DEPARTMENT FOR ADVANCED
MATERIALS

The main activities of the department encompass basic and applied research
within the fields of energy materials, biomaterials and electronic materials.
Among the important objectives are the development of new, efficient oxides for
high-temperature thermoelectric energy conversion, materials with improved
antibacterial and photocatalytic effects and the development of thin films and
nanostructured powders of functional oxides for various electronic applications.

Thermoelectric oxides

Continued research on thermoelectric layered cobaltates Ca, Na Co,0, showed that intergrown structures
exhibit a Seebeck coefficient higher than both the end members, Na Co0, and Ca,Co,0,. With an increase in x
the electrical conductivity can be tailored from semiconducting to metallic behaviour, which enables control of
the power factor of the material. The highest measured power factor was at compositions with x ~ 1, which also
exhibit environmental stability as opposed to pure Na Co0,. In the scope of the industrial project with Epcos, a part - Head:
of TDK-EPC company, we performed a study of the development of intergrown structures and their influence on the  Prof. Danilo Suvorov
texturing and, consequently, the electrical conductivity. We found that the formation of an intergrown structure prior
to the sintering stage crucially influences the microstructure and, consequently, the electrical conductivity. We have
also found that intergrown structures are stable in an air atmosphere up to 930°C, above which a reversible loss
of oxygen takes place, resulting in the formation of a secondary phase Co0. In an inert atmosphere the reversible
decomposition takes place already at temperatures below 500°C. The findings indicate that based on coherently
intergrown structures Ca, Na Co,0, high-temperature p-type thermoelectric materials with an operating range up
t0~900°C can be synthesized. At 700°C ceramics with the nominal composition Ca, Na, Co,0, exhibit a figure of
merit zZT~0.3. The results obtained so far also indicate that a further improvement of the conversion efficiency is
possible by reducing thermal conductivity and so controlling the atmosphere during processing and thus influenc-
ing the formation of nano-inclusions within the coherently intergrown matrix.

Antibacterial and photocatalytic materials

Nanocomposite materials based on Ti0, and Pt particles were prepared via two syntheses, i.e., hydrothermal
synthesis and sonochemical synthesis, followed by thermal treatment in a reducing atmosphere at 400°C for 3 h.
The hydrothermally synthesized TiO,/Pt consisted of TiO, (average particles size 16 nm) in the anatase and the rutile
crystal modification. TiO,/Pt prepared by the sonochemical synthesis crystallized as the TiO, (average particle size
9 nm) anatase and brookite. The hydrothermal synthesis enabled the formation of two types of Pt particles: the Pt
particles (12-17 nm) that were attached on the TiO, surface and the Pt particles that existed as an isolated phase
(up to 45 nm). In the case of the sonochemical synthesis the Pt particles (up to 5 nm) formed a composite with the
Ti0, particles. The XPS surface analysis of the prepared TiO,/Pt revealed that the formed Pt existed as Pt’ and Pt
The presence of the free hydroxyl groups was identified utilizing the FTIR spectroscopy. The free surface hydroxyl
groups were detected only in the case of the hydrothermally synthesized TiO,/Pt. The photocatalytic activity was
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Figure 1: Hydrot/zermal[y syntheszzed 17i0, /Pt Figure 2: Sonochemical synthesized Ti0 /Pl
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Figure 3: SEM image of BSO thin films deposited on
S8i/8i0,/Ti0 /Pt subsirate annealed at 700°C/1h.
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Figure 4: The degradation rate of the RhB solution
under UV irradiation with the photocatalyst BSO
Sfilm and P25 film

Figure 5. Nanocomposite of arginine-functionalized Au nanoparticles

under UV and Vis irradiation. The measurements revealed that the UV photocatalytic activity of the
hydrothermally synthesized TiO /Pt was 16-times higher than the activity of the sonochemically

; 1 synthesized Ti0,/Pt. Under Vis irradiation the photocatalytic performance of the hydrothermally

synthesized Ti0,/Pt exceeded the activity of the sonochemically prepared TiO,/Pt by 5-times. The
higher photocatalytic efficiency of the hydrothermally synthesized TiO,/Pt was ascribed to the
presence of the free surface hydroxyl groups. Such hydroxyl groups form with the photogenerated
holes from the TiO, valence band strong hydroxyl radicals, which degraded the organic compounds
adsorbed on the surface of the Ti0,.

Photocatalytic films based on the sillenite compound Bi,,Si0,; (BSO) were prepared using
the polymerizable complex method. The obtained BSO films had a porous microstructure with an
average size of the grains equal to 1um. Its photocatalytic activity was evaluated with the degrada-
tion of the aqueous organic pollutant Rhodamine B under UV-light irradiation. The Bi, Si0, films
showed comparable photocatalytic performance in the degradation of the RhB solution under
UV-light irradiation as the reference Degussa P25 film. Namely, both photocatalytic films BSO and
P25 degraded over 82% of the RhB solution within the irritation time of 150 min.

In 2013 we also focused on the syntheses of new antibacterial materials that include a gal-
lium component. This should increase the efficiency of the functionalized gold nanoparticles on
hydroxyapatite, which have recently been developed at this department, but avoid the increase of
their harmfulness towards eukaryotic (human) cells. Using a sonochemical method we successfully
prepared nanocomposites of gold nanoparticles, functionalized with amino acids, and hydroxyapa-
tite with Ga(IIl) ions, most probably in its interstitials. All the nanoparticles in the composite are
spherical, of very similar size (with a diameter of approx. 5 nm with histidine, approx. 10 nm with
arginine and approx. 20 nm with glycine) and well separated on the hydroxyapatite nanorods.
We also managed to obtain a composite of hydroxyapatite with spherical gallium nanoparticles,
covered with GaOOH. A gold nanoshell with different amino acids attached is being added to these
nanoparticles, in order to obtain functionalized core-shell nanodevices for targeted drug delivery
of an antibacterial (gallium) core.

50 nm - ; WigiTea

Figure 6. TEM picture of histidine-functionalized Au nanoparticles on

and Ga(lll }-containing hydroxyapatite under a transmission electron  hydroxyapatite nanorods with incorporated Ga(1ll) ions

microscope.
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Functional oxides for electronic applications

In the field of the investigation of phase relations in ternary oxide systems where new com-
pounds and/or solid solutions are stable and exhibit pronounced electric properties, we determined
phase relations in the ternary systems La,0,-Ti0,-Ca0 at 1400°C in previous research. This year we
continued with investigations and we determined the crystallographic structure of the solid solu-
tion CaTi0,-Ca,La,Ti,0 ., which is stable along the whole tie line. We described a transition from
one crystal structure into another and determined the microstructural and dielectric properties of
these ceramics. For the synthesis of the single-phase ceramics a modified Pechini method was used.

We have also investigated ceramics based on the compound CaCu,Ti,0,,, which exhibit in-
teresting dielectric properties and ceramics based on the solid solution CaCu,Ti,0, - CaCu,Ru,0,,.
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The research of BaTi0, particle formation was focused on (i) the topotactic transformation
of various titanate precursors into BaTi0,, (if) the characterization of tetragonal BaTiO, particles,
prepared under moderate hydrothermal conditions, (iii) the sintering of variously shaped BaTiO,
particles and a determination of the dielectric properties. The aim of the first part was to explore
possibilities for the preparation of defined shaped BaTiO, particles by preserving the shape of the
titanate precursor. This kind of transformation is possible in liquid phase (hydrothermal and
molten salt synthesis) under conditions that favour the epitaxial growth of BaTiO, on a titanate
precursor. These conditions include a low lattice mismatch and a low density of surface defects.
The comparison of the BaTi0, lattice parameters with those of the titanate precursors (Na,T1,0,
(NT)belts, K,Ti 0, (KT)wires, K, Li, .. Ti,.. O, (KLT) plates) showed a mismatch greater than 4%.
Epitaxial growth could occur, when the high strains are relieved by the formation of dislocations
and grain boundaries. Our investigations revealed that the topochemical transformation of the
titanate precursor into BaTiO, was better approached by the NTbelts than by the KLT plates and KT
wires. The morphology of the BaTiO, particles formed from the last precursor at low temperature
(80-100°C) was found to be very similar to that obtained with the NT belts. The differences appeared
atT>150°C, where BaTi0, with a considerably higher degree of tetragonality was formed from KT
compared to that from the other precursors. Raman spectroscopy, which gave information about
the local structure, showed that the asymmetry within [ TiO, ] the octahedra was present already in
BaTi03, prepared at 100°C. According to the result of this technique, BaTiO, with a high degree of
tetragonality formed from KT at 150<T<240°C. The differences in tetragonality for BaTiO, formed
at different high-temperature (150<T<240°C) conditions could be better detected by XRD and DSC,
because they gave information about long-range order. In XRD pattern, the tetragonality is evident
from the splitting of the (200) diffraction line, while DSC gave the enthalpy of tetragonal to cubic
phase transition. We found that tetragonality increased with an increase of the temperature and
synthesis time. When the NaOH content exceeded the concentration needed for BaTiO, formation,
the tetragonality decreased with an increase of the NaOH content.

The sintering studies of variously shaped (star-and square-like) cubic BaTiO, particles revealed
that particle shape had an important influence on the grain growth and phase transformation.
The sintering of square-like particles led to tetragonal ferroelectric and coarse grained (2-10 um)
BaTi0, ceramics, while star-like particles preserved the cubic crystal structure without a significant
increase in the grain size (1 um). High relative densities of 98% were achieved by two-step sinter-
ing, which is regarded as a promising method for controlling the grain growth. Based on this fact
we assume that dielectric, ferroelectric and piezoelectric properties of BaTiO, ceramics could be
tailored by the selection of the particle shape and the proper sintering conditions.

We have investigated the synthesis of Ag(Nb,Ta, )0, (x = 0.2-1) ceramics by a solid-state
reaction method. Pure-phase ceramics with a relative density higher than 96% can be obtained,
except for x = 0.2. As x decreases from 1, the dielectric constant at 2.9-4.4 GHz first increases from
222, reaches the maximum value of 491 for x = 0.65, and then decreases to 206 for x = 0.2. While

ences of dielectric constant and dielectric loss on DC bias are observed,
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Figure 7: Tunable dielectric properties forAg(Nb Ta, )
0,(x=0.5-1) ceramics with “W-shaped dependences
of dielectric constant and dielectric loss on DC bias,
indicating the coexistence of ferroelectricity and
anti-ferroelectricity.

. . Figure 8: Plume created during laser ablation of
the Q= value increases monotonically from 72 GHz for x = 1 t0 1.550 GHz for x = 0.2, although 4ernpy 7. )0, ceramic largel at 1.5 ]/cm? laser

the ceramic with x = 0.2 is relatively porous and not single phase. The Ag(Nb,Ta, )0, (x=0.5-1) energy and 0.1’ mbar oxygen partial pressure in
ceramics show interesting tunable dielectric properties. When x = 1, unique “W’-shaped depend- pulsed laser deposition system.

indicating the coexistence of ferroelectricity ar.ld anti—ferrqelectricity‘ Sirpilgr Au (20nm) I — I | S I
results are observed for x = 0.8 and 0.65, while only anti-ferroelectricity is AL (90 am)
indicated for x = 0.5. The anti-ferroelectricity can be observed based on a = 800 = e 80
tunability measurement with the maximum DC of 125 kV/cm or even lower. Ti (10 um) s T | [ Tt _:' 70
However, much higher electric field of 175 kV/cm is needed for observing | (100) PNIN-PT: 276, 360, 440 nm 0 __.;_/4,/_; 60
an anti-ferroelectric-like hysteresis loop. It is indicated that the tunability Pt (100 nm) VB W 0 I
measurement is a more sensitive tool than the hysteresis loop for determin- TiOs (15 nm) ¥ el 4( il E
ing the anti-ferroelectricity. L . 300/t £(V) -
Ag(Nb, ,Ta )0, thin films have also been deposited on (0001) ALO, S0, (430nm) 20/ L Tg
single-crystal substrates by pulsed laser deposition with a fluence of 1.5 J/ Si-substrate (300 pm) ) S — ] &
cm?and an oxygen pressure of 0.1 mbar, and they are characterized by XRD AN Staa u”‘ =

and RHEED. When the target-to-substrate distance is 55 mm, the repetition
rate is 5Hz and the deposition time is 1 hour, polycrystalline Ag(Nb,,Ta, .)
0, primary phase is indicated from XRD for the deposition temperatures of

Figure 9: Cross-sectional view of the test resonators (a) and DC
bias dependences of permittivity (& ('V)) and relative tunability of
permittivity (Te('V)), measured at 3 GHz, of a test structure with the

550-625°C. However, a small concentration of secondary phase can also be 440-um-thick PMN-PT "film (D).
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z'gure 10: Microstructural deyelpmem‘ of PMN-PT thin films pyrolysed
at temperature a) 200°C, b) 300°C in ¢) 430°C and annealed at
650°C/20 min.

In the scope of the Center of Excellence

in Nanoscience and Nanotechnology we
installed the Empyrean X-ray diffractometer

at the Advanced Materials Department, which

is utilized mainly for the detailed structural
characterization of single-crystal thin films.

The delivered system enables the study of the
epitaxial layers in terms of reciprocal space-
map measurements and a determination

of epitaxial relationship with respect to the
substrate, while the reflectivity measurements
provide us information about the thickness,
surface/interface roughness and density of
single or multilayered structures on a substrate.
The above-mentioned applications of the
system are enabled by a sample stage with five
computer-controlled and programmable axes
and very powerful 2D area detector, capable

of measuring in the OD mode (standard point
detector), 1D mode (fast linear detector) and

2D mode (area detector). In addition to a
structural characterization of thin films, standard
powder-diffraction measurements can also be
performed, optionally with a diffracted beam
monochromator for sample fluorescence
removal. Furthermore, the system is equipped
with high/low-temperature sample stages, which
make it possible to measure samples over a
broad temperature range from -261°C to 1200°C
and in different gas atmospheres.

observed in the patterns. When the target-substrate distance increases to 60
mm, a pure-phase Ag(Nb . Ta, )0, thin film is formed with the thickness of
150 nm, which nevertheless should be doubled for measuring the microwave
dielectric properties. When the deposition time increases to 2 hours, a small
concentration of Ag,(Nb Ta ,),0, secondary phase appears due to the
decomposition of Ag(Nb.Ta, )0, after long-time deposition. In the final
part of the work, the repetition rate increases to 10 Hz and the deposition
time is set at 1 hour to reduce the decomposition of Ag(Nb . Ta, ,)0.. In this
way, a pure-phase polycrystalline Ag(Nb, . Ta, )0, thin film with a thickness
of 300 nm is obtained.

In the scope of NAFERBIO project we investigated the synthesis of
PMN-PT thin films. In short, we systematically varied the conditions of the
reagents in order to determine the influence of the coordination chemistry
on the formation of the perovskite phase. Results revealed that the major
contribution to the formation of single-phase perovskite PMN-PT thin films
comes from the coordination of the Pb reagent. A pyrochlore-free PMN-PT
film with (100) orientation was formed when the steric hindrance of the
Pb precursor was increased by using polyvinylpyrrolidone (PVP). The (111)
orientated PMN-PT thin films were prepared using sol-gel-derived Ti0, as a
nucleation layer. Our research was further focused on the influence of the
pyrolysis treatment on the phase formation and microstructural development
of PMN-PT thin films. The XRD results showed that a different pyrolysis treat-
ment has no influence on the phase formation of thin films. In contrast, the
microstructural development of the PMN-PT thin films strongly depends on
the used pyrolysis temperature.

Based on PMN-PT films with (100) orientation FBAR devices were sub-
sequently fabricated and tested. Films were deposited on platinized silicon
substrates. More than 4% tuning of resonance frequency under DC field less
than 15 V/um was demonstrated. In comparison with the Ba Sr| Ti0, based
FBARs, this tunability was achieved at 2-3 times lower applied DC field. The
other advantage of PMN-PT i the high electromechanical coupling coefficient
that allows for development of wide-band tunable filters. Even though FBARs
with this performance may be used in microwave circuits, the achieved tun-
ability is not as high as we would anticipate from the large electrostriction
coefficient of PMN-PT reported in the literature. In these experiments the
lower electrostriction coefficient and lower tunability are due to the lower
density of the PMN-PT films, which is the subject of forthcoming studies.
An additional reduction of the tunability is due to large negative nonlinear
electrostriction coefficient.

In addition, a part of our activities, in collaboration with an industrial
partner, were focused on the development of aluminum foams. For such
foams TiH, is used as a foaming agent. As an alternative forming agent we
proposed in the past the application of dolomite. A drawback of the dolomite
is its high decomposition temperature, which is above 820°C. In order to
decrease its decomposition temperature we mechanically and chemically
treated the dolomite and such products start to decompose at 400°C.

Within the cooperation with industrial partner Knauf Insulation d.o.o,
the research work on the joint project was focused on the morphology and
chemical composition of mineral fibres and their composites, crystallization

- and melting behaviour, aging process, determination of specific heat and

~ thermal stability of mineral wools.

Figure 11: Empyrean X-ray dzfﬁwctz'(;n system
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Organization of Conferences, Congresses and Meetings

1. Workshop on MATERA ERA-NET project “Novel inorganic inks
for hybrid printed electronic demonstrators”, Ljubljana, 16. 10.
-17.10.2013.
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2. Materials Science & Technology 2013 Conference and Exhibition, Montreal, Canada,

27.10. - 31. 10. 2013 (co-organizers).

3. 21 Conference on Materials and Technologies, Portoroz, 13. 11. - 15. 11. 2013 (co-

organizers).

4. TInstitue of Science and Technology for Ceramics, Faenza, Italy and Institut “Jozef Stefan”

Workshop on Materials, Ljubljana, 11. 12. - 12. 12. 2013.

Awards and Appointments

1. Anici¢ Nemanja: Award of the Henkel Slovenia Foundation for B. Sc. Thesis, Faculty of

Department for Advanced Materials K-9

Chemistry and Chemical Engineering, University of Maribor, Maribor, “Application of Figure 12: New laboratory for antibaclerial
the population balance model for the prediction of concentrated emulsion droplet size 74ferials analysis

distribution”.

Patent granted

1. Marija Vukomanovic, Sreco D. Skapin, Danilo Suvorov, Composites materials based
on ceramic phase and metal with functionalized surface as environmentally-friendly
materials with antibacterial activity, a process for preparing and use thereof, S124094

(A), Urad RS za intelektualno lastnino, 31.12.2013.

We established a new laboratory
for the analysis of antibacterial
materials, where we will be able

to grow bacterial and mammalian
cells and examine their survival
after being exposed to the
prepared materials as well as their
interactions with these materials.

INTERNATIONAL PROJECTS

Thermoelectric Oxide Materials
EPCOS OHG Ceramic Components Division
Prof. Danilo Suvorov
2. Microwave Tunable Materials, Composites and Devices
NATO - North Atlantic Treaty Organisation
Asst. Prof. Bostjan Jancar
3. The Synthesis of Dielectric Materials by Chemical Solution Deposition and
Characterization of their Dielectric Properties
Slovenian Research Agency
Prof. Danilo Suvorov
4. Nanostructural Designing of Multifunctional and Sintered Electrical and Biological
Functionally Graded Materials
Slovenian Research Agency
Asst. Prof. Sreco Davor Skapin
5. Multifunctional Ferroelectric Materials based on Ag(Nb,Ta)0,
Slovenian Research Agency
Prof. Danilo Suvorov

RESEARCH PROGRAM

1. Contemporary Inorganic Materials and Nanotechnologies
Prof. Danilo Suvorov

R&D GRANTS AND CONTRACTS

Nanoengineering of Self-Assembled Materials

Prof. Danilo Suvorov
2. New Materials for Power Conversion: Oxide Semiconductor Thermoelectrics
3. Prof. Danilo Suvorov
4. INNOINKS: Novel Inorganic Inks for Hybrid Printed Electronic Demonstrators
Prof. Danilo Suvorov
NAFERBIO: Nanostructured Ferroelectric Films for Biosensor
Prof. Danilo Suvorov

N EW CONTRACTS

Development and Characterisation of Mineral Wool Fibres
Knauf Insulation, d. 0. 0., Skofja Loka
Prof. Danilo Suvorov
2. New Materials for Energy Conversion: Oxide Semiconducting Thermoelectrics
Gorenje Household Appliances, d. d.
Prof. Danilo Suvorov

A

VISITORS FROM ABROAD

Hermann Gruenbichler, B. Sc., Dr. Manfred Schweinzger, Dr. Yongli Wang, TDK EPCOS,
Deutschlandsberg, Austria, 6. 5 2013.

2. Dr. Markus Mente, Gorazd Sebenik, B. Sc., Borut Vezocnik, B. Sc., Knauf Insulation,
Skofja Loka, 9. 5. 2013.

3. Prof. Dr. Dragoljub Uskokovi¢, Institut of Tecnical sciences of the Serbian Academy of
Sciences and Arts, Belgrade, Serbia, 16. 7. - 17. 7. 2013.

4. Prof. dr. Ivan Sondi, Faculty of mining, geology and petroleum engineering, University
of Zagreb, Zagreb, Croatia, 9. 4. 2013.

5. Dr. Smilja Markovic, Institut of Tecnical sciences of the Serbian Academy of Sciences
and Arts, Belgrade, Serbia, 7. 6. - 19. 6. 2013.

6. Dr.Jyoti Prosad Guha, Missoury University of Science and Technology, Rolla, USA, 10. 6.

- 14.8.2013.

7. Dr. Smilja Markovic, Institut of Tecnical sciences of the Serbian Academy of Sciences
and Arts, Belgrade, Serbia, 5. 8. - 14. 8. 2013.

8. Prof. Dr. Suk-Joong L. Kang, Korea Advanced Institute of Science and Technology,
Daejeon, South Korea, 28. 8. - 30. 8. 2013.

9. Dr. Hiroyuki Enomoto, Dr. Kesaku Sonoda, Research Laboratories of NOF Corporation,
Tsukuba, Japan, 16. 10. - 17. 10. 2013.

10. Prof. Dr. Heli Jantunen, Dr. Jari Juuti, Dr. Mikko Nelo, Dr. Tuomo Siponkoski, University

of Oulu, Oulu, Finland, 16. 10. - 17. 10. 2013.

11. Prof. Dr. Malgorzata Jakubowska, Dr. Marcin Sloma, Institute of Electronic Materials
Technology, Warsaw, Poland, 16. 10. - 17. 10. 2013.

12. Dr. Carmen Galassi, Piezoelectric Materials Research Group, Institute of Science and
Technologyfor Ceramics, Faenza, Italy, 11.12. - 12. 12. 2013.

13. Dr. Michele Iafisco, Bioceramics Research Group, Institute of Science and Technologyfor

Ceramics, Faenza, Italy, 11. 12. - 12. 12. 2013.

14. Dr. Elisa Mercadelli, Dr. Alessandra Sanson, Materials Research Group, Institute of
Science and Technology for Ceramics, Faenza, Italy, 11. 12. - 12. 12. 2013.

15. Dr. Damir Dominko, Dr. Damir Staresinic, Institute of Physics, Zagreb, Croatia, 19.
12.2013.

16. Dr. Maja Bekic, Amra Salcinovic, Faculty of natural sciences and mathematics,
University of Sarajevo, Sarajevo, Bosnia and Herzegovina, 19. 12. 2013.

Visiting researchers

1. Dr. Ismael Fabregas, Centro de Investigaciones en Sclidos, CITEFA, Buenos Aires,
Argentina, 1. 1. 2013 - 31. 8. 2013.

2. Dr. Zoran Jovanovic, Faculty of Physical Chemistry, University of Belgrade, Belgrade,
Serbia, 1. 1. 2013 - 31. 12. 2013.

3. dr. Lei Li, Zhejiang University, Hangzhou, China, 1. 1. 2013 - 31. 12. 2013
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STAFF

Researchers
1.

Asst. Prof. Bostjan Jancar

Dr. Spela Kunej

Dr. Marjeta Macek Krzmanc

Dr. MatjaZ Spreitzer

Prof. Danilo Suvorov, Head
Asst. Prof. Sreco Davor Skapin

Postdoctoral associates
7. Dr. Jakob Konig

8. Dr.Manca Logar

9. Dr. Asja Veber

. Sonja Jovanovic, B. Sc.

. Dejan Klement, B. Sc.

. Mario Kurtjak, B. Sc.

. Mojca Otonicar, B. Sc.

. Tilen Sever, B. Sc.

. Andreja Sestan, B. Sc.

. Dr. Tina Setinc, left 01.07.13
. Vojka Zunic, B. Sc.

Technical officer

20.

Damjan Vengust, B. Sc.

Technical and administrative staff

10. Dr. Marija Vukomanovi¢ 21. Maja Simaga, M. Sc.
Postgraduates 22. Silvo Zupancic
11. Nemanja Anicic, B. Sc.
N 13.Spela Kunej, Asja Veber, Danilo Suvorov, "Sol-gel synthesis and
ORIGINAL ARTI(JLE characterization of Na,sBi,sTiO; — NaTaOj; thin films", J. Am. Ceram.
1. Gabriela Ambrozi¢, Jernej Sribar, Sre¢o D. Skapin, Majda Zigon, Zorica SOC",VOI' 96_' no. 2, pp-v442-_4v4?. 2013'_ .
Crnjak Orel, "An antibacterial macroporous polyurethane hybrid 14. Mario Kurtjak, Tomaz Urbi¢, "Water in the presence of inert Lennard-
material with a high content of zinc ions: a template to uniform ZnO ]one.s obstacles » Mol. Phys.,vpp. 1'17_' . . N
nanoparticles”, Mater. res. bull, vol. 48, no. 4, pp. 1428-1434, 2013. 15. Marjeta Macek, Ines Bracl.(o, BO]a.l’l Budic, Da-nllo ‘Suvorov, The
2.In-Sun Cho, Chi Hwan Lee, Yunzhe Feng, Manca Logar, Pratap M. Rao, morphology control of BaTiOs particles synthesized in water and a
Lili Cai, Dong Rip Kim, Robert Sinclair, X. Zheng, "Codoping titanium water/ethanol solvent”, J. Am. Ceram. Soc., vol. 96, no. 11, pp. 3401-
dioxide nanowires with tungsten and carbon for enhanced 340?' 2013. . . o . N
photoelectrochemical performance”, Nature communications, vol. 4, no. 16. Mar]ap Marin3ek, Martin Sala, Bo3tjan Janéar, "A study toward.s
3, pp. 1723-1-1723-8, 2013. superior carbon nanotubes-supported Pd-based catalysts for formic
3. Nina Daneu, Nives Novak Gramc, Aleksander Retnik, Marjeta Macek, acid electro-oxidation: preparation, properties and characterisation”, J.
Slavko Bernik, "Shock-sintering of low-voltage ZnO-based varistor power sources, vol. 235, no. 1, pp. 111-116, 2013. )
ceramics with Bi, Tis0,, additions”, J. Eur. Ceram. Soc., vol. 33, issue 2, 17. Mojca Otonicar, Sre¢o D. Skapin, BoStjan Jancar, Danilo Suvorov,
pp. 335-344, 2013 "Structural diversity of the (Na,_,K,),sBiosTiO; perovskite at the
4.Vilma Ducman, Vladimira Petrovi¢, Sre¢o D. Skapin, "Photo-catalytic morphotropic phase boundary”, J. appl. phys, vol. 113, no. 2, pp.
efficiency of laboratory made and commercially available ceramic 024196'1'024106'11‘ .2013' . . .
building products”, Ceram. int, vol. 39, issue 3, pp. 2981-2987, apr. 18. Matejka Podlogar, Damjan Vengust, Jacob J. Richardson, Martin Strojnik,
2013. Matjaz Mazaj, Gregor Trefalt, Nina Daneu, Aleksander Recnik, Slavko
5. Helena Gradisar, Sabina Bozi¢, Tibor Doles, Damjan Vengust, Iva Hafner Bernik, "Parametric study'of seed-'layer formatcion for low-temperature
Bratkovi¢, Alenka Mertelj, Ben Webb, Andrej Sali, Sandi Klavzar, Roman hydrothermal grqwth of highly orler.lted Zno fll.ms on glass substrates”,
Jerala, "Design of a single-chain polypeptide tetrahedron assembled Phys. status solidi, A Appl. mater. sci, vol. 210, issue 6, pp. 1083-1092,
from coiled-coil segments”, Nature chemical biology, vol. 9, issue 6, pp. 201_3' . . . . .,
362-366, 2013. 19. Maja Remskar, Ivan Iskra, Janez Jelenc, Sreco D. Skapin, Bojana Visi¢,
6. Sonja Jovanovi¢, Matjaz Spreitzer, Mojca Otonicar, Jae-Ho Jeon, Danilo Ana Varlec, Ar}dre] Krzan, "A novel strlﬁcture of polyvinylidene fluoride
Suvorov, "pH control of magnetic properties in precipitation- (PVDF) stabilized by MoS, nanotubes”, Soft matter, vol. 9, no. 36, pp.
hydrothermal-derived CoFe204", J. alloys compd., vol. 589, pp. 271-277, 864_7'f3653' _2013' . .
2013. 20. Matjaz Spreitzer, Ricardo Juan Egoavil Escobar, Jo Verbeeck, Dave H. A.
7. Zoran Jovanovi¢, Igor Pasti, Ana M. Kalijadis, Sonja Jovanovi¢, Zoran V. Blank, Guus Rijnders, "Pulsed laser deposition of SrTiOs on a H-
Lausevi¢, "Platinum-mediated healing of defective graphene produced terminated Si substrate”, J. mater. chem. C, vol. 1, issue 34, pp. 5216-
by irradiating glassy carbon with a hydrogen ion-beam", Mater. chem. 5222, 2013'_ ., . N
phys., vol. 141, no. 1, pp. 27-34, 2013 21.Zoran Stojanovi¢, Mojca Otonifar, Jongwook Lee, Magdalena
8. Dragana Jugovi¢, Miodrag Mitri¢, Milo§ Milovi¢, Bojan Joki¢, Marija Stevanov.llc, 1‘\'/[11’1tal P. Hwang, Kwan Hyi .Lee, ]onghoon. Chm, Draga“
Vukomanovi¢, Danilo Suvorov, Dragan Uskokovié, "Properties of Uskokovi¢, "The solvothermal synt.he515 of magnetlc' iron oxide
quenched LiFePO4/C powder obtained via cellulose matrix-assisted nan_ocrystals and_thfs preparation Of hybrld poly(l-
method", Powder technol,, vol. 246, pp. 539-544, 2013. lactide)polyethyleneiminemagnetic  particles”, Colloids surf, B
9.Varuzan Kevorkijan, Sreco D. Skapin, Uro$ Kovacec, "The B{omger[aces, vql.}09, p_p. 23@'243' 2013_' . .
nondestructive determination of the aluminum content in pressed 22. Tina Setinc, MatjaZ Spreitzer, Spel_a Kunej, Janez Kovac, Danilo Suvorov,
skulls of aluminum dross", JOM (1989), vol. 65, iss. 2, pp. 284-293, Feb. Temperature stable dielectric behavior of SolGel derived
2013. compositionally graded SrTiO;/Na, sBiy s TiO5/SrTiO; thin films", J. Am.
10. Gi-Yeop Kim, Myong-Ho Kim, Danilo Suvorov, Si-Young Choi, C.eranz. S?C"VOI' 9_6;155116 _11' pp- 351_1'3517' 2013. .
"Microstructural development of cobalt ferrite ceramics and its 23.Tina Setinc, MatjaZ Spreitzer, Damjan Vengust, Ivan Jerman, Danilo
influence on magnetic properties”, Met. Mater. Int, vol. 19, no. 6 Suvorov, "Inherent defects in sol-precipitation/hydrothermally derived
pp.1209-1213, 2013. ’ ’ ’ ’ SrTiO; nanopowders"”, Ceram. int., vol. 39, issue 6, pp. 6727-6734, 2013.
11. Andrej Kovi¢, Damjan Vengust, Mojca Vilfan, Ale$ Mrzel, "Controlled 24. Vuk Usl.<,okov1c: Charles Hos)ver‘: Marija . Vukomanovu:., .Dragfm
self-decoration of MogS,1,(8.2 <y+z < 10) nanowires and their Uskokovi¢, Tejal A. Desai, "Osteogenic and antimicrobial
transformation to MoS, nanotubes with gold nanoparticles”, J. nanoparticulate calcium phosphate and poly-(d,l-lactide-co-glycolide)
nanopart. res., vol. 15, no 27 pp. 1791-1-1791-13, 2013 ’ powders for the treatment of osteomyelitis", Mater. sci. eng., C, Biomim.
12. Spela Kunej, Asja Veber, Danilo Suvorov, "Electrical characterization of mater, sens._syst.,_vo_l. 33, Issue 6, pp. 33623373, 2013. . .
25. Takane Usui, Christine A. Donnelly, Manca Logar, Robert Sinclair, Joop
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sol-gel-derived (1-x)NBT-x NTa (0.05 < x < 0.3) thin films", Ceram.
int., vol. 39, no. 5, pp. 5991-5995, 2013.

Schoonman, Fritz B. Prinz, "Approaching the limits of dielectric
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breakdown for SiO, films deposited by plasma-enhanced atomic layer
deposition”, Acta mater., vol. 61, issue 20, pp. 7660-7670, 2013.

26. Asja Veber, Fabijan Dilber, Spela Kunej, "Modeling the electrode
geometry of co-planar capacitors for the microwave dielectric
characterization of ceramic thin films", J. appl. phys., vol. 114, no. 22, pp.
224107-1- 224107-10, 2013.

27. Asja Veber, Spela Kunej, Danilo Suvorov, "Dielectric properties of sol-
gel-derived Bi,,Si0,, thin films", . Am. Ceram. Soc., vol. 96, no. 1, pp.
157-160, 2013.

28. Asja Veber, Spela Kunej, Danilo Suvorov, "The influence of the precursor
on the formation of Bi203 polymorphs in CSD-derived thin films: Asja
Veber, Spela Kunej and Danilo Suvorov", J. Am. Ceram. Soc., vol. 96, no.
3, pp. 704-709, 2013.

29. Damjan Vengust, Botjan Janéar, Andreja Sestan, Maja Ponikvar-Svet,
Bojan Budi¢, Danilo Suvorov, "Chemical decomposition as a likely
source of ambient and thermal instabilities of layered sodium
cobaltate", Chem. mater., vol. 25, no. 23, pp. 4791-4797, 2013.

30. Milica Vucini¢-Vasi¢ et al. (10 authors), "Thermal evolution of cation
distribution/crystallite size and their correlation with the magnetic
state of Yb-substituted zinc ferrite nanoparticles”, The journal of
physical chemistry. C, Nanomaterials and interfaces, vol. 117, no. 23, pp.
12358-12365, 2013.

PUBLISHED CONFERENCE CONTRIBUTION

1. Si-Young Choi, J. B. Lim, Y. Ikuhara, Danilo Suvorov, Jae-Ho Jeon, "Direct
observation of cationic ordering in double perovskite Sr,FeReOg
crystals”, In: Special issue of IUMAS-V & ALC'11, 5th International Union
of Microbeam Analysis Societies, 8th International Symposium on Atomic
Level Characterizations for New Materials and Devices'11, 22-27 May
2011, Seoul, Korea, (Microscopy and microanalysis, vol. 19, suppl. S5,
2013), New York, Springer-Verlag, 2013, vol. 19, spec. issueS5, pp. 25-
28,2013.

. Sonja Jovanovi¢, Matjaz Spreitzer, Mojca Otonicar, Danilo Suvorov, "The

influence of oleic acid on the morphology and magnetic properties of

CoFe,0, nanoparticles”, In: Zbornik, 5. Studentska konferenca

Mednarodne podiplomske Sole Jozefa Stefana = 5th Jozef Stefan

International Postgraduate School Students Conference, 23. maj 2013,

Ljubljana, Slovenija, Nejc Trdin, ed, et al, Ljubljana, Mednarodna

podiplomska Sola Jozefa Stefana, 2013, pp. 288-295.

Marjeta Macek, Ni Qin, Danilo Suvorov, "Correlating the crystal

Structure and the phase transitions with the dielectric properties of

K Ba,_yGa,_,Ge,,,0g solid solutions", In: Processing and properties of

advanced ceramics and composites V, (Ceramic transactions, vol. 240),

Narottam P. Bansal, ed,, [S. 1.], Wiley, 2013, vol. 240, pp. 321-329, 2013.
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4. Smilja Markovié, Miodrag Luki¢, Cedomir Jovaleki¢, Sre¢o D. Skapin,

Danilo Suvorov, Dragan Uskokovi¢, "Sintering effects on microstructure
and electrical properties of CaCu;Ti,0,, ceramics”, In: Processing and
properties of advanced ceramics and composites V, (Ceramic
transactions, vol. 240), Narottam P. Bansal, ed,, [S. 1], Wiley, 2013, vol.
240, pp. 337-342,2013.

. Marija Vukomanovi¢, Danilo Suvorov, "Novel approach for selective
antibacterial proteins: hydroxyapatite/gold nanocomposite with
functionalized surface", In: MiMe - materails in medicine, 1st edition,
October 8-11, Faenza, Italy: conference guide, final program and abstract
book, [S.1,s.n.], 2013, pp. 250.

o

INDEPENDENT COMPONENT PART OR A CHAPTER IN A
MONOGRAPH

1. Bostjan Jancar, Danilo Suvorov, "Microwave ceramics”, In: Ceramics
science and technology. Volume 4, Applications, Ralf Riedel, ed., I-Wei
Chen, ed., Weinheim, Wiley-VCH Verlag GmbH, 2013, pp. 323-344.

2.Sa%o Sturm, Bo$tjan Jandar, "Microstructure characterization of

advanced ceramics”, In: Advanced ceramics for dentistry, Zhijian Shen,
ed., Tomaz Kosmac, ed., Amsterdam ... [et al.], Elsevier, 2013, pp. 151-
170.

PATENT APPLICATION

1. Marija Vukomanovi¢, Srec¢o D. §kapin, Danilo Suvorov, Functionalized
hydroxyapatite/gold composites as “green” materials with antibacterial
activity and a process for preparing and use thereof, W02013187846
(A1), World Intellectual property organization, 19.12.2013.

PATENT

1. Marija Vukomanovié, Sre¢o D. Skapin, Danilo Suvorov, Composites
materials based on ceramic phase and metal with functionalized surface
as environmentally-friendly materials with antibacterial activity, a
process for preparing and use thereof, S124094 (A), Urad RS za
intelektualno lastnino, 31.12.2013.

MENTORING

1. Tina Setinc, Influence of synthesis methods on the functional properties
of Nao.sBi0.5TiO3 (NBT), SrTiOs (ST) and NBT-ST composite material:
doctoral dissertation, Ljubljana, 2013 (mentor Danilo Suvorov; co-
mentor MatjaZ Spreitzer).
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