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Abstract 

Novel methods of carbon and carbide materials production are described. The methods are based on 
chemical transformation of material compositions and structure. Research results of superhard composite 
material diamond/silicon carbide; porous carbide materials; carbon nanocomposites and carbon nanoporous 
materials are presented. Developed materials have a wide range of thermal conductivity and porosity and in our 
view can be effective used for heat transport design such as heat pipes and heat pumps. 
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INTRODUCTION 

In modern time the development of heat transfer technique cannot be realized without a deep 
material science researches such as a development of new materials and progressive technologies of 
their production. The main attention should be shared out to creation of materials with required 
properties. Composite materials as man-made products give us such possibility. 
 
Features of carbon and carbide materials are high melting points, high hardness and strength, erosion 
and corrosion stability in gases and liquids, low coefficient of thermal expansion (CTE). Stability in 
extreme conditions generates a great interest to them. However, the accelerated interest to use of 
carbon and carbide composite materials is in contrast with a line of as material science as technology 
problems in their production. That requires further researches and development of new approaches for 
material manufacturing.    
 
During a few years we are developing novel non-traditional approaches for carbon and carbide 
composite materials production [1].  The main feature is a forming of a body of desirable shape from 
precursors (usually of powders) on a first process step. Then a composition and structure of initial 
work-peace are changed by means of chemical reactions take place inside of the body. A correct 
choosing of the reaction allows to realize a net-shape process and produce item of required 
composition and structure. 
 
Such technological scheme provides a means for not only 100% use of precursors and eliminates of 
machining but also production of materials with unique properties. 
 
For production of carbon and carbide composite materials we successfully use follow chemical 
reactions:  

Ме +С → МеС                                  (1) 
МеО+ 2С →МеС +СО                      (2) 
СН4→ C+2CH2                                  (3) 

 
Developed materials have a wide range of thermal conductivity: from heat isolator level up to 

high thermal conductive materials. Porous materials include as micro-size pores as nano-size pores. 
Combination of material properties in our view can be effective used for heat transport design such as 
heat pipes and heat pumps. Lets look through a few variants of developed materials based on above 
described approaches.  
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1. Superhard composite materials diamond – silicon carbide.  
 Carbide materials are known to have good mechanical properties, even at high temperatures. 
As a special group silicon carbide ceramics is formed both as sintered (SiC) or reaction-bonded 
(Si/SiC). High hardness and wear-resistance, low thermal expansion coefficient  (TEC) and excellent 
stability at high temperatures in air characterize the group. The combination of properties of silicon 
carbide ceramics provides significant advantages by their specific parameters and mostly by specific 
elastic modulus. Properties of SiC-ceramics are further improved via reinforcement, for instance, by 
whiskers and fibers.  
 
Analyzing the combination of properties of SiC-ceramics and other materials shows that one of the 
best reinforcement materials for them is a diamond (Table 1). It has excellent mechanical and thermal 
properties, comparing very favorably with silicon carbide. This is the reason that a reinforcement of 
SiC-ceramics by diamond particles should result in production of composites with unique combination 
of elasticity, thermal conductivity, hardness and wear resistance. The materials could be use as 
effective engineering materials. 

 
Table 1. Properties of carbide ceramics and diamond [2,3] 

 SiC Si/SiC Diamond 
Density, g/ccm 3.0 3.1 3.5 
Elastic modulus, GPa 350 400 1100 
Hardness, GPa 25 30 100 
Thermal conductivity, W/m/К 80 150 500-2000 
CTE, ppm/K 4 4 1.5 

 
 
It should be noted that production of diamond-SiC materials by sintering methods and with use of 
diamond and silicon carbide as initial components is difficult due to competing behavior. This is the 
high temperatures needed for processing of dense silicon carbide ceramics and the tendency of 
diamond to graphitize at high temperatures (greater than 1200oC) [3]. 
 
We have overcome the technological conflict and carried out preparation of diamond-silicon carbide 
composites without high-pressure process. Producing of the composite materials is realizing by means 
of technology, which includes molding of work-pieces from diamond powders, heat treatment and 
silicon infiltration [4-7]. The technology is successful for production of relatively large size articles 
with complex shape. Using the net-shaping approach is especially important when superhard materials 
are produced. Their properties such as high hardness and wear resistance make machining of final 
products extremely difficult. That is why we consider shaping of a product in the earlier steps of 
technological process and subsequent transformation of materials composition and structure inside the 
work-piece of considerable promise. 
 
Fig.1 shows SEM images of material structure, which confirms the features described above. There 
are three phases  - diamond, silicon carbide and silicon clearly seen in the structure of materials. No 
traces of graphite-like carbon or other phases were seen. Besides, there is no porosity in the samples.  
 
The described method for producing the materials provided realization of near net-shape technology. 
The experiments showed that linear sizes during transformation of work-piece produced from diamond 
powders into a final product change by not greater than 0.2 %. That makes it possible producing 
articles of complex shapes such as shown in Fig.1. 
 
Produced Diamond-SiC materials are of very high rigidity (Table 2). Their elastic modulus is 
significantly higher than that of metallic materials and most ceramics. By the level of specific rigidity, 
i.e. elastic modulus to density ratio, the diamond-silicon carbide composite materials produced by us 
make it possible to get superior results - 15-35 % higher compared with beryllium and Si/SiC. By this 
characteristic it is second only to diamond single-crystal. Strength of the composites ranges up to 400- 
450 MPa. That is a good level compared with other ceramics.  
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Fig.1 SEM images of surface of Diamond-SiC composite produced from diamond powders of two 
particles size: one - 10-14 µm; the other - 63-50 µm. The image shows inter-bonded diamond phases 
(black), silicon carbide (grey), silicon (white). On the right picture the samples of complex shaped 
articles produced using features of net-shape technology. 

 
Table 2. Elastic modulus and specific rigidity of materials 

 
Material 

Elastic modulus  
Е, GPa 

Density,  
ρ, g/cm3 

Specific rigidity, 
Е/(ρ⋅g), 106 m 

Diamond-silicon carbide-silicon: 
- of diamond particles 10-14 µm 
-of diamond particles 20-28 µm 
-of diamond particles 60-50 и 10-14 µm 

 
580 
570 
720 

 
3.22 
3.18 
3.30 

 
18 
18 
22 

Beryllium 300 1.85 16 
Self-bonded silicon carbide  (Si/SiC) 400 3.10 13 
Diamond 1100 3.51 31 

 
The test results on thermal stability show that the materials are stable at high temperatures of up to 
1500oC despite the fact that it comprises a thermally non-stable diamond phase. The phenomenon may 
be attributed to the rigid silicon carbide matrix, which surrounds diamond particles and resists to 
diamond transformation into a less dense graphite modification. High temperature stability is 
confirmed by strength of the materials at evaluated temperature (Table 3).   

 
Table 3. Bending strength (MPa)  of composites Diamond-SiC. 

Polished samples As received samples Diamond particle size 
in composite, µm  20оС 20оС 1200оС 
(63-50)+(14-10) 450 300 300 

28-20 400 270 270 
 

Phases of the materials have high thermal conductivity: diamond – 800-2000 W/m/K; SiC – 80–180 
W/m/K; Si – 150 W/m/K (the characteristic depends on their structure order). One can assume high 
thermal conductivity of the composites. Thermal characteristics (Table 4) indicate that the material 
does have high thermal conductivity, which reaches the conductivity level higher than that of copper 
and silver. The highest thermal conductivity are reached by increase of diamond content. It could be 
done by use in production process a mixture of two or three classes of diamond particle size. Another 
important characteristic is its low CTE, which provides keeping of material shape and sizes at heating. 
 
High hardness (50-55 GPa) is a result of combination of hard phases of diamond and silicon carbide in 
the material. High hardness makes the materials resistant to abrasion and erosion [8]. 
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Table 4. Thermal conductivity (λ) and СТЕ (α) of Diamond-SiC composites 

Size of diamond particles, µm 10-14 20-28 (63-50)+(14-10) 
λ, W/mК 290 370 500 

α, ppm/K (30-100oC) 2.3 2.2 2.0 
 

The presented results show that Diamond-SiC is a special group of superhard composite materials, the 
main feature of which distinguishing them from the known superhard materials (diamond, cBN), is a 
possibility to produce developed material in the form of articles of complex shapes and large sizes, 
thus using the net-shape technology. This feature allows to consider Diamond-SiC as a special type of 
engineering ceramics with unique properties by wear resistance, rigidity, thermal conductivity, CTE. 
By controlled varying composition and properties of materials, as well as production of gradient 
materials with non-uniform distribution of diamond particles throughout the material volume it is 
possible to easily adapt them for different fields of application. 
 
It is possible to make superhard article of large size and complex shape, which cannot be produced by 
other methods. So we have a new area of diamond application. It is a development and use superhard 
engineering materials for machine building and in particular for creation of heat pipes and heat pumps.   

 
2. Porous carbide materials 

The method for porous carbide body production named as “high temperature chemical 
synthesis” has been developed [9]. The main idea of the method is presented in Fig.2. 

 
 

Technological steps Comments Structure of 
material 

 
Fig 2. A scheme of technological steps of porous carbide production 
 by means of “high temperature chemical synthesis”.  
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Metal or non-metal powders are used as precursors. The precursors are chosen from the group 
of elements, which can form covalent or metal-like carbides.  For instants, powders of boron, 
silicon, titanium, chromium etc. can be used. The powders are used for molding of a work-
piece of required item with porosity about 50%. Then a pyrocarbon (PyC) is deposited inside 
of work-piece pores by means of treatment in hydrocarbon media at 800-1000оС. Pyrocarbon 
forms according to chemical reaction (3). Deposited pyrocarbon fills pores and bonds powder 
particles into semi-product body. Pyrocarbon content is controled by synthesis conditions 
such as temperature and time.  
 
Semi-product bodies comprise a composite material metal/pyrocarbon with uniform 
distribution of the components and with intimate mating of them.   
 
Because of negative value of Gibbs potential for forming of carbides from elements the semi-
product is a metastable physical-chemical system. Its stabilization can be achieved by heat 
treatment. The chemical reaction between of the elements and carbon leads to formation of 
carbide and pores inside of the body. Calculated data of pyrocarbon content in semi-product 
body, which adjusted to stoichometrical carbides, are presented in Table 5. One can see that 
porosity of carbides ranges up to 30-50%.  

 
Table 5. Calculated data with “high temperature chemical synthesis” method. 

 
Precursor 

 
Product 

PyC content in semi-product, which 
is needed for stoichometrical 

product   

 
Formu-
lation  

 
Density, 
g/ccm 

 
Formu-
lation 

 
Density, 
g/ccm  

Gram of 
pyrocarbon per 1 
gram of precursor  

Vol% 
(at work-piece 
porosity 50 %)  

Porosity of 
carbide 

material, % 
(at work-

piece 
porosity 
 50 %)  

B 2,34 B4C 2,51 0,28 16 40 

Si 2,33 SiC 3,21 0,43 25 50 

Ti 4,51 TiC 4,92 0,25 28 43 

Zr 6,51 ZrC 6,73 0,13 21 45 

Hf 13,3 HfC 12,6 0,067 22 44 

V2C 5,57 0,12 18 40 V 6,11 

VC 5,36 0,24 36 30 

Nb2C 7,86 0,065 14 38 Nb 8,57 

NbC 7,56 0,13 28 36 

Ta2C 15,0 0,033 14 43 Ta 16,6 

TaC 14,4 0,066 28 38 

Cr23C6 6,98 0,060 11 45 

Cr7C3 6,92 0,10 18 43 

Cr 7,19 

Cr3C2 6,68 0,15 27 38 

Mo2C 9,04 0,062 16 40 Mo 10,2 

MoC 8,40 0,12 31 32 

W2C 17,2 0,033 16 40 W 19,2 

WC 15,6 0,066 32 34 
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Fig.3 shows a skeleton structure of porous carbide materials produced by “high temperature 
chemical synthesis” method. A pore structure of porous carbides characterizes of narrow pore  
size distribution and predetermines by precursors particle size. A narrow pore size 
distributions interesting for application of the porous carbides as filters and membranes. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Properties of porous carbides are presented in Table 6.It should be noted that despite the high porosity 
the materials have strength up to 200 MPa and elastic modulus up to 160 GPa. Mechanical properties 
are kept at temperature 1000-1200оС without any changes in their porosity. It is important for prospect 
application of the materials as thermal resist porous bodies, for instants in high temperature heat pipes. 

 
Table 6. Properties of porous carbide materials produced 

 by “high temperature chemical synthesis” method. 

Bending strength, MPa Porous 

carbide 

Density, 

g/ccm 

Porosity, % 

20оС 1000оС 1200оС 

Elastic 
modulus, 

GPa 

CTE, 

ppm/К 

2,03 36 100 - 90 110 1,25  

SiC 1,76 45 65 - - 80 - 

5,32 20 200 200 - 160 7,5 

4,45 32 125 120 - 140 - 

 

Cr3C2 
3,62 43 35 - - 40 - 

 
 

3. Carbon nanocomposite materials from nanodiamond.  
The nanodiamonds are three-dimensionally ordered particles of extremely small sizes with the 

average size of about 4-5 nm. Thus, nanodiamond is a unique nanosized form of carbon built up by the 
atoms in sp3 hybridization state. 
 
We have used dispersed nanodiamond powders for preparation of the composite materials [10,11]. For 
this purpose, a required work-piece was formed from the nanodiamond powder with subsequent 
bonding of individual particles in it by a pyrocarbon matrix (PyC).  The PyC was prepared by means 
of heterogeneous chemical reaction (3) of methane decomposition throughout the whole inner surface 

Fig.3 Microstructure of porous
cromium carbide. 
 
A view area – 30x45 µm. 

 



 

Sergey K. Gordeev 69 

of the pre-formed body. The conditions of the reaction are selected so that to provide PyC formation 
throughout the green body depth and also to provide invariability of its initial shape. 
 
As a result of the process a material was prepared, which was called nanodiamond composite or NDC. 
The scheme of the material's structure is presented in Fig.4. In NDC the individual nanodiamond 
particles are bonded by pyrocarbon. It should be noted that the pyrocarbon matrix has a graphite-like 
structure, i.e. the atoms in sp3 hybridization mostly form it. The PyC layer thickness is very small (see 
below). Besides, a high open porosity is kept in the material. Thus, a totally carbon, but a two-phase 
material comprising nanodiamond phase and graphite-like pyrocarbon phase (PyC) is prepared. 

  

 
                  Fig. 4. A schematic presentation of NDC 

 
 

The two-phase structure of NDC is real from the viewpoint of the classical determination of a phase 
mentioned above and is given under control by the method of composite synthesis. The phases of the 
material are interesting in their combination: on the surface of dielectric carbon there are thin layers of 
electrically conductive carbon formed. The small thickness of the pyrocarbon matrix layers makes it 
possible to consider them as two-dimensional in nanoscale, though in macroscale they form a three-
dimensional skeleton providing the composite with a sufficient strength to keep its predetermined 
shape.   
 
The NDC is a group of products, which differ by the ratio of diamond and graphite-like phases (Table 
7). We have given a marking to them, the indexes of which correspond to the mass ratio of graphite-
like (sp2) and diamond (sp3) phases, expressed in percents. 
 

 
Table 7. Composition of different NDC types 

 

Type of material  NDC10 NDC20 NDC30 NDC40 

Nanodiamond content, %vol 28 28 28 28 
PyC matrix content, %vol 5 10 15 20 
Average PyC layer on 
surface of nanodiamond, Å 

2 4 6 8 

Porosity of material, %vol 67 62 57 52 
 
 
 If PyC content and surface area of NDC material are known it is possible to calculate effective 

(average) thickness of the layers of graphite-like carbon. The calculated values are presented in Table 
1. One can see that the effective thickness of the PyC matrix layer in NDC is of several angstroms.  
However, such thickness is enough to provide the material with the needed mechanical properties 
(Table 8). In spite of a very high porosity, NDC has Young's modulus up to 30 GPa and three-point 
bending strength up to 25 MPa. Thus, the constructional properties of the materials and their ability to 
keep the predetermined shape of the material are provided. 
 

 
 

 

Nanodiamond particles 
                   size ~4-5 nm 

 
              Carbon matrix 
                      size ~1 nm 

 
                     Nanopores 
                 size ~8-10 nm 
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Table 8. Mechanical properties of NDC 

 

  
The discussion of the material structure would not be completed without consideration of a one more 
component, namely, pores. As Table 7 shows the volume content of pores (50-65%) is greater 
compared with the other components of the material. The porosity is initially formed by the packaging 
of the nanodiamond particles in the step of the green body preparation. Further, it is partially (at a very 
small degree) filled up with the PyC matrix. The feature of the NDC porous structure is in the fact that 
it is practically totally open. Besides, it is sorption active. In this case, we mean that all pores have 
small sizes, in which a mechanism of capillary condensation of vapors standard for adsorption studies, 
such as benzene, takes place (Table 9).  Thereby, one can make a conclusion not only that NDC is a 
highly effective adsorbent, but also that the pore sizes in NDC are not greater than 20-30 nm [12]. 

 
Table 9. Porosity of NDC 

 
  
Type of material 

Porosity determined by filling of 
pores with water 

Volume of pores adsorbing 
benzene by capillary 

condensation mechanism 
NDC10 0.61 0.63 
NDC20 0.57 0.58 
NDC30 0.51 0.52 
NDC40 0.45 0.47 

  
In fact, the data of mercury porosimetry confirm this - the pores have narrow size distribution and their 
average radius is about 4.5 nm (Fig.5). The increase of content of the pyrocarbon matrix does not 
result in a significant change of pore sizes. Such result is understandable if take into account the 
thickness of the pyrocarbon matrix layers (Table 7).  

 
 

 
 
Fig. 5. Pore size distribution in NDC from the data 
of mercury porosimetry (R - pore radius, nm) 

 
 

 

Bending strength, MPa Material 
biaxial three-point 

Weibull modulus 

NDC10 5.8 8.7 6.6 
NDC20 7.8 12.4 5.1 
NDC30 11.6 18.6 4.8 
NDC40 16.5 27.3 3.9 
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The given description of NDC structure shows that there are three types of nanofragments combined 
and interbonded in NDC - nanodiamond, nanosized graphite-like matrix and nanosized pores. 
 
The carried out experiments confirm the low conductivity of NDC (Table 10), which is on a par with 
our estimations. In case of high content of the PyC matrix in NDC the corresponding values of thermal 
conductivity are somewhat greater. The low thermal conductivity of NDC first of all is connected with 
its nanosized structure. 
 

Table 10. Thermal properties of NDC materials 
 

 Material Thermal conductivity, 
W/m K 

CTE, ppm/K 
(20-50oC) (±0.2) 

NDC10 0.5 0 
NDC20 0.6 0 
NDC30 0.8 - 
NDC40 0.9 0.45 
NDC50 1.7 0.50 
Diamond 1000-2000 1.5 
Graphite ⊥   5.7 

II  2000 
28.6 
-1.5 

  
Another interesting feature of NDC is its coefficient of thermal expansion, which practically equals to 
zero (Table 10). The explanation can be very low CTE of the phases comprised by the material and 
also its high porosity. 
 
The NDC structure shows that it is a very interesting object for study of the transport of heat and 
electrical carriers in carbon nanosystems. In reality, NDC is built up by the two carbon phases so that 
the dielectric phase is a substrate for the formed conductive phase layer. In this case, the thickness of 
the PyC layers is extremely small. By increasing the PyC content is it possible to carry out a controlled 
regulation of the mean thickness of the conductive layer and, hence, of thermal and electrical 
conductivity.   
 
4. Nanoporous carbon materials. 

For nanoporous carbon materials (NPC) as articles (bodies) of required shapes and sizes the 
"design achieved by extraction" method has been developed by us. As regards the carbon materials 
this method makes it possible to give shape and sizes to the articles in the first steps of their 
preparation and to keep them up to preparation of the required structure of the materials [14]. 
 
It is known that the majority of methods used for preparation of carbon materials is based on chemical 
reactions of decomposition of solid (resins), liquid (pitches) or gaseous (hydrocarbons) carbon-
containing substances. In contrast to these methods the "design achieved by extraction" method is 
based on the reactions of replacement. For carbon preparation as a carbon-containing substance one 
can use carbides to run the process by the following reaction: 

                                         CMeClClnMeC n +→+ 22
                (4) 

Such reactions are thermodynamically and kinetically admissible for the absolute majority of covalent 
and metal-like carbides and can be run at 300-1000оС. The most important feature of the reaction (4) 
is constant composition and structure of the taken initial components and also its irreversibility, which 
provides practically 100% yield by carbon.  
 
However, to prepare articles from NPC the replacement reactions need to be run throughout the 
volume of the body of predetermined shape. The preparation process of NPC includes the following 
three steps: forming of body of required shape from the selected carbide powders, bonding of 
individual grains to form intermediate body and transformation of carbide inside it to carbon by the 
reaction (4). Each of the specified steps aims to provide the final body with certain properties.   
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In the step of forming a required shape of the article is specified as well as the size and nanopore 
volume in the final product. The latter is made by selection of carbide and its volume content in the 
work-piece. Experimentally it was shown [15] that the size of nanopores is determined by the carbide 
composition (Table 11).   
 

Table 7. Pores size of carbons formed by chlorination of carbide materials 

Carbide SiC TiC ZrC NbC Mo2C B4C 
Pore size, nm 0.8 0.8 1.2 1.2 2.1 2.0 

 
 
For bonding of carbide particles to form a single body it is expedient to use carbon or carbide. In this 
case the final product will not contain other components except carbon and its strength will be 
provided. The degree of filling the pores with the binder will determine strength of the final product 
and also its macroporosity. After introducing of the binder a prepared product has macropores which 
remain in a final NPC material. 
 
The reaction of chlorination (4) provides a total removal of the carbide-forming element out of the 
carbide composition. In this case, the crystal sub-lattice of the carbides is rearranged to form a new 
carbon structure, which contains a lot of open nanopores with narrow width distribution. 
 
The results by mercury porosimetry have shown that porosity of NPC is divided into two groups: pore 
size of < 2-4 nm (nanopores) and pores greater than 50 nm (macropores) (Fig.7). 

 
 

 
The volume content of nanopores (ϕNP) in NPC can be calculated from the mass balance by carbon: 
 

where  ϕMeC - volume content of carbide in semiproduct 
ρMeC, ρC - density of carbide and carbon, respectively 
MMeC, MC - molecular mass of carbide and carbon, respectively 

 

MeC
MeCC

CMeC
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Fig.9.  Porous structure of NPC based on SiC.  
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The porous structure of NPC can be controllably changed. Varying the porosity of work-piece and 
content of the binder it is possible to change the macropore volume. The volume content of nanopores 
is changed taking account of the equation (5).  
 
The NPC materials are highly porous objects and that is why their mechanical properties are not so 
high, however they compare much favorably by their properties with the other carbon materials of a 
similar porosity level (Table 12).   

 
Table12. Mechanical properties of highly porous materials 

Strength, MPa Material Porosity, 
%vol Bending compressive 

Porous graphite ПГ100 60 6 10 
Foam coke ВМ-900 80 1 2 
NPC 65 20 35 

 
Table 13 lists the values of surface area and volume of sorption-active pores of NPC (W) determined 
by benzene adsorption. One can see from Table 13 that NPC have high surface area and the volume of 
sorption-active pores. Though, such materials have even greater advantage if calculate these values per 
1cm3 of the body. It is connected with a higher compactness of the materials in contrast to other 
nanoporous systems. 

 
 

Table 13. Surface area and sorption volume of NPC 

Surface area, Material 
m2/g m2/cm3 

W, cm3/g 

NPC (Ti) 
NPC (Si) 

NPC (Mo) 
NPC (B) 

1200 
900 
1100 
1300 

920 
700 
520 
660 

0.39 
0.44 
0.90 
0.90 

  
Low atomic weight and density of carbon with respect to metals defines a great interest to uptake and 
storage of gases in carbon nanomaterials [16]. The biporous structure of NPC makes it possible to use 
macropores of the material for fast gas diffusion inside a body where it interacts with the surface of 
nanopores. 
 

5.CONCLUSION 
Described methods of carbon and carbide preparation show that realization of net-shape technologies 
based on chemical reactions is a perspective material science direction. It makes possible to produce 
new types of materials with unique properties. Developed materials can be applied in different areas 
such as electronics, electrics, machinebuilding, heat and sorption technique, etc. They are an 
interesting as a model objects for physical researches. High thermal conductivity of diamond 
contained composites, micro- and nanoporosity of carbide and carbon materials in combination with 
their chemical and temperature stability is of interest for application in heat pipes and heat pumps.    

 

 

 

 

 

 

 



 

Sergey K. Gordeev 74 

References 
1. Gordeev, S., Advanced composite materials, in Diamond Based Composites, eds. M.Prelas, 

A.Benedictus, L.Lin, Kluwer Academic Publishers, Dordrecht, 1997, pp.1-11 
2. Gnesin,G., Non-oxide ceramics materials, Kiev, Naukova dumka, 1987. 
3. Physical properties of diamond, Handbook Kiev, Naukova dumka, 1987 
4.   Gordeev, S., Zhukov, S., Danchukova, L., Ekstrom, T., RU Patent No 2147508, 2000 
5.   Gordeev, S., Zhukov, S., Danchukova, L., Ekstrom, T., RU Patent No 2151126, 2000 
6.   Gordeev, S., Zhukov, S., Danchukova, L., Ekstrom, T., RU Patent No 2147509, 2000 
7.   Gordeev, S., Zhukov, S., Danchukova, L., Ekstrom, T., RU Patent No 2131805, 2000 
8.   Larsson, P., Axen, N., Ekström, T., Gordeev, S., Hogmark, S., Wear of a new type of diamond 

composites, International Journal of Refractory Materials and Hard Metals, 1999,Vol.7, pp.453-
460.  

9. Gordeev,S., Kobzar, A., Zhukov, S., A high-temperature chemical synthesis as a new method for 
producing of carbides and composites on their base, Proc. of 4 th European conference ‘East – 
West’, St.-Petersburg, Russia, 1993, p. 275.  

10. Gordeev,S., Zhukov, S., Nikitin, Yu., Poltoratskii, V., Composite materials ‘ultradispersed 
diamond – pyrocarbon’, Inorganic materials (Rus), 1995, Vol. 31, pp.470-474. 

11. Gordeev, S., Zhukov, S., Belobrov, P., Smolianinov, A., Dikov, Yu., US Patent No. 6083614, 
2000. 

12.  Gregg, S., Sing, K., Adsorption, surface area and porosity, London, Academic Press, 1982.  
13.  Vlasov, A., Ralchenko, V., Gordeev, S., Zakharov, D., Vlasov, I., Karabutov, A., Belobrov, P., 

Thermal properties of diamond/carbon composites, Diamond and Related Materials, 2000, Vol.9, 
pp.1104-1109. 

14.  Gordeev, S., Vartanova, A., A new approach for development of bulk microporous carbon 
materials, Journal of Applied Chemistry (Rus.), 1995, Vol.67, pp.1375-1377. 

15.  Fedorov, N., Non-tradition solutions in chemical technology of adsorbents, Russian Chemical 
Journal, 1995, Vol.39, pp.73-83. 

16.  Evard, E., Voit, A., Gordeev, S., Gabis, I., Kinetics of Sorption and Release of Hydrogen by 
Nanoporous Carbon, Material Science, 2000, Vol.36, pp.499-505. 

 
 


