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Research (What is 
it about?) 

Spark plasma sintering of tungsten carbide nanopowders 

UNN authors Chuvil'deev V.N., Nokhrin A.V., Boldin M.S., Sakharov N.V., Blagoveshchenskiy 
Yu.V., Lantsev E.A., Popov A.A. 

We find (The 
result) 

Samples of high-density nanostructured tungsten carbide characterized by 
high hardness (up to 31-34 GPa) and improved fracture toughness (4.3-5.2 
MPa m1/2) were obtained using the Spark Plasma Sintering technology 

Abstract Pure tungsten carbide is of interest for a variety of applications (cutting tools, 
drawing dies, etc.) due to a good combination of physical and mechanical properties 
(high melting temperature, high hardness, low friction coefficient, and chemical 
resistance to corrosion and oxidation). However, high brittleness of tungsten carbide 
traditionally obtained with the help of a powder sintering technology does not allow 
to use it in its purest form. Cobalt or any other binding substance added during 
sintering help to reduce its brittleness, but at the same time the binding phase is 
considered a weak point in terms of corrosion and strength properties of the 
material. That is why the issue of achieving high mechanical properties with pure 
tungsten carbide is crucial. 
Tungsten carbide nanopowders and ultrafine powders are used as a starting 
material. Improving the mechanical properties of tungsten carbide is primarily 
associated with obtaining ultrafine grains in the sintered material. DC arc thermal 
plasma synthesis is the most advanced method to achieve tungsten carbide 
nanopowders. However, samples sintered from nanopowders have relatively high 
porosity and poor mechanical properties comparable with the properties of the 
material sintered from micron powders. We developed the Spark Plasma Sintering 
(SPS) technology to obtain materials with high-density nano- and ultrafine grain 
structure. Samples of high-density nanostructured tungsten carbide characterized 
by high hardness (up to 31-34 GPa) and improved fracture toughness (4.3-5.2 MPa 
m1/2) were obtained. 
 

 

Representative 
articles  
2016-2017, 
quartiles 

1. Chuvil'deev V.N., Blagoveshchenskiy Yu.V., Nokhrin A.V., 
Boldin M.S., Sakharov N.V., Isaeva N.V., Shotin S.V., Belkin 
O.A., Popov A.A., Smirnova E.S., Lantsev E.A. Spark plasma 
sintering of tungsten carbide nanopowders obtained through 
DC arc plasma synthesis. J. Alloys and Compounds. 708, 547-
561 (2017). 

Q1, 
Q1, 
Q2 

Q-index (Qi) of the result 5-‹‹Q›i›n 

 

In collaboration – 
 

 

 

 

 

 

3.67 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abnormal grain growth in tungsten 
carbide… 

and the microphotographs of 
tungsten carbide nanopowder 
obtained using SPS. Scanning 
electron microscopy. 

Particle size distribution histogram (b) and conglomerate size distribution histogram 
(c) of tungsten carbide nanopowder. N - number of particles (conglomerates) of R 
size, NΣ - total number of scaled particles (conglomerates). 
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Room- temperature ferromagnetism in semiconductors 

UNN authors Kudrin A.V., Danilov Yu.A., Lesnikov V.P., Vikhrova O.V. 
We find (The 
result) 

Ferromagnetic behavior has been demonstrate for (In, Fe)Sb layers on GaAs 
substrates at room temperature 

Abstract Spintronics is an emerging field, in which we try to utilize not only charge transport 
of carriers but also spin degrees of freedom in materials and devices. Metal-based 
devices are already applied to magnetic-field sensors in hard disk drive systems, 
greatly contributing to the increase in data storage capacity. They use the spin 
transport between two ferromagnetic metal electrodes separated by an ultrathin 
nonmagnetic material. The latter device structure is called magnetic tunnel junction 
and they used for nonvolatile magnetoresistive random access memory. 
Introducing such spin-related properties in semiconductors is expected to give new 
spin degrees of freedom in semiconductor devices and electronics. So it needs 
ferromagnetic semiconductors. They are known with p-type carrier and for low 
temperatures (up to 60 K). But all of semiconductor devices, including pn junction 
diodes, field-effect transistors, and semiconductor lasers, require a pair of n- and p-
type semiconductor materials to work. The room work temperature of device is 
practically essential. The n-type ferromagnetic (In,Fe)As structure at room 
temperature has been recently produced in Japan. 
We produce n-type (In, Fe)Sb layers with a Fe content up to 13 at. % which have 
been grown on (001) GaAs substrates using the pulsed laser deposition. 
Transmission electron microscopy shows that the layers are epitaxial and free of 
second-phase inclusions. The observation of hysteretic magnetoresistance curves at 
temperatures up to 300 K reveal that the Curie point lies above room temperature. 
The resonant character of magnetic circular dichroism confirms the intrinsic 
ferromagnetism in the (In, Fe)Sb matrix. 
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