes of various pH is a next challenge to replace 
organic medium by more eco-friendly aqueous 
electrolytic solutions.  
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INTRODUCTION  

Composite overwrapped pressure vessels (COPV) 
for high-pressure gas fuels (CH2, CNG) storage, in 
order to increase safety of their usage, requires 
inspections of their technical condition. One of the 
methods for supporting preservation of technical objects 
from breakdowns is application of modern diagnostic 
tools (including measurement systems) that allow 
increase of reliability and safety of those objects during 
their operations. 

The aim of this work is a development of Structural 
Health Monitoring (SHM) system for integrity 
monitoring of a high-pressure composite vessel, 
designated for storing pressurised hydrogen at 700 bar 
of nominal working pressure. It is expected that the 
SHM system should provide continuous and reliable 
monitoring of the structure during its manufacturing, 
proof testing and  long operation and enable estimation 
of degradation level of the composite vessel load-
carrying layer, and by that determination of its safe 
operation period. 

 
MONITORING OF HIGH PRESSURE VESSELS    

Monitoring of COPV technical state is based on  
application of complex system to detect, localize, 
identify and predict development of a damage that can 
cause malfunction of the object now or in the future. 
This system performs constant measurement of various 
physical values (most often displacement, temperature) 
what allows determination of other parameters (for 
example distribution of stress/strain and temperature 
field, creep, initiation and propagation of delamination 
and fractures, detection and localization of leaks, etc.). 
It supports inspection of technical condition of COPVs  
and can increase safety of their use. 

The SHM system is made of: sensors (eg. strain, 
temperature, pressure, gas detectors, etc.), data 
transmission systems (passive) as well as reading, 
computation and indication units. Sensors must be 
integrated with monitored object during its production 
or assembling. On-board availability of reading units 
depends on monitoring strategy which is developed for 
vessel monitoring. 

 
CRITICAL PHASES OF COPV LIFETIME 

The most critical phases during COPV lifetime are:  
− Manufacturing: non-visible defects during 

winding and curing process, technological errors, 
etc. 

− Refuelling: temperature shock (-40 ÷ 85⁰C), 
overpressure, etc. 

− Accident: impact loading (non-visible defects). 
− Handling: installation, recertification/reinstallation. 
− Daily use: degradation of composite material, 

unauthorized/authorized service operation, 
exceeding of temperature limits, etc. 

 
MONITORING STRATEGY 

Strategy for monitoring of COPV may vary 
depending on the parameters that have to be controlled. 
Therefore following can be distinguished: 
− continuous or periodical monitoring (at each 

refueling, during servicing, etc.), 
− hydrogen leak detection (by hydrogen gas 

detectors), 
− damage evolution (only in constant monitoring), 
− state or event approach (strain, temperature, 

pressure or acoustic emission). 
Application of SHM systems in form of so called 

“on-board monitoring systems” that are systems 
permanently integrated with an object and allow 
constant measurement of critical structure parameters. 
Nevertheless it is possible to use it periodically for 
example by diagnostic stations during periodical 
servicing (periodic inspection and admissibility of 
vessel operations). Advantage of solution based on 
continuous monitoring is possibility of early detection 
of defects critical for construction and constant 
monitoring of them. In case of periodical servicing, 
analysis of registered changes of parameters is possible 
(i.e. deformation field) only in specific periods of time. 
Sensors will register history of loading (sum from the 
last measurement) and during servicing their 
verification will be possible (i.e. comparative analysis 
of the signals recorded earlier). Periodical 
measurements significantly reduce number of registered 
data. However, at the same time critical information, 
that have crucial importance for vessels operation 
safety, can be lost.  

CONCLUSIONS 
The most recommended solution for COPV 

monitoring is based on continuous measurements of 
parameters like: strain, temperature, hydrogen pressure 
and leaks, both during manufacturing process as well as 
normal operation and their analysis by on-board system. 
This approach is under development by COPERNIC 
project. 
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INTRODUCTION 

 Frequency dependencies of conductivity σ’(ω), 
[σ*(ω)=σ’(ω)-σ’’(ω), σ – conductivity, ω – angular 
frequency of external electric field] of the most common 
disordered ion conductors show an universal frequency 
response, the so-called first and second universalities 
[1].  The first universality is a characteristic frequency 
dependence of the real part of electric conductivity. 
Using a proper scaling method, it is possible to rescale 
such dependencies measured for various temperatures to 
a single curve, called the master curve. The first 
universality refers to the thermally activated hopping 
mechanism of ionic migration through solid state in 
microscopic scale. The second universality is the effect 
which occurs in materials at sufficiently low 
temperatures or in a range of high frequencies, where 
translational movements of ions through solid state do 
not contribute to dielectric loss. Because of this, the 
second universality is often called Nearly Constant Loss 
(NCL) effect. The universal response  was found to hold 
despite significant differences in structures and type of 
ionic charge carriers. 

Recently [2,3] we have shown that similar universal 
conductivity response display also crystalline, hydrogen 
bonded proton conductors regardless of fact that the 
microscopic mechanism of proton migration through the 
network of hydrogen bonds is quite different from the 
hopping of the “normal” (not protons) ions. 

This contribution aims to prove that similar 
universal conductivity response holds for crystalline 
proton conductors which undergo a phase transition 
from low (at lower temperatures) to high conductivity 
phase (at higher temperatures). The mechanism and 
dynamics of proton migration through the lattice 
changes significantly at the transition temperature Ts and 
our scientific objective is to find how it influences the 
conductivity frequency response. 
EXPERIMENTAL AND EXAMPLES OF RESULTS   

As an example  we show here some results of 
conductivity measurements for single crystalline 
(NH4)3H(SO4)2 (AHS), which undergoes superprotonic 
phase transition at 413 K.  The measurements were 
made using A.C. impedance spectroscopy (Broadband 
Dielectric Spectrometer, Novocontrol GmbH) in the 
frequency range 0.1Hz – 3GHz along the c* direction (⊥ 
(001) plane). Fig. 1 shows the temperature dependence 
of DC conductivity (Arrhenius plot) and Nyquist plots 
for three selected temperatures from different ranges. In 
Fig. 2 the master curve for the superionic phase is 
presented. Worth noting is a very good consistency of 
the results obtained in two frequency ranges (below and 
above 1 MHz), using two different  sample cells. 
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Fig. 1 Arrhenius plot and examples of  Nyquist plots in 
various phases of  AHS  
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Fig. 2 Master curve and frequency dependencies of the 
real part of conductivity for a AHS sample in superionic 
phase (open points ν < 1MHz, full points ν > 1 MHz) 
CONCLUSION 
Conductivity spectra of  (NH4)3H(SO4)2 show in the 
superprotonic phase  the same universal features as 
common disordered solid state ionic conductors. 
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INTRODUCTION 

The main advantage of the narrow-band gap 
semiconductors such as CdS, CdSe, Ag2S or InSb, is 
their ability to absorb light from the visible range. 
Among them, cadmium sulfide draws a lot of attention, 
mainly when coupled with TiO2. Such a heterojunction 
composed of nanomaterials (2D, 1D, 0D) can be 
successfully applied in photocatalytic reactions, for 
example in the photoelectrochemical production of 
hydrogen [1,2]. The interesting feature of the 
nanomaterials is that their properties are determined not 
only by their chemical composition but also by 
morphology, surface properties and electronic structure. 

The easiest and best repeatable way of CdS 
nanopowders preparation in the case of CdS is the 
precipitation method (solubility product is ~10-28). Thus, 
it was chosen as a starting point. The aim of the present 
study was to investigate the effect of preparation 
parameters of CdS on broadly-taken physico-chemical 
properties. 
EXPERIMENTAL 
 Precipitation of CdS nanopowders. Nanoparticles of 
CdS were prepared with the use of precipitation method 
by mixing Cd(NO3)2 and Na2S water- or methanol-based 
solutions to obtain orange or yellowish precipitate. 
 TiO2 flower-like nanostructures preparation. TiO2 
flower-like nanostructures (TiO2-NF) were prepared 
from Ti foils according to the procedure described in our 
previous work [2]. After preparatory procedure, Ti foil 
was immersed in 30% H2O2 at elevated temperature for 
15, 45 and 120 min and afterwards, rinsed, dried, and 
annealed in an Ar atmosphere at 450oC. 
 Deposition of CdS. TiO2-NF, Ti foils and TiO2-P25 
were covered with CdS nanoparticles with the use of the 
successive ionic layer adsorption and reaction (SILAR) 
procedure using water- (w-CdS) and methanol-based 
solutions (m-CdS) as precursors (Cd(NO3)2, Na2S) and 
precipitation method. 
 Measuring techniques. In order to preform 
characterisation of nanopowders and nanoparticles 
deposited on Ti and TiO2-NF, the measurement 
techniques were used as follow: SEM, TEM, XRD, 
spectrophotometry and current-voltage measurements in 
the photoelectrochemical cell (PEC). 
 
RESULTS AND DISCUSSION  
 Based on the TEM analysis it was found that CdS 
nanopowders with the particles size ~4 nm are partially 
agglomerated. XRD measurements revealed that w-CdS 
nanoparticles crystalize probably in the cubic structure 

and m-CdS in hexagonal one, however, due to the large 
peak width at half-height a mixture of two phases cannot 
be excluded (Fig.1). 

 
Figure 1. Diffraction pattern of CdS nanopowders prepared 
from water- and methanol-based solutions. 
 

TiO2-NF were found to be a mixture of tetragonal 
phases of anatase and rutile wherein the ratio changes 
along with the H2O2-oxidation time. Measurements of  
I-V characteristics with/without white-light illumination 
revealed a significant incensement in the photocurrent 
for CdS-TiO2-NF in comparison to the TiO2-NF (Fig.2). 

 
Figure 2. Current–voltage characteristics for TiO2-NF 
unmodified and CdS-modified. 
 
CONCLUSIONS 

Based on the different ways of preparation of CdS 
nanoparticles and deposition on different substrates it 
was found that the physico-chemical properties are 
determined not only by the chemical composition of the 
material but also by varieties of attributes such as shapes 
and forms of the same substance. 
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INTRODUCTION 
 

Li2MnSiO4 is one of the most promising among all 
of polianionic cathode materials for li-ion batteries [1–
8]. Thanks to its unique composition the material is 
characterized by high theoretical capacity (333 mAh 
g−1) and potentially low production costs. On the other 
hand, the main disadvantage of Li2MnSiO4 is its 
extremely low electrical conductivity [4]. According to 
Dominko et al. an electronic part of Li2MnSiO4 
conductivity is responsible for its poor electrochemistry 
[5]. The preparation of nanograined material and its 
modification by carbon coating is in this case essential 
to provide good electrochemical properties [1,4]. 
Another drawback of this material is its structural 
instability in charge/discharge process. There is a 
number of reports showing that Li2MnSiO4 cathode 
material undergoes amorphization in the first few 
charging/discharging cycles [3,6]. The degradation of 
crystalline structure can be explained by Jahn–Taller 
distortion associated with changes in lattice parameters 
during Mn3+→Mn4+ transition [7]. Another explanation 
may be the occurrence of secondary reactions between 
electrolyte and delithated forms of lithium manganese 
silicate (LiMnSiO4 and MnSiO4). The aforementioned 
structural changes of the material entail variations in 
electrochemical properties of Li2MnSiO4 [8]. 

The goal of this studies is to examine structural 
changes of Li2MnSiO4 and C/Li2MnSiO4 which occurs 
in first electrochemical charging/discharging cycle. 
 
EXPERIMENTAL  
 

The Li2MnSiO4 and C/Li2MnSiO4 materials were 
prepared via Pechini's sol–gel reaction. Detailed 
description of synthesis procedure and structural 
characterization of the material can be found in our 
previous work [8-10]. Obtained materials were studied 
using in-situ XRD, TEM, SEM, AAS/AES, TGA, EIS, 
IS, CV techniques. 

 
RESULTS AND DISCUSSION  

 
To determine degradation mechanism of 

Li2MnSiO4 and C/Li2MnSiO4 in working Li-ion cell two 
different aspects of LMS performance were analyzed. 
First was corrosive properties of liquid electrolytes. 
Solubility of manganese from LMS and C/LMS samples 
(occurring during electrochemical reaction) in LiPF6 
solution in EC:DMC (1:1) was studied. On the other 
hand using in-situ XRD and TEM analysis in different 
SOC (in initial cycle in 1.5-4.8V potential range) the 

process of amorphization of crystalline LMS was 
examined. 
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INTRODUCTION 

The figure of merit, determining their thermoelectric 
usage, strongly depends on temperature. The most 
popular thermoelectric materials at near-room 
temperature are BiTe-based compounds. Recently BiTe 
and BiSb materials experience a big revival due to 
unique properties of their surface electron states 
(topological insulators) [1-3]. Various scientific groups 
have reported that making a solid solution of Bi2Te3 and 
isomorphous compounds such as Sb2Te3, PbTe or GeTe 
[4-6] leads to the controlled increase of carrier 
concentration and to the reduction of lattice thermal 
conductivity. Thermoelectric properties can be also 
controlled by suitable structural modifications. In order 
to reduce the lattice component of thermal conductivity, 
such modifications as nanostructuring, forming thin 
films or forming multilayer systems may be performed. 
However, these modifications also lead to a decrease of 
carrier mobility. One of the solutions can be a 
fabrication of composite material consisting of grains 
with different size, but an optimal ratio between fine and 
coarse grains should be maintained. 

Basing on the literature reports and authors 
experience in the field of glasses an innovative method 
of thermoelectric material fabrication was suggested. 
Starting from oxide powders, melting at high 
temperature in air, quenching and reducing in hydrogen 
should lead to a formation of complex structure. 
Depending on the initial composition of reagents various 
products can be obtained. Moreover, the temperature of 
reduction will influence the final composition and 
structure of fabricated sample. The final product should 
present both structural and thermoelectrical properties 
sufficient for thermoelectric applications. For example, 
it seems to be possible to fabricate a layered structure 
with a controlled composition and thickness of every 
layer. 

The aim of this work is to present a novel method of 
thermoelectric materials fabrication. Its potential and 
limitations will be considered with regard to the results 
obtained for Bi-Te, Bi-Sb-Te and Te-Ag-Ge-Sb (TAGS) 
alloys fabricated with this method. 
 
EXPERIMENTAL  

Oxide samples of various compositions have been 
produced from appropriate reagent grade oxides. First, 
the reagents were pulverised in an agate mortar and 
melted in a ceramic crucible at 1000°C in air for 2 hours. 
Pouring them on a stainless steel plate quenched the 
melts. As a result, bulk samples of complex structure 
have been obtained. In the next step the samples were 

ground in an agate mortar to obtain a powder. Then the 
powders were reduced at temperature above 340 °C in 
H2 for at least 10 hours. After that it was put to the 
cylindrical matrix and shortly pressed uniaxially in a 
hydraulic press under elevated temperature (180°C) in a 
hydrogen atmosphere. In consequence, bulk cylindrical 
pellets (h≈5mm; Ø≈5mm) of a metallic colour have been 
obtained.  

The X-Ray Diffraction method (XRD) and 
Scanning Electron Microscopy (SEM) have been used to 
analyze the morphology of fabricated samples. The 
electrical conductivity (σ) using the four terminal DC 
method and Seebeck coefficient (α) of cylindrical 
samples were measured over temperature range from -
196 to +127 °C in argon atmosphere. The values of 
Seebeck coefficient were calculated in reference to Pt. 
The total thermal conductivity was determined at 35 °C 
on the basis of the analysis of heat transfer between two 
copper blocks in vacuum conditions.  
 
CONCLUSIONS 

The novel method of thermoelectric materials 
fabrication will be presented. Our investigations have 
shown that starting from oxide compounds, it is possible 
to fabricate multi-component materials, which are very 
promising for thermoelectric applications, such as Bi-Te, 
Bi-Sb-Te or Te-Ag-Ge-Sb (TAGS) alloys. The 
stoichiometry and structure of a final product can be 
controlled by methods described in this article. The 
suggested methodology is easy and enables to control a 
material structure.  
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INTRODUCTION 
 

Presence of electronic conductivity affects 
applicability of ionic conductors as solid electrolytes for 
fuel cells, potentiometric oxygen sensors, electrolytes or 
oxygen pumps and other electrochemical applications. 
Therefore determination of transference numbers of 
materials of potential applicability is one of the most 
important research tasks. 

The BIMEVOXes are solid solutions based on 
substitution of V and/or Bi of other metals in the parent 
compound, Bi4V2O11-δ. High oxide ion conductivity at 
relatively low temperatures in the BIMEVOX family of 
solid electrolytes has made it of great interest and they 
are considered as the best oxide ion conductors in 
intermediate temperature range below 600°C.  

Relation between ionic and electronic conductivity 
of BIMEVOXes are rather rarely discussed in literature 
[1, 2]. High temperature tetragonal γ phase is considered 
as mostly ionic conductor, while orthorhombic α and β 
phases are expected to have noticeable electronic 
contribution of total conductivity.   

One of the methods commonly used to determine 
transference numbers in ionic conductors is the EMF 
method, which gives oxygen ion transference number 
directly by comparing experimentally measured voltage 
in a concentration cell to the theoretical Nernst potential 
of the cell. However, applying this method directly to 
Bi2O3-based materials is difficult due to the existence of 
significant polarization resistance at the electrode-
electrolyte interface. Recently developed approach, 
based on a modified EMF method under external load 
resistance conditions [3] or external voltage source [4], 
enable accuracy improvement in the determination of 
electronic contributions to the total conductivity. 

The aim of the present work was to apply this 
method to investigate ionic and electronic transport 
properties of selected BIMEVOXes (ME = 
Cu,Cr,Nb,Ta,Mn). The experimental conditions were 
examined and discussed to evaluate validity of this 
method in comparison to theoretical aspects and 
problems presented in articles [4-5]. 

 
EXPERIMENTAL 
 

The transference numbers of the gas tight ceramics 
were measured using the concentration cell: O2(pO2 = 
1.01 × 105 Pa);Pt|Oxide|Pt; O2(pO2 = 0,21 × 105Pa) by 
EMF method with external voltage source simulating 
the effect of enhanced electronic conductivity in range 
of 450°C-800°C. The total conductivity of the sample 
was examined by a.c. impedance spectroscopy. In both 

cases (EMF method and a.c. impedance spectroscopy) 
four probe electrical setup was applied. 
RESULTS AND DISCUSSION  

 
Ionic conductivity dominates in studied temperature 

range for all investigated materials. Example is shown 
in fig. 1 for parent material Bi4V2O11-δ.. Electronic 
conductivity exhibits higher activation energy then in 
case of ionic contribution, therefore transference 
number decreases slightly as temperature increases. 
Oxygen transfer kinetics from gas phase to electrolyte 
on surface with platinum electrodes is relatively slow 
below 500°C. The measurements confirmed, that 
orthorhombic phases of BIMEVOXes have slightly 
lower ion transference numbers. Presented results 
confirm high ionic transference numbers for 
BIMEVOXes and their potential applicability as 
electrolytes in electrochemical applications. 

 

 
Fig. 1.Ionic and electronic conductivity of Bi4V2O11  
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INTRODUCTION 
 

Lithium salts with so-called Hückel anions gained 
significant interest since the first attempt of their 
application in electrolytes dedicated to lithium batteries.  
Anions with the charge delocalized onto the whole 
structure offer possibility to obtain highly conducting 
systems in a wide salt concentration range. In particular 
properties of lithium and sodium 2-trifluoro-4,5-
dicyanoimidazolates (TDI) doped electrolytes attracted 
major attention and have been intensively studied. 
Several others, such as tricyanodiazolates, 
tricyanoimidazolates and tetracyanopyrrolates have also 
been obtained. 

Knowledge of anion- cation interactions, cation 
solvation and the structure of the electrolyte is necessary 
for effective development of materials for energy 
conversion and storage. This can be achieved with the 
use of theoretical modeling, crystal structure analysis or 
spectroscopy data. Particularly fruitful is combining of 
these methods, which brought in the last recent years a 
significant progress in the understanding of electrolyte 
systems. Comparing the XRD structures with Raman 
spectra we have identified spectral fingerprints of 
various structural motifs such as ionic pairs, dimers, 
"free ions" and higher aggregates.  The coordination 
modes existing in the crystalline solvates repeat in the 
amorphous and liquid systems,  serving as a tool to study 
the conductivity behavior. The comprehensive analysis 
of crystalline materials via XRD and spectroscopy 
studies reveal the coordination preferences of the studied 
anions and provide the basis for further developing a 
model for polymer and liquid  electrolytes.  
 
CONCLUSIONS 

The comprehensive analysis of Raman data 
performed for a series of crystalline solvates provided 
the basis for the correlation of spectral patterns with 
various types of structural motifs. On the basis of the 
results obtained we postulate a dissociation mechanism 
in the cyano substituted imidazolate and pyrrolate salts– 
oligoethers systems. 
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INTRODUCTION 
State-of-the-art Li-ion batteries, despite their huge 
commercial success, suffer from lack of safety and not 
sufficient energy density. This results in either bulky 
and heavy or low capacity batteries. Safety issues arise 
from inflammability of standard liquid, non-aqueous 
electrolytes, whereas energy density is limited by 
voltage and charge accumulated in a battery. To 
overcome these limitations one may substitute liquid 
electrolyte with inorganic solid membrane exhibiting 
sufficient mobility of ions and lack of electronic 
conductivity [1]. Among various amorphous and 
crystalline materials titanium-based oxides show 
remarkably high ionic conductivity [2], albeit they are 
vulnerable to reduction, i.e. possesses relatively low 
upper edge of electrochemical window. It was 
demonstrated by Padhi et at. [3] that inductive effect can 
strongly affected location of redox couples therefore in 
this work we search for appropriate substituents to alter 
and tune position of Ti4+/Ti3+ redox potential. 
In this work we present comparative study of two kinds 
of promising lithium solid electrolytes. The first one is 
La2/3-xLi3xTiO3 (LLTO) perovskite and the second one is 
LiTi2(PO4)3 (LTP) nasicon. For comparison 
Li7La3Zr2O12 garnet (LLZO) and Li4Ti5O12 spinel 
(LTO) were included. In order to examine the effect of 
chemical composition on location of redox potential the 
following series are studied:  La2/3-xLi3xTiO3 (x=0.02, 
0.05, 0.08, 0.11, 0.14, 0.167) and Li1±yTi1.7Me0.3(PO4)3 
(Me=Al, Ga, In, Ti, Zr, Ge, Nb). 

EXPERIMENTAL  
Solid electrolyte samples were synthesized using 

conventional high-temperature solid-state reaction 
method. Crystal structure was confirmed using X-ray 
diffraction method. Ionic conductivity was measured 
using impedance spectroscopy technique. Cyclic 
voltammetry (CV) was applied to evaluate location of 
electrochemical window. CV scans were recorded on 
Li|Li+|(WE) cells, where “Li+” denotes 1 M solution of 
LiPF6 in EC/DEC (1:1 vol.), “WE” denotes composite 
of solid electrolyte material (82 wt.%), carbon black (12 
wt.%) and PVDF (6 wt.%). 

  
RESULTS AND DISCUSSION  

Fig. 1 shows comparison of typical voltammetric 
profiles for the LLTO, LTP, LLZO and LTO in a 1 – 4 
V range vs. Li+/Li. During cathodic sweep clear current 
peak associated with reduction Ti4+ + e- → Ti3+ was 
observed defining edge of electrochemical window. For 

the LTP phosphate maximum cathodic current was 
observed for 2.37 V vs. Li+/Li. In the case of oxides  
reduction took place at 1.50 V (LTO) and at 1.48 and 
1.14 V (LLTO). Upon reverse sweep all the peaks had 
their counterparts indicating reversibility of the redox 
processes. At the same conditions no redox process was 
observed for LLZO pointing to its high electrochemical 
stability due to lack of reducible ions. Present study 
points to possibility of further tuning location of this 
potential by variation of lithium content of LLTO 
structure and by partial substitution of titanium in LTP. 
 

 
Fig. 1. Cyclic voltammograms measured for 
Li|Li+|(tested sample) cell. Scan rate 0.1 mV/s. 
 
CONCLUSIONS 

Cyclic voltammetry technique was successfully 
applied to evaluate electrochemical stability of lithium 
conducting inorganic solid electrolytes. Among the 
studied compositions only LLZO garnet proved to be 
stable in the studied potential range. Careful selection of 
anode materials has to be made for LLTO and LTP, in 
order to fit into their electrochemical window. 
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INTRODUCTION 

Fluorite like δ-phase of Bi2O3 is a compound 
characterized by highest known oxide ions conductivity 
of any solids what makes this material a promising solid 
electrolyte in the wide range of electrochemical devices, 
such as Low or Intermediate Temperature Solid Oxide 
Fuel Cells (LT-SOFC or IT-SOFC), oxygen detectors or 
oxygen pumps. Since the highly conductive δ-
polymorph is stable in narrow temperature range (ca 
730ºC-825ºC) [1], research effort is focused on 
stabilizing this phase to lower temperatures by partial 
substituting bismuth cations with cations of other metals 
like Nb, Y, Yb, Er. 

In this study, ab initio DFT simulations are used in 
order to examine electron and crystal structure, oxide 
ions diffusion and vacancy ordering in the fluorite-like 
type-II Bi3NbO7. 
 
EXPERIMENTAL  

Series of molecular dynamics density functional 
theory calculations were performed using the Vienna 
Ab-initio Simulation Package (VASP) for a range of 
elevated temperatures from 1223K to 1373K. The 
electron–ion interactions were described by the full 
potential projector augmented wave method. The 
sampling of the Brillouin zone was performed using the 
Monkhorst–Pack scheme with k-mesh of 1 × 1 × 1. All 
calculations were performed under periodic boundary 
conditions. 

 Structural studies of Bi3NbO7 reveal high structural 
disorder [2], therefore to model it, five parallel runs over 
60ps, with different initial anion and cation distributions 
were performed in a 2x2x2 super-cell (88 atoms in 
total). Lattice parameters and initial atom positions were 
obtained from X-ray and neutron diffraction. 

 
RESULTS AND DISCUSSION  

The preferred six-folded coordination of niobium 
cations was observed, that is in agreement with 
structural studies. This results in high concentration of 
oxide ion vacancies around Nb5+ cations (on average two 
vacancies per niobium cation) and consequently in a 
very low content of vacancies in bismuth rich areas. 
Oxide ion trajectories were examined in order to 
describe rotational movement of oxide ions around 
niobium cations (Fig. 1). In contrast the translational 
movements of O2- in the bismuth rich areas are observed.  

 
 

CONCLUSIONS 
Ab initio calculations for type-II Bi3NbO7 show a 

strong preference for niobium ions to adopt octahedral 
coordination environments with oxide ions, which has 
the effect of decreasing the number of mobile vacancies 
and promoting short range, rotational-like movement of 
oxide ions around Nb5+ cations.  

 
Fig. 1. Isosurface representation of oxide ion density 
around a typical niobium cation (blue sphere) in type-II 
Bi3NbO7 at 1223 K. The octahedral coordination 
polyhedron around Nb5+ is indicated by black lines. 
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INTRODUCTION 
 

Due to the high energy density, the lithium-ion 
batteries (LIBs) have achieved a leading role in the 
consumer electronics market, where they are the key 
components of the portable equipment. Moreover, their 
applications are still expanding from small computing 
and telecommunication devices to large-scale 
appliances, such as hybrid electric vehicles (HEV), 
electric vehicles (EV) and stationary energy storage 
systems [1].  

Lithium manganese oxide spinel (LiMn2O4, LMO) 
has been extensively studied as one of the most 
promising cathode materials for Li-ion batteries. 
Comparing with layered Ni or Co oxides, LMO spinel is 
inexpensive, more abundant, less toxic and exhibits good 
thermal stability as well as competitive practical 
capacity [2]. In spite of advantages, the stoichiometric 
spinel suffers from considerable capacity fading on 
cycling, which is originated from the instability of the 
spinel structure and the dissolution of manganese into 
the electrolyte [3]. Thus, the advancement in the 
electrochemical reversibility and chemical stability of 
LiMn2O4 becomes more and more important. 

This work evaluates the influence of different 
electrolyte compositions on stability of lithium 
manganese spinel materials, in which structural 
properties were improved by partial substitution with 
sulphur in the oxygen sublattice [4, 5]. 
 
EXPERIMENTAL 
  

A modified sol-gel method [4] was employed to 
synthesize nanostructured LiMn2O4 and LiMn2O3.99S0.01 
spinel materials. The syntheses were carried out with an 
argon flow to prevent oxidation of the Mn2+ ions. 
Condensation of the formed soles was performed at 90 
°C for 3-4 days, and then the obtained xerogels were 
calcined in air at 300 °C and subsequently at 650 °C. 

Different electrolyte solutions were prepared in an 
argon-filled glove box (O2 and H2O levels less than 0.1 
ppm), using three salts (LiPF₆, LiClO₄ and LiTFSI) 
along with five various organic solvents (EC, DEC, 
DMC, TMS, EMC). 

To characterize the physicochemical properties of 
the obtained Li-Mn-O-S spinel systems X-ray powder 
diffraction (XRD) and differential scanning calorimetry 
(DSC) were used. Atomic absorption/emission 
spectroscopy analysis (AAS/AES) was employed to 
determine the manganese dissolution from the spinel 

materials. To examine the electrochemical behaviour of  
the electrolyte solution and cathode material 
compositions using Li/Li+/LiMn2O4-ySy cells, 
galvanostatic charge/discharge tests (CELL TEST) were 
performed on R2032 coin-type assembly. The 
electrochemical impedance spectroscopy (EIS) 
measurements were conducted as well.  

 
RESULTS AND DISCUSSION  

 
X-ray diffraction confirmed that single phase 

nanomaterials of LMO spinel structure and Fd-3m 
symmetry were successfully obtained by the sol-gel 
method. Chemical stability of the synthesized spinel 
materials towards liquid electrolytes was verified on the 
basis of thermal analysis methods. The studies of 
cathode degradation upon electrochemical reactions, 
carried out with various electrolyte solutions, enabled 
identification of the most appropriate electrolyte 
composition. 
 
CONCLUSIONS 
 

It can be pointed out that partial substitution of 
sulphur in the oxygen sublattice suppresses the Jahn-
Teller distortion as well as enhances the electrochemical 
behavior. It was demonstrated that Li-Mn-O-S systems 
reveal higher capacity and improved cyclability 
(capacity retention) than stoichiometric spinel. 
Additionally, it was indicated that both, chemical 
stability and electrochemical reversibility of spinel 
materials highly depends on electrolyte composition. 
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INTRODUCTION 
 

The search for light weight, high energy and power 
density lithium-ion batteries (LIBs) has increased in the 
recent years due to growing demand for energy in the 
field of large scale applications (e.g., hybrid electric 
vehicles, electric vehicles and stationary energy storage 
systems) [1]. 

One of the most attractive cathode materials for 
rechargeable lithium-ion batteries is lithium manganese 
oxide spinel (LMO). The LiMn2O4 reveals many 
intrinsic features such as low cost, wide abundance of 
resources, environmental benignity, high potential, 
excellent safety and  sufficient practical capacity (about 
140 mAh·g-1) [2-4]. However, the poor cycling behavior 
of stoichiometric spinel is the main issue which hamper 
its broad application. The reasons responsible for the 
capacity fading are as follows: unstable crystal structure 
and manganese dissolution [5]. To circumvent these 
obstacles, many research efforts have been made so far. 
Synergetic substitution of nickel and sulphur in the 
LiMn2O4 spinel structure is considered as a useful 
strategy which could improve the structural and 
chemical properties, leading to the promotion of cycling 
stability [6]. 

The aim of this work was to find the best 
compromise among chemical composition and 
physicochemical properties as well as electrochemical 
performance of LiMn2-xNixO4-ySy spinel materials. 
 
EXPERIMENTAL 
  

A modified sol-gel method was carried out to 
synthesize Ni and S doped LiMn2-xNixO4-ySy spinel 
materials (0 ≤ x ≤ 0.5 and y = 0.01). All the syntheses 
were conducted under flow of argon to prevent 
oxidation of the Mn2+ ions. Condensation of the formed 
soles was performed at 90 °C for 3-4 days. Finally, the 
obtained xerogels were calcined in air at 300 °C and 
next at 650 °C [7,8]. 

The dependence between chemical composition of 
the Li-Mn-Ni-O-S spinel systems and their 
physicochemical and electrochemical properties was 
extensively investigated by using X-ray powder 
diffraction (XRD), differential scanning calorimetry 
(DSC), low-temperature nitrogen adsorption/desorption 
measurements (N2-BET), electrical conductivity studies 
(EC), galvanostatic charge-discharge tests (CELL 
TEST), cyclic voltammetry (CV) and electrochemical 
impedance spectroscopy (EIS). 

RESULTS AND DISCUSSION  
 
Experimental results indicated that the applied 

method of the spinel synthesis allows obtaining of 
homogeneous nanostructures and enables the effective 
substitution of nickel and sulphur in the LiMn2O4 spinel 
structure. The performed studies showed that as Mn or 
O are replaced by Ni or S respectively, the adverse 
phase transition close to room temperature diminishes 
and the cycling performance enhances due to 
stabilization of spinel structure. Compared to the 
pristine stoichiometric spinel, the Li-Mn-Ni-O-S 
materials exhibit higher capacities, increased cycling 
stability and better rate capability.  
 
CONCLUSIONS 
 

On the whole, the presented investigation 
demonstrated the favourable characteristics of nickel 
and sulphur doped lithium manganese oxide spinels. 
The improved properties of modified spinel materials 
could be ascribed to the effect of synergetic substitution 
of Ni and S that resulted in stabilization of the spinel 
structure, enhancement of the chemical stability and 
advancement of electrochemical behaviour. 
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INTRODUCTION 
 

Many people assume that aerogels are recent 
products of modern technology. In reality, the first 
aerogels were prepared in 1931 by Steven S. Kistler. 
After this discovery, new developments in aerogels 
science and technology occurred rapidly.  

Carbon aerogels are a special class of 
nanostructured and highly porous aerogels that have 
been broadly studied in the last few years. These 
ultralight carbon materials exhibit extraordinary 
properties including well-defined and controlled 
porosity, large surface area, mechanical strength, 
chemical stability and low electrical resistance which 
make them desirable materials for a wide range of 
technological applications (eg. thermal insulation, heavy 
metal absorption, energy storage, catalyst supports and 
biomedicine) [1-3]. Generally, carbon aerogels are 
formed from the sol-gel polymerization of resorcinol and 
formaldehyde, followed by supercritical drying, and 
subsequent pyrolysis at an elevated temperature in an 
inert atmosphere [4]. Though, the use of natural 
polysaccharides and their derivatives is considered to be 
more appealing owing to their abundance, availability, 
renewability, stability, non-toxicity and low cost [5-8]. 

 In this work, the impact of botanical origin of 
natural starches on thermal, structural, textural and 
electrical characteristics of carbon aerogels was 
determined. 
 
EXPERIMENTAL  
 

To synthesize carbon aerogels, different types of 
starches (potato, maize and rice) were taken as the 
starting materials. In the first step the polycondensation 
of polysaccharides was carried out. The starch hydrogels 
were then kept immersed in ethanol for few days in 
order to replace water trapped inside the pores. In the 
third step, the new solvent (ethanol) was extracted by 
drying the alcogels. The last step in which the carbon 
aerogels were obtained involved the carbonization of 
organic aerogels. 

The gelatinization temperature of starches was 
studied using differential scanning calorimetry (DSC). 
Decomposition of organic aerogels during pyrolysis was 
evaluated by thermal analysis methods 

(TGA/DTG/SDTA/EGA-IR). The structure and the 
morphology of the prepared carbon materials were 
investigated using X-ray powder diffraction (XRD) and 
scanning electron microscopy (SEM). Electrical 
properties of the obtained aerogels were examined by 
electrical conductivity studies (EC) using 4-probe AC 
method within temperature range of -20 °C to +40 °C.  

 
RESULTS AND DISCUSSION  

 
Carbon aerogels were successfully synthesized 

through the gelatinization process of natural starches 
(potato, maize and rice) followed by the carbonization of 
organic aerogels. This method enabled fabrication of  
carbon materials with tailored properties. In addition, it 
was examined that the thermal, structural, textural and 
electrical characteristics of the final products depend on 
the botanical origin of starches and can be easily 
controlled by different factors of the synthesis process.  
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INTRODUCTION 

 
To improve the energy density of lithium-ion 

batteries, researches have been attempted to explore 
novel electrode materials [1-3]. Among the available 
anode materials, tin has been shown as one of the best 
alternatives due to its lithium uptake at low potential 
and high theoretical capacity (994 mAh·g-1 for Li4.4Sn 
phase) [4]. However, the application of tin is limited by 
the poor cyclic performance due to the pulverization and 
subsequent electrical disconnection of the electrode 
caused by cyclic volume changes of elementary cell, 
during the insertion and extraction processes of lithium 
ions [5]. One of the ways to overcome this issue is 
development of tin-carbon nanocomposite, in which 
nanometric tin grains will be encapsulated in a flexible 
and conductive carbon layers [6-8]. Nevertheless, such 
nanocomposites are able to provide appropriate 
electrochemical properties, only if the formed carbon 
layer is leak-proof, flexible and porous, featuring local 
free space to compensate volume changes. 

The goal of the present work was the development 
of two types of carbon-tin nanocomposite anode 
materials in which carbon matrix was derived from 
different origin sources of carbon and comparison of 
their electrochemical properties. 
 
EXPERIMENTAL  

 
The precursor of active material (SnO2) was 

obtained using a modified reverse microemulsion 
method (w/o) and then coated by a source of carbon 
(potato starch or water soluble polymer) [7,8]. The 
carbon-tin precursors were afterwards pyrolyzed, 
affording formation of tin-based nanograins 
encapsulated in conductive carbon buffer matrix. 
Optimal conditions of the thermal treatment were 
determined by thermal analysis methods (EGA-TGA). 
The resulting materials with different carbon loading 
(20-60 wt.%) were investigated by powder X-ray 
diffraction (XRD), low-temperature nitrogen adsorption 
method (N2-BET) and by transmission electron 
microscopy (TEM) as well. Comprehensive 
electrochemical characterization of obtained 
nanocomposites including the electrical conductivity 
(EC), cyclic voltammetry (CV) and impedance 
spectroscopy (IS) was carried out. Discharge-charge 
tests were performed in R2032-type coin cells within 
0.01–1.5 V potential range. 

 
RESULTS AND DISCUSSION  

 
The low-temperature nitrogen adsorption method as 

well as transmission electron microscopy images show 
that the sort of carbon precursor and temperature of 
pyrolysis have strong impact on morphology of the 
obtained carbon buffer matrix. Comparison of the 
electrochemical research for both series of obtained tin-
based composites suggests that the relevant loading of 
carbon in the resulting composites, which depends on 
the type of applied carbon precursor, strictly affects the 
specific capacity and cell cyclability. 
 
CONCLUSIONS 
 

Electrode materials consisted of tin-based 
nanograins encapsulated in a different origins carbon 
buffer matrix were successfully obtained in a simple and 
inexpensive green process. The electrochemical studies 
showed that columbic efficiency and capacity retention 
in discharge-charge tests for resulting nanocomposite 
anode materials strongly depend on the carbon loading 
and sort of carbon precursor. 
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INTRODUCTION 

The lead-acid battery still remains one of the most 
widely used electrochemical power sources. There are 
numerous applications of lead-acid batteries. They range 
from the extremely large battery systems used in load 
leveling by electrical utility companies to the relatively 
small batteries used in hand tools. A promising approach 
to increase the relatively low specific energy and 
capacity of lead-acid batteries is the use of lightweight 
porous carbon materials, coated with lead or lead alloys, 
as current collectors.1) 

Carbon lead-acid battery (CLAB) is a new type of 
lead-acid battery, in which a carbon material with high 
specific surface area and conductivity is used as a 
current collector. 

The aim of our work was to apply the carbon 
materials in a new carbon lead-acid battery. Carbon 
materials coated with lead has been used as a current 
collector in prototype batteries.  
 
EXPERIMENTAL  

Two types of carbon materials were employed as 
substrates for grid manufacturing. The first of them was 
reticulated vitreous carbon (RVC) while the second 
conductive porous carbon (CPC). CPC is a new carbon 
material created and manufactured by the Faculty of 
Chemistry, University of Warsaw, which is 
characterized by increased conductivity and better 
mechanical properties than RVC. Then carbon slabs 
were galvanostatically coated with Pb or Pb-Sn alloy 
using a methanesulfonate bath. 

We made two series of prototype 12-volt Carbon 
Lead-Acid Batteries. The nominal capacity of batteries 
were 6,5Ah in first series and 40Ah in second series. A 
battery cell consisted of two positive plates and two 
negative plates. The cured plates were separated with 
the SLI-type polyethylene separator. The plates were 
enclosed in a plastic battery case and then submersed in 
H2SO4 electrolyte with density of 1,28g cm-3. In both 
cases the prototype batteries were made in the 
conventional casings for SLI batteries (40Ah) and UPS 
systems batteries (6,5Ah).   
 The carbon slab used in this study had 
dimensions of ca. 50mm x 38mm x 5mm (series I) and 
118mm x 100mm x 5mm (series II) and pore size ca. 20 
or 30 pores per inch. Typically a coating thickness of 
about 100μm was applied for the positive and 10-20 μm 
for the negative collector. Positive and negative 
collectors were pasted with industrial standard negative 
and positive pastes obtained directly from lead-acid 
battery manufacturer. 

 Formation was performed in a H2SO4 electrolyte 
with density of 1,14g cm-3. After formation the 

electrolyte was replaced with H2SO4 with density of 
1,28g cm-3.  

In both cases the specific energy of prototype 
batteries were ca. 45Wh/kg.  

 
CONCLUSIONS 

Two series of prototype Carbon Lead-Acid 
Batteries were made by the University of Warsaw. They 
display behavior similar to a typical lead-acid battery. 
The combination of high specific surface area and 
optimal use of lead leads to increase of the utilization 
efficiency of the positive active mass and the lead-acid 
battery weight reduction. Particularly the negative grids 
are 2 to 3 times lighter  than the standard lead grids. 

We are in the process of constructing further two 
types of 12V batteries: small battery for tools with 
capacity of 2Ah and  SLI battery with capacity of 60Ah. 
 
ACKNOWLEDGMENT  
 This work was supported by The National 
Centre for Research and Development under grant 
INNOTECH, IN1/152819/U and by the Faculty of 
Chemistry, University of Warsaw through project 
501/64-BST-169757. 
 
REFERENCES 
1. A.Czerwiński, S.Obrębowski, Z. Rogulski, Journal of 
Power Sources 198 (2012) 378-382

47 
 



ELECTROCHEMICAL PROPERTIES OF NEW CARBON LEAD-ACID 
BATTERY 

 J. Lach a, K. Wróbel a , J. Wróbel b, Z. Rogulski a, b and A. Czerwiński a, b 

a Industrial Chemistry Research Institute, ul. Rydygiera 8, 01-793 Warsaw, Poland 
b Uniwersity of Warsaw, Department of Chemistry, ul. Pasteura 1, 02-093 Warsaw, Poland 

e-mail: aczerw@chem.uw.edu.pl 
 
Keywords: power sources, lead-acid batttery, reticulated current collector 
 

INTRODUCTION 
 

In last years we have seen a dynamic growth of new 
types of power sources, like lithium-ion batteries. 
However, lead-acid batteries are still a large portion of 
the total battery sales. In 2010 this type of power source 
had over 60% share in the value of the worldwide 
rechargeable battery market [1]. Their main advantages 
are low cost and reliability. Despite being known for 
over 150 years their design can still be improved. One 
of the possible changes is the usage of a reticulated, 
carbon current collector in place of a standard, lead grid. 
Such solution improves the greatest disadvantage of 
lead-acid battery – its low specific energy. Using light, 
carbon collectors instead of heavy, lead grids lowers the 
overall mass of the battery, without lowering its 
capacity. A new type of Carbon Lead-Acid Battery 
(CLAB) with reticulated collectors can allow to increase 
its specific capacity by up to 50%. 
 
EXPERIMENTAL  
 

Two different types of 12 V CLABs were 
constructed. Two types of cells were used: with the 
predicted capacity of 40 Ah or 6,5 Ah. Single 2 V cells 
of the same capacities were also tested in some 
experiments. Measurements were conducted on Atlas 
1361 and 0461 potetniostats/galvanostats and Digatron 
UBT 50-18-6ME battery tester. For comparison 
commercial lead-acid batteries with similar capacity 
were tested in the same conditions. 

 
RESULTS AND DISCUSSION  

 
CLABs, constructed by the University of Warsaw, 

were first discharged with C/20 current. The bigger 12 
V batteries and 2 V cells reached the predicted capacity 
of about 40 Ah, smaller – about 7 Ah. In comparison to 
commercial cells specific energy improved by up to 
50%. 

Measurements with higher discharge currents 
showed that CLAB has a adequate discharge 
characteristic even for discharge currents of 3C. 

The endurance test for vented lead-acid starter 
batteries was also conducted, with accordance to the  
EN 50342-1:2006 standard. Commercial batteries, 
depending on the type endured around discharge 125 
cycles. Our improved CLABs endured about 275 cycles. 
The resistance to corrosion of CLAB during shallow 
discharge cycles seems to be vastly improved in 
comparison to a standard battery. 

Discharge characteristics during deep discharge 
cycles were also measured for CLAB and a standard 
battery. The number of cycles completed in this 
experiment was comparable for both of them. 

Additionally the test of a self-discharge of CLAB 
was conducted on a 2V cell. It retained 93% of its initial 
capacity after a six months storage period. Such result is 
competitive with batteries available on the market. 
 
CONCLUSIONS 
 
 Our tests shown that the new CLAB is a very 
exciting prospects for the future of lead-acid batteries. It 
has similar or even better discharge characteristics as 
the standard lead-acid batteries in various conditions. 
Simultaneously it has a higher specific energy. This 
allows it to be used as an alternative to more expensive 
battery types. Moreover, the carbon material 
manufactured by University of Warsaw and used for 
current collectors (Conductive Porous Carbon, CPC) is  
relatively inexpensive. The total cost of CLAB is very 
similar to the cost of standard lead-acid battery. 
Improvements such as described above can ensure 
continuous use of lead-acid batteries in the future. 
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INTRODUCTION 
 
The lithium-ion batteries have been considered as the 
best power sources for most of the electronic devices 
and the electric vehicles due to their advantages of high 
energy density, high work potential, good cycle life, and 
environmental friendliness. 
The spinel Li4Ti5O12 is the most attractive material to use 
as a anode material alternatives because of its 
advantages. The charge–discharge voltage plateau 
(1.6V) and its zero-strain feature during the 
charge/discharge process, safety and good cycling 
performance are the most important. However Li4Ti5O12 

material possesses so many advantages, it still exhibits a 
poor rate capability due to its lower electronic and ionic 
conductivity. 
EXPERIMENTAL 
 
Li3.85Cu0.15Ti5O12 material was obtained using solid state 
method. As the substrates lithium carbonate Li2CO3, 
titanium oxide TiO2 and copper oxide CuO were used. 
Stoichiometric amounts of these substrates were taken to 
obtain and with 5% wt. excess of Li2CO3 was used to 
compensate high temperature evaporation. Prepared 
material was characterized in terms of phase 
composition, crystal structure, grain size and surface 
morphology, as well as ionic and electronic 
conductivity. Phase composition and crystal structure 
parameters were determined using X-ray Panalytical 
Empyrean XRD diffractometer in the range of 10-110° 
with CuKα radiation. Obtained results were analyzed 
using Rietveld refinement implemented in GSAS 
computer software. Electrical conductivity 
measurements were carried out using impedance 
spectroscopy. Moreover, studies were carried out using 
scanning electron microscope – SEM - morphology 
studies. 
 
RESULTS 
 
Electrochemical cycling performance of prepared 
sample at various C rates and result of voltammetry 
cyclic are presented as Fig. 1. and Fig. 2, respectively. 
 
CONCLUSIONS 
 
Structural studies carried in the room temperature 
confirmed obtaining single-phased materials with Fd-3m 
space group. The studies shows that Li3.85Cu0.15Ti5O12 
material have good transport properties. 

 
Fig. 1 Discharge capacity and coulombic efficiency 

versus cycle number Li3.85Cu0.15Ti5O12. 

 
Fig. 2 Result of voltammetry cyclic of Li3.85Cu0.15Ti5O12 

sample. 
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INTRODUCTION 
 

The authors of many papers described 
electrochemical properties of Li4Ti5O12 and their 
modifications by doping [1-2]. A spinel based on 
Li4Ti5O12 was use as model material for anode of Li-ion 
batteries for the first time in 1994 year by Ferg et al. [3]. 
 
EXPERIMENTAL  
 
 The authors prepared anode materials  by addition  
of 3 % wt. of Cu from copper nitrates to Li4Ti5O12 
spinel  carried out by solid state reaction of Li2CO3 
(Aldrich 99.997%) and TiO2 (Aldrich 99.998%). 
Prepared material Cu-Li4Ti5O12 was characterized in 
terms of phase composition, crystal structure, grain size 
and surface morphology. Phase composition and crystal 
structure parameter were determinated using X-ray 
PANalytical Empyrean MPD diffractometer. Obtained 
results were analysed using Rietveld refinement 
implemented in GSAS computer software.  
The obtained powders were applied in Li|Li+|Cu-
Li4Ti5O12 - type cells. Cyclic voltammetry, specific 
capacity of the studied material, reversibility and 
stability during charge-discharge cycles measurements 
were carried out to characterize electrochemical 
properties of the cells. Additional Scanning Electron 
Microscopy (SEM)  measurements were performed 
using FEI Nova NanoSEM 200 apparatus on prepared  
powders. 
 
RESULTS 
 Examples of results presented in the drawings 
below. Fig. 1 presents the scanning electron microscopy 
(SEM) image in magnification of 30 000 times. 
 

 
 
Fig. 1 SEM image of Cu-Li4Ti5O12 in magnification of 

30 000 times. 

Fig. 2 shows electrochemical cycling at various C rates 
for prepared sample. 

 
Fig. 2 Cycling performance of Cu-Li4Ti5O12 at 

different rates. 
 
Lattice parameter a for sample doped Cu is the same 
like spinel Li4Ti5O12. Gravimetric capacity of this 
material exceeds 172 mAh·g− 1, which is lower than that 
for graphite (372 mAh·g− 1). The specific charge 
capacities were 140, 120 and 80 mAh/g at C/30, 2 C and 
10 C rates, respectively. Reversibility during the 
measurement 100 cycles was almost 100 %. 
 
CONCLUSIONS 

In summary, the spinel material based on Cu-
Li4Ti5O12, prepared by the solid method have very good 
electrochemical and structural properties and may be 
used as anode material for Li-ion batteries. 
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INTRODUCTION 
 
Currently, the most popular power devices are Li-ion 
batteries. This is due to the fact that lithium cells have one 
of the highest volumetric and gravimetric energy. Because 
of the price and the limited resources of lithium, Li-ion 
batteries may soon be replaced by Na-ion batteries. This is 
because Na has similar physicochemical properties to Li.  
In this presentation we present the results of transport and 
electrochemical properties of series of compounds: 
Na0.67Ni0.33Mn0.67-xTixO2 (x=0, 0.1, 0.2, 0.25, 0.33) and 
Na0.67Ni0.31Cu0.02Mn0.33Ti0.33O2. Titanium was found to 
stabilize P2-type structure of Na0.67Ni0.33Mn0.33Ti0.33O2 and 
has beneficial effect on the transport properties of the 
analysed material. On the other hand doping with small 
amount of Cu in Na0.67Ni0.31Cu0.02Mn0.33Ti0.33O2 completely 
deteriorates the transport properties of this compound.  

 
 
EXPERIMENTAL  
Na0.67Ni0.33Mn0.67-xTixO2 (x=0, 0.1, 0.2, 0.25, 0.33) and 
Na0.67Ni0.31Cu0.02Mn0.33Ti0.33O2 oxides were obtained using 
the high temperature solid state method from the 
following reactants: Na2CO3, NiO, MnCO3, TiO2 and 
CuO. Crystal structure of the synthesized materials was 
examined by X-ray diffraction method (XRD) in 10-110 
deg range using Cu Kα radiation. Studies were conducted 
on Panalytical Empyrean diffractometer equipped with 
PIXcel3D detector. The X-ray patterns were analysed by 
Rietveld method using GSAS/EXPGUI set of software 
[1, 2]. 
In order to measure total conductivity of the pristine 
samples, Electrochemical Impedance Spectroscopy 
method (EIS) was applied, with excitation voltage of 
100 mV over 300 kHz to 0.01 Hz frequency range. DC 
Asymmetric Polarisation (AP) method was also used to 
established the electronic component of the conductivity.  
Electrochemical tests were carried out for cells 
consisting of sodium metal anode, 1M NaPF6 in 
propylene carbonate (PC) electrolyte and composite 
cathode. The composite cathodes consisted of 80 wt.% 
of the studied material, 10 wt.% carbon black and 10 
wt.% of poly(vinylidene fluoride). Coin-type R2032 
cells were assembled in the glove-box with controlled O2 
and H2O partial pressure (< 0.1 ppm). 

 
RESULTS AND DISCUSSION  

 
All samples indicate hexagonal P2-type structure 

and P63/mmc space group. Also, a small amount of an 

additional NiO phase was detected. The investigated 
Na0.67Ni0.33Mn0.67-xTixO2 (x=0, 0.1, 0.2, 0.25, 0.33) and 
Na0.67Ni0.31Cu0.02Mn0.33Ti0.33O2 materials exhibit mixed 
ionic-electronic conductivity with prevailing ionic 
component. High concentration of Ti facilities the 
conductivity of Na0.67Ni0.33Mn0.33Ti0.33O2 sample. This 
might be related to the higher Naf/Nae occupation ratio, 
which likely favours self-diffusion of Na-ions. For 
samples with higher concentration of Ti the step like 
charge and discharge curves are turned to slope type 
profiles. Ti stabilizes initial P2-type structure of the 
Na0.67Ni0.33Mn0.33Ti0.33O2 in low Na+ region. Small 
substitution of nickel by cooper worsens conductivity of 
the Na0.67Ni0.31Cu0.02Mn0.33Ti0.33O2 oxide. This provides 
to drastic declination of the discharge capacity. This can 
be related with cation-mixing effect due to similar ionic 
radii of Li+ (0.76 Å) and Cu2+ (0.73 Å). However we 
didn’t confirmed this phenomena on the base on 
Rietveld refinement. Deterioration of the properties of 
the Na0.67Ni0.31Cu0.02Mn0.33Ti0.33O2 oxides might be also 
related with segregation of the Cu2+ in grain boundaries, 
which block the diffusion path of Na-ions between 
grains. The character of the charge-discharge curves 
correlates with the shapes of the obtained cycling 
voltammograms.   

 
 
CONCLUSIONS 

High amount of Ti facilitates in-plane self-diffusion of 
Na-ions, and increase conductivity of the materials. The 
obtained results indicate that Na0.67Ni0.33Mn0.67-xTixO2-δ (0.2 ≤ 
x ≤ 0.33) compounds can be consider as cathode materials in 
Na-ion batteries, but require new electrolytes with wider 
electrochemical window. 
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INTRODUCTION 
 

Iron based cathode materials for Li-ion batteries are 
especially interesting in terms of their non-toxicity and 
low fabrication costs. In past decade LiFeO2 have 
attracted considerable research attention mainly due to 
its high theoretical capacity. This material however is 
metastable upon lithium insertion/deinsertion process 
what is regarded as a significant obstacle standing in the 
way for its wider commercialization. Here we present 
evaluation of electrochemical properties of stable 
LiFeO2/Mo glassy phase composites. We discuss in-situ 
XRD studies of phase transition occurring upon Li 
insertion/deinsertion during formation of LiFeO2 based 
composites.  
 
EXPERIMENTAL  

 
We manufactured lithium ion battery unit, which 

can be mounted on a sample stage in XRD apparatus, 
accustomed for simultaneous galvanostatic and XRD 
measurements. Gas-tight, in-situ XRD Li-ion battery 
unit is composed of metal and Teflon containers, sealed 
by gaskets and tighten by screws. Beryllium window 
acts as a current collector from the cathode material side, 
as well as is the X-rays transparent medium. In-situ 
accustomed Li/Li+/cathode material cells were 
assembled in MBraun glove box. The XRD 
measurements were performed using PANalytical 
Empyrean diffractometer equipped with Pixcell 3D 
detector and CuKα radiation tube.  

LiFeO2/Mo glassy phase composites were 
synthesized by simple high-temperature method and 
subsequent charge/discharge in Li-ion cells. Li-ion coin 
cells were assembled in Mbraun glove box using lithium 
metal as a negative electrode, LiFeO2-based cathode and 
1 M solution of  LiPF6 in ethylene carbonate/diethyl 
carbonate (EC/DEC) as the electrolyte. Electrochemical 
tests were performed using KEST galvanostat in 1.5-4.4 
V voltage range.  
 
RESULTS AND DISCUSSION  

 
Obtained composites show remarkably high and 

stable discharge capacity during charge/discharge 
process. It was found that Mo-glassy phases stabilize 
crystal structure of LiFeO2 which is present after 60 
charge/discharge cycles.  In-situ XRD measurements 
were employed in order to investigate the evolution of 
crystal structure of LiFeO2 during first and forth 
charge/discharge process. In order to discuss developed 

in-situ XRD measurements technique exemplary results 
are also presented. 

 
Fig. 1. Discharge capacity and reversibility of  
Li/Li+/LiFeO2 cells as a function of cycle number and 
discharge rate.  
 
 
CONCLUSIONS 

Our result indicate possibility of stabilization of 
LiFeO2 metastable phase during lithium 
insertion/deinsertion process by introduction Mo-glassy 
phases. We also discuss in-situ XRD measurements 
technique in terms of its application in selected electrode 
materials. 
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INTRODUCTION 
 

Among iron-based cathode materials for Li-ion 
batteries LiFePO4 is considered as the most promising  
one since it possesses high operational voltage (about 
3.4 V versus lithium metal), high theoretical capacity 
(about 170 mAh/g) as well as high thermal and 
chemical stability. Moreover due to its’ chemical 
formula LiFePO4 is environmentally benign and cheap. 
Phospholivine possesses low ionic and electronic 
conductivity which severely limits its performance as a 
cathode material and is major obstacle in wider 
application in lithium ion batteries with high energy 
density. Transition to the nano-scale is an effective way 
of improvement of electrochemical properties due to 
decrease of the lithium-ion diffusion path length within 
LiFePO4 particle. Here we present evaluation of low 
temperature synthesis conditions in order to obtain 
LiFePO4 with reduced Fe3+ content and  LiFePO4/Fe2P 
composites.  
 
EXPERIMENTAL  

 
We present low-cost synthesis method based on the 

co-precipitation reaction of nanometric LiFePO4 from 
LiOH, FeSO4 and H3PO4 solutions composed of water 
and organic liquids. Influence of addition of reducing 
agents during one-step synthesis procedure such as 
potassium iodide, ammonium thiosulfate, glucose or 
reducing atmospheres on concentration of Fe3+ cations 
in LiFePO4 precipitates is evaluated. Method of 
fabrication of LiFePO4/Fe2P composites based on high-
temperature annealing in reducing atmospheres of 
nanometric LiFePO4 is presented.  

Relationship between concentration of Fe3+ ions 
and electrochemical properties of cathode materials 
based on obtained phoshoolivines is investigated by 
means of Moessbauer measurements, charge/discharge 
and cyclic voltammetry tests. Microstructure of 
obtained precipitates was verified by TEM and SEM 
techniques. Li/Li+/LiFePO4 cells were electrochemically 
tested using KEST galvanostat in 2.5-4.4 V voltage 
range.  
 
RESULTS AND DISCUSSION  

 
Synthesized powders were found to possess plate-

like morphology. Li-ion cells with cathode materials 
based on obtained phospholivines showed discharge 
capacity equal to 95% of theoretical capacity of 
LiFePO4 at C/5 discharge current rate. It was found that 

use of reducing agents effectively reduces Fe3+ to Fe2+ 
ions during low-temperature fabrication process. 

 
It was found that the morphology of obtained 

LiFePO4/Fe2P composites varies as a function of 
annealing time and temperature. Optimized 
LiFePO4/Fe2P composites showed discharge capacity 
equal to 95% of theoretical capacity of LiFePO4 at C/5 
discharge current rate.      

 
Fig. 1. Charge/discharge profiles of Li/Li+/LiFePO4 cell 
based on nanometric phosphoolivines prepared with 
presence of reducing agents, compared with pure 
LiFePO4 at C/5 discharge current rate.  
 
 
CONCLUSIONS 

Our result eliminates necessity of heat treatment 
stage of phospholivine powders aiming to reduce Fe3+ 
ions and enables fabrication of nanometric LiFePO4 
with enhanced electrochemical properties at 
temperatures as low as 105°C. We also discuss the 
structural and electrochemical properties of 
LiFePO4/Fe2P composites.  
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INTRODUCTION 

One of the most interesting materials that is 
considered for application in technology of Li-ion 
batteries is LiMn2O4, more affordable and less toxic 
material than commonly used LiCoO2. The nickel-
doped spinels exhibit a 4.7V-plateau and therefore they 
are attractive candidates for high-voltage Li-ion 
batteries.This work focuses on crystal structure, namely 
in-situ studies of LiMn1.5Ni0.5O4, LiMn1.5Ni0.45Cu0.05O4 
spinels and LiMn2O4 reference material. 

EXPERIMENTAL  
To obtain all the materials a synthesis by sol-gel 

method was carried out. Soluble salts of relevant cations 
were dissolved in deionized water, that had been treated 
with argon. Small amount of ammonia solution was 
added into the solution until the pH of 9.1 was reached. 
Such obtained sol was dried at 90°C for 48hrs, then 
annealed at 350°C and 800°C, respectively for 24 and 6 
hrs. Series of LiMn2O4 (reference material), 
LiMn1.5Ni0.5O4, LiMn1.5Ni0.45 Cu0.05O4 were obtained. 

Such obtained materials were mixed with carbon 
black and PVDF manufactured lithium ion battery unit, 
which can be mounted on a sample stage in XRD 
apparatus, accustomed for simultaneous galvanostatic 
and XRD measurements. Gas-tight, in-situ XRD Li-ion 
battery unit is composed of metal and Teflon containers, 
sealed by gaskets and tighten by screws. Beryllium 
window acts as a current collector from the cathode 
material side, as well as is the X-rays transparent 
medium. In-situ accustomed Li/Li+/LixMn2O4 
Li/Li+/LiMn1.5Ni0.5-yCuyO4 cells were assembled in 
MBraun glove box using lithium as a negative 
electrode, LiMn2O4- and LiMn1.5Ni0.5-yCuyO4-based 
cathode and 1 M solution of LiPF6 in ethylene 
carbonate/diethyl carbonate (EC/DEC) as the 
electrolyte. The XRD measurements were performed 
using PANalytical Empyrean diffractometer equipped 
with Pixcel 3D detector and CuKα radiation tube. 

RESULTS AND DISCUSSION  
The evolution of [400] and [311] reflection is shown in 
Fig. 1. We did not observe any significant difference 
between change of lattice parameters for materials 
examined in-situ and after relaxation. The results 
obtained for reference materials are shown in Fig. 1. 

CONCLUSIONS 
The studies revealed that the mechanism of intercalation 
of lithium into manganese spinel-based materials is 
single phased for both pristine LiMn2O4 and doped 
spinels. Below the lithium content of 0.5 mole/mole of 
LixMn2O4 for pristine material the change of lattice cell 
parameter is more rapid. This is connected most 

probably with the lithium ordering in the lattice 
occurring at xLi≈0.5. 

Fig. 1. Results of XRD in-situ measurements of 
electrochemically deintercalated/intercalated LixMn2O4 for 1 
cycle of Li/Li+/LixMn2O4 cell. Enlargement of XRD patterns 
showing position changes of [400] and [311] peaks of 
LixMn2O4 with corresponding change of voltage and change of 
a parameter of Fd-3m phase during charge and discharge. 
Reflection of [200] Al plane is also marked. 
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INTRODUCTION 

P2-NaxCoO2 has attracted much attention due to its 
remarkable electronic features together with unusual 
electrochemical behavior [1], [2]. P2-NaxCoO2 system 
possesses astonishing phase diagram with many 
competing phenomena, such as strong electronic 
correlations and geometrical frustration of the 
antiferromagnetic interactions on triangular lattice.  
Electrochemical studies of P2-type NaxCoO2-y (x ≈ 0.7) 
as a cathode material for sodium batteries revealed step-
like character of discharge curve, with several pseudo-
plateaus [1]. 

The present work shows comprehensive studies on 
the crystal structure and microstructure, together with 
detailed electrochemical investigations, including cyclic 
voltammetry and charge/discharge curves. 

 
EXPERIMENTAL  

Na0.72CoO2 was synthesized by a solid-state high-
temperature reaction in air at 850 °C for 24 h with an 
intermediate grinding. Crystal structure of the 
considered material was investigated in using X-ray 
diffraction (XRD) method on Panalytical Empyrean 
diffractometer with Cu Kα radiation. Electrochemical 
studies were carried out in electrochemical 
Na/Na+/NaxCoO2-y cells. Low-temperature electrical 
conductivity and thermoelectric power were determined 
by a 4-probe AC method and dynamic method, 
respectively. 

 
RESULTS AND DISCUSSION  
XRD diffractogram at room temperature of the 
synthesized sodium cobaltate was refined by Rietveld 
analysis using hexagonal crystal system with P63/mmc 
space group [1]. Fig. 1 shows results of current rate 
influence on the electrochemical behavior of 
Na/Na+/NaxCoO2 cells, as recorded during discharge for 
currents in C/50 to C/5 range.  Apart from the expected 
decrease of the capacity for high currents, another 
interesting effect can be noticed: small voltage steps 
visible near 2.5 V disappear for higher current rates, 
making the voltage curve to appear more smooth. For 
higher currents, the deintercalation/intercalation process 
proceeds far from the equilibrium state. Additional 
voltammetry studies performed for low scanning rates 
are shown in Fig. 2. The observed behavior with several 
characteristic anodic and cathodic peaks corresponds 
very well with discharge curves (Fig. 1).  

 

 
Fig. 1. Discharge curves of Na/Na+/NaxCoO2 cells 
measured for C/50 to C/5 current range. 
 

 
Fig. 2. Voltammetry studies of Na/Na+/NaxCoO2 cell 
with scan rates 0.05 and 0.1 mV·s-1. 
 
CONCLUSIONS 
Electrochemical studies confirmed presence of several 
pseudo-plateaus on discharge curves of 
Na/Na+/NaxCoO2 cells, which can be related to 
characteristic anodic and cathodic peaks on 
volammograms. 
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INTRODUCTION 
 

 There is currently a strong drive towards the 
improvement of LiFePO4 (LFP) properties in order to 
fully exploit its potential as cathode material in large 
scale Li-ion batteries [1]. It is possible to overcome 
limitation related with the poor electronic and ionic 
conductivities by minimizing the particles size [2] and 
coating the material grains by carbon [3]. The 
C/LiFePO4 composite was confirmed as an effective 
solution for the enhancement of electrochemical 
properties of LiFePO4 cathode material. Attempts have 
been made to find optimal parameters of preparation 
conductive carbon layers (CCL) onto electrode 
materials, with different morphology, for lithium ion 
batteries [4,5].  

In the present study, the effects of carbon content in 
CCL/LFP composites were investigated in terms of their 
morphological and electrochemical properties. 
 
EXPERIMENTAL  
  
 Technological process of coating active material by 
CCL consists of two main stages [6]: 

- preparation of carbon precursor - as polymer 
carbon precursors were used poly-N-vinylformamide 
(PNVF) modified by pyromellitic acid (5% content); 

- wet impregnation of LFP material and pyrolysis 
of composite precursor under controlled condition. 
 
RESULTS AND DISCUSSION  
 

The crystal structures and morphology of all the 
composites were characterized by X-ray powder 
diffraction (XRD), nitrogen adsorption/desorption 
measurements (N2-BET), Transmission Electronic 
Microscopy (TEM) and Raman spectroscopy. 

Electrical properties of C/LiFePO4 materials were 
investigated using an electrical conductivity 
measurements (EC) (4-probe AC method within 
temperature range of -20°C to +40°C). The 
electrochemical performance was carried out in 
galvanostatic mode with stable charge-discharge current 
and performed in Li/Li+/(CCL/LFP) type cells. As an 
electrolyte was used solution of 1M lithium 

hexafluorophosphate (LiPF6) dissolved in mixture of 
EC:DMC = 1:1. 
 
CONCLUSIONS 

Carbon coated LiFePO4 powder products with the 
olivine-type structure has been successfully obtained 
using wet impregnation method. The C/LiFePO4 
nanocomposites on account of homogeneous carbon 
dispersion effectively enhances its electrochemical 
performance. 

Presented technology is very valuable and process 
of producing carbon coated LiFePO4 cathode materials 
according to described method requires optimization and 
scaling up for industrial production. 
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INTRODUCTION 

Pulses of energies reveal in many cases in nature 
[1]. The pulse means as a rapid jump of energy 
generated randomly over time, having random time 
width, and having random amplitudes. Such pulses may 
observe in energy harvesting devices, renewable sources 
of energy, weapons, accidents, etc. In previous decade, 
the energy pulses, due to their disadvantages as random 
behaviour, low energy levels, were determined as 
energy losses. Today, pulses of energy are a great of 
industrial interest [2,3] because there is a chance to 
increase energy efficiency in any system or to build 
autonomous systems. One of possible way transfers 
arbitrary form of energy to the electrical one. The 
electrical energy is easy to storage in batteries. 

In this study we focus on the electronic system 
which is convenient to manage and storage the pulses  
of electrical energy in batteries. 
 
 
EXPERIMENTAL  

During the work there were used two energy 
storage devices. There were batteries and 
supercapacitors. Batteries had a large energy density but 
a small power density. At the opposite, supercapacitors 
had a very low energy density but a large power density, 
so energy could be transferred very quickly but not 
much energy can be stored. Thus the cooperation of 
these two elements can be very effective.  

As shown in Figure 1, the system for energy storage 
consists of generator, resistance, battery pack and 
supercapacitors, which are connected with 
charging/discharging control system. 

 
 
Figure 1. Scheme of system for pulse energy storage. 
 
 

 
 The range of voltage for the generation is 0-20V 

and the maximum current equals to 5A. The generator 
provides a pulse of energy. At the beginning the battery 
pack is charged. The charging current is 0,9A. Once the 
level of voltage is too high and the battery pack cannot 
be charged the system transfers energy current to the 
supercapacitors. When supercapacitors are fully charged 
(up to Uc=16V)  the current flows to resistance. In case 
of turning off the generator, batteries take energy stored 
in supercapacitors.   

 
RESULTS AND DISCUSSION  

The voltage on generator, batteries and 
supercapacitors were measured over time. The width 
and the frequency of impulses were manually changed 
and effects were observed. Thus it was possible to 
define some charging and discharging phases for both 
batteries and supercapacitors. It may observe a 
correlation between picks provided by generator and the 
voltage on storage devices.  
 
CONCLUSIONS 

In conclusion the test results show that there were 
developed a system that is able to storage pulses of 
energies. It is working in different conditions and it does 
not relay on width of the impulse. In the future the 
project will adapt to storage the pulses of energies from 
renewable energy sources. 
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INTRODUCTION 

 
Lithium-ion batteries (LIBs), despite almost quarter 

of a Century of commercialization, are still an area of 
intense studies. Their improvement is aimed at two main 
cases: expansion of the energy density of the cell; 
increasing lifetime and stability of battery during 
operation. The first is performed primarily by applying 
novel electrode materials with higher voltages of 
intercalation [1] and also requires development of 
electrolytes with broader electrochemical stability 
windows [2]. The latter is usually accomplished by 
special additives; compounds to reduce adverse 
processes occurring at the interface between electrode 
and electrolyte [3]. 

Currently the most used electrolyte – solution of 
LiPF6 in a mixture of organic carbonates – is 
thermodynamically unstable against low potentials of 
anode. The reduction of carbonates occur at 
approximately 1 V vs. Li, while the intercalation of 
lithium cations between the graphene layers of graphite 
occurs below 0.2 V vs. Li [4]. Hence, this leads to 
electrolyte decomposition products, which deposit on the 
electrode surface during cycling and form a layer – the 
Solid Electrolyte Interphase (SEI). The SEI mainly 
consists of inorganic Li2CO3 and oligomer-like 
compounds. Its task is to protect electrolyte against 
contact with negative electrode and not to hinder the 
transport of lithium cations between the electrolyte and 
the electrode. Therefore, the properties of this layer 
affect many important parameters such as cycle life, 
coulombic efficiency, irreversible capacity, power 
density and safety. The attempts to control the SEI 
creation process, instead of the spontaneous formation, 
may lead to improvement of these key battery properties. 

Applying functional electrolytes is postulated as the 
best way to control the SEI [5]. Such an electrolyte 
contains additive compounds, responsible for the 
formation of SEI. The additive has a higher reduction 
potential, whereby its decomposition occurs before the 
carbonate reduction. This approach makes the process of 
forming the SEI more controlled, which can be managed 
by selecting appropriate compounds as the additives. 
The emerged SEI-layer must have a high lithium cation 
conductivity and hinder electrons. The desired SEI is 
thin, well adherent to the electrode layer, containing 
oligo- or even polymeric compounds, similar to polymer 
electrolytes. Controlled and rapid formation of a 
protective layer also prevents cointercalation of solvent 
molecules. 

 
 

 
RESULTS AND DISCUSSION  

 
During presentation, there will be showed the line of 

thought that leads from the quantum modeling to the 
tests of new additives in real systems. Proper designed 
model and conducted analysis allow for well prediction 
such significant data as reduction potential and reduction 
path with determination of the decomposition products. 
The use of these computational techniques for screening, 
significantly facilitates the search for new, better 
compounds, which could act as SEI-forming additives. 
The confrontation of our predictions with experimental 
data allows us to validate used method and test their 
effectiveness in real battery systems.  
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Due to gradual decline of energy resources, there has 
been growing interest in new energy systems that 
include direct transformation of solar energy to 
chemical energy using oxide semiconductor materials. 
Furthermore, carbon dioxide (CO2), as the primary 
greenhouse gas also emitted through human activities, 
could be converted using sunlight to organic 
compounds. The approach permits simultaneous 
generation of alternative fuels and environmental 
remediation of carbon emissions from the continued use 
of conventional fuels.  
The aim of this work has been to develop hybrid 
materials by utilizing combination of metal oxide 
semiconductors thus capable of effective 
photoelectrochemical reduction of carbon dioxide. The 
combination  of titanium (IV) oxide (TiO2) and copper 
(I) oxide (Cu2O) has been explored toward the reduction 
of carbon (IV) oxide (CO2) before and after sunlight 
illumination. Application of the hybrid system 
composed of both above-mentioned oxides resulted in 
high current densities originating from 
photoelectrochemical reduction of carbon dioxide 
mostly to methanol (CH3OH) as demonstrated upon 
identification of final products. 
 In particular, fabrication of the hybrid system 
(heterojunction photocathode) of  TiO2 and Cu2O (on 
the conducting glass) has required first the cathodic 
electrodeposition copper (I) oxide (at -0.64V vs. 
Hg/Hg2SO4 from a basic solution of 3 mol/dm3 lactate-
stabilized 0.4 mol/dm3 copper (I) sulfate). The latter 
step has been followed by sputtering n-type titanium 
(IV) oxide. The spectral responses of the Cu2O/TiO 
electrode is comparable to that of simple Cu2O, and the 
photoresponse is enhanced at relatively short 
wavelengths. It is reasonable to expect that the light 
absorbed by the inner Cu2O film produces energetic 
electron (e-) – hole (h+) pairs. The excited electrons are 
driven through the conduction band to the external 
TiO2/electrolyte interface. The role of TiO2 is not 
stabilizing; the oxide is also expected to prevent the 
recombination of charge carriers (e- - h+ pairs). By using 
gas chromatography with the flame ionization detector, 
it was confirmed that methanol predominates as a final 
product. 
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INTRODUCTION 
 Materials considered as a photoelectrodes in Photo-
Electrochemical Cells (PECs) used to produce hydrogen 
should meet two fundamental requirements: the first one 
is optical features allowing to maximize absorption of 
the solar energy, and the second one is exhibiting cata-
lytic properties enabling decomposition of water. It is 
also of particular importance for a candidate to possess 
both corrosion resistance in the water-based electrolytes 
as well as an appropriate microstructure. Among materi-
als which fulfill these demands there is a certain group 
of semiconducting oxides with the titanium dioxide at 
the forefront [1]. The only drawback of TiO2 is the lim-
ited absorption in the visible range of light. Therefore, 
from the designing point of view it is essential to choose 
a preparation method that allows to produce TiO2 with 
an extended absorption in the visible range of light. 

Several approaches were concerned both with 
methods and materials utilized as photo-electrode sensi-
tizers [2,3]. One of the methods that deserves a special 
attention due to substantial effect on microstructure and 
of which have not yet been given a deep insight is oxida-
tion of the titanium foil that leads to formation of TiO2 
layer. Additionally, deposition of the metal-oxides na-
noparticles (e.g. CdS, Ag2S), can provide beneficial 
impact on photoresponse of TiO2. 
 
EXPERIMENTAL  

The first step in the samples preparation process 
was etching of titanium foil in HCl at 55 or 80°C for 5-
60 min. Etched samples were thermally annealed at the 
temperatures between 500-900°C for 7h. CdS and Ag2S 
nanoparticles were deposited onto TiO2 by the subse-
quent ionic layers adsorption and reaction SILAR proce-
dure. In order to obtain information concerning trans-
formation of Ti→TiO2 layer, the variety of research 
methods were used: XRD, SEM, spectrophotometry, and 
I-V measurements in the PEC. 

RESULTS AND DISCUSSION  
SEM analysis of HCl-etched Ti foils shows that in 

the case of both 55 and 80oC the increasement in time 
causes a significant changes in the titanium surface. This 
is confirmed by XRD results – etching in hot HCl grad-
ually removes lower titanium oxides, e.g. TiO, Ti3O, 
Ti6O, furthermore, it also leads to some incorporation of 
hydrogen into the structure of titanium. This is demon-
strated by the presence of TiHx (x=1-2) reflections in the 
diffraction pattern. 

Comparison between SEM images of oxidized sam-
ples reveals that samples oxidized at the same tempera-

ture but etched at 80oC have larger grains. XRD analysis 
have shown that 700oC is the temperature for entire 
transformation of titanium into TiO2 rutile. It was also 
observed that changes in the crystal structure are accom-
panied by changes in the spectral dependence of the total 
reflectance of oxidized samples. According to I-V char-
acteristics, annealing at 600/700oC allows to obtain the 
highest PEC performance (Fig.1). Additionally, Ag2S 
and CdS nanoparticles sensitization results in increasing 
of photocurrent. 

 
Figure 1. Current–voltage characteristics for Ti foils oxidized 
at different temperatures. 

 
CONCLUSIONS 

Photoanodes based on TiO2 were prepared by etch-
ing in HCl and annealing titanium foils at the tempera-
tures between 500-900°C. According to XRD analysis 
annealing at 700°C leads to obtain TiO2 with rutile struc-
ture. I-V characteristics confirmed that temperature 
~700°C allows to obtain the best PEC performance, and 
the sensitization with nanoparticles leads to furthered 
enhancement. 
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INTRODUCTION 

Ceramic materials having ability to reversibly 
incorporate oxygen into their structure at elevated-
temperatures, so called oxygen storage materials 
(OSM), have been recently increasingly researched. 

OSMs may find potential application in many 
developing technologies and industrial processes, which 
require precise control of the oxygen partial pressure. 
For instance, OSMs could be used for separation of air 
components in a modified Pressure Swing Adsorption 
(PSA) or Temperature Swing Adsorption (TSA) 
methods, as well as in another variation of these 
techniques, called Vacuum Swing Adsorption (VSA), 
which is pursued at lowered pressure (vacuum) and near 
ambient temperature conditions [1]. It seems to be 
possible to modify the described above methods by 
using oxygen absorbing OSMs, instead of commonly 
utilized adsorbing materials, like zeolites. Furthermore, 
OSMs may be possibly applied in so called Ionic 
Transport Membranes (ITM), which allow for effective 
production of the oxygen [1, 2]. 

Here we report on structural properties, 
oxidation/reduction behavior and catalytic activity of 
perovskite-type oxides from BaLnMn2O5+δ group, 
having layered type of Ba-Ln arrangement. The 
presented studies were conducted from a point of view 
of oxygen storage in the considered materials. 

EXPERIMENTAL  
Synthesis of BaLnMn2O5+δ materials was 

performed at 1100 °C for 8 h in 1 vol.% of H2 in Ar 
atmosphere, with flow of gas of about 100 cm3min-1. 
Structural studies were carried out in 10-110 deg range 
with CuKα radiation. For high temperature 
measurements, Anton Paar HTK 1200N oven-chamber 
was installed on the diffractometer. Data for selected 
samples were collected in air, and in Ar and in low 
vacuum (~ 100 Pa). 

Oxygen storage-related properties were evaluated 
using thermogravimetric method on powdered samples. 
For reduction (at 400-600 °C), 5 vol.% H2 in Ar mixture 
was used, while the oxidation process was studied in air. 

Complementary catalytic activity studies of 
selected BaLnMn2O5+δ were conducted on a custom-
made setup.  

RESULTS AND DISCUSSION  
Among studied BaLnMn2O5+δ (Ln: Pr, Nd, Gd and 

Y) compounds, the best performance in terms of the 
oxygen release speed (reduction of the material) during 

isothermal studies at 500 °C was measured for 
gadolinium-containing sample. However, during in situ 
structural studies under vacuum condition, only about 
0.5 mol of oxygen was released from this material up to 
800 °C. The most promising results were obtained for 
BaPrMn2O5+δ sample, for which release of 1 mol of 
oxygen per mol of the compound was documented 
during heating in vacuum up to 600 °C. As can be seen 
in the Fig. below, such investigations allowed for 
unique observations of the structural changes occurring 
in the process of reduction. 
  

 
 
 Furthermore, investigations of catalytic activity [3] 
of the materials point out to their ability for the effective 
oxidation of CO and CHx, as well as reduction of NOx. 

CONCLUSIONS 
The presented here oxide materials exhibit very 

interesting properties considering the oxygen storage 
ability and catalytic activity. It seems that their usage in 
technological applications is possible.    
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INTRODUCTION 
 

Solid oxide fuel cells (SOFC) with yttria or ceria 
based electrolytes require high operating temperatures. 
Bismuth based electrolytes exhibit highest oxide ion 
conductivity at high and intermediate temperatures and 
are widely studied for its potential applications in the 
intermediate solid oxide fuel cells (IT-SOFC). However, 
lower operating temperature results in a higher 
interfacial polarization resistances. These polarization 
effects are especially important for the commonly used 
perovskite cathodes, like (La,Sr)MnO3, which are poor 
ionic conductors. Improvement of performance of 
cathode based on LSM can be obtained by forming a 
composite cathode with a second component 
characterized by high oxide ion conductivity. Recently 
much work was carried out on development of 
LSM/YSZ or LSM/GDC composite cathodes suitable 
for SOFC systems [1,2].  

In this paper composite cathode, build of LSM and 
bismuth based oxide material (Bi3Y0.9W0.1O6.15) was 
studied. Selected oxide ion conductor was shown to 
provide high conductivity, but also good long term 
stability. Additionally both components of composite 
cathode, LSM and Bi3Y0.9W0.1O6.15, exhibit similar 
thermal expansion coefficients. Significant decrease of 
interfacial resistance of the composite system is 
expected in comparison to that of LSM material. 
 
EXPERIMENTAL  

 
Powders of component materials were mixed in 

different molar ratios (Bi3Y0.9W0.1O6.15 : LSM) from 
10:1 to 1:1, then formed into disc membranes, pressed 
and sintered. Prepared samples were investigated by HT-
XRD, SEM and DTA methods. Electrical conductivity 
of composites was examined by a.c. impedance 
spectroscopy, while ionic and electronic contribution to 
the total conductivity (transference numbers) were 
measured using modified EMF method with oxygen 
concentration cell.   

 
RESULTS AND DISCUSSION  

 
XRD and DTA measurements indicate, that there 

was no chemical reaction between component phases of 
composite in the temperature range from room 
temperature to 850ºC. It has been shown, that total 
conductivity of composite systems decreases with the 
increasing Bi3Y0.9W0.1O6.15 content, in particular in the 
systems with dominant share of the ionic component. 

Applicability of the classical percolation model was 
examined. The results of transference number studies 
show, that for the systems with molar ratio equal 1:1, the 
electronic conductivity is dominating total conductivity, 
whereas ionic conductivity is dominating for the systems 
with molar ratio above 2:1. Arrhenius plot of electronic 
and ionic conductivity obtained for Bi3Y0.9W0.1O6.15 : 
LSM composite at molar ratio 1:1 is presented at Fig. 1. 

 
Fig. 1. Ionic and electronic components of total 
conductivity for Bi3Y0.9W0.1O6.15 : LSM composite at 
molar ratio 1:1 
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INTRODUCTION 

A solid oxide fuel cell (SOFC) is a device that can 
directly convert the chemical energy of various gaseous 
fuels into electrical energy and heat. One of the possible 
fuels for SOFCs is biogas, which consists mainly of 
methane (CH4) and carbon dioxide (CO2), with some 
traces of other gases, e.g. hydrogen sulfide (H2S), 
ammonia (NH3), hydrogen (H2), nitrogen (N2), oxygen 
(O2) and vapor water (H2O) [1]. Due to relatively high 
operation temperature (up to 800 °C) of the solid oxide 
fuel cell an internal reforming of biogas is possible 
directly on the SOFC anode, without the external 
reformer. However, in practice the commercially used 
solid oxide fuel cells with Ni-YSZ anode suffer from 
carbon deposition and sulfur poisoning during the 
internal reforming process [2].   

Carbon deposition on the anode takes place via 
methane cracking on nickel and/or Boudouard reaction 
[1]. Mainly crystalline graphite, amorphous carbon or 
carbon fibers are formed [3]. This process can be 
minimized by a proper anode modification 
(composition/structure [4]) as well as by operating 
parameters, e.g. current density or in a way of biogas 
pre-mixing with steam, carbon dioxide, hydrogen or 
oxygen [5,6]. 

The aim of this work is to present properties of 
various catalytic materials such as Sm0.2Ce0.8O1.9,  
Sm0.2Ce0.8O1.9-YSZ, CuO-CeO2, NiO-Al2O3 and 
LiLaNi-Al2O3 as active components for biogas 
reforming.  

EXPERIMENTAL  
All catalytic materials were synthesized using a 

Pechini method. As a result powders of suitable 
compositions have been obtained. In order to form 
pastes the obtained powders were grinded in a mortar 
for about 1 hour together with ESL 403 organic binder 
(ElectroScience Laboratory, USA). Then the obtained 
pastes were applied on the anode surface forming 
catalytic layers (16 mm in diameter). Finally, the 
modified fuel cells with deposited catalytic layers were 
fired for 2 hours.  

The phase composition of the investigated 
materials was analyzed by the X-ray Diffraction method 
using an X’Pert Pro MPD Philips diffractometer with 
Cu Kα (1.542Å) radiation at room temperature. The 
morphology of fuel cells cross sections was observed 
using the FEI Quanta FEG 250 Scanning Electron 
Microscope (SEM). To recognize the elements and their 
distribution in the fuel cell, the energy-dispersive X-ray 
(EDX) spectroscopy was performed on the fuel cells 

cross sections using the EDAX Genesis APEX 2i with 
Apollo X SDD spectrometer at 10 kV. 

The electrical properties of the reported four sets of 
fuel cells were measured using a measuring cell build 
and dedicated for this experiment. Two types of 
measurement data were collected using computer 
software: a current density versus voltage plot and a 
current density versus time plot at a loading condition of 
0.65 V for the time over 168h (7 days). In order to 
initially reduce anodes, the pure hydrogen was delivered 
as a fuel for 24h. After this time hydrogen was replaced 
by dry synthetic biogas consisting of methane and 
carbon dioxide mixed at a volume ratio of 60/40. The 
total flow rate of the gas mixture was 40 cm3min-1. The 
current-voltage measurements were collected every 24 
hours. The measurements were performed at 750 ˚C. 

RESULTS AND DISCUSSION  
It has been found that using a Pechini method it is 

possible to obtain a desirable, single phase material with 
an average grain size equal tens of nanometers. Then 
these materials have been applied as potential catalytic 
layers for Solid Oxide Fuel Cells. The fuel cells with 
cerium containing layers are stable in time in both 
hydrogen and biogas atmospheres, whereas the fuel 
cells with nickel containing layers deteriorate in a 
similar way as the reference cell without a catalytic 
layer. The SEM analysis indicated that on the surface of 
investigated layers carbon nanofibres are formed after 
running in biogas. However, for ceria containing 
catalysts the anode area remains clear from carbon 
deposition.  
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INTRODUCTION 
 

In the face of climate change caused by progressive 
destruction of the environment and progressive depletion 
of natural resources, mankind is forced to seek 
alternative energy sources. Driven by economic pressure 
alternative energy technologies become a dominant area 
of research and innovation all over the world [1-2]. It 
has become a necessity to develop new, efficient and 
environmentally friendly sources of energy. From this 
perspective, fuel cells seem to be one of the most 
promising new technologies of energy production [3]. 

Solid oxide fuel cells (SOFCs) are defined as 
electrochemical devices that directly convert chemical 
energy into electricity. One of the most promising 
devices are SOFCs based on proton-conducting 
electrolytes (PC-SOFCs). Compared to SOFCs based on 
oxygen ion-conducting electrolytes, in this case there is 
no fuel dilution at the anode side, because water vapor as 
a product is generated at the cathode. Additionally, PC-
SOFCs may have higher power output than oxygen ion-
conducting SOFCs at temperatures below 600 °C [3]. 
Unfortunately, in typical fuel gas compositions proton-
conducting materials exhibit rather low chemical 
stability, which limits the applicability of these materials 
in SOFCs technology.  

In this work we attempt to build and testing anode-
supported planar cell with configuration NiO-
BCYZ/BCYZ/LSCF-BCYZ/LSCF, where: BCYZ – 
BaCe0.8Y0.1Zr0.1O3-δ, LSCF – La0.6Sr0.4Co0.2Fe0.8O3-δ.  
 
EXPERIMENTAL  

The BCYZ nanopowder was prepared by a self-
combustion synthesis [4], where ethylene glycol, citrate 
acid, metal nitrates (Ce(NO3)3 × 6H2O, Y(NO3)3 × 6H2O, 
ZrOCl2, × 8H2O).and BaCO3 were used as substrates. 
The LSCF precursor was synthesized by a modified 
Pechni method [5] by mixing ethylene glycol, citrate 
acid, and appropriate metal nitrates (La(NO3)3 × 6H2O, 
Fe(NO3)3 × 9H2O, Sr(NO3)2, Co(NO3)2 × 6H2O).  

The anode material in this system is a NiO-BCYZ 
composite. NiO and BCYZ powders were mixed with 10 
wt% activated carbon as a pore former (NiO:BZCY=6:4) 
by the ball-milling method. The anode powder was dried 
at 100 °C for 24 h. Next, the mixture was pressed into a 
pellet and calcinated at 1100 °C.  

The thin layer of BCYZ electrolyte material was 
applied by spray pyrolysis method. All of the spray 
pyrolysis parameters were strictly controlled. After that 
the structure was sintered at 1500 °C in air. The BCYZ 

porous structure was deposited on this electrolyte layer. 
Then thin LSCF layer was deposited on the surface by 
infiltration of polymer precursors. This thin layer was 
directly infiltrated by BCYZ and sintered in air at  
1000 °C. After sintering the cathode layer of LSCF was 
applied by spin coating method.  
 
RESULTS AND DISCUSSION  

The structural properties of precursors (BCYZ and 
LSCF) were studied with use of X-ray diffraction 
(XRD). Both precursor materials were single-phase. The 
planned cell configuration is shown in Fig. 1. In order to 
examine sample morphology scanning electron 
microscopy (SEM) was used. The electrical properties of 
BCYZ cells were measured by means of electrochemical 
impedance spectroscopy. 

 

 
Fig. 1. The planar BCYZ cell configuration. 

 
CONCLUSIONS 

In this study, the BCYZ material with thin layer of 
LSCF-BCYZ was applied to a planar-type cell. The cell 
with configuration of NiO-BCYZ/BCYZ/LSCF-
BCYZ/LSCF was analyzed.  
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Solid oxide electrolysers (SOEC) are the most 
efficient electrolysers of steam to hydrogen and oxygen. 
In the future energy system, where large amounts of 
energy will be created by fluctuating sources (wind, 
solar), there will be a need to store this energy and use it 
when there is a demand. Generation and usage profiles 
of energy coming from renewable sources are not 
overlapping. Electrolysers will therefore be an 
inevitable part of the modern energy system based on 
fluctuating sources. Technologies for generating 
renewable energy are already available but now the 
biggest concern is to store this energy. Before 
successful commercialisation of SOEC several aspects 
have to be solved: primarily obtaining high current 
densities with low degradation rates. Current state-of the 
art in solid oxide electrolysis is based primarily on the 
use of state-of the art solid oxide fuel cells. These cells 
can work with power densities reaching 1 A cm-2 at 
thermoneutral voltage (~1.3 V) at 800°C. It has been 
shown that in comparison to solid oxide fuel cells, 
different polarization of electrodes lead to rise of the 
electrochemical potential drop across the 
electrode/electrolyte/electrode system and this can lead 
to new degradation mechanisms [1-3]. To be able to 
solve the degradation problems of solid oxide 
electrolysers a thorough knowledge of the phenomena 
occurring during operation is needed. 

The aim of the study is to investigate the 
degradation processes on electrolyte/air electrode 
interface in a typical configuration with the porous 
electrode, as well as with additional, dense thin 
perovskite buffer layer. 

In order to evaluate degradation process 
symmetrical cells with two LSCF electrodes were 
prepared on yttria stabilized zirconia (YSZ) substrate. 
Thin (~200nm) perovskite layers were fabricated using 
spin coating of a metallo-organic precursor. Sample 
morphology was determined by scanning electron 
microscopy (SEM, Quanta 250 FEI). Symmetrical cells 
were characterized by the electrochemical impedance 
spectroscopy (EIS) using Solartron SI 1260 impedance 
analyzer coupled with SI 1287 electrochemical 
interface.  
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INTRODUCTION 
 The world‘s state of knowledge of application of 
fuel cells in aviation has shown particular trend in recent 
years towards the search for a new alternative source of 
power on boards of helicopter and airplane [1]. One of 
the kind of fuel cell which can be used in aviation are 
solid oxide fuel cells (SOFC). One of the application 
where this kind of fuel cell will be used is Solid Oxide 
Fuel Cell - Gas Turbine Hybrid Auxiliary Power Unit 
(SOFC-GT APU) [2-3]. The main aim of this work is to 
demonstrate stack of Anode Supported Solid Oxide Fuel 
Cells (AS-SOFC) as the auxiliary power supply 
integrated with ignition system of ASZ-62IR engine. 
Taking into account the requirements for the power 
density of the fuel cell system, defined as the ratio of 
power output of fuel cell stack per mass of this stack, 
which value should be as high as possible, in the 
construction of the fuel cell stack will be used lighter 
and cheaper ceramic materials instead of currently used 
metal materials. Additionally stack configuration will be 
changed in way which will enable reduction of weight 
and size of stack.    
 
EXPERIMENTAL  

Direct housing of the fuel cell is made from light 
modular ceramic material made of alumina (C799) (fig. 
1). Membranes of fuel cells (AS-SOFC made in 
CEREL) are placed inside of ceramic housing elements 
with serially – parallel  way: the pair of membranes will 
be alternately faced each other of anode and cathode 
sides what. Instead of expensive, complex and time-
consuming metal interconnectors, structured alumina 
elements are used which distribute fuel (hydrogen) on 
the anode side and oxidant (air) on the cathode side. 
Between structured alumina element and given electrode 
a perforated flat current collector made of heat resistant 
alloy is set. The current collector will collect electrical 
charge comes from anode surface and conduct it to 
cathode surface or to electric current receiver. Both 
ceramic structured elements designed for gases 
distribution and housing elements of fuel cells 
membranes are made by means of cheap and highly 
efficient methods of low and high pressure ceramic 
injection moulding. The insulation elements of the stack 
will be made of flat seals made of a refractory ceramic 
paper based on SiO2-Al2O3 fibers. This seals prevent 
from fuel leakage to the outside or to oxidant part during 
operation of cell at high temperatures. Thermal 
insulation of inside part of stack will be made of ultra-
light mats of refractory fibers with  very low heat 
transfer coefficient which will allow to minimalize of 
heat losses and prevent from increasing of weight of 
whole construction. This system of construction will 

allow to make external cover of stack by using thin 
protective covering what additionally will reduce weight 
of whole stack. The use in the stack of high power 
density (max. power density 1,25 W/cm2 at 800ºC) AS-
SOFC membranes produced in CEREL will allow obtain 
high power density of the fuel cell system.     

 

 
Fig. 1. AS-SOFC lightweight short stack. 

 
CONCLUSIONS 
Concept of SOFC stack made of lightweight elements 
like alumina housing, interconnect structured alumina 
elements with thin perforated current collectors, is able 
to significantly reduce the whole mass of Solid Oxide 
Fuel Cell Stack. This will allow to use SOFC stack as 
the auxiliary power supply integrated with ignition 
system of ASZ-62IR engine. The success of this system 
also allows for future development of this kind of fuel 
cells not limited to stationary application.   
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INTRODUCTION 

Commercialization phase of polymer electrolyte 
fuel cells (PEMFCs) has significantly accelerated since 
several recent years. However, there are still two major 
issues that PEMFCs suffer from i.e. life time and 
production costs. The former one is mainly connected 
with limited durability of basic fuel cell components – 
typically PFSA-based electrolytes and Pt/carbon 
electrodes. Major production costs are due to platinum 
catalyst and graphite bipolar plates. This work aims to 
mitigate some drawbacks by incorporation of new 
materials to fuel cell catalyst layer in order to enhance 
the electrode durability and decrease the amount of 
platinum used. The fundamental approach is to apply 
graphene oxide (GO) and organically modified TiO2-
SiO2 hybrid material (obtained by sol-gel method) as 
catalyst support. High surface area (SA) and 
microporosity (µP) and chemical durability of above 
additives in connection with potential catalytic activity 
of TiO2-SiO2 suggests that such a novel electrode 
material may operate sufficiently in PEMFCs. 
Investigations of physical and electrochemical 
parameters of prepared catalyst mixtures and single fuel 
cells are key objectives of this work.  
EXPERIMENTAL  

Catalyst mixtures were fabricated in the following 
way. Pt black powder was first mixed with small 
amount of deionized water (to protect against catalyst 
burning) and Vulcan XC72 carbon black to establish a 
Pt-on-carbon mass fraction of 30%. Then, ethanol was 
added in the amount of 15% of mixture volume ratio. 
The mixture was stirred by applying ultrasonication and 
mixed simultaneously for about 40 minutes. At this 
stage various additives such as graphene oxide or 
synthesized TiO2-SiO2 were added in required amounts. 
Finally, 20 wt.% Nafion solution was put into the 
beaker in the amount of 30 wt.% following by cooling 
down the mixture temperature to about 0 °C. As a result, 
4 catalyst pastes were prepared i.e. Pt/Carbon/GO, 
Pt/Carbon/TiO2-SiO2, Pt/Carbon/GO/TiO2-SiO2 and 
reference one. GDL papers with hydrophobic treatment 
were chosen to made gas diffusion electrodes (GDE). 
These electrodes acting as anodes, activated Nafion-115 
films as electrolytes and 2 mg Pt/cm2 commercial GDE 
as cathodes were taken to carry out MEA procedure (hot 
pressing for 5 min. at 110 °C and 30 bar), resulting in 1 
cm2 single PEMFCs. Surface area and porosity 
measurements were performed for catalyst mixtures and 

its particular components prior to electrochemical 
properties evaluation of PEMFCs.   
RESULTS AND DISCUSSION  

Commonly-used carbon support i.e. Vulcan XC72R 
is characterized by SA of 249.2 m2/g and µP surface 
area of 82.5 m2/g, according to the measurements. Any 
addition of chemical compounds such as Nafion 
decreases this area, therefore its initial value should by 
as high as possible. The investigation of reference 
catalyst material reveals a decrease of SA to 69.7 m2/g 
and absolute filling of microporosity structure. At the 
same time, the average pore width increased from 11.6 
nm to 40.6 nm. However, the experiments showed that 
the addition of only 1:22 weight ratio of graphene oxide 
can mitigate this negative effect. According to the 
investigation, for Pt/carbon/GO paste, SA of 85.6 m2/g 
and average pore width of 34.7 nm were recorded. 
Further scaling up the graphene content may bring even 
better results.  

Some promising data were found for organically 
modified TiO2-SiO2 hybrid material. Total SA of 370.2 
m2/g, pore size of 3.7 nm and microporosity structure 
(126 m2/g, 0.61 nm) in connection with potential 
catalytic properties indicate that this additive may have 
superior influence on GDE characteristics. Moreover, 
preliminary performance measurements of single fuel 
cells revealed that the addition of 30% GO/Carbon 
increased the maximum power density from 105 
mW/cm2 to 120 mW/cm2 despite Pt catalyst amount was 
scaled down from 0.54 mg/cm2 to 0.39 mg/cm2. 
CONCLUSIONS 

Modification of catalyst mixture structure is 
important for reducing of expensive platinum used in 
PEMFCs. It can be done by incorporation of new 
support materials with high surface area and 
microporosity structure and by application of new 
material that reveal catalytic activity. In this work GO 
and organically modified TiO2-SiO2 materials were 
taken into account. Some positive feedbacks were found 
in terms of surface area and porosity  and electrical 
performance. Further experiments are required to 
confirm the usefulness of such approach for PEMFCs.  
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INTRODUCTION 

Fuel flexibility of Solid Oxide Fuel Cells (SOFC), 
with possibility of utilization of non-hydrogen fuels, can 
be an essential factor for the commercial adoption of 
SOFC technology in power generation, as the future of 
hydrogen economy is still to be realized, due to some of 
the major barriers related to costs, technological 
uncertainty, and infrastructure set-up [1, 2]. One of the 
main problems with SOFCs directly running on non-
hydrogen fuels, such as natural gas, methane or syngas is 
carbon deposition on the anode, which can cause 
significant or even detrimental decrease of the cell’s 
performance [1, 2, 4]. The considered non-hydrogen 
fuels usually contain sulfur (in a form of H2S), which 
can irreversibly poison Ni-YSZ cermet anodes [1, 2]. 
Therefore, development of novel materials with 
improved tolerance towards carbon deposition and sulfur 
poisoning is essential for the construction of robust 
SOFCs with fuel versatility.  

Application of mixed ionic-electronic conductors 
(MIEC) in the SOFC anode is considered to be highly 
beneficial, as it allows for the electrode reaction to occur 
on the whole surface on the electrode material, 
improving electrochemical properties [1, 2, 4]. Among 
the new anode material candidates, perovskite-type 
oxides from AMMoO6-δ (A - Sr, Ba; M - Mg, Mn, Fe, 
Co, Ni) families, either B-site cation ordered or 
disordered, seem to be particularly attractive [1-4]. In 
this study, A-site doped with barium Sr2-xBaxMMoO6-δ 
(M: Mg, Mn, Fe) oxides were studied and evaluated as 
anode materials for SOFCs.  
RESULTS AND DISCUSSION  

  Mo-containing Sr2-xBaxMMoO6-δ (M: Mg, Mn, Fe)  
perovskite-related oxides have been evaluated in terms 
of their possible application as anode materials in Solid 
Oxide Fuel Cells. 

 

 
Fig. 1. Normalized unit cell volume and parameters of 
Sr2-xBaxMMoO6-δ (M = Mn, Fe) oxides. 

Crystal structure, transport properties, oxygen content, 
chemical stability have been studied. The doping with 
different amount of barium at A-site, and the B-site 
metals M (M: Mg, Mn, Fe) significantly affect the 
physicochemical properties of considered materials. It 
shows that double perovskites with Fe at B-site have 
highest conductivity in reducing condition, among Sr2-

xBaxMMoO6-δ materials. While those materials are only 
stable in reduction conditions.  

 
Fig. 2. Electrical conductivity for Sr2-xBaxFeMoO6-δ 
materials as a function of temperature. 

CONCLUSIONS 
Physicochemical properties of Sr2-xBaxMMoO6-δ (M: 

Mg, Mn, Fe) anode materials were investigated, and  the 
effect of A-site doping with barium and B-site metals M 
(M: Mg, Mn, Fe) on physicochemical properties of the 
considered oxides was evaluated.  
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INTRODUCTION 

Layered type Ln2MO4±δ and (Ln1-xSrx)2MO4±δ 
oxides (Ln: lanthanides, M: 3d metals) are studied as 
candidate cathode materials for Intermediate 
Temperature Solid Oxide Fuel Cells (IT-SOFC), due to 
their good mixed ionic-electronic transport properties 
and moderate values of thermal expansion coefficient. 
In these materials, especially if M = Ni, significant 
amount of interstitial oxygen is present, which diffusion 
may enhance oxygen reduction reaction occurring on 
the cathode in the intermediate temperature range [1-4].  

The structural aristotype for Ln2MO4±δ, realized in 
case of K2NiF4, is characterized by tetragonal structure 
with I4/mmm space group. It can be described as layered 
sequence of perovskite-like ABO3 and NaCl-like AO 
units along c axis, with Ni cations having octahedral 
coordination [1-4]. 

There are literature reports showing good 
electrochemical properties of Ln2NiO4±δ nickelates, 
which were used as cathode materials in IT-SOFCs [3]. 
Also some works show possibility of application of 
Ln2CuO4±δ cuprates [4], as well as materials, in which 
Ni and Cu cations are present together at the M-site [2]. 

RESULTS AND DISCUSSION  
In this work, physicochemical properties in terms of 

crystal structure, oxygen nonstoichiometry, electrical 
conductivity, Seebeck coefficient, for La2Ni0.5Cu0.5O4 
and Pr2Ni0.5Cu0.5O4 oxides are reported.  

 
Fig. 1. Electrical conductivity of the studied materials as 
a function of the temperature. 

Pr2Ni0.5Cu0.5O4 compound was selected as the 
candidate cathode material, and electrochemical 
properties of Pr2Ni0.5Cu0.5O4-based IT-SOFC are given. 
The results are supplemented by chemical stability data 
of the considered materials at high temperature and in 
relation to Ce0.8Gd0.2O1.9 and Zr0.84Y0.16O1.92 

electrolytes.

 
Fig. 2. Voltage and power density of button-type H2 | 
Pr2Ni0.5Cu0.5O4 | Ce0.8Gd0.2O1.9 | 8YSZ-Ni | air cell as a 
function of current density. 

CONCLUSIONS 
Structural properties, oxygen nonstoichiometry, 

electrical conductivity and Seebeck coefficient data 
were measured for La2Ni0.5Cu0.5O4 and Pr2Ni0.5Cu0.5O4 
oxides synthesized by a soft chemistry method. 
Pr2Ni0.5Cu0.5O4 was selected as candidate cathode 
material for electrolyte-supported IT-SOFC having 
power densities exceeding 0.13 W·cm-2 at 800 °C. 
Despite promising performance, the main issue 
considering possible application of the compounds 
arises from their low chemical stability at high 
temperatures. This instability is driven by a tendency to 
separation into Cu-rich T’-type and Ni-rich T-type 
phases. 
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INTRODUCTION 
 

In recent years, the nanoceramics have become the 
very important and promising materials of applied 
research. In this group of materials, modified perovskite-
related structures are very promising materials i.a. for 
SOFC anodes. One of the most important process in this 
device is fuel oxidation. Performance of this process is 
determined, i.a. by oxygen vacancies concentration [1]. 
It was shown [1], that electrical and structural properties 
of perovskite-type oxide structures depends on 
fabrication method. Moreover, the amount of grain 
boundaries and the surface defects are also responsible 
for oxygen diffusion performance. This process can be 
more efficient in nanostructures. 
 For many of applications microcrystalline doped 
strontium titanate has been prepared by the conventional 
solid-state reaction method. On the other hand, chemical 
synthesis, like a sol–gel or self-combustion methods 
have been proved to be more suitable for the preparation 
of nanocrystalline SrTiO3 particles [2-4].  However, 
these methods need high sintering temperature, and due 
to a series of disadvantages, they have not been able to 
achieve industrial production. 
 In this work, the nano-particles of Y, Fe and Nb-
doped SrTiO3 mixed ionic-electronic conductor material 
synthesized by novel low-temperature method were 
analyzed. The Y, Fe and Nb dopant contents were 
selected according to results of previous own 
measurements and certain literature report [5]. The 
obtained products were fully characterized i.a. by  XRD, 
SEM, FT-IR, BET and TG-DSC methods. 
 
EXPERIMENTAL  
 
Two different powders: Y0.07Sr0.93Ti1-xFexO3-δ for x=0; 
0.2 and SrTi0.98Nb0.02O3-δ were prepared by modified 
polymer precursor method (assigned as MPPM in this 
work) from the following precursors: Y(NO3)3∙6H2O, 
non-dried Sr(OH)2∙8H2O,      Ti(OCH2CH2CH2CH3)4    , 
Fe(NO3)3∙9H2O and  Nb(OCH2CH3)5.  The different 
temperatures of calcinations (400-600 oC) have been 
used. Then, the phase composition of samples was 
analyzed by the X-ray diffraction technique (XRD). The 
structure and morphology of obtained nanoparticles was 
observed by a scanning electron microscopy (SEM). The 
thermal decomposition of the initial precursor was tested 
by thermogravitometry and differential scanning 
calorymetry (TG-DSC). The bond structure and impurity 
in the product was analyzed using a FT-IR spectrometer. 

The specific surface area of particles was studied using a 
BET method. 
 
RESULTS AND DISCUSSION  
 
 The pure cubic-phase strontium titanate nanoarticles 
were successfully synthesized at 400-600 oC temperature 
range. The average crystallite sizes, calculated by using 
Scherrer’s formula, were to be in range of 30-80 nm and 
their size strongly depends on calcination temperature 
and composition. The SEM images shown the 
nanoparticles with a uniform morphology, a non-
uniform agglomerates of grains and particle sizes of 
about 30-70 nm. This is consistent results with 
estimation of grains size from Scherrer’s equation from 
XRD data. The BET analysis showed a large specific 
surface area (SBET>30 m2/g) and small BET particle size 
dBET for all obtained powders. The results of TG-DSC 
showed the different regimes of decomposition of initial 
precursor. In the stage between 250-700 oC the 
decomposition of complex polycondensate may take 
place and some exo- and endothermic peaks which may 
refer to crystallization process can be observed.  The FT-
IR analysis will be also done for obtain an information 
about the impurity of powders and their bond structures. 
 
CONCLUSIONS 
 
The Y, Fe and Nb-doped SrTiO3 powders successfully 
synthesized at very low temperature of calcination. The 
30-80 nm nanoparticles can be observed in obtained 
powder.  According to shown structural properties, it can 
stated, that MPPM method allows obtaining a pure 
perovskite phase. Moreover, the crystallization process 
can occur in temperature which is 600-700 oC lower than 
that from the traditional solid state synthesis method.   
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ABSTRACT 
 
Institute of Power Engineering (IEN) has conducted 
extensive research related to solid oxide fuel cells 
(SOFC) since year 2004. The scope of IEN activities 
includes works devoted to design, modeling  
and operation of single cells, stack of fuel cells  
and complex micro-CHP systems, utilization  
of alternative fuels (natural gas, biogas, carbonaceous 
fuels), and sensitivity study. IEN designed, constructed 
and tested the first Polish micro-CHP unit based on 
solid oxide fuel cells. These works were preceded by 
tests  
of auxiliary system units such as hot water tank, steam 
reformer, water vapor generator and burner. The range 
of activities includes online operation of SOFC stack 
with biomass gasifier [2] with simultaneous removal of 
chlorine and sulphur compounds to the required levels 
[3]. With a view to a comprehensive approach to the 
subject, the set of mathematical models and numerical 
simulators for detailed analysis aspects mentioned 
above were developed [4]. Studies of direct carbon solid 
oxide fuel cell (DC-SOFC) were also conducted [5]. 
IEN Fuel Cell Group has analyzed a set of commercial 
single SOFCs (different suppliers) and own production 
SOFCs which were prepared in the Ceramic Department 
(CEREL) of IEN. The cell components were 
characterized by microstructure investigations (using 
scanning electron microscopy), direct current operation 
(I-V measurements) and electrochemical impedance 
spectroscopy examinations (EIS). Currently high-
temperature SOFCs, based on yttria-stabilized zirconia 
(YSZ) electrolyte, lanthanum-strontium manganite 
(LSM) cathode, and a nickel-YSZ cermet anode, 
operate at 750 – 850°C for the electrolyte supported 
cells. Reduction in the operating temperature of SOFCs 
is desirable to lower the costs, improve durability, and 
overcome the technological disadvantages associated 
with elevated temperatures. This is actually the key 
challenge on the way to commercialization of the 
SOFCs. The reduction in the operating temperature  
can be achieved in different ways, primarily  
by development of new materials and novel design 
concepts for the single cells and stacks. The design  
of cell, stack, and system was supported by the CFD and 
system-level modeling [6,7]. 
Commercialization of the micro-CHP systems based on 
SOFC as a main goal of IEN is realized by several 

steps: organization of laboratory for SOFC development 
and testing; electrolyte supported SOFC (850 °C) – 
development and testing; anode supported SOFC 
(750°C) – development and testing; fuel testing 
(including biofuels and carbonaceous fuels); short 
SOFC stack – preparing and testing; demo SOFC stack 
(2.5 – 10 kW); 2.5 – 10 kW process module based on 
SOFC stacks, afterburner, heat exchanger, and other 
peripheries [8].  
Presently, IEN is taking a leading role as a national 
developer of energy generation solutions based on solid 
oxide fuel cells for clean, sustainable, cheap and reliable 
energy delivery for residential and industrial 
applications.  
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INTRODUCTION 

Fuel cells are electrochemical devices which 
convert chemical energy to the electrical one. Solid 
Oxide Fuel Cells (SOFCs) consist of a cathode, a solid 
state electrolyte and an anode. From cathode site oxygen 
from air is supplied and from anode site fuel, e.g. 
hydrogen, methane, is delivered. An electrolyte conduct 
only ions thus the electrons created on one electrode 
during chemical reaction must cross to another electrode 
by external circuit.  
 A layer, on which SOFC is supported, must be the 
thickest and mechanically strong. In case of anode 
support it should be chemically stable, highly active and 
porous [1]. Right porosity is needed in order to allow 
fuel permeability [2].  

As pore formers organic materials can be used, 
because they form voids during sintering. Such materials 
are, for example, graphite, PMMA, sucrose, polystyrene 
etc. [3]. Important is optimize anode structure that after 
final heat treatment in anode structure maintain proper 
porosity. 
 
EXPERIMENTAL  

To prepare anode substrate, powders of NiO 
(J.T.Baker) and YSZ (TOSOH) (60:40 wt%) were used. 
The powders were mixed and ball milled (400 rpm). To 
obtain porous structure two sets of anodes were 
prepared. One set contained pore former of poly(methyl 
methacrylate-co-ethylene glycol dimethacrylate) 
(PMMA-EGDM) with 8µm particle size. A second set 
contained a PMMA-EGDM with particle size of 50µm.  
In case of the both sets, an anode powder and a pore 
former ratios of 50:50, 60:40, 70:30, 80:20, 90:10 and 
100:0 (vol.%) were prepared and investigated. To mix 
uniformly all powders they were ball milled (200rpm). 
The anode pellets was pressed (hydraulic press Carver) 
using 1g powders. For the every set and for the every 
volume ratio three sintering temperatures, i.e. 900˚C, 
1000˚C and 1400˚C, were used for samples fabrication. 
Density of each sample was investigated using 
Archimedes methods. 

In order to investigate performance of different 
anode supports, fuel cells were prepared and 
investigated. Yttria stabilized zirconia was sprayed from 
the suspension as an electrolyte. Suspension was made 
from 8YSZ powder (TOSOH) dispersed in mixture of 
ethanol and toluene in 80:20 vol.%. The anode supports 
with electrolyte were sintered at 1400˚C. A cathode was 
deposited by brushing the LSCF paste and sintering at 
850˚C.  

Electrical measurements were made using an 
impedance analyzer Solartron SI 1260 combined with a 

potentiostat / galvanostat Solartron SI 1287. 
Measurements were performed in the frequency range 
from 1 MHz to 0.1 Hz with a voltage excitation of 
20 mV in the temperature range 600 – 800˚C. 

 
RESULTS 

Different ratios of PMMA-EGDM from both sets 
gives resulted in different porosity of anode structure 
(see Fig. 1). 

    
Fig. 1. SEM cross section micrographs of anode 
supports with PMMA-EGDM 8µm for anode powder : 
PMMA-EGDM of 100:0 vol.% (a) and 70:30 vol.% (b) 
ratio sintered at 1400˚C. 
  
CONCLUSIONS 

Anode supported solid oxide fuel cells with various 
porosities of anodes were prepared and investigated. The 
cell performances were electrically measured. Porosity 
has impact on SOFC efficiency. 
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The use of a graphite- stainless steel composite as 
bipolar plates (BP) in a polymer electrolyte membrane 
fuel cells (PEMFCs) has been evaluated. The study 
covers measurements of mechanical properties, 
microstructural examination, analysis of surface profile, 
wettability, porosity, and corrosion resistance of 
composite. The corrosion properties of composite were 
examined in 0.1 mol dm-3 H2SO4 + 2 ppm F- saturated 
with H2 or with O2 and compared with 316L stainless 
steel.   
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INTRODUCTION 
 

Acceptor doped lanthanum orthoniobate is a proton 
conducting oxide with relatively high proton 
conductivity and chemical stability. For example, its 
total conductivity is of the order of 10-3 S/cm at 900°C 
[1].  This material could be successfully applied in such 
devices as fuel cells and gas sensors provided that it 
does not exhibit the structural phase transition in 
temperature range between room temperature and  
a device working temperature. Typical acceptor doped 
lanthanum niobates, e.g. La0.98Ca0.02NbO4, 
La0.98Sr0.02NbO4, or La0.98Mg0.02NbO4  crystallize in the 
tetragonal Scheelite structure and at temperature 
between 500°C and 450°C  transit into the monoclinic 
Fergusonite structure [2]. In order to avoid the phase 
transition, several strategies can be applied.  
For example,  substitution of niobium with antimony [3] 
or vanadium [4] leads to a decrease of the transition 
temperature.  On the other hand substitution of niobium 
with tantalum increases the transition temperature [5]. 
Another strategy leading to the stabilization of  
the tetragonal structure in room temperature is to  
decrease the crystallite sizes.  

 
EXPERIMENTAL  

In this work nanocrystalline La0.98Ca0.02NbO4 
powders were prepared by two methods: 
mechanosynthesis and molten salt synthesis. In both 
cases stoichiometric amounts of CaCO3, Nb2O5 and 
La2O3 (preheated at 900°C for 3 h) were used as 
reagents. The mechanosynthesis  of La0.98Ca0.02NbO4 
included several ball milling steps with  the total 
duration time of 11 hours. It was followed by the  
calcination at 800°C for 2h.  The molten salt synthesis 
was carried out in the eutectic mixture of  KCl and NaCl 
flux heated in a covered crucible. Heating temperature 
was between 665°C and 710°C. Then, the salt residues 
were washed by deionised water and the powder was 
dried at 80°C for 24 h.  

Obtained powders were characterized by X-ray 
diffraction and their grain morphologies were analysed 
and compared by scanning electron microscopy.   

 
RESULTS AND DISCUSSION  

 
Figure 1 shows examples of the  XRD patterns of 

the  La0.98Ca0.02NbO4 powders obtained with molten salt 
synthesis, mechanosynthesis, and for comparison, with a 

conventional solid state synthesis. It can be seen that the 
lowering of  crystallite sizes leads to the stabilization of 
tetragonal Scheelite structure.  

 
Fig. 1. XRD patterns of the  La0.98Ca0.02NbO4 powders 
obtained with MSS, mechano-  and solid state synthesis. 
F and S denote the strongest reflections of Fergusonite 
and Scheelite phases, respectively. 
 
 
CONCLUSIONS 

Molten salt synthesis allowed to obtain the powders 
with a wide distribution of the crystallite sizes. These 
powders  consisted of both tetragonal and monoclinic 
phases. On the other hand powders made by 
mechanosynthesis were tetragonal.  
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INTRODUCTION 

Thermoelectric power generators are solid state 
devices which can directly convert heat into electricity. 
Despite their clean and environmentally friendly 
operation, their current commercial applications are 
limited because of their low efficiency. A thermo-
electric power generator device consists of heavily 
doped semiconductor legs which are connected 
electrically in series and thermally in parallel. 
Fundamental understanding of heat and charge carrier 
transport inside the thermoelectric legs can lead to new 
strategies to design and fabricate high efficiency 
thermoelectric materials. 

With the optimal in terms of use in thermoelectric 
devices, complex physical and chemical properties of 
lead telluride is one of the most promising materials for 
making based on it thermoelectric generators for 
medium temperature range (500-800) K. In addition, the 
basic parameters of PbTe can be effectively changed by 
doping and solid solutions creation. In recent years, a 
significant increase in the efficiency of thermoelectric 
materials based Lead Telluride achieved through the 
creation of new class of compounds AgxPbmSbyTem+2 
(LAST) [1]. In paper was performed X-ray research and 
measurement of thermoelectric parameters (Seebeck 
coefficient, electrical conductivity, and thermal 
conductivity) of the AgxPbmSbyTem+2 (with different 
value of x and y parameters), PbTe:Sb, and PbTe-
Sb2Te3. 
 
EXPERIMENTAL  

Synthesis of materials was carried out in quartz 
ampoules evacuated to residual pressure of 10-4 Pa. 
Ampoules previously subjected to detailed cleaning. 
The resulting ingots were isolated and crushed to 
receive size fractions of (0.05-0.5) mm. Then they 
compressed under pressure (0.25-0.75) GPa. The 
resulting cylindrical sample with d = 5 mm and 
h ≈ 8 mm subjected to annealing at T = (400-700) K by 
(5-20) hours. 
 
RESULTS AND DISCUSSION  

 
It was found high values of dimensionless 

thermoelectric figure of merit: ZT ≈ 1 for PbTe:Sb 
(0,3 ат.%), аnd Pb18Ag2Te20 in the temperature range 
(450-550) К, and values ZT ≈ (1.5-2.0) for 
Pb18Ag1Sb1Te20 in the temperature range (500-600) К. 
Thermoelectric efficiency of other materials in the 
studied temperature range is significantly lower. The 
high values of thermoelectric figure of merit explained 
significant increase conductivity of the material, due to 

the action of the donor atoms of antimony for PbTe:Sb. 
And, the high values of ZT explained by reduction of 
thermal conductivity, resulting in the creation of a 
significant number of phonon scattering centers for 
Pb18Ag1Sb1Te20 and Pb18Ag2Te20. 
 
CONCLUSIONS 

Was received high value of the thermoelectric 
figure of merit for PbTe:Sb (0,3 at.%) and 
Pb18Ag1Sb1Te20: (ZT ≈ 1 at the (450-550) К) and for 
Pb18Ag2Te20 (ZT ≈ 2 at the temperature region (500-
600) К). 

These values caused increasing of electrical 
conductivity after donor action of the atoms of Sb for 
PbTe:Sb. 

The efficient of heat conductivity was decreasing in 
the case of Pb18Ag1Sb1Te20 and Pb18Ag2Te20 after 
increase role of phonon scattering. 
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INTRODUCTION 

Recent studies identify two possible ways to further 
improve the efficiency of thermoelectric materials: 
transition to using of materials with lower 
dimensionality (2D-, 1D- and 0D-structures) or create of 
new composite materials through modification the size 
of grain in bulk materials [1]. 

The quantum-size effects use for increasing of the 
Seebeck coefficient (S) and for further changes of 
specific electrical conductivity (σ) in the first case. In the 
second case, the creation the numerical limits leads to 
scattering of phonons more effectively than scattering of 
electrons. Another important factor is the increase of 
Seebeck coefficient (S) to the field of strong degeneracy 
after selection of carriers through the creation of an 
energy barrier at the boundaries of crystallites or grains. 
It is particularly effective for the composite material [2]. 

In work the research for thermoelectric 
semiconductor composite materials based on PbTe with 
inclusion of nanoparticles of Ag and nanoparticles of 
ZnO was explored.  

 
EXPERIMENTAL  

The purified Pb and Te used as initial components. 
Synthesis and growing of alloys was carried out in 
highly pure quartz ampoules. Ampoule was pumped to 
2·10-4 Pa on the next stage with soldering, and placed in 
oven whose temperature is slowly increases to 40-
60 degrees above the temperature of the solidus of PbTe 
(1220-1240 K) for prevent of the explosion of 
Tellurium.  

Formation of thermocouples by pressing powder of 
thermoelectric material with micro- and nano- size range 
creates large internal borders for additional phonon 
scattering [2]. However, it need not only reduce the 
thermal conductivity, but also increase the Seebeck 
coefficient to improve the thermoelectric properties of 
material. For this case, around thermoelectric grain PbTe 
of the size of (0.5-1.0) micrometers prompted to create 
nano-channels for the stream of an electric current. In 
this work was development technology for create of the 
conductive nano-channels on the base of colloidal Silver 
and ZnO nanoparticles. 

 
RESULTS AND DISCUSSION  

Silver nanoparticles. It was finding that the 
introduction of Ag nanoparticles (size is ~ 50 nm), not 
only reduces the thermal conductivity, but also increases 
the Seebeck coefficient after additional throttling of 
electrons on the barriers of Silver nanoparticles. Thermal 
conductivity of (0.06-0.2) W/(m∙K) has been achieved in 

the case of the scattering of medium-wave phonons 
(MWP). The absolute value of Seebeck coefficient in 
these conditions increases up to 340 μV/K. 

ZnO nanoparticles. The introduction of 
nanodisperse ZnO leads to the increase of Seebeck 
coefficient in 2-3 times and leads to monotonic 
decrease of thermal conductivity. The result figure of 
merit of this thermoelectric material ZT ≈ 1.38 at 
0.5 at.%ZnO. For PbTe (ZnO) were obtained the 
significantly higher values of Seebeck coefficient (430-
500 μV/K) in compare to PbTe(Ag).  
 
CONCLUSIONS 

1. The compaction technology of thermoelectric 
composite materials based on PbTe with the 
inclusion of colloidal silver nanoparticles has been 
shown. 

2. The increase of Seebeck coefficient is explained 
throttling of high energy carriers through the 
barriers on the grain boundaries. 
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INTRODUCTION 
 

One of the ways of improving the efficiency of 
thermoelectric materials is via doping with so called 
resonant impurities [1]. Resonant levels (RL) are 
formed by specific impurity atoms in semiconductors or 
metals, at energies, where in the absence of neighboring 
atoms a real bound state would be formed. One of the  
manifestations of the resonant level is a presence of a 
sharp peak of the density of electronic states on 
impurity atim at the resonance energy, thus resonant 
impurities may significantly modify the host material's 
band structure. As was experimentally shown e.g. for 
PbTe:Tl [2], RL may lead to the large increase in the 
thermopower (S) of the system, although idea of 
positive role of RL in thermoelectrics (TE) is sometimes 
questioned.  

 
RESULTS AND DISCUSSION 

In this work we show some of the recent theoretical 
results concerning resonant impurities in thermoelectric 
materials, giving a comprehensive picture of the  
“resonant” systems, and propose an intuitive 
understanding for the thermopower enhancement. Using 
the Korringa-Kohn-Rostoker method and the coherent 
potential approximation, quantities like the electronic 
densities of states, Bloch spectral functions (describing 
electronic band structure in the case of disordered 
systems) and energy dependent residual electronic 
conductivity (calculated within the Kubo-Greenwood 
formalism) are obtained from first principles and 
provide understanding of different RL systems. We start 
by recalling the example of  constantan (Cu-Ni), one of 
the highest thermopower metallic alloys, where the RL 
on Ni is responsible for the large and negative value of 
thermopower (S). Next, the cases of PbTe:Tl [3], 
SnTe:In, Bi2Te3:Sn [4] show the common features of 
RL working in TE materials. The modifications of the 
electronic bands and Fermi surface in PbTe, caused by 
the Tl resonant impurity, shows that the positive effect 
of the resonant level on the thermopower may be 
understood as similar the increase in band degeneracy, 
as the resonant impurity forms a “cloud” of electronic 
states  around the PbTe valence band. Next, the 
contrasting example of PbTe doped with titanium (Ti), 
where RL does not lead to the increase of S [5] provides 
a further insight on the issue of localization of resonant 
states in host semiconductor and shows the critical role 
of hybridization. Further, the case of Mg2Sn:Ag [6] 

proves that the resonant-or-classic character of impurity 
depends not only on the doping element, but also on the 
crystal site, where dopant is located. Finally, the 
comparison of Cu-Ni with PbTe:Tl shows the 
fundamental differences between mechanisms of 
thermopower enhancement by the RL in metals and 
semiconductors, resulting in different sign of S in spite 
of the similar location of the Fermi level (decreasing 
slope of DOS). 
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INTRODUCTION 

One of the basic requirements of the materials for 
Li-ion batteries is the safety of their use. Recently, due 
to chemical instability and flammability of liquid 
organic electrolytes, lithium conducting ceramic oxides 
attract much attention as electrolytes for Li-cells. 
Garnet-structured materials from Li7La3Zr2O12-group 
(LLZO) seems to be especially attractive, which is 
caused by their extraordinarily wide electrochemical 
window ranging from 0 up to 10 volts vs. Li+/Li and 
high ionic conductivity. The standard synthesis process 
of LLZO is 2-step high-temperature solid state method. 
Using this procedure, temperature as high as 1200°C is 
required to obtain dense pellets of LLZO. However, 
annealing at as high temperature leads to intensified 
evaporation of Li2O, which causes difficulty in 
controlling the stoichiometry of material. For further 
reduction of resistance of an electrolyte layer one may 
wish to use LLZO in a form of thin films. This is of 
particular importance for nano-scale All-Solid-State 
batteries to be unified in integrated circuits. Those 
problems causes necessity of development of different 
methods of synthesis LLZO electrolytes. 

LLZO materials were prepared by high temperature 
solid state synthesis, tape-casting method and pulsed 
laser deposition. Effect of ZnO-doping on sinterability 
of LLZO material during standard solid state synthesis 
was studied. Influence of additives such as binders, 
plasticizers and solvents was investigated for tape-
casting method. Influence of oxygen pressure, type of 
substrate and its temperature were investigated during 
pulsed laser depositing. 
 
 
EXPERIMENTAL  

LLZO-films were deposited on silica, Au coated 
silica, Pt coated silicon, Au/Pt coated silcon, MgO 
substrates. Crystal structure of the obtained materials 
was investigated at ambient and high temperature using 
X-ray diffraction (XRD) method. Crystal structure 
parameters were determined using the Rietveld method 
with GSAS/EXPGUI software package. Electrical 
conductivity was measured by means of impedance 
spectroscopy and potentiostatic polarization. 
Sinterability of materials was investigated using 
dilatometric method. 
 
CONCLUSIONS 

The large effect of the Zn addition on the 
sinterability of LLZO-garnet was observed. The optimal 
amount of the zinc oxide additive was defined as 0.1 mol 
per mol of LLZO. Electronic conductivity was 
determined to be as low as 10-9 S/cm at room 

temperature indicating purely ionic conductivity. LLZO 
thick films, produced by tape-casting method, showed 
high ionic conductivity about 0.08 mS/cm at room 
temperature and density close to theoretical value. 
Optimal composition of slurry and annealing process of 
tapes were found. Most of substrates used for PLD 
coating technique, such as MgO, silica and Pt coated 
silicon, showed high reactivity towards LLZO. Among 
studied candidate for substrates deposition of LLZO was 
possible only on Au coated silica substrate. Optimal 
annealing process leading to the garnet phase was 
described. However, density of films was very low, 
which causes unmeasurably low ionic conductivity. 
 

 
 

Fig. 1. Impedance spectra of LLZO-sample obtained by 
tape-casting method, measured at room temperature.  
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INTRODUCTION 

An X-RDF (radial distribution function) study has 
been carried out on silver ion conductive glasses AgI-
Ag2O-MoO3 and lithium ion conductive glasses Li2O-
FeO-V2O5-P2O5. The former glass system was studied 
in detail by Minami [1] and other researchers, however 
some issues still have remained open. In particular, it 
concerns to the mechanism of glass formation during 
mechanosynthesis. Aim of the presented study was to 
investigate evolution of the local structure  arrangement 
with milling time. The glasses of the second system are 
capable to electro-intercalate/deintercalate Li+ ions and 
are considered as cathode materials in batteries. Their 
electrical properties depend on V2O5 doping and are 
significantly changed after nanocrystallization [2]. The 
work focuses on changes of the local arrangement  in 
the glass structure caused by nancrystallization and 
V2O5 doping. 
 
EXPERIMENTAL 

50AgI∙25Ag2O∙25MoO3 glass samples were 
prepared by mechanosynthesis performed by Fritsch 
Pulverisette P7 planetary ball mill operating at a 
constant speed of 600rpm. Milling time varied from 1h 
up to 18h.    

Li2O-FeO-V2O5-P2O5 glass samples were prepared 
as follows. Starting powders in appropriate amounts 
were homogenized and annealed under 5N nitrogen 
flow in two subsequent steps: (i) at 300°C for 2h and (ii) 
at 570°C for 2h. The batch was then melted at 1200°C 
in alumina crucibles placed in a chamber furnace, using 
a double-crucible technique. After 15 minutes of 
annealing, the melt was quenched between two stainless 
steel plates at room temperature. 

X-ray diffraction measurements of prepared 
samples were carried out using a modified Brucker D8 
diffractometer. To achieve best RDF resolution, Ag-
anode with mean Kα radiation wavelength of 0.5609 Å 
was used as X-ray source. Diffraction data were 
collected within the angle range of 0-145°. 

Radial distribution functions were calculated using 
GudrunX software package [3] 
 
RESULTS 
 Samples of nominal composition of 
50AgI∙25Ag2O∙25MoO3 were mechanosynthesized for 
four different milling times: 0h (crystalline substrates 
were mixed manually), 3h, 6h and 18h. The 0h-sample, 
(fully crystalline), was investigated and treated as a 
reference for further analysis. Milling for 3h and 6h 
resulted in formation of a glass-crystalline material, 

whereas longer, 18h lasting, led to formation of a fully 
amorphous one. 
 Calculated RDF for the 3h, 6h and 18h milled 
samples exhibit no major differences (Fig. 1). Atomic 
interaction up to 6Å are easily identifiable and yield 
information on average bond lengths in and 
coordination numbers of those atom pairs. 
  

 
Fig. 1. RDF of 50AgI·25Ag2O·25MoO3 samples for 

different milling times 
 
CONCLUSIONS 
 During mechanosynthesis of a mixture of 50AgI, 
25Ag2O and 25MoO3 crystalline compounds, an 
amorphous phase is formed, but the process is 
incomplete if milling time is shorter than 18h. The local 
ordering of that glassy phase is different than that 
observed for the starting components or intermediate 
crystalline products. The interatomic distances for 
identifiable atom pairs and coordination numbers were 
calculated. The study shed some light on our 
understanding of mechanosynthesis process and its 
nature. 
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INTRODUCTION 

Bismuth oxide based solid electrolytes have been 
studied for many years because of their exceptional 
oxide ion conductivities at temperatures significantly 
lower than traditional electrolytes, such as the stabilised 
zirconias. Much research on these systems has been 
carried out on stabilisation of the highly conducting δ-
phase of Bi2O3, which is only stable at temperatures 
above ca. 730°C [1]. This is typically achieved by solid 
solution formation with other metal oxides, in particular 
the lanthanide oxides Ln2O3 (Ln = Y, Yb, Er), some of 
which show high oxide ion conductivity. The Bi2O3-
Yb2O3 binary system has been extensively investigated. 
At 25% of Yb2O3, the fcc phase is readily obtained at 
room temperature [2]. Partial substitution of Bi3+ by 
aliovalent cations, such as Pb2+ can lead to increase of 
the nominal vacancy concentration per metal atom 
beyond that in pure δ-Bi2O3. Pb2+ ions show also many 
similarities to Bi3+, e.g. both ions exhibit stereochemical 
activity of the 6s2 electron pairs. But in the Bi2O3 – PbO 
binary system, the cubic δ-phase is only observed at 
elevated temperatures [3]. However, in ternary systems 
of Bi2O3-MOx-PbO (M = Y, Er) it has been shown that 
δ-type phases can be preserved to room temperature  
[4, 5]. Here we present a study of the ternary system 
Bi2O3-Yb2O3-PbO of chemical formula Bi2.8Pb0.2YbO5.9. 
 
EXPERIMENTAL  

Sample of composition Bi2.8Pb0.2YbO5.9 was 
prepared by standard solid state methods from 
stoichiometric amounts of the parent oxides. Structural 
characterisation was carried out by X-ray and neutron 
powder diffraction at various temperatures. Total 
scattering analysis involving Reverse Monte Carlo 
(RMC) modelling, was used to analyze the short-range 
ion pair correlations. Electrical conductivity was 
characterised by a.c. impedance spectroscopy. Ionic 
transference numbers were measured using a modified 
EMF method. 

 
RESULTS AND DISCUSSION  

X-ray and neutron powder diffraction results were 
consistent with a simple cubic phase and could be 
satisfactorily indexed in space group Fm-3m. Structure 
refinements were  proceeded using a cubic-subcell 
model. Cations were located on the ideal 4a site (0,0,0) 
with oxide ions distributed over three sites; 8c at (0.25, 
0.25, 0.25), 32f at approximately (0.3, 0.3, 0.3) and 48i 
at around (0.5, 0.2, 0.2). 
At high temperature range (480 - 850 °C), the total 
conductivity of Bi2.8Pb0.2YbO5.9  is slightly higher than 

in Bi3YbO6. However,  at temperatures below 400 °C the 
conductivity values for Bi2.8Pb0.2YbO5.9 are significantly 
lower than those for the lead free analogue Bi3YbO6  
(fig. 1). The measurement of the oxide ion transference 
numbers showed that the ionic conductivity has 
predominant share in the total conductivity. 
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Fig. 1. Arrhenius plots of total conductivity for  
Bi2.8Pb0.2YbO5.9. For comparison the data for Bi3YbO6 
and Bi2O3 are included. 
 
CONCLUSIONS 

Di-substitution of lead and ytterbium for bismuth in 
Bi2O3 leads to formation of δ-type phase, with nominally 
higher vacancy concentration than in pure δ-Bi2O3. 
Although the Bi2.8Pb0.2YbO5.9 compound exhibits higher 
vacancy concentration, the conductivity values at high 
temperature range are comparable to the mono-
substituted bismuth ytterbium system. 
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INTRODUCTION 
 

Bismuth oxide based compounds are promising 
materials for application in SOFC, due to its high oxide 
ion conductivity at high and intermediate temperatures.  
Subvalent substitution of bismuth by Pb2+ in bismuth 
oxide offers the possibility of increasing the nominal 
vacancy concentration per metal atom beyond that in 
pure δ-Bi2O3. Bismuth and lead cations exhibit similar 
stereochemical activity of the 6s2 electron pairs, 
comparable polarizabilities and adoption of similar 
distorted coordination environments in oxide systems. 
Despite these apparent similarities the cubic δ-phase in 
the Bi2O3-PbO binary system is only observed at 
elevated temperatures [1]. However, in ternary systems 
of the type Bi2O3-MOx-PbO (M = Ca, Y, Er and La) it 
has been shown that δ-type phases can be preserved to 
room temperature [2].  

In this study influence of oxidizing / reducing 
atmospheres on structural and electrical properties of 
compounds in Bi2O3-PbO-Y2O3 ternary system is 
presented. 

 
EXPERIMENTAL  

 
 Samples of general formula Bi2+xPbY1-xO5.5 and 
Bi2+xPb0.5YO5.75+3x/2 were prepared using proper molar 
ratios of bismuth oxide (Aldrich >99,9%), lead oxide 
(Aldrich >99,9%) and yttrium oxide (Aldrich >99,9%). 
Powders were ball milled with ethanol and synthesised 
in temperature range from 650-800°C, depending on 
composition. Prepared samples were characterised using 
X-ray diffraction and differential thermal analysis 
methods under controlled atmospheres of air and 
nitrogen. In order to examine electrical conductivity and 
ionic transference numbers, impedance spectroscopy 
measurements in controlled oxygen partial pressure 
atmospheres and modified EMF method were 
performed. 

 
RESULTS AND DISCUSSION 

 
 All of the studied compositions show small degree 
of reduction at high temperatures. Such a reduced state 
can be preserved to room temperature by rapid 
quenching of the sample or by slow cooling under 
atmosphere of reducing gas. Re-oxidation, which can 
appear on cooling under oxidizing atmospheres, at 
intermediate temperatures, is reflected in the unit cell 

parameter variation (Fig.1) and the Arrhenius plot of 
conductivity. Reduction / oxidation processes affect 
conduction mechanism in studied compounds. The 
electronic component of total conductivity was studied 
using modified EMF method in the oxygen 
concentration cell. In both studied systems electronic 
transference number was found to be almost zero at 
high temperatures and increasing below ca. 550°C. 
Measurements of impedance spectroscopy under 
different oxygen partial pressure atmospheres were done 
to determine mechanism of electronic conductivity in 
studied systems. Redox reactions similar to those 
observed in the present system are likely to be a 
common feature in bismuth oxide based materials and 
may well be associated with the commonly observed 
instability of these materials at intermediate 
temperatures.  
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INTRODUCTION 
 

Bi26Mo10O69 belongs to family of oxide ion 
conductors with specific columnar structure based on 
[Bi12O14]∞ columns [1,2]. Depending on the 
temperature, this compound exhibits two polymorphs: a 
triclinic form, stable from room temperature to 310oC, 
and a monoclinic one, stable above 310oC up to the 
melting point (975oC). Partial substitution of 
molybdenum by tungsten (Bi26Mo10-xWxO69 for 0 < x < 
2) results in significant increase of conductivity. The 
best results are obtained for x = 1 composition, where 
electrical conductivity values are over one order of 
magnitude higher than that for parent compound (Fig.1). 
Tungsten substitution does not create additional oxygen 
vacancies in the parent material, therefore increase of 
conductivity may be caused by change of mobility of 
vacancies or increase of electronic contribution to total 
conductivity.  

The aim of the present work was to apply modified 
EMF method to investigate ionic and electronic 
transport properties of Bi26Mo10O69-related materials. 

 
EXPERIMENTAL 
 

Polycrystalline samples were prepared by solid 
state reaction in air, from stoichiometric amounts of 
pure oxides: Bi2O3 (99.9% Aldrich), MoO3 (Merck 
99.5%), and WO3 (Aldrich 99.6%). The weighed 
amount of reagents, mixed and ground in an agate 
mortar, were first progressively preheated at 500°C and 
then reground and calcinated at 800°C for 12 hours, 
reground and pelletised. Pellets were then sintered at 
850°C for 5 hours in air. 

The total conductivity of the sample was examined 
by a.c. impedance spectroscopy in frequency range 
1-106Hz using Solratron SI 1260 frequency analyzer. 
The transference numbers of the gas tight ceramics were 
measured using the concentration cell: O2(pO2 = 1.01 × 
105 Pa);Pt|Oxide|Pt; O2(pO2 = 0,21 × 105Pa) by EMF 
method with external voltage source simulating the 
effect of enhanced electronic conductivity in range of 
450°C-820°C. In both cases (EMF method and a.c. 
impedance spectroscopy) four probe electrical setup was 
applied with platinum porous electrodes. 

RESULTS AND DISCUSSION 
 
Electrical conductivity values of Bi26Mo9WO69 are 

approximately one order of magnitude higher than for 
parent material Bi26Mo10O69. Parent material exhibits 
improved stability, while tungsten doped compound 
decompose in temperature range 600-700oC, during 
annealing for several days in oxygen or air. This 
decomposition is reversible at higher temperatures. 
Preliminary measurements suggest that transference 
numbers are close to 1 for both materials in studied 
temperature range, when experiment is performed fast 
to avoid decomposition of  Bi26Mo9WO69. 

 
Fig. 1. Total conductivity of  Bi26Mo9WO69 (BIMO), 

Bi26Mo9WO69(BIMOW), compared to other oxide ion 
conductors. 
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INTRODUCTION 

One of the considered ways to improve operating 
parameters of Solid Oxide Fuel Cells is to replace the 
commonly used oxygen ion-conducting electrolytes 
with the proton-conducting ones, which should allow to 
decrease the operating temperature [1]. In addition, 
materials exhibiting high proton conductivity may be 
applied in  high-temperature electrolyzes, gas sensors or 
hydrogen separation membranes [1-3]. 

Nonstoichiometric perovskite-type oxides with  
a general formula of Ba1-xLax(Zr,In,Sn)O3-δ are among 
candidate solid electrolyte materials, due to their 
enhanced proton conductivity at elevated temperatures 
in H2O-containing atmospheres. This work presents data 
on correlation between chemical composition, crystal 
structure and transport properties of two series of 
oxides: Ba(Zr,In,Sn)O3-δ and Ba0.9La0.1(Zr,In,Sn)O3-δ.  
 
EXPERIMENTAL  

Selection of the chemical composition of the 
considered materials was based on the Goldschmidt’s 
tolerance factor t, electronegativity of elements and the 
expected level of the oxygen nonstoichiometry δ.  

Considered oxides with two elements at the B-site: 
BaZr0.75In0.25O2.875, BaZr0.5In0.5O2.75, BaSn0.75In0.25O2.875, 
BaSn0.5In0.5O2.75, as well as ones with three elements 
present: BaZr0.5Sn0.25In0.25O2.875, BaZr0.25Sn0.5In0.25O2.875 
and BaZr0.25Sn0.25In0.5O2.75, with the respective series of 
the materials doped with 0.1 mol of La at the A-site, 
were prepared by a high-temperature solid state route. 
After milling in a high-efficiency mill, the respective 
mixtures were pressed into pellets, and annealed in 
1000-1450 °C temperature range. 

Structural studies of the synthesized samples were 
carried out at room temperature in 10-110 deg range 
using CuKα radiation on Panalytical Empyrean 
diffractometer. Gathered data were analyzed using 
Rietveld method. 

Thermogravimetric data measured for the hydrated 
samples allowed to establish the remaining proton 
content in the oxides as a function of temperature. The 
studies were conducted on TA 5000IR thermobalance. 

Electrical conductivity was measured on sinters of 
the selected compounds by electrochemical impedance 
spectroscopy in dry, H2O- and D2O-containing synthetic 
air, in order to establish the isotope effect [4]. The 
obtained results allowed to calculate the respective 
proton and deuterium conductivities, as well as 
transference numbers. 

RESULTS AND DISCUSSION  
In accordance to the relatively high tolerance factor 

values (0.966 ≤ t ≤ 0.983), all the synthesized single-
phase materials show cubic structure. La-containing 
materials exhibit smaller unit cell volume, comparing to 
the corresponding Ba(Zr,In,Sn)O3-δ series. However, 
dependence between the chemical composition, value of 
the parameter t, relative free volume Vf and the 
electronegativity difference ΔχB-A in the studied oxides 
was found to be complicated. 

Thermogravimetric experiments performed on the 
previously hydrated samples allowed to establish the 
initial proton concentration, which was found to be 
proportional to the oxygen nonstoichiometry δ. The 
oxides heated in synthetic air up to about 600 °C lose 
weight, corresponding to the release of protons (water).  

Impedance spectroscopy measurements showed  
a decrease of the high frequency arc upon change of the 
atmosphere from dry air to D2O- and H2O-containing 
air, which is a strong evidence for the proton 
(deuterium) conductivity in the samples. Similarly to the 
previously published data, proton conductivity was 
found to increase with temperature, while proton 
transference number was found to be relatively high in 
300-500 °C and decreased to small values at 850 °C. 
 
CONCLUSIONS 

The reported structural and transport properties of 
Ba(Zr,In,Sn)O3-δ and Ba0.9La0.1(Zr,In,Sn)O3-δ oxides can 
be correlated with their chemical composition. The 
studied materials exhibit proton conductivity in wet 
atmospheres, and seem attractive as candidate solid 
electrolytes.   
 
ACKNOWLEDGMENT  
 The project was funded by the National Science 
Centre Poland (NCN) on the basis of the decision 
number DEC-2012/05/E/ST5/03772. 
 
REFERENCES 
1. N. Ito, M. Iijima, K. Kimura, S. Iguchi, J. Power 

Sources 152(2005)200 
2. E. Wachsman, T. Ishihara, J. Kilner, MRS Bulletin  

39(2014)773 
3. E. Fabbri, D. Pergolesi, E. Traversa, Chem. Soc. 

Rev. 39(2010)4355 
4. A.S. Nowick, A.V. Vaysleyb, Solid State Ionics 

97(1997)17 

84 
 



STRUCTURE AND TRANSPOT PROPERTIES OF NOVEL RUDDLESDEN-
POPPER-RELATED Ln1+xBa1-xInO4 (Ln: Pr, Nd, Sm) OXIDES 

 
M. Tarach, W. Zając, K. Świerczek* 

AGH University of Science and Technology, Faculty of Energy and Fuels 
Department of Hydrogen Energy, al. A. Mickiewicza 30, 30-059 Krakow, Poland  

*e-mail: xi@agh.edu.pl 
 

Keywords: crystal structure; Ruddlesden-Popper oxides; interstitial oxygen; electrical conductivity 
 
INTRODUCTION 

Crystal structure of the Ruddlesden-Popper series 
of oxides (An+1BnO3n+1, n ≥ 1) can be described as 
formed by n perovskite-related layers, which are 
separated by rock salt-type layer, with the well-known 
end members: A2BO4, n = 1; ABO3, n = ∞. Among 
many different examples, Ni-containing Lnn+1NinO3n+1±δ 
oxides are of special interest, due to their mixed ionic-
electronic transport properties and possible presence of 
significant amount of interstitial oxygen (δ > 0). 

Surprisingly, only recently initial reports have been 
published considering In-containing oxides, which 
structure may be linked to that of the Ruddlesden-
Popper ones. Interestingly, with determination of the 
crystal structure, data showing high ionic conductivity 
was published for NdBaInO4 [1], Nd1-xSrxBaInO4 [2] 
and LnBaInO4 (Ln: La, Nd) [3]. The materials were 
found to show transition from n- to p-type conductivity, 
occurring over a wide range of the oxygen partial 
pressures, as well as a region of solid electrolyte-type 
behavior. 

In this work we show data on the synthesis 
procedure, determination of the phase composition, 
structural parameters, together with thermogravimetric 
studies, as well as results of the impedance spectroscopy 
measurements of transport properties in dry, H2O- and 
D2O-containing artificial air for series of Ln1+xBa1-xInO4 
(Ln: Pr, Nd, Sm) oxides. 
 
EXPERIMENTAL  

Considered samples were prepared by a typical, 
high-temperature solid state route. Alternatively, soft 
chemistry method was also utilized, with respective 
nitrates and ammonia salt of the EDTA acid used.  

Structural studies of the samples were carried out in 
10-110 deg range using CuKα radiation on Panalytical 
Empyrean diffractometer. Recorded data were refined 
using Rietveld method. 

Thermogravimetric measurements of the samples 
were conducted on TA 5000IR thermobalance in 
different atmospheres. 

Electrical conductivity of the synthesized single-
phase materials was measured by the AC impedance 
technique, using Solartron 1260 Frequency Response 
Analyzer. Measurements were conducted in dry and wet 
air (ca. 3 vol.% H2O or D2O). The conducted studies 
allowed to calculate oxygen ion, proton and deuterium 
conductivities. 
 
 
 
 

RESULTS AND DISCUSSION  
Synthesis of the single-phase materials was found 

to be difficult, with a required high temperature on the 
order of 1400 °C and significant issues related to 
evaporation of barium. It seems that the excess of Ln 
helps with the synthesis, which may be linked to the 
changing oxygen content.  

The obtained results of the impedance spectroscopy 
measurements indicate relatively high oxygen ion 
conductivity at elevated temperatures. In the case of 
Nd1.1Ba0.9InO4 oxide, the activation energy of the 
electrical conduction was found to be 0.99 eV in 300-
500 °C range and 1.30 eV in 600-800 °C range. It seems 
possible that transport properties can be linked with the 
interstitial mechanism of the oxygen ions movement. 
Interestingly, the mentioned sample showed enhanced 
conductivity in D2O- and H2O-containing atmospheres, 
suggesting that protons (deuterium ions) can be also 
mobile in such materials. We speculate about nature of 
the possible proton transfer mechanism, with the 
vehicular transfer via interstitial oxygens (i.e. mobile 
OHO(i)

• groups) not being excluded. 
 
CONCLUSIONS 

Details about phase composition, crystal structure 
and transport properties of selected Ln1+xBa1-xInO4 
oxides indicate their unique physicochemical properties. 
The materials can be considered as a novel group of 
ionic conductors.   
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INTRODUCTION 

Electrochemical Impedance Spectroscopy (EIS) is  
a commonly used, yet powerful tool, which can be 
utilized to characterize various electrochemical system, 
including studies of behavior of electrode materials 
during the charge/discharge processes in batteries. 

In this work we present results of EIS studies, as well 
as structural characterization concerning quasicrystal-
type Ti45Zr38Ni17 and Ti49Zr26Ni25 electrode materials 
electrochemically hydrogenated in 6 M KOH solution.  
 
EXPERIMENTAL  

Ti45Zr38Ni17 and Ti49Zr26Ni25 were prepared by 
mechanochemical alloying technique, as described 
elsewhere [1]. 

Structural studies (XRD) of the samples before and 
after hydrogenation were carried out in 10-110 deg range 
using CuKα radiation on Panalytical Empyrean 
diffractometer. 

The electrochemical measurements were performed 
using a two-electrode cell at room temperature with 
Solartron SI 1287 electrochemical interface and 
Solartron 1252A frequency response analyzer. The 
working electrode consisted of 25 wt.% of the active 
material and 75 wt.% of nickel, while the counter 
electrode was made from mixture of Ni(OH)2 and 
NiOOH [1].  

 
RESULTS AND DISCUSSION  

Fig. 1 shows exemplary XRD data for Ti45Zr38Ni17 
material before and after charge (hydrogenation), 
corresponding to 440 mAh g-1 capacity. It can be noticed 
that quasicrystal-related peaks shift to the right after the 
hydrogenation, which is related to an increase of the 
quasi-lattice parameter. Also, a significant broadening of 
the peaks can be observed. 
 

 
Fig. 1. XRD data for Ti45Zr38Ni17 before and after charge. 

 
Fig. 2 shows charge curves and the recorded Open 

Circuit Voltage (OCV) of the Ti45Zr38Ni17(H)|KOH| 
Ni(OH)2/NiOOH cell. The measured EIS data for the 
considered call are gathered in Fig. 3 below. A significant 
decrease of the resistance with initial charge can be 
noticed, however, much smaller changes occur up to 440 
mAh g-1 capacity. 
 

 
Fig. 2. Exemplary OCV and charge curves for the 
Ti45Zr38Ni17-based cell. 
 

 
Fig. 3. EIS data for the Ti45Zr38Ni17-based cell  
 
CONCLUSIONS 

Ti45Zr38Ni17 and Ti49Zr26Ni25 quasicrystals were 
successfully characterized in terms of their properties 
upon hydrogenation using EIS technique.  
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INTRODUCTION 

Importance of proton-conducting oxides stems from 
their possible application in electrochemical devices like 
gas sensors, fuel cells, high-temperature electrolyzes or 
usage as membranes for hydrogen separation [1-4]. 
Among considered materials with enhanced proton 
conductivity, AB1-xLnxO3-δ/2 (A: Sr, Ba; B: Zr, Ce, Sn, 
In) perovskite-type oxides are of particular interest, with 
lanthanide Ln3+ cations being introduced in order to 
induce an appearance of the oxygen nonstoichiometry δ. 
The oxygen vacancies are required for incorporation of 
hydrogen into the oxide lattice, with OH•

O defects being 
reversibly formed.  

Chemical substitution on the B-site is commonly 
used to modify properties of such oxides, however, 
introduction of +3 cations at the A-site is relatively less 
studied. In this work, results of evaluation of 
physicochemical properties of Ba1-xLnx(Zr,In,Sn)O3-δ 
(Ln: selected lanthanides) oxides are reported. The 
measured data concern crystal structure at room at high 
temperatures, proton content in wet atmospheres, as 
well as transport properties of the materials in dry, H2O- 
and D2O-containing atmospheres, together with 
evaluation of transport coefficients (diffusion 
coefficient D and surface exchange coefficient K).  

EXPERIMENTAL  
Considered samples were prepared by a typical, 

high-temperature solid state route, with respective 
oxides and carbonates used as the staring materials. 
After milling in a high-efficiency mill, the mixtures 
were pressed into pellets, and annealed in 1000-1450 °C 
temperature range. 

Structural studies of the samples were carried out in 
10-110 deg range using CuKα radiation on Panalytical 
Empyrean diffractometer. For high-temperature studies, 
Anton Paar HTK 1200N oven-chamber was used. 

Thermogravimetric measurements were conducted 
on TA 5000IR and Linseis STA PT 1600 thermobalance 
in different atmospheres. 

Electrical conductivity of the studied samples was 
measured by the AC impedance technique, using 
Solartron 1260 Frequency Response Analyzer. 
Measurements were conducted in 300-850 °C range in 
dry and wet air (ca. 3 vol.% H2O or D2O). The 
conducted studies allowed to calculate proton 
conductivity and transference numbers. 

Chemical diffusion coefficient D and surface 
exchange coefficient K of the charge carriers were 
evaluated on a basis of relaxation-type experiments. The 
obtained data were fitted using custom made Matlab 
code. 

RESULTS AND DISCUSSION  
It was found that choice of the optimal sintering 

temperature of Ba1-xLnx(Zr,In,Sn)O3-δ oxides is strongly 
dependent on the relative ratio of B-site elements. In 
addition, at the highest temperatures (1400-1450 °C) the 
samples suffer from a significant evaporation of Ba. 
Most of the single phase materials exhibit cubic 
structure at room and at elevated temperatures, with the 
refined unit cell volume being proportional to the 
Zr:In:Sn ratio and ionic radius of Ln. 

Calculated from the thermogravimetric experiments 
proton content in the samples annealed in wet 
atmosphere is proportional to the initial oxygen 
nonstoichiometry δ, but smaller than the theoretical one. 
During heating in synthetic air, the materials release 
protons (water) up to about 600 °C, depending on the 
chemical composition. 

Proton conductivity in the studied single phase  
Ba1-xLnx(Zr,In,Sn)O3-δ samples was found to increase 
with temperature, with proton transference number 
being relatively high in 300-500 °C temperature range. 
The corresponding deuterium conductivity was found to 
be lower, and with higher activation energy, as can be 
expected considering higher mass of D+ in comparison 
to H+, resulting in the lowered charge carrier mobility. 
Impedance data indicated also an appearance of the 
electronic component of the conductivity at the highest 
(∼ 850 °C) temperatures. Additional, relaxation-type 
experiments allowed to calculate chemical diffusion 
coefficient D and surface exchange coefficient K. 

CONCLUSIONS 
Substituted Ba1-xLnx(Zr,In,Sn)O3-δ oxides were 

characterized in terms of their crystal structure, proton 
content in wet atmospheres and transport properties. 
The measured physicochemical properties were found to 
be correlated with chemical composition of the samples.  
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INTRODUCTION 

Thermal analysis (TA) is an interesting method to 
observe thermal events taking place in samples upon 
heating/cooling. In case of glasses, it is crucial to 
accurately determine the glass transition temperature 
(Tg), because the parameters of a material usually 
drastically change after this point. 

In 1950s H. E. Kissinger studied properties of 
materials by differential thermal analysis (DTA) 
performed at various heating rates and proposed an 
expression, which may be rewritten as follows [1]: 

ln �
𝜃𝜃
𝑇𝑇𝑚𝑚2
� = −

𝑄𝑄
𝑘𝑘𝐵𝐵𝑇𝑇𝑚𝑚

+ 𝐶𝐶     (1) 

where: Θ – heating rate in °Cmin–1, Tm – temperature of 
thermal event, kB – Boltzmann constant, Q – activation 
energy of the thermal process and C – a constant. 

Two decades later, M. Lasocka studied thermal 
properties of splat-cooled Te85Ge15 metallic glasses and 
proposed a much simpler formula for Tg [2]: 

𝑇𝑇𝑔𝑔 = 𝐴𝐴 + 𝐵𝐵 ln𝜃𝜃      (2) 
where: A, B – empirical constants, Θ – heating rate in 
°Cmin–1. A practical advantage of this expression, except 
its simplicity, is that fitting parameter A equals to the 
glass transition temperature upon heating with Θ = 1 
°Cmin–1. 

We wanted to take a closer look at both Kissinger's 
and Lasocka's formulas and check i) their applicability in 
case of various glasses containing transition metal oxides 
and ii) how well Tg(Θ = 1 °Cmin–1) can be extrapolated 
from these expressions. 

EXPERIMENTAL  
Several systems/compositions of glasses have been 

investigated: a) 90V2O5·10P2O5 (VP) [3], Li2O-FeO-
V2O5-P2O5 (LFVP) [4], c) LiF-M2O3-P2O5, where M = V, 
Fe, Ti. All the compositions have been prepared by melt-
quenching method. 

Thermal events occurring in VP glasses were 
observed with a TA DSC Q200. DSC scans were carried 
in non-isothermal mode from ca. 40 °C to 550 °C at a 
series of heating rates (1–40 °Cmin–1) in nitrogen flow. 
Thermal events in LFVP and LMPF glasses were 
observed with TA SDT Q600 instrument, usually up to 
750 °C at a series of heating rates (1–40 °Cmin–1) in 
argon flow. The temperatures of glass transitions were 
determined by TA Universal Analysis Software. 

RESULTS AND DISCUSSION  
Eq. (2) was fitted to every batch in two ways. Firstly, 

the fits were performed in the full range of data. 

Secondly, we used only fast heating rates data (i.e. θ ≥ 10 
°Cmin–1) and extrapolated the lines down to 1 °Cmin–1. 

All of investigated glasses exhibited linear 
dependence of glass transition temperature, when plotted 
in Lasocka’s coordinates (Tg vs. ln(Θ)). The difference 
between the extrapolated Tg for Θ = 1 °Cmin–1 and the 
measured ones was no higher than several °C. 

 
Fig. 1 Lasocka plot for different LFVP glasses fitted in  

10–40 °Cmin–1 range. 
 
CONCLUSIONS 

It was shown that both Lasocka's and Kissinger's 
formulas can describe the dependence of Tg on the 
heating rate also in case of oxide glasses containing 
transition metals. Apart from formula’s simplicity, 
Lasocka's plots are more comprehensive to the reader. 
The experiments have shown that the value of Tg at 1 
°Cmin–1 can be satisfactorily extrapolated from 
measurements taken at high heating rates (e.g. ≥ 10 
°Cmin–1). 
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INTRODUCTION 
 

Rare earth niobates (RE3NbO7) are materials with 
interesting both structural and electrical properties [1]. 
Several properties strongly depend on the rare earth 
element radius. This includes electrical, structural and 
thermochemical properties [2]. In this work further 
research is presented, including investigation of possible 
doping of rare earth niobates on niobium site by 
titanium. Results achieved by X-ray diffraction, 
scanning electron microscopy, high temperature drop 
solution calorimetry and electrochemical impedance 
spectroscopy will be shown and analysed.  

 
EXPERIMENTAL  
 

Polycrystalline samples of RE3NbO7 were 
synthesized by the solid-state reaction method. The 
hygroscopic sesquioxides were preheated overnight at 
900°C prior to the synthesis.  The stoichiometric 
amounts of RE2O3 oxides and Nb2O5 were mixed in the 
agate mortar in ethanol. The powders were pressed into 
pellets and calcined two times at 1400°C for 8h between 
which they were crushed and re-grinded.  The phase 
purity of the samples was checked by powder X-ray 
diffraction method (XRD) using a Bruker diffractometer. 

The enthalpies of formation from binary oxides of 
the investigated compounds were measured by the high 
temperature oxide melt drop solution calorimetry in a 
Tian-Calvet type twin calorimeter Setaram AlexSYS. 
System architecture is presented in Fig. 1.  

 In order to measure electrical conductivity an 
impedance data were obtained by using a Solartron 1260 
analyzer in standalone mode. Impedance spectra have 
been collected in the frequency range of 1 Hz – 10 MHz.  

 

 
 

Fig. 1 Twin Tian-Calvet  high temperature microcalorimeter. 
(courstesy of dr. S. Ushakov) 

 
RESULTS AND DISCUSSION  
 

The drop solution calorimetry results have shown 
that the stability of rare earth niobates rises with the 
rare earth cation ionic radius which is consistent with 
findings for other rare earth containing materials like 
e.g. rare earth pyrochlores [3]. The electrical 
measurements proved the ionic nature of conduction in 
investigated doped rare earth niobates.  

 
CONCLUSIONS 
 
 The energetics of rare-earth niobates ascribed by 
three different space groups has been investigated. The 
influence of size of a rare-earth cation on compound 
stability has been analyzed. The electrical properties of 
doped and undoped rare earth niobates has been 
investigated.  
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INTRODUCTION 

Poor electric conductivity is a major drawback of 
many potential cathode materials for lithium and 
sodium ion batteries. This has usually been 
circumvented by addition of various forms of carbon. It 
is however possible to achieve the acceptable level of 
the electrical conductivity without use of any carbon 
additive. We have shown that thermal 
nanocrystallization of glassy analogs of selected cathode 
materials results in a significant increase in their electric 
conductivity [1,2].  

The electronic conductivity in glasses containing 
transition metal oxides (e.g. V2O5 and FeO) can be 
described by Mott’s theory of electron hopping [3]: 

𝜎𝜎 = 𝑒𝑒2

𝑘𝑘𝑘𝑘𝑘𝑘
𝑐𝑐(1 − 𝑐𝑐)𝜈𝜈𝑒𝑒 exp(−2𝛼𝛼𝛼𝛼) exp(−𝐸𝐸𝑎𝑎/𝑘𝑘𝑘𝑘), 

where R is the average distance between hopping 
centers, νe = ℏ/meR2, α is the inverse localization length 
of the electron wave function, c  is the fraction of 
occupied hopping sites for electrons and Ee is the 
activation energy of electronic conduction. 

In this research, we have investigated glasses and 
nanomaterials of Li2O–FeO–V2O5–P2O5 system. These 
compositions correspond to that of LiFePO4 with a 
small fraction of iron replaced by vanadium, according 
to a general formula LiFe1−5x/2VxPO4 with 0.08 ≤ x ≤ 
0.20. In this approach the relative content of Fe2+ and 
Fe3+ ions plays major role in electronic conductivity. 
Therefore Mössbauer studies of glassy and 
nanocrystalline samples would give a valuable insight in 
electronic conductivity processes in materials under 
study. 
EXPERIMENTAL  

Starting reagents: Li2CO3, (Aldrich, 99.9%), 
FeC2O4·2H2O (Aldrich, 99.9%) and V2O5 (ABCR, 
99.5%) were homogenized and annealed under flow of 
nitrogen (purity 99.999%) in two steps: (i) at 300 °C for 
2 h and (ii) at 570 °C for next 2 h. Subsequent stages of 
the synthesis of the glassy materials (second 
homogenization, melting at 1300 °C and quenching) 
followed the procedure described in detail in our 
previous paper [2]. The amorphousness of the as-
quenched materials was confirmed by X-ray 
diffractometry (XRD). Diffraction studies were carried 
out on a Philips X'Pert Pro apparatus using the CuKα line 
(λ = 1.542 Å). Glass transition and crystallization 
temperatures were determined from DTA measurements 
using a SDT Q600 setup (TA Instruments). Samples 
were crystallized during temperature-dependent 

impedance measurements with upper temperature in 
450–510 °C range. 
 

Fig. 1. Mössbauer spectrum of glassy sample with x = 0.08. 

RESULTS AND DISCUSSION  
As it was expected, most of iron in as-received  

glassy samples is present in a Fe3+ oxidation state 
(Fig. 1). However, preliminary measurements showed 
that in samples with lower vanadium content (e.g. x = 
0.08) the Fe2+/Fe3+ ratio is lower than in samples with 
higher vanadium content. This should result in lower 
electronic conductivity of the former. As expected, the 
conductivity of glassy sample with x = 0.08 was 10–9 
S/cm, whereas the conductivity of glassy sample with x 
= 0.20 was 3·10–9 S/cm. On the the other hand, after 
nanocrystallization the situation was reversed: the 
conductivity of the former was significantly higher than 
that of the latter. The analyses of the Mössbauer spectra 
of these samples are to provide us with information, 
how important is the Fe2+/Fe3+ ratio for the electronic 
conductivity in the system under study. 
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INTRODUCTION 

Search for new polyanionic Li-ion battery cathode 
materials with high capacities, exchanging more than 
one Li atom per transition metal, is currently a major 
issue in the battery research [1]. Lithium/sodium 
transition metal phosphates, including Li3V2(PO4)3 and 
Na3V2(PO4)2F3, belong to interesting cathode materials 
for lithium/sodium ion batteries, mainly due to their 
high theoretical capacity (~190 mAh/g) and cyclability. 
In our research (e.g. [2,3]) we have shown that glassy 
analogs of some cathode materials exhibit significantly 
enhanced  electric conductivity when subject to 
appropriate thermal treatment. This phenomenon was 
ascribed to the appearance of densely packed 
nanograins (sub-100 nm). In this research, we have 
attempted to synthesize amorphous analogs of 
Li3Me2(PO4)2F3 (Me = V, Fe, Ti), such as e.g. 
Li3V2(PO4)2F3, Li3FeV(PO4)2F3 etc. 
 
EXPERIMENTAL  

After pre-heating at 200°C, the initial powders were 
melted at 1300°C for ca. 30 minutes using a double 
crucible technique. Then they were poured onto a 
stainless steel plate and pressed with another plate (melt 
quenching technique). The structure of as-received 
materials was investigated by X-ray diffractometry 
(XRD). Thermal events taking place in samples upon 
heating (e.g. glass transition and crystallization) were 
observed by differential thermal analysis (DTA) at 
different heating rates (from 1 to 40°C/min). Activation 
energies of glass transition and crystallization (in 
amorphous batches) were calculated from the Kissinger 
formula. Electric conductivity was measured by 
impedance spectroscopy (IS) during heating and 
subsequent cooling ramps. 
 
RESULTS AND DISCUSSION  

Most of the synthesized batches were amorphous. 
However, batches with higher iron content (> 1 Fe per 
nominal formula) at least partly crystallized during 
solidification. This is due to poor glass forming 
properties of iron oxides. The glass transition 
temperature for the amorphous samples was observed 
within the 367–433°C range, depending of the 
composition. Temperature XRD studies showed that 
heating the glasses up to 500°C resulted in formation of 
grains with average size of 60–75 nm. The predominant 
crystalline component was a NASICON-like phase,  of 
other phases were also detected. SEM micrographs 
showed that microstructure of Li3V2(PO4)2F3 sample 

heated to 500°C consisted in nanorods uniformly 
distributed in the whole sample (Fig. 1).  
 

 
Fig. 1. SEM image of Li3V2(PO4)2F3 sample after heating to 500°C. 

 
An irreversible and significant change in the 

conductivity due to heat-treatment was correlated with a 
crystallization peak observed in DTA traces. The 
conductivity of the best-conducting sample was as high 
as 2·10–3 S/cm at room temperature. The influence of 
the heat-treatment on electric conductivity was 
dependent not only on the transition metal present in a 
glass composition, but also on LiF excess and synthesis 
conditions. 
 
CONCLUSIONS 

It was shown that Li2O-Me2O3-P2O5 is one more 
system of glasses whose heat-treatment leads to 
formation of highly-conducting nanomaterials. At least 
two crystalline phases were detected in synthesised 
samples. It was observed that synthesis conditions have 
significant effect on the phase composition of the final 
material. Therefore one may expect that further research 
will result in synthesis of pure NASICON-like highly-
conducting nanomaterials, which should exhibit good 
electrochemical properties for cathodes in Li-ion 
batteries. 
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INTRODUCTION 

Polymer electrolytes have been proven as an 
effective and safe material for solid electrolyte in Li-ion 
rechargeable batteries. Among all polymers which have 
been proposed for that application, poly(ethylene oxide) 
known since early years of research in this field, is still 
considered one of the best solid solvents for Li salts. 
Traditionally, polymer electrolytes are obtained by 
dissolution of a small amount of salt in polymer. 
However, despite high ionic conductivity, in such a 
system only a fraction of charge is transported by 
cations, which is not favorable for application in 
rechargeable cell. 

It is generally accepted that increasing amount of 
lithium salt in the system is accompanied by increasing 
role of ion-ion interactions in ion transport process. 
Therefore, one could expect also decrease of lithium 
transference number. Since the value of ionic 
conductivity of electrolytes rich in salt is also lower 
than that of electrolytes with moderate amount of salt, at 
first glance increasing amount of salt does not seem to 
be an appropriate direction in search for improvement of 
properties of polymer electrolyte.  

Our poster will show that, by application of an 
appropriate combination of experimental methods, 
interesting and unexpected phenomena can still be 
observed even for such a well known system as PEO 
with LiTFSI salt.      

EXPERIMENTAL  
Linear PEO of high molecular weight PEO 

(MW=5×106 g/mol) was obtained from Aldrich. Polymer 
electrolytes with addition of LiN(CF3SO2)2 (LiTFSI) 
salt have been obtained by mixing polymer and salt in 
an acetonitrile solution. After casting, the electrolytes 
were placed in a vacuum chamber for at least one week 
to remove solvent.  

Samples of electrolytes were characterized by 
Differential Scanning Calorimetry and impedance 
spectroscopy performed between blocking gold-plated 
electrodes. Measurement of lithium transference number 
was performed by electrochemical method employing a 
modified version of Bruce–Vincent procedure [1]. This 
recently developed method allows to obtain more 
repeatable and reliable values than standard approach.  

RESULTS AND DISCUSSION  
Measurement of electrolytes based on linear PEO 

with different amount of lithium salt indicate that, in 
contradiction to some earlier reports, the values of 
lithium transference number do not exhibit a continuous 
decrease upon increasing concentration of salt. Instead, 

it seems that electrolytes with the highest ionic 
conductivity (representing EO:Li of 10:1) are 
characterized by the lowest lithium transference 
number. In electrolytes with higher content of salt, 
lithium transference number increases significantly. 
This can be possibly explained by “binding” of anions 
in stoichiometric complexes with polymer. The 
structure of such complexes can be partially preserved 
in amorphous state, thus impeding anion mobility. Our 
findings indicate possibility to obtain efficient lithium 
ion transport in “polymer in salt” systems – which, as 
described in our earlier publication [2] can exhibit 
metastable states of high ionic conductivity. 

Fig. 1. Lithium transference number t+ of electrolytes 
based on PEO and LiTFSI. 
 
CONCLUSIONS 

Measurement of lithium transference number 
allows new interpretation of data obtained by other 
methods. In case of electrolytes based on linear PEO, it 
seems that despite increasing amount of salt and 
increasing decoupling of ion transport from motions of 
polymer chains, the lithium transference number of 
electrolytes rich in salt are considerably higher, than 
that of electrolytes with moderate salt concentration.  
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INTRODUCTION 
All – glass composites conducting electrons and silver 
ions are a new class of heterogeneous materials. Their 
mixed electric conductivity depends on: electric 
conductivity of components, their content in a mixture, 
and its microstructure (e.g. grain size, shape, spatial 
distribution).   
In the work we show that these systems can exhibit 
some interesting synergy effect resulting from 
interactions between components. 
 
EXPERIMENTAL  
The all – glass composites were fabricated from two 
components: 30AgI·35Ag2O·35P2O5 (ion – conducting 
glass, denoted as I) and 90V2O5·10P2O5 (electron –
conducting glass, denoted as E).  
The powdered glasses containing grains of selected size, 
after mixing in several volume ratios, were pressed to 
form pellets – the final composites.  
Both, the components and composites were investigated 
by means of X – ray diffraction (XRD), differential 
scanning calorimetry (DSC), impedance spectroscopy 
(IS), whereas Hebb – Wagner polarization method (H – 
W) for the composites only. 
 

 
RESULTS AND DISCUSSION  
The AC (fig. 1) and DC (fig. 2) investigations as well, 
revealed existence of some processes responsible for a 
very high electric capacity of 0,1 F rank of order.  
There was suggested that this synergy effect was due to 
some interactions taking place among the grains. The 
observed effect can be used for storing high electric 
charges and seem to be perspective for supercapacitor 
technology.  
 
 
 
 
 

 
CONCLUSIONS 
High capacity effect was observed in all – glass 
30AgI·35Ag2O·35P2O5 (I) + 90V2O5·10P2O5 (E) 
system. It has been shown that this synergy effect is due 
to interactions between the component grains. The 
future work should be done to investigate possible 
applicability of these class of composites in energy 

storage devices. 
 
 

 
 
 
 
 
 
 
 
 
 
 

  
 

Figure 1. Impedance spectrum of electric – ionic 
composite 1 : 1 in a frequency range 10MHz – 

10μHz at 45°C. 

Figure 2. Current – time dependency plot for 1 : 1 
composite (grey – coloured area correspond to 

electric charge stored in the system, Q = 2,6·10-2 C).
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INTRODUCTION 
 

High temperature proton conductors (HTPCs) are 
important materials for hydrogen energy conversion and 
storage [1]. Among HTPCs acceptor doped lanthanum 
niobates with total conductivity of 10-3 S/cm at 900 °C 
are considered to be promising group of materials [2]. In 
our previous works we have shown that by substituting 
niobium with antimony structure and stability of the 
material can be altered [3,4]. In this work electrical 
properties of these compounds are studied by the 
electrochemical impedance spectroscopy. In particular, 
electrical conductivity has been studied as a function of 
temperature and oxygen partial pressure.  
 
EXPERIMENTAL  
 

In order to measure electrical conductivity an 
impedance data were obtained by using a Solartron 
1260 analyzer in standalone mode. Impedance spectra 
have been collected in the frequency range of 1 Hz – 10 
MHz. In the cases where it was possible grain interior 
and grain boundary conductivities have been obtained 
by the deconvolution of impedance complex plots in 
EqC software. In other cases only total conductivity 
values have been determined. Data have been collected 
in temperature range of 250 – 900 °C in dry, H2O- and 
D2O-wet air. For selected temperature values 
conductivity has been measured as a function of pO2 
within the range ~10-6 to 0.2 Bar.   

Additionally, X-ray photoelectron spectroscopy 
measurements have been performed in order to 
determine valence states of substituent and native ions.  

 
RESULTS AND DISCUSSION  
 
Measurements of the conductivity have shown a 
difference of total conductivity of approximately one 
order of magnitude higher in wet than in dry air. 
Moreover, H-D isotope exchange experiment has shown 
that ratio of total conductivity in wet H2O and D2O is 
close to the value of 1/√2 within the temperature range 
between 400 and 800 °C.  
Application of the Brick Layer Model for the analysis of 
impedance complex plots has led to the separation of 
the conductivity data into grain bulk and grain boundary 
specific conductivities. It has been shown that Sb-
substitution on Nb sites has a higher impact on the grain 
boundary rather than bulk conductivity.  
In general a higher value of antimony concentration in 
the compound led to a higher value of conductivity.  

 
CONCLUSIONS 
 
It has been shown that in wet oxidizing atmospheres,  in 
the temperature range of 400 – 800 °C,  protons are 
dominating charge carriers in LaNb1-xSbxO4. Therefore, 
LaNb1-xSbxO4 is a high temperature proton conductor in 
this temperature range. Furthermore, the total 
conductivity depends on the Sb concentration in the 
compound mostly due to the impact of the substitution 
on the grain boundary conductivity levels. The highest 
measured conductivity value was about 10-4 S/cm at 900 
°C in wet air. 
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INTRODUCTION 
 

In the barium titanate (BaTiO3; BT) and strontium 
titanate (SrTiO3; ST) pseudo-binary system 
(SrxBa1-xTiO3, BST) perovskite type structure ceramic 
compounds are obtained in the whole substitution range. 
BST compounds show interesting dielectric and 
ferroelectric properties with dielectric constant and 
Curie temperature being dependent on substitution level 
x. Thus, these materials are considered for dynamic 
random access memories, dielectric capacitors, 
microwave phase shifters, transducers, positive 
temperature coefficient resistors and energy storage 
ceramics [1]. Recently permanent photoelectric effect 
for BST compounds was reported [2]. Many efforts 
have been put to improve the microstructure and 
electrical properties of BST ceramics synthesized by 
different chemical processes. 
The aim of presented work was to obtain high density 
BST by the use of solid state reaction and to 
characterise physical properties of obtained materials.  
 
EXPERIMENTAL  

 
Samples of general formula SrTiO3, Sr0.75Ba0.25TiO3, 

Sr0.5Ba0.5TiO3, Sr0.25Ba0.75TiO3 and BaTiO3 were 
prepare from titanium dioxide (Aldrich > 98%), 
strontium carbonate (Aldrich > 99,9%) and barium 
carbonate (Aldrich > 99%). Reagents at proper molar 
ratios were milled in planetary ball mill for 24h and 
calcined for 4h at 1150 ºC. Prepared pellets (approx. 
10mm diameter and 3mm thickness) were sintered in air 
for 2, 4 and 6h at temperature 1350 ºC, to obtain high 
density samples. Prepared samples were characterized 
using X-ray diffraction, Archimedes method, SEM and 
differential thermal analysis. Impedance spectroscopy 
and the polarization–electric field (P–E) hysteresis loops 
were measured to study electrical properties of studied 
samples. 

 
RESULTS AND DISCUSSION 

 
XRD patterns collected for all of prepared samples 

show patterns characteristic for single phase perovskite 
type structure (Fig. 1). Prepared samples show high 
density values measured by the Archimedes method. 
Typically the highest density values were obtained for 
6h sintering time as presented at Fig. 2 for SrTiO3 

compound. SEM micrograph pictures show uniform 
distribution of grain sizes of ca. 4 μm. 

Impedance spectroscopy results as well as P-E 
hysteresis loops will be presented. 

 

Fig. 1. X-ray diffraction patterns for SrxBa1-xTiO3 
compounds 
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Fig. 2. Density measurements results for SrTiO3 
compound 
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INTRODUCTION 
 

The highest known oxide ion conductivity of any 
solid, with a value of ca. 1 S cm-1 at ca. 1000K, is 
observed for the δ-Bi2O3 phase of the cubic fluorite type 
structure [1]. Below 1000K bismuth oxide undergoes 
series of phase transitions into lower symmetry 
polymorphs, which is correlated with three orders of 
magnitude drop of conductivity. The cubic fluorite δ-
Bi2O3 phase can be preserved to lower temperatures by 
partial substitution of bismuth cations with different 
metal cations. For the yttrium doped system, the δ-Bi2O3 
type phase was stabilized to room temperature and high 
ionic conductivity was preserved to intermediate and 
low temperatures, for the Bi3YO6 compound [2] 
(acronym δ-Bi3YO6 will be used). 

The ab initio molecular dynamics simulations for δ-
Bi3YO6 compound revealed information on site 
residence time or site occupancy but also trapping 
mechanism of oxide ions in the yttrium cation 
neighborhood was determined [3]. However, the ab 
initio modeling is limited only to small systems 
containing only tens of atoms and is very time 
consuming with a 60ps molecular dynamics calculation 
for 80 atoms taking over a month.  

In this project the Kinetic Monte Carlo modeling 
was used to extend both the size of the studied system 
and the simulation time scale. Results of ab initio 
calculations were used as a input parameters for Kinetic 
Monte Carlo calculations. Similar approach was 
previously applied by Pornprasertsuk et al. for yttria 
stabilized zirconia [4].  
 
EXPERIMENTAL  

 
Series of Kinetic Monte Carlo calculations were 

performed for δ-Bi3YO6 at 1073K for the 7×7×7 
supercell containing 2058 oxide ions. Initial oxide ion 
distribution in the system, including oxide ion site 
occupancy and cation coordination numbers, was based 
on results of ab initio calculations [3]. The probability 
of oxide ions jumps between different sites was 
calculated from the site residence time [3]. All 
calculations were done using a self-written C++ 
software and performed on personal class computer. 
The computer calculation time of 10ms was equal ca. 10 
minutes. 

 
RESULTS AND DISCUSSION  

 
Performed Kinetic Monte Carlo calculations 

allowed to model δ-Bi3YO6 system in time scale of six 

orders of magnitude longer than achieved in the ab 
initio cautions and for ca. 30 times bigger number of 
oxide ions. Within such a scale it is possible to study the 
influence of cation dopant clustering on oxide ion 
diffusion. It was observed, that yttrium cation clusters 
significantly blocks the diffusion process in these areas 
creating visible pathways of diffusing oxide ions in 
bismuth rich areas.  

The Kinetic Monte Carlo calculations were done 
under the external electric field (Fig. 1). The ionic 
current was calculated for ac voltage with electrostatic 
field varying in a wide frequency range, to reconstruct 
impedance spectroscopy data.  

 

 
Fig. 1. Oxide ions trajectories calculated during Kinetic 
Monte Carlo modeling under external electrostatic 
field. Black box represents initial oxide ions positions. 
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INTRODUCTION 

For a long time we are interested in crystal 
engineering and hydrogen bond formation in salts of 
dicarboxylic acid with heterocyclic bases, which are 
known to form similar to water hydrogen bond network 
[1,2]. Among the compounds worthy noticing is 
imidazole-malonic acid (Im-MAL) salt due to a disorder 
apparent in one of the imidazole rings. The disorder has 
been reported by us at RT [3] and later at 120K [4]. Here 
we report the structure of Im-MAL at 14K, 120K, 295K 
and 330K and the relationship with proton conductivity 
in the temperature range 273K - 378K. 
 
EXPERIMENTAL  

Imidazole and malonic acid were dissolved in 
distilled water at RT. The crystallization of imidazole - 
malonic acid salts was carried out by slow evaporation 
of the solvent at RT and plate-like crystallites ~5 mm in 
length and ~0.3 mm thick were obtained.  

Molecular structure was determined at 14K, 120K, 
295K and 320K (X-ray four-circle XCALIBUR 
Diffractometer, MoK αradiation). 

For electric measurements the Im-MAL crystallites 
were pressed (30MPa, RT) into the form of pellets, the 
surfaces of which were electroded with Hans Wolbring 
GmbH silver paste. Electric properties were carried out 
using impedance spectroscopy method, using Alpha-A 
High Performance Frequency Analyzer (Novocontrol 
GmbH) in frequency range 1Hz≤f≤10MHz and 
temperature range 273K≤T≤378K.  

 
RESULTS AND DISCUSSION  

The Im-MAL crystal structure is of layer type and 
belongs to a triclinic system with P-1 space group. The 
unit cell contains two malonic acid groups and two 
imidazole rings. The Im- rings and one dicarboxylic acid 
molecule lie on the (-13 -7 -7) layers which are linked by 
chains of O-H...O bonded MAL groups. 

One of the two heterocyclic molecules (Im-I) is 
ordered, whereas the second Im-II ring, located in the 
center of symmetry, can be considered as disordered 
since its atoms occupy two symmetrically equivalent 
position with the probability of 0.5. The structural motif 
of the crystal was found to be similar in the temperature 
range from 14K to 330K. 

Impedance response in measured frequency and 
temperature range is composed of the two semicircles. 
The complex impedance Z* can be described by 
connected in series two double RC parallel circuits, 
where one is connected with bulk material response 

(which corresponds to σgi conductivity), whereas the 
other is connected to the grain boundaries parts of the 
sample (σgb). Figure 1 presents Arrhenius plot of Im-
Mal, where both contribution are presented as well as 
total conductivity of the sample.   

 
Fig. 1. Arrhenius plot of Im-Mal. In figure are 
presented values of activation energy of grain 
boundaries, bulk material (grain interiors) and total 
conductivity of the polycrystalline sample. 

CONCLUSIONS 
In temperature range from 313K to 363K Im-MAL 

conductivity has low activation energy (EA=0,17eV), 
similar to the superprotonic conductors.  

Considerable increases in the anisotropic  thermal 
displacement parameters of the Im atoms is observed 
between 295K and 330K. These changes suggest that 
proton transport in the high conducting phase can be 
considered as phonon assisted proton diffusion.   

Hydrogen bonds N-H…O between Im molecules 
and carboxyl group of the MAL changes between 295K 
and 330K. It appoints important role of such hydrogen 
bonds in proton conductivity.  
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INRODUCTION 
Layered LiVO2 and its deintercalated derivatives 

were studied due to their structural and magnetic 
properties [1]. Recently Li1+xV1-xO2 compounds were  
found as potential anode materials for lithium ion 
batteries [2]. However, there are only few papers 
roughly discussing properties of these materials in 
cathode region [3]. 

This work intends to fill this gap, presenting 
structural, transport and electrochemical properties of 
three groups of deintercalated compounds: LixVO2, 
Lix(Li0.07V0.93)O2 and Lix(Li0.07Fe0.1Fe0.83)O2. 
 
EXPERIMENTAL  

LiVO2, Li(Li0.07V0.93)O2 and Li(Li0.07Fe0.1Fe0.83)O2 
were prepared using high temperature solid state 
method with  Li2CO3, V2O3 and Fe2O3 taken as 
substrates. Stoichiometric amounts of substrates were 
ball-milled, pressed into pallets and followed by two 
steps of annealing: 10h at 800ºC in argon atmosphere 
and 12h at 1050ºC in mixture 5%At-95%H2 followed by 
quenching 

Structural studies were performed in 10-110° range 
with CuKα radiation using Panalytical Empyrean 
diffractometer. 

Electrochemical studies were performed by usage 
of ATLAS multichannel potentiostat/galvanostat. 
Li/Li+/Lix(LiyFezV1-y-z)O2-δ cells were constructed using 
Swagelok type containers. 1M solution of LiPF6 in 
EC/DEC (in 1:1 ratio) was used as the electrolyte. For 
the positive electrode, the active material was prepared 
in the form of a rectangular sample with a weight of 
approx. 35-50 mg. 

Electrical conductivities of pristine and 
deintercalated samples were determined using 
frequency response analyzer  Solartron 1260  with 
dielectric interface Solartron 1296. 

 
RESULTS AND DISCUSSION 

XRD measurements showed all pristine materials to 
be single phase, exhibiting α-NaFeO2 type structure 
with R-3m symmetry. Deintercalated materials 
consisted of multiple phases with the same  α-NaFeO2 
type structure, varying the size of cell parameters. 
Relative reflection intensities are varying with 
decreasing lithium content, indicating partial 
displacement of vanadium ions from 8b (vanadium 
layer) sites to 8a sites (lithium layer). 

Electrical conductivities measurements showed all 
studied materials to be semiconductors with anergy 

activation below 0.4V. Room temperature electrical 
conductivities of deintercalated samples  varies in wide 
range from ~10-3 to ~to 10-7 Scm-1. However, the values 
do not change linearly with decreasing lithium content 
(Fig. 1).  

Open circuit voltage of tested cell was almost 
constant during deintercalation, most  probably due to 
two phase mechanism. 

 
CONCLUSIONS 

Properties of LiVO2, Li(Li0.07V0.93)O2 and 
Li(Li0.07Fe0.1Fe0.83)O2 as cathode materials for lithium 
ion batteries were studied showing complex, two phase  
mechanism of lithium deintercalation. 
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Rys. 1 Temperature dependence of electrical
 conductivity of Lix(Li0.07V0.93)O2  compounds. 
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Sartorius global innovative supplier of laboratory equipment.  
mgr BEATA GASIEWCZ – Sales Specialist SARTORIUS Poland  
Sartorius is a leading international pharmaceutical and laboratory equipment supplier. As a global player with a 
corporate history dating back over 140 years, the Sartorius Group operates in dynamic markets. The customers it 
serves are from the biotech, pharma and food industries as well as from public research. Sartorius conducts its 
business operations in two divisions: Bioprocess Solutions and Lab Products & Services. 
Bioprocess Solutions with its wide portfolio of products helps enable biotech medicines and vaccines to be 
manufactured safely and efficiently. Lab Products & Services with its premium laboratory instruments, high-
quality consumables and excellent services focuses on laboratories for research and quality assurance at pharma 
and biopharma companies and on academic research institutes.  

The Sartorius Lab Products & Services Division is a broad-based premium supplier of high-quality laboratory 
instruments, high-grade consumables and excellent services. Our customers are from research and quality 
assurance laboratories of the pharmaceutical, chemical and food industries as well as from the academic sector. 
The product portfolio of our division focuses on high-value laboratory instruments, such as lab balances, pipettes 
and laboratory water purification systems. Moreover, we offer the widest range of consumables, such as 
laboratory filters and pipette tips. In laboratory weighing technology, our company ranks as the world's second 
largest equipment supplier, and enjoys a strong position among the leading global suppliers for consumables, 
pipettes and laboratory water purification systems 

  Cubis - the best laboratory balance series 
The Cubis® was developed for users, who expect the best possible performance from a lab balance across  
the board but only want to invest in what is necessary. For this reason, Sartorius has gone far beyond simply 
further developing what already exists. The new Cubis® represents a groundbreaking new concept: Cubis®                                     
is the first lab balance of an entirely modular design which means that display and control units, weighing 
models, draft shield models, interfaces, and much more can be freely combined. Cubis balances adaptable to 
every application thanks to  its modular design Users can choose from thousands of options to configure their 
balance (from 2.7 g 0,1 µg to 0,1 g 70 kg) to suit their individual needs and obtain the optimal solution for 
integration into their process. This makes 
every Cubis® a unique and unrivaled 
balance because every Cubis®  
is tailored to an individual profile of 
specifications without compromising a thing.
     Cubis® is the first lab balance 
that automatically checks, performs and 
documents its exact leveling.         The 
Cubis® balance can be leveled with the push 
of a button or fully automatically when the 
isoCALfunction has been activated. Quick 
and safe leveling with a significantly 
reduced risk of contamination for the user.  
This eases the burden on the user and allows 
more time for the user’s actual tasks, in 
addition to being safer.                   At the 
touch of a button, the Q-Stat ionizer 
integrated into the DI draft shield can 
quickly dissipate electrostatic charges which would affect the weighing measurements on sample containers and 
substances. The effective principle of four ion jets achieves this without disruptive air streams. As a result, stable 
and accurate weighing results can be guaranteed regardless of external influences.   

Sartorius  Poland Sp. z o.o.  ul. Wrzesińska 70, 62-025 Kostrzyn  
Tel. /Fax061 647.38.30 / 061 647.38.39      info.pl@sartorius.com 
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Polish Hydrogen and Fuel Cell Association  
 

Polish Hydrogen and Fuel Cell Association was founded in 2004 as a non-profit 
organization to promote hydrogen as a sustainable energy carrier as well as modern technologies for 
energy conversion and storage. The Association is a rapidly growing organization, which gathered 
many scientists (to date 175 members, including 50 professors, 1 honorary member and 11 
supporting members).  

Members of the Association are employees of universities and research institutes, as well as 
directors of state-owned enterprises. Supporting members include universities and research 
institutes. Association collaborates closely with Polish Technological Platform of Hydrogen and 
Fuel Cells organizing meetings, schools and preparing national "hydrogen" research program. The 
Association is a member of EHA (European Hydrogen Association) and PATH (Partnership for 
Advancing the Transition to Hydrogen). Comparing the size and structure of the membership, the 
Polish Association is one of the largest in Europe, and has significant intellectual potential. 
 
Mission 
• development of collaboration among universities, research institutes and industry,  
• support of high-risk projects focused on basic studies of new materials for energy conversion 

and storage,  
• stimulation of educational activities promoting modern technologies for energy conversion and 

storage. 
 
Activity 
• Annual Bulletin, 
• Every 2 years Association is organizing Forum dedicated to fuel cells, hydrogen production and 

storage, Li-ion batteries, supercapacitors, thermoelectrics, solar conversion, 
• Every 2 years, interchangeably with Forum, Association is organizing Summer Schools on 

energy conversion and storage, 
• Lectures at Technical Open University of AGH University of Science and Technology, 
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