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ABSTRACT 

This work describes the investigations on the sintered nanostructured materials, especially 

tungsten carbide (WC). The novel method of hot pressing of nanopowder in vacuum with the 

applied electrical provided the material of advantageous characteristics compared to the 

typical hot pressing. The sintered material revealed grain size mainly below 1 µm, almost no 

porosity, and high strength. 

Keywords: nanopowder, powder metallurgy, compaction sintering, tungsten carbide. 

 

INTRODUCTION 

It has been generally confirmed by various investigations that the nanostructural ceramics 

reveal unique characteristics because of its principally different structure compared to the 

large-crystal analogous materials (Хасанов, 2001). One of the most important stages of the 

nanoceramics fabrication is the forming of the desired shape out of the nanopowder.  

Sub-micrometer and nanometer dimensions of the structural elements (grains and their 

aggregates) provide the increased crack resistance or plastic flow, straightness and hardness of 

the ceramics and composites with potentially achievable parameters of the “ceramic steel.” In 

the functional ceramics, e.g. piezo-, segneto-, dielectrics, superconductors etc., the 

electrophysical and magnetic characteristics are improved, as well as the other properties. 

Thus, it is important to work out some new competitive technologies able to produce various 

elements out of the nanostructural ceramics, like a microwave sintering (Sharma & 

Majumdar, 2016) or a pulse electric current sintering (Leon & al., 2014). The present paper 

introduces the novel hot pressure sintering method under high voltage electric current. 

 

PROBLEM TO BE SOLVED 

In the nanoceramic technology, one of the most important stages is the forming of the high 

quality pressed elements of various designed forms out of nanopowders. The nanopowders 

prepared for the sintering of nanoceramic materials (often very complicated ones) reveal the 

metastability of the structural and phase states, as well as the developed specific surface. This 

leads to the increased surface activity and inclination towards the agglomeration process. The 

dust-like nanopowders perform rather poor forming and compaction characteristics because of 

their physical and chemical properties. In particular, the problems are generated by high 

interparticle friction and the friction of the powder particles on the walls of the mould caused 
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by the large specific surface, as well as the agglomeration. Thus, the task to be solved is to 

ensure the steady distribution of the material density around the mould, to keep the 

nanostructure under the pressure, and to provide the proper conditions for the grain growth 

inhibition. It is crucial also to provide the chemical purity and required phase composition of 

the ready detail. In that context, it is undesirable to add any plasticizer because of potential 

chemical additions and undesirable increase of porosity. The application of pulsed electrical 

current was found useful in two-step sintering process of transparent Al2O3 ceramics (Nanko 

& Dang, 2014). The sintering in vacuum and under hydrogen atmosphere was a subject of 

investigation, too (Champion, 2008). The below proposed method with direct application of 

electrical current in vacuum, provides the ability to keep all those conditions in case of the 

tungsten carbide hot pressing. 

 

PROPOSED SINTERING METHOD 

The novel method was worked out, and the device prototype was made. It was based on the 

hot press vacuum method, but the high voltage electrical current was applied directly to the 

sintered powder in the mould. The scheme of the device is presented in the Fig. 1, where 

number 1 marks the water cooled electrical block, and 2 the special sealing.  

 

       

Fig. 1 - The scheme (left) and the view (right) of the hot press vacuum camera for the 

nanopowder sintering under the electrical current 

 

The pieces of previously tableted tungsten carbide (WC) underwent the hot pressing in the 

vacuum of ca. 1 Pa absolute pressure. The Fig. 2 presents the picture of applied tungsten 

carbide of Tizit type made with the plasmochemical method.  

The parameters of the sintering process were determined according to the specimen shrinkage 

and the specific acoustic emission. Since the maximal pressure for the applied graphite MPG 

type (Ukrainian nomenclature МПГ-7) was 50 MPa at the temperature above 1200°C, thus 
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the piston of diameter d=20 mm provided the maximal pressing force 45 MPa. The shrinkage 

was finished at the temperature 1700°C. The Fig. 3 shows the graph of the registered 

temperature during the sintering process. 

 

Fig. 2 - The tungsten carbide (WC) powder before hot pressing  

 

 

Fig. 3 - Temperature diagram during the tungsten carbide hot pressing  

 

As it is seen in the diagram, the temperature is rising just for a few minutes, which means 

decreased energy expenses of the entire sintering process. Moreover, the high speed heating 

shortens the flow of vacancies, which decreases the dimensions of large pores and restrains 

the growth of the grains. At the same time, porosity decreased alongside the grain boundaries 

leads to the increased boundary mobility. As a result, the pure thin nanopowders become 

more sensitive to the heating.  

 

RESULTS AND DISCUSSION 

The density ρ of the obtained details was measured with a hydrostatic method. Moreover, the 

obtained material underwent analysis of its characteristics, above all the Rockwell hardness 

HRA, the flexural strength σf and the dominating grain size dg obtained at different 

temperatures and pressures. The Table 1 presents the results of the measurement of the 

sintered specimens. 
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Table 1 - Measured parameters of the sintered specimens 

No. P [MPa] t [°C] ρ [g/cm
3
] HRA σf dg [µm] 

1 40.0 1700 96.2 93 530 0.350 

2 50.0 1730 99.0 95 720 0.420 

3 50.0 1800 99.2 95 670 0.750 

 

The results of the sintered material analysis revealed highly desirable characteristics. The 

grain size stayed mainly below 1 µm, with very little porosity, almost negligible. That may 

explain why the flexural strength values were so high, up to σf = 720 MPa. It is very 

advantageous compared to the results obtained for the high temperature sintering at T = 2500 

°C and P = 12 MPa during t = 10 min, where the grains were ca. 2-5 µm and the flexural 

strength values were between 350 and 520 MPa (Niihara, 1984).  

From the Table 1 it is seen, however, that while the sample No. 2 has got substantially better 

characteristics than the sample No. 1, sample No. 3 does not appear more advantageous. In 

case of the flexural strength, for instance, it got worse than the sample No. 2. It may be 

assumed that the increase of sintering temperature over 1750°C is not desirable.  

 

CONCLUSION 

This study shows that the directly applied electrical current results in highly improved 

characteristics of the sintered nanoceramics. The hot pressing is performed at lower 

temperature than usually and lasts shorter, but the obtained materials reveal advantageous 

features, among others almost no porosity and high density, small grain size and high 

strength. Moreover, the increase of the sintering temperature over 1750°C may result in some 

worsening of the sintered material strength, so the optimal parameters of the method do not 

contradict with economical factors. 
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