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Abstract: It was shown, that at the conditions of intensive high temperature plastic deformation under high pressure in nanocomposite 
based on Fe-C the especially hard diamond-like carbon phase can be obtained not only from fullerenes, but also with use of cheaper nano-
carbon additives - fullerene containing soot, multi-wall nanotubes, and fullerene black. 
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1. Introduction 
 
Nanodispersed carbon materials (fullerenes, nanotubes, nano-

diamonds) are intensively investigated about their use as modifying 
additives for increase of properties of a matrix material, sometimes 
in several times. 

In some works [1, 2, etc.] wearproof composite materials with 
reinforcing by carbon particles are fabricated under pressure from a 
mix of iron powders and fullerenes С60, С70. In process of studying 
they have been named: «superhard particles of amorphous carbon», 
«a diamond like amorphous phase», «superhard carbon particles», 
«the polymorphic connection of carbon distributed in hard X-ray 
amorphous a carbon matrix», «superelastic and hard carbon parti-
cles». These composite materials surpass known wearproof steels 
in wear resistance in 10 times, and on friction factor come nearer to 
diamond like coverings. 

However at present the price of fullerenes remains very high 
and their industrial application in the technician is a question not 
the near future. 

The author of the report [3] in October, 2004 expresses opin-
ion: «General hopes of new updating of carbon – fullerenes while, 
unfortunately, do not justify. Despite encouraging results of many 
basic researches, now there are no industrial productions and tech-
nologies in which would widely be applied fullerenes». 

The problem of search of possibility of replacement expensive 
fullerenes on cheaper fullerene-containing a material at creation of 
new materials is actual. 

In the author's opinion [3], not less interesting material, than 
pure fullerenes, is arc carbon soot, an intermediate product of recep-
tion fullerenes. 

Within last six years authors of the given report carried out in 
a direction of creation of new metallic materials on the basis of iron 
with use nanosized carbon containing components which raise their me-
chanical characteristics. In the work [4] the possibility of replacement 
of expensive fullerenes on cheaper nanocarbon substratum was 
studied.  

The assumption of leading influence on formation of "supere-
lastic and hard carbon particles» of dispersity of carbon products 
was the base of idea about the possibility of use others nanocarbon 
materials instead of fullerenes.  

 
2. Experimental procedure 
 
Samples were prepared from mixtures of carbonyl iron powder 

and a number of nanocarbon materials (fullerene-containing soot, 
fullerene black, multiwall nanotubes) in the ratio Fe/3÷10 wt.% C. 
For comparison as reference in the same conditions samples with 
additives of C60 and С70 fullerenes, single-wall nanotubes, carbon 
microparticles in the size of 3, 4, 9 μm and standard graphite have 
been made.  

Nanostructure composite based on Fe-C was prepared with the 
use of intensive high-temperature plastic deformation under high 
pressure.  

In total 22 variants of mixture, its preparation and technologi-

cal parameters of compacting have been developed. 84 samples 
have been made. 

Prepared samples were studied by optical and scanning elec-
tron microscopy, conversion Mossbauer spectroscopy, X-Ray dif-
fraction, the energy-dispersive X-ray analysis and microhardness 
measurement, including measurement at loading 2 kg with convert-
ing of values in HRC scale, i.e. macrohardness gauging actually. 

Stage by stage works on research of a structural condition, op-
timization of structures, technological parameters, an estimation of 
mechanical and operational properties of a created composite mate-
rial were carried out. 

 
3. Results and discussion 
 
Analysis of the starting carbon nanopowders used as additives 

to carbonyl iron has shown that fullerene-containing soot is a multi-
component substance. It contains up to 8% of C60 and C70 fullerenes, 
amorphous carbon, multiwall nanotubes and nanofibers and also 
graphite particles. 

It is found unusual for Fe-C materials structural state in the 
obtained samples. It is the especial on the structure and properties in 
each sample. Microstructure investigation in all samples except of 
iron basis with carbides discovered the gray color fields (figure 1, 2) 
with high hardness, more than of 30 GPa, which is typical for su-
perhard carbon phase. 

 

 
Figure 1. Microstructure of nanocomposites: Fe /10  wt . % multiwall 

nanotubes 
 

These fields had different sizes and shape. Scanning electron 
microscopy studies showed that the grey phase forms a skeleton of 
the Fe-C composite. Microhardness of other phases is about 4.5-11 
GPa.  

It was found that microhardness measurements on the grey 
phase presented considerable difficulties: imprints either could not 
be seen at all or the indenter slipped off the spot or chipping oc-
curred, which sometimes provided the only means of locating in-
denter imprints. A kind of indenter imprint recovery has been ob-
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served. This observation agrees with findings by O.P. Tcher-
nogorova [1] who mentions in this paper ″the coefficient of imprint 
elastic recovery (83-87%) at indenting of superhard carbon particles.″ 
 

 b 

Figure 2.  Microstructure of nanocomposites: Fe / 10   wt  %  of  fullerene-
containing soot 

 
Evidence of high hardness of prepared sample is provided by 

scratches left on glass in scratching tests (figure 3). 
 

 
Figure 3.   Test kind on scratch on glass edge of the composite sam-

ple (a figure 3) to leave a scratch (on an arrow 1); on an 
arrow 2 – a glass break on a line of scratch   

 
Another characteristic indication of the high hardness of the 

samples is the absence of the rounded edges of sample easily seen 
under metallographic microscope (figure 4). The edge is even and 
abrupt, which is observed only on samples of hard materials. 

 

 
Figure 4.  Microstructure of nanocomposite Fe / 10 wt.% fullerene-

containing soot – polished microsection prepared without 
pressing in to avoid rounding of sample edges. 

Energy-dispersive X-ray analysis has shown that the super-
hard phase consisted only of carbon (figure 5). 

 

 
Figure 5 . Micro spectrogram from EDX JED-2201, JEOL (Japan) of 

nanocomposite Fe / 10 wt. % of multiwall nanotubes.  
 

X-ray diffraction pictures of the prepared samples in practically 
the entire region of small diffraction angles showed peaks corresponding 
to different fullerene types, in the range of angles 2θ = 22…32° a 
characteristic "halo" could be seen (figure 6 – along arrow). 

   

 
Figure 6.  Spectrogram of nanocomposite Fe / 10 wt. % of multiwall 

nanotubes. 
 

It is found by phase analysis in samples α-Fe, γ-Fe, fullerenes, 
iron carbides, the highly hard carbon phase.   

Interpretation of the diffraction picture (figure 7) has shown that 
partial decomposition of fullerenes in the samples takes place with for-
mation of amorphous carbon and C60, С70, С76, and C82 fullerenes; using 
crystallographic data from patent [2] a superhard phase has been identi-
fied. 

 

 
Figure 7.  Spectrogram of nanocomposite Fe / 3% wt.% C60 (reference  
                  sample). 

Use of iron powder as a base for preparing the composite material 
made possible application of Mossbauer spectroscopy1, which is a struc-
ture-sensitive method of study of nanostructure materials. 

                                                 
1 Research is executed by Novakova A.A and Korneeva Ju.V. at the     

Moscow State University, Moscow, Russia. 
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Conversion Mossbauer spectra of pure carbonyl α-Fe and of the 
prepared Fe/3 wt. % С60 nanocomposite (reference sample) are presented 
in figure 8. Parameters of the Mossbauer spectrum are given in table 1. 

 
 

 
a 

 
b 

Figure 8. Mossbauer spectra of the samples: a – pure carbonyl α-
Fe; b – nanocomposite prepared from a mixture of Fe / 3 wt. % 
С60 (reference sample), V – rate of movement of vibrator rela-
tively of absorbent, mm/s. 

 
Table 1 Parameters of the sample Mossbauer spectrum  

decomposition 

Structure  Нeff, 
kiloErsted  δ, mm/s Q, 

mm/s G, mm/s S, % 

Amorphous 
Fe-C  379  0 0 0.40 4.51 

α-Fe(C)  331  0 0 0.35 61.5 
Fe84C16  303  0.2 0.10 0.30 2.97 
Fe81C19  274  0.13 0.07 0.30 3.9 
Fe78C22  252  0.17 0.04 0.30 2.53 
Fe3C  210  0.13 0 0.35 13.9 
Fe5C2  194  0.09 0.04 0.30 5.9 
γ-Fe   -0.13  0.30 4.9 

 
From comparison of these spectra it is seen that in the process of na-

nocomposite synthesis a large quantity of iron atoms have reacted with 
carbon. Analysis of the parameters of the resolved Mossbauer spectrum 
components shows that the most intensive component in the spectrum is 
due to an α-Fe phase. Changes in the line width (G) and magnetic field 
strength (Heff) compared to the spectrum of pure α-Fe (fig. 8a) warrant a 
conclusion that the nanocomposite is present in the form of small parti-
cles containing a small quantity of dissolved carbon (not more than 3 at. 
%). 

About 9.5 % of the spectrum area is due to a large content of ex-
panded solid solutions of iron and carbon - Fe1-ХСХ with different relative 
concentrations: х = 16, 19 and 22. 

Considerable part of the spectrum is due to components of iron 
carbides Fe3С and Fe5C2 (about 20 %). Also, 5% of the spectrum area is 
due to a component, which according to analysis of its parameters can be 
identified as γ-Fe (С) phase. 

 
 
 
 
 
 
 

Besides, in the sample spectrum a component is observed which 
by the line width and parameters can be identified as due to an amor-
phous alloy of iron and carbon. Apparently this is the phase, which 
forms a boundary between metallic nanoparticles and superhard carbon 
phase detected in studies of this sample using the energy-dispersive X-
ray analysis and measurements of microhardness. 

Analysis of the area of each component and the percentage of 
carbon in the observed phases leads to a conclusion that about 73 % of 
the total carbon is bound to iron and about 27 % can form a superhard 
carbon phase. 

Analysis of the fine structure parameters has shown that the 
particle size of the main phase based on α-Fe is about 10 nm, the 
magnitude of microstrain (<ε2>1/2) can be as high as 5.5·10-3 and 
dislocation density is about 2·109 cm-2.  

 
4. Conclusion 

 
Analysis of the structural data of the prepared Fe-C composite 

samples has shown that graphite contained in the starting carbon 
nanomaterials takes part in formation of carbides and dissolves in 
iron. Amorphous carbon, nanotubes, nanofibers and fullerenes, i.e., 
the entire nanocrystalline carbon is the base for formation of the 
superhard phase of different form and degree of dispersion having 
high microhardness – greater than 30 GPa. This is evidenced by the 
samples with superhard phase and without fullerenes. 

In studies of the nanocomposites using conversion Mossbauer 
spectroscopy and X-ray diffraction their phase composition has been 
determined.  

Interpretation of the diffraction pictures has shown that during 
sample preparation partial decomposition of fullerenes takes place with 
formation of amorphous carbon and C60, С70, С76, and C82 fullerenes. Anal-
ysis of the diffraction pattern using crystallographic data from patent [2] 
identified the superhard phase. 

Based on the above result a conclusion can be made that the 
prepared composites based on iron/nanocarbon materials (fullerene-
containing soot, multiwall nanotubes and fullerene black), as well 
as C60 and С70 fullerenes, are nanocrystalline and present a complex 
mixture of compounds: large quantity of iron/carbon solid solutions, iron 
carbides and amorphous carbon (superhard carbon phase).  

Possible applications of the prepared nanocomposites include 
tool materials and materials for conditions of friction and wear. 
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