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Introduction 
 Electroconductivity of powder materials 
depends on electric particle-to-particle contact. At 
their approachment and touching the properties and 
contact area are changed. It influences greatly the 
electric conductivity of the powder material. For 
globules at their low packed density and weak 
coupling the main part of globules is not included 
into the conductive ways. At constriction contact 
number, their area and electric conductivity 
increase. The mixture of electroconductive and 
dielectric particles is of great interest. The 
increasing of dielectric particles quantity leads to 
dielectric state transition. In some cases it is 
necessary to make the electroconductive transition 
of such materials and do not make their mechanical 
properties worse. The influence of 
electroconductive  carbon nanotubes that have high 
length-diameter ratio on electric properties of 
nanostructural powders of cubic Ti1-xAlxN solid 
solutions of different composition and  
Ti1-xAlxN+AlN composites in a conductive  and 
dielectric (enriched with AlN) states have been 
investigated.  
 
Results and discussion 
 The electric conductivity of nanostructural 
powders of cubic Ti1-xAlxN solid solutions  
(Ti0,84Al0,16N, Ti0,82Al0,18N compositions) and  
Ti1-xAlxN+AlN with different composition of AlN 
and influence of multilayer carbon nanotubes 
(5mass%) on it have been studied. 
 Nanostructural powders of solid solutions 
and composites were polycrystal particles of  
5-70nm, partly conglomerated. The investigated 
powders contain a huge quantity of solid-solid 
interfaces between nanosize particles, grains, 
segregations. It is typical for nanodispersed 
particles. Multilayer carbon nanotubes were 
obtained by gas chemical deposition method 

(CVD) on Al/Fe/Mo catalyst and identified by 
transmission electron microscopy (TEM) (device 
JEM-100CXII, Japan). The tubes had an average 
diameter of 11nm, wall thickness of 3,5nm and had 
been purified by annealing in the air.  
 To provide the equal conditions for 
electroconductivity measuring and the necessity of 
results comparing for different specimen 
compositions, the dependence of 
electroconductivity on density of powder material 
in the cylinder under the piston at  pressing and 
unloading has been measured. It enabled to find 
the minimal value of density of the material at 
which rather good contacts providing the necessary 
electroconductivity and areas of density with the 
maximum value of electroconductivity are formed. 
 It was shown that electroconductivity 
value of Ti1-xAlxN solid solutions powders ranges 
of (8-50)1/Om⋅cm and depends on their 
consolidation and aluminium content to certain 
value, after that electroconductivity value 
decreases in spite of density increasing. Nanotubes 
introduction leads to  the slight direct percolation 
transition of cubic Ti1-xAlxN solid solutions  
powders, herewith, for Ti1-xAlxN+AlN composite it 
decreases in 2-3 times. The most significant 
percolation threshold decreasing of density (from 
0,75 to 0,2 g/cm3) is observed for Ti1-xAlxN+AlN 
with AlN content of 5%. At the piston return the 
unloading takes place, the volume of particles and 
nanotubes  with release of elastic stresses increases 
under the piston, the electroconductivity is back to 
maximum value. That provides contact with 
electrodes. The further pistol rise causes sharp 
electroconductivity decrease (the reversed 
percolation threshold), as contact area of nanotubes 
with electrodes decreases. The reversed percolation 
threshold slightly depends on both composition 
and nanotubes existing and ranges of 1,0-1,3nm. In 
the last case the release of elastic stresses of the 
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material completed a circuit. The abortion of 
nanotubes elastic expansion caused the break of a 
circuit and sharp resistivity increase between the 
electrodes. It was fixed by the dependence of 
electroconductivity on the material density σ (ρ). 
 The nanotubes introduction enables to 
influence the electrical properties of  
Ti1-xAlxN+AlN composite- dielectric with the great 
AlN content. At the introduction of 5 mass % of 
nanotubes into the  Ti1-xAlxN+AlN composition 
with 30% AlN the maximum electroconductivity 
increases in 7 degrees and the percolation 
threshold decreases in 2 times (from 1,3 to 
0,6g/cm3).  It was caused by electric contact 
determination between metallic conductive 
particles of Ti1-xAlxN solid solution with the aid of 
nanotubes and bridging of non-conducting particle 
sof AlN. At pressing closing of the cicuit between 
the electrodes takes place. Herewith 
electroconductivity sharply increases (direct 
percolation transition). In this case two competitive 
mechanisms take place: 1) the increasing of total 
area of contacts between adjacent carbon 

nanotubes and particles causes the increasing of 
electroconductivity; 2) elastic deformation of 
carbon nanotubes and particles causes the 
decreasing of electroconductivity.  
 
Conclusions 
 1. The electroconductivity of Ti1-xAlxN solid 
solution powders ranges of (8-50) 1/Om⋅cm and 
depends on their consolidation and aluminium 
content in them. 
 2. The introduction of 5% of carbon 
nanotubes into the Ti1-xAlxN solid solution 
powders has no essential influence on their 
electroconductivity  
 3. The introduction of 5% of carbon 
nanotubes into the Ti1-xAlxN+AlN composite 
which contains non-conducting AlN particles 
increases electroconductivity in several degrees 
and the decreasing of a percolation threshold takes 
place.  
 

 
 


