
1 

 

 

 

 

 

 

ТЕЗИСЫ ДОКЛАДОВ 

 

 

 

INTERNATIONAL WORKSHOP 
 

«Multiscale Biomechanics and Tribology 

of Inorganic and Organic Systems» 

 

 

 

МЕЖДУНАРОДНАЯ КОНФЕРЕНЦИЯ 
 

«Перспективные материалы с иерархической структурой 

для новых технологий и надежных конструкций» 

 

 

 

VIII ВСЕРОССИЙСКАЯ НАУЧНО-ПРАКТИЧЕСКАЯ 

КОНФЕРЕНЦИЯ С МЕЖДУНАРОДНЫМ УЧАСТИЕМ, 

ПОСВЯЩЕННАЯ 50-ЛЕТИЮ ОСНОВАНИЯ 

ИНСТИТУТА ХИМИИ НЕФТИ 
 

«Добыча, подготовка, транспорт нефти и газа» 

 

 

 

 

 
Томск  

Издательский Дом ТГУ 

2019 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Tomsk State University Repository

https://core.ac.uk/display/287386792?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Секция 4. Научные основы разработки материалов с многоуровневой иерархической 
структурой, в том числе для экстремальных условий эксплуатации 

409 

DOI: 10.17223/9785946218412/272 

OBTAINING OF HETEROMODULUS ZRC-BASED COMPOSITE MATERIALS, THEIR 

STRUCTURE AND PROPERTIES 
1,2Mirovoy Yu.A., 1Burlachenko A.G., 1,2Buyakova S.P. 

1Insitute of strength physics and material science SB RAS, Tomsk, Russia 
2National research Tomsk polytechnic university, Tomsk, Russia 

 

In the present study, the effect of carbon (C) addition on crack resistance of zirconium carbide 

(ZrC)-based ceramics was investigated. ZrC/C composites are classified as heteromodulus materials 

as elastic modulus of their components is significantly different [1-2]. 

X-ray diffractograms of the powders were presented only by ZrC patterns, any impurities were 

not detected. Coherent scattering region (CSR) was found at 35 nm, whith microdistortion at 2.3×10-

3. ZrC crystal lattice parameter was found at 4.694 Å which is close to its stoichiometric composition 

[3-5]. Carbon addition had ambivalent effect on ZrC compaction during hot-pressing. Porosity of 

ZrC/C composites with concentration of free carbon at 1 and 3 % v./v. was found at 5±4%. Addition 

of carbon at concentration higher than 3 % v./v. resulted in porosity increase. In case of heteromodulus 

Zr/C composites with concentration of free carbon of 5 and 10 % v./v. the porosity was found at 

18±4%. Obtained results on the compaction during the synthesis of heteromodulus ZrC/C ceramics 

by hot-pressing show complex effect of C concentration on ZrC sintering behavior. Removal of 

adsorbed oxygen from the powders particles has positive influence on ZrC compaction at low C 

concentrations. Increase of the porosity of ZrC/C heteromodulus composites with C concentration 

more than 3 % v./v. is most likely connected with the decrease of diffusion mass transfer intensity 

owing to filling of carbon vacancies. 

Increase of the carbon concentration was accompanied with the decrease of materials strength 

and elastic modulus. Vickers hardness (Hv) got down from 15±2 to 5±1 GPa, while elasticity modulus 

decreased from 330±30 to 200±10 GPa with the rise of С concentration. Calculations of the critical 

stress intensity factor КIC on length of the crack from Vickers indenter using Niihara formula [6] 

demonstrated that carbon addition provided increased crack resistance. КIC of ZrC ceramics was 

found at 4.3±0.2 MPa*m1/2, while crack resistance of ZrC/C composite with C concentration of 3 % 

v./v. – at 7±0,5 MPa*m1/2. Crack resistance of ZrC/C composite with the highest C concentration (15 

% v./v.) was found at 5±0,3 MPa*m1/2 and was the least among ones for ZrC/C ceramics. However, 

this parameter was better than for ZrC ceramic without carbon addition. Crack resistance of the 

obtained ZrC/C heteromodulus composites is comparable with one for metal matrix composites and 

in some cases exceeds КIC of multiphase ZrC-based ceramic composites.  
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