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Carbon Nanofibers for Electrochemical Capacitors

A.Sezai Sarac

Istanbul Technical University, Polymer Science and Technology, Nanoscience & Nanoengineering ,Istanbul, Maslak, 34469, Turkey
sarac@itu.edu.tr

Supercapacitors are preferable, where the amount of energy stored per surface area is more significant than
energy per mass; they have various areas of applications due to instantaneous energy demand such as hybrid
energy systems in vehicles, digital telecommunication systems, and laser techniques. Carbon derivatives such as
carbon nanofibers (CNFs) and carbon nanotubes (CNTSs) can be good alternatives due to their high energy and
power densities. These nanomaterials for supercapacitor applications have been widely investigated due to their
high surface areas and efficient ion diffusion pathways.

Polyacrylonitrile(PAN)-based CNFs and PAN /Graphen Oxide CNFs were successfully obtained via
electrospinning technique [1,2] , and fabrication was followed by oxidation and low temperature (950 C)
carbonization [3,4]. Rotating collector was used as a collector to improve the fiber alignment and enhance the
CNF electrochemical applications. The D and G Raman peaks were observed, which are well known peaks for
carbon materials, and (Ip/lg) ratio was recorded as 0.87. Aqueous and organic electrolytes are used due to their

different properties, i.e., dipole moment, dielectric constant, and molecular weight. The combination of all
parameters affects electrolytes’ physical properties, which is directly related with the capacitive behavior of
electrode. Aqueous electrolytes have narrower electrochemical stability window, with higher ion conductivity,
and frequently cause to rise higher capacitance due to smaller ions by fast ion transport, resulting in high rate
capability compared to organic electrolytes.lonic liquids (ILs) in propylene carbonate (PC) or acetonitrile
(ACN) are used as electrolyte due to their larger electrochemical stability window.

CNFs were evaluated on the basis of Electrochemical Impedance Spectroscopy (EIS). Variations on the
electrolyte type have dramatically effect on the capacitance values; the ideal capacitance is obtained for 0.5 M
H>S0O4 electrolyte solution which can be chosen as an electrolyte for CNF capacitance applications. Maximum

specific capacitance was recorded as CSp 204 F g* and specific capacitance values vary between Csp 149-204 F

g™ for different electrolyte types (Fig 1). Cyclic Voltammetric (CV) cycle life tests proves that produced CNF
webs have a good stability range, after 500 CV cycles, performance lost in the CNF varies between 2 and 28%
according to electrolyte type, indicating that CNF webs can be efficiently used for capacitance applications.
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Figure 1. Carbonized PAN nanofibers (a) fiber diameter distribution (b) and Comparison of Csp, Rct, and Rs with electrolyte type(c);
values of Cgp is taken at scan rate of 5 mv st
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aligned nanofibers,Polymer Bulletin 75 , 2 ,485-499 (2018)
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Carbonized biomass-based materials for CO, adsorption
and separation from CH;,

M.A.O. Lourenco’, C. Nunes, J.R.B. Gomes', J. Pires?, M.L. Pinto®, P. Ferreira®
1- CICECO, University of Aveiro, 3810-193 Aveiro, Portugal.
2 - CQB — Center of Chemistry and Biochemistry, Faculty of Sciences, University of Lisbon, 1749-016 Lisboa, Portugal

3 - CERENA, Instituto Superior Técnico, University of Lisbon, Av. Rovisco Pais, n°l, 1049-001 Lishoa, Portugal
pcferreira@ua.pt

Abstract: Affordable materials for CO, removal from gas mixtures with CH,, as for example from biogas, are
still highly required. Activated carbons are extremely good adsorbents but usually have low selectivity. To
prepare efficient adsorbents for CO,/CH,4 adsorption-separation, the materials must hold high specific surface
areas, microporosity and nitrogen content.

Herewith, it is described the development of chitosan spheres which were dried using different methodologies
(room temperature, 40 °C in conventional oven and supercritical CO,) and pyrolysed under nitrogen
atmosphere. The materials are tested for CO,/CH, adsorption/separation. It is hypothesized that the spheres
drying method may play an important role on the features of the materials obtained by pyrolysis, namely, on the
final pore size and pore curvature, which will directly affect the diffusion of the reagents or gas molecules inside
the pores.

From the CO, adsorption capacities and selectivities determined in our study, the usage of supercritical CO, to
dry the chitosan spheres was found to be the most interesting drying methodology when compared either with
drying the chitosan spheres under air at 25 °C for 30 days or in an oven at 40 °C during 24 h. The adsorbent
with the best physical and chemical features to adsorb CO, has a Henry constant of 7.73 x 10% mol-kg™-kPa™ at
25 °C (Table 1). Additionally, the corresponding Henry constant for CH, is extremely low (0.02 x 10 mol-kg"
L.kPa™). The best adsorbent material showed the highest selectivity value (95 at 500 kPa) in the CO,/CH,
separation and adsorbs pure carbon dioxide (0.99 molar composition) under these conditions. Furthermore, this
material could be reused during at least three adsorption-desorption cycles without any losses on its adsorption
capacity for CO,. This indicates the possible regeneration of the material and its application in cyclic separation
processes.

Table 1. Virial coefficients (C; and C,) and Henry’s constants (K) for the adsorption of CH4 and CO, at 25 °C
on the pyrolysed materials

. K .
Gas Pyrolysed material (mol-kg™-kPa?) x 102 kg-(r:nlol'l (kg-r(r:12c>l'l)2 CO,/CH, ratio
CH, Chitosan dried in air
Chitosan dried at 40 °C
Chitosan dried with supercritical CO, 0.02 0
Chitosan dried in air 0.19 8.32 0.04 -

Cco, Chitosan dried at 40 °C 2.12 2.65 -0.48 -

Chitosan dried with supercritical CO, 7.73 1.35 -0.03 434

Acknowledgement: CICECO-Aveiro Institute of Materials POCI-01-0145-FEDER-007679 (Ref. FCT UID/CTM/50011/2013), CERENA
(Ref. FCT UID/ECI/04028/2013), and Smart Green Homes Project POCI-01-0247-FEDER-007678. These projects are financed by Portugal
2020 under the Competitiveness and Internationalization Operational Program and by the European Regional Development Fund (FEDER).
FCT is acknowledged by the Investigator FCT program (PC, MLP and JRBG) and the grants ref. SFRH/BD/80883/2011 (MAOL) and
SFRH/BPD/100627/2014 (CN).



Nanostructured carbon surfaces prepared by means of
C:H nanoparticles combined with PECVD

A. Shelemin, P. Pleskunov, D. Nikitin, R. Tafiichuk, A. Choukourov and H.Biederman

Charles University, Faculty of Mathematics and Physics, Department of Macromolecular Physics, Prague, Czech Republic

Gas aggregation cluster sources (GAS) equipped with DC planar magnetrons are usually used for the production
of metal (e.g. Pt, Ag, Cu, Ti) and metal oxide (e.g. TiOx, AlLOy) nanoparticles (NPs) as was first described by
Haberland et al. [1]. However, plasma polymer or hybrid NPs may be also obtained by this approach if RF
magnetrons with graphite targets and n-hexane or Ar/HMDSO/O, are used. In addition, RF magnetron
sputtering of nylon or PTFE targets can be performed in the configuration of the GAS to synthesize NPs of
corresponding plasma polymer.

The aim of this work was to design nanostructured (porous) hydrogenated carbon (a-C:H) surfaces of different
architecture with controlled wettability. For this purpose, a GAS has been used to synthesize and deposit hard
plasma polymer (C:H) NPs on solid supports. The nanoparticles were prepared in the 5 vol. % mixture of n-
hexane and Ar at the pressure of 50 Pa and at the RF power of 50 W. Under these conditions, the NPs with the
mean size of about 300 nm were produced. Beams of the NPs were directed onto the glass substrates where they
were deposited (soft landed) with an average flux of 2.1 + 0.8:10"° m?.s™. The layers with different amount of
the NPs were produced by changing the deposition time. The NP layers were subsequently overcoated by layers
of hard a-C:H using a PECVD process in the n-hexane/Ar mixture at the pressure of 5.5 Pa, the RF power of 60
W and the sample bias of -330 V (Figure 1a). The thickness of the overcoat could be varied from 50 to 150 nm.
Finally, the samples were ultrasonicated in H,O for 20 min. Ultrasonication triggered the relaxation of the
compressive stress in the hard coatings and resulted in the ejection of the NPs from them. Thus, nanoporous a-
C:H structure was produced (Figure 1b). The size and the number of pores were controlled by the size and the
number of the NPs as well as by the thickness of the a-C:H overcoat. Control over the resultant architecture
allowed to influence the wettability of the surface since the pores served as closed air pockets under the water
droplet. Such nanostructured carbon surfaces are expected to be attractive for tunable protein adsorption and cell
adhesion.
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Figure 1. AFM images of: a) C:H NPs overcoated by hard a-C:H film; b) nanoporous structure created after ultrasonication.
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Reversible CO,; reduction to formate by carbon
nanohorns/Pd@TiO, nanohybrids

M. Melchionna®, P. Fornasiero®, M. Bonchio?, M. Prato’?

1- Department of Chemical and Pharmaceutical Sciences, INSTM. University of Trieste, Via L. Giorgieri 1, 34127 Trieste, Italy
2- ITM-CNR and Department of Chemical Sciences, University of Padova, Via F. Marzolo 1, 35131 Padova, Italy
3- Carbon Nanobiotechnology Laboratory, CIC biomaGUNE, Paseo de Miramén 182, 20009 Donostia-San Sebastian, Spain

Corresponding author email address: prato@units.it

Abstract: The selective electrochemical reduction of CO, is a formidable challenge, achieved in nature by
enzymatic catalysts such as Formate Dehydrogenase enzymes (FDH). From an energy point of view, this
catalytic process allows the recycling of the greenhouse gas CO, to produce carbon based fuels, implying carbon
neutral energy schemes.[1] Artificial replicas of the FDH, namely bio-inspired multi-component hybrids, are
highly desirable, although the vast majority of systems are plagued by poor product selectivity, too high
overpotentials to trigger the reduction and poor stability, plaguing their practical use.[2] We have constructed a
bio-inspired ternary nanohybrid consisting of carbon nanohorns enveloped within a shell of hydrated TiO,
embedding Pd nanoparticles. This hierarchical catalyst exploits the synergy oft he three components, enabling
selective CO, reduction to formic acid at very small applied potentials (~ -0.2 V vs RHE) overriding the
competitive reduction of water to hydrogen. Moreover, we observed that the catalyst works reversibly, as the
continuous evolution of hydrogen is observed over time, derived from the cascade dehydrogenation of the as
formed formic acid once a steady concentration is reached.[3] This peculiar behaviour is achieved thanks to the
interplay of the three components, with in situ formed Pd hydrides being the catalytically active species, while
TiO, serves to favour water adsorption needed to hydrogenate the CO, and the carbon nanohorns surface to
guarantee efficient electron conductivity (Figure 1). The net result hints at a unique CO, “circular catalysis”
where formic acid versus H, selectivity is adressable by flow-reactor technology.

TiO,
Ox-SWCNHs
\ ) PdNps
CO,+H,0
HCO; + H*

electrode surface

Figure 1 Scheme of the electrocatalytic hydrogenation mechanism envisaged for the conversion of CO, to formic acid (blue arrows) and its
dehydrogenation (red arrows) at the Pd@TiO,/ox-SWCNHs triple functional interface (-0.2 VV vs RHE )

[1] M. Aresta, A. Dibenedetto and A. Angelini, Chem. Rev., 3, 1709-1742 (2014)
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Volarization of Industrial Tea Waste Biochar in Energy
Storage as Graphitic Carbon Material
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Marchesan®
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Abstract: Carbon as the main skeleton element of the world life, is a fascinating material that being found many
industrial and scientific applications such as energy storage. Biomass can be an alternative, sustainable,
economic and environmental friendly carbon resource that is converted to carbonaceous material biochar by
pyrolysis. Biochar could be an ideal candidate for energy storage as a sustainable carbon material. However, it
has an amorphous structure which has to be designed to graphite-like structures for a well energy storage [1].
Promoting to graphitization is generally achieved at the higher pyrolysis temperatures (>2000 °C) [2, 3]. Also,
the graphitization temperatures can be lowered in the presence of metal and metal salt catalysts [4].

In this work, catalytic structural development of the amorphous biochar derived from industrial tea waste was
performed. Fe, Mn and Mg impregnated biochar samples were treated with heat at N, atmosphere. The better
graphitization could be achieved at 600 °C with Fe impregnation. Fig. 1a shows the development of Ip/l¢ ratios
determined by Raman. The energy storage capacities of pristine and graphitized biochar is shown Fig. 1b that
the energy capacitance was improved many times with graphitization.
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Fig. 1. (a) Raman spectra of the biochar samples, (b) Capacitances of biochar (BC) and graphitized one (BC-G)
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Electrodeposition of Sn and Sn/carbon nanotubes
composites using choline chloride-based solvent (ethaline)
as electrode materials for Li ion batteries
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! CIQUP — Physical Analytical Chemistry and Electrochemistry group, Departamento de Quimica e Bioquimica, Rua do Campo Alegre, s/n
4169 — 007 Porto, Portugal
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Abstract: The electrodeposition of metals and alloys from aqueous electrolytes is limited by the narrow
electrochemical window and hydrogen evolution. To surpass these disadvantages, in recent years ionic liquids
(ILs) and deep eutectic solvents (DES) based on choline chloride have been successfully applied for
electrodeposition of different metals [1]. In the past few years, the attention regarding metal composites, namely
Sn-carbon materials composites, has increased due to its possible application as anode for lithium-ion batteries
due to the great characteristics of carbon [2].

Nano carbons, such as carbon nanotubes show very interesting electrochemical properties. Graphite is been
considered as the most commonly used anode material in Li-ion batteries due to the low cost, availability and
durability [3]. However, there has been a growing interest in using metals, intermetallic and alloys as
alternatives. Sn film anode presents a higher value of theoretical capacity (962 mAh.g™) compared to graphite
(372 mAh.g™) [4].

The aim of this work was to study the incorporation of carbon materials in tin chloride (SnCl,) electrodeposited
matrix in DES based on choline chloride, ethaline. The studied carbon materials for comparison are oxidized
multi-walled carbon nanotubes (ox- MWCNT) and pristine multi-walled carbon nanotubes (P-MWCNT). Sn
and Sn-carbon nanotubes composites were studied by cyclic voltammetry, chronoamperometry, conductive
atomic force microscopy (c-AFM) analysis and scanning electron microscope (SEM) analysis. Surface
characterization performed by SEM analysis indicates a good incorporation of MWCNTSs in the Sn matrix.
Preliminary Li-ion battery studies were performed using Sn and Sn-MWCNTSs electrodeposited composites as
anodes for capacity and cycle life (charge/discharge) determination.
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Figure 1 AFM and SEM analysis for Sn + P-MWCNTSs composite.
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Figure 2 Cycling Performance of Sn-oxMWCNTSs (charge/discharge) after 30 cycles.

[1] A. P. Abbott, D. Boothgy, G. Capper, D. L. Davies, R. Rasheed, Journal of the American Chemical Society, 2004, 126, 9142.
[2] S. Zuo, D. Li, Z. Wu, Y. Sun, Electrochimica Acta, 2018, 264, 61.

[3] M. Shafiei, A.T. Alpas, Journal Power Sources, 2011, 196, 7771-7778.

[4] J.M. Tarascon, M. Armand, Issues and challenges facing rechargeable lithium batteries, Nature, 2001, 414, 359-367.
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Abstract: The carbon-based catalysts are often synthesised through carbonization of biopolymers containing
nitrogen groups. It was shown that chitosan, a natural biomaterial, can be successfully utilized as nanocarbons
precursor [1-4]. Chitosan is an N-deacetylated product of chitin which leads to their usage as Nitrogen in-situ
dopants into carbon framework. To extend the potential applications, chemical and physical modification is
commonly used to tailor, in particular, the electronic properties and catalytic activity of these carbonaceous
structures. Different synthesis approaches provide new ways to obtain structures with versatile applications.
Here, Carbon-based fluorescent nanomaterials with the size below 10 nm may be exploited for diverse
applications such as optoelectronics, chemical sensing and biological labeling. In this work, we report a method
to synthesize N-doped Carbon and the fluorescent Carbon Nanodots by hydrothermal carbonization of chitosan.

High-resolution transmission electron microscopy (HRTEM) images revealed that the Carbon Nanodots were
monodisperse nanoparticles and had a narrow size distribution of 3-5 nm in diameter. In addition, it was
described the different kinds of currently used or tested carbon structures.

The yield of the received Carbon Nanodots was about 7.0% and the sample is readily soluble in water to form a
stable aqueous solution. The further functionalized solid phase was investigated for the oxygen reduction
reaction. The observation indicate that besides the type of nitrogen site (pyridinic or graphitic), also other
properties like the total N content, the surface area and the degree of graphitization might influence the ORR
activity. It seems the best ORR activity could be achieved if an optimal balance of surface area, active site
density, and electron conductivity were found [5-6].
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Photocatalysis can resolve contamination issues in low level organic polluted air and wastewaters.
Several inorganic oxides have been used as photocatalysts. Titanium oxide (TiO,) is the most chosen oxide, due
to its strong oxidation ability, high efficiency, as well as good thermal, photo and chemical stabilities together
with its cost effectiveness compared with other oxides. TiO, has three main crystallographic polymorphs:
anatase, brookite and rutile. Anatase is the most used phase as photocatalyst because of its high activity.
Nonetheless, the mixture of different phases such as anatase with brookite [1] or rutile [2] proved itself to
possess elevated photocatalytic degradation ability, surpassing the photocatalytic rates of the single phases.
Additionally, materials such as graphene oxide (GO) [3] and carbon nanotubes (CNT) [4] can increase TiO,
photocatalytic activity. The desirable TiO,-based material also should have high specific surface areas to allow
for the organic pollutants to contact with the photocatalyst’s surface.

In this work, we proposed an alternative yet environmental friendly way to produce TiO,-based
photocatalysts.[5] Macro- and meso-porous TiO, materials, with different crystalline phases, were produced in
absence of surfactant templates, and using distinct kinds of thermal treatments. The photocatalytic materials
were characterized regarding their structural and morphological features via X-ray diffraction; Raman and
Fourier-transform infrared spectroscopy; scanning electron microscopy; and -196 °C N, adsorption-desorption
isotherms. The photocatalytic ability was studied via the photocatalytic degradation of Rhodamine B (RhB) in
the liquid-solid phase. All TiO, samples showed a highly noticeable blue shift in the UV-Vis spectra of the
degradation of RhB, showing photosensitization phenomena. On the contrary, the TiO,/carbon-based
composites, prepared with GO and CNT, were efficient in the photodegradation of rhodamine B, without
displaying said photosensitization effect.
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Figure 1. Titanium oxide particles: a) porous; b) with graphene oxide; and c) with carbon nanotubes.
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Abstract: Multi-shell fullerenes, also known as carbon nano-onions (CNOs) are structured by concentric shells
of carbon atoms and display several unique properties, such as a large surface area to volume ratio, low density
and a graphitic multilayer morphology [1]. They are emerging as platforms for biomedical applications because
of their ability to be internalized by cells and low toxicity in vitro and in vivo [2]. The development of drug
delivery devices based on carbon onions for biomedical studies requires the understanding of their biological
response as well as the efficient and safety exposition of the nanomaterial to the cell compartment where it is
designed to operate. In my research group we have developed a versatile and robust approach for the
functionalisation of CNOs, involving the facile introduction of a number of simple functionalities onto their
surface. To probe their possible applications as a platform for therapeutic interventions on CNS diseases, we
injected fluorescently labeled CNOs in vivo in mice hippocampus. Their diffusion within brain tissues and their
cellular localization were analyzed ex vivo by confocal microscopy, electron microscopy and correlative light-
electron microscopy techniques. The subsequent fluorescent staining of neuronal cells populations indicates they
efficiently internalize the nanomaterial. Furthermore, the inflammatory potential of the CNOs injection was
found comparable to sterile vehicle infusion, and it did not result in manifest neurophysiological and behavioral
alterations of hippocampal-mediated functions [3]. These results encourage further their development as brain
diseases-targeted diagnostics or therapeutics nanocarriers.

Figure 1 Fluorescein-tagged CNOs infused in vivo render hippocampal cells fluorescent.
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Carbon nanomaterials (CNMs) are widely employed in biomedical applications being suitable for targeted drug
delivery, imaging and in theragnostic, because of their excellent mechanical, optical, and thermal properties [1].
Although different studies have preliminary assessed the in vitro toxicity of CNMs, it is essential to evaluate
their interaction with a more complex and in vivo bio system. To this end, we report a careful evaluation and in
vivo screening of the potential toxic effects of oxidized carbon nano-onions (oxi-CNOs), oxidized carbon nano-
horns (oxi-CNHs), graphene oxide (GO) and oxidized nano diamonds (oxi-NDs) on the development of
zebrafish (Danio Rerio) [2, 3]. This is an excellent and predictive vertebrate model organism for assessing
toxicity of numerous nanomaterials at the whole animal level, due to its external development and optical
transparency [4]. Briefly, zebrafish eggs were exposed to different concentration of carbon nanomaterials and
the different toxicological and behavioural end-points were monitored during the development by a visible test.
Our findings clearly show the good biocompatibility of oxi-CNOs, oxi-CNHs and oxi-NDs at the tested
concentrations. On the other hand, GO presents a toxicity dose dependent, causing a perturbation on the
behavioural end-points and developmental delay with different malformations. Moreover, we demonstrate that
CNOs are more biocompatible than the other three carbon nanomaterials and consequently more suitable and
promising for biomedical applications.

[1] J. Bartelmess, S. Quinn, S. Giordani, Carbon nanomaterials: multi-functional agents for biomedical fluorescence and Raman imaging,
Chemical Society Reviews, 44(14), 4672-4698, (2015).

[2] N. Nunn, M. d'Amora, N. Prabhakar, A. Panich, N. Froumin, M. Torelli, I. Vlasov, P. Reineck, B. Gibson, J. Rosenholm, S. Giordani, O.
Shenderova, Fluorescent Single-Digit Detonation Nanodiamond for Biomedical Applications, Methods and Applications in Fluorescence, 6,
(2018).

[3] M. d’Amora, A. Camisasca, S. Lettieri, S. Giordani, Toxicity assessments of different carbon nanomaterials in zebrafish during
development, Nanomaterials, 7(12), (2017).

[4] M. d'Amora, M. Rodio, G. Sancataldo, R. Brescia, F. Cella Zanacchi, A. Diaspro, S Giordani, Biocompatibility and biodistribution of
functionalized carbon nano-onions (f-CNOs) in a vertebrate model, Scientific Reports, 6, (2016).



Compatibilization of thermoplastic alloys
with modified GO

A. Kol, S. Kenig and N. Naveh

Polymers and Plastics Engineering Dept., Shenkar College, Israel

Corresponding author: N. Naveh, naumn@shenkar.ac.il

Abstract: Graphene Oxide (GO) can function as a potential compatibilizer and reinforcement for immiscible polymer
blends, especially if functional groups are introduced by reactive mixing. In this work Polypropylene (PP) / Polyamide
(PA) alloys were studied. By controlling the thermodynamics and blending dynamics it is possible to localize GO at the
interface, resulting in optimal compatibility and electrical conductivity with the lowest GO content possible. Expandable
graphite was oxidized to several oxidation levels (10 - 40%) and modified by amino silane (AS) and octyl silane (OTES)
to yield GO-AS and GO-OTES [1]. This way, GO was driven to the interface during time controlled blending.
Significant enhancement of mechanical properties is demonstrated by using less than 3 wt.% GO. GO is unstable at the
processing temperature and is reduced to rGO, yet the surface treatment by AS moderates the reduction process.

Figure 1 demonstrates the influence of different oxygen levels on storage and loss modulus of PP-GOAS/PA blend [2].
The three peaks of PP/20%GOAS/PA in Figure 1B represent different phases, the one at ~30°C is identifiable with the
interface where GOAS is localized. HRSEM images (Figure 2) support this evidence.
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Figure 1: DMA analysis. Influence of different oxygen levels on storage (A) and loss (B) moduli of PP-GOAS/PA blend.

Figure 2: HRSEM of PP/20%GOAS/PA. GOAS at the interface.
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Carbon nanotubes are versatile building blocks for nanocomposite coatings destined to large number
applications including, the elimination of toxic transition metal ions,[1] bio-sensing[2] and
heterogeneous catalysis[3, 4] owing to their high specific surface area. Whereas, their electrical
property is an asset to design active electrodes for the electrochemical energy storage,[5] and piezo-
resistive strain-sensors.[6] Finally, their optical property is prized for the reduction of stray-light in
highly demanding optical instruments.[7, 8]

Involving CNT as a building block in nanocomposite coatings is always associated with integration
challenges, which drives the continuous development of innovative approaches and chemistries for
their synthesis. Pulsed electrodeposition aided injection CVD was, for instance, developed for the
uniform insertion of CNT into hydroxyapatite.[9] As a second example from the literature, we might
also state the CNT growth at low temperature, 480°C, via the plasma enhancement of the catalytic
effect.[10]

Here, we report on a single pot synthesis process that relies on the implementation of a catalyst-
promoter single step approach for the growth of CNTs. This purely thermal process allows a
sustainable growth of CNTs on various substrates starting a temperature of 320°C, and uses
economically and environmentally sound reactants. The source of carbon in this investigation is
ethanol and the process tolerates the presence of water impurity, which opens the possibility of
implementing biomass-derived ethanol with no need of extensive purification.

In this presentation, we will show the ability of this approach to growth randomly oriented, as well as
vertically aligned CNT forest at temperatures compatible with substrates such as aluminium foil.
CNT-based composite coatings, produced in a two-steps single pot process, offer a high degree of
freedom including the architecture and composition of the matrix. Application examples from our
study will include active electrodes for the electrochemical energy storage and super-black coatings
for stray-light mitigation for space applications.
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Polymer nanocomposites with carbon nanotubes (CNT) have been a topic of extended research for about 20
years [1]. However, the changes observed in mechanical, electrical and other properties with the addition of
CNT to the polymer matrix are very diverse, for which several interpretations exist. The most probable
explanation is the use of different CNT types, which are usually synthesized in various laboratories and are
diffenerentiated by the purity, length, diameter... Diverse properties of nanocomposites can also be a
consequence of different processing methods and processing parameters.

In our work we used industrial grade SWCNT to prepare SWCNT / polyethylene nanocomposites. Masterbatch
Tuball 801 (OCSiAl, Luxembourg) with 10 wt.% of SWCNT in polyethylene wax, was mixed with the low
density (LDPE, DOW LDPE 780 E NATURAL, Dow Chemicals Company, USA) and high density (HDPE,
HDI2061 NATURAL, Braskem IDESA, Mexico) polyethylene using Minilab microcompounder equipped with
MiniJet injection moulding machine. The temperature of compounding was 220 °C, time of mixing was 10
minutes, screw speed was 200 rpm, and the SWCNT concentration was spaned in between 0.05 % and 0.5 %.
The nanocomposite with 0.4 % SWCNT was also prepared in a laboratory twin-screw extruder Labtech-LTE
(screw diameter = 20 mm, L/D = 44), operating at 220 °C and screw speed of 100 rpm. Samples for mechanical
testing were prepared by a KraussMaffei KM 80/380 CX injection moulding machine.

Thermal properties were determined by a Mettler Toledo DSC1 differential scanning calorimeter, and
mechanical parameters (i.e. Mouldus of elasticity, tensile strength and elongation at break) were determined by
tensile testing using a Shimadzu AG-X plus.

SWCNT acted as a weak nucleating agent for crystallization, thus increasing the temperature of crystallization
(start) but reducing the rate of crystallization. Therefore, the crystallization of PE proceeded in a broader
temperature range and the enthalpy of crystallization was reduced. The influence was higher for the HDPE than
for the LDPE.

The tensile modulus and strength increased with increasing the SWCNT concentration. At a concentration of 0.5
% SWCNT, the modulus and strength of LDPE increased for 70 % and 28 %, respectively. Lower increase in
modulus (25 % and 20 %) was observed for the HDPE. However, elongation at break reduced for 26 % in the
case of LDPE, while for the HDPE the increase for 16 % was observed.

The influence of processing parameters (injection speed, melt temperature, holding pressure and holding time)
during injection moulding on the mechanical properties were determined for the nanocomposite with 0.4 %
SWCNT via Taguchi DOE Analysis. The optimum parameter of the melt temperature identified was 200 °C,
while by changing the values of other processing variables it is possible to significantly maximize the elastic
modulus, or tensile strength or to minimize the elongation at break.
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Single walled carbon nanotubes (SWCNTS) properties reveal that it is one of the most adequate material to
nano-structured gas sensor. This contribution investigates molecules interaction to surface of the carbon
nanotube by means of Density Function Theory (DFT), Hartree - Fock theory at Abinitio and semi empirical
level of approximation. The bonding energy of NO, and H, molecules were studied in relation to their
equilibrium sites on an armchair (5,5) SWCNTs model. These molecules were chosen for the difference in their
bonding energy as about 900meV and 80meV respectively. The results at different level of approximation were
compared and discussed, also considering those already reported. In spite of the disagreements regarding the H,
position on the surface of the nanotubes where the minimum energy is reached the important fact is that H, has a
very week interaction energy relative to NO, as all approximations indicated. Beyond the bonding energy used
as a direct sign of molecules detection capability, we consider the changes in density of states (DOS) of
SWCNTSs due to the adsorbed species. The integral intensity variation of DOS spectra corresponding to the
carbon nanotube in interaction with the molecules was estimated relative to that of a pure one. These results
were also related to the number of the captured molecules in an attempt to have an insight to the sensitivity of
the nano-sensor. An external electric field has been preliminary considered to look for the increasing of the
bonding energy of adsorbated species onto the nano- tube surface. The results on extra-polarisation effect on
molecular detection looks not satisfactory relative to HF-PM3 approach being necessary a higher level of
approximation.



Terrylene filled Single Walled Carbon Nanotubes as
precursor to n=5 Nanoribbons

C. Berkmann®, L. Shi*, H. Kuzmany*, T. Saito?, T. Pichler®, P. Ayala'

1- University of Vienna, Faculty of Physics, 1090 Wien, Austria
2- National Institute of Advanced Industrial Science and Technology (AIST),JAPAN

claudia.berkmann@univie.ac.at

The semiconducting property of some graphene nanoribbons can play an important role in addressing the issue
of finding novel materials for the semiconducting industry. In this context, the metallicity and possible bandgap
of the nanoribbon is defined by the structure of the edges (zigzag or armchair) and the width of the nanoribbon.
However, synthesizing such structures with a controlled morphology is one of the greatest challenges in this
field. In this study we investigated the use of the precursor molecule Terrylene encapsulating it inside single
walled carbon nanotubes (SWCNTSs) for the synthesis of nanoribbons via a controlled reaction. The benefit of
this approach is that the spatial confinement of the molecule imposed by the SWCNT ensures that it is aligned
with respect to the SWCNT axis. After filling the SWCNTs with Terrylene, the end of the molecules connect
among each other during a heat treatment forming nanoribbons with the same width as the Terrylene molecule.
The filling was performed by first opening the SWCNTSs by heating them in air and then heating the Terrylene
powder and a bucky paper of SWCNTSs sealed in a quartz tube at high vacuum for several days. To determine
whether the filling with Terrylene was achieved, the samples were investigated via Raman spectroscopy,
photoluminescence (PL) spectroscopy and transmission electron microscopy (TEM). After filling and repeatedly
washing the sample to remove excess material, Raman measurements reveal the presence of the molecules.
Furthermore, the PL signal of the Terrylene shows changes after encapsulation and solubilization compared to
merely Terrylene suspended in solvent. These results strongly suggest that using Terrylene as a precursor
molecule encapsulated in SWCNTS represents a truly viable pathway to produce width controlled nanoribbons.
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ABSTRACT

In this study electron spin resonance (ESR) investigations on hybrid natural rubber based nanocomposites
loaded with 2 phr of multi-walled carbon nanotubes (MWCNT) and various concentrations of expanded
organically modified montmorillonite (EOMt) (0; 8 and 16 phr) were reported. The temperature dependence of
the resonance line parameters in the range 160-353 K was analyzed. From the obtained results it was evident
that the presence of the EOMt influences the appearance of the ESR spectra. This influence makes it possible to
assess the state of dispersion of the hybrid nanofiller in the rubber matrix only by analyzing the line shape of the
resonance ESR spectra. The Lorenzian line shape indicates good dispersion of the nanofillers while Dysonin
line shape suggests re-agglomeration. The increase of the g-factor, or resonance line position values, when
EOMLt is present in the matrix suggests that the EOMt and MWCNT interact in such a way that the content of

the defects in the multi-walled carbon nanotubes decreases.
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Graphene-family nanomaterials (GFNs) hold excellent physicochemical properties that confer them numerous
applications. Nevertheless, GFNs potentially widespread use is raising considerable concerns about their toxic
potential towards the environment and human health. Safety of GFNs is being matter of research worldwide, but
the results are so far yet controversial and therefore proper toxicological risk assessment of GFNSs is needed.

Within the scope of the PLATOX project, funded by the FP7-SIINN ERA-NET on Nanosafety, commercially
available GFNs were selected and their in vitro toxicity was assessed in murine RAW 264.7 macrophages and
MRC-5 lung fibroblasts (0-50 pg/cm?), using spherical carbon black as reference. The effects on cell viability
were investigated after 24 and 48h of exposure using lactate dehydrogenase release and AlamarBlue® assays.
Based on the cell viability results the benchmark dose 30 (BMD30) for the GFNs was calculated. Cellular
uptake, effects on cell-cycle dynamics, production of reactive oxygen species (ROS) and inflammatory
responses were analyzed by flow cytometry.

Results show that both carboxyl graphene and single layer graphene markedly impaired metabolic activity of
macrophages. For the doses tested, the cell viability of MRC-5 fibroblasts was not affected. Carboxyl graphene,
graphene nanoplatelets and single layer graphene oxide were strongly internalized by RAW 264.7 cells.
Additionally, GFNs differently affected cell cycle dynamics of macrophages. Upregulation of pro-inflammatory
factors TNF-a and MCP-1 was observed for single layer graphene oxide and graphene oxide. Increase in the
levels of ROS was observed mostly at 0.5BMD30 doses. Altogether, the obtained results will enable the
establishment of a toxicity ranking for the studied GFNSs.
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Abstract: The processing of nanocarbons in polymer fibers is a route towards a variety of electro-active
materials potentially useful in energy production and conversion. In particular, we show recent progresses
related to the development of new shape memory torsional actuators. Graphene reinforced polymer fibers
exhibit significant improvements of their shear modulus. As a result, such fibers can absorb a high amount
mechanical energy when twisted at high temperature. This energy can be stored by quenching the materials to
low temperature. It can be further restored by heating the material above its glass transition temperature. The
fiber untwists and acts as a torsional actuator capable of generating an exceptionally high torque associated to a
giant energy density. In addition, the temperature at which the maximum of energy is released can be tuned by
changing the programming conditions.

We will also briefly summarize other activities of the Centre de Recherche Paul Pascal on CNT based fibers,
including development of conductive textiles, new microelectrodes for biofuel cells, and scale-up of an original
fiber wet spinning process.
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Abstract: In this study, o, B, y polymorphs of MnQ, structures were synthesized via rapid and facile microwave
assisted hydrothermal method and Graphene Oxide (GO) structure was produced via oxidation of graphite by
Hummers’ method. Two different methods used to reduce the produced Graphene Oxide. Firstly,
Graphene/MnO, flexible free-standing cathodes were prepared by chemical reduction process. GO/MnO,
composites obtained by ultrasonic homogenizer and then they filtered through a vacuum filtration technique.
Hydrazine hydrate (HH) was used as reductive agent and 2mmol HH solution was poured on GO/MnO, and
rGO/MnO, was obtained (Figure 1). The charge-discharge characteristics of the cathodes were performed in the
voltage range from 1.5 V to 4.5 V at a constant current density of 0.1 mA cm using CR2016 coin cells. The
initial capacity of rGO/ o, P, and y MnO, free-standing cathodes shown 321 mAhg™, 198 mAhg™, and 251
mAhg™, respectively. rGO/a-MnO, cathode displayed a better electrochemical reaction and cycling
performance, which exhibited 229 mAhg™ specific capacity after 200 cycles with 72% capacity retention.
Secondly, rGO/MnO, flexible free-standing cathodes were prepared by thermal reduction process with thermal
reduction in Argon atmosphere at 700°C. The obtained thermal reduced graphene (TrGO) and MnO,
polymorphs were combined by ultrasonic homogenizer as mentioned above. The initial capacity of a- MnO,
ITrGO, y-MnO, / TrGO free-standing cathodes were indicated 200 mAhg™, and 128 mAhg™, respectively. p-
MnO, /rGO cathodes did not respond to electrochemical cycling. This result was attributed to clogging of 1x1
tunnel type structure of B-MnO, and therefore doping technique was used to widen the tunnels. Co and Ni
doping has been used because of their suitable ionic radius. The initial capacity of Co-p-MnO,/TrGO and Ni-f3-
MnO,/TrGO, free-standing cathodes were yielded 136 mAhg™, and 120 mAhg™ discharge capacities,
respectively

Figure.1. Surface morphologies of (a) a- MnO2, (b) - MnO2, (c) y-MnO2, (d) Graphene/a-MnO2, (e) Graphene/B-Mn0O2, and (f)
Graphene/y-MnO2 free standing cathodes
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Abstract: Graphene production has been intensively studied since its emergence in 2004, to accelerate its
entrance to the application field in a reasonable price and quality. The most suitable methods for graphene mass
production are top-down mechanochemical approaches, such as sonication and high-shear mixing. However,
these techniques are limited to liquid medium, which requires graphene stabilization, solvent removal, and
results in very low yields (<3%). Another top-down mechanochemical approach, ball milling, nowadays an
established technique for producing nanomaterials, is a good candidate for generating the shear and impact
forces needed to produce graphene from graphite. This method has been used to produce graphene from graphite
in both wet (liquid media) and dry (solid media) milling. In these previous studies, the dry milling resulted in
high content of amorphous carbon, while the wet milling resulted in more crystalline products, but required
extremely long milling procedures (>20 hr.). Furthermore, in some cases, subsequent sonication was used to
improve the relatively low yields.

In this study, graphite flakes were pre-mixed with solid organic diluents to prevent re-aggregation of the
obtained graphene sheets, and to minimize the formation of amorphous carbon during the dry milling process. In
the non-protected milling, there is a continuous fragmentation leading to amorphous carbon formation while in a
diluent-protected milling, the diluent adsorbs part of the impact forces (low milling energies), and therefore
enables the exfoliation into graphene sheets (due to shear forces), followed by their fragmentation at higher
milling energies. Next, all the diluent is completely removed via filtration with suitable solvents, to obtain the
graphene product (see figure).

Non-protected Diluent-protected

Figure: Schematic view of a non-protected (left panel) and a diluent-
protected (right panel) milling of graphite flakes. During the non-protected
milling, there is a continuous fragmentation leading to amorphous carbon
formation. However, in a diluent-protected milling, the diluent adsorbs part
of the impact forces, and therefore enables the exfoliation into graphene
sheets. Further milling results in decreasing their lateral dimension as a
result of fragmentation. The graphene product is then washed with a suitable
solvent to remove the diluent. Black - graphite flakes, White - milling balls.

Amorphous Carbon Graphene Sheets

M. Buzaglo, I. Pri Bar, M.Varenik, L. Shunak, S. Pevzner and O. Regev, Graphite-to-Graphene: Total Conversion, Advanced Materials, 29,
1603528, (2017).
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The graphene-based hybrid materials have been successfully employed in a wide range of biological
applications, as biosensors or drug delivery systems. However, for this type of applications, biocompatible and
non-toxic materials are required [1]. The chemical synthesis of reduced graphene oxide (rGO) from graphene
oxide (GO) allows its further functionalization and it is a facile and cost-effective method. Moreover, the use of
a green reducing agent as caffeic acid (CA), do not compromise its use in biological applications [2].

The main aim of this work was the development of a green one-step strategy to synthesize rGO sheets decorated
with CA nanoparticles (rGO-CA). Therefore, the effect of the CA content (9, 33, 50, and 100 wt%) in the
production of rGO sheets by hydrothermal treatment was studied. The structure, morphology and electrical
conductivity properties of the rGO-CA materials were assessed.

The XRD diffraction patterns of rGO revealed a decrease of GO d-spacing in the materials treated with CA due
to oxygen containing groups removal. The characteristic peaks of rGO at 26 equal to 5 and 43° are present in all
samples. Furthermore, the Raman spectra of all reduced samples showed the presence of the characteristic bands
of graphitic materials (D, G, 2D, D+G and 2D’), corroborating the presence of rGO. The morphological analysis
(SEM and STEM) revealed the presence of a multilayer wrinkled structure of rGO sheets and CA nanoparticles
in all samples, with the material synthetized with CA 9% showing the highest content in nanoparticles (Figure
1). In addition, this material (CA 9%) revealed the uppermost electrical conductivity.

The hydrothermal treatment of GO in the presence of CA is an effective reduction method to produce rGO
sheets. The use of just 9% of caffeic acid seems to be enough to maximize the electric conductivity properties,
being the resulting sample promising for further functionalization. Moreover, this eco-friendly methodology
allows its use for biological applications.
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Figure 1 - SEM images of rGO-CA materials synthetized with 0, 9, 33, 50, and 100 wt% of CA.
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Abstract: Hydrogels which are highly hydrated materials have come to the fore front for the design of
biocompatible and mechanically tuneable 3-dimensional (3D) scaffolds which offer opportunity for bio-
functionalization [1]. Recently strategy of incorporating graphene based nano-fillers in hydrogels has been used
to tailor mechanical strength and conductivity and add binding sites for bio-functionalization to regulate cell
behaviour, including proliferation, differentiation and protein synthesis to promote specific tissue regeneration
[2]. As underlined by a number of authors the key challenge when designing hybrid materials is the
understanding of the molecular interactions between the nano-filler and the matrix and how these affect the final
properties of the bulk material. For the purpose of this work three rationally designed p-sheet self-assembling
peptides: VEVKVEVK (V8), FEFKFEFK (F8) and FEFEFKFE (FE) with varying physiochemical properties
and five GDs with varying surface chemistries have been used to formulate selection of hybrid hydrogels [3]

(Fig. 1).
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Figure 1 Graphical abstract outlining the purpose of this work.

The interplay of various molecular interactions between nano-fibres and graphene based materials was
investigated using variety techniques including atomic force microscopy and oscillatory rheology. In particular
hydrophobic and electrostatic interactions were found key to the design of bulk hydrogels with tuneable
mechanical properties. Human mesenchymal stem cells (hMSCs) were then 3D encapsulated in the FE, FE+
graphene oxide (GO) and FE+ reduced graphene oxide (rGO) hydrogels and cultures were maintained for 14
days. Using Live-Dead staining, it was clear that cell viability was maintained at >95 % over 14-day culture
period for all samples. This indicated non-cytotoxicity of the 3D culture systems for hMSC cells. This work
clearly shows how interactions between peptides and GDs can be used to tailor the mechanical properties of the
resulting hydrogels, allowing the incorporations of these nano-fillers in a controlled way, and opening the
possibility to exploit their intrinsic properties to design novel hybrid peptide hydrogels for biomedical
applications.
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Abstract: Thanks to its oxygen-containing functional groups the graphene oxide (GO) is easily functionalized,
what makes it a good candidate for the use as a drug delivery nanoplatform. The GO detection in the interior of
the cells is challenging due to the lack of the GO fluorescence. The Raman spectroscopy can easily identify the
GO-associated G and D Raman bands. Using the confocal Raman mapping (CRM), we were able to detect the
GO cellular uptake without further labeling of the GO. The CRM allows to track the label-free GO at cellular
level what is important for the investigation of the nanomaterial-cell interaction without modification of the
nanomaterial.

a)

Figure 1 Internalization of GO in C33 cell: a) bright field image, b) false colour image based on Raman mapping.
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Much effort has therefore been expended in recent years to develop the materials assembly of spin crossover
(SCO) complexes and impressive results have been achieved in stabilizing and isolating monodisperse
nanoparticles,™ nanocrystals,” thin films,®! micro- and nanopatterned media," Langmuir-Blodgett surface
mono- and multilayers®™ and hysteretic soft media assemblies.”™ The dimensional reduction of SCO complexes
has been observed to have an effect on the magnetic behaviour of the materials.!! This is a result of the
electronic bistability being related to the collective behaviour of the SCO centres in the crystalline lattice. We
have shown that the SCO properties were retained for Fe(l11) SCO complexes.”®! Here, we now probe the
efficacy of attaching Mn3+ complexes in different spin states on few layer graphene (FLG). Characterization of
the bulk materials and resulting composites will be discussed and a number of techniques such as Raman
spectroscopy, AFM and SQUID magnetometry will be included.

© N o O

. a) J. —F. Létard, O. Nguyen and N. Daro, Patent FR2894581, 2007; b) E. Coronado, J. R. Galan-Mascar6s, M. Monrabal-Capilla, J.

Garcia-Martinez, P. Pardo-Ibafiez, Adv. Mat. 2007, 19, 1359-1361; c) A. Tokarev, L. Salmon, Y. Guari, W. Nicolazzi, G. Molnar, A.
Bousseksou, Chem. Commun. 2010, 46, 8011-8013;

. a) V. Martinez, |. Boldog, A. B. Gaspar, V. Ksenofontov, A. Bhattacharjee, P. Giitlich, J. A. Real, Chem. Mater. 2010, 22, 4271-4281,;

b) I. Boldog, A. B. Gaspar, V. Martinez, P. Pardo-lbafiez, V. Ksenofontov, A. Bhattacharjee, P. Gitlich, J. A. Real, Angew. Chem., Int.
Ed. 2008, 47, 6433-6437; c) F. Volatron, L. Catala, E. Riviére, A. Gloter, O. Stéphan, T. Mallah, Inorg. Chem. 2008, 47, 6854-6586.

a) S. Cobo, G. Molnar, J. A. Real, A. Bousseksou, Angew. Chem. Int. Ed. 2006, 45, 5786-5789; b) G. Molnar, S. Cobo, J. A. Real, F.
Carcenac, E. Daran, C. Vieu, A. Bousseksou, Adv. Mater. 2007, 19, 2163-2167; c) G. Agusti, S. Cobo, A. B. Gaspar, G. Molnar, N. O.
Moussa, P. A. Szilagyi, V. Palfi, C. Vieu, M. Carmen Mufioz, J. A. Real, A. Bousseksou, Chem. Mater. 2008, 20, 6721-6732.

a) M. Cavallini, I. Bergenti, S. Milita, G. Ruani, I. Salitros, Z. —-R. Qu, R. Chandrasekar, M. Ruben, Angew. Chem. Int. Ed. 2008, 47,
8596-8600; b) M. S. Alam, M. Stocker, K. Gieb, P. Miiller, M. Haryono, K. Student, A. Grohmann, Angew. Chem. Int. Ed. 2010, 49,
1159-1163.

a) P. Coronel, A. Barraud, R. Claude, O. Kahn, A Ruaudel-Texier, J. Zarembowitch, J. Chem. Soc., Chem. Commun. 1989, 193-194; b)
D. R. Talham, Chem. Rev. 2004, 104, 5479-5501.

a) P. N. Martinho, Y. Ortin, B. Gildea, C. Gandolfi, G. McKerr, B. O’Hagan, M. Albrecht, G. G. Morgan, Dalton Trans. 2012, 41,
7461-7463; b) C. Gandolfi, G. G. Morgan, M. Albrecht, Dalton Trans. 2012, 41, 3726-3730.

T. Forestier, A. Kaiba, S. Pechev, D. Denux, P. Guionneau, C. Etrillard, N. Daro, E. Freysz, J. —-F. Létard, Chem. Eur. J. 2009, 15,
6122-6130.

P. N. Martinho, T. Lemma, B. Gildea, G. Picardi, H. Muller-Bunz, R. Forster, T. E. Keyes, G. Redmond, G. G. Morgan, Angew. Chem.
Int. Ed. 2012, 51, 11995-11999.


mailto:grace.morgan@ucd.ie

Electrical conductive chitosan - reduced graphene oxide
flexible bionanocomposites

A. Barral, N. M. Ferreiral?, M. A. Martinst, O. Lazar3, A. Pantazi®, A. A. Jderu®, S. M. Neumayer*5, B. J.
Rodriguez®, M. Enichescu®®, P. Ferreira!, C. Nunes!

1- CICECO - Aveiro Institute of Materials, University of Aveiro, 3810-193 Aveiro, Portugal
2- 13N, Department of Physics, University of Aveiro, 3810-193 Aveiro, Portugal
3- Center for Surface Science and NanoTechnology, University Polytechnic of Bucharest, Romania
4- School of Physics & Conway Institute of Biomolecular and Biomedical Research, University College Dublin, Belfield, Dublin 4, Ireland
5- Center for Nanophase Materials Sciences, Oak Ridge National Laboratory, 1 Bethel Valley Rd. Oak Ridge, TN 37831, USA
6- Academy of Romanian Scientists, Bucharest, Romania

abarra@ua.pt

Electrical conductive materials have tremendous interest for distinct biological applications, as biomedical
sensors or electrically conductive food packaging [1,2]. However, the biodegradability and toxicity of
conventional materials are limited. Therefore, the development of biocomposites, using nontoxic electrical
conductive fillers and natural biopolymers can gather all the required conditions [3].

Herein, electrical conductive bionanocomposites of chitosan with several loads (0, 25, 40, 45, 48 and 50% w/w)
of reduced graphene oxide were developed by an eco-friendly methodology. The reduced graphene oxide was
hydrothermally reduced in the presence of caffeic acid, dispersed into chitosan and the films prepared by solvent
casting. The homogeneity of the reduced graphene oxide dispersion into chitosan matrix was evaluated through
the analysis of topography and electrical conductivity from the micro to the nanoscale. Figure 1 presents the
surface morphology and electrical conductivity of the composite with the highest reduced graphene oxide load
(50% w/w) and the greatest in-plane electrical conductivity (8.4 mS-cm™). The incorporation of reduced
graphene oxide into chitosan lead to an improvement of films mechanical resistance and stability in acidified
solutions. Moreover, the antioxidant activity of films was 80 times higher than observed for the pristine chitosan.
This work reports the production of chitosan-based films with the highest electrical conductivity and the upmost
tensile strength, achieved using a green methodology. The eco-friendly strategy behind the design of these
flexible biomaterials confers them an enormous potential for food packaging and biological applications.
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Figure 1. Surface morphology and electrical conductivity of the bionanocomposite with 50% of rGO: a) AFM topographic images (5 pm x 5
um), b) CAFM current map (5 um x 5 pm), and ¢) Height and current value profiles of the marked areas in the AFM and CAFM images.
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Abstract: The detection and quantification of VOCs are crucial issues for the air quality monitoring and an
increasing request of low-cost, eco-compatible VOCs sensors able to work at room temperature is emerging.
Such objective can be pursued by merging new material sensing properties with eco-sustainable fabrication
processes and substrates. Amongst the nanostructured gas sensing systems, carbonaceous nanomaterials have
proved to be promising in the production of high performance chemical sensing devices due to their electrical
and structural properties (high surface area, high chemical and thermal stability and functionalization
capability). In the last years, graphene and related materials (GRMs) have been extensively employed in many
sensing experiments and they have been exploited for the detection of a widespread range of chemicals,
including VOCs [1,2].

Starting from the findings of our previous work on sensing capabilities of graphene-like (GL) layers to ethanol
[3], in this work we investigated the possibility to process GL layers aqueous suspension by means of inkjet
printing (1JP) to test its processability by an eco-sustainable sensor fabrication process. Indeed, the 1JP
technology, namely a deposition method from liquid phase, permits an efficient use of different functional inks
reducing the amount of waste products, and nonflexible and flexible substrates (as paper substrates). We
explored the possibility to fabricate ethanol chemiresistors by printing onto different substrates an aqueous
suspension of GL layers obtained through a two-step oxidation/reduction method starting from a nanostructured
carbon black [4,5]. The GL layers-based ink was inkjet printed onto three different substrates with interdigitated
Cr/Au electrodes (glossy paper, alumina and silicon dioxide), accordingly to the same printing parameters. The
sensor devices were exposed to 50 ppm of ethanol at RT in dry N,, setting the voltage at 1 V. The electrical
responses of the sensor devices, analyzed in terms of conductance variation when exposed to this analyte
(Figure 1), indicated process repeatability both at fixed substrate (intra-substrate reproducibility) and by varying
the substrates (inter-substrate reproducibility) [6].

Overall, in this study we demonstrated the feasibility of manufacturing printed VOC sensors onto flexible
substrates by merging a low-cost and sustainable process with a new nanomaterial having suitable sensing

properties.
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Figure 1 Electrical responses of the different sensor devices
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Abstract: Metal-organic frameworks (MOFs), are an attractive and versatile new class of coordination
polymers with fascinating 3D topologies, large compositional and structural variety featuring numerous
applications such as gas storage, separation of fluids, catalysis, sensing, biomedicine, fuel purification, etc. [1].

m H,x10
B CH,
CO,

wt % (anJQms)

Figure 1 Hybrid GL/MOF gas adsorption capacities.

In this study hybrid MOF have been produced by intercalating the crystalline structure of three 1,3,5-
benzenetricarboxylic acid (BTC) based MOFs (HKUST-1, MIL-96 (Al) and MIL-100(Fe)) with graphene-like
layers (GL, 5 wt. %) obtained from a nanostructured carbon black through a wet chemical approach [2,3]. The
materials were tested for the evaluation of H,, CH4 and CO; adsorption capacities. The adsorption/desorption
tests have been carried out at room temperature and in 0 + 80 bar pressure range for Hp, 0 + 50 bar for CH4 and
0 + 15 bar for CO,. All measurements have been acquired using an optimized Sievert-type (volumetric)
apparatus f-PcT for accurate and reliable gas adsorption measurements [4]. The adsorption isotherms were
collected and compared to highlight differences or similarities inter- and infra-classes since different adsorption
properties can be adducted to the different interaction between the sorbent and the adsorbent species, and that
can be related to the structural, morphological and chemical properties of the samples. It was found that in all
cases the neat samples did not reach saturation indicating the possibility of uptake improvement increasing
pressure and/or changing working temperature conditions. As a general trend the hybrid MOF exhibit a quicker
saturation for all the analyzed gases (negligible in the case of hydrogen). The gap in terms of maximum wt. %
between the analyzed samples results negligible or difficult to be appreciated in the case of hydrogen uptake,
while it became significant in the case of CHs and CO. uptakes. Looking at the microtextural features, the
samples with the higher surface areas and enhanced microporous character exhibit the highest CO, and CHa
uptakes. Studies devoted to correlate the adsorption capacities with porosity and specific surface area are
ongoing in order to understand if the higher storage capacity of the samples can be simple ascribed to a higher
specific surface area of the sample or to specific surface characteristics (hydrophilicity/hydrophobicity) induced
by the presence of graphene-like layers.
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scientific Instruments 84, 103907, (2013).
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Abstract: We report about the preparation and characterization of hybrid compounds obtained combining
graphene-like layers and eumelanin pigment. Among the different kinds of natural melanin pigments, eumelanin
is the one showing the highest electrical conductivity. Its electrical properties are known to be tunable by acting
on the water amount and on the specific functionalization of the pigment [1,2], as well as by realizing
eumelanin-based hybrid compounds [3,4]. Together with its biocompatibility, the sensitivity of electrical
conductance of eumelanin to the chemical interactions with surrounding molecules makes such pigment and the
related hybrids of enormous potential interest for biosensing applications.

In view of exploiting the large potentialities of such materials, we recently performed detailed studies on
conductivity properties of pure eumelanin, neat graphene-like layers, and hybrid materials obtained by
interfacing them, together with some biocompatibility and sensing tests [3-9].

In this work, the main results of electrical characterizations will be illustrated. 1-V characteristics showed a
general ohmic behavior; dc-electrical conductivity values on various samples can be compared to infer
information on the conducting mechanisms, revealing an increase of conductivity from eumelanin to hybrids
with graphene layers of several orders of magnitudes (depending on the specific composition of the hybrid
compound). In addition, the current decay vs. time under constant supplied voltage observed on some samples is
probably related to the double conducting channel, electrons and ions, characterizing the electrical transport of
melanin pigments. Impedance spectroscopy (IS) measurements provides further insights of the transport
mechanisms of our samples; the analysis of IS curves with the most trustworthy equivalent models shed light on
the role of grains and microscopic effects on the dynamics of electrical carriers.

The results obtained so far with hybrid compounds are encouraging, in view of general understanding of
fundamental physics of eumelanin and eumelanin-based hybrids, in order to optimize their properties for
biocompatible applications.
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Abstract: In recent times, there has been a sudden interest at using 3D printing technologies to process metallic
materials in a cost efficient way. Laser based 3D printing technologies are still beyond the cost consideration of
most small and medium enterprises (SME) in Europe thus making it still operationally prohibitive for SME’s to
run such facilities in-house free of supplier constraints. In order to reach the SME market space using metal 3D
printing, a printing approach quite similar to industry-established metal injection moulding (MIM) process has
been developed. This approach requires that the material which is to be processed is ideally a relatively low
melting temperature polymer matrix filled with a metallic powder phase having a weight composition in the
range of 60 to 80% metal and rest binder polymer. The powder size distribution of the filler metallic material is
as narrow as possible in order to realize a composite of as much as possible homogenous microstructure. This
polymer based metal composite, typically in filament form, is 3D printed using the material extrusion
technology. The printed part, called the green-body, is then post-treated first by tactfully separating the metal
from the polymeric phase using either a temperature assisted processes or a fluid based media (liquid or gas)
which dissolves out the normally soluble polymeric phase. This “debinding” process results in the formation of
a brown-body which is technically polymer-free but only sufficiently structurally stable to preserve the
geometric form of the printed part with or without a back-bone phase. The brown-body is then sintered at
temperatures close to the melting point of the metallic material initiating several physical processes which assist
the bonding and densification of the metal material till a metallurgically convenient material composition is
formed (illustration in Figure A). It is typical that the formed material is not pore-free often when fully
processed containing porosities in the range of 2 to 7 % depending on starting material composition as well as
3D printing, debinding and sintering conditions. Each pore structure in the sintered part serves as a notch
essentially providing the site from where, due to over-bearing stress concentration, structural failure could
initiate in the sintered part when mechanically loaded. Therefore if the microstructure of the sintered part could
be influenced in such a manner that there is a reduction of pore size and thus porosity then the structural
integrity of the sintered part may be improved. It is here being rationalized that a likely way such a structural
interference could occur is by introducing graphene to the stock material then following on with the printing,
debinding and sintering processes. Candidate materials for this would be the martensitic precipitation hardening
steel 17-4PH and 316 L stainless steel. Graphene is known to show preferential bonding to Fe, Cu and Ni; these
elements already exist in rationed quantities in 17-4PH and 316 L steel.

The purpose of my presentation is to motivate this topic by sharing the 3D printing work we have done on 316 L
and to discuss the structural outcome of the process on the sintered parts. We are interested in exploring this
unigquely new aspect of processing and materials design, to study the resulting metallurgy then seek applications

thereof for such a material.
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Figure 1: Metal 3D Printing process adapted from Metal Injection Moulding process
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Abstract: Production of electrically conductive thin poly(methyl methacrylate/buthyl acrylate/ hydroxyethyl
methacrylate)/1wt.% multi-walled carbon nanotubes and graphene films, were achieved by deposition with
pulsed IR CO, laser [1]. Ablation was realized by IR irradiation of two targets, the nanocomposite and
graphene. Laser ablation was performed by varying the energy of the laser, deposition inert atmosphere and
number of pulses [2]. Towards optimizing the parameters for the laser ablation we obtained conductive polymer
composite films and carbon nanostructures [3]. The properties of the deposited composite films were evaluated
by FTIR, Raman spectroscopy, SEM microscopy and contact angle measurements. The goal was to optimize the
laser system parameters in favor of obtaining stoichiometry transfer between targets and depositing films with
no significant defects in the structure, and successful production of electrically conductive composite films
evaluated by four probe resistivity meter.

Keywords: pulsed IR CO, laser ablation, polymer/MWCNT/graphene nanocomposites, and electrically
conductive deposited films
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Abstract: Composites of carbon nanomaterials are attracting great interest for a wide variety of applications [1,
2], including catalysis [3] for sustainable processes [4]. In this work we describe the use of the convenient
bioadhesive polydopamine to attain N-doping of a variety of carbon nanostructures, which were tested for
electrocatalytic hydrogen peroxide production. Hydrogen peroxide is a versatile product that is used worldwide,
especially as bleaching agent and cheap disinfectant. At industrial level, it is produced through the
anthraquinone process, which is energy-intensive and relies on the use of a precious metal (palladium). There is
thus a huge interest in developing low-cost and low-energy alternative production methods. Here [5] we
describe the preparation and characterization of N-doped carbon nanostructures as metal-free electrocatalysts for
the sustainable production of hydrogen peroxide from the reduction of molecular oxygen. The nanomaterials
have been analyzed by a variety of techniques including TEM, EDX, Raman, TGA, electrochemistry methods,
etc. Amongst the nanocarbons tested, carbon nanohorns revealed to possess the ideal porosity and N-type
doping that allowed to achieve excellent performance as electrocatalysts, over a wide range of pH values, and
with long term stability.

"H20:

Figure 1. N-doped carbon nanchorns are excellent nanocatalysts for hydrogen peroxide production [5].
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Abstract: In this paper, reinforcing of electrospun poly(lactide) (PLA) nanofibres was achieved with the
addition of multiwalled carbon nanotubes (MWCNT). Different amounts of MWCNT (0,2; 0,5; 2 and 3 wt%)
were loaded to study its influence on the thermo-mechanical properties of PLA fibers. Scanning electron
microscopy and transmission electron microscopy analysis revealed that the average diameters of composite
nanofibers decreased when the MWCNT content increased. According to TEM results it was confirmed that
within nanofibers with lower amount of filler, carbon nanotubes existed as single tubes, randomly dispersed
through fiber volume, figure 1, because the concentration was too low and no strong forces between them were
present. With increasing of the amount of MWCNT, inhomogeneity in fiber increases, part of them form
aggregates and in that form MWCNT were present in the matrix. By DSC results it is evident that the presence
of carbon nanotubes in PLA matrix had significant influence on crystallization behaviour of PLA nanofibers,
because the decrease of crystallization temperature (Tc) was detected. Also, the addition of MWCNTS to PLA
fibers affects melting temperatures, enabling generation of o’ form, while had no influence on ordered PLA a
crystal. Decrease of enthalpy of degradation was observed because MWCNTSs are well known for good heat
conductivity, and with that, second step of degradation slowed down, as confirmed by TGA measurement.
Addition of MWCNTSs caused the increase of both elasticity and tensile strength of nanofibers. Conductivity
measurement results showed that by applied technique it is possible to obtain conductive fibers, whereby it is
confirmed that an increase in the MWCNT content does not affect the increase in the conductivity of the fiber,
since for all composite fibers the conductivity was 170 Omh sq™.

Figure 1. TEM micrographs of pure PLA nanofibers (a), PLA-0.5%MWCNTSs (b) composite nanofibers.
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Abstract: We provide the proof of concept that nanocrystaline diamond (NCD) film can be utilized as a
protective coating for zirconium alloy nuclear fuel cladding (NFC). Zirconium alloy (Zircaloy2) is a material
used in all modern hot steam water cooled commercial nuclear reactors. One big disadvantage of Zircaloy2 is
that it reacts with water steam and during this (oxidative) reaction releases hydrogen gas, which partly diffuses
into the alloy forming zirconium hydrides. Moreover, the large production of hydrogen gas can result into
catastrophic hydrogen-air explosions (as occurred in the recent Fukushima accident, March 11, 2011). Recently,
many materials have been applied to protect zirconium alloys surfaces to overcome the abovementioned issues,
but without any significant success. We have successfully demonstrated the possibility to homogeneously cover
a cylindrical rod-shaped Zircaloy2 nuclear fuel cladding by a 300 nm thick protective NCD layer using the
Linear Antennas MicroWave Plasma Enhanced Chemical Vapour Deposition (LAMWPECVD) apparatus[1].
NCD coated Zircaloy2 rods underwent a set of corrosion tests, namely a reactor irradiation test and hot steam
oxidation. A number of characterization methods (scanning electron microscopy-SEM, Raman spectroscopy, X-
ray diffraction-XRD and X-ray photoelectron spectroscopy-XPS) were employed [2], [3] both before and after
these two well-established corrosion testing methods confirming that a thin NCD layer can serve as a protective
coating on zirconium-based NFCs in the harsh environment of a nuclear reactor, even at substantially elevated
temperatures (Figure 1). Zircaloy2 nuclear fuel cladding was covered by a 300 nm thick protective
polycrystalline diamond layer using LAMWPECVD deposition technique. The polycrystalline diamond layer
protects zirconium alloy surface against undesirable oxidation and consolidates its chemical stability while
preserving its functionality. NCD anticorrosion protection of Zircaloy nuclear fuel rods can significantly
prolong lifetime of Zirconium alloy in nuclear reactors even above Zirconium phase transition temperatures [4].

e Gt
Figure 1 SEM of the initial surface of a Zr alloy sample covered with 300 nm thick NCD (a) and the surface after 30 days
of exposure to 360 °C hot water (b). No microstructural changes were observed in the hot-water-processed NCD film.
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Transition metal dichalcogenides (TMDs) are at the forefront of the current research investigations of 2D
layered materials beyond graphene, especially for energy applications. However, to fully harness their potential,
chemical functionalization is an absolute necessity for their establishment in rational applications, from which
chemical sensing through Raman enhancement signal is considered among the most exciting ones.

Herein, we report — for the first time — a simple one-pot modification of few-layered MoS, and WS, sheets,
employing nitrogen plasma treatment and simultaneous decoration with silver nanoparticles (Agnps), for two
different plasma exposure and metal deposition times, toward the preparation of N-doped and with Agnps
decorated TMDs. The employed method offers numerous virtues, including straightforwardness, controllability,
fast functionalization time, and absence of wet processes that may require additional work up procedures. The
successful surface modification of TMDs was evaluated through Raman and X-ray photoelectron spectroscopy
(XPS), while transmission electron microscopy (TEM) imaging verified the decoration with Agyps. Furthermore,
the newly developed N-MoS,/Agnes and N-WS,/Agnes hybrids were employed as surface-enhanced Raman
scattering (SERS) substrates, to detect Rhodamine B (RhB) at very low concentration. Markedly, it was found
that the SERS efficiency, by observing clearly all RhB Raman active bands, depends on both doping and
deposition time as well as the type of TMD employed as substrate. Charge-transfer phenomena witnessed
between RhB and the modified TMDs, along with the polarized character of the hybrid system, causing dipole-
dipole coupling interactions, were ascribed for the enhancement of the Raman signal acquired. Finally,
considering the coordination of aromatic moieties via m-S interactions with TMDs, we accomplished the
sensitive detection of polycyclic aromatic hydrocarbons such as pyrene, anthracene and 2,3-dihydroxy
naphthalene, at very low levels, by employing N-MoS,/Agnes as SERS substrate.
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Figure 1 Schematic representation of N-doped and decorated with Agnps TMDs as SERS substrates
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The optical properties, as one of the most important physical properties of materials, arouse a
continuous interest of researchers. Optical methods based on reflectance spectroscopy, absorption
spectroscopy and spectroscopic ellipsometry are the most widely employed approaches to obtain
optical properties of materials. Accurate measurement of optical data by optical methods in a photon
energy range up to 10% eV is still insufficient; delicate experimental conditions are required when
measuring data in vacuum ultraviolet region (20-50 eV). Fortunately, such information is essentially
contained in electron energy loss spectroscopy (EELS) spectrum.

In recent years Da et al. [1] have developed a reverse Monte Carlo (RMC) method based on the
reflection electron energy loss spectroscopy (REELS) to obtain optical constants in a rather wide range
of energy loss of electrons. The RMC method combines a Monte Carlo modelling of electron
transportation for REELS spectrum simulation with a Markov chain Monte Carlo calculation of
parameterized ELF, Im[-1/e(w)], where &(®) is the complex dielectric function of the material. The
advantage of this method is that it provides the ELF and thereby the dielectric function and optical
constants in a much wider photon energy range (i.e. energy loss range ~100 eV) than that of usual
optical measurements.

In the present work, reflection electron energy loss spectra of Ir and Sm were measured at several
primary energies ranging from 0.5 keV up to 2 keV and in a wide energy-loss range. A reverse Monte
Carlo simulation was performed to extract ELFs of those metals from experimental REELS spectra
[2,3]. The reliability of the obtained optical data has been confirmed by applying the
Thomas-Ritchie-Kuhn (f-sum rule) and the perfect-screening sum rules (p-sum rule).

[1] B. Da, Y. Sun, S. F. Mao, Z. M. Zhang, H. Jin, H. Yoshikawa, S. Tanuma, and Z. J. Ding, J. Appl. Phys. 113 (2013) 214303.
[2] L.H. Yang, M. Menyhard, A. Sulyok, K. Tékési, and Z.J. Ding, Applied Surface Science 456 (2018) 999.
[3] L.H. Yang, H. Xu, A. Sulyok, M. Menyhard, K. T6kési, and Z.J. Ding, to be published.
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Ferroelectric polymeric materials are very attractive in various applications due to the possibility make large
area, flexible and cheap devices [1]. Ferroelectric polymeric materials can be obtained by two different ways: by
producing a ferroelectric polymer or by introducing ferroelectric particles into non ferroelectric polymer matrix
[2]. The amount of wel known ferroelectric polymers is very restricted (mostly is known Polyvinylidene
Fluoride (PVDF) [3]). Therefore, the second way seems to be more attractive. In this presentation the sinergy
effects were investigated in both systems. First, of all epoxy resin composites with 30 wt. % of triglycine sulfate
(TGS) and up to 1 wt. % of graphite nanoplatelets (GNP) were fabricated and studied by means of broadband
dielectric spectroscopy (20 Hz — 3 GHz). It was demonstrated that the dielectric properties are mainly governed
by the Maxwell-Wagner relaxation at lower frequencies (below 1 MHz) and by diffuse ferroelectric soft mode at
higher frequencies (above 1 MHz). The ferroelectric origin of the phase transitions was also confirmed by
piezoelectric investigations. Although the phase transition temperature is independent of GNP concentration, the
piezoelectric and dielectric (above 1 MHz) properties of composites are strongly improved by GNP in a broad
temperature range. This gives evidence for the strong synergy between GNP and ferroelectric particles. The
synergy effect appears due to the better distribution of TGS particles in ternary composites and the creation of
electric fields by GNP inside the composite.
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Figure 1 Dielectric spectra of hybrid TGS/GNP epoxy resin composites at room temperature.

[1] M. A. Marcus, Ferroelectric polymers and their applications, Ferroelectrics 40, 29-41 (1982).

[2] Y. Bai, Z. Y. Cheng, V. Bharti, H. S. Xu, Q. M. Zhang, High-dielectric-constant ceramic-powder polymer composites, Applied Physics
Letters 76, 3804-3806 (2000).

[3] P. Martins, A. C. Lopes, S. Lanceros-Mendes, Electroactive phases of polyvinylidene fluoride : determination, processing and
applications, Progress in Polymer Science 39, 683-706 (2014).
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Alumina (Al,O3) coatings are the most commonly used industrial-material for the protection of metallic parts
due to high hardness, good strength, toughness, excellent chemical resistance, tribological and electrical
insulation properties [1-2]. The tribological properties of alumina coatings could be enhanced due to the
addition of carbon materials (graphite, carbon nanotubes, etc) or metal oxides (ZrO,, TiO,, etc) [3-6]. The
tribological properties of alumina composite coatings deposited by plasma spraying depend on many factors
such as: the type of additive material, its content, feedstock powder size, torch power, spraying distance, plasma
torch design, etc [1, 4-6]. So, it is very important to determine the optimal deposition parameters in order to
spray the alumina composites with improved tribological properties.

The aim was to investigate the tribological properties of Al,O3, Al,Os-graphite and Al,O3-ZrO, coatings. The
coatings were deposited on stainless steel substrates (AISI 304L) at atmospheric pressure. For the formation,
Al,O3, Al,03-10 wt.% graphite and Al,03-10 wt.% ZrO, powders were used. The deposition was performed
using an air-hydrogen plasma at various distances. The surface morphology was investigated using a scanning
electron microscopy (SEM). The elemental composition of the coatings was measured by energy dispersive X-
ray spectroscopy (EDS). The surface roughness was determined using a Mitutoyo Surftest profilometer. Phase
composition of the coatings was investigated by X-ray diffractometry. The tribological properties of the sprayed
coatings were measured using a CETR-UMT-2 ball-on-disc tribometer.

It was obtained that the addition of graphite and ZrO, powders decreased the surface roughness of the sprayed
coatings. SEM and EDS measurements demonstrated that graphite and ZrO, were homogenously distributed on
the surface. The addition of graphite increased the oxygen concentration in the composites. The XRD
measurements demonstrated that the dominant phases in the Al,Oz and Al,O3-graphite coatings were a-Al,O3
and B-Al,O3; and with Al,O3-ZrO, it was tetragonal-ZrO,. The friction coefficient of Al,Oz coatings varied in
the range of 0.74-0.75, whereas with the addition of graphite, the friction coefficient was reduced twice. The
wear rate for the Al,O; and Al,Os-graphite coatings were similar being in the range of ~107 mm%/Nm.
Meanwhile, the alumina-zirconia coatings showed the lowest wear rate due to a plastic deformation.

[1] S. Goel, S. Bjorklund, N. Curry, U. Wiklund and S. V Joshi, Axial suspension plasma spraying of Al,O; coatings for superior
tribological properties, Surf. Coatings Technol., vol. 315, pp. 80-87, (2017).

[2] B.J. McEntire, B.S. Bal, M.N. Rahaman, J. Chevalier and G. Pezzotti, Ceramics and ceramic coatings in orthopaedics, J. Eur. Ceram.
Soc., vol. 35, pp. 4327-4369, (2015).

[3] K. Hentour, A. Marsal, V. Turg, A. Weibel, F. Ansart, J.M. Sobrino, Y. M. Chen, J. Garcia, P.F. Cardey and C. Laurent, Carbon
nanotube/alumina and graphite/alumina composite coatings on stainless steel for tribological applications, Mater. Today Commun. vol. 8,
pp. 118-126, (2016).

[4] J.W. Murraya, G. A. Ranceb, F. Xua and T. Hussain, Alumina-graphene nanocomposite coatings fabricated by suspension high velocity
oxy-fuel thermal spraying for ultra-low-wear, J. Eur. Ceram. Soc., vol. 34, pp. 1819-1828, (2018).

[5] S. Yugeswaran, V. Selvarajan, M. Vijay, P.V. Ananthapadmanabhan and K.P. Sreekumar, Influence of critical plasma spraying
parameter (CPSP) on plasma sprayed Alumina—Titania composite coatings, Ceram. Int., vol. 36, pp. 141-149, (2010).

[6] B. Liang, G. Zhang, H. Liao, C. Coddet and C. Ding, Friction and wear behavior of ZrO,~Al,O; composite coatings deposited by air
plasma spraying: Correlation with physical and mechanical properties, Surf. Coatings Technol., vol. 203, pp. 3235-3242, (2009).
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Abstract: The first realization of three-dimensional (3D) “optical black hole” in microwave frequencies was
presented recently on the basis of carbon hollow spheres [1,2]. Carbon-based cellular periodic structures of 100-
300 microns cells might, from our point of view, offer interesting alternative for perfect absorption’
applications, as they will demonstrate resonant behavior in THz-infrared frequencies and therefore possibly
might block electromagnetic energy in particular space spot [3,4].

Alternatively, lossy photonic crystals comprising nanocarbon based polymer composite skeleton of particular
sophisticated cellular or layered geometry could be realized by additive technologies. Having a precise control
of the structure and geometry of the 3D template, we will come to regular conductive cellular structure with pre-
defined electromagnetic response.

The possibility to achieve perfect absorption of microwave-THz radiation by 3D-printed cellular or layered
structures will be discussed in this communication along with different ways to tune the electromagnetic
response.

[1] D. Bychanok,S. Li, A. Sanchez-Sanchez, G. Gorokhov, P. Kuzhir, F.Y. Ogrin, A. Pasc, T. Ballweg, K.Mandel, A. Szczurek, V. Fierro,
and A. Celzard, Hollow carbon spheres in microwaves: bio inspired absorbing coating // Appl.Phys.Lett. 108, 013701 (2016)

[2] D. Bychanok, S. Li, G. Gorokhov, 1 K. Piasotski, 1 D. Meisak, P. Kuzhir, E.A. Burgess, C.P. Gallagher, F.Y. Ogrin, A.P. Hibbins, A.
Pasc, A. Sanchez-Sanchez, V. Fierro, and A. Celzard, Fully carbon metasurface: absorbing coating in microwaves // J. Appl. Phys.
121(16):165103 (2017)

[3] Andrzej Szczurek; Alberto Ortona; Luca Ferrari; Ehsan Rezaei; Ghouti Medjahdi; Vanessa Fierro; Dzmitry Bychanok; Polina Kuzhir;
Alain Celzard, Carbon periodic cellular architectures // Carbon, 88, 70-85 (2015)
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Recently 2D atomic materials, nanostructures and hybrid heterostructures have attracted much attention.
Because of their unique properties and 2D nature, 2D materials are ideal candidates for developing 2D flexible
and hybrid electronics. As the latter is lightweight, rugged, bendable, rollable, portable, and potentially foldable,
it promises low-cost and large-area 2D material nanodevices and nanoproducts.

Nowadays there exist numerous techniques for obtaining 2D atomic materials. Their scaling up is still not
straightforward due to the difficulty of the setup, the relatively low yield to fulfill the potential market demand
and usage of different chemicals, solutions and devices. Here we report the substrates [1, 2] and rod [3-5]
rubbing methods for mass production of high quality, large size and low cost 2D atomic materials, hybrid
structures and devices directly on any substrate.

The substrates rubbing method [1, 2] for obtaining 2D materials (graphene, h-BN, etc.), their hybrid
structures, dispersion and powder consists in putting pristine bulk (graphite, h-BN, MoS,, etc.) layered material
(i.e. crystalline powder), hydrogenated fullerenes, carbon nanotubes, etc. between two solid state substrates with
atomically flat or terraced surfaces and rubbing the substrates against each other manually or mechanically in
any direction, so that the crystalline powder uniformly spreads between them and covers the surfaces of the two
substrates with it. As a result, mono- and few layers consisting of nanostripes are formed, which are mono- and
few- atomic layers of exfoliated flakes organized in self-assembled narrow bands of nanosized quantum dots.
The formed nanostripes are new nanstructures and are first reported in [1, 2], which can find wide application in
different areas. Thus, the substrates rubbing method is an extremely simple (one step process), fast (lasts only
seconds), cost-effective, chemical- and transfer-free, reliable, highly productive, ecologically clean, universal
(allows obtaining any 2D material on any substrate) and industrially scalable method for obtaining high quality
and extremely large size 2D materials (including their dispersion and powder), hybrid structures and devices on
flexible and rigid substrates. The substrates rubbing method will foster the development of flexible electronics.

The rod rubbing method [3-5] allows obtaining 2D atomic layers by repeatedly rubbing (manually and
mechanically) a pristine layered bulk material rod (i.e. graphite) or drawing lines by the rod (i.e. pencil) along
the same path on insulating (paper, glass, mica, ceramics, plastic, etc.), semiconducting (Si, SiC, ZnO, etc.) or
metallic (cobalt, etc.) substrates. The obtained top-most layer of the multilayer structure is a 2D atomic layer,
i.e. mono- and few layer graphene. The formed 2D layer consists of multiple nanostripes (as in the case of the
substrates rubbing method). The rod rubbing method is an extremely simple, fast (lasts only seconds), cost-
effective, chemical- and transfer-free, reliable, highly productive, ecologically clean, universal (allows obtaining
2D material on any substrate) and industrially scalable method for obtaining both 2D atomic layers and 2D
layer/multilayer structures on any substrate with ultraflat or rough surface and fabricating flexible, portable and
disposable pencil-on-paper 2D devices. The substrates rubbing method will enable the development of 2D
material-based and paper-based devices and flexible electronics.

So, rubbing (rod or substrates) is a powerful tool for mass production of any 2D atomic material, structure
and device with an extremely large size on any substrate, as well as 2D material enhanced nanoproducts and
consumer products [6].

[1] Shmavonyan G.Sh., Vazquez Vazquez C., Lopez-Quintela M.A. Transl. Mater. Res., IOP Publishing, 4 (2), 025001, 2017.

[2] Lopez-Quintela M.A., Shmavonyan G.Sh., Vazquez Véazquez C., Patent No: ES 2575711 A1, Publication date: November 3, 2016, WO
2016/107942 Al.

[3] Shmavonyan G.Sh., Mailian A.R., Mailyan M.R., L6pez-Quintela M.A. European Conference on the Synthesis, Characterization and
Applications of Graphene.(GRAPHESsp), Abstract book, p. 41, February 18-21, 2014, Lanzarote, Spain.

[4] Shmavonyan G.Sh., Mailian A.R., Mailian M.R., Vazquez Vazquez C., Lépez-Quintela M.A. 4th International Colloids Conference:
Surface Design and Engineering, Paper P3.07, June 15-18, 2014, Madrid, Spain.

[5] Shmavonyan G.Sh., Vazquez Vazquez C., Lépez-Quintela M.A. 5th International Colloids Conference: Surface Design and Engineering,
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Perovskite solar cells can be composed of thin film of perovskite donor and fullerene derivative acceptor
sandwiched between a PEDOT:PSS coated ITO positive electrode and a low work function metal negative
electrode. So far, [6,6]-phenyl-Cq;-butrilic acid methyl ester (PCsBM) and its corresponding C;o derivative
(PC7BM) have been dominantly used as the acceptors in these solar cells.*

We will present our recent and preliminary work regarding a solar cell using C60-Pd; coordination fullerene as
acceptors layer. The cell structure is GLASS/ITO/PEDOT-PSS/PEROVSKITE/C60-Pd3/LiF/GOLD. Very thin
LiF layer was introduce to optimize Fermi levels.

The C60-Pd; was synthesized by group of Prof. Winkler, and all the other materials have been purchased from
Sigma Aldrich.

The best cell was generating 500mV in 1 Sun light but reproducibility is rather poor demanding much efforts for
optimization. The cell degradation in air is also a key point requiring some encapsulation to avoid contact with
air and humidity.

1.  Meng, L; You,J,; Guo, T.F.; Yang, Y. Acc. Chem. Res. 2016, 49, 155-165.
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Abstract:

In the present investigation, we prepared solution casted polyurethane nanocomposites filled with the ultra-small
content (below 0.5 wt.%) of the complex nanoparticles of CNT, ZnO, OMMT, SiO,. Bio-based polyol was used
as a matrix to disperse the several nanoparticles by the use of the ultrasonic treatment for 15 min. The
preparation scheme is shown in Figure 1. Pristine unmodified CNT does not show the good stable dispersion in
the polar polyol. Experimentally it was concluded that small content of the metallic oxide nanoparticles can
stabilize the dispersion of CNT in the polyol matrix. Finally, the processed dispersions of polyol and
nanoparticles were blended with the isocyanate and casted on the Teflon surface to produce free films for further
investigations. The free films of the bio-based polyurethanes is the same as reported previously [1].

It was concluded that the mechanical and thermal properties of the bio-based polyurethane — carbon nanotubes
nanocomposites are significantly enhanced. The modulus of elasticity of the nanocomposites showed increase
for 2-folds in comparison to unfilled system. Thermal stability in the air of the nanocomposites increased also.
Electron microscopy showed some extent of the agglomeration of nanoparticles in the polymer matrix.
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Figure 1 Schematic preparation of nanocomposites.

[1] Gaidukov, S., Cabulis, U., Gromilova, K., Tupureina, V., Grigalovica, A. Preparation and structural properties of free films from
rapeseed oil-based rigid polyurethane-montmorillonite nanocomposites. International Journal of Polymer Science, 834595, 1-8, (2013).
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Amorphous carbon films and carbon nanostructures (nanotubes, graphene, glassy carbon, carbon black,
nanocrystallites and etc.)) have attracted considerable interest due to their unique mechanical, tribological,
optical or electrical properties. These fascinating properties make the carbon materials very promising
candidates for the application in a electronics, optics, engineering or biomedical fields [1-4].

The formation of carbon films or nanostructures were performed at atmospheric pressure using a direct current
plasma torch [5]. The deposition was done on the silicon-gold substrates. A thin gold (~20 nm) layer was
sputtered on silicon substrate using magnetron sputtering. Argon or argon-hydrogen mixture were used as
plasma forming gases. Meanwhile an acetylene gas was used as precursor (flow rate varied from 0.026 I/min to
0.066 I/min). The substrates were chemically cleaned and also kept for 30-60 s in the argon or argon-hydrogen
plasma before starting the formation. Surface morphology was investigated by scanning electron microscopy
(SEM). The elemental composition was analyzed by energy dispersive X-ray (EDX) spectroscopy. The bonding
structure was investigated by Raman scattering (RS) spectroscopy and Fourier transform infrared (FTIR)
spectrometer. The SEM measurements demonstrated that the amorphous carbon films prepared without the
hydrogen consists of columnar structure. It was obtained that the columns size decreased with the decrease of
acetylene flow rate. The content of the oxygen in the films was up to 10 at. %. The RS results indicated that the
carbon films are graphite-like with glassy carbon phase and graphite micro/nano-crystallites. The
nanocrystalline graphite films or micro and nanosize carbon were formed with the addition of the hydrogen gas.

[1] S. Neuville, New application perspective for tetrahedral amorphous carbon coatings, QScience Connect, 8, 1-27, (2014).

[2] J. Robertson, Diamond-like amorphous carbon, Materials Science and Engineering, 37, 129-281, (2002).

[3] K.A. Shah and B.A. Tali, Synthesis of carbon nanotubes by catalytic chemical vapour deposition: A review on carbon sources, catalysts
and substrates, Materials Science in Semiconductor Processing, 41, 67-82, (2016).

[4] W.W. Liu, S.P. Chai, A.R. Mohamed and U. Hashim, Synthesis and characterization of graphene and carbon nanotubes: a review on the
past and recent developments J. Ind. Eng. Chem., 20, 1171-1185, (2014).

[5] Marcinauskas L., Cernauskas M., Milieska M., Reso D. The effect of hydrogen addition in argon-acetylene plasma on the structure of
amorphous carbon films, Journal of non-crystalline solids, Vol. 466-467, 1-7, (2017).
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Abstract: We report herein the synthesis of hybrid inorganic materials composed of densely grown carbon
nanowires on the surface of molybdenum carbide fibers. A direct carburization approach of M0gSy I, (4.5 <x <
6) nanowire bundles [1] of different morphologies was used for the synthesis of molybdenum carbide nanofibers
[2]. The typical nanowire length is up to several micrometers with a diameter between 10 and 20 nm. As carbon
source was used ethane (C,H,). Gram quantities of molybdenum carbide nanowires composed of mainly MoC
and Mo,C phases were obtained. Further reduction in hydrogen (H,) atmosphere gave a single phase Mo,C
nanowires. Characterization with electron microscopy revealed that at the surface of Mo,C nanofibers grown
amorphous carbon nanowires reach in length up to 100 nm and have diameters between 10 and 20 nm (Figure
1). In the next step, the surface of this hybrid material served as substrate for the formation of platinum
nanoparticles. The nanoparticles with diameters of several nanometers readily formed from the water solution of
platinum metal complex at room temperature at surfaces of the carbon nanowires. Straight forward and efficient
decoration of synthesized hybrid material by platinum nanoparticles in combination with transformation
pathways of molybdenum carbide nanowires, gives rise to novel hybrid materials comprising
platinum/nanocarbon fibers/molybdenum carbide based nanowires which are promising in a wide range of
different applications including composite, sensors and catalyst.
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Figure 1 SEM images of molybdenum carbide fibres covered with c

[1] M. Remskar, A. Mrzel, M. Virsek and A. Jesih, Inorganic nanotubes as nanoreactors: the first MoS;MoS, nanopods, Adv. Mat. Vol. 19,
4276-4278 (2007).
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Poly(lactide) (PLA) is a biobased, biodegradable and biocompatible thermoplastic aliphatic polyester with a
broad range of applications. One of the most important PLA properties is a degree of crystallinity, because it
influences the proccessability and the application of this polymer, especially in medicine and pharmacy. The
degree of crystallinity for poly(lactide) can be controlled in various ways, for example, by adding of
nanoparticles which can influence the crystallization of poly(lactide) by a heterogeneous nucleus effect. Due to
the high surface area, carbon nanotubes can be a highly efficient nucleating agent for poly(lactide). The
crystallization rate of PLA composites with carbon nanotubes depends on the applied CNT modification
method, CNT dispersion and the concentration of the nanotubes in the composite material. In this research the
influence of the chemically functionalized multi-walled carbon nanotubes (MWCNTS) on the crystallization
behavior of poly(L-lactide) was investigated. Functionalization of MWCNTSs was carried out through the
oxidation reaction with nitric and sulfuric acid. Series of PLLA-MWCNT nanocomposites, with different
contents of functionalized MWCNTs (0.7, 1.6 and 2.1wt%), were synthesized via ring-opening solution
polymerization of L-lactide. Crystallization kinetics was investigated by differential scanning calorimetry (DSC)
and application of Ozawa isoconversional method. It is shown that the addition of carbon nanotubes can
influence the kinetic parameters of the poly(L-lactide) crystallization, primarily the activation energy, as well as
the order of the crystallization reaction. The effects of functionalized MWCNTS on the crystallization behavior
of PLA were investigated also by X-ray diffraction analysis (XRD) and it was confirmed that the MWCNTSs
increased the crystallinity of PLA nanocomposite materials.

Keywords: Poly(lactide), multi-walled carbon nanotubes, crystallization kinetics, differential scanning
calorimetry.
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Abstract:

TiO,-carbon xerogel composites were prepared by sol-gel polymerization using resorcinol (R) and
formaldehyde (F) as carbon and titanium (IV) butoxide as precursor, respectively, in the presence of a cationic
surfactant (HDA, hexadecyamine). In this synthesis procedure, HDA (S) was dissolved in n-heptane and heated
at 65°C under reflux and stirring (450 rpm). A mixture containing resorcinol (R), formaldehyde (F) and water
(W) was added dropwise into the above solution. After this addition, the proper amount of titanium butoxide
was added drop by drop to the mixture. The molar ratio of the mixture was R/F = 1/2, R/W = 1/14 and R/S =
4.5. The formed gel was aged at 65 °C for 24 h under stirring, and after that the suspension was filtered and the
obtained solid, which has an intense orange color. Pyrolysis of organic xerogel-titanium oxide composites to
obtain the corresponding carbon xerogel-titanium oxide composites was carried out at 900°C in a tubular
furnace using a N, flow.

TiO,-carbon xerogel composite was refereed as CHTi20 (20 corresponding to the theorical percentage of
titanium oxide present in the carbonized composite, e.g. CHTIi20 should contain 20% wt. of TiO,). A pure
carbon xerogel (CH) was prepared following the same sol-gel method used for CHTi20 synthesis (but without
TiO,). The synthetized CHTIi20 was studied in photocatalytic degradation of paracetamol under Vis and UV
light. The results showed much better photocatalytic activity under UV light.
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Abstract: Polymerized ionic liquids (PILs) have been reported for the first time in 1998, and a brief overview
of their properties can be found in [1]. Their electrotransport properties are unique (when compared with other
organic substances), as they are purely ionic conductors. Surprisingly still, their applications in chemiresistors
are at a pioneering stage. A few reports are dedicated to sensitive layers based on composites containing PILs,
e.g. [2].
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Figure 1 Vertical architecture of the chemiresistor (left) and its real appearance indicating variable distances between the electrodes (right).

100 o

z
S
5
40 ~
100 pph MeOH
1 ppm MeOH
20 10 ppm MeOH
——— 100 ppm MeOH
0 T T T T T T
0 10 20 30 40 50 60 70

Time (min)
Figure 2 Response of sensor based on poly(tributylhexylphosphonium 3-sulfopropylacrylate) to methanol vapors (concentrations 100 ppm,
10 ppm, 1 ppm and 100 ppb).

This contribution presents pioneering research of chemiresistors on textile substrates equipped with graphite
electrodes  and in-situ polymerized poly(tetrabutylphosphonium 3-sulfopropylacrylate) or
poly(tributylhexylphosphonium 3-sulfopropylacrylate) sensitive layers. Both DC- and AC- responses to 10 ppm
of methanol, nitrogen dioxide, 4-bromoacetophenone and diethylmalonate were then investigated at laboratory
temperature — the reference was "pure"” synthetic air. The evaluation of these responses is detailed in [3]. The
DC- responses varied from 0.48 to 1.36 and AC- responses from 8 to 26 deg. It was shown that sensor dynamics
depends mainly on molecular weight of the analytes. Moreover, the magnitude of AC-responses correlated both
qualitatively and quantitatively with the dipole moment of the analyzed molecule.

[1] N. Nishimura and H. Ohno, 15th anniversary of polymerised ionic liquids, Polymer, vol. 55, pp. 3289-3297, (2014).

[2] C. Willa, J. Yuan, M. Niederberger, D. Koziej, When Nanoparticles Meet Poly(lonic Liquid)s: Chemoresistive CO, sensing at room
temperature, Advanced. Functional Materials, vol. 25, pp. 2537-2542, (2015).

[3] M. Vriata, D. Kopecky, F. Vyslouzil, V. Myslik, P. Fitl, O. Ekrt, J. Hofmann, L. Ku¢era, Impedance properties of polypyrrolic sensors
prepared by MAPLE technology, Sensors Actuators B Chemical, vol. 137, pp. 88-93, (2009).
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Abstract:

Bio-based and biodegradable materials are of great interest to reduce growing pollution problems. We prepared
and characterized the composite based on the bio-based polybutylene succinate (PBS) and the bio-source
graphene. PBS is a biodegradable aliphatic polyester derived from renewable and fossil resources, with potential
being 100% bio-based. PBS/graphene composite films were prepared varying the filler content from 0.5 till 6
wt.%. These films were characterized by thermal differential calorimetry (DSC) dynamic mechanical analysis
(DSC), thermal gravimetric analysis (TGA), dynamic mechanical analysis (DMA), thermomechanical analysis
(TMA) and dielectric spectroscopy (DS) properties.
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Abstract: Polymeric ionic liquids (PILs) are the new class of materials with unique features for sensor devices
[1-3]. PILs exhibit ion conductivity and they can be effectively used as chemiresistors device, in which
resistance depends mainly on mobility of ions. Gas analyte permeating into PILs can affect this ion mobility by
filling of their free space and also direct chemical interaction with ionic species. We found that addition of
nanocarbons into the PILs can also improve selectivity and sensitivity.

In this contribution we present gas sensing by nanocomposites consists of PILs matrix
(Tetrabutylphosphonium sulfopropylacrylate as a copolymer) and dispersed nanocarbons - fullerenes Cgq, Coo.
We also demonstrate the effect of phosphonium ion size by Tetrabutylphosphonium (P4444) and
Tributyloctylphosphonium (P4448). We describe synthesis process from dispersing of nanocarbons in PILs
precursors to photopolymerization. Nanocomposites in form of thin films are polymerized on glass sensor
substrate with a pair of gold sputtered electrodes. Sensor behavior was measured as impedance changes (in
range of 1 mHz - 1 MHz) to selected gas analytes (alcohol vapors, NO,, CO,). Material behaviour was fitted by
Randles-circuit and sensitivity is then determined from the Warburg impedance as an ion mobility change.
Values of Warburg impedance of 191.9 x 10° S s¥2 and of 418.9 x 10 S s* for pure PILs P4444 and P4448
respectively were evaluated from electrochemical impedance measurement. Warburg impedance evaluated for
samples with addition of Cgy was even higher in comparison with pure PILs - 112% and 105% for P4444 and
P4448, respectively. We present characterization of prepared nanocomposites by Raman, UV-VIS and
impedance spectroscopy.

[1] E.Maresova, D. Tomecek, P. Fitl, J. VI¢ek, M. Novotny, L. Fier, S. Havlova, P. Hozak, A. Tudor, T. Glennon, L. Florea, S. Coyle, D.
Diamond, Z. Skali¢an, M. Hoskovcova, M. Vrhata, Textile chemiresistors with sensitive layers based on polymer ionic liquids:
Applicability for detection of toxic gases and chemical warfare agents, Sensors and Actuators B: Chemical, 266, pp. 830-840, (2018).

[2] A. Tudor, L. Florea, S. Gallagher, J. Burns, D. Diamond, Poly(lonic Liquid) Semi-Interpenetrating Network Multi-Responsive
Hydrogels , Sensors, 16, 1-16, (2016).

[3] B. Ziotkowski, D. Diamond, Thermoresponsive poly(ionic liquid) hydrogels, Chemical Communications, 49, 10308-10310, (2013).
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Abstract: Focused Laser beam is a widely used for deposition, localized annealing and patterning of various
materials (eg. Metals, oxides, organic substances). Our work is focused to possibilities of usage of continuous
wave (CW) lasers for local deposition and patterning fullerenes and other organic semiconductors. The source
substrates were prepared as follows: Thin glass slides with sputtered metal layer (gold - thickness ~ 100 nm)
were cleaned and dried. Side with sputtered metal was then covered with a thin layer of purified organic
substances — C60, Phthalocyanines, Porphyrines, deposited by organic molecular evaporation in high vacuum
chamber (10-5 Pa, dep. Rate ~ 0.1-10nm/min, substrate temp. 20 — 300 °C). The temperature of deposition
source and substrate was selected for each substance so as to achieve optimal growth rate and to avoid thermal
decomposition of materials. In the next step CW laser depositions were carried out from these substrates. The
deposition apparatus include micro CNC machine (minimal step adjustable to 300 nm) equipped with the
semiconductor laser (405 nm, 50 mW, spot 4 microns) in continual mode and focusing optics. The distance
between source substrate and target (i.e. glass, silicon or alumina substrates) was varied between 1-100
micrometers. Deposition process was held in an inert gas (Argon, Nitrogen) at atmospheric pressure.
Morphology and microstructure were studied by optical, electron microscopy and AFM. Chemical composition
of deposited structures was studied by FTIR. It was proved that chemical structure of all chosen substances is
not affected by this deposition technique. The best lateral resolution of prepared structures was obtained for
source layer thickness of 100-150 nm. Employing our technique we are able to achieve precise and reproducible
laser transfer of fullerenes to the substrate with lateral structural resolution of 6 microns.
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Abstract: We study the wake effect due to excitation of a plasmon-phonon hybrid mode in a sandwich-like
structure consisting of two doped graphene sheets, separated by a layer of Al,O5 (sapphire), which is induced by
an external charged particle moving parallel to the structure. The response function of each graphene is obtained
using two approaches within the random phase approximation: an ab initio method that includes all electronic
bands in graphene and a computationally less demanding method based on the massless Dirac fermion (MDF)
approximation for the low-energy excitations of electrons in the  bands. The response of the sapphire layer is
described by a dielectric function consisting of several Lorentzian terms. We evaluate the total electrostatic
potential in the plane of the upper graphene sheet for a particle moving at the sub-threshold speed for the wake
effect in a single, free graphene. We show that, when the space between graphene sheets is air, there is only a
sharp, somewhat asymmetric peak in the potential at the position of the particle. On the other hand, when the
space is filled with sapphire, there is a prominent wake pattern in the potential behind the particle resulting from
a low-frequency plasmon-phonon mode. It can be noted that the analytical MDF model reproduces the overall
shape and the period of quasi-oscillations in the wake potential obtained from the ab initio calculations.
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BACKGROUND: Polymethylmethacrylate (PMMA) is the most widely used mobile denture base material [1].
Addition of different kind of nanoparticles to PMMA is the most attractive directions in the improvement of
mechanical and biological materials properties [2,3]. The patient interprets the success of a mobile denture
therapy from two aspects: function and aesthetics in which the ability to restore the gingival color is very
important. To date, there are no studies that dealt with the aesthetic parameters of the color change of PMMA
for denture base after its modification with gold nanoparticles.

AIM: This study aimed to evaluate optical properties of novel composite - heat-cured PMMA incorporated with
different amounts of gold nanoparticles, produced by Ultrasonic Spray Pyrolysis (USP) from the precursor
solution Au (I11).

MATERIAL AND METHOD:. The synthesis of polymethylmethacrylate PMMA (ProBase Hot Monomer,
IvoclaVivadent, Liethenstein) modified with highly dispersed gold nano-particle (AuNPs) are performed in
special manner. The colour difference between the control PMMA and the remaining samples PMMA/AuUNP1-
3 with embedded gold nanoparticles containing 0.12, 0.43, 0.74 and 0 ( wt.% ) gold nanoparticles were
evaluated. Specimens without gold nanoparticles served as control. A spectrophotometer Datacolor SF600 plus
was used to measure the color in L* (brightness), a* (red-green), b* (yellow-blue) in CIELAB system.

RESULTS: Color changes of denture base acrylic resins were significantly affected by addition of gold
nanoparticles (p<0.05). The optical properties of the PMMA incorporated with gold nanoparticles changed
depending on the amount gold nanoparticles. The color difference, expressed in terms of value AE, are in the
range from 2,6 — 4,9.

CONCLUSION: The results indicated that optical properties of novel PMMA resin material modified with
gold nanoparticles strongly correlating with concentration of AuNPs and have a strong influence on esthetic
aspect of prosthetic therapy, which could lead to more patient satisfaction.

Keywords: polymethilmethacrylat, denture base, gold nanoparticles, color properties

[1] Hisada, K.; Takeshita, T. "Poly(methyl methacrylate) (PMMA)-based denture base materials with good biocompatibility" Jpn. Kokai
Tokkyo Koho, JP 2007332044 A 20071227 (2007)

[2] Pal KS, Ranganath LM, Gaikwad AV, Sarapur S, Jain SK Nanoparticles in prosthodontics — boon or bane, IJOCR., 3:8 (2015)

[3] Goiato MC, Zuccolotti BC, dos Santos DM, Sinhoreti MA, Moreno A. Effect of intrinsic nanoparticle pigmentation on
the color stability of denture base acrylic resins. J Prosthet Dent. 110(2):101-6. (2013)
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Abstract: We present studies of crystal growth of optically active conjugated polymers and oligomers on a
graphene surface in a phototransistor setup. The main emphasis is on thiophene and pyrrolopyrrole type rigid
molecules vacuum deposited on CVD or solution grown graphene. The study shows that the crystal size and the

molecular alignment can be controlled depending on the deposition conditions. These influence photoabsorption
and thus the device performance.
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Abstract:

Improvement of polymers’ properties by incorporation of small fractions (e.g. < 5 wt%) of inorganic nano-
additives is related with two parameters: a) homogeneous dispersion of the nano-objects within the polymer and
b) good interfacial properties between the polymer matrix and the surface of the nano-filler. Both these
parameters are strongly dependent on the morphology, structure and surface properties of the nano-additives and
their chemical affinity with the polymer.

In the present study, three different types of carbon nanostructures (1-D carbon nanotubes, 2-D graphene oxide
and 3-D mesoporous carbon nano-particles) were used as nano-additives to epoxy resin polymers. In order to
improve interaction with the resin, their surface was organically modified with different types of modifiers. The
carbon nanostructures were characterized for their structural, morphological and surface properties which were
correlated with the thermal, mechanical and conductivity properties of the respective epoxy - carbon
nanocomposites.

The good dispersion of carbon nanotubes within the epoxy polymer after functionalization with hexamethylene
diamine can be seen in the TEM images of Figure 1.
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Figure 1. TEM images of a) rubbery and b) glassy epoxy-CNTs nanocomposites prepared with hexamethylene diamine modified MWCNTs
(CNTs loading was 0.1 wt%)

The tensile strength measurements of the rubbery epoxy nanocomposites prepared with the pristine and
functionalized MWCNTSs revealed a substantial improvement of the mechanical properties offered by the amine-
functionalized CNTs. More specifically, a simultaneous increase of Young’s modulus, tensile stress, tensile
strain and toughness up to 34%, 154%, 118% and 453% respectively, was recorded for CNTs loading of 0.1
wt%, compared to the pristine epoxy. In the case of the nanocomposite with pristine MWCNTS, an increase of
tensile stress, tensile strain and toughness was recorded (28%, 142% and 331% respectively) accompanied
though by decrease of Young’s modulus, indicating that unmodified carbon nanotubes can substantially improve
the toughness but not the stiffness of the rubbery epoxy polymer. With regard to the graphene oxide (GO) nano-
fillers, the dynamic mechanical analysis of the glassy epoxy nanocomposites containing 0.01 to 1 wt% GO
showed that the increase of GO concentration induces a parallel increase of polymer’s stiffness as indicated by
the decrease of storage modulus. More results on the thermal, mechanical and conductivity properties of the
epoxy polymer nanocomposites prepared with CNTs, GOs and mesoporous carbon fillers will be presented and
discussed.
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In this work we analyze the grafting of Nitrogen atoms at the tips of vertically-aligned Carbon Nanotubes (v-
CNTs) synthesized by catalytic chemical vapor deposition (CCVD) at atmospheric pressure [1]. For the v-CNT
synthesis the iron catalyst was prepared by magnetron sputtering on an Al,O3; buffer layer deposited on Si
wafers with native SiO,, the precursor used for the growth was C,H, at 750 °C [2]. For the nitrogen grafting
we used an ion gun operated at different acceleration voltages in the range of 0.5 to 4.0 kV. SEM images
indicated that the alignment of the carbon nanotubes is not affected by the ion irradiation. By XPS, we observed
that the content and the Nitrogen configuration in the hexagonal lattice (pyridinic, pyrrolic, or graphitic) vary
with kinetic energy of the nitrogen ions. Defect formation will be discussed comparing XPS and Raman results
recorded on the nitrogen grafted samples using different ion kinetic energy.

[1] Scardamaglia, M., Amati, M., Llorente, B., Mudimela, P., Colomer, J., Ghijsen, J., Ewels, C., Snyders, R., Gregoratti, L. and
Bittencourt, C. (2014). Nitrogen ion casting on vertically aligned carbon nanotubes: Tip and sidewall chemical modification. Carbon, 77,
pp.319-328.

[2] Tran, K., Heinrichs, B., Colomer, J., Pirard, J. and Lambert, S. (2007). Carbon nanotubes synthesis by the ethylene chemical catalytic
vapour deposition (CCVD) process on Fe, Co, and Fe—Co/Al203 sol-gel catalysts. Applied Catalysis A: General, 318, pp.63-69.
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Vertically aligned Carbon Nanotubes (v-CNTSs) are exposed to different fluorine-containing species produced by
a plasma source; Ar:SFg, Ar:F, and CF, were used. The chemical-bonding environment of the fluorine species
grafted at the CNT surface and hydrophobic character are discussed. The modifications of the electronic and
structural properties are examined by synchrotron-based. We investigate the fluorination process of the v-CNTs
and their gas sensing response towards NO, and NH3. The effect of the humidity is assessed. It is demonstrated
that fluorination, causing the increasing of the surface hydrophobicity, reduces the moisture interference and

enhances the sensor response towards NHs.
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Novel approach to increase the electrical conductivity of
polymer composite fibers

Frank Clemens* and Tutu Sebastian
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Research & development of conducting polymer fibers is vital especially in the anti-static workwear applica-
tions to avoid the electrostatic charge build up. The most common practice to develop such fibers is to incorpo-
rate carbon fillers in the polymer matrix. However; at high concentrations of fillers the flexibility of the polymer
is compromised. Hence it is essential to achieve this high conductivity with minimum amount of carbon fillers.
Earlier studies show that the conductivity of the composite is influenced by the filler properties such as mor-
phology, particle size, aspect ratio etc. So, a particular interest is taken in studying high aspect ratio fillers, such
as carbon nanotubes and graphene where a percolation threshold can be achieved at low filler content and there-
fore higher electrical conductive can be achived.

One of the main disadvantages of high aspect ratio fillers is their price. According to this, new research activi-
ties have started to investigate composite materials of low cost carbon black and high cost carbon nanotubes to
adjust the electrical conductivity. A new approach has been validated for achieving a high conductivity polymer
composite by mixing two immiscible polymers and concentrating the carbon fillers in just one polymer matrix.
Studies to improve the properties of conducting ceramic-polymer nanocomposites are undergoing.

Empa holds a state-of —the —art microcompounder for nanocomposite fabrication where in-situ rheological
measurement along with extrusion of fibers in to different diameters is feasible at low feed content (5-6 gram of
material). This provides the possibility for investigating expensive raw materials at minimum cost. Not only
that, a scale up study is also viable here with the high volume compounder and extruder.

*MC member
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Abstract:

The aim of the paper is to present some technological alternatives in obtaining and functionalization of three
types of membranes based on carbonic materials.

In the field of filtering membranes the phenomenon of biological annihilation prevents their normal activity in
micro and nanofiltration processes. Removal and eradication of biofilms is generally accomplished by
mechanical processes, acid or alkali detergents or disinfectants. However, the effectiveness of these chemicals is
strongly affected by factors such as pH, temperature, solubility, concentration and exposure time [1].

In this context, the dynamics of developing new strategies for controlling the formation of biofilms on micro
and nanofiltration membranes or on food and medical products is emphasized.

Nanostructured materials, such as carbon nanotubes and graphene, have been developed as modeling systems in
nanoscience and nanotechnology. These carbon-based materials are a special class and have attracted attention
because of their superior surface area and outstanding electronic, mechanical and thermal properties.

We tackled three main directions in obtaining carbon based membranes. First, we obtained 3D polymeric
structures impregnated with carbon materials. In the second direction we obtained noble metals
functionalization of carbon based structures using thermal evaporation method. The third direction implies
obtaining the composites membranes based on carbonic materials and metallic nanomaterials.

[1] R. Houdt, C.W. Michiels, Biofilm formation and food industry, an emphasis on the bacterial outer surface, J. Appl. Microbiol. 109 1117-
1131 (2010)
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New approaches are required for developing novel solar energy converters with improved performance and
lower cost. While ZnO/Cu,O based heterojunction solar cells have attracted interest lately, electrochemical
deposition gained increased recognition as a versatile synthesis technique. In this work, ZnO/Cu,O
heterojunction solar cells were fabricated by electrodeposition methods. The solar cell performance was studied
with the incorporation of graphene oxide (GO) nanosheets at the ZnO/Cu,O junction given that it can be
improved through either interface traps [1] or by hindering the charge recombination in electron-transfer
processes [2]. The effect of optimization of junction interfaces in terms GO oxidation or reduction state on the
cell performance (short-circuit current density J;. and open-circuit voltage V,.) has been investigated.

Structural characteristics were measured by X-ray diffraction (XRD) using a Rigaku Ultima IV diffractometer.
Field Emission Scanning Electron Microscopy (FESEM) Bruker working at a 2kV was employed for the
morphology investigation. The photoelectrical properties were performed by using potensiostat (PGSTAT 302N
AUTOLAB) equipped with AM 1.5G illumination from a calibrated solar simulator with irradiation intensity of
100 mW/cm?.

The obtained results indicate a marked effect of GO on the ZnO-Cu,O -based solar cell due to improved charge
separation, and increased conductivity, respectively.
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In recent years, graphene related materials attracted considerable attention and they have great potential in the
electronics field owing to their superior mechanical properties and electrical and thermal conductivities. The
addition of graphene to the binary Sn alloys may contribute to the accomodation of the large volume change of
Sn during cycling process when they are used as anodes of Li ion batteries or may contribute to the mitigation of
whiskers growth when applied in electronic interconnections. The use of ionic liquids in general and of choline
chloride based ones in particular was found to be suitable media to form stable graphene based dispersions
overcoming the agglomeration problems [1-3].

The present paper presents several experimental results regarding the morphological and structural
characterization of Ni-Sn alloy/reduced graphene oxide composite coatings from choline chloride based ionic
liquids on Cu substrates. Electrolytes containing Sn (I1) and Ni (II) salts in choline chloride-ethylene glycol
eutectic mixtures (Sn:Ni molar ratio in electrolyte between 1:1 - 3:1) with additions of 0.1-0.5 g/L ammonia
functionalized graphene oxide have been used, showing a very good dispersability and stability for more than 96
h. The obtained composite deposits are adherent and uniform onto metallic substrates, with thicknesses of about
10-12 pm at 30-40 mA/cm? for 30 min. under ultrasound stirring.

SEM, Raman, XPS and XRD analysis evidenced the successful insertion of reduced graphene oxide into the
metallic Ni-Sn alloy matrix (see Fig.1).

CSSNT 10.0kV 8.

Fig.1 SEM image of Ni-Sn alloy / reduced graphene oxide composite coating
(50 mA/cm? 30 min., 50°C)

Atomic Force Microscopy (AFM) investigations to get more details on the local morphology features are also
discussed.
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The paper presents some experimental results related to the morphological and structural characterization of
electrodeposited Ag composites with carbon nanotubes (denoted Ag-MWCNT) involving ionic liquids
analogues based on novel eutectic mixtures of choline chloride-triethanolamine (IL-TEA) (1:1 molar ratio)
containing 0.1 M nicotinic acid (NA). Dispersion stability of multi-walled carbon nanotubes (MWCNTS) was
found to be excellent in the used eutectic solvent. According to SEM, Raman, XPS and XRD analysis, the
carbon nanotubes were successfully inserted into the metallic matrix (see Fig.1a).

Atomic Force Microscopy (AFM) investigations to get more details on the local morphology features, including
the roughness parameters, Ra (arithmetic average of measured microscopic peaks and valleys) and RMS (root
mean square of measured microscopic peaks and valleys) are also discussed.

Metallic light grey coatings, with a good adherence and uniformity onto the Cu substrate have been obtained at a
working temperature of 70-80°C for 1 hour, at current density values between 2 -5 mA/cm® XRD pattern
suggested a good crystallinity of the Ag-MWCNT composite layer, with crystallites average sizes of about 28
nm.

The Raman scattering intensities for the D and G bands of MWCNTSs were found to be significantly enhanced as
compared to those of pure MWCNTSs (see Fig.1b), suggesting a potential use as a surface enhanced Raman
scattering (SERS) substrate.

The preliminary tests using methylene blue (MB) as probe molecule showed that the obtained Ag-MWCNT
composite coatings may be promising for SERS applications (see Fig.1c).

(b)

Fig.1 (a) SEM micrographs at different magnifications for Ag-MWCNT composite coatings; (b) Raman spectra of Ag-MWCNT composite
coating and commercial MWCNTS; (c) Raman spectra of 2.86 ppm MB on glass and on Ag-MWCNT composite coating
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Manufacturing and dispersion of SWCNTs as a prerequisite
for nanodevice building using Electron Beam Lithography
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Single Walled Carbon Nanotubes (SWCNTSs) were obtained using a new laser chamber design for carbon
ablation by Kr-F excimer laser. The SWCNTSs were obtained by ablating the Ni-Co and Pt-Co doped target.

These SWCNTSs were dispersed in dimethylformamide (DMF) using a combination of ultrasound sorces and spin
coated onto a SiOy/highly doped Si substrate with deposited gold electrodes. After the identification of the
deposited SWCNTSs, they were contacted to the prior designed electrodes using Electron Beam Lithography.

All these efforts were prerequisites for building future micro- and nanodevices using EBL as a technique for
device contacting. The results of the entire process were evaluated using Scanning Electron Microscopy, Energy
Dispersive Spectroscopy and Atomic Force Microscopy.
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Figure 1. Nano-FET using SWCNT
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The aim of this study was to design, develop and evaluate new composites based on a natural polymer —
collagen (COLL) used for tissue regeneration, single wall carbon nanotubes (SWCNTSs) and essential oil in
order to prevent infections in wound healing process. To obtain the collagen matrices, collagen gel, with the
initial concentration of 1,92%, was adjusted to the final concentration of 1% and the pH was modified to 7.4
using 1M sodium hydroxide. SWCNTSs were ultrasonicated for 2 hours, in essential oil solution, before usage.
The homogenized solutions of essential oils with SWCNTs have been added over collagen gel in different
proportions and all the samples were cross-linked using glutaraldehyde solution. By freeze-drying of gels during
48 hours, the spongious forms (matrices) were obtained. The antimicrobial activity of all the matrices obtained
was testes against S. aureus and E. coli bacteria, investigating zones of inhibitions, inhibition of growth in wet
conditions and biofilm analysis through spectrophotometry. All the samples were characterized by scanning
electron microscopy (SEM) before and after the antimicrobial activity assay. The results showed that only the
samples containing thyme essential oil presented zones of inhibition against S. aureus and E. coli strains. The
samples incubated in solution without bacteria presented no biofilm formation, the values obtained from spectral
analysis being very high, ranging around 0.6 cm™, values comparable to the control sample values. For samples
with essential oil the results showed that the samples are more effective against S. aureus, the absorbance values
being lower in this case than in tha case of E. coli interaction. So, it was proven, the efficiency of thyme
essential oil firstly against E. aureus strain and then against E. coli strain. The results obtained of the designed
matrices recommend these formulations as wound dressings with potential antimicrobial activity in skin wounds
treatment.
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As a promising nanomaterial with excellent electronic, thermal, optical and mechanical properties, graphene is
used increasingly more often in energy storage and energy conversion applications such as lithium ion batteries,
solar cells, supercapacitors, fuel cells, etc. In this work, the synthesis and characterization of platinum decorated
graphene (Pt-Gr) electrocatalysts for PEM fuel cells are reported.

The structural, optical and morphological properties of the prepared samples were studied using different
characterization techniques, such as X-ray diffractometry, Scanning Transmission Electron Microscopy, Element
Dispersive X-ray Spectroscopy and Raman Spectroscopy. According to the obtained results the investigated
materials possess adequate properties, which are enabling their use in new improved electrodes for PEMFC.
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Figure 1. Schematic design of a PEM fuel cell
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Figure 2. Co-localized SE - secondary electrons (left), ZC - phase contrast (middle) and TE - transmission electrons (right) images of the
Pt/rGO_x sample
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