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It is our pleasure to invite all scientists, academicians, young researchers, business delegates 
and students from all over the world to attend the International Meet & Expo on Graphene and 
Carbon Nanostructures will be held in Nice, France during November 01-03, 2021.

GRAPHENEMEET2021 shares an insight into the recent research and cutting edge technologies, 
which gains immense interest with the colossal and exuberant presence of young and brilliant 
researchers, business, delegates and talented student communities.

GRAPHENEMEET2021 goal is to bring together, a multi-disciplinary group of scientists 
and engineers from all over the world to present and exchange break-through ideas relating 
to the Graphene and Carbon Nanostructures. It promotes top level research and to globalize 
the quality research in general, thus makes discussions, presentations more internationally 
competitive and focusing attention on the recent outstanding achievements in the field of 
Graphene and Carbon Nanostructures.

We’re looking forward to an excellent meeting with scientists from different countries around 
the world and sharing new and exciting results in Graphene and Carbon Nanostructures.
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Interfacial Insights to Graphene-based Nanostructures
Katsumi Kaneko
Research Initiative for Supra-Materials, Shinshu University, 4-17-1 Wakasato, Nagano
380-8553, Japan 
kkaneko@shinshu-u.ac.jp

Importance of nanostructured carbons has been increasing for construction of sustainable 
technologies due to their high storage capacity of clean gases[1], high electrical conductivity, 
chemical and mechanical robustness, and biocompatibility. This presentation will introduce 
novel nanoconfinement functions of nanostructured carbon.  Nanoconfinement effect can 
distinguish oxygen isotope molecules of 18O2 and　16O2 to efficiently separate 18O2 from 
16O2 near 112 K; the adsorption selectivity is larger than 50 in the initial stage [2]. Cconfinement 
of atoms, molecules, and ions in nanoscale carbon pore spaces induces unusual high pressure-
compression effect. We can prepare an atomically 1D chain sulfur crystal inside carbon 
nanotube (SWCNT) [3], giving the sharp synchrotron X-ray diffraction peaks of atomically 
1D sulfur chains having metallic property. In this case, the in-pore high pressure corresponds 
to 1 GPa. When ions are confined in the extremely narrow carbon nanospaces, the confined 
ions induce their image charges in the carbon walls. The in-wall image charges compensate the 
repulsive interaction between the same ions, showing the partial breaking of Coulombic law 
[4]. This partial breaking effect gives a new insight to the high performance supercapacitors. 
If we donate a nanoscale window (nanowindow) in the graphene, the nanowindow has a 
different function from nanopore spaces. The nanowindows are not efficient for adsorption, 
but separation. The promising air separation ability of the nanowindow was shown [5]. 

References
1) K. Kaneko, F. Rodriguez-Reinoso eds., Nanoporous Materials for Gas Storage, Springer 
(2019).
2) S. K.Ujjiain, A. Bagusetty. Y. Matsuda, H.Tanaka, P. Ahuja, C. de Tomas, M. Sakai,  
F. Vallejos-Burgos, R. Futamura, I. Suarez-Martinez, M. Matsukata, A. Kodama, G. 
Garberoglio, Y. Gogotsi, K. Johnson, K. Kaneko, Nature Comm. In press.
3) T. Fujimori, A. Morelos-Gómez, Z. Zhu, H. Muramatsu, R. Futamura, K. Urita, M. 
Terrones, T. Hayashi, M. Endo, S. Y. Hong, Y. C. Choi, D. Tománek,  K. Kaneko, Nature 
Comm. 4, 2162(2013). 
4) R.Futamura,T.Iiyama,Y.Takasaki,Y.Gogotsi, M.J.Biggs, M.Salanne, J. Ségalini, P. Simon, 
K.Kaneko, Nature Materials, 16,1163 (2017).5) 
5)  F. Vallejos-Burgos, F.-X. Coudert, K. Kaneko,  Nature Comm. 9,1812 (2018).

Keywords
Interface; Nanopore; Nanowindow; Graphene; Adsorption.

Katsumi Kaneko is a distinguished professor of Research Initiative for Supra-Materials, 
Shinshu University. 

mailto:kkaneko@shinshu-u.ac.jp
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He had been a professor of physical chemistry, Graduate School of Science, Chiba University 
until March in 2010. He moved the current University in 2010. He graduated the Chemistry 
program of the University of Tokyo in 1971. 
He published 580 papers. Chemical Society of Japan and American Carbon Society awarded 
him in 1999 and in 2007(Charles Petinos Award), respectively. 
He has developed new nanospace-materials science: Adaptation of atoms, molecules, and ions 
to highly restricted nanoscale solid spaces.
He showed in-pore superhigh pressure effect of nanoscale pores and partial dehydration effect 
for confined ions, contributing to quantum molecular sieving effect and showed partial breaking 
of Coulombic law for ions highly restricted in electrically conductive pore spaces.  He gave a 
solution for hydrophobic into hydrophilic transformation of hydrophobic nanoporous carbons 
for water vapor adsorption. He developed a novel separation for heavy isotopic gases such as 
O2 and CH4. He found outstanding separation properties of nanowindows in graphene.
He was in charge of president of International Adsorption Society from 2004 to 2007. He is a 
fellow of Royal Society of Chemistry, International Adsorption Society, and Chemical Society 
of Japan. 
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Graphene-Based 3D Materials: Synthesis and 
Applications
Mineo Hiramatsu* and Keigo Takeda
Department of Electrical and Electronic Engineering, Meijo University, Tempaku, Nagoya, 
Japan
*Corresponding Author E-mail: mnhrmt@mejo-u.ac.jp

Abstract
Graphene-based nanostructures are recognized as smart materials and have attracted much 
attention due to their outstanding properties as well as emerging applications. Among them, 
graphene-based 3-dimensional (3D) materials, vertical graphene network (VGN), could 
be promising material as a platform for electrochemical and bio applications. The VGN is 
composed of few-layer graphene sheets. The sheets form a self-supported wall structure with 
thicknesses in the range from a few nanometers to a few tens of nanometers. The VGN is 
characterized by the vertical conductive carbon sheets with large surface area. In addition, the 
VGN possesses ample spaces surrounded by carbon sheets. 

Graphene-based materials can be synthesized by plasma-enhanced chemical vapor deposition 
(PECVD) on heated substrates (600-800 ˚C) using methane and hydrogen mixtures. In 
this case, balance between carbon precursors and etching radicals at the growing surface is 
important. Moreover, their structures depend on the nucleation even under the similar plasma 
condition. Carbon nanotubes can be grown from metal-catalyst nanoparticles such as Co and 
Fe. Plane graphene sheet has been synthesized on the catalytic metal layer such as Cu and Ni. 
On one hand, most important factors affecting morphology, crystallinity and growth rate of 
VGN are the balance between carbon precursors and H atoms in the plasma, and ion energy/
flux incident on the substrate as well as on the growing surface. VGN and similar materials 
have been synthesized on a variety of substrates including Si, SiO2, sapphire, metals, graphite, 
etc. by using several PECVD techniques (low-pressure inductively coupled plasma, middle 
pressure microwave-excited plasma, and atmospheric pressrue plasma). After the nucleation, 
the height of VGN increases almost linearly with the growth period, while the thickness of 
each sheet and interspaces between adjacent sheets are almost constant. VGN is sometimes 
decorated with nanoparticles and biomolecules. The maze-like architecture of VGN with 
large-surface-area graphene planes would be useful as electrodes for energy storage devices 
and scaffold for cell culturing. Especially, combined with surface functionalization including 
surface termination and decoration with nanoparticles and biomolecules, VGN can be suitable 
as platform in electrochemical and bio applications.

Morphology of carbon nanostructures should be controlled according to their applications. We 
report the current status of the synthesis of VGN using several PECVD techniques, and focus 
on the control of their structures during the growth processes as well as surface decoration 



INTERNATIONAL MEET & EXPO ON GRAPHENE AND CARBON NANOSTRUCTURES

NOVEMBER 01-02, 2021

GRAPHENEMEET2021

Page- 10

albedo
...let's reflect knowledge

to be used as platform of the electrochemical and bio applications. For example, the surface 
of VGN was decoreated with Pt nanoparticles by reduction of Pt salt precursors (H2Cl6Pt) 
in solution and supercritical fluid chemical fluid deposition with metal-organic compounds 
((CH3C5H4)(CH3)3Pt). Electrochemical experiments demonstrate that VGN offers great 
promise for providing a new class of nanostructured electrodes for electrochemical sensing, 
biosensing and energy conversion applications.

Keywords
2D material; vertical graphene; carbon; nanowall; plasma-enhanced CVD

Biography
Dr. Mineo Hiramatsu received his Ph.D. from Nagoya University, Japan in 1987, and thereafter 
started his professional career as research associate of Department of Electrical and Electronic 
Engineering, Meijo University, Japan. He is a Full Professor of Department of Electrical and 
Electronic Engineering, Meijo University since 2006. His main fields of research are plasma 
diagnostics and plasma processing for the synthesis of thin films and nanostructured materials. 
He served as chairman and member of organizing and scientific committees of international 
conferences on plasma chemistry and plasma processing. Author of more than 150 scientific 
papers and patents on



INTERNATIONAL MEET & EXPO ON GRAPHENE AND CARBON NANOSTRUCTURES

NOVEMBER 01-02, 2021

GRAPHENEMEET2021

Page- 11

albedo
...let's reflect knowledge

Pilot-scale Technology & Equipments for CVD 
Graphene
Zhongfan Liu
Beijing Graphene Institute (BGI)
Center for Nanochemistry (CNC), Peking University, Beijing 100871, China

For graphene industry, mass production of high quality graphene itself is the starting point and 
finally determines its future. Since 2008, we have been focusing our emphasis on the chemical 
vapor deposition (CVD) growth of graphene materials. Our work follows two different lines, 
CVD growth of graphene on metals including Cu, Ni and Cu-Ni alloys, and direct growth on 
insulators including traditional glass and glass fibers. All the efforts are targeting commercial 
level mass production together with equipment design and manufacturing. Listed in the 
following are the current status of our CVD graphene research: (1) 4-6 inch single crystal 
graphene wafers on Cu(111) and Cu90Ni10(111)/sapphire, commercial batch production 
available in 10,000 wafers/year; (2) A3-size graphene films with cm single crystalline domains 
by static growth, commercially available in 10,000 m2/year; 3) A3-size superclean graphene 
films with CO2 post-etching technique, commercially available in 10,000 m2/year; 4) roll-
to-roll graphene films with 20-micrometer single crystalline domains by dynamic growth 
technique, commercially available in 20,000 m2/year. All the CVD systems are home-built 
with scaling-up capacity for commercialization. 

Zhongfan Liu
Peking University & Beijing Graphene Institute, China
Email: zfliu@pku.edu.cn 

Prof. Zhongfan Liu got his PhD in University of Tokyo in 1990. He is now the BOYA Chair 
Professor of Peking University in chemistry, the Director of Beijing Graphene Institute, and the 
Vice President of Chinese Chemical Society. His research interest focusses on low dimensional 
carbon materials, including the CVD growth of graphene and single-walled carbon nanotubes 
and their unique applications. Prof. Liu has published over 630 peer-reviewed articles and 
over 130 patents. His recent contributions to graphene areas include, superclean graphene, 
super graphene glass, graphene optical fiber and photochemical band structure engineering of 
graphene. The major academic awards he received include, National Natural Science Awards 
(2008, 2017), Chinese Chemical Society-AkzoNobel Chemical Science Award (2012), 
Baogang Outstanding Teacher Award (2012), the Lectureship Award of 2016 Colloid and 
Surface Chemistry Annual Meeting of Chemical Society of Japan, Beijing Municipal Excellent 
Teacher (2017), and the 2018 ACS Nano Lectureship Award. He was elected as the member 
of Chinese Academy of Sciences in 2011 and as one of the six outstanding scientists in Ten-
Thousand-Talents Program in 2013. Prof. Liu is the Fellow of the Institute of Physics (UK, 
2004), the Fellow of Royal Society of Chemistry (UK, 2014) and the Fellow of TWAS(2015). 

mailto:zfliu@pku.edu.cn
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Development of 1d and 2d Transistors and Field 
Emitters

 
Filippo Giubileo1,*, Enver Faella2, Aniello Pelella2, Alessandro Grillo2, 
Maurizio Passacantando3 and Antonio Di Bartolomeo2
1CNR-SPIN Salerno, via Giovanni Paolo II n.132, 84084 Fisciano, Italy
2Physics Department “E. R. Caianiello”, University of Salerno, 84084 Fisciano, Italy 
3Department of Physical and Chemical Science, University of L’Aquila, L’Aquila, 67100, 
Italy
*Corresponding Author E-mail: filippo.giubileo@spin.cnr.it

Abstract 
Field emission (FE) devices are exploited as cold electron sources in several fields, such 
as electron microscopy, X-ray sources, microwave amplifiers, and flat panel displays. 
Electrons can tunnel through the vacuum barrier by the application of an intense electric field, 
profiting from the reduction (of the height and width) of the potential barrier as well as of the 
geometrically induced field enhancement at the apex/edge of the emitters. Consequently, huge 
efforts are nowadays focused on the fabrication and characterization of nanostructured field 
emitters, from 0-dimensional(D) nanoparticles, 1-D nanowires, nanopillars, and nanotubes, 
till 2-D nanosheets, mostly graphene and transition metal dichalcogenides (TMDs). TMDs are 
characterized by sharp edges and nano-sized defects that favor the enhancement of the local 
electric field and the extraction of electrons at a relatively low turn-on field. In this talk, we 
will report a detailed investigation of the field emission properties of InSb nanopillars as well 
as monolayers TMDs, namely MoS2 and WSe2, taking advantage of an experimental setup 
realized inside a scanning electron microscope equipped with nano-manipulated probe-tips, 
used for positioning of a tip-shaped anode at a nanometric distance from the emitting surface.  
For n-type WSe2 monolayer on Si/SiO2 substrate, we show that electrons can be extracted also 
from the flat part of the flake with a current intensity up to few nA. More interestingly, we 
demonstrate that FE current can be modulated by the back-gate voltage, a positive bias causing 
an n-doping of the WSe2 monolayer. Similarly, we demonstrated that monolayer MoS2 is also 
suitable for gate-controlled field emission devices opening the way to the development of a 
TMD-based vertical field emission transistor.  

Keywords
Field emission; Field-effect transistors; transition metal dichalcogenides.

Biography
Filippo Giubileo currently works as Researcher at the Institute for Superconductors, 
Innovative Materials and Devices (SPIN) of the Italian National Research Council (CNR), 
since 2004. He has the National Scientific Qualification as Full Professor in Experimental 
Condensed Matter Physics. He has been member of the scientific evaluation panel for the 
Flag-Era Joint Transnational call on graphene basic research. His research activity deals with 
electrical properties of 1D and 2D materials and their application as field effect transistors, 
photodetectors, chemical sensors, field emitters. His expertise includes advanced surface 
analysis on nanometer scale by scanning probe microscopy/spectroscopy in high magnetic 
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field and variable temperatures, fabrication and characterization of superconducting 
heterostructures, pairing symmetry and electronic properties in superconductors. FG is listed 
in the World Top 2% Scientist classification by PlosBiology. He has published more than 
100 papers in peer-reviewed journals. He was Chair-Organiser for 6 international conferences 
(ISMN08, SM-2010, S4E-2014, GM-2016, TTN-2018, NANO M&D-2019). He serves as 
member of editorial board for several international journals (Nanomaterials, Nano Express, 
Journal of Nanomaterials, Chemosensors).
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Nanoscale Visualization of Electrochemical Activities 
on Graphene and 2D Materials

Akichika Kumatani1,2,3,4
1WPI-Advanced Institute for Materials Research (WPI-AIMR), Tohoku University, Japan.
2WPI- International Center for Materials Nanoarchitectonics (WPI-MANA),
National Institute for Materials Research (NIMS), Japan.
3Graduate School of Environmental Studies, Tohoku University, Japan.
4Center for Science and Innovation in Spintronics (CSIS), Tohoku University, Japan.

Abstract 
Since graphene and other two-dinetional (2D) materials showed their exotic phenomina, 
a number of unexptected properties has been reported in various fields. Indeed, they also 
show some marverous functionalities in electrochemical based energy harvesting or storing 
purposes such as electrocatlysts and batteries. In particular, their atomic strcutre with one-
atom thick is essential to enhance their electrochemical activities. Whereas, in general, for 
evaluation of their electrochemical performance, an analytical technique is conducted in bulk 
states. In other words, there is an issue to understand their local electrochemical properties. 
In comparison with electronic conduction analysis by scanning tunneling or conductive 
atomic forcce miscroscopy, it is still required to develop a spatially resolved electrochemical 
analysis with high sensitivity in ionic conduction. To overcome it, we have assembled a variety 
of electrochemical microscopies. In this talk, scanning electrochemical cell microscopy 
with a single barrel nanopipette (SECCM) is introduced for nanoscale visualition of their 
electrochemical reaction. The size controllable pipette (about 100 nm) is filled with electrolyte 
and a quasi-counter/reference electrode, which is specialized to detect ionic current though a 
meniscus created between the pipette and sample surface. The SECCM can be applicable in any 
electrochemical activities including hydrogen evolution reaction (HER). We will show some 
recent results for nanoscale electrochemical imaging on graphene and othher 2D materials. 
The imaging results reveal some factors for acceralating their electrochemical activities.

Biography
Akichika Kumatani is an Associate Professor in WPI-Advanced Institute for Materials 
Research (AIMR), Tohoku University (Japan). From 2020, he is cross appointed to WPI-
International Center for Materials Nanoarchitectonics (MANA), National Institute for 
Materials Science (NIMS) as an invited researcher, and also is bestowed the title of Tohoku 
University Distinguished Researcher. He received Ph. D. from University College London 
(UK). After post-doctroal researcher in NIMS, he joined to Tohoku University. His research 
interests are surface and analytical science. In particular, he applied to study high-resolution 
electrochemical imaging techniques for energy materials in batteries and electrocatalysts on 
two dimensional materials.
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Molecule-based Carrier Modulation of Transition Metal 
Dichalcogenides
Daisuke Kiriya
Department of Physics and Electronics, Osaka Prefecture University, Japan
*Corresponding Author E-mail: kiriya@pe.osakafu-u.ac.jp

Abstract
Transition metal dichalcogenides (TMDCs) gather attention as semiconducting materials with 
atomically thin layered structures. TMDCs have a flat surface structure with a small number of 
dangling bonds, and expected high carrier mobility as high as several hundred cm2 V-1 sec-1 even 
monolayer limit. In terms of applying this emerging material for semiconductor applications, 
the carrier modulation method would be critical. We have been working on molecular-based 
engineering of TMDCs and demonstrated modulation of carrier concentrations of TMDCs 
[1-4] and optical properties of monolayer TMDCs to enhance the photoluminescence several 
orders of magnitude [5, 6]. In this presentation, I would focus on the modulation of the carrier 
concentrations in TMDCs via surface charge transfer doping by contacting donor molecules. 
I will show heterojunction with a redox-active organic molecule, benzyl viologen (BV) and 
demonstrate metal-insulator transition (MIT). We characterized the behavior by metal-oxide-
semiconductor field-effect-transistor (MOSFET) devices and analyzed the transport behavior 
with varying temperatures. I would discuss MIT on both monolayer and multilayer MOSFET 
devices. Also, I would demonstrate an application of a high-performance TMDC MOSFET with 
a subthreshold swing of ~77 mV decade-1 by using BV molecular doping. In the presentation, 
I would discuss the details of the above topics.

References
[1] D. Kiriya et al., J. Am. Chem. Soc. 2014, 136, 7853.
[2] H. Ichimiya et al., ACS Nano, 2018, 12, 10123.
[3] H. Ichimiya et al., ACS Appl. Mater. Int. 2019, 11, 15922
[4] K. Matsuyama et al. ChemistryOpen, 2019, 8, 908.
[5] M. Amani, D.-H. Lien, D. Kiriya et al. Science, 2015, 350, 1065.
[6] Y. Yamada et al. ACS Appl. Mater. Int. 2021, 13, 25280.

Keywords
Transition metal dichalcogenides (TMDCs), MOSFET, Molecular doping, Metal-insulator-
transition

Biography
Daisuke Kiriya received his Ph.D. degree in Engineering from Kyoto University in Japan in 
2009 and performed his postdoctoral work at the University of Tokyo from 2009 to 2012 and 
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the University of California, Berkeley, between 2012 and 2016. He is currently an associate 
professor in the Department of Physics and Electronics at Osaka Prefecture University in 
Japan. He received Young Scientist Award from the Minister of Education, Culture, Sports, 
Science and Technology (MEXT), Japan, in 2019. His research focuses on combination of 
molecular chemistry with nanomaterials and devices.



INTERNATIONAL MEET & EXPO ON GRAPHENE AND CARBON NANOSTRUCTURES

NOVEMBER 01-02, 2021

GRAPHENEMEET2021

Page- 17

albedo
...let's reflect knowledge

Biomedical Applications of Carbon-Based 
Nanomaterials

Dorota Chudobaa,b, Monika Jażdżewskaa,b, Katarzyna Łudzikb,c
aFaculty of Physics, Adam Mickiewicz University, Poznań, Poland
bFrank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia
cDepartment of Physical Chemistry, University of Lodz, Łódź, Poland

The fundamental interest in bionanomaterials field is to understand the impact of reduced 
dimensionality and surface forces of nanomaterials for possibility of their potential applications. 
The intensive development of nanotechnology allows to optimize the currently available 
diagnostic methods and treatment of many diseases, including cancer [1]. The particular 
interest seems to be the innovative solutions relating to the targeted delivery of drugs [2]. By 
manipulating the size and surface properties of nanomaterials is enables to design the smart 
system which can deliver the drug to the tumor and release it in a controlled way. Such approach 
allows to reduce the side effects which are commonly observed during the use of traditional 
chemotherapy. Among the known nanoparticles, carbon nanomaterials with appropriately 
functionalized surfaces seem to be of particular interest. Recent studies of carbon nanotubes, 
carbon fibers and others, as a carrier for anticancer drugs carried out by using experimental 
and simulation methods have shown the impact of appropriate surface modification to the 
efficiency of the drug adsorption process [3]. Due to the fact that the effectiveness of drug 
release from nanocarriers is a major determinant in its biological use the evaluation of drug 
release kinetics was also perform. It was found that the efficiency of adsorption/desorption 
process depends on many factors and can be different for various carbon nanomaterials.

References
[1] S.K.Sahoo, S.Parveen, J.J.Panda, „The present and future of nanotechnology in human 
health care“, Nanomedicine:
Nanotechnology, Biology and Medicine, 3, 1 (2007), p. 20- 31.
[2] Weiwei Mu, Qihui Chu, Yongjun Liu, Na Zhang, „A Review on Nano-Based Drug 
Delivery System for Cancer
Chemoimmunotherapy”, Nano-Micro Lett. (2020) 12:142.
[3] D.Chudoba, K.Łudzik, M.Jażdżewska, S.Wołoszczuk, „Kinetic and equilibrium studies 
of doxorubicin adsorption onto
carbonnanotubes”, International Journal of Molecular Sciences, 2020, 21 (21), 8230.
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Distinguishing Characteristics And Usability Of Graphene Oxide 
Based On Different Sources Of Graphite Feedstock

Ebrahim Mahmoudi

Abstract
Graphene oxide (GO) has gained popularity in scientific research and industry due to its 
superior properties, which can be controlled by the synthesis method and graphite feedstock. 
Despite the availability of different graphite sources, most of the reported studies used natural 
graphite flake (NGF) as a source of oxidation for GO synthesis. The effect of various alternative 
graphite feedstocks on the GO properties has not been investigated systematically. This study 
investigated the influence of graphite feedstock (natural and synthetic) on the characteristics 
and properties of GO via modified Hummer’s method. Natural graphite flake (NGF), natural 
graphite powder (NGP), and synthetic graphite powder (SGP) were used as graphite feedstock 
in the study. Energy-dispersive X-ray analysis revealed that the GO produced using NGP 
(NGP-GO) has higher oxygen to carbon ratio in comparison to GO made from NGF (NGF-
GO) and GO made from SGP (SGP-GO) (35.4, 32.7, and 32.2%, respectively), indicating 
higher oxidation degree for NGP-GO. Zeta potential analysis for NGP-GO, NGF-GO and 
SGP-GO were -47.8, -42.6 and -39.4 mV, respectively. Morphological analysis revealed that 
the structures of GO varied according to graphite feedstock, in which (NGP-GO) and (NGF-
GO) were highly exfoliated (single-layered structure) while (SGP-GO) showed a multi-layered 
structure. Further testing was conducted by decorating silver (Ag) nanoparticles on the GO. 
The results showed that Ag could be uniformly decorated (no agglomeration) on the surface 
of GO-NGP, due to the presence of more functional groups. Subsequently, the antimicrobial 
property of Ag-NGP was the highest with an inhibition diameter of 14.7±1.2 mm (30% higher 
than the other samples). In conclusion, the properties of GO can be tuned by selecting the 
suitable graphite feedstock and this might pave the way to new developments in the GO-based 
applications.
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Two-dimensional Nanomaterial's Liquid Crystal 
Microfluidics and Its Functional Assembly
Guoqing Xin*, Kai Yang, Zexin Liu 
Wuhan National High Magnetic Field Center, Huazhong University of Science and 
Technology, 
1037 Luoyu Rd, Wuhan, China
*Corresponding Author E-mail: guoqingxin@hust.edu.cn 

Abstract 
2D materials, e.g., graphene, boron nitride, transition metal dichalcogenides, show highly 
anisotropic structure and exhibit exceptional electrical, optical, thermal and mechanical 
properties on the in-plane direction. To fully explore 2D materials’ unique properties, nanosheets 
need to be assembled into highly ordered 3D macroscopic structures, well aligned to their 
properties and structure orientation. However, key challenges exist in the scalable assembly of 
2D nanosheets into highly ordered 3D macroscopic structures, limiting practical applications.

High concentration 2D nanosheets solution can form a stable liquid crystal (LC) phase. 2D 
sheets are pre-aligned and can be directed under the shear flow to form ordered macroscopic 
fiber, film or tube structures via a simple wet-spinning process. However, wet-spinning process 
restricts the fine control of macroscopic structure to a lower degree of sheet alignment, high 
porosity, rough surface morphology and a non-uniform core–sheath structure, thus limiting 
their mechanical and physical properties. Additionally, the rheological properties of LC inside 
of wet-spinning microchannels are not well understood, although they significantly impact the 
assembly process and final macroscopic structure. Typically, polymer LC with short molecular 
length (<10nm) flows through micrometer-sized confining volumes are therefore negligible 
in size. However, 2D nanosheets have large lateral size comparable to microchannels. LC 
inside of microchannel presents unique rheological properties and significantly impacted by 
the dimensions of 2D sheets and microchannels, offering more opportunities to tune sheet’s 
alignment and microstructure.

Here, the rheological properties of the 2D nanosheets LC fluid inside of microchannels have 
been well investigated. We showed strong microchannel size and shape effects on the LC 
rheological properties and microchannel confinements in controlling sheets alignment during 
wet-spinning, which can be directly transferred into higher order of the sheet alignment in 
the final structures. Based upon systematic computational fluid dynamic simulations and 
measurements of the rheological properties of the LC flow, the mechanisms of fluidic-assisted 
assembly in controlling the sheet alignment in the solution and the strong size and shape 
confinements are elucidated. The scientific principles of controlling microfluidics-enabled 
assembling process is demonstrated by achieving various highly ordered/compact structures 
with high degree of sheets alignment.

Particularly, we achieved record high physical and mechanical properties of anisotropic 
graphene belts. The optimization of sheets alignment and compactness of our graphene belts 
result in high tensile strength of 1.9 ± 0.1 Gpa and Young’s modulus of 309 ± 34 Gpa, much 
higher than traditional columnar fibers of 1.45 Gpa and 282 Gpa. The thermal and electrical 
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conductivity of the graphene belt reach to 1575 ± 81W/mK and 1.0 (±0.2) ×106 S/m, respectively, 
much superior to that of best reported graphene fiber (Science, 349 (1083) 2015), carbon 
nanotube fiber (Science, 339 (182) 2013) and commercially available mesophase pitch-based 
carbon fibers (K1100 from Amoco). Furthermore, the correlation between the sheet alignment 
in LC suspension during the fluid flow, and the alignment of the graphene sheets in the final 
graphene fibers are well established, enabling new science for developing high performance 
graphene fibers.

Reference
1. G. Xin, T. Yao, H. Sun, S.M. Scott, D. Shao, G. Wang, J. Lian. “Highly thermally 
conductive and mechanically strong graphene fibers” Science. 349 (6252), 1083-1087 (2015)
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enabled orientation and microstructure control of macroscopic graphene fibres” Nature 
Nanotechnology. 14 (2), 168 (2019).
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Graphene tuning of neuronal networks: interfacing synapses at the 
nanoscale

Laura Ballerini 
SISSA Trieste, Italy

Session: Graphene and Biomaterials in the field of Healthcare

Abstract
Synapses compute and transmit information to connect neural circuits and are at the basis of brain 
operations. Graphene is a two-dimensional nanomaterial largely exploited in multiple domains 
of science and technology, including biomedical applications. In this presentation I will describe 
how small graphene oxide nanosheets (s-GO) interact selectively with excitatory synapses in 
the mammalian brain, affecting the efficacy of glutamate-mediated neurotransmission, in vitro 
and in vivo. Glutamate is the main excitatory neurotransmitter in the central nervous system and 
alterations in glutamatergic transmission may contribute to a vast range of brain disorders. I will 
provide evidence of the interactions of s-GO with membrane activities crucial to physiological 
synaptic transmission. Our experiments indicate that s-GO interfere with the probability of 
vesicle release leading to a selective depression of the glutamatergic activity. Such an effect 
was replicated in vivo demonstrating that also in the intact brain s-GO targets and reversibly 
down-regulates glutamatergic synapses. Future s-GO exploitation in synapse-based therapeutic 
intervention, such as selective inhibition of synaptic transmission, may significantly help 
against severe pathologies but requires a deep understanding of the interactions between s-GO 
and the machinery governing nerve cell functions. Our work provides important insights on the 
potential of s-GO nanosheets to be engineered as specific synaptic transmission modulators. 
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Tuning Porosity of Reduced Graphene Oxide Membrane 
Materials by Alkali Activation
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Abstract
The alkali-activation method allows for obtaining highly porous carbon materials. In this study, 
we explored the effect of activation temperature and potassium hydroxide concentration on 
the pore structure of reduced graphene oxide (rGO), as potential membrane material. Above 
700°C, potassium species react with the carbon plane of rGO to form nanopores. This activation 
process is deeply studied through DSC measurements and isothermal gravimetric analysis. 
The porosity of the formed materials consists of both micro- and mesopores, with most of the 
pores having a size smaller than 10 nm. The specific surface area and pore volume increase 
with increasing the potassium hydroxide/graphene oxide weight ratio (KOH/GO) up to 7 (897 
m2 ∙g-1 and 0.97 cm3 ∙g-1 , respectively). However, for a synthesis mixture with KOH/GO of 
10, the specific surface area of the produced material drops to 255 m2∙g-1 . The film-forming 
ability of the porous reduced graphene oxide (PRGO) was tested by drop-casting on porous 
silicon carbide substrates. In this case, continuous PRGO films were obtained only from 
dispersions with 5 g∙L-1 GO loading and KOH/GO ≤3. Such films can still have high specific 
surface area and pore volume (up to 528 m2 ∙g-1 and 0.53 cm3 ∙g-1) and main pore volume 
<10 nm. Hence, they can potentially be applied as membrane devices, but their scalability and 
their adhesion on the substrate under realistic filtration conditions still remain challenges.

Keywords
graphene oxide; potassium hydroxide; thermal activation; membrane materials
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CVD graphene on Ge system: structural and electronic 
properties

L. Di Gaspare1*, L. Persichetti1, A. Sgarlata2, M. Fanfoni2, C. Coletti3, 
L. Camilli3, M. Galbiati4, A. Notargiacomo5, P. Gori6, O. Pulci2, J. 
Tersoff7,M. Bianchi8,P. Hofmann8, M. De Seta1
1Department of Sciences, Roma TreUniversity, Italy;
2Department of Physics, University of Rome “TorVergata”, Italy; 

3Center for Nanotechnology Innovation @NEST, IIT, Italy; 4Department of Physics, 
TechnicalUniversity of Denmark, Denmark; 5IFN-CNR, Italy; 6Department of Engineering, 
Roma TreUniversity, Italy; 7IBM Research Division, T.J. Watson ResearchCenter, USA; 
8Department of Physics and Astronomy,Aarhus University, Denmark.

Abstract
The achievement of a deposition technique producing metal-free CMOS-compatible graphene 
is a fundament step towards the promotion of beyond-CMOS evolutionary advances able to 
exploitthe intriguing graphene properties. Graphene grown by chemical vapor deposition (CVD) 
on Ge appears as one of the most promising routes for this goal.In our work we investigated the 
structural and electronic properties of CVD graphene on Ge system as a function of deposition 
and annealing temperature by combining Raman, XPS, ARPES, AFM and STM techniques.
On thetechnological relevant Ge(001) orientationwe foundthe existence of a complex interplay 
between quality and morphology of the graphene and alterations of the Ge surface resulting from 
the graphene growth,such as theGe nanofaceting. In contrast, for CVD graphene on Ge(110) 
the substrate surface remains flat andpromotes the formation of a single crystal graphene, 
two propertiesthat validate the renewed interest for the (110) orientation. We find that close 
to the Ge melting point the graphene quality depends critically on the growth temperature 
improving significantly by increasing this temperature in the 910–930 °C range. We correlate 
this abrupt improvement of the graphene quality to a quasi-liquid Ge surface occurring in the 
same temperature range, which determines increased atom diffusivity and sublimation rate. 
Being observed for diverse Ge orientations, this process is of general relevance for graphene 
synthesis on Ge. Finally, we demonstrate how the doping of graphene film changes from p to 
n by tuning the interaction at the graphene/Ge(110) interfaceupon thermal annealing.
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Carbon Nanotube Binders for High Energy Density 
Lithium-ion Batteries
Nobuyuki Zettsy1,2,3,*

1Department of Materials Chemistry, Shinshu University, 4-17-1 Wakasato, Nagano, Japan
2Energy Landscape Architectonics Brain Bank, Shinshu University, 4-17-1 Wakasato, 
Nagano, Japan
3Research Initiative for Supra-Materials, 4-17-1 Wakasato, Nagano, Japan
* zettsu@shinshu-u.ac.jp

To cope with climate change, leading industrial countries have made great efforts to strengthen 
the regulation of warming gas and gas mileage for automobiles. With the increasing demands 
and rapid expansion of the green vehicle technologies, automobiles are shifting from internal 
combustion to electrical conversion engines. There are many candidates for electrical 
conversion systems, including fuel cell and Li-ion, Ni metal hydride, and lead-acid batteries. 
Among these, Li-ion batteries are the most attractive candidates owing to their higher energy 
density and lower hysteresis. However, they have many limitations such as the need for higher 
energy density of over ca. 700 Wh/L (corresponding gravimetric energy density is ca. 300 Wh/
kg) while maintaining long-term stability (100,000 miles for 8 years) and safety issues. The 
battery community has found it generally difficult to handle paradoxical issues (energy density 
and stability) simultaneously. To overcome these technical difficulties from the perspective of 
peripheral components are essential to further improve the battery performances. For instance, 
increasing the loading of active materials with the elimination of both electrically conducting 
carbon and insulating polymeric binders could be another way of improving the energy density.
We have developed carbon nanotubes (CNT)-based electron conductive binders for realizing 
high energy density lithium-ion batteries. The hybridization of major MWCNTs with a small 
amount of minor SWCNTs with an appropriate composition resulted in superior C-rate 
capability (105 mAh/g at 10 C) and long cycling stability (94% capacity retention after 
300 cycles) without the need of any polymeric binder. Systematic studies were conducted 
to determine the formation mechanism and structural characteristics of the hybridized 3D 
networks. The shorter MWCNTs spontaneously incorporated into the intergranular nanospaces, 
which promoted the interparticle bridging, while the longer SWCNTs homogeneously covered 
the entire surface of the particles. The 3D grid structures demonstrated here could provide 
enough electron conductivity and Li+ accessibility as well as structural stability. Moreover, it 
is applicable to double-sided coating of an Al current collector, which shows high flexibility 
for mass production since the 3D network system can be prepared using the conventional 
slurry coating. Therefore, the proposed strategy could be an alternative and effective way for 
enhancing the energy density while maintaining a high C-rate capability and cyclability of Li-
ion batteries for EV applications which have a range of 500 km/charge.



INTERNATIONAL MEET & EXPO ON GRAPHENE AND CARBON NANOSTRUCTURES

NOVEMBER 01-02, 2021

GRAPHENEMEET2021

Page- 25

albedo
...let's reflect knowledge

Keywords
lithium-ion batteries; carbon nanotubes; binder; .

Biography
Dr. Nobuyuki ZETTSU is currently a professor in the department of materials chemistry, 
Shinshu University (JAPAN). He joined Prof. Younan Xia research group as a postdoctoral 
fellow at the University of Washington after acquiring a Ph. D in polymer science from Tokyo 
Institute of Technology in 2004. As an assistant professor at Osaka University, as an associate 
professor at Nagoya University, He has joined at Shinshu University from 2013 as an associate 
professor, and then a full-time professor in 2018



INTERNATIONAL MEET & EXPO ON GRAPHENE AND CARBON NANOSTRUCTURES

NOVEMBER 01-02, 2021

GRAPHENEMEET2021

Page- 26

albedo
...let's reflect knowledge

Analytic Approximation for the modified Bessel 
Functions Iν(x)

Pablo Martin
(pablo.martin.dejulian@uantof.cl)
Universidad de Antofagasta,Chile
Abstract
Modified Bessel functions Iν(x) are usual in a wide number of applications in Engineering, 
Nanotecnology, Electrodynamics and others. They appear mainly in systems or conditions 
with cylindrical or spherical symmetries. Power series for any value of ν are well known, but 
the convergence is usually slow. For this reason several approximations for particular values 
of ν have been published [1,2]. However, it seems that analytic approximations valid for 
continuous values of ν have not been found until now. Here a general analytic approximation 
for Iν(x) with good accuracy has been determined, valid for positive values of the variable 
x,and for any positive value of ν. The structure of the approximate function ν(x) has been 
elaborated considering the power series and asymptotic expansion. The function is defined 
through a combination of rational and hyperbolic functions, as well as fractional powers. 
A few parameters are left to be determined in a second step. To do this, the first terms of 
the power series and the leading terms of the asymptotic expansion are considered. In this 
way, each parameter becomes a simple elementary function of ν. Given a value of ν, each 
of the corresponding parameters is obtained immediately by a simple calculation, and the 
approximation will be valid for any positive value of x. The relative errors can be determined 
as a function of x,and in particular the point where is the maximum relative error. A plot 
of these maximum errors are shown as a function of ν. The approximate function is exact 
for half integer values. The appliedtechnique is in some way similar to the multipoint quasi-
rational approximation, MPQA [3]. Thereare important differences, because now there are two 
variables x and ν, where in the previous references [1,2], the unique variable was x. 

1.-P. Martin, J. Olivares and A. Sotomayor, “ Precise Analytic Approximation for the Modified 
Bessel Function I1”, Rev. Mex. Física 63 (2017) 130-133.
2.- P. Martin,J. Olivares,F. Maass,”Analytic approximations for special functions, applied to 
the modified Bessel functions I2(x)and I2/3(x)”, Results in Physics 11 (2018) 1028-1033.
3. P. Martín, E. Castro,J. L. Paz and A. De Freitas,“Multi-point quasi-rational approximants in 
quantum chemistry”, book “New Developments in Quantum Chemistry”, by J.L. Paz and A.J. 
Hernandez, Eds.(Transworld Research Network, India, 2009)  pp.1-23.
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Semiconductor to Topological Insulator Transition in 
Transition Metal Dichalcogenides Core-Shell Lateral 
Heterostructures

Pengpeng Zhang

Department of Physics and Astronomy, Michigan State University, East Lansing, Michigan
Email: zhangpe@msu.edu

Polymorphic phase transition is an important route for engineering the properties of two-
dimensional materials. Heterostructure construction, on the other hand, not only allows the 
integration of different functionalities for device applications, but also enables the exploration 
of new physics arising from proximity coupling. Yet, implementing a design that incorporates 
the advantages of both remains underexplored. In light of integrating heterostructure formation 
and phase engineering in one step, we demonstrate a novel phase transition technique based on 
the construction of lateral (WSe2/SnSe2) core-shell architecture by molecular beam epitaxy. A 
semiconductor to topological insulator (TI) transition associated with the polymorphic change 
of WSe2core is revealed by scanning tunneling microscopy/spectroscopy in conjunction with 
first-principles calculations. Since the proposed phase transition mechanism only fundamentally 
requires a van der Waals interacting substrate and sufficient core-shell lattice mismatch, the 
approach could be potentially versatile towards other transition metal dichalcogenides and 
vapor deposition methods. 
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Atomic-scale design of graphene and carbon 
nanostructures for metal-ion batteries

Emilia Olsson (email: k.olsson@surrey.ac.uk) and Qiong Cai (email: 
q.cai@surrey.ac.uk)
Department of Chemical and Process Engineering, Faculty of Engineering and Physical 
Sciences, University of Surrey, Guildford GU2 7XH, United Kingdom

Graphene and carbon nanostructure materialshave gained scientific interest. The molecular 
structure of hard carbons is complex, and the atomistic understanding of metal ion storage and 
intercalation/de-intercalation during charge and discharge is limited. In this work we aim to 
shed light on these mechanisms through systematic computational modelling of LIB, NIB, and 
KIB carbon-based anode materials.Experimental studies have postulated that surface defects, 
planar, and curved pores can have a marked effect on metal storage in hard carbon.1–4

Density functional theory simulations of Li, Na, and K on different carbon motifs (defective 
graphene basal planes, planar graphitic layers, and curved pores) found in hard carbon anode 
materials were conducted to investigate their effect on the metal incorporation mechanism. 
Our calculations show that oxygen-, and nitrogen-containing defects are energetically 
favorable to form on single layer carbon fragment surfaces,5and on curved morphologies. 
These defects were found to be highly beneficial for the initial metal storage, with Li, Na, 
and K adsorption energies greatly improved as compared to the non-defective carbon surface. 
Hence, it was deduced, as also suggested by experiment, that the presence of surface defects 
could indeed lead to increased metal storage. The effect of these defects on metal migration, 
which would influence the anode materials cycling properties, was investigated through 
nudged elastic band calculations, and showed that metal adsorption on surface defects can 
lead to capacity loss and irreversible metal storage. From defect formation energy calculations, 
it was seen that the defect expected to be present in the highest concentration on the carbon 
surface under equilibrium conditions is the 2OCNC defect, where three adjacent carbon have 
been substituted by two oxygen, and one nitrogen, respectively. This defect further has metal 
migration energy barriers many times higher than the corresponding ones at pristine surfaces, 
and would be highly detrimental for metal diffusion.5,6 We have also made efforts to model 
a more complex, disordered hard carbon structure. Metal intercalation energy as a function 
of carbon interlayer distance, and charge transfer of Na, Li, and K were calculated, based on 
nanoporous structures (expanded planar graphitic pores and cylindrical pores) identified by 
experimental analysis.1,2Our simulations showed that metal incorporation and diffusion will be 
directly influenced by the pore shape and size, regardless of metal type. Planar graphitic pores 
were shown to play an important role in metal storage, with a direct impact observed on pore 
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expansion, whereas curved morphologies contribute to rapid metal diffusion.2 In summary, 
the experimentally proposed metal charge/discharge mechanism of initial simultaneous metal 
storage on defects and intercalation in expanded pores, followed by pore filling was confirmed 
from atomic scale studies, showing the direct impact of carbon structure on the intercalation 
and storage properties of these metal ion battery anode materials. 
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Title: Interfacial synthesis of organic 2D materials: 
chemistry and functions

Renhao Dong
TU Dresden (Germany)
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Abstract: The discovery of graphene one decade ago has triggered enormous interest in 
developing chemistry of synthetic two-dimensional materials (2DMs). In our work, we 
have employed molecular design and interfacial chemistry toward the controlled synthesis 
of organic 2DMs with diverse structures and functions.[1] For instance, in our early work, 
we demonstrated the synthesis of 2D conjugated metal-organic framework (2D c-MOF) at 
the air-water or liquid-liquid interfaces.[2] The 2D c-MOFs feature with stacked layers and 
possess unique electronic properties, such as full π delocalization, narrowed band gaps, high 
conductivity and high mobility, which render 2D c-MOFs as advanced electronic materials. 
One representative iron-bis(dithiolene) 2D MOF exhibited as a p-type semiconductor with 
a band-like transport and record mobility of ~220 cm2/Vs.[2a] Owing to their conductivity, 
the 2D c-MOFs have shown potential for transistors, photodetectors, sensing, magnetics, and 
energy storage and conversion.[1,2a,3,4]In addition, we have also synthesized conjugated 2D 
covalent polymers at the air-water or liquid-liquid interfaces.[1] In our latest work, we have 
employed a surfactant-monolayer-assisted interfacial synthesis (SMAIS) method to prepare 2D 
polymers, like 2D polyimides and 2D polyimines, which exhibited few-layers and micrometer-
sized single-crystalline domains and were utilized for transistors and memory devices.[5] In 
short, we expect to develop controlled synthesis of organic 2DMs and achieve delineation of 
reliable structure-property relationships and superior physical and chemical performances of 
organic 2DMs.
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Application of Carbon Nanotubes in mechanical analysis 
using computers methods and numerical simulations
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Abstract
Carbon nanotubes (CNTs) have been received a great attention, since their discovery by 
Iijima in 1991, by many researchers in various engineering areas such as in aerospace, 
aircraft, automobile, nanotechnology and electronic devices. In fact, these rolled graphene 
sheets with a cylindrical shape can be either single-walled (SWCNTs) or multiwalled 
(MWCNTs) in nanosized scale and they are considered as the first advanced material of the 
twenty-first century due their unique morphology, novel physico-chemical properties, and 
exceptional mechanical, electrical, and thermal properties. They are recognized as excellent 
reinforcements of composites (CNTRCs) and can be embedded in beam, plate or shell as 
structural components with nonuniform distribution across the whole of the structure. To 
account for this distribution, the concept of functionally graded materials (FGMs) can be 
combined with CNTs reinforcements formed hence the so called functionally graded carbon 
nanotube reinforced composites (FG-CNTRCs). As a result, and with the simultaneous growth 
of computers methods and numerical simulations, many finite element codes and numerical 
methods have been developed to study, as well as to analyze the mechanical behavior of 
such structural components. Indeed, the finite element method with its different theories and 
models like (CPT, FSDT and HSDT) theories, the meshless method, the Newton-Raphson 
method with the arc length control solution strategy, the Newmark’s time integration scheme 
and various numerical tools are developed, in the last years, to explore the static, bending, 
vibrational, dynamic, mechanical, thermal buckling and post- buckling, piezoelastic and 
elasto-plastic analysis of (FG-CNTRCs). Furthermore, nanoscale and size- dependent of 
CNTs can be either modelled using the Eringen nonlocal continuum theory, the strain gradient 
elasticity and the modified couple stress theory. Consequently, to outline the applicability of 
CNTs in mechanical domain, we have performed various analyses on FG-CNTRCs structural 
components like beams, plates and shells using different theories and numerical tools, which 
could be useful for references on the applicability of CNTs in mechanical engineering. Among 
the obtained results, it is found that the functionally graded property combined with carbon 
nanotubes can enhances the mechanical responses (bending, vibration, and dynamic, buckling, 
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post-buckling) of structural components and constitutes an efficient way to passive control of 
vibrations and stability of equilibrium paths.

Keywords
Carbon nanotubes; functionally graded; mechanical analysis; computers methods
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Ultrastrong Polycrystalline Diamond with Micro-Nano 
Structures
Guodong (David) Zhan,1,* Timothy Eric Moellendick,1 Jianhui Xu,1 
and Duanwei He2
1Drilling Technology Division, Exploration and Petroleum Engineering Center – Advanced 
Research Center (EXPEC-ARC), Saudi Aramco, Saudi Arabia
2Institute of Atomic and Molecular Physics, Sichuan University, China

Diamond is the hardest naturally occurring material found on earth but single crystal diamond 
is brittle due to the nature of catastrophic cleavage fracture. Polycrystalline diamond compact 
(PDC) materials are made by high pressure and high temperature (HPHT) technology. PDC 
materials have been widely used in several industries including petroleum energy in oil & gas 
exploration and drilling. However, the inevitable use of catalysts introduced by the conventional 
HPHT manufacturing process significantly reduces their end-use performance and limits many of 
their potential applications. In this paper, we will highlight a new game-changing polycrystalline 
diamond technology via ultra-high-pressure and ultra-high-temperature (UHPHT) technology 
to produce the world’s hardest catalyst-free PDC materials with industry-record performance 
of wear resistance and thermal stability. A novel micro-/nano microstructure consisting of 
individual micro-sized diamond grains having inside nanostructures such as stack faults (SFs), 
twin boundaries (TBs), and large number of stacked nano-lamellaes and dislocations, is found. 
A new strengthening mechanism through work hardening under high pressure is proposed. It 
is believed that both new strengthening mechanism and unique micro-/nano microstructure 
make the material extremely strong. This represents a major breakthrough in hard materials 
that can expand many potential scientific research and industrial applications. 
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Dr. David Zhan is a Science Specialist and Team Leader at the EXPEC - Advanced Research 
Center, Saudi Aramco. Dr. Zhan is a world-renowned materials scientist and expert in 
advanced materials technology. He has over 25 years of experience in industrial management 
and academic positions such as sr. R&D Manager at top oil/gas and semiconductor global 
companies as well as world-renowned uniersities and national institutes. Dr. Zhan has more 
than 180 peer-reviewed publications such as Nature Materials and holds 90+ filed/granted US 
patents. He has been serving as a reviewer and editorial board member of several interantional 
journals.
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Synthesis and Investigation on Structural and Sorption 
Properties of Novel Magnetite / Silica / Carbon 
Nanotubes Composite Materials
Tetiana Nagorna 1,*, Dorota Chudoba1,2, Irena Malinowska3, Marek 
Studziński3, Agnieszka Chrzanowska3
1 Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Joliot-Curie 6, 
Dubna, Russia
2 Faculty of Physics, Adam Mickiewicz University, Uniwersytetu Poznańskiego 2, Poznań, 
Poland
3 Institute of Chemistry, Maria Curie-Sklodowska University, Plac Marii Curie-Skłodowskiej 
5, Lublin, Poland 
*nagorna@jinr.ru

Abstract 
Magnetic field is a one of the basic interactions present into the known universe. It is also one of the important 
factors, shaping Earth’s biosphere, and influencing many processes of animated and unanimated nature.  
The consequence of that fact that it is often used as a tool in various human activities. Magnetic field is broadly 
used in communication, transport, medicinal therapy, electronics optics and gains more and more attention in 
area of chemical sciences [1-3].  

Incorporating a ferro- and superparamagnetic iron oxide nanoparticles (SPIONs) into the structure of silica 
and carbon composite nanomaterials may greatly broaden their spectrum of applications in area of sorption, 
catalysis, inorganic synthesis, and many others.  

One of the key roles play the possibility of placing those materials in demanded area and alternating their 
surface properties using external magnetic field [4], as it can be observed during magnetic drug targeting 
process[5,6]. Another possibility is application of those materials for precise heat transfer using microwaves 
[6].  
In our study, we have concentrated on two main aspects. The first one was to investigate the importance of 
synthesis conditions (temperature, order and method of reagent addition etc.) on magnetic iron oxide crystallite 
sizes. The second one regarded possible methods of implementation of obtained magnetosensitive particles 
into structures of silica and carbon nanotubes. All procedures were also verified under the criteria of simplicity 
and low cost of preparation of desired materials.,  

The second part of our investigation was focused on investigation of their sorption properties, from gaseous 
phase - ASAP measurements and liquid phase – dyes and small molecule drugs in context of potential 
environmental and medical applications.
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