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PROGRAMME 

All the names given in this programme refer to the presenting persons only, i.e. co-authors are not listed 
 

Thursday, June 28th: 
 

8:00 Arrival and registration check 

8:30 

Welcome address: 
Pr. Gerard L. Vignoles, University Bordeaux, LCTS, France 

Dr. Marc Monthioux, CNRS, CEMES, Toulouse, France 
Pr Miguel Angel Gillaranz, UAM, Madrid, Spain 

	
8:40 – 9:40 Invited talk 1 (Session 1: Porous Carbons and Adsorption-1)	

M. Sánchez Polo: Role of activated carbon on advanced oxidation processes 
 

Contributing talks (Session 1-cont'd: Porous Carbons and Adsorption-1) 

9:40 - 10:00 P.-L. Valdenaire: Kerogen flexibility, a key to understand hydrocarbon expulsion 
from shale reservoirs 

10:00 – 10:20 A.V. Shkolin: Modeling of supramolecular structures “carbon nanotubes- 
cyclic/aromatic hydrocarbons” for methane and hydrogen storage 

 
10:20 - 10:50 Coffee break 

 
Contributing talks (Session 2: Porous Carbons and Adsorption-2) 

10:50 - 11:10 Y. Magnin: Adsorption diagrams of n-alkanes in multiscale kerogen porosity 

11:10 - 11:30 I.E. Men’shchikov: Characterization of porous structure of microporous carbon 
adsorbents of different origin for high-pressure gas adsorption systems 

11:30 – 11:50 A.A. Shiryaev: Behavior of implanted Xe and Kr in nanodiamonds and other 
nanocarbons: experiments, modeling and cosmochemical implications 

 
12:00 – 13:15 Lunch 

 
13:30 – 14:30 Invited talk 2 (Session 3: Structure/modelling) 

N.A. Marks: Constructing realistic model of carbide-derived carbons by molecular dynamics 
annealing 

	
Contributing talks (Session 3-cont'd: Structure/modelling) 

14:30 - 14:50 M.J. López: Simulated structure of metastable phases of carbon as a function of 
carbon density 

14:50 - 15:10 J.-M. Leyssale: Simulating the geological conversion of ligno-cellulosic 
precursors into kerogen using accelerated molecular dynamics 

15:10 - 15:30 P. Puech: X-Ray diffraction of graphene-based carbons explained by atomic 
simulation 
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Thursday, June 28th (cont’d):  
 
15:30 – 16:30 Poster session with coffee break 

F. Vukovic: Evolution of Threshold Displacement Energy in Irradiated Graphite 

A. Ciajolo: Vibrational spectroscopy for pitch characterization 

A. Zygogianni: Correlation of reactivity to oxygen of several carbonaceous materials towards 
nanostructure and functional groups 

R. Piat: to be confirmed 

F. Stojcevski: Carbon Fiber Manufacturing Conditions to Improve Interfacial Adhesion 

K. Jurkiewicz: The influence of pyrolysis conditions on the structure and properties of glassy 
carbons 

W. Betz: Polymer carbon molecular sieve characterization 
 

Contributing talks (Session 4: Soot) 

16:30 - 16:50 
B. Apicella: The laser heating effect on the nanostructure of turbostratic 

carbon material as flame-formed soot 

16:50 - 17:10 P. Pré:	Evolution of soot nanostructure in premixed low-pressure ethylene flame 

17:10 - 17:30 F. Ossler:	Neutron based studies of porous carbon soot materials’ interactions 
with methane and ethane 

 
19:00 - 22:00 DINNER 
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Friday, June 29th: 
 

Invited Talk 3 (Session 5: Structure/Experimental) 

9:00 - 10:00 J. Lian: Graphene-based carbon fibres 
 

10:00 - 10:30 Coffee break 
 

Contributing talks (Session 5-cont'd: Structure/Experimental) 

10:30 - 10:50 N. Ning: Atomistic study of deuterium plasma and diamond surface interactions 

10:50 - 11:10 A. Olejniczak: Structural changes in swift heavy ion-irradiated highly oriented 
pyrolytic graphite and glassy carbon 

11:10 - 11:30 
C. Pardanaud: Advanced Spectroscopic Analyses on Hydrogenated Amorphous 

Carbons: Revisiting the EELS Characterization and its Coupling with Multi-
Wavelength Raman Spectroscopy 

 
11:50 - 13:20 Lunch 

 
13:30 – 14:30 Invited talk 4 (Session 6: Thermal and Mechanical Properties)	

Ph. Meunier: High-temperature carbons 
 

Contributing talks (Session 6-cont'd: Thermal and Mechanical Properties) 

14:30 - 14:50 G.L. Vignoles:	Characterizing thermomechanical properties of pyrocarbon 
matrices 

14:50 - 15:10 C. de Tomas: Mechanical properties of low-density nanoporous carbon materials 

15:10 - 15:30 R. Piat:	Development of the high temperature joints for carbon-based materials 
 
15:30 - 15:45 Coffee break & Concluding remarks 
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Role of carbon materials on advanced oxidation processes 
 

M. Sánchez Polo 
 

1 Department of Inorganic Chemistry, Faculty of Science, University of Granada, 18071 Granada, Spain 
 
 

Photocatalysis has been a widely studied technology since the 1950s. Many investigations 
have been carried out with the aim of understanding the fundamental processes and enhancing 
photocatalytic efficiencies especially for micro-pollutant degradation and drinking water 
disinfection. In this review paper, studies focused on the treatment of emerging pollutants (organic 
compounds) by using UV radiation and solar radiation in the presence of carbon materials as 
photocatalyst are discussed. The effects of various operational parameters such as pH, light 
intensity, dissolved oxygen, etc., are reviewed on this manuscript. Some studies about the radical 
chemistry involved in UV and solar degradations assisted by carbon materials are also included. It 
can be concluded that the photodegradation and photocatalysis assisted by carbon materials are 
suitable for the treatment of drinking water, showing a high capability to degrade emerging 
pollutants to non- toxic chemical compounds. Also, harvesting the energy of the sun for 
photoreactions would make it a cleaner and more cost-effective treatment method.  

Our research group have studied the role that activated carbon textural and chemical 
properties play in its photocatalytic activity under UV radiation and simulated solar radiation. We 
have used the commercial activated carbon, carbon samples obtained after its gamma radiation 
treatment, as this procedure allows the modification of the superficial chemistry of the carbon but 
not its physical properties. Emerging micropollutants have been used as a model compounds for the 
degradation study. Its degraded percentage depends on the type of radiation and activated carbons 
used. To explain the carbon photocatalytic activity, we have demonstrated the formation of the 
electron hole as well as the formation of hydroxyl radicals and the superoxide anion in the 
UV/activated carbon and the Solar/activated carbon systems, and that the concentration of these 
oxidant species depends on the superficial chemistry of these materials. Moreover, the activated 
carbons, which have a smaller band gap allow higher concentrations of hydroxyl radicals, whilst 
those carbons with a larger band gap favor the formation of the superoxide anions. The degradation 
of the contaminant by UV/activated carbon and Solar/activated carbon systems has also been 
compared with the results obtained when the photocatalyst used. The activated carbon efficiency as 
a photocatalyst is higher than TiO2under UV radiation, which is due to the different concentrations 
of oxidant species produced in both system [1,2]. 
 
 
________________________________________________________________________________ 
[1] Velo-Gala I. López-Peñalver J. J., Sánchez-Polo M., Rivera-Utrilla J. Role of activated carbon 
surface chemistry in its photocatalytic activity and the generation of oxidant radicals under UV or 
solar radiation, Applied Catalysis B: Environmental, 207, 412-423, 2017. 
 [2] Velo-Gala I. López-Peñalver J. J., Sánchez-Polo M., Rivera-Utrilla J. Activated carbon as 
photocatalyst of reactions in aqueous phase , Applied Catalysis B: Environmental, 142-143,  694-
704, 2013. 
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Kerogen flexibility, a key to understand hydrocarbon expulsion from 
shale reservoirs? 

A. Obliger1, P.-L. Valdenaire1, N. Capit1, F.-J. Ulm1, R. J.-M. Pellenq1,2, J.-M. Leyssale1,3 

1Massachusetts Institute of Technology, MSE2 MIT-CNRS International Joint Unit, Cambridge, USA 2Aix Marseille 
Université/CNRS, CINaM, Marseille, France 

3Institut des Sciences Moléculaires, Université de Bordeaux - CNRS - Bordeaux INP, Talence, France 

A common assumption in recent molecular simulation-based investigations of hydrocarbon 
transport in kerogen is that the latter behaves as a rigid matrix [1-4]. In other words, its porosity 
remains relatively constant and irrespective of temperature, lithostatic (or external) pressure or fluid 
(or adsorption) pressure. This implies that the matrix isolates the fluid from external pressure effects 
and that, diffusion and transport are only affected by the free pore volume, a lower amount of 
adsorbed fluid implies a higher amount of free volume and thus a higher diffusion coefficient [3]. 
However, it was shown that, immature kerogen, in particular, can retain a high (soft) aliphatic 
content and present low stiffness [5], typical of compressible media. Here we use an amorphous 
hydrogenated carbon model with high aliphatic content as a proxy for immature kerogen and 
characterize its poroelastic behavior in large ranges of temperature, lithostatic pressure and fluid 
pressure and determine the sorption isotherms of methane accounting for swelling. Results show 
that the pore space depends considerably on the three parameters and that the matrix behaves as an 
ideal adsorbent (linear increase of sorbate amount with the fluid pressure) up to very high pressures 
due to considerable swelling. An important consequence of swelling is that instead of decreasing 
with loading as is the case in rigid frameworks, the self-diffusion coefficient of methane actually 
increases with loading. Furthermore, simulation of methane desorption at kerogen/macropore 
interfaces reproduces the well-known productivity decline of shale-oil plants when matrix 
flexibility is accounted for while the conventional Fickian regime is obtained in the rigid 
approximation. We associate this anomalous transport phenomenon to a macroscopic deformation 
of the matrix taking place during fluid desorption.  

________________________________________________________________________________ 
[1] Collell J., Galliero G., Vermorel R., Ungerer P., Yiannourakou M., Montel F., Pujol M., J. Phys. 
Chem. C, 119 (2015) 22587. 
[2] Falk K., Coasne B., Pellenq R., Ulm F.-J., Bocquet L., Nat. Commun. 6 (2015) 6949. 
[3] Obliger A., Pellenq R. J.-M., Ulm F.-J., Coasne B., J. Phys. Chem. Lett. 7 (2016) 3712.  
[4] Ho T. A., Criscenti L. J., Wang Y., Sci. Rep. 6 (2016) 28053.  
[5] Bousige C., Ghimbeu C., Vix-Guterl C., Pomerantz A. E., Suleimenova A.,Vaughan G., 
Garbarino G., Feygenson M., Wildgruber C., Ulm F.-J., Pellenq R. J.-M., Coasne B., Nat. Mater. 15 
(2016) 576.  
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Modeling of supramolecular structures “carbon nanotubes- 
cyclic/aromatic hydrocarbons” for methane and hydrogen storage 

 A. V. Shkolin, A. A. Fomkin, I. E. Men’shchikov 
A.N. Frumkin Institute of Physical chemistry and Electrochemistry of Russian academy of sciences (IPCE RAS), 

Moscow, Russian Federation 
 

Carbon nanotubes (CNT) are promising materials for adsorption storage of methane and 
hydrogen [1]. At the same time, an arrangement of nanotubes into ordered arrays, such as triangular 
or lattice packages, leads significant increase of adsorption capacity of these materials [2-3].  

At the present work a possibility of formation of supramolecular structures from carbon 
nanotubes (diameter about 1 nm and length about 5 nm) and coordinate molecules – cyclic and 
aromatic hydrocarbons (cyclopentane C5H10, cyclohexane C6H12, ethyl cyclopentane C7H14, 
benzene C6H6, isopropyl benzene С9Н12, naphthalene C10H8) was studied by numerical simulation 
based on molecular dynamics method. The simulation was implemented in microcanonical 
ensemble (N, V, E) at constant temperatures in a range between 200 and 400 K and was based on 
physicochemical properties of the substance for coordination of nanotubes. 

It was shown that the molecules of cyclic and aromatic hydrocarbons separate nanotubes 
from each over and orient them mainly into triangular array. Such parameters as number of 
adsorbed substance molecules and temperature of the experiment, required for self-organization of 
carbon nanotubes into arrays, depend on physicochemical properties of the adsorbate. It was 
revealed that the molecules of cyclic and aromatic hydrocarbons were arranged primarily 
perpendicularly to the surface of nanotubes. Consequently, dimensions of hydrocarbon coordinate 
molecules correlate to distances between nanotubes in array. Created model supramolecular 
structures possessed following gaps between nanotubes, determined as distances between 
geometrical centers of nanotubes, nm: CNT/ C5H10 – 1.8, CNT/C6H12 – 2.0, CNT /C7H14 – 1.9, 
CNT /C6H6 – 1.9(5), CNT /С9Н12 – 2.1, CNT /C10H8 – 2.2. 

Step by step removal of coordinate molecules from the system by portions from 5 to 50 pcs, 
depending on overall amount of nanotubes in the array, leads to development of the porosity 
between nanotubes without destruction of the space structure. This additional nanoporosity can be 
used storage of such important gases as methane and hydrogen 

 
This work was supported by a scholarship of the President of the Russian Federation for 

young scientists and post-graduate students who carry out advanced research in priority areas of 
modernization of the Russian economy SP-1312.2016.1. 
________________________________________________________________________________ 
[1] Dillon A. C., et. al. Carbon nanotube materials for hydrogen storage, Proceedings of the 2000 
Hydrogen Program Review NREL/CP-570-28890. 
[2] Shkolin A. V., et. al. Supramolecular microporous structures based on carbon nanotubes and 
coordinating cumene (C9H12) molecules, Colloid Journal, 79, 701–706 (2017). 
[3] Mahdizadeh S. J., et. al. Influence of temperature, pressure, nanotube’s diameter and intertube 
distance on methane adsorption in homogeneous armchair open-ended SWCNT triangular arrays, 
Theor. Chem. Acc., 128, 231–240 (2011). 
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Adsorption diagrams of n-alkanes in multiscale kerogen porosity 

Y. Magnin1*, N. Chanut1, R.J.-M. Pellenq1, F.J. Ulm1 
1MultiScale Materials Science for Energy and Environment, MIT, Cambridge, USA 

 
Organic shale has raised an important ecological and economical concern in the last few decades. 
This unconventional hydrocarbon source is a mixture of n-alkane molecules trapped into nanopores 
(<2nm) and mesopores (>2nm), of an organic disordered carbon structure called kerogen. We 
performed Configurational Grand Canonical Monte Carlo (CBGCMC) simulations [1] based on the 
OPLS potential [2] to simulate adsorption of methane, hexane and dodecane molecules in 
nano/mesoporous kerogen. Mesoporosity is included to atomistic structure from tomography 
measurements and then relaxed by Molecular Dynamic simulations fig. 1A. For each alkane, we 
determined adsorption isotherms and isostheric heat in between T=300K and T=900K. Phase 
diagrams are then determined from resulting adsorption isotherms. We show that adsorption in nano 
and/or mesopores presents a clear selectivity depending on alkane lengths, pore sizes and 
thermodynamical parameters as pressure (P) and temperature (T). We found that adsorption of long 
alkanes (dodecane), is favored in the nanoporosity of kerogen at small P and T (<500K), while 
mesoporosity is favored at large P and T, remaining nanopores fully depleted.  
 

 
Fig 1: A) Replication of a 25nm3 nanoporous kerogen structures, mesoporosity is added from 
tomography data and relaxed by molecular dynamics. B) Adsorption diagram of dodecane at 
different P and T in a model structure. 
 _______________________________________________________________________________ 
[1] J.I.Siepmann, D. Frenkel, Configurational bias Monte Carlo: a new sampling scheme for 
flexible chains, Molecular Physics 75, 59-70 (1992) 
[2] Jorgensen, W.L., et al., The OPLS Force Field for Proteins. Energy Minimizations for Crystals 
of Cyclic Peptides and Crambin. J. Am. Chem. Soc. 110, 1657–1666 (1988) 
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Characterization of porous structure of microporous carbon 
adsorbents of different origin for high-pressure gas adsorption 

systems 
I. E. Men’shchikov, A. A. Shiryaev, A. A. Fomkin, A. V. Shkolin 

A.N. Frumkin Institute of Physical chemistry and Electrochemistry of Russian academy of sciences (IPCE RAS), 
Moscow, Russian Federation 

 
 

Development of new generation of adsorption systems based on carbon adsorbents suitable 
for high pressure gas storage requires understanding of correlations between adsorption 
characteristics of the adsorbents and their physicochemical, structural and genetic properties. 

The Dubinin theory of volume filling of micropores (TVFM) [1] is based on three key 
integral structure-energy parameters of adsorbents: micropore volume W0, average effective half-
width (radius) of micropores x0 and characteristic energy of standard vapor adsorption E0. X-ray 
analytical methods such as XRD and SWAXS allow to determine phase composition and 
nanostructure parameters of adsorbents [2]. In the present work a set of microporous carbon 
adsorbents of different origin obtained from peat, coconut shell, polymer, natural coal and carbide 
feed (16 samples in total), was studied by both adsorption and X-ray diffraction and scattering. 

Results of XRD studies show that activated carbons based on plant- and polymer-derived 
possess the highest degree of disorder manifested in steep increase of intensity towards small angles 
and broad graphitic reflexes (002), (10), (11). Peat-derived carbons are characterized by broad 
diffraction peaks of graphitic phase superposed on narrow peaks inherited from initial raw material. 
Diffraction pattern of natural coal-based adsorbent reveal an existence of highly-ordered carbon 
crystallites, characterized by narrow intense graphite peaks. According to X-ray small angle 
scattering carbide-derived adsorbents possess bimodal microporous structure. 

From Small- and Wide-Angle X-ray Scattering dimensional parameters of the porous 
structure were calculated for all the samples – model-free gyration radius RG, radius (RT) of a 
cylindrical and thickness (HS) of a disk-like micropore. It is shown that for plant-derived adsorbents 
HS and RT show positive linear correlation with x0. Dependences HS(x0), RT(x0) and RG(x0) of 
activated carbons of polymer group had general increasing behavior with unobvious possibility to 
be approximated by linear function. It is necessary to highlight, that it was impossible to fit any 
model shape of pores for calculation of dimension parameters of pore structure for carbon obtained 
from polymer polyvinylidene chloride. 
Analytical experimental data on the phase composition and structure of coals are compared with 
their adsorption characteristics, in particular, with the methane adsorption at pressures up to 30 MPa. 
________________________________________________________________________________ 
[1] Dubinin M. M. Fundamentals of the theory of adsorption in carbon adsorbents: characteristics of 
their adsorption properties and microporous structures, Carbon, 27, 457-467 (1989). 
[2] Shiryaev A. A. et.al. Nanoporous active carbons at ambient conditions: a comparative study 
using X-ray scattering and diffraction, Raman spectroscopy and N2 adsorption, Journal of Physics: 
Conf. Series, 848, 1-21 (2009). 



	 10 

Behavior of implanted Xe and Kr in nanodiamonds and other 
nanocarbons: experiments, modeling and cosmochemical implications 

A. A. Shiryaev1, A. L. Trigub2, K. O. Kvashnina3, V. L. Bukhovets1 
1Frumkin Institute of physical chemistry and electrochemistry RAS, Moscow, Russia 

2NRC “Kurchatov Institute”, Moscow, Russia 
3ESRF, Grenoble, France 

 
 
Extensive studies showed that the major fraction of noble gases (especially He, Ar, Xe) reside in a 
single phase called the Q-phase (“Q” stands for “quintessence”). The nature of this phase remains 
elusive, but many independent studies suggest that this phase is carbonaceous. Using advanced 
chemical separation methods, we extracted carbonaceous fractions highly enriched in noble gases 
from several meteorites. Examination of these samples using multiwavelength Raman spectroscopy, 
high resolution TEM and static mass-spectrometry [1] strongly suggest that curved and rectilinear 
bi- and few-layers graphene stacks serve as a plausible carrier of the noble gases (NG). Somewhat 
unexpectedly, on step oxidation the gases are released in two distinct steps. Structural studies of the 
sample oxidized 475 °C indicate survival of the few-layers graphenes at these conditions. 
Low energy ion implantation is the most plausible mechanism of introduction of NG gases into 
various types of nanocarbons in astrophysical environments. To reveal details of NG behavior we 
have implanted Xe and Kr with maximum energy of 1500 eV into several types of nanocarbons and 
subsequently addressed local environment of the implants using X-ray absorption spectroscopy 
(XANES), complemented by quantum chemistry calculations. Since high ion fluences may lead to 
complete disruption of a nanoparticle (e.g., [2]) we had to limit our experiments to fluxes less than 
5x1015 ions/cm2; XANES measurements of such low concentrations are technically challenging. 
Nevertheless, spectra of reasonable quality were obtained using dedicated Grazing incidence stage 
at ROBL beamline at ESRF.  
The spectra of Xe implanted into nanodiamonds support our model [2], which shows that the most 
stable atomic configuration of this impurity is its complex with a vacancy, i.e. Xe-V defect. 
Implantation of species with large van der Waals radii (such as Kr and Xe) into few layers graphene 
stacks inevitably leads to string puckering of the layers. Formation of the buldge appears to be 
energetically unfavorable for thick stacks, thus explaining why graphite is often devoid of the noble 
gases. However, thermal stability of implanted NGs remains poorly explained: experiments show 
that significant fraction of the gases survive heating up to 500 °C, whereas models suggest rapid 
diffusion at these temperatures.  

 
________________________________________________________________________________ 
[1] Fisenko A.V. et al., On the carrier phase of the “planetary“ noble gasеs: TEM, Raman, and 
stepped combustion data for acid-resistant residues from the Saratov (L4) meteorite, Meteoritics 
and Planet Sci. (2018) (in press) 
[2] Shiryaev et al., Ion implantation in nanodiamonds: size effect and energy dependence, Scientific 
reports, 8, Article 5099 (2018) 
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Constructing realistic models of carbide-derived carbons  
by molecular dynamics annealing 
C. de Tomas1, I Suarez-Martinez1, N.A. Marks1 

1Dept. of Physics & Astronomy, Curtin University, Perth, Australia 
 
Carbide-derived carbons (CDCs) are nanoporous carbons with a tunable pore size, making them 
desirable for their adsorption properties. Potential applications of CDCs include gas separation, 
hydrogen storage, catalyst supports and electrodes in batteries. Despite their usefulness, reliable 
structural models of CDCs have proved difficult to construct due to the interplay between strong 
short-range order and long-range disorder. In particular, previous models of CDCs have not been 
able to reproduce one of the main experimental observations, namely an increasing in graphitic 
stacking with increasing processing temperature.  
 
We have developed [1] a mimetic methodology to generate atomistic models of CDCs using 
Molecular Dynamics and the Environment Dependent Interaction Potential [2]. This approach 
reproduces the main characteristics of experimentally-prepared CDCs, including microstructure, 
porosity at the nanometre scale, and graphitization with increasing temperature (see Figure). An 
Arrhenius-based approach is used to bridge the timescale gap between Molecular Dynamics and 
experiment and build a connection between the simulation and synthesis temperatures. The method 
is robust, easy to implement, and enables a fast exploration of the adsorption properties of CDCs. 
 

 
 

Figure: Comparison between simulated CDC structures (top row; 2 nm slabs) and TEM images of 
TiC-CDCs obtained by chlorination at various temperatures. The correspondence in temperatures is 
explained by an Arrhenius expression accounting for the timescale difference. 
 
________________________________________________________________________________ 
[1] C de Tomas, I Suarez-Martinez, NA Marks, Carbon 119, 1 (2017) 
[2] NA Marks, Phys Rev B 63, 035401 (2001) 
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Simulated structure of metastable phases of carbon as a function of 
carbon density 

María J. López, Lydia Alonso, and Julio A. Alonso 
Departamento de Física Teórica, Atómica y Óptica, Universidad de Valladolid, 47011 Valladolid, 

Spain 
 
Atomistic molecular dynamics simulations are performed to investigate the formation and structural 
characteristics of metastable solid phases of carbon as a function of C density, the initial carbon 
structure and the simulation temperature. Metastable carbon materials ranging from low density 
(0.77−0.96 g/cm3) porous carbons, as for instance carbide derived carbons CDCs, to high density 
(2.8 g/cm3) amorphous carbons have been considered. The simulations have been designed to 
closely mimic the experimental process of formation of CDCs from metal carbides, after the 
extraction of the metal has been performed, and then generalized for carbon materials of increasing 
densities. Our simulations indicate that CDCs have a disordered porous structure and the pore walls 
can be viewed as curved and planar nanographene ribbons with numerous defects and open edges 
[1-3]. Consequently, the hybridization of the carbon atoms in the porous carbons is sp2. Because of 
the high porosity and large specific surface area, nanoporous carbons find applications in gas 
adsorption, batteries and nanocatalysis, among others. With increasing carbon density, for densities 
of the order and higher than the density of graphite, a growing fraction of atoms with sp3 
hybridization appears (see Fig. 1). The carbon network loses progressively its graphitic character 
with the appearance of diamond-like tetrahedral structures that mark the transition towards 
amorphous carbons. Thus, the high-density materials are formed by a combination of sp2 and sp3 C 
atoms and the three dimensional C network does not enclose pores [4]. In summary our work shows 
that the structure of disordered carbon materials is strongly dependent on the density observing a 
transition from porous to amorphous structures at approximately the density of graphite. In contrast, 
the structure of the simulated materials is insensitive to the initial configuration of the C atoms. 
High temperatures favor higher level of graphitization in lower density, CDCs carbons. 

 
Fig. 1: Number (in percent) of carbon atoms with coordination two (blue), three (red) and four 
(green) as a function of the density of the carbon materials produced at T = 2100 K.  
 
________________________________________________________________________________ 
[1] M.J. López, I. Cabria, J.A. Alonso, J. Chem. Phys. 135(10), 104706 (2011) 
[2] J.A. Alonso, I. Cabria, M.J. López, J. Mater. Res. 28(4), 589 (2013) 
[3] C. de Tomás, I. Suarez-Martinez, F. Vallejos-Burgos, M.J. López, K. Kaneko, N.A. Marks, 
Carbon 119, 1 (2017). 
[4] L. Alonso, M. J. López, J. A. Alonso. Many-body approaches at different scales: a tribute to N. 
H. March on the occasion of his 90th birthday. Edited by G. G. N. Angilella, C. Amovilli. Springer, 
chapter 3, pp 17-40 (2018) 
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Simulating the geological conversion of ligno-cellulosic precursors into 
kerogen using accelerated molecular dynamics 

L. Atmani1,2, C. Bichara2, R. J.-M. Pellenq1,2,3, H. Van Damme1, A. C. T. van Duin4, Z. Raza1, L. A. 
Truflandier5, A. Obliger1, P. Kralert6, F. J. Ulm3 and J.-M. Leyssale1,5 

1CNRS MIT Joint lab "MultiScale Materials Science for Energy and Environment, Cambridge, MA 02139, USA 
2Centre Interdisciplinaire des Nanosciences de Marseille, CNRS, Marseille, 13288, France 

3Dept. of Civil & Environmental Eng., Massachusetts Institute of Technology, Cambridge, MA 02139, USA 
4Dept. of Mechanical & Nuclear Eng., The Pennsylvania State University, University Park, PA 16802, USA 

5Institut des Sciences Moléculaires, Université de Bordeaux/CNRS, Talence, 33405 Talence, France 
6Shell Global Solutions International BV, Rijswijk, 2288 GS, The Netherlands 

 
 
The thermal degradation of organic residues in geological layers results in the formation of fluid 
(water, CO2, CO and hydrocarbons) and a porous carbon called kerogen. We will present an 
atomistic simulation framework, coupling reactive molecular dynamics (ReaxFF) and a an 
accelerated molecular dynamics scheme (the Parallel Replica Molecular Dynamics method) that 
allowed us to simulate the complete conversion of two important classes of precursors -  cellulose 
[1] and lignin - under typical geological conditions (150 °C and 25 MPa) despite the 25-30 orders of 
magnitude difference between the geological timescales (million years) and the conventional 
molecular dynamics timescales (nanosecond).  
 

 
Fig. 1: Decomposition path of cellulose at 150°C and 25 MPa obtained from atomistic simulations 
[1] compared to the natural evolution of a type III coal [2]. 
 
As can be seen in Fig. 1, the decomposition path follows almost perfectly the one obtained 
experimentally for natural type III coals [2]. The obtained kerogen models are also resembling 
closely those proposed long ago on the basis of chemical analysis [3]. We will also show that both 
kerogen and hydrocarbon yields are significantly higher with lignin than with cellulose, and so is 
the porosity of the ex-lignin kerogen.  
 
________________________________________________________________________________ 
[1] Atmani L., Bichara C., Pellenq R. J.-M., Van Damme H., van Duin A. C. T., Raza Z., 
Truflandier L. A., Obliger A., Kralert P. G., Ulm F. J., Leyssale J.-M., From cellulose to kerogen: 
molecular simulation of a geological process, Chem. Sci., 8, 8325-8335 (2017)  
[2]Monthioux M., Landais P., Monin J. C., Comparison between natural and artificial maturation 
series of humic coals from the Mahakam delta, Indonesia, Org. Geochem., 8, 275-292 (1985). 
[3] Béhar F., Vandenbroucke M., Chemical modelling of kerogens, Org. Geochem., 11, 
15-24 (1987). 
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X-Ray diffraction of graphene-based carbons  
explained by atomic simulation  

P. Puech,1 A. Dabrowska,2 N. Ratel-Ramond,1 G. Vignoles,3 M. Monthioux1  
1CEMES, Université de Toulouse, CNRS, 29 rue Jeanne Marvig, 31055 Toulouse, France 

2 Faculty of chemistry, University of Warsaw, Pasteura 1, 02-093 Warsaw, Poland 
3 CNRS, Lab Composites ThermoStruct, UMR5801, 3 Allee Boetie, F-33600 Pessac, France 

 
 

Extracting crystallite size from X-Ray diffractograms is a difficult task because of the 
complexity brought by the 2D periodicity in non-graphitized carbons. Turbostratic and Bernal 
stacking are well known but the related parametrized functions are not available yet. In this study, 
we explained in details how to obtain parametrized functions able to fit easily any experimental X-
Ray data. We showed that graphene pairs with AB stacking have to be considered because this 
system is responsible for a specific contribution to the 10(0) and 101 spectrum region with a large 
asymmetry and a very weak 10 peak. We applied our methodology to several kinds of carbons: a 
series of annealed pyrocarbon samples and a series of annealed cokes.  

We will discuss (1) the problem of the background and how to take it into account, (2) the 
accuracy of the approach and (3) the new parameters available with this approach. We use 3 
different graphene systems as basic structural components (BSC) for the fitting, (i) the single 
graphene A accounting for the genuine turbostratic structure, (ii) the graphene pair AB, and (iii) the 
periodic graphene stack with Bernal sequence accounting for the genuine graphite structure (ABA, 
ABAB, ABABA, an so one). Each of the BSCs may co-exist within the same 00l-coherent graphene 
crystallite, depending on its carbonization/graphitization state. Thus, the fraction of each BSC can 
be determined. We demonstrate that the 101 peak is a fingerprint of the local stacking and makes 
possible to determine quite easily the type and number of BSCs within the average crystallite. 
Moreover, we believe to have achieved finding a universal method to fit accurately any X-ray 
spectrum of graphene-based materials and obtain reliable values for key-parameters such as La, Lc, 
and graphitization degree. 

 

 
Fig. 1: Calculated diffractogram in the 10 and 101 region for La corresponding to 2, 4, 8, 12, and 20 
nm. A: Turbostratic, AB: pair, ABA and ABAB: with periodicity. 
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Graphite plays a vital role in current and future (GenIV) nuclear fission reactor designs, 
often serving as both a structural component and neutron moderator. Elucidating the effects of 
neutron irradiation in graphite is therefore key in furthering future reactor design and informing the 
decommissioning of current reactors. Whilst defects in pristine graphite and their formation 
processes are well understood, recent work has shown that the structure and texture of graphite 
changes when irradiated1;2, thus altering the physical properties of the material. The threshold 
displacement energy (Ed) of a material is the minimum energy required to create a defect, with a 
value of 60eV currently used as the accepted industry standard for nuclear-grade graphite3.  

In this work, molecular dynamics simulation is used to study the evolution of threshold 
displacement energy in irradiated graphite with damage ranging from zero to one displacement per 
atom. A large number of initial primary knock-on atom directions sampling energies from 5 to 100 
eV are used to ensure statistically significant results. A defect creation criterion is generalized for 
non-crystalline carbon and is found to produce equivalent results when compared to existing 
definitions in pristine graphite. The time-dependent image guided atomistic reconstruction (IGAR)4 
models of irradiated graphite are used with interactions treated using the carbon environment 
dependent interaction potential (EDIP). The value of Ed in pristine graphite is found to be 20 eV, in 
agreement with previous molecular dynamics based calculations5 and modern ab-initio density 
functional theory calculations in graphene6. It is found that Ed decreases for increasing irradiation 
damage, down to 5 eV at an irradiation dose of one displacement per atom. Probability of defect 
formation is classified according to the local environment of the primary knock-on atom and 
relationships between Ed and graphitic structure and texture are established.  
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Vibrational spectroscopy is the collective term used to indicate two analytical techniques. i.e. 

infrared (IR) and Raman spectroscopy. IR and Raman spectroscopy measure vibrational energy 
levels which are associated with the chemical bonds in the sample. Regarding sp2–rich carbons 
while Raman spectroscopy can provide information on the aromatic carbon network constituting the 
specimen [1], IR spectroscopy is useful to characterize the remaining part mainly constituted of sp3 
carbons, heteroatoms and hydrogen functionalities. In this paper the two techniques have been 
coupled to fully characterize the molecular structure of solid petroleum and coal tar pitch samples 
with different softening points (RÜTGERS Basic Aromatics GmbH Castrop-Rauxel, Germany). 
The quantitative FTIR method set up and applied in previous work [2,3] was applied to determine 
the aliphatic and aromatic hydrogen content of pitch. FTIR analysis has also been used to evaluate 
sp2-bonded carbon through the quantification of aromatic hydrogen (SOLO; DUO; TRIO e 
QUATRO) and aliphatic hydrogen in the CH, CH2, and CH3 forms. Through a careful 
deconvolution procedure Raman spectroscopy was used to derive the mean cluster size of the 
aromatic moieties.  
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The aim of this work is to study the reactivity to oxygen of several carbonaceous materials 

and correlate it towards nanostructure and chemical compounds present on the surface. It is well 
known that the amount of structural defects and the types of functional groups are important in 
determining the reactivity [1,2]. Diesel soot samples that were collected from diesel particulate 
filters at different operating conditions and from actual marine SCR systems in field operation, 
along with two reference carbon black samples that are used as model soot for the diesel soot are 
employed. 

The microstructure of soot and reference materials are investigated with Transmission 
Electron Microscopy (TEM) and by utilizing an image analysis algorithm the extraction of 
quantitative nanostructure properties (fringe length, tortuosity and separation distance) from 
HRTEM images is performed [3]. The variation in the length and the curvature of the amorphous 
arrangements of crystallites will give an insight of the edge-site carbon content and consequently of 
reactivity [4,5]. The higher these parameters are the more defective is the structure and therefore the 
more reactive the carbon material. Fourier-Transform Infrared Spectroscopy (FTIR) is used to 
distinguish the functional groups present on the soot surface. 

The reactivity of carbon materials to oxygen is studied in a linear increase of temperature 
under air flow and by employing a Thermogravimetric analyzer. The variations in the combustion 
behavior observed are further examined with TG/TPO experiments, utilizing a set-up which 
combines a thermobalance coupled with a mass spectrometer. Through these experiments the 
simultaneous collection of information about weight change and evolved gases during oxidation is 
enabled and thus information arises on the existence of functional groups. These results are 
compared with the oxygenated and aliphatic functional groups identified by FTIR and further 
correlated with the reactivity. 
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controlled reactivity of carbonaceous materials toward oxidation”, Catalysis Today, 102-103,  259-
265 (2005). 
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Although carbon fibre composites are becoming ever more prominent in the engineering industry, 
interfacial failure still remains one of the most common limitations to material performance. Carbon 
fiber surface treatments have played a major role in advancing composite properties however 
research into the influence of manufacturing variables on a fiber manufacturing line are lacking. 
This project investigates the impact of altering carbon fiber manufacturing conditions and 
treatments on a production line (specifically electrochemical oxidization and sizing variables) 
to assess fiber-matrix adhesion. Pristine virgin fibers were manufactured on a commercial line and 
interfacial adhesion systematically assessed from a microscale (single fiber) to a mesoscale (12k 
tow), and ultimately a macroscale (laminate). Correlations between interfacial shear strength (IFSS) 
at each level was explored as a function of known interfacial bonding mechanisms; namely 
mechanical interlocking, chemical adhesion and fiber wetting. Impact of these bonding mechanisms 
is assessed through extensive mechanical, topological and chemical characterisation. These factors 
are correlated to performance as a function of IFSS with testing sensitivities observed dependant on 
manufacturing conditions. 
 
Ultimately this study provides a bottom-up approach to improving composite laminates. By 
understanding the scaling effects from a singular fiber to a composite laminate and linking this 
knowledge to specific bonding mechanisms and treatments, material scientists can make an 
informed decision on the manufacturing conditions most beneficial for interfacial adhesion. 
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Glassy carbons are a class of non-graphitizing, nanoporous carbons widely used in a range 

of applications due to their unique combination of properties such as good electrical conductivity, 
high thermal and chemical stability, low density, impermeability to gases, high tribological 
performance, and biocompatibility. However, the atomic arrangement of glass-like carbons is 
complex, strongly depends on the carbonization conditions and directly influences their 
macroscopic properties. 

We try to establish preparation-structure-properties correlations for glass-like carbons 
produced by pyrolysis at different temperatures from the range of 600-2500°C. They appear to 
consist of more or less randomly oriented defective and buckled graphene-like domains. The atomic 
structure is predominantly sp2-bonded and the individual graphene-like layers can be characterized 
as fragments of fullerenes. The structural curvature is related with the presence of topological 
defects such as non-hexagonal rings or vacancies [1]. However, the exact relationship between the 
presence of defects, curvature of structural units, and macroscopic properties remains debated. 
Recently, we have shown that hardness and Young’s modulus of non-graphitizing glassy carbons 
can be directly related with the structural curvature and amount of non-planar sp2 bonds [2]. 
Therefore, quantifying curvature of the atomic structure seems to be an important indicator of 
mechanical properties in glassy carbons. Here, we present various methodologies which can be used 
to characterize the fullerene-like atomic structure for glassy carbons of different origin. The varying 
facets of the glassy carbon atomic structure described by degree of fullerene-like curvature have 
different functions and explain the span of their properties which can be tailored by the synthesis 
conditions.  

Since the structure is a key parameter determining glassy carbon porosity, chemical, 
mechanical and electronic properties, the possibility to control the temperature-induced structural 
transformation is critically important for the fabrication of the glassy carbon products with desired 
functional features. 
 
 
 
 
 
 
 
K. J. is thankful for the financial support from the National Center of Science, grant no. 
2015/19/N/ST3/01037. 
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The use of new, novel spherical carbon molecular sieve (CMS) particles in packed bed systems and 
coated devices provides a recent advancement in these carbon technologies, and the applications 
which utilize these carbons. These carbons have been studied for both gas phase and liquid phase 
applications. 
 
Spherical, high purity carbon molecular sieves prepared from porous polymers have been evaluated 
using static measurements such as low pressure and high pressure porosimetry, TGA-MS, SEM 
imaging and particle size analyses. The coating effectiveness of several 2.0 µm and 200 nm CMS 
particles, using several adhesives and binders, was also evaluated.  
 
The adsorption capacity of the CMS particles was calculated from both static and dynamic analysis. 
The data obtained from the packed bed chromatographic study indicate a significant increase in 
carbon dioxide retention volume is realized with a CMS which possesses a significant percentage of 
ultramicropores using Density functional Theory (DFT) plots. Conversely, a CMS possessing a 
significant percentage of large micropores (>15Å) showed a reduced chromatographic retention 
volume but a large high pressure adsorption capacity. These data demonstrates that ultramicropores 
provide a greater retention volume, even though they do not possess a large surface area (500m2/g).  
 
The data obtained for the coated devices indicates that the coating film thickness, the choice of 
adhesive and the adhesive to CMS ratio is important for the performance of the device. 
 
________________________________________________________________________________ 
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The present work reports about the laser-induced modifications undergone by a typical turbostratic 
carbon material as soot, formed at the first inception stage (nascent) and final maturation degree 
(mature) in different premixed flames.  
The structural modifications induced by laser heating were studied by advanced HRTEM imaging, 
provided the detailed characterization of the carbon network of pristine soot carried out by HRTEM, 
Raman, UV-Vis absorption and electron energy loss spectroscopy (EELS) [1,2].  

The laser induced modifications resulted to be nanostructure-sensitive producing structures 
in form of “rosette” and void shells in the case of mature and coalesced amorphous material, 
respectively. These structures are observable in Fig. 1, where HRTEM images of nascent and 
mature ethylene soot before and after laser heating treatment are reported. 
 

 
Fig. 1: HRTEM images of nascent and mature ethylene soot before (a, b), and after laser heating 
treatment (c, d). 
 
The sensitivity to nanostructure is promising for developing laser heating as a structural diagnostic 
tool for carbon materials, but just such sensitivity has to be carefully considered when the laser is 
employed for diagnostic purposes. 
________________________________________________________________________________ 
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Every year, an amount of 107 tons of soot is produced on the world scale. Soot, as part of 
atmospheric black carbon has serious impacts on climate change human health. Mitigation of soot 
aerosols requires understanding the mechanisms of their formation during combustion on the basis 
of a comprehensive analysis of their characterization data.  
In this study, the effect of growth and aging on particle soot nanostructure was investigated along 
premixed low pressure hydrocarbon flames. Several spectroscopic methods were employed 
including Raman, Far-UV and Mid-IR together with HRTEM image analysis (fig. 1).  Experimental 
data were so interpreted from a multi-diagnostic approach to examine the evolution of soot 
chemical, nanotextural and optical properties along the flame. 
 

 
Fig. 1: Pre and post-processed HRTEM images of young (top) and mature (bottom) soot particles 
sampled along premixed ethylene flames  – Stacking domains (in red) are extracting from the fringe 
skeleton. 
 
 
A wide variety of soot particles was produced in ethylene premixed flames at low pressures using 
the Nanograins chamber1,2. Soot collected at different heights above the burner (HAB) was 
deposited on substrates. The information about the experimental procedure is detailed in previous 
papers3,4. 
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Table 1. Sampling conditions and measurements. Ф: equivalence ratio, P: pressure, dFuel, dN2: flow 
rates of fuel and N2 gas flows, HAB: height above the burner. 

 
The visible spectral range (350-1000 nm) was used to determine the optical Tauc gap (Eg) 
characterizing the energy band at the edges of the valence and conduction bands in semiconductors5. 
Eg values were found to range between 0 and 1.6 eV. The variations of this parameter could be 
linearly correlated with the position of the p-p* UV absorption peak centered between 192 and 262 
nm, which changes are also attributed to variations in soot H/C ratios, sp3/sp2 and size of the 
polyaromatic units (LA)4. 
Raman spectra obtained from 400 to 4000 cm-1 were decomposed according to Sadezky et al. 6 into 
5 components: G, D1, D2, D3 and D4. The intensity ratios of the D1 and G bands ID1/IG was found 
to be correlated with the presence of sp3 carbon defects, as enlightened by the analysis of IR spectra. 
The IR sp3 band that appears between 1190 and 1280 cm-1, is assigned to edge defects due to 
aliphatic cross linking and non-hexagonal carbon rings7.   
A new relationship was furthermore established between the ID1/IG ratios and the optical Tauc band 
Eg : ID1/IG = 0.76 √Eg, which deviates from the literature reporting that ID1/IG varies with respect to 
1/Eg2.  
To complete the characterization of soot nanotextural data, raw HRTEM images were processed 
according to a morphological analysis method8. This method enables the determination of 
probability density functions of parameters representative of the observed fringe edges (length, 
tortuosity and local curvature radii). In addition, domains of stacked fringes are extracted which size 
is measured. The gain in structural ordering of soot particles with their maturation along the flame is 
reflected by some significant increases in the means of the fringe lengths and local curvature radii, 
as well as in the size of the domain units, as illustrated in Fig. 1. This set of parameters provides 
with some new information to be further exploited for the interpretation of spectral signatures. 
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Ф      C/O    P(kPa) dFuel (l.min-1)   𝐝𝐍2		(l.min-1)         HAB (mm)            IR        UV        Raman  HRTEM

 

 

3.9	 1.3	 4	 4	 3	 25,	27,	30,	33,	36,	39	 ü	 ü	 ü	 	
	 	 	 	 	 14,	 18,	 20,	 22,	 24,	 	 	 	 	
3.1
5	

1.05	 4	 4	 3	 26,	 28,	 30,	 32,	 34,	 ü	 ü	 ü	  ü	
																																																																																					36,	38,	42,	50	
3								 1						 	 	 2.8	 	4	 0.2	 18,	21,	25,	30,	39	 ü	 ü	 ü	  ü	
2.46			 0.82	 6	 4	 0.2	 20,	21,	22,	30	 ü	 ü	 ü	 	
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During the last three years our group from Combustion Physics, Lund University (LUCP) has been 
performing neutron based studies of soot materials and interactions with methane and ethane in 
collaboration with researchers and technicians at the Oak Ridge National Laboratory (ORNL) at the 
High-Flux Isotope Reactor (HFIR) and the Spallation Neutron Source (SNS), at beamlines CG-1D 
and VISION, respectively.  

We report results, as seen in fig. 1, which have been partially published [1] and other that is 
work-in-progress and still unpublished and as Work i [1]. 

 

Fig. 1: Pictorial representation of overview of results. 
 

Nanometer-sized carbon particles generated from combustion processes are collected into 
materials. Pycnometry measurements show that the skeletal density of the soot materials typically 
are, rp ≤ 1.4 g cm-3, which is much lower than that normally reported for soot 2 g cm-3. These 
materials are loaded into cells and their properties as absorbers for different gases are investigated, 
in particular for hydrogen rich gases such as methane and ethane, which are inserted into the cells at 
different pressures (P) up to 100 bar. The temperature (T) in the cell can be changed from room 
temperature down to cryogenic. We are using primarily cold neutrons (l= 2.6 Å) to measure the 
concentrations of methane and ethane as a function of different parameters (P,T) and under both 
static and dynamic conditions of loading and release. We have developed an in-situ radiography 
(2D) based absorbance technique to determine the storage capacity of the gases for untreated soot 
materials under different compression conditions. Our studies so far show that we are able to 
determine the native content of hydrogen in the soot material as well as how much is retained inside 
on the surface and interstitial space of the material for the various experimental conditions. We find 
that –-OH surface group play an important role for the interaction between the soot and methane. 
The results are confirmed by inelastic scattering measurements at VISION, which also give 
important additional results on the details of the interaction on how the methane molecules are 
bound to the surface under dry and wet (water) conditions and how they diffuse over the carbon 
surface. Our next steps will be to focus more on the details of the surface properties of the materials 
and the capillary forces present in the interstitial space and how they can be modified by chemical 
after treatment and special synthesis in flames utilizing dopants. 

 
________________________________________________________________________________ 
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Figure 1: Highly thermally conductive and mechanically strong 
graphene fibers. 

Microfluidics-enabled Assembly of Graphene-based Carbon Fibers – 
Orientation Control and Superior Thermal-Mechanical Properties 

Guoqing Xin and Jie Lian 
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New York, 12180, US 

Macroscopic graphene structures such as graphene fibers can be manufactured from individual 2D 
graphene oxide sheets by fluidics-enabled assembly followed by high temperature carbonization 
and graphitization. However, challenges exist in controlling molecular orientation and macroscopic 
ordering of the graphitic domains in the fiber geometry to achieve high thermal-mechanical and 
electrical properties. Here, we 
report the fabrication of highly 
thermally/electrically conductive 
and mechanically strong 
graphene fibers with a unique 
inner fiber structure, consisting 
of large-sized graphene sheets 
forming a highly ordered fiber 
arrangement intercalated with 
small-sized graphene sheets 
filling the space/micro-voids [1]. 
The graphene fibers exhibited a 
sub-micron crystallite domain 
size through high temperature 
treatment, achieving an 
enhanced thermal conductivity 
up to 1290 Wm-1K-1.  
In addition, multiscale graphene 
structures with tunable graphene 
sheet alignment and orientation 
order are achieved by 
microfluidics design with strong size and geometry confinements and varied flow patterns. Thin flat 
channels with large width to height ratios are favorable for the fabrication of macroscopic graphene 
structures with perfectly stacked sheets to achieve superior thermal/electrical conductivities and 
record-high mechanical strength/modulus. The strong shape and size confinements can be attributed 
to the flat distribution of shear stress from anisotropic microchannel walls and enhanced shear 
thinning degree of large GO sheets in solution, respectively. The microfluidics-enabled control of 
orientation order and microstructure accompanied with superior thermal-mechanical properties may 
enable their immense potentials in diverse technological applications, including thermal 
managements for effective heat transfer and reinforced fillers in structural composites.   
 
________________________________________________________________________________ 
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A magnetically confined fusion device requires external heating sources in order to achieve the 
plasma with high enough temperature for fusion reaction to occur. Neutral beam injector is one of 
the sources to heat the fuel in the ITER Tokamak. Negative ions, which have high neutralization 
efficiency (about 60 %), are accelerated by the electric field to a kinetic energy of 1 MeV and then 
neutralized before the injection into the fusion plasma [1,2]. A cesium- seeded negative ion source 
is currently employed to produce a high-density negative ion beam required for ITER. Nevertheless, 
critical drawbacks of cesium-seeded negative ion source (diffusion and pollution of the accelerator 
stage) promote efforts for the development of cesium free negative ion production sources [3]. One 
of the promising candidates is a diamond surface production during a deuterium plasma interaction 
with the diamond surface. Negative ions are produced by the sputtering of the deuterium inside the 
diamond surface or backscattering of the incoming hydrogen. During this process, it is almost 
inevitable to cause damage (or create defects) at the diamond surface. Therefore, it is essential to 
study the reactivity of the diamond surface in contact with the hydrogen plasma in order to 
understand the surface damage during hydrogen impacts.  

We study the diamond surface reactivity by varying conditions such as surface temperature, surface 
orientation and impact energy using molecular dynamic simulations based on empirical potential. 
The results were analyzed in the aspect of sputtered species and surface structural modification. The 
comparison between atomistic simulation and experimental results will also be discussed [4] which 
is shown in fig. 1.  

 
Fig. 1: (a) Steady state carbon erosion yield during plasma-surface interactions with varies surface 
temperature; (b) sp2/sp3 ratio of diamond surface after deuterium ion impacts. 
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Given the unique ability of swift heavy ions (SHIs) to deposit huge amounts of energy along a small 
cylindrical volume surrounding ion trajectory, a highly localized structural modification occurring 
inside the so-called tracks is possible for a variety of materials. Studies have indicated that the 
tracks formed in highly oriented pyrolytic graphite (HOPG) irradiated with SHIs are supposed to be 
discontinuous [1]. In these studies [1], the probability of defect creation on the surface of HOPG 
was predicted to be < 1 for ions with an electronic stopping power (Se) ranging from 7 to 18 
keV/nm. This work is devoted to investigate the irradiation-induced structural changes in the 
transition Se regime, i.e., ranging from 7-18 keV/nm, for HOPG and glassy carbon (GC). 

HOPG and GC samples were irradiated with 167 MeV Xe ions (Se ~ 17.3 keV/nm) up to a 
fluence of 6×1013 cm-2. The samples were analyzed using X-ray diffraction (XRD), Raman 
spectroscopy, X-ray excited Auger electron spectroscopy (XAES), Scanning tunneling microscopy 
(STM), and transmission electron microscopy (TEM). 

STM measurements of the irradiated samples indicated the presence of two types of 
nanohillocks on the surface. Atomically-resolved images showed that the first type refers to regions 
with damaged C lattice (point-like defects, 2-3 nm in size), whereas the second type represents 
distorted protrusions with undamaged lattice. The protrusions formed might be due to the damaged 
regions located a few layers below the surface or interstitials between the two uppermost layers. 
The local near-surface expansion of the damaged regions was confirmed by XRD and XAES 
measurements. The XRD patterns of the irradiated samples showed that with increasing ion dose 
the interlayer distance progressively increased and at a fluence of 6×1013 cm-2 it reached a value of 
3.55 Å. In the XAES spectra, the irradiation induced changes were manifested by a gradual 
reduction in the intensity of a component at a kinetic energy of ca. 265 eV. The component 
represents the interlayer π – π electron interaction. An almost complete disappearance of this 
component upon high-dose ion bombardment suggested that the interlayer distance increased to 
such an extent that HOPG structure was transformed to loosely interacting distorted graphene sheets. 
Even at the highest dose the increase in sp3-hibridized C content, as estimated from XAES–derived 
D-parameter, is very small. TEM investigations of the cross-sectional view specimens provided a 
direct proof that (i) tracks in HOPG are really discontinuous, and (ii) the damaged graphene sheets 
partially overlap each other, thus causing the interlayer expansion to occur in immediate proximity 
to the damaged region. 
 A noticeable phenomenon for GC samples irradiated with SHIs was the formation of sp-
hybridized C molecular wires. As revealed by Raman cross-sectional damage profiling, the 
formation of sp-hybridized C structures occurs only in the electronic stopping regime and its 
efficiency decreases sharply with the decrease in Se value, i.e., along ion trajectory. 
________________________________________________________________________________ 
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Hydrogenated amorphous carbon 
thin films (a:C-H) are very promising 
materials for numerous applications. The 
growing of relevance of a:C-H is mainly due 
to the long-term stability of their outstanding 
properties. For improving their 
performances, a full understanding of their 
local chemistry is highly required. Around 
fifteen years ago, electron energy-loss 
spectroscopy (EELS), developed in a 
scanning transmission electron microscope 
(STEM), was the technique of choice to 
extract such kind of quantitative information 
on these materials. Other optical techniques, 
as Raman spectroscopy, are now clearly 
favored by the scientific community. 
However, they still lack the spatial 
resolution offered by STEM-EELS. In 
addition, nowadays, the complexity of the 
physics phenomena behind EELS is better 
known.  

In a recent work1, a:C-H thin films 
have been isothermally annealed, and the 
evolution of their physical and chemical 
parameters have been monitored at the local 
and macroscopic scales. Chemical in-depth 
inhomogeneities and their origins were 
highlighted. Furthermore, a novel procedure 
to  extract  properly  and reliablyquantitative  Fig. 1: G band Dispersion compared to EELS 
chemical information from EEL spectra was  results for samples heated at 500°C from 2 to  
done.        500 minutes. 
 

 In this communication, we will present some of the above results and focus on results 
obtained from Raman and STEM-EELS spectroscopies, focusing on the pertinence of some Raman 
empirical models. This work demonstrates the pertinence of the combination of local and 
macroscopic analyses for a proper study of such complex materials. 
 
________________________________________________________________________________ 
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The carbon/carbon composites employed in space propulsion and aircraft braking applications are 
constituted of carbon fibers and a pyrocarbon matrix, deposited by Chemical Vapor Infiltration 
(CVI). The knowledge of their thermomechanical properties is fundamental for the design of parts 
made of such materials. It is therefore necessary to obtain measurements of their elementary 
constituents, i.e. fibers and matrix. In this goal, a high-temperature testing setup has been developed 
[1]. It allowed the measurement between ambient and 2000°C of properties such as: diameter, 
Young modulus [2], transverse and longitudinal thermal expansion of fibers [3-5] and 
microcomposites [6]. Heat capacity [7] and diffusivity [8,9] were also obtained. 

New mechanical and thermomechanical tests have been performed on fibers and microcomposites, 
in order to obtain the Coefficients of Thermal Expansion (CTE) of matrices, which had not yet been 
obtained, and data on new fibers. The tests were validated with respect to existing data [1-6] when 
available. An important point in these measurements is that the transverse expansion of the coated 
fibers is not only related to the transverse CTE, but also to the longitudinal CTE via the Poisson 
effect. A comparison of the values obtained for distinct types of pyrocarbons and of literature data 
on graphite will be given.  

An outlook of this characterization campaign is to obtain Poisson coefficients as well as heat 
capacity and diffusivity on matrices with a new method [10]. 
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Nanoporous carbon materials are key in many industrial applications such as water purification, gas 
separation and energy storage. They are known to have extraordinary chemical, mechanical and 
thermal stability while being light-weighted and exhibiting meso and macropores. Specifically, 
extremely low-density carbons, such as carbon aerogels and aerofoams, present high elasticity and 
strength, making them attractive to fabricate stretchable electrochemical devices. However, such 
low-density structures have proved challenging to model due precisely to its intricate porous 
microstructure and the size of the pores. 

Here, we have performed molecular dynamics simulations using an annealing methodology [1] and 
the EDIP interatomic potential [2] that allows us to generate realistic carbon porous structures. The 
generated structures exhibit low densities ranging from 0.5 down to around 0.1 g/cc, comparable to 
the typical density of carbon foams. We have explored the effect of such low densities on the 
formation of micro and mesopores and the relationship between the porosity and the mechanical 
properties of the structures. To study the mechanical properties as a function of the pore sizes, we 
subject the structures to uniaxial compression and tension strains and calculate strain-stress curves, 
and the elastic constants tensor. We have found that the structures containing large domains of 
graphene-like sheets and larger pores exhibit extremely high elasticity and strength. Control of these 
properties will enable an optimize design of low-density nanoporous carbons to target practical 
applications.  
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Fig.1:	Joined	structures.	
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Due to their light weight, exceptional strength, stiffness, structural stability at elevated temperatures 
and the possibility to tailor their thermo-mechanical properties by microstructure design, carbon-
based composites are the material of choice for the high-temperature applications. Some examples 
of the application of these materials are facing material for tokamaks, nuclear safety structures or a 
thermal protection material used for spacecraft heat shields. One of the important questions by 
utilization of these materials is in which way connect different components produced from these 
materials to largescale or complex shape component without reduction resulting thermo-mechanical 
properties or degradation of the whole structure. In last year’s several methods were developed for 
joining carbon-based materials, such as glass material bonding, homogeneous pre-ceramic polymers 
joining and reactive metal brazing etc. Nevertheless, joints produced with above-mentioned 
interlayer material only can be used for low temperature application, which is limited to the high-
temperature mechanical properties of interlayer material. In presented studies components 
consisting of the high textured Pyrolytic Graphite were joined using chemical vapour infiltration 
(CVI) technique. In this way the resulting joined material is pour carbon-based structure, the joining 
layer consists of Pyrolytic carbon (PyC) and can be used for the high temperature applications.  

The provided studies include infiltration of the samples 
(see Fig.1) with different preferred orientation of the 
microstructure. The light microscopic and thermal 
conductivity studies of the obtained structure were 
provided.  
In some cases the joined layer include cavities or non-
infiltrated regions (see Fig. 2). Provided studies shows that 
using CVI is possible to connect samples of PyC Graphite. 
Independent from orientation of the samples the PyC layer 
deposits between samples and connect it. The quality of 
this connection is dependent from the infiltration time and 
roughness of the contact surfaces of the connected samples. 
In the case of bad contact between these surfaces the 

infiltration is not sufficient and, as a result, regions with cavities and cleavage are obtained.  

 
Fig.2: Typical microstructure of the joined components.  

 

 


