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Abstract 
The Al-V-Ti-C master alloy brand AVTU is used in the deformable titanium alloys production. The 

main component – vanadium – stabilizes β-phase of titanium, whereas aluminum and carbon are α-stabilizers. 
Carbon at concentrations up to 0.12-0.14% significantly strengthens titanium alloys, improving their 
operational characteristics to the level of materials intended for use at high temperatures and in corrosive 
mediums. There are some disadvantages of using an elemental carbon (graphite) for master alloy smelting, 
which lead to a decrease in product quality: the inhomogeneous distribution in the mixture, gaseous products 
formation which increase the porosity of ingots and others. To introduce the carbon into the alloy smelting 
mixture in the form of aluminum, calcium or titanium carbides was suggested in the paper. The estimation of 
possibility of graphite replacement with an equivalent amount of Al4C3, CaC2, TiC was carried out by the 
thermodynamic modeling method using an HSC Chemistry 6.1software (Outotec). The effect of the 
“carbonizers” type (C, Al4C3, CaC2, TiC) on the phase formation during the master alloys melting as well as a 
carbon distribution in carbide phases were studied by the example of the mixture composition which is 
regulated by smelting technology of the AVTU alloy. Temperature dependences of the equilibrium 
compositions of the reaction products of the mixture components with Al4C3, CaC2, TiC were obtained for the 
100-2500o Crange as well as material and heat balances (provided that heat loss is equal to "zero") were 
estimated to predict the process parameters of the AVTU master alloys melting with the use of elemental 
carbon (graphite) and carbides of aluminum, calcium, titanium as “carbonizers”. It has been shown, that 
considered carbide compounds can be part of the mixture instead of graphite without prejudice to the heat 
mode of the aluminothermics melting. Moreover, calcium carbide is able not only to play a full-fledged part as 
a “carbonizer” of a metallic phase, but also to replace the equivalent part of aluminum and to increase thermic 
properties of the AVTU master alloys melting mixture. In the case of titanium carbide, the partial substitution 
of graphite will be the optimal solution. In terms of thermodynamics, the replacement of elemental carbon 
with carbides of aluminum, calcium or titanium will not affect on the carbon distribution in phase components 
of the master alloy and on the grade of metal extraction into the Al-V-Ti-C alloy. 

 
 

References 
[1] S.A.Vohmentsev, A.N. Rylov, M.V. Trubachev, D.V. Taranov, V.M. Chumarev, A.V. Larionov. 

Smelting of the Al–V–Ti–C master alloy by duplex process. Titanium. 2016. No.3. P.43-46. (russian) 
[2] Specifications for vanadium-based master alloy containing aluminum, titanium and carbon. 

http://www.uralredmet.ru/sites/default/files/Master%20alloys%20for%20titanium%20alloys%20based%
20on%20Vanadiumen_0.pdf 

[3] S.G. Glazunov, V.N. Moiseev. Structural titanium alloys. Мoscow: Metallurgy. 1947. 368 p. (russian) 
[4] A.A. Ilyin, B.A. Kolachev, N.S. Polkin. Titanium alloys. The composition, structure and properties. 

Handbook. Moscow: VILS - MATI. 2009. 520p. (russian) 
[5] I.V.Gorynin, B.B. Chechulin. Titanium in mechanical engineering. Мoscow: Mechanical Engineering. 

1990. 400p. (russian) 
[6] A.S. Oryschenko, A.S. Kudryavtsev, V.I. Mikhailov, V.P. Leonov. Titanium alloys for marine 

engineering and nuclear energy. Problems of Materials Science. 2011. Vol.1 (65). P.60-74. (russian) 



Full Paper ______________ A.V. Larionov, V.M. Chumarev, L.Yu. Udoeva, D.V. Taranov, and S.A. Vohmentsev 

 44 _______________ http://butlerov.com/ ______________ ©Butlerov Communications. 2017. Vol.49. No.1. P.43-49.  

[7] I.V.Gorynin, S.S. Ushkov, A.V. Baranov, V.I. Mikhailov, B.G. Ushakov. Titanium alloys for for marine 
application constructions. Marine Intellectual Technologies. 2009. No.4. P.61-66. (russian) 

[8] V.V. Rybin, S.S. Ushkov, O.A. Kozevnikov. The role of titanium alloys at a new stage in the 
development of nuclear energy. Proceedings of the «Ti-2008 in CIS». S.-Petersburg. 2008. P.11-23. 
(russian) 

[9] A.L. Bereslavskiy, S.A. Emelyanov, V.M. Maksimov, L.A. Machishina. Ligatures production for 
smelting of shipbuilding titanium alloys doped with carbon. Titanium. 1995. No.3-4 (7-8). P.15-17. 
(russian) 

[10] A.V. Zelyansky, N.K. Mel’nikov, N.P. Pazdnikov, I.Yu. Puzakov, A.N. Rylov, V.F. Novikov, A.Y. 
Dubrovsky, M.I. Klimov., A.N. Trubin, V.M. Chumarev. Development of technology and organization 
of modern industrial production of complex alloys of rare refractory metals for the manufacture of 
titanium alloys. Proceedings of conference "Problems and prospects of development of metallurgy and 
mechanical engineering using completed basic researches." Yekaterinburg. 2011. Vol.1. P.299-306. 
(russian) 

[11] L.Yu. Udoeva, I.A. Pan'kov, N.I. Sel’menskih, V.M. Chumarev. Structure formation of Nb-Al alloys 
under non-equilibrium solidification. Ordering in minerals and alloys. XI International Symposium 
Reports. Rostov-on-Don, Loo. 2008. Vol.2. P.210-212. (russian) 

[12] G.K. Moiseev, G.P. Vyatkin. Thermodynamic modeling in inorganic systems. Schoolbook. 
Chelyabinsk: SUrSU. 1999. 256p. (russian) 

[13] G.K. Moiseev, N.A. Vatolin. Some change patterns and calculation methods of the thermochemical 
properties of inorganic compounds. Yekaterinburg: UB RAS. 2001. 135p. (russian) 

[14] A. Roine HSC 6.0 Chemistry. Chеmical reactions and Equilibrium software with extensive 
thermochemical database and Flowsheet simulation. Pori: Outokumpu research Oy. 2006. 448p. 

[15] N.G. Ageev, S.S. Naboichenko. Metallurgical calculations using the HSC Chemistry software: 
schoolbook. Yekaterinburg: Ural University Publisher. 2016. 124p. (russian) 

[16] L.Yu. Udoeva, V.M. Chumarev, A.V. Larionov, A.N. Rylov, M.V. Trubachev. Simulation of the 
aluminothermic smelting of Mo–Ti–Al and Mo–Ti–V–Cr–Al alloys. Russian Metallurgy (Metally). 
2013. No.8. P.564-569. 

[17] A.V. Larionov, V.M. Chumarev, L.Yu. Udoeva, A.N. Mansurova, A.N. Rylov, A.Yu. Raikov, A.P. 
Aleshin, M.V. Trubachev. Simulation of aluminothermic smelting of Al–Zr and Al–Zr–Mo–Sn alloys. 
Russian Metallurgy (Metally). 2013. No.9. P.633-638. 

[18] A.V. Larionov, L.Yu. Udoeva, V.M. Chumarev, and A.N. Mansurova. Thermodynamic simulation of 
phase formation in the Mo-Si alloys doped with yttrium. Butlerov Communications. 2015. Vol.43. 
No.9. P. 84-88. ROI: jbc-02/15-43-9-84 

[19] A.V. Larionov, L.Yu. Udoeva, and V.M. Chumarev. Thermodynamic simulation of phase formation in 
the Mo-Si, alloys doped with scandium or neodymium. Butlerov Communications. 2015. Vol.43. No.9. 
P.89-96. DOI: 10.37952/ROI-jbc-01/15-43-9-89 

[20] A.G. Upolovnikova, and A.A. Babenco. Thermodynamic modeling of boron recovery from boron-
containing slag. Butlerov Communications. 2016. Vol.48. No.10. P.114-118. DOI: 10.37952/ROI-jbc-
01/16-48-10-114 

[21] S.N. Tyushnyakov, and E.N. Selivanov. Thermodynamic simulation of phase formation during cooling 
of zinc-containing cooper-smelting slag. Butlerov Communications. 2015. Vol.43. No.9. P.102-107. 
DOI: 10.37952/ROI-jbc-01/15-43-9-102 

[22] S.N. Tyushnyakov, and E.N. Selivanov. Thermodynamic simulation of zinc reduction from cooper-
smelting slag. Butlerov Communications. 2015. Vol.43. No.9. P.108-115. DOI: 10.37952/ROI-jbc-
01/15-43-9-108   

[23] A.G. Upolovnikova, V.M. Chumarev, and L.Yu. Udoeva. Thermodynamic modeling of phase 
formation during the oxidation of niobium aluminide. Butlerov Communications. 2015. Vol.44. No.12. 
P.146-149. DOI: 10.37952/ROI-jbc-01/15-44-12-146 


