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1. Introduction  

Carbon based nanostructures are of considerable interest for application in 

nanotechnologies related fields such as medicine, electronics, catalysis, environment, glasses 

etc. Typical carbon based nanostructures methodologies involving different routes are 

presented: thin films vapor deposition procedures, iron-carbon nanostructures laser pyrolysis, 

catalyzed iron carbon nanoparticles, nanotubes, etc. The carbon thin films have been obtained 

by Thermionic Vacuum Arc method. The almost spherical carbon encapsulated iron 

nanoparticles with narrow size distribution were prepared via laser co-pyrolysis method in 

which the CW CO2 laser beam irradiates a gas mixture containing iron pentacarbonyl (vapors) 

and ethylene/acetylene hydrocarbons. Specific flow geometries were used in order to 

synthesize iron particle first followed by stimulate hydrocarbon decomposition at iron surface. 

High-resolution transmission electron microscopy images reveal the core-shell feature of 
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Abstract 
The aim of present paper is to present the latest resu
deposited by Thermionic Vacuum Arc (TVA) method
spectroscopy (XPS) and X-ray generated Auger electron spectroscopy (XAES) were used to 
determine composition and sp2 to sp3 ratios in the outer layers of the film surfaces. The analyses 
were conducted in a Thermoelectron ESCALAB 250
hemispherical sector energy analyser. Monochromated 
XPS examination, at source excitation energy of 15 KeV and emission current of 20 mA. Analyzer
pass energy of 20 eV with step size of 0.1 eV and dwell time of 100 ms was used throughout.  
Keywords: Carbon, TVA, laser pyrolysis, TEM, XPS, XAES. 
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synthesized nanostructures with around 2 nm thick

based core dimensions. The mean diameter could be experimentally controlled. 

decreasing trend of particle size with the decreasing of pressure and total reactant gas flow. 

DAX and Raman spectroscopy analysis confirm the simultaneous presence of carbon and 

iron [1 r laser 

induced CVD carbon nanotubes er power density, nanotubes or 

nanofibers are formed, in strong dependence w based nanoparticles on 

 

2. Method and samples 

The carb VA) method. 

This depo Wehnelt 

cyli  – 

carbon – in this case. Due to the high applied aterial 

from the anode ensures within the inter-electrodes space the formation of a steady state 

carbo rge. 

Becau ilms 

are de  by 

the en

p. The anode-cathode arrangement 

ymmetry allows a perpendicular electron beam bombarding anode during deposition.  

 carbon layers and 3-7 nm diameters iron-

It was found a 

E

]. The nanoparticles were seeded onto Si wafer and further used as substrates fo

growth. Depending on las

ith the location of iron 

Si substrates.  

on thin films have been obtained by Thermionic Vacuum Arc (T

sition method consists from an externally heated cathode surrounded by a 

nder that concentrates the high voltage accelerated electrons on the anode material

voltage, the continuously evaporated m

n vapors with enough density in order to ignite and to maintain a bright discha

se the discharge plasma is formed only by electrons and carbon ions/neutrals, the f

posited in high purity conditions [2]. The thin film is bombarded during its growth

ergetic carbon ions having energies up to 500eV [3]. 

In figure 1 is presented the TVA experimental setu
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The cathode filament was made by thoriated tungsten wire with 1.5mm diameter, three 

times wound and heated by a current of 100A. During the arc running and carbon thin film 

deposition the anode was continuously rotating with 6rot/min, and also the cathode-anode 

distance was adjusted each time when the arc current was decreasing more than 10%. 

FIGURE 1. 
Schematic view of the experimental 

arrangement for carbon film evaporation. 
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The almost spherical carbon encapsulated iron nanoparticles with narrow size 

distribution were prepared via laser co-pyrolysis method in which the CW CO2 laser beam 

irradiates a gas mixture containing iron pentacarbonyl (vapors) and ethylene/acetylene 

hydrocarbons. Due to the versatility of the laser pyrolysis method, we could develop several 

research directions in the field of nanomaterials: iron carbides, filamentary iron/iron oxide 

nanoparticles, nanocarbons, iron/carbon composites (core-shell structures), gamma iron oxide 

nanopowders, titanium-doped gamma iron oxide, carbon fibers and nanotubes, metal-polymer 

nanocomposites.  

 
FIGURE 2. Experimental set-up for a single step experiment (CF) 

 

Specific flow geometries were used in order to synthesize iron particle first followed by 

stimulate hydrocarbon decomposition at iron surface (figure2). Through the inner nozzle C2H4 

was used as sensitizer for Fe(CO)5 fast decomposition and a hydrocarbon mixture (C2H2-

+C2H4) was introduced through the middle tube. 

 

3. Results and Discussions 

Hardness and Reduced Modulus were measured with a Micro Materials NanoTest 500 

instrument using a NT Berkovich indenter (radius ~150nm). The indentation depth was kept 

to 10-20% of the film thickness to minimize the influence from the substrate. The system has 

ree different modules: indentation, for determining the hardness and elastic modulus of the 

depos

ich is a 

measure of stress existent in the film.  

th

ited films; scratch and impact, mainly used to determine the adhesion of the films to 

substrates. In figure 3, regarding to sample 1, for the adhesion test, the critical loading was 

20mN (thickness about 75nm). The adhesion is un-homogenous on the large scale. The 

adhesion test suggests that some parts of the coating are more adhesive than others, wh
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FIGURE 3. Hardness= 11.2±1.5GPa, Reduced Modulus=123.1±15.0GPa 

 

As it can be seen from figure 4, where the investigation were realized on sample 2, the 

critical loading was 17.5mN (thickness is about 80nm). The adhesion is homogenous on a 

large scale for this film. 

  
FIGURE 4. Hardness= 12.1±1.0GPa, Reduced Modulus=133.7±11.0GPa 

 

Multiple scratch tests were performed with the NanoTest 500 on each sample with a 

Cone 60 indenter, with a radius of 4µm. the scratch length was 350µm and the maximum 

 was typically 40mN. The critical load was defined as the load at 

which 

force applied during the tests

the indenter would penetrate though the coating onto the substrate. 

As it can be seen from figure 5, distance between positive and negative binding 

energy’ shifts is represented by D value = 16.8 equivalent to 69% sp3 ratio.  

Ar was detected at low relative atomic concentrations in all samples. 

Electron Microscope CM120ST carried out Transmission Electron Microscopy 

(TEM), Selected Area Electron Diffraction (SAED), High Resolution Transmission Electron 

Microscopy (HRTEM) techniques to acquire images for morphological and structural 

investigation.  
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FIGURE 5. X-ray generated Auger electron spectroscopy (XAES) for carbon thin films obtained. 

 

In figure 6 is exposed TEM image for thin carbon film obtained that presents diamond 

spherical grain. 

 

 
 

sharp e

M  mean diameters 

assumi

FIGURE 6. 

TEM image at 65000×working 

magnification 200nm spot size. 

 

Bright Field Transmission Microscopy (BFTEM) image, 145kx working magnification, 

shaded correction and median filtered, and morphological close filters applied twice is 

presented in figure 7. Automated algorithm works on separated grains. Blue particles have no 

dge and could be particles agglomerate. The value of particles was count and measured 

using Analysis software.  

orphology was determined from BF-TEM image. We calculate the

ng a lognormal distribution of experimental distribution of experimental data (inserted 

image top-left in figure 7). The mean value of measured diameters from BFTEM images is 

4.(1)nm. 
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The selected area electron diffraction (SAED) pattern obtained for thin film, with 

420mm camera length and 200nm spot size is shown in figure 8. Measured fringes could be 

ond) structure of carbon, with lattice constant a=0.356nm, space 

group Fd

indexed using cubic (diam

3m, ICSD 79-1467. 

 
FIGURE 8. Selected Area Electron Diffraction pattern for thin film obtained. 

 

   

   
FIGURE 9.  TEM images with carbon thin film and diamond nanoparticles 

FIGURE 7.  
Grain measurements and mean diameters. 
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High Resolution Transmission Electron Microscopy images (figure 9) on thin films 

show low range crystalline area with interference fringes corresponding to graphite structure. 

Inside of film from figure 9 top-left we can observe 5nm or less diamond nanoparticles. The 

nanoparticles form agglomerate. 

Thin films obtained by TVA method on silicon substrate has uniformity distribution of 

diamond grain, with mean diameter equal to 4.(1)nm. 

 is a one-step procedure, where the carbon embedding 

degree depends on the control of experimental parameters and radiation geometry that 

generat

rameters are illustrated in Table1. 
 

TABLE 1. Experimental parameters 

Run C2H4carrier 
for Fe(CO)5 

(sccm) 

C2H4in 
mixture 
(sccm) 

C2H2 in 
mixture 
(sccm) 

Carbon encapsulated iron particles

es narrow size distribution, particle mean diameter 4-6.5nm, as it is revealed from 

TEM analysis. 

The experiment has been realized at a 650-700mbar pressure and 1100sccm Ar flow 

confinement. Experimental pa

CF4 100 55 29 

CF5 50 30 68 

CF6 20 19 73 

CF7 20 10 37 

 

 
FIGURE 10. TEM image of the as-prepared sample, SAED pattern and particle size distribution (inserts). 

 

  Figure 10 contains TEM image of the as-prepared sample, SAED pattern and particle 

size distribution. Good quality dispersion of Fe nanoparticles embedded in a carbon matrix, 

almost each p . The particle 

distribution shows a mean size diameter of 7nm. Electron diffraction pattern reveals the 

article presents a core (dark contrast) surrounded by a shell
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presence of α-Fe (110) and (211) (hkl) planes and possibly γ-Fe2O3 caused by the partial 

oxidation in the ambient.  

 

 
FIGURE 11. HRETM image of Fe-C nanocomposite residue. 

 

  Particle diameter was found to be around 6nm value, interplanar distances are ascribable 

ely 0.34nm (figure 11). It also can be 

observed the surround el phiti ith hi ering between graphitic 

planes than in case of as-synthesized nanocomp

The TEM, HRTEM a SAED ex ination completed by Fast Fourier 

Transformation (FFT) of the las irradiated FeC/Si samples revealed the formation of 

numerous carbon nanotubes (figure 12-16). 

 

to α-Fe ad graphitic carbon, 0.2nm and respectiv

ing w l defined gra c shell, w gher ord

osite. 

nd am

er 

 
FIGURE 12. Nanotubes and nanofibers, TEM images and SAED pattern 
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FIGURE 13.  
TEM image of nanotubes and nanofibers (left). Detail view 
of nanotubes (right) with

SAED that confirm (002)C plane reflection (0.357nm). 

FIGURE 14.  
FFT measurements show that nanotubes wall is 

0.338nm left-up and 
0.340nm right-down). 

  

 inset that present FFT transform of graphite (002) planes (

 
 

FIGURE 15.  
Focused electron beam by carbon nanotube. 

FIGURE 16.  
HRTEM image and detail of nanotubes wall. 

 

The laser pyrolysis method was employed in the gas phase for the synthesis of different 

nanopowders and composites. Soot containing different carbon nanoparticles were obtained 

by the laser pyrolysis of different hydrocarbons. 

 

Conclusions 

Preliminary results on carbon nanostructures characterization obtained through TVA 

method and laser pyrolysis have been reported. From TEM analyze it is revealed that thin 

films structure obtained through TVA procedure is corresponding to crystalline carbon, 

resulting possible applications in anticorrosive coatings for magnetic devices. Thin films 

obtained by TV diamond grain, 

ith mean diameter equal to 4.(1)nm. 

A method on silicon substrate has uniformity distribution of 

w
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High-resolution transmission electron microscopy images reveal the core-shell feature 

of synthesized nanostructures with around 2 nm thick carbon layers and 3-7 nm diameters 

iron-based core dimensions. The mean diameter could be experimentally controlled. It was 

found a decreasing trend of particle size with the decreasing of pressure and total reactant gas 

flow. 

Single-step experiment was leading to the synthesis of Fe-C nanocomposite formed of 

iron nanoparticles (4.5-6nm mean diameters) with a low degree of agglomeration, which are 

covered by carbon layers. 

The presented results demonstrate that thermionic vacuum arc and laser pyrolysis 

techniques may ope tunities for the fabrication of nanom omposites. 
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