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On behalf of the FP7 Project NANOTECH FTM and the Organizing committee we would like to welcome you to the first International Workshop on Processing of Nanostructured Ceramics, Polymers, and Composites at the Faculty of Technology and Metallurgy, University of Belgrade.


The Workshop aims to present current advances in processing of nanomaterials. It will be organized as oral sessions with invited speakers from the international as well as local academic, scientific, and industrial communities, as poster session for presentations of young researchers, and a round table “Nanotechnology today – where is it going?”, which will initiate discussions on fundamental issues and application potentials of contemporary nanotechnology.

It is our hope that NANOTECH FTM project results will contribute to the increasing level of research in this area and in the way bring scientific and industrial institutions in Serbia closer to activities and objectives of European Research Area. This event will raise public and professional attention of the contemporary research in nanotechnology and advanced functional materials. 


We express our gratitude to the invited Speakers and Networking Partner members for their contribution to the scientific level of the Workshop and participation in the round table meeting. The event is supported with the enthusiasm of the Faculty staff and colleagues from other institutions in organizing details, promotion and other assistance, which is sincerely acknowledged. 

Organizing committee
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Development of Multifunctional Advanced Composites with Polymer Nanocomposite Matrices for Damage Sensing Applications

M. Monti, M. Natali, R. Petrucci, L. Torre, J. M. Kenny
University of Perugia, Civil and Environmental Engineering Department, Terni, Italy


In recent years, nanotechnology has given the importance chance of tailoring properties of a material, depending on its final application. In fact, the ability on handling materials at nanoscale level can lead to advancements which were unthinkable just two decades ago. Among the nano-scaled particles that are commonly included in plastics for enhancing their properties, carbon nanotubes and nanofibers have a particular role, because of their electrically active behaviour, which is very interesting when it is necessary to modify the electrical conductivity of a plastic material: for this reason, they can be considered as intrinsically multifunctional nanoparticles.


Thermosetting matrices are commonly employed as matrices for fiber reinforced polymers. Polymer-based fiber reinforced composite materials are widely used in applications in which they have a structural role, in many different sectors such as aerospace, automotive and machinery in general, as well as in civil engineering. In these cases, it is very important to have the chance of detecting the presence of strain accumulation and the presence of any damages, which can worsen the mechanical resistance of the composite itself.


Since design and functionality requirements of engineering structures such as spacecraft, aircraft, vessels, buildings, dams, bridges and vehicles is becoming more multifaceted, structural health monitoring and damage evaluation is becoming more critical. Researchers have demonstrated that no single technique used on its own provides reliable results on this topic. Among traditional non-destructive inspection methods to evaluate structural integrity, real-time structural health monitoring systems represent a key technology to ensure the reliability of a fiber reinforced composite structure. 


The use of techniques that exploit electrical properties of the composite to monitor damages has been recognized as a non-invasive way in carbon fiber reinforced plastic, since the good electrical conductivity of carbon fibers themselves. In fact, in this case, fracture of fiber results in a strong increase of electrical resistance. Nonetheless, this approach does not consider the fractures involving the matrix and the fiber-matrix interface, so it can give just a partial view of what could happen inside the composite during a mechanical solicitation. Moreover, it can not be employed with non-conducting fibers, e.g. glass or aramid.  For this reason, some researchers has begun to investigate the possibility of the employment of electrically modified polymeric matrices.


In this study, both unsaturated polyester and an epoxy resins were doped with carbon-based electrically conductive nanoparticles, such as carbon nanofibers and nanotubes, in order to obtain a matrix with enhanced electrical conductivity for the production of a glass fiber reinforced composite. In the case of the polyester resin, the calendering technique was employed for the dispersion of the nanoparticles in the 
matrix. The benefits of the calendering process are strictly related to the fact that it is already an industrial process, although in different applications, and so it can be considered an easily up-scalable technique. A common mechanical stirring was employed for the mixture epoxy-CNTs.


Glass fiber reinforced composites produced by liquid molding processes, were studied by mechanical and electrical tests. In particular, for the polyester-based composite a flexural load was exerted at the same time as electrical resistance was measured, in order to verify whether any change in resistance is related to the mechanical stress. On the other hand, the possibility on monitoring the presence of a damage for the epoxy-CNT-matrix composite was focused on impact damages.  


This study has demonstrated how just a very low content of high aspect ratio carbon nanoparticles leads to a completely different electrical behaviour of the matrix and to the final glass fiber composite. Therefore, carbon nanotubes and nanofibers, when employed in glass fiber composites, can be considered a very interesting tool for strain and damage sensing.
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New Developments in the Field of Nanostructured 3D Scaffolds for Bone Tissue Engineering
A. R. Boccaccini
Institute of Biomaterials, University of Erlangen-Nuremberg, Erlangen, Germany


Tissue engineering aims to restore function to diseased or damaged tissue using combinations of functional cells and biodegradable highly porous scaffolds made from engineered biomaterials. The main function of a tissue engineering scaffold is to act as substrate for cell attachment and proliferation and subsequent tissue growth. In this presentation current research in the area of advanced scaffolds for bone tissue engineering which are based on composite bioactive nanostructured materials will be discussed. Particular systems of interest are a new generation scaffolds based on nanostructured porous composite materials fabricated from combinations of biodegradable polymers and bioactive inorganic fillers and coatings, e.g. bioactive glass, TiO2 nanoparticles or carbon nanotubes. For applications in bone tissue engineering Bioglass® based glass-ceramic scaffolds are favoured. The scaffold microstructure comprises a highly porous network (> 90% porosity) and densified struts exhibiting also the presence of nanoscale crystals (e.g. Na2Ca2Si3O9), which lead to improved compressive strength of the foam structure. The coating of the foam struts with a thin biodegradable polymer layer containing functionalised carbon nanotubes, biodegradable polymer nanofibres (by electrospinning) or nanoscale bioactive glass particles increases the mechanical competence of scaffolds and induces the formation of a nanostructured hydroxyapatite layer upon immersion in simulated body fluid. This layer promotes the adhesion of newly formed bone tissue on the scaffold surface. Ideally, these scaffolds should not only be osteoconductive providing a passive structural support for bone cells, but they also should favourably affect bone formation by stimulating osteoblastic cell proliferation and differentiation. Since many trace elements such as Sr, Cu, Zn, V or Co presented in the human body are known for their anabolic effects in bone metabolism, new approaches for enhancing bioactivity of scaffold materials are being investigated by introducing therapeutic ions into the scaffold material. The effect of these ions on the osteogenic and angiogenic properties of the constructs will be presented and discussed. 


Recent developments of multifunctional scaffolds containing carbon nanotubes will be also presented, including the description of the electrophoretic deposition (EPD) technique developed to manipulate and control the deposition of electrically charged nanoscaled particles and other nanostructures on scaffold surfaces. It will be shown that nanostructuring the 3D porous scaffolds has also the benefit of mimicking the structural scale of proteins in the body and as such it promotes the attachment and proliferation of cells, leading to enhanced biological performance of the scaffolds in-vitro and in-vivo.
Graphene: A New Paradigm of Nanomaterials
V. Radmilović

Nanotechnology and Functional Materials Centre, Faculty of Technology and Metallurgy, University of Belgrade, Belgrade, SERBIA

Since graphene was first reported in the year 2004 by Novoselov and Geim*, when two papers on amazing new two-dimensional, one-atom-thick, sp2-bonded in honeycomb lattice carbon nanostructure, appeared in Science (both previously rejected by Nature), it has been an explosion of research in the area of graphene and graphene related materials, as indicated by number of publications in the last six years (see figure).
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Graphene possesses unique electronic, mechanical, and thermal properties, and thus it has been envisioned for use in numerous applications. One of the major hurtle in further expansion of graphene based research to structural, electronics, batteries and bio-medical applications has been unavailability of a large-scale synthesis method that is capable of producing ultrahigh-quality material. Our group recently achieved the substrate-free gas-phase synthesis of freestanding graphene sheets.  This single-step approach is capable of continuous graphene synthesis at ambient conditions. The technique is scalable for mass production. It produces ultrahigh-quality graphene that is similar in quality only to the graphene obtained through the mechanical exfoliation of graphite. A synthesized free-standing graphene layer is imaged successfully on the new 
aberration corrected TEAM 0.5 electron microscope, which is equipped with two aberration correctors for illumination and projection systems and with an electron monochromator. The 80 kV operation of the TEAM instrument makes high resolution imaging of the graphene layers possible without damaging the irradiation sensitive graphene and degrading resolution. The structure of single-layer graphene was confirmed by the exit-wave-reconstructed image of through focal series and by the monochromated EELS analysis. 


By creating this viable technology for mass production, it expected that graphene based research will bring not only more exciting physics, but also variety of different applications, including polymer/graphene based nanocomposites research, already initiated here this year at the Nanotechnology and Functional Materials Centre (NFM Centre), and there is no indication that the “gold rush” will die out soon.
* The Nobel Prize in Physics this year was awarded to A. Geim and K. Novoselov "for groundbreaking experiments regarding the two-dimensional material graphene".
Advanced Pulsed Laser Deposition of Composite Thin Films

I. N. Mihailescu, C. Ristoscu 

National Institute for Lasers, Plasma and Radiations Physics, Lasers Department, Magurele - Ilfov, Romania 


We review recent results on deposition of composite thin films by advanced pulsed laser technologies. The principle of used methods and examples of deposition conditions is provided. 


We present comparative results on thin films of pullulan biopolymer obtained by PLD (pulsed laser deposition) and MAPLE (matrix assisted pulsed laser evaporation). We demonstrated by FTIR that only MAPLE is appropriate for transfer with high structural and compositional fidelity. 

We immobilized urease in the form of thin films using MAPLE. The kinetic analyses indicated that under optimum conditions the laser immobilized enzyme remains active in breaking down urea.


We analyze the transfer of novel PMMA-bioglass composites to uniform thin layers. The presence of both PMMA and bioglass cations was evidenced in all deposited structures. The cells cultivated on PMMA-bioglass layers entirely covered the structures proving their high biocompatibility. 


Thin films of Alendronate-HA composite nanocrystals with increasing bisphosphonate content (0, 3.9, 7.1% wt) were synthesized by MAPLE. In the presence of alendronate, MG63 cells displayed a normal morphology, increased proliferation and high values of differentiation parameters. In contrast, osteoclasts showed significantly reduced proliferation and increased level of Caspase 3. These evolutions support the potential application of the composite coatings for the treatment of osteoporosis and other bone diseases.

HA, silk fibroin (FIB) and composite HA–FIB films were obtained as prospective coatings for metallic prostheses. The cells cultured on these coatings showed increased viability, good spreading and normal morphology. 


Nanohybrid structures consisting of hydroxyapatite (HA) and sodium maleate-vinyl acetate copolymer (MP) were investigated for bone implantology applications. The in-vitro studies demonstrated that human primary osteoblasts (OBs) firmly adhered to Ti coated with HA–MP as indicated by cytoskeleton and vinculin dynamics. 

Normal cell morphology and optimal spread with differentiation potential have been demonstrated by fluorescence and SEM, when human osteoblast precursor cells were cultivated on multistructures consisting of extra-cellular matrix (ECM) protein/HA/Ti implant. 


We transferred by laser direct write (LDW) fibronectine, an extracellular matrix protein, vital for material bio-activation by adsorption and cell adhesion at the interface. The obtained structures had good lateral resolution and exhibited no detectable decomposition.
We conclude that the deposited thin films and structures were identical to the starting material, preserving their chemical structure and very likely their functionality and biological activity.
Novel foaming technology for processing macroporous polymers by means of particle-stabilized liquid foams
Joanna C. H. Wong1, Elena Tervoort,2 Stephan Busato,1 Urs T. Gonzenbach,2 André R. Studart,3 Ludwig J. Gauckler,2 Paolo Ermanni1
1 Centre of Structure Technologies, Department of Mechanical and Process Engineering, ETH Zurich

2 Nonmetallic Inorganic Materials, Department of Materials, ETH Zurich

3 Complex Materials, Department of Materials, ETH Zurich

Polymeric foams are important engineering materials used heavily in transportation, insulation, building and construction, and acoustical management. In fact, the production of polymer foams accounts for on average one sixth of the world’s polymeric material production volume.[1] While most low temperature polymers are readily processed into foams by means of melt- or solution-based processes, high-temperature polymers such as poly(tetrafluoroethylene) (PTFE) and poly(ether ether ketone) (PEEK) are considered intractable due to high melt viscosities,[2] melt instabilities,[3] or comparatively high melt temperatures and low degradation temperatures. We present a novel method based on particle-stabilized liquid foams that facilitates the processing of melt-processable and intractable thermoplastic polymers into macroporous materials. By adjusting the interfacial energies of the polymer particles at the liquid-air interface, highly stable particle-stabilized liquid foams can be made that resist bubble disproportionation and drainage allowing them to be dried and sintered into low-density, often closed-cell, macroporous materials without the use of surfactants or blowing agents. We apply this foaming process to develop new porous materials for ferroelectrics, foam-based transducers that exhibit piezoelectric behavior which are interesting for active noise damping and as large area pressure sensors.[4]
1. 
Klempner, D., V. Sendijarevic, and R.M. Aseeva, Handbook of polymeric foams and foam technology. 2nd ed. 2004, Cincinnati: Hanser Gardener Publications.

2. Garcia-Leiner, M. and A.J. Lesser, CO2-assisted polymer processing: A new alternative for intractable polymers. Journal of Applied Polymer Science, 2004. 93(4): p. 1501-1511.

3. Werner, P., et al., Carbon nanofibers allow foaming of semicrystalline poly(ether ether ketone). Advanced Materials, 2005. 17(23): p. 2864.
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A Process For Manufacturing Nano Defects in Glass

B. Delobelle1, P. Delobelle2, D. Perreux1,2
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A morphology analysis of nano-defects drilled in borosilicate glass by single shot femtosecond laser ablation near the ablation threshold has been performed by scanning electron microscopy, atomic force microscopy. The influence of the numerical aperture , the pulse energy and the position of the specimen surface into the focal region was systematically investigated, leading to nanometric or micrometric scales in all spatial dimensions.


In this study we discuss the shape of this defects. Two characteristic craters with very different morphologies have been observed when the beam is focused inside the glass. The dimensions of these craters have been studied and different relationships have been proposed for the evolutions of the depths and of the different diameters of these craters as functions of the pulse energy, the numerical aperture and the position of specimen surface in the beam-material interaction region. 

Synthesis and Colloidal Processing of Nanostructured Ceramics
R. Moreno
Institute of Ceramics & Glass, CSIC, Madrid, Spain

The wide number of applications involving nanostructured materials is receiving thorough attention. A main drawback in the processing of inorganic materials is their strong tendency to agglomerate spontaneously, especially in the case of nanopowders where the interaction forces are of the same magnitude than the particle size. For this reason, the application of colloid science in materials processing is in focus as it allows the control of interactions along the different processing stages. Enhanced properties can be only achieved if starting materials with controlled size and shape and high purity are used, so that synthesis becomes a first issue to obtain nanostructured materials with enhanced properties.


In order to assure the dispersion of the nanometric phase it is necessary to optimize the synthesis conditions to obtain powders with the desired size and shape, purity and phases. In this work some synthesis routes are explored such as the well known sol-gel technology or other less common techniques like freeze drying, and heterocoagulation. The first two are suitable to produce pure or complex oxides with or without dopants, but the third is more adequate to produce nanostructured materials by a core-shell reaction in which nanoparticles cover the surface of a much bigger particle. This is a powerful route to obtain alumina—mullite composites by a reaction sintering process. 
In addition, this work presents some issues concerning the colloidal stability of ceramic nanoparticles in terms of solubility, zeta potential and particle size evolution as a function of pH, nature and type of deflocculants, solids loadings, etc. On the basis of the surface behavior, the performance of suspensions of different materials and mixtures is evaluated focusing the manufacture of bulk 3D bodies, substrates and coating by conventional suspension forming techniques, such as slip casting, gel casting, dipping and electrophoretic deposition. The importance of the rheological characterization to allow maximum solids loading and low viscosity and its critical influence on green bodies is discussed
Advanced Materials and Nanotechnology in Serbia:

15 Years of Organized Work within the Materials Research Society
Dragan P. Uskoković
Institute of Technical Sciences of the Serbian Academy and Sciences and Arts, Belgrade, Serbia
Inspired by the examples of American MRS and European MRS, at the beginning of 1995, a group of our scientists, engaged in various fields of materials research – including physics, physical chemistry, chemistry, ceramics, metals, polymers, powders, thin films and crystals – decided to organize the first conference on advanced materials, where their own papers and reviews of past and present research, would be presented. Herceg Novi, having been the place to host many important domestic and international scientific and cultural events, was chosen as a city host of the First Conference of Yu-MRS in September, 1995. The first conference on advanced materials was, therefore, held in Herceg Novi, at the Plaza Hotel Congress Hall. Thirty-two invited lectures were given by Yugoslav scientists and 68 posters presented to approximately 100 participants from Yugoslavia. This conference was an embryo that yielded the Yugoslav Materials Research Society.

The Agreement reached during the First Materials Conference in September 1995, was fulfilled in July 1997, immediately before the Second Conference, when the Yugoslav Materials Research Society was legally registered. The organization scheme was established in a way that 19 initial founders became members of the Presidency. The President, Vice-Presidents and General Secretary elected then, have not changed. Several founding members that ceased with active work were substituted on their request, but the number of Presidency members remained the same – 19.
Since the first conference, which highlighted review papers of leading national experts in materials science, YUCOMAT has featured carefully selected plenary lectures given by invited speakers chosen among the most eminent experts in materials science worldwide; until the last conference, their number surpassed 100.


Guided from the outset by the idea that conferences are remembered for a while and then forgotten with time, whereas conference proceedings remain forever, we decided already at the first conference to publish the proceedings in English with a renowned international publisher and distributor, so that the presented works might find their way to more important sites and a wider scientific audience. Trans Tech Publications published the YUCOMAT conference proceedings in the Materials Science Forum series (indexed by the Institute for Scientific Information – ISI) from YUCOMAT 1997 until the conference of 2006, which enabled increased visibility of our publications at an international level. Since 2007, selected papers from YUCOMAT were published in special issues of the journals Materials and Manufacturing Processes, Surface Engineering, Acta Physica Polonica A, and International Journal on 
Modern Physics B. The Yucomat proceedings are officially presented at the Belgrade Book Fair every year.


In 2002, Yu-MRS decided to launch the Young Researchers’ Seminar: Advanced Materials Science and Engineering, where young researchers (graduate, postgraduate and doctoral students, as well as holders of PhD degree younger than 35) would get the opportunity to give oral presentations on the results of their research to their colleagues, mentors and project leaders; the Seminar was meant to act as an exercise for international conferences which would become part of their future research career. The first seminar was held in a single day late in December 2002; there were 27 papers submitted by national speakers and participants from the ex-Yugoslav countries (the official language of the Seminar has been Serbian). The success of the first Seminar paved the way for the Seminar to become an annual event held every December. In order to meet the lasting interest of international YUCOMAT participants in participating at Young Researchers’ Conference, MRS-Serbia finally decided to transform this Conference into an international event with English as the official language beginning with 2010.


Looking back to our beginnings and seeing where we are now, I believe that we can be satisfied. We succeeded in uniting the major part of domestic potential in this research area and bringing it together with our close international colleagues. Despite very limited and humble means, we managed to bring it closer to European and global standards and trends. The YUCOMAT 2010 Conference Program, with 260 papers by authors from 37 countries worldwide, is a proper illustration of this. Since the first YUCOMAT ’95 Conference, we have made a shift from a national to a truly international event in which international scientists make 60-70% of total participants. Since the Seventh YUCOMAT, held in 2005, the Conference has an International Advisory Board. During the first eight years the Conference was held biannually. After the Fifth YUCOMAT Conference, in 2003, we decided to turn it into an annual event, with as much doubt and uncertainty as belief in vast latent potential within our scientific community, expecting to settle to around 200-250 presented papers. In 2006, due to the political separation of Serbia and Montenegro, the Yugoslav Materials Research Society changed its name into Materials Research Society of Serbia (MRS-Serbia); it is the official successor of Yu-MRS. Important international contacts were made at the YUCOMAT conferences, even in the period of the most severe isolation, contributing to the initiation of numerous official and unofficial collaborative endeavours, which in some cases evolved into joint research programmes. This event gained international recognition when MRS-Serbia became the 27th member of the Federation of European Materials Societies (FEMS), which gathers around 20.000 researchers working in the field of materials science. We have attracted many of distinguished scientists from Diaspora.


The chief goal that our Society should attain in future is to maintain the growing trend of development and enable further internationalization of the conferences. Among numerous existing conferences on materials worldwide, YUCOMAT has to establish a steady place in the calendar of relevant international 
events as an event mainly oriented towards gathering domestic researchers, those from neighbouring countries, and the ones from all over the world. 


In this respect, our priority task is to assist in building standards of excellence in relevant areas in our scientific community. However, it is difficult to expect materials science to reach these standards in a country where the funding of science is poor. The only way to achieve this is to rise the level of funding so as to approximate that in similar countries that we aspire to become alike, and to promote a national programme of advanced materials and nanotechnologies, similar to those put forward in other countries, which has lately been a subject of significant efforts. The formation of small spin-off or start-up companies around distinguished scientists with significant achievements, could pave the way to a substantial knowledge transfer to industry, yielding advanced products and technologies.

Nanocomposites from the Introduction of Silicon-oxo Clusters and Preformed Nanoparticles Compared to Hybrids Generated from Sol-Gel Chemistry

J.-F. Gerard

UMR CNRS # 5223 – Ingénierie des Matériaux Polymères / Université de Lyon – INSA Lyon Bât. J. Verne, Villeurbanne, France


Organic-inorganic hybrid nanocomposites, denoted O/I hybrids, are based on inorganic and organic phases nanostructured at nanoscale from different routes, i.e. physical mixing (Type I O/I hybrids) or based on in-situ covalently bonded organic and inorganic phases (Type II O/I hybrids). Such nanomaterials are of great interest as they could combine properties from organic materials and inorganic ones and offer a large variety of architectures and morphologies.  As a consequence, these materials are potential candidates for numerous industrial applications such as in optical devices, electronics, structural parts, membranes, protective and functional coatings, etc.   .


The conventional route for processing such nanomaterials implies the well-known sol-gel chemistry (chimie douce) which allows the synthesis of inorganic-rich materials from molecular organometallic precursors combined with organic monomers, oligomers, and polymers.  The synthesis is based on the hydrolysis and condensation reactions of organo-functionalized metal alkoxides i/ in the presence of a polymer or  ii/ in the presence of organic monomers as well as iii/ in the form of dangling or chain-end groups on polymers or oligomers. Such reactions could be done in various temperature, pH, Si/H20 stoichiometric ratio, removal rate of volatile compounds, etc. in order to manage the final morphologies of the hybrids. A better control of the organic-inorganic interface could be achieved from the introduction of well defined metal oxo nanoclusters, denoted as nanobuilding blocks (NBB), which could be reacted (homopolymerized and copolymerized with organic precursors or functional oligomers) and/or self-assembled within the organic (polymer) medium. PolyOligomeric SilSesquioxanes (POSS) are such O/I nanoclusters with controlled compatibility and functionality/recativity which allow to design nanostructured hybrids based on thermoplastic or thermoset polymers and to understand the role of the interfaces and critical scale for physical properties modifications. By looking in parallel to the conventional nanocomposites prepared from the ntroduction of pre-formed nanofillers such as fumed silica or layered silicates, it could be demonstrated that these individual clusters act as molecules whereas their self-(nano)assembling in larger structures display similar behaviour than nanofillers without processing limits.  As a consequence, new routes for designing nanostructured materials based on the combination of inorganic and organic phases could be offered from this ‘tool-box’ which offers the possibility to introduce required functionalities.

In this lecture, different synthesis routes will be described to design sur hybrid O/I nanomaterials: sol-gel for in-situ precipitation of inorganic-rich nanophases, introduction of NBBs and their assembling, and introduction of nanoparticles such as fumed silica.  These three routes will be detailed on different types of polymer chemistries, i.e. free radical polymerization of methacrylates (sol-gel reactions of tetraethoxysilane, TEOS, and/or methacrylate silane in parallel with polymerization of hydroxyethyl methacrylate, copolymerization of mono or multifunctional methacrylate POSS or Ti16O16(OEt)32-methacrylate with MMA and difunctional methacrylate), ring-opening polymerization of L-lactide in the presence of TEOS compared to nanofilled PLA, and polycondensation of epoxies (epoxy-amine networks modified via sol-gel reactions of epoxy- or amine silanes or by fumed silica). An innovative route for designing nanostructured organic-inorganic materials will be also detailed. This one consists in the synthesis via RAFT controlled radical polymerization of di- or tri-block copolymers (linear or branched) involving poly(POSS) blocks which could sel-assemble during cooling or drying process. 
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Synthesis, Characterization and Applications of Functionalized Nanoparticles and Nanotubes
Petar S. Uskokovic
Faculty of Technology and Metallurgy, University of Belgrade, Serbia

Nanomaterials in the form of nanotubes, nanoparticles and nanofibers are gaining an increasing interest from the basic science to applied research and finally to the industrial and real-life implementation. In applications such as structural materials, environmental protection or biomedicine, surface treatment of nanomaterials is essential, thus leading to enhanced agglomeration, which reveals the exceptionally high free surface to the benefits of nanomaterial capacities for facilitation of bonding with polymer matrices and carriers for: nanocatalysts, sorbent molecules for water purification, and drugs insoluble in other solvents for clinical applications. To highlight these achievements, this report presents investigation of spherical fused nanosilica and multiwalled carbon nanotubes (MWCNT).


Presented research related to nanoparticle functionalization investigate and compare methods of nanosilica coating with silane coupling agent using conventional method, supercritical carbon dioxide and carbon dioxide–ethanol mixture. The operating parameters of silanization process at 40 °C, such as the silica/silane weight ratio, the presence of ethanol, and the reactor pressure, were found to be advantageous for the successful coating of silica particles with minimal agglomeration as well as for nanomechanical and dynamic mechanical properties of nanocomposites with poly methyl (methacrylate) matrix. Dynamic mechanical and electron microscopy analysis revealed that dispersion of silica particles in the poly methyl (methacrylate) matrix and interfacial adhesion between silica particles and polymer matrix were enhanced, when silica nanoparticles treated with silane under high pressure of carbon dioxide and ethanol were used for the nanocomposite preparation yielding the increase in composite storage modulus up to 55% with only 3 wt% of nanosilica reinforcement. Application of nanoparticle reinforcement in modifying ballistic Aramid fabrics/polyvinyl butyral composite lead to the storage modulus increase by 65 and 98% with the addition of 5 wt% nano-TiO2 and nano-SiO2, respectively.

Surface functionalization of multi-walled carbon nanotubes (MWCNTs) was performed by various structured and conformed amino groups via chemical modification of carboxyl groups using coupling agents, which provide faster reaction rate and lower reaction temperature compared to reported amidation and acylation–amidation chemistry. Pristine, oxidized and amino functionalized MWCNTs were used to reinforce poly methyl (methacrylate) matrix using a quasi-industrial melt compounding method. Nanotube functionalization method and selected processing route yielded composites with favorable nanotube dispersion within the polymer and with increased nanomechanical properties using very low nanotube loading. 


In applications for water contaminant sorbents, it was found that ethylenediamine functionalized MWCNTs had the best adsorption capacity for Cd2+. 

This gives the possibility that functionalized MWCNTs could be used for the production of ﬁltration membranes for the removal of heavy metals from industrial water at higher temperatures, and for preconcentration of heavy metals in analytical chemistry and environmental protection. 


Using the functionalized MWCNTs as Pt nanocatalyst carriers has also proven to be beneficial in that the amount of Pt nanoparticles, synthesized by the microwave-assisted polyol method, was found to be ten times higher when supported on amino functionalized than on oxidized MWCNTs. The investigation of Pt/ethylenediamine-MWCNT revealed that their distribution on nanotubes is homogenous with no evidence of pronounced particles agglomeration with the mean diameter of Pt particles about 2.5 nm. 


In order to contribute to the round-robin studies, still needed for the safety of nanomaterials concerns, this report presents biocompatibility studies, which shows that the functionalized MWCNTs, at concentrations between 1 and 50 μg mL−1, were not cytotoxic for the fibroblast L929 cell line. Furthermore, in order to address the possibility of using nanotubes as drug delivery vehicles, the biological effect of MWCNTs functionalized with dapsone, an anti-microbial and anti-inflammatory drug, was tested using rat peritoneal macrophages (PMØ). In contrast to oxidized nanotubes, apoptosis of PMØ following ingestion of dapsone functionalized MWCNTs was delayed, which might have implications for potential therapeutic use of such nanomaterials for the treatment of various intracellular infections sensitive to dapsone. In this context, selective accumulation of dapsone in MØ, which are the reservoir for intracellular Mycobacteria, may increase the local concentration of the drug and thus make it more efficient. In addition, such an approach may reduce the systemic toxicity of dapsone. Finally, apoptosis of infected cells induced by the dap-MWCNTs complex may be beneﬁcial for the eradication of infection.

Surface Modification of Semiconductor Nanoparticles by Functionalised Poly(ethylene oxide)s
M. S. Nikolić1 *, S. Förster2, H. Weller2

1Faculty of Technology and Metallurgy, University of Belgrade, Belgrade, Serbia

2Institute of Physical Chemistry, University of Hamburg, Hamburg, Germany

With the developments of colloidal synthetic approaches to produce almost perfect nanoparticles, with respect to size distribution, shape and crystal structure, intense interest in the application of these materials has arisen. Special interest exists in the area of biomedical applications. Semiconductor nanoparticles with size tuneable luminescence are perfect candidates for fluorescent labelling. Since the dimensions of nanoparticles are smaller or comparable to those of cells, viruses or genes, magnetic nanoparticles can be directed close to the biological entity of interest and still be manipulated with an external field, thus offering new possibilities for application in biomedicine.

Synthesized by wet chemical approaches, the obtained nanometre-sized materials can be handled as easily as ordinary liquids, but are limited to solvents (non-protic) which are compatible with the stabilising organic shell, which is determined by synthetic demands. Replacement of the organic shell, so-called ligand exchange, is a very frequently employed method to achieve the phase transfer of nanoparticles from organic solvents to aqueous ones. 

The choice of molecules which can build a ligand shell and stabilise nanoparticles in solution is very broad, however, it is always necessary to look one step further and choose the most suitable one for the intended application. When biomedical applications are involved, besides water-soluble, the use of a biocompatible and non-toxic organic shell is the natural choice. Poly(ethylene oxide), PEO, in addition to its good water-solubility, is known to be a well-suited material for biomedical applications. PEO alone cannot bind to nanoparticles and must first be functionalised in order to be used as a stabilising ligand. The main aim in the design of suitable PEO-based ligands is to introduce functional groups, preferably at the end of the polymer chain, which can make a connection to the nanoparticles. Once the PEO-based ligands are connected to the nanoparticle, the solubility properties will be determined by this new water-soluble organic shell. A method to achieve ligand exchange and phase transfer to water by the use of the PEO-based ligands will be presented. Properties, such as colloidal stability under different conditions and photostability of the water-soluble nanoparticles, important for future application, were investigated.

The nanoparticle-polymer conjugates obtained in this way do not only have desirable solubility properties, but can also be thought of as new hybrid materials, consisting of an inorganic hydrophobic core and an organic hydrophilic part, both of which can be designed separately. Amphiphilic block-copolymers, which consist of hydrophilic and hydrophobic parts, are prone to spontaneous organisation (self-
assembly) in aqueous solutions into structures that can be predicted and controlled by knowing the balance of the constituents of the molecule. Similarly as in the case of a block-copolymer, the possibility of controlling the organisation of nanoparticle-polymer conjugates in an aqueous solution, by the choice of each of the inorganic and organic constituents, as well as by the ratio of both, will be presented.

Modification of TiO2 Nanoparticles
J. M. Nedeljković
Vinča Institute of Nuclear Sciences, Belgrade, Serbia

Different synthetic procedures for preparation of TiO2 nanoparticles with desired shape and size were developed. Structural characterization of TiO2 nanoparticles was performed using XRD and different microscopy techniques. Influence of surface modification on the charge separation process was studied and possible application in solar cells was discussed. New approach for synthesis of Co2+ and rare earth elements doped TiO2 nanoparticles through shape transformation of hydrothermally treated scrolled titania nanotubes is described. Room temperature ferromagnetism in Co2+ doped TiO2 nanoparticles was observed, while photoluminescence of rare earth elements doped TiO2 nanoparticles was studied in details. 

Bioactivity of Different Hydroxyapatite Materials after Surface Treatment by Hydrogenisation 

E.Palcevskis1, Y.Dekhtyar2, Dj.Veljović3, R.Sammons4
1Institute of Inorganic Chemistry, Riga Technical University, Salaspils, Latvia

2Riga Technical University, Biomedical Engineering and Nanotechnologies Institute, Riga, Latvia.

3Facultyof Technology and Metallurgy, U niversity of Belgrade,Belgrade,  Serbia
4University of Birmingham Schools of Dentistry, UK


The synthesis of cationic and anionic substituted hydroxyapatite (HA) powders will be presented. The chemical interaction between calcium hydroxide and phosphoric acid was chosen as the basic reaction for synthesis of stoichiometric HA. The cationic substituted HA corresponds to the formula Ca10-xMex(PO4)6(OH)2 , where Me is Mg, Mn, Sr and Ag. Only silicate was chosen as the anionic substituted HA and the powder with composition corresponding to the formula Ca10(PO4)5,5(SiO4)0,5(OH)2 was synthesized.


The aim of our work was to check the effect of hydrogenisation on biocompatibility of different HA materials: pure HA, with manganese (Mn+2) and with magnesium substituted HA - all axially pressed and conventionally sintered for 2 h at the temperature of 1200 oC, pure HA isostatic pressed and sintered by the microwave technique for 15 min at the temperature of 1200 oC.


Hydrogenisation was performed by the treatment of HA materials in hydrogen atmosphere at high pressure with the aim to increase the electron work function (EWF) and therefore also bioactivity of materials. Biocompability was tested by the number of osteoblast-like cell attachment to hydroxyapatite materials. 


The obtained results demonstrate the greatest increase both of EWF and attached cells for manganese substituted HA material.
Synthesis of Silica Based Core-Shell Particles as Supports for Enzyme Immobilization

M. Nikolic1,2, B. Mojic1, I. Stijepovic1, M. Antov2, K. P. Giannakopoulos3, 
V. V. Srdic1

1Department of Materials Engineering, Faculty of Technology, University of Novi Sad, Serbia
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Recently, major challenges for the preparation of nanoparticle systems include development of new compositions and the fabrication of multifunctional systems with specific architectures. In such systems, silica has been very often utilized as a template for the assembly of different functional nanoparticles. Thus, numerous particulate systems have been developed and fabricated by assembling diverse nanoparticles on, encapsulated within, or integrated both inside and on the surface of silica particles using different synthesis methods.
In this work synthesis and characterization of multifunctional systems with specific architecture (core/shell structures) was investigated, with focus on different way of particle surface modification. Core/shell particles with mesoporous structures have found applications in a number of areas, such as heterogeneous catalysis, adsorption, molecular separation and enzyme immobilization. Among suitable materials for enzyme immobilization silica has been explored extensively because it is environmentally more acceptable, structurally more stable and chemically more resistant to organic solvents and microbial attacks. In addition, combination of silica with magnetic nanoparticles is very useful as magnetic particles can be manipulated with an external field. 

Extensive research has been devoted to the synthesis of core/shell particles including layer-by-layer techniques, electrostatic interactions between nanoparticles and core particles, deposition-precipitation methods, and techniques based on chemical coordination of the nanoparticles onto functionalized silica nanoparticles. A very attractive method, used in this work, involves the heterocoagulation of oppositely charged core and shell particles, as the surface of silica particles can be easily modified with organic functional groups. Monodispersed silica spheres, synthesized by the Stöber method (i.e. by hydrolysis and condensation of tetraethilortosilicate), were used as templates for assembly of ferrite nanoparticles synthesized from nitrate solutions, which resulted in the formation of silica-core/ferrite-shell particles. In addition, ferrite-core/silica-shell particles were also prepared on similar way. The obtained core/shell structures were characterized by XRD, BET, FTIR, DLS, SEM and TEM.

Raman Scattering on Nanomaterials and Nanostructures
Z.V. Popović, Z. Dohčević-Mitrović, M. Šćepanović, M. Grujić-Brojčin, S. Aškrabić
Institute of Physics, Center for Solid State Physics and New Materials, University of Belgrade, Belgrade, Serbia

The conventional Raman scattering spectroscopy is one of the most used and powerful techniques for characterization of nano-sized materials and structures. By proper analysis of optical mode shift and broadening in nanomaterials based on phonon confinement model, it is possible to deduce about the influence of various effects like particle size and size distribution, strain, change of phonon dispersion, substitutional effects, defect states and nonstoichiometry, electron-phonon coupling. We have demonstrated potentials of this technique in CeO2 and TiO2 nanocrystalline systems analyzing their optical phonon properties.
Mixed Oxide Phosphor Nanoparticles: Synthesis and Luminescence
M. D. Dramićanin
Vinča Institute of Nuclear Sciences, University of Belgrade, Belgrade, Serbia

Luminescent materials, i.e. phosphors, emit radiation when stimulated with fast electrons, X-rays, ultraviolet photons, or some other form of radiation. In recent years research is boosted by opto-electronic applications, such as solid state lightning, lasers, displays and optical storage media, and medical diagnostic applications, for example scintillators and biological assays.  Various material types may be utilized for phosphor production. Among them bixbyte type oxide hosts (sesquioxides) are well-known hosts possessing cubic structure with low symmetry sites, suitable for incorporation of activators (rare earth or transition metal ions) to provide suitable emission in visible and near-infrared region.


In this entry combustion synthesis of Eu3+ doped mixed oxide phosphor nanoparticles is presented and structure-luminescence relationship is highlighted. In particular, Stark splitting of emission manifolds is analyzed with respect to mixed oxide compositions. It is observed that emission decays are altered in nanophosphors. Doping concentration in nanophosphors may be increased without quenching effects due to reduced energy transfer between identical or inequivalent emission centers and internal light scattering is reduced since particle dimensions are much smaller than the visible light.  
Development of Phenolic Based Nanocomposites for

Ablative Rocket Combustion Chambers

M. Natali, M. Monti, L. Torre, J. Kenny

University of Perugia, INSTM Research Unit, Terni - Italy


In the field of low power, liquid fueled, ablatively cooled rocket combustion chambers, silica/phenolic liners still represent the most promising way to reduce costs of such devices. At date, the role of nanofillers and of the potential benefits due to their use and synergy with traditional fillers, are not yet investigated. For low-cost state of art silica/phenolic liners, prices of ablators can be significantly reduced without a drastic loss of performances, when an amount micrometric silica powder is introduced in the recipe. The main goal of this research was to improve the comprehension of the role of nanotechnology when introduced in the field of ablative materials. More in details, our research tried to understand if nanofillers like nanoclay and nanosilica can constitute a good replacement for micron sized silica particles.


Ablatively cooled rocket combustion chambers have been used in many important applications, ranging from small engines up to main propulsion systems. Such attributes are mainly due to benefits of ablation, a self-regulating heat and mass transfer process which ensures built-in cooling features. Despite the limitations on the conditions of their usage, ablative chambers remain popular because of their simplicity, reliability as well as throttling capability [1].


These attributes are primarily the result of their built-in cooling features, virtue which eliminates the necessity of regenerative cooling jacket and circuit. Furthermore, ablative engines may be fueled using low cost pressuring systems like pressure feed pumping, eliminating the need for turbopumps which constitute one of the most unreliable and expensive parts of the engine [2]. Even with these advantages, the main problem of ablatively cooled chambers is related to erosion rate experienced by the ablative material during the engine combustion time. Erosion rate is mainly function of local heat flux, local shear forces in the boundary layer and local chemical composition of the gases. Consequently, erosion of the throat can constitute a very important problem, especially for small and medium trust chambers. 

During last forty years, several kinds of fiber orientations were evaluated. Many of these solutions are based on the use of reinforcements in form of tapes or woven fabrics. However, due to necessity to reduce costs, other kinds of reinforcements were evaluated. Several studies showed that in the right hyper-thermal conditions, liners produced by using of chopped strands can match performance of configurations based on the use of quite more expensive long fibers based ablators. Pieces based on ablative Bulk Moulding Compound (BMC) are produced by compression moulding or injection moulding.

Researches even pointed out that functional fillers in powder like silica or metal oxides play a crucial role in the improvement of ablative liners. In fact, the 
presence of finely divided micron sized silica powder can improve the ablative characteristics of the liner.


During last twenty years, even to overcome limits of micrometric fillers, researchers focused their attention on nanocomposites, i.e. on the use of nanofllers such as nanoclays, nanosilica or, nanofibers. In this class of composites, Polymer Layered Silicate Nanocomposites (PLSN) based on montmorillonite (MMT) have attracted great attention because the introduction of these kind of nanofllers can lead to improved mechanical and barrier properties, as well as of the thermal features, without a relevant increase of the specific weight of the neat polymer. In contrast to conventional composites containing micron-scale or larger reinforcing constituents, nanocomposites contains ultrafine phase dimensions (typically on the order of a few nanometers), exhibiting unique combination of properties typically not found in traditional composites. Nanocomposite Rocket Ablative Materials (NRAM) are a class of nanocomposites particularly designed for hyperthermal environments. However, if traditional nanocomposites are characterized by a low filler amount (typically up to 5%), especially when based on nanoclays, NRAM are tendentially loaded with a greater filler amount. For example, Patton et al. produced nanocomposites loaded with a CNF amount greater then 50% [3].


Anyway, in light of many crucial considerations, a technological compromise which may exploit benefits due to synergy between traditional and nanosized fillers, seems to be still more desirable. Apart from economic reasons, nanocomposite technology is not yet mature enough to match all spectrum of properties related to traditional ablative composites. For example, considering mechanical properties, NRAM are not yet able to reproduce features of traditional composites. Consequently, at date, the most wise and cheap way to improve ablators seems still to be related to optimization of synergy between nanotechnology and traditional fiber based reinforcements. For example, recently it was pointed out such impressive improvements in asbestos cloth based heat shield impregnated with Polymer Layered Silicate Nanocomposites (PLSN). The goal of this research was to improve the comprehension of the role of nanotechnology when introduced in the field of ablative materials, particularly when nanocomposites are used to impregnate traditional composites.

GOALS OF THIS RESEARCH


Although phenolic resins are widely used as ablative matrices, few attempts to use these resins as a matrix for layered silicate nanocomposites are present in literature. This fact can be related to difficulty to obtain the exfoliation or even the intercalation of the nanoclay because of the rigid three-dimensional structure of the phenolic resin molecules. However, up now, the mainstream approach to process phenolic resin layered silicate nanocomposites is based on the in situ polymerization of monomers, i.e. phenol and formaldehyde molecules need to be absorbed into the interlayer spaces of the nanoclay and then, polymerized in situ. In other words, with this technique - based on a high labor cost chemical approach - it is necessary to employ both phenol and formaldehyde as starting materials. 

In the ﬁrst step of our research, phenolic based PLSN were prepared using a commercial grade resol diluted in methyl alcohol. The employed processing technique was based on a simple mechanical approach (i.e., using a high speed mixing tool) procedure, typically used quite successfully in the preparation of nanocomposites based on other matrices such as polyester resins. According to a literature survey, this is not a usual way to process resol type phenolic matrix nanocomposites [4]. X-ray diffraction, SEM and thermogravimetric analyses were performed on the produced materials.

The second step of this research involved the study of a nanocomposites prepared using the same resol combined with a compatibilized nanometric silica. Even in this situation, blends were processed using a high speed mixer. Since phenolic matrix nanocomposites reinforced with nanosilica are typically prepared with sol-gel techniques, this second task of the research can be considered very interesting. [5]

Both for nanoclay as well as for nanosilica based nanocomposites two filler percentages were studied: 5% and 20%. The study of latter systems represented a very important challenge since very few attempts to deal with such nanoclay or nanosilica percentages are present in literature.

According to experimental results and key parameters like processability, the nanofiller which exhibited the better performances was employed to arrange an ablative BMC recipe. The fiber amount of the studied BMC recipes was kept on the values suggested by literature for silica/phenolic ablators employing micrometric silicon oxides. A BMC recipe prepared with no nanoparticles was used as a reference material. 

In order to study these materials, since general purpose thermal analyses (like TGA) are not completely proper to evaluate the real behaviour of the ablative materials, a thermal testing which could reproduce work conditions related to a rocket combustion chamber, was introduced. 

High performance TGA can reach these temperatures but, for example, parameters like the heating rate experienced by a rocket engine case cannot be recreated by any TGA. Consequently, the cheapest and most used way to arrange a test which can partially simulate the severe environment in which a rocket engine works it is based on the use of an oxyacetylene flame torch. Such device is able to produce a high temperature flame providing more deep insights, concerning features of ablative materials such as the erosion rate and the thermal insulation coefficient. ASTM-E-285-80 describes how to arrange a test bed based on the use of an oxyacetylene flame torch. Temperature of the flame resulted to be of 1,800°C and the produced heat flux was equal to 800 W/cm2. Cylindrical shaped specimens were produced using the developed BMC paste. Thermocouples embedded in the sample were used to measure temperature profiles inside the sample.

CONCLUSIONS

This research showed that synergy between traditional fillers and nanometric sized silica particles can effectively improve performances of glass/phenolic or silica/phenolic composite ablators.
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The XRD analysis and morphology of HAP/Lig coatings with different lignin concentrations
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New composite ceramic/polymer coatings were investigated in the past few years in order to obtain bone-substitute materials. Composite coatings have shown to be more effective for enhancement of both mechanical properties and bioactivity, compared to pure ceramic and polymer coatings. Synthetic hydroxyapatite (HAP, Ca10(PO4)6(OH)2) are frequently applied as a ceramic coated material, due to its chemical composition similarity to the main bone mineral. HAP nanoparticles were obtained by a modified chemical precipitation method. Lignin (Lig), as a poliphenolic natural polymer used in this study, is Alcell lignin obtained from organosolv pulping of mixed hardwoods. Therefore, biocomposite HAP/Lig coatings were produced from ethanol suspension of HAP and Lig powders by electrophoretic deposition on titanium at constant voltage of 60 V for 45 s, at room temperature. The aim of this work was to investigate the effect of lignin concentration on morphology and phase composition of obtained biocomposite HAP/Lig coatings. It was shown that coatings can be sintered at a significantly lower sintering temperature. Also, it was observed that lignin concentration increment causes better protection of the HAP lattice during sintering. 
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3D nanostructures have attracted much attention because of their unique properties and potential applications. The simplest synthetic route to make 3D nanostructures is probably self-assembling, in which ordered aggregates are formed in a spontaneous process. Due to their safety and compatibility with the electrolyte, lithium titanium oxides (LTO) and titania are of great interest for anode materials in Li-ion batteries. Performances of Li-ion batteries extremely depend on electrodes properties, especially on electrode/electrolyte contact area, because of reduced Li+ transport distances. Reduction into nano-scale is the best solution for increasing the contact area to enabling batteries to work at higher power. 

We report the synthesis of self-organizing LTO nanopetals, less than 10 nm thick, that spontaneously make 3D flower-like nanoarchitectures, providing high surface to volume ratio of material. LTO nanostructure was prepared by a heterogeneous reaction of anatase, TiO2, nanopowder and aqueous LiOH solution under mild hydrothermal conditions (autogenous pressure at 200 ºC). Crystal structure and Li placing were investigated in detail by XRPD and SAED analysis. Additionally, structural evolution and phase transitions with increasing temperature up to 800 ºC were studied. The chemical compositions of as-prepared and treated samples were estimated by ICP-OES or EDS analysis.
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Alumina/SiC nanocomposites containing 2, 5, 10 and 20 vol.% SiC were prepared by hot pressing (HP). Dry ceramic Pin-on-Disk wear tests were used for measuring the wear resistance and friction coefficient of the investigated materials. The possible microstructure changes/damage mechanisms induced by the wearing processes were investigated by scanning electron microscopy. The wear resistance of the monolithic alumina was significantly improved by the addition of the SiC particles. The following wear mechanisms have been identified according to the microstructure observations of the worm surfaces: intergranular fracture, grain pull-out in the monolithic Al2O3, and plastic deformation and surface polishing in the composites. 
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In this work, the silver/poly(vinyl alcohol) (Ag/PVA) hydrogel nanocomposites were synthesized by γ-irradiation. "Green" irradiation method has proved as excellent procedure for the in situ synthesis of noble metal nanoparticles (NPs) within the polymeric network architectures, which serves as template. Liquid filled cavities in hydrogels acts as nanoreactors for immobilization of formed NPs, while the polymeric molecules inhibit the aggregation processes. γ-irradiation induced synthesis has been recognized as highly suitable tool for production of hydrogel nanocomposites due to formation and sterilization in one technological step. The obtained UV-Vis absorption spectra of Ag/PVA nanocomposites shows the surface plasmon bands around 400 nm, due to formation of Ag-NPs with spherical-like morphologies. The crystalline structure (face centered cubic, fcc) and crystalline domain size (d ( 9nm) of Ag-NPs were estimated by XRD measurement. The FTIR spectra indicates that stabilization of Ag-NPs takes place over the interaction between surface of NPs and OH groups of PVA chains. The swelling kinetics of nanocomposites with different amount of Ag-NPs was investigated in distilled water and Simulated Body Fluid (SBF) at 37oC. In the initial stage of swelling, systems shows non-Fickian type of diffusion, while for extensive stage of swelling the Schott second order kinetics was observed.
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New criteria in assessing the quality of drinking water dictates the reduction of maximum permissible concentrations of arsenic from 50 to 10 μgl-1. The low restrictive limit for arsenic makes it necessary to develop new sorbents for its separation. In this paper, different multiwalled carbon nanotubes (MWCNTs) were tested for arsenic removal from drinking water. MWCNTs were modified by oxidation processes (o-MWCNTs) and ethylenediamine (e-MWCNTs), and further on coated with hydrous iron oxide. Sorption characteristics of iron modified o- and e-MWCNTs were investigated in batch sorption experiments. The sorbents capacity and the influence of pH on the As(V) removal from drinking water in the pH range from 4 to 8 and As(V) initial concentration 74 and 104 μgL-1, was studied. The concentration of As(V) was measured using Agilent Technologies 7500ce ICP-MS system (Agilent Technologies, Inc.). Further on, the ability to use MWCNTs coated with iron oxide for the removal of As(V) from drinking water fulfilling the required criteria of arsenic concentration of less than 10 μgL-1 was demonstrated. Very good results were acquired using e-MWCNTs coated with hydrous iron oxide which reduced the concentration of As(V) from 104 to below 4 μgL-1.
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New composite ceramic/polymer coatings were investigated in the past few years in order to obtain bone-substitute materials. Composite coatings have shown to be more effective for enhancement of both mechanical properties and bioactivity, compared to pure ceramic and polymer coatings. Synthetic hydroxyapatite (HAP, Ca10(PO4)6(OH)2) are frequently applied as a ceramic coated material, due to its chemical composition similarity to the main bone mineral. HAP nanoparticles were obtained by a modified chemical precipitation method. Lignin (Lig), as a poliphenolic natural polymer used in this study, is Alcell lignin obtained from organosolv pulping of mixed hardwoods. Therefore, biocomposite HAP/Lig coatings were produced from ethanol suspension of HAP and Lig powders by electrophoretic deposition on titanium at constant voltage of 60 V for 45 s, at room temperature. The aim of this work was to investigate the effect of lignin concentration on morphology and phase composition of obtained biocomposite HAP/Lig coatings. MTT test has been conducted in order to determine the cytotoxicity of coatings. It was shown that coatings can be sintered at a significantly lower sintering temperature. 
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I. Jevremović, Ž. Jovanović, J. Stojkovska, B. Obradović, M. Vukašinović-Sekulić, A. Perić-Grujić, M. Ristić, V. Mišković-Stanković
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Innovative approaches to polymer/metal nanocomposites synthesis have been increasingly studied due to unique and novel properties of these nanosystems. Silver nanoparticles have potential for utilization in photonic, electronic, chemical, and biomedical areas. These specific properties could be attributed to their large specific surface area. In this study silver/poly(N-vinyl-2-pyrrolidone) (Ag/PVP) nanocomposites were obtained by electrochemical reduction of Ag+ ions in polymer matrix. The formation of the silver nanoparticles was monitored using UV-Vis absorption spectroscopy. Mechanical properties of Ag/PVP nanocomposites were characterized in bioreactor conditions, and swelling degree was investigated in simulated body fluid. Release of silver ions from Ag/PVP nanocomposites was determined by atomic absorption spectroscopy, while antibacterial activity was measured by Kirby-Bauer method. Results of this work suggest that Ag/PVP nanocomposites can preserve the sterility of the material, by conserving certain part of Ag nanoparticles even after 4 weeks. The results of tests performed in the bioreactor with mechanical stimulation have shown that mechanical properties of material are improved by silver nanoparticles. The swelling degree of Ag/PVP nanocomposites indicates that silver nanoparticles in PVP network are expanding the size of cavities in polymer network, increasing the diffusion coefficient. The antibacterial activity of silver nanoparticles is confirmed for bacteria S. aureus.
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Efficiency of adhesion promotion and corrosion protection of metallic surfaces by nano-sized silane films significantly depends on deposition parameters. Silane solution concentration and curing time are the most important variables affecting thickness, porosity and, consequently, barrier properties of the silane film. Vinyltriethoxysilane (VTES) films were deposited from 2 and 5 % solutions, and cured for 10 and 30 min at 100 oC, forming dense siloxane structure by simultaneous polymerization and crosslinking of silane monomers. VTES films were analyzed by Auger electron spectroscopy coupled with depth profiling, optical microscopy coupled with image analysis and electrochemical impedance spectroscopy. VTES films deposited from 2 % VTES solution were very thin: 4-30 nm, and films deposited from 5 % solution were 230-280 nm thick. VTES films deposited from less concentrated solution exhibited two times higher porosity (dry films), and also significantly greater corroded area after the exposure to 3 % NaCl (wet films) compared to VTES films deposited from 5 % solution. Longer curing time caused the decrease in both, film thickness and film porosity. However, porosity seams to be more influencing factor in the corrosion protection: VTES films cured for 10 min, eventhough thicker, exhibited lower corrosion stability, regardless the silane solution concentration.
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Creep and oxidation resistance of silicon nitride/silicon carbide micro/nano composites with various rare-earth oxide sintering additives (La2O3, Y2O3, Yb2O3, Lu2O3) has been investigated. The materials were prepared by hot-pressing method and the SiC particles were produced by carbothermal reduction of SiO2 during sintering. Similarly, the set of four reference monolithic materials with the same oxide additives were prepared. Creep measurement was carried out in four-point bending mode in air atmosphere at temperatures between 1250°C and 1400°C with outer stresses from 50 to 150 MPa. The oxidation resistance was estimated on the crept samples. Beneficial effect of sintering additives with smaller ionic radius of rare-earth element on the creep and oxidation resistance was observed. Positive effect of SiC particles on the creep resistance was not observed in the composite containing La because the SiC particles were intragranularly located rather than intergranularly between the grains in this material. The SiC particles located on the grain boundary of Si3N4 hinder the grain boundary sliding and hence improve the creep resistance of Yb-, Y- or Lu-containing composites. Viscosity of the secondary glassy phase increases with decreasing ionic radius of RE3+ what is the reason for improved oxidation and creep resistance of those materials. 
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Corrosion protection of steel substrate by electrodeposited Zn-Mn alloy coatings mostly depends on Zn-Mn alloy phase composition and coating morphology. The XRD patterns of Zn-Mn alloy coatings with 4.7 and 11.6 at % of Mn revealed the mixture of the two crystalline phases: ε-ZnMn phase and η-ZnMn phase, both having hexagonal close packed (HCP) structure. The content of ε-phase increased with the increase of Mn percentage, so in the Zn-Mn alloy with 4.7 at % of Mn the main phase was η-phase, whereas the other alloy was made up mostly of the ε-phase. The grain size of the coatings, determined from X-ray diffraction patterns, was 29 nm for alloy with 4.7 and 19 nm for alloy containing 11.6 at.% of Mn. Surface morphology studies, based on AFM measurements, showed  that Zn-Mn coating with 4.7 at.% of Mn was more compact and possessed more homogeneous structure (more uniform agglomeration size). Besides, coating with 11.6 at % of Mn possessed cavities about 400 nm wide, with the shape of chutes, where the coating was significantly thinner. Electrochemical impedance spectroscopy was used to investigate corrosion behaviour of the two coatings. It showed that alloy with 4.7 at.% of Mn possessed significantly higher corrosion stability compared to the coating with higher Mn content. According to literature data, the increase in ε-phase content in Zn-Mn alloy promotes better corrosion protection of the coating. Since it was not the case in this work, it was concluded that the difference in surface morphology had the most important influence on the difference in corrosion stability of the coatings.
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Due to presence of hydroxyl groups castor oil is suitable for polyurethanes preparation. In recent years, composites prepared from renewable resources have become a special interest in many areas. For sample preparation different NCO/OH ratios, r, were used (1; 1.15; 0.92). For nanocomposites r value was 1 and they were prepared by premixing the filler particles with the castor oil polyol before reaction in glass wassel with toluene diisocyanate at 120°C for 15 minutes. Samples were obtained in metal molds (heated in oven at 120°C for 12h). Different contents of titanium(IV)oxide nano particles were added to polymer matrix (0.5; 1; and 2 wt%) for composites preparation. Surface characterization of obtained materials was performed by scanning electron microscopy (SEM) and tapping mode atomic force microscopy (TM-AFM). From SEM images good dispersion of nano filler in polymer matrix was noticed. TM-AFM method clearly showed topology of nano fillers in polymer matrix and confirmed its good homogenization.
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Polymer composites based on polyurethanes are used in a wide range of application areas, such as aerospace, military, construction, electrical and electronics, medicine, marine, transportation. The goal of this work was to investigate the influence of titanium(IV)oxide nanoparticles on dynamic mechanical properties of polyurethane nanocomposites. Different contents of titanium(IV)oxide nanoparticles were added to polyol component before synthesis. Glass transition temperatures (Tg) determined by DSC method were in range from -13 to 0°C. It was estimated that Tg of samples decreases with increasing nanofillers content, due to changes of segmental mobility influenced by interaction between titanium(IV)oxides and polymer chains. Dynamic mechanical measurements were performed on a DMA Tritec 2000 (Triton Technology Ltd.) in temperature range from -50°C to 100°C at five different frequencies f (0.31 Hz; 1 Hz; 3.1 Hz; 10 Hz; 31 Hz). It was concluded that addition of nanofiller to samples with the stoichiometric ratio (r=1) influenced decrease of Tg.
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Among the large number of ceramic biometerials, dense hydroxyapatite (HAp) bioceramics belong to the most promising candidates for reconstruction of bone tissue large defects due to its combined biocompatibility and bioactivity. Final quality of this material, like mechanical properties and biological response, depend on many parameters related to the powder synthesis procedure and sintering cycle employed, so it is very important to understand the connection of powder characteristics and properties of sintered materials.


In this study, different HAp nanopowders were synthesized via chemical precipitation and hydrothermal processing of precipitate. Their sintering behavior is investigated through various sintering cycles. Characteristics of starting material and sintered bioceramics are investigated through XRD, BET, FE SEM, TEM  measurements.  The influence of starting nanopowders characteristics on microstructural properties, density, average grain size and uniformity, is discussed.
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Spinel, MgAl2O4, offer desirable combination of mechanical, chemical and thermal properties both at ambient and elevated temperatures. Nanometric powders of solid solution of magnesium aluminate spinel, MgAl1.94Y0.06O4, were obtained by a glycine nitrate procedure and modified glycine nitrate procedure. The glycine nitrate procedure, a self-combustion method for powder synthesis, uses amino acetic acid (glycine) as a fuel and metal nitrate of the composition to be synthesized, as an oxidant. This method producing very fine, very pure, nanometric powders in a very short time, with the yield of 98–99%. Modification of glycine nitrate procedure was done by partial replacement of nitrates by acetates.
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The aim of this study was to investigate the effect of decreasing the grain size from micro to nano level on the biocompatibility and mechanical properties of microwave sintered monophase HAP bioceramic materials. For that purpose, nanosized stoichiometric hydroxyapatite powder was isostatically pressed at 400 MPa and sintered in microwave furnace at 900 ºC and 1200 ºC for 15 min. HAP samples sintered at 1200 ºC had following properties: average grain size of 3 µm, 99 % of the theoretical density, hardness of 5.0 GPa and fracture toughness of 0.87 MPa m1/2. The mean grain size decreased from micro to nano level with decreasing of temperature to 900 ºC. The decrease in the grain size from 3 μm to 100 nm led to an increase in the fracture toughness from 0.87 MPa m1/2 to 1.34 MPa m1/2. In vitro cytotoxicity investigation with L929 and human MRC-5 fibroblast cells showed non-essential cytotoxic effects for micro- and nanostructured HAP bioceramics. Relative cell proliferation rate, cell attachment and metabolic activity of fibroblast cells were improved with decreasing of the grain size. In vivo investigation of biocompatibility using primary cutaneous irritation test showed that micro and nanostructured HAP materials exhibit no irritation properties.
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The processing of dense fine grained bioceramics, monophase hydroxyapatite (HAP) and biphasic HAP/tricalcium phosphate (TCP) materials, using microwave sintering process, starting from nanosized HAP powders was the aim of this study. The effects of processing conditions of microwave sintering on microstructure, phase composition and mechanical properties of obtained dense biomaterials, and comparing of results obtained by microwave sintering with results obtained by conventional sintering, are also investigate. The synthesized calcium deficient and stoichiometric nanosized HAP powders was uniaxially pressed, resulting into uniform green compacts, which were microwave sintered at 900 ºC, 1000 ºC, 1100 ºC and 1200 ºC in air atmosphere for 15 min and conventionally sintered at 900 ºC and 1000 ºC for 2h. The samples obtained by microwave sintering have dense and uniform microstructures, with an average grain size ranging from 130 nm to 1 (m. The fracture toughness and hardness of the pure HAP bioceramics obtained by microwave sintering were certainly higher than those of the HAP ceramics obtained by conventional sintering. The monophase fine grained HAP bioceramics had appreciably higher values of the fracture toughness than the biphasic HAP/TCP bioceramics. Through the optimization of sintering process, dense pure HAP ceramics with high density, fine grains and good mechanical properties (MH = 3.5-4.85 GPa; Kic = 0.85-1.30 MPa m1/2) were prepared using microwave sintering technique.
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The aim of this study was to obtained nanostructured composite materials, with dense and uniform nanostructure, based on HAP and carbon nanotubes (CNTs) by spark plasma sintering method. The joint effect of the addition of oxidizes CNTs and decreasing of the grain size of HAP matrix to the nano level, on the microstructure and mechanical properties of the obtained nanocomposites was also investigated. For that purpose nanosized hydroxyapatite was obtained by modified precipitation method. Multi-walled CNTs (MWCNT, Sigma-Aldrich) were oxidized in order to introduce oxygen containing functional groups, enhance their dispersibility and eventual bonding to the HAP matrix. The pure HAP powder was sintered in the spark plasma furnace, Dr.Sinter SPS System-825.C, in the range of temperatures 900 ºC-1200 ºC, and applied pressure of 40 MPa during the sintering. The obtained mixtures of HAP/o-MWCNTs powders were SPS sintered at 900 (C for 5 min. Monophase HAP samples SPS at 1200 ºC were characterized with non-homogeneous microstructures, with a presence of cracks and average grain size of 20 µm, due to relative high temperature for this tip of processing. With decreasing the sintering temperature to 900 ºC, the grain size of HAP compacts decreased from micro to nano level, and average grain size was around 100 nm. The temperature of 900 ºC was applied for processing of HAP/o-MWCNTs compacts, due to the nano dimensions of the grain size of HAP matrix. The presence of the o-MWCNTs was certainly improved the conductivity of HAP matrix and had the positive effect on the densification process. The SEM analysis of the HAP/o-MWCNTs nanocomposites showed that the o-MWCNTs were distributed homogenously with the HAP matrix and that dense nanostructured materials with improved mechanical properties were processed. 
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Hydrothermal syntesis of hydroxyapatite powders doped with (Ag+, Cu2+, Zn2+), heating, characterization and antimicrobial testing 

Ž. Radovanović, B. Jokić, S. Dimitrijević, Dj. Veljović, R. Petrović, Dj. Janaćković
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In order to obtain multifunctional materials with good biocompatibility and antimicrobial effect, it was carried out hydrothermal synthesis of hydroxyapatite doped with Ag+, Cu2+ and Zn2+; at 160 ( C. Doping was carried out with two concentrations: 0.2 % and 0.4 % according to the formula (M / (M + Ca)) x 100, with a constant atomic ratio (Ca + M) / P = 1.67 (M = Ag+, Cu2+ and Zn2+). Previous characterization of doped powders and powders heated at 1200 ° C was performed with SEM, EDS, XRD. Antimicrobial effects of powders, dried and heated, was examined in relation to Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and Candida albicans in liquid medium. The results of the antimicrobial tests showed that the obtained powders have good antimicrobial activity, especially powders doped with Ag+ ions.
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Sepiolite was used for the synthesis of the sepiolite-iron oxide system in order to obtain a sorbent suitable for the removal of Ni2+ from aqueous solution. The modified material, Fe-sepiolite, was characterized by X-ray diffraction (XRD) analysis, Fourier transform infrared (FTIR) spectroscopy, DTA/TG thermal analyses and point of zero charge (pHpzc) determination. The sorption experiments were performed as a function of the initial metal concentration, equilibration time and temperature using the batch method. The Fe-sepiolite had a higher sorption capacity than the natural sepiolite sample due to a higher specific sorption and a higher ion exchange with Mg2+ ions from the sepiolite surface. Thermodynamic parameters, such as enthalpy, Gibbs energy and entropy, were calculated from the temperature dependent sorption isotherms and these values showed that the sorption of Ni2+ onto sepiolites was endothermic. Pseudo-second order kinetic models provide the best correlation of the experimental kinetic data.
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Natural and acid-activated sepiolite samples were functionalized with (3-mercaptopropyl)trimethoxy-silane. By X-ray powder diffraction, Fourier transform infrared spectroscopy, and differential thermal analysis it was shown that functionalization of sepiolites by grafting silane reagents occurs mainly on the surface, whereby their crystalline structure remained unchanged. The efficiency of the adsorbents in Cr(VI) removal from aqueous solutions follows the order: functionalized acid-activated sepiolite > functionalized natural sepiolite > acid-activated sepiolite > natural sepiolite. As the number of silanol groups on the sepiolite surface increased during the acid activation, the silane functionalization increased and this led to an increase in Cr(VI) adsorption. The adsorption capacity strongly depended on the pH of the solution from which the adsorption occurred. Cr(VI) removal by the functionalized sepiolites was mainly attributed to electrostatic attraction between the positively charged mercapto groups and the negatively charged Cr(VI) species. The sorption isotherms showed that Cr(VI) removal by both functionalized sepiolites for all initial investigated solution pH values is well described using the Dubinin-Radushkevich model. 
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The objective of this study is to assess how different content of Nd-Fe-B particles affect on dynamic mechanical, thermal and magnetic properties of Nd-Fe-B/polymer composite materials. A higher content of Nd-Fe-B powder in bonded magnets usually results in a higher remanence magnetization (Br) and maximum energy product ((BH)max) and are desirable from the magnetic perspectives. However, the higher content of magnetic filler may change the rheology of polymer melt during process and, subsequently, impact the mechanical strength of bonded magnets. Appropriate balance between the magnetic properties and corresponding dynamic mechanical behavior is of importance for bonded magnet applications. 

For instance, DMA tests at 1 Hz of the Nd-Fe-B/epoxy composite with 95 wt% of Nd-Fe-B showed 7 times higher value of storage modulus at ambient temperature and up to 63 times higher at 75 (C (in rubbery state), compared with the pure epoxy matrix. Glass transition temperatures as well as tangent of loss angles of all investigated magnetic composites were found to lie in the same temperature region. The thermal experiments revealed that the addition of higher amount of Nd-Fe-B particles resulted in a decrement in the enthalpy of thermal decomposition of Nd-Fe-B/polymer composites. Magnetic measurements show changes in the magnetic properties of the investigated composites in accordance with the added amount of Nd-Fe-B filler in polymer matrix. 

Acknowledgement: This work was carried out under MNTR RS project OI 142035B.
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The structure, weight composition and thermomagnetic behaviour of Co and Ni powders obtained at current densities of deposition from 200-800 mA/cm2 are investigated and discussed. The particle size of deposited powders is influenced by the chemical composition of the starting electrolyte, with changing the concentration ratio of ions of metallic salts as well as current density imposed. The thermomagnetic behaviour of the powders obtained at current density of 400 mA/cm2 was investigated using modified Faraday method.
The experimental results shows that the increasing current density induces originate smaller crystal grains because the nucleation is faster. This is confirmed by empirical conclusion from electrochemical deposition of powders which suggest that current density has a highest influence on structure and morphology. 
The magnetic permeability of cooled Co powder after first cycle of heating has improved properties. Also, Co powder has nanocrystaline structure with significant amount of amorphous phase. The Ni powder has constant value of magnetic permeability up to 360 ºС during the second and third cycle of heating. This result shows good aliening of magnetic domains at higher temperature which is typical for nanostructural and amorphous ferromagnetic. The decreasing of magnetic permeability of Ni powder for about 45% after third cycle of heating up to 570 ºС suggest that full crystallization and increasing size of the crystal grains of amorphous phase of powder is achieved.

Acknowledgement: This work was carried out under MNTR RS projects H142044 and OI 142035B.
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High temperature hydrothermal syntheses, using calcium nitrate tetrahydrate, sodium dihydrogen phosphate and urea as precursors and characterization of hydroxyapatite (HAp) whiskers are reported herein. The morphology and chemical composition of the crystals from a monetite to a hydroxyapatite phase were controlled by varying the starting concentrations of the precursors and the solution pH through the amount of urea that is decomposed during heating. Different morphologies ranging from single crystals of monetite through rods and plates of hydroxyapatite with different size distribution to whisker-like single hydroxyapatite crystal were achieved by simply varying the starting concentration of urea. Structural refinement of the hydroxyapatite whiskers confirmed a strong preferential orientation along the c-axis direction of the hexagonal crystal structure, which was significantly different from the usually observed random crystal orientation. TEM and SEM analysis of the apatite whiskers confirmed single crystal structure with the a c-axis orientation parallel to the long axis of the whiskers, with sizes up to 150 μm in length, 10 μm in width and with a thickness of about 300 nm, that grew from the same centre of nucleation, forming flaky-like particles.
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Studies of alginate solutions and hydrogels containing silver nanoparticles 
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Silver nanoparticles stabilized in polymer solutions and hydrogels provide potentials for variety of applications such as antimicrobial agents attractive for use in medicine and pharmacy, catalysists, and optical sensors. Hydrogels in the form of microbeads offer additional advantages of high surface to volume ratios and short diffusion distances yielding highly efficient vehicles for controlled delivery of nanoparticles. In this study, we have produced alginate solutions and hydrogel microbeads with incorporated Ag nanoparticles at different concentrations by a novel electrochemical method. Presence of nanoparticles in all formulations was verified by UV/Vis spectroscopy, which showed surface plasmon absorption band maxima at ~400nm. In addition, potentials for nanocomposite use in dry form were investigated by verifying the presence and concentration of Ag nanoparticles after subsequent drying and swelling of microbeads. Finally, biomechanical properties of nanocomposite microbeads were studied in a biomimetic bioreactor under dynamic compression at 10% strain in two regimes: at a loading rate of 337.5µm/s and at sequential increments of 50µm displacement every 30min. Silver nanoparticles slightly increased dynamic compression moduli of microbeads but when given time to relax, all microbeads exhibited similar biomechanical strengths. These results are relevant for potential use of nanocomposite hydrogels as soft tissue implants in clinics.
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Cordierite (Mg2Al4Si5O18) as a ceramic material has a wide range of uses and applications due to low thermal expansion and dielectric constant coupled with high chemical and thermal stability. Preparing dense cordierite ceramics has long been a problem because of the narrow sintering range near the incongruent melting point of the cordierite. Sinterability of cordierite powders synthesized by two different sol-gel methods started from silicic acid or silica sol was investigated. Obtained gels were calcinated, grinded, pressed, sintered and then characterizated. The influence of temperature of calcination, time of grinding and temperature of sintering on microstructure of cordierite materials were investigated. The longer time of grinding leads to higher uniformity of particle size and better sinterability of both cordierite powders. In both cases, better results were obtained by calcination at 1300 0C followed by sintering at 1400 oC and 1450 oC. 
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Rapid-quenched Nd-Fe-B alloys with nonstoichiometric Nd content in the optimized magnetic state were studied using the X-ray diffractometry (XRD), electron microscopy (TEM), high resolution TEM (HREM), X-ray energy-dispersive spectrometry (XEDS) and Superconducting Quantum Interference Device (SQUID) magnetometer.

Obtained experimental results demonstrate the substantial difference in the structure and magnetic properties of the two investigated alloys in the optimized magnetic state. The Nd-Fe-B alloy with the reduced Nd content (Nd4.5Fe77B18.5) was found to have the nanocomposite structure of Fe3B/Nd2Fe14B and partly α-Fe/Nd2Fe14B, with mean grain size below 30 nm. On the other side, the overstoichiometric Nd14Fe79B7 alloy has almost a monophase structure with the dominant content of the hard magnetic phase Nd2Fe14B (up to 95 wt. %) and a mean crystallite size about 60 nm, as determined by XRD and TEM analysis. The results of magnetic measurements on SQUID magnetometer illustrate a very strong relationship between the magnetic properties of investigated alloys and their structure and phase composition and also suggest the nanocomposite structure of the Nd-low alloy and nanocrystalline decoupled structure of the Nd-rich alloy after the optimal heat treatment.
Acknowledgement: This work has been supported by the MNTR RS under project OI 142035B.
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This study reports research related to processing and characterization of polymer nanocomposites for optical applications. In the host matrix of PMMA the nanophosphor powder was dispersed and nanocomposites were produced by mixing molder device. Two series of the composite samples were fabricated: PMMA-Gd2O3 (Eu3+) and PMMA-Y2O3 (Eu3+) with different content of nanoparticles. The influence of particle content on the optical and dynamic-mechanical properties of nanocomposites was investigated. The emission spectra of nanocomposite were investigated by laser-excited luminescence spectroscopy and index of refraction by spectroscopic ellipsometry. Dynamic-mechanical analysis and Vickers microhardness was performed in determination of mechanical properties of nanocomposites. The intensity of the luminescence emission spectra increased as the nanophosphor content in the composite increased. The results of dynamic mechanical analysis revealed that the storage modulus, loss modulus and glass transition temperature (Tg) of the polymer composites increased with increasing content of the nanophosphor powder. The microhardness data also confirmed that the hardness number increased with nanoparticles concentration in the PMMA nanocomposites. The obtained results revealed a relatively linear relationship between Tg and the Vickers hardness.
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Surface treated nanosilica particles are used to improve mechanical properties of neat PMMA polymer. In order to obtain superior mechanical properties it is essential to achieve good deagglomeration as well as bonding of SiO2 nanoparticles to the PMMA matrix, which is typically performed by coating of silica nanoparticles with silane coupling agents. In this study, conventional and supercritical coating methods are investigated along with their influence on mechanical properties of fabricated nanosilica/PMMA composites. The results indicate advantageous properties of nanosilica modified in supercritical phase of carbon dioxide and ethanol. The fabrication methods for nanosilica/PMMA composites are compared in relation to the surface nanomechanical properties of tested samples. The compression molding method as compared to in situ polymerization of composites containing nanoparticles obtained by supercritical processing of nanosilica sol, showed an increase of hardness by 44.6% and elastic modulus by 25.7% relative to neat PMMA, as determined using nanoindentation technique.
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This study reports the preparation of hybrid laminated multidirectional composites with enhanced thermo mechanical properties. Thermal and dynamic mechanical analysis of polymer matrix films and fabricated hybrid composites were employed in order to analyse the optimal preparation conditions and reinforcement content for composites with improved viscoelastic properties. Dynamic mechanical analysis shows that introduction of silica nanoparticles in the composite of aramid-poly (vinyl butyral) leads to significant improvement in mechanical properties, and the addition of silane coupling agents yielded maximal values of elastic modulus for hybrid nanocomposites. The introduction of silane leads to a better dispersion and deagglomeration of SiO2 particles and to the formation of chemical bonds between organic and inorganic constituents, or multiaxial fabric and aramid-SiO2 nanoparticles. In this way, the mobility of macromolecules was reduced, which can be seen from the decreasing value of damping factor for aramid-poly (vinyl butyral) composite. From the values of glass transition temperature of composite with silane and SiO2, derived conclusion is that their addition to the optimal content, in addition to the aforementioned mechanical properties leads to improved thermal stability of materials.
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Surface functionalization of multi-walled carbon nanotubes (MWCNT) by ethylenediamine, via chemical modification of carboxyl groups, using O-(7-Azabenzotriazol-1-yl)-N,N,N′,N′-tetramethyluronium hexafluorophosphate, was performed. The resulting materials were characterized by different techniques, such as FTIR, TGA and elemental analysis. Pristine, oxidized and ethylenediamine modified MWCNTs (raw-MWCNTs, o-MWCNTs and e-MWCNTs, respectively) were employed as sorbent to study the sorption characteristic of Pb2+ from aqueous solution. In batch tests, the influences of solution pH, adsorbent content, initial metal ion concentration and temperature on the sorption of Pb2+ ions onto raw-MWCNTs, o-MWCNTs and e-MWCNTs were studied. The results indicate that sorption of Pb2+ on o-MWCNT and e-MWCNT strongly depends on pH values. The Langmuir isotherm model agrees well with the equilibrium experimental data. The maximum capacity was obtained for e-MWCNT, 44.19 mg g–1, at 45 °C. The thermodynamic parameters were also deduced for the adsorption of Pb2+ ions on raw-MWCNT, o-MWCNT and e-MWCNT and the results showed that the adsorption was spontaneous and endothermic.
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Multi-walled carbon nanotubes (MWCNTs) were used as a supporting material for Pt nanoparticles prepared by the microwave-assisted polyol method. The MWCNTs were pretreated by the chemical oxidation (o-MWCNT) followed by the modification by ethylenediamine (e-MWCNT). Characterization of o-MWCNT and e-MWCNT by UV-spectroscopy, cyclic voltammetry and electrochemical impedance spectroscopy revealed that the modification by ethylenediamine leads to (i) a certain agglomeration of the MWCNTs, (ii) the decrease in the capacitance of the material, (iii) the reduced rate of electron transfer between the MWCNTs and solution species. However, the Pt loading of Pt/o-MWCNT was only 2 mass % while the loading of Pt/e-MWCNT was 20 mass%. Much higher efficiency of Pt deposition on e-MWCNTs than on o-MWCNTs was ascribed to the shift in pHpzc value of the MWCNTs surface from 2.43 to 5.91 upon modification by ethylenediamine. The investigation by transmission electron microscopy revealed that the mean diameter of Pt particles in Pt/e-MWCNT is 2.5(0.5 nm and that their distribution on the support is homogenous with no evidence of pronounced particles agglomeration. Cyclic voltammetry of Pt/e-MWCNT thin film indicated clean Pt surface with well-resolved peaks characteristic for polycrystalline Pt. 
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Water-dispersible 7-thia-8-oxoguanosine-modified multi-wall carbon nanotubes (7-TOG-MWCNTs) were prepared by chemical modification of the carboxyl groups introduced on the surface of the nanotubes using O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (N-HATU) and N,N-diisopropylethylamine (DIEA). The modification was confirmed by Fourier-transform infrared spectroscopy, elemental analysis, thermogravimetric analysis, transmission election microscopy and UV-vis spectroscopy. Studies on the consequences of CNTs predicted for medical applications are very important, especially those related to the immune system. As dendritic cells (DCs) play a critical role in inducing and regulating immune responses by connection of innate and adaptive immunity, our study was focused on interaction of MWCNTs and DCs, which was studied by light and confocal microscopy. Light microscopy shows that most monocyte-derived DCs (MoDCs) internalized 7-TOG-MWCNTs. Confocal microscopy confirmed internalized 7-TOG-MWCNTs conjugated with fluorescein isothiocyanate (FITC) as green particles inside the HLA-DR-Alexa 548 positive MoDCs. These findings support the hypothesis that functionalized MWCNTs may be a challenge system for delivery of 7-TOG to DCs, in order to improve the protocols for preparation of DC vaccines.
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Equal channel angular pressing (ECAP) is one of currently the most investigated techniques to achieve significant grain refinement within a nanometer range (< 0.1 m), or ultra fine grained (UFG) structure with a (sub)grain size of 0.1-5 m. During ECAP of a specimen through an L-shaped die it is possible to achieve an intense plastic strain by simple shear. 


In the present study, the effect of the ECAP, conducted at 200°C, on the grain refinement and strength was examined in two alloys: a commercial AA5182 alloy and the same alloy with 1.2 wt% Cu addition. Microstructure evolution and mechanical properties after ECAP was investigated by electron-backscattered diffraction (EBSD), transmission electron microscopy (TEM) and room temperature compression testing. 


After 8 ECAP passes, fraction of high angle boundaries (HAB>15°) was 50% with an average (sub)grain size of 1.2 μm in AA5182 alloy, while in the alloy with Cu addition the same were 42% and 1.4 μm, respectively. Grain refinement in the alloy AA5182+Cu was found to occur at a lower rate due to the presence of stable S phase precipitates. The strength of the alloys processed by ECAP was affected by the interplay of grain refinement, strain and precipitation hardening. The ECAP processing resulted in increase of over 150% in yield strength in both alloys.
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The synthesis of silicon substituted hydroxyapatite was performed by hydrothermal method starting from calcium-nitrate, sodium dihydrogen phosphate, disodium-ethylenediaminetetraacetic acid (used only for synthesis of whisker like particles) and urea dissolved in aqua solutions. Silicon was introduced into the solution using tetraethilortosilicate (TEOS). X-ray diffraction reﬁnement, Fourier transformed IR (FTIR) spectroscopy, transmission electron microscopy were used to characterize the samples. The hydrolysis of TEOS under basic conditions achieved through the gradual decomposition of urea under hydrothermal conditions at a high temperature resulted in the formation of silica-coated hydroxyapatite particles. The investigations showed diverse silicon substitution on spherical- and whisker-like particles under the same hydrothermal conditions. According to the obtained results, the materials doped with silicon posses higher in vitro bioactivity than silicon-free hydroxyapatite. The influence of chemical factors can explain the considerably better bioactivity obtained on the spherical-like particles after annealing at higher temperatures. It is evident that the amount of added silicon plays a fundamental role in the surface chemistry, which induces different cell responses.
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The nanocrystalline, mesoporous titania powders was synthesized by non-hydrolytic sol-gel process coupled with solvothermal treatment starting from titanium(IV)-chloride, titanium(IV)-isopropoxide and carbon-tetrachloride.


XRD analysis showed that dry gels and powders obtained by their calcination at 500 ºC contained only anatase, and that crystallinity level notably increased passing from dry gels to powders. The crystallite size of dry gels and powders obtained at 500 ºC increased as the temperature of solvothermal treatment was higher. Powders obtained at higher solvothermal treatment temperature had larger specific surface area (52.80 m2 g-1) and smaller maximum pore diameter (12.3 nm). If the calcination temperature increased up to 750 oC, the obtained powders contained anatase and rutile. The rutile content in powders is related with degree of crystallinity of dry gels: when lower level of dry gels cristallinity was, the rutile content in powders become higher, indicating that temperature of anatase → rutile transformation lowers by decreasing the size of anatase crystallites. SEM analysis revealed that dry gels and powders contained spherical particles of narrow size distribution and showed a tendency to agglomerate into clusters. The photocatalytic activity of powders calcined at 500 ºC, tested by photocatalytic degradation of azo dye CI Reactive orange 16, was sufficiently high and attained the photocatalytic activity of commercial powder Degussa P–25. 
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There is a large range of bioactive inorganic materials similar in composition to mineral phase of bone as e.g. hydroxyapatite, tricalcium phosphate, bioactive glasses, or combinations. Nevertheless, the brittle nature does not make them ideal candidates for load-bearing applications. Titanium based implants covered by thin nanostructured coatings with controlled morphologies represents a challenging and promising alternative. Modeling of appropriate coating surfaces to increase the cellular adhesion stands however for an essential topic in tissue engineering. Accordingly, the employ of extracellular matrix proteins is proposed to enhance material biofunctionality by their RGD (arginine-glycine-aspartic acid) peptide motifs recognized by the cell’s transmembrane integrin receptors. We developed herewith by laser techniques biomimetic structures composed of a thin film of hydroxyapatite (HA) covered by extracellular matrix proteins. The nanostructured HA layers were initially obtained by pulsed laser deposition (PLD) onto chemically etched titanium (Ti) disks. Next, fibronectin (FN) or vitronectin (VN) was transferred on the forming Ti/HA structures by matrix-assisted pulsed laser evaporation (MAPLE). As negative controls, bovine serum albumin (BSA) onto the Ti/HA structures were obtained by MAPLE. The uniform qualitative distribution of proteins during the MAPLE synthesis was monitored by Ponceau S Staining Solution on nitrocellulose membranes. The quantitative reproducibility of FN and VN was established by colorimetric protein assay using bicinchoninic acid (BCA) solution. The successful transfer of either FN or VN was demonstrated by FTIR studies where the peaks of protein dropcasts were matching entirely with the ones of MAPLE deposited nanostructures. These results were supported by antibody staining using anti-human FN or VN rabbit polyclonal serum and FITC-conjugated anti-rabbit IgG when spot-like fluorescent regions were visualized by fluorescence microscopy. 
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High quality amorphous transparent and conductive Indium Zinc Oxide thin films synthesized by PLD
G. Socol1*, V. Craciun1,3, D. Craciun1, I.N. Mihailescu1, N. Stefan1, C.N. Mihailescu, C. Besleaga2, S. Iftimie2, L. Ion2, S. Antohe2, K. W. Kim3, S. P. Pearton3
1National Institute for Lasers, Plasma and Radiation Physics, Magurele, Ilfov, Romania

2 Univ Bucharest, Fac Phys, 405 Atomistilor Str,POB MG-11, Magurele Ilfov 077125, Romania

3Materials Science and Engineering, University of Florida, Gainesville, USA


In the last years a great deal of interest was devoted to the development of amorphous transparent conductors for flexible electronics applications. Certainly, the doped metal oxides are considered the most promising candidates due to their properties and compatibility in form of thin films with the semiconductor technologies. In this study we report new results on the pulsed laser deposition on glass substrates of high quality amorphous transparent conductive indium zinc oxide (IZO) thin films. Two batches of samples were prepared using targets with In concentrations, In/(In+Zn), of 40% at. and 80% at, respectively. In order to obtain amorphous thin films all the experiments were performed at low substrate temperatures, from room temperature up to 100 °C. The targets were ablated by a KrF laser source under an oxygen atmosphere that was set in the 1-5 Pa range. The laser fluence onto the target surface was around 5 J/cm2 and the number of pulses applied for depositions was either 1000 or 30000, resulting in films that were around 100 nm or 2500 nm thick. X-ray diffraction investigations confirmed that the deposited films were amorphous. The optical transmittance in the range 190 nm to 1200 nm was recorded with a double beam spectrophotometer while the sheet resistance was measured with a four point probe setup. Optical transmittance was better than 80 %, reaching values around 98 % for films deposited under an ambient pressure of 5 Pa O2. Atomic force microscopy investigations showed that the films were very smooth, with surface roughness values (rms) of around 1 nm. To gain insight into the transport mechanisms in these amorphous films we also performed electrical measurements in a Van der Pauw configuration from room temperature down to 4 K. The results showed that the films exhibited a metallic behavior both in low and high temperatures from the range above. The value of the oxygen pressure was the most important deposition parameter for these films: thin films deposited under 1 Pa exhibited resistivity values in the (1.5-4.4) x10-3 Ω·cm range and

an average optical transmittance of 95 %, while for thick films we measured resistivity values in the (4.1-5.4) x10-4 Ω·cm and average optical transmittance of 80 %. Hall measurements performed on the thick films indicated carrier concentration values of 1.5x1020 cm-3 and mobilities up to 50 cm2/V·s, among the best values reported so far for room temperature deposited films.
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