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Abstract 
In order to improve the comprehensive utilization of mineral raw materials the option of co-processing 

of oxidized nickel ores and copper-bearing sulfide ores in a blast furnace or electric furnace is offered. The 
use of partially oxidized sulfide copper ore as a sulfidizer allows for adjusting the composition of slag and 
matte; furthermore, it provides environmental advantages in terms of the reducing of sulfur dioxide emissions. 
Thermodynamic modeling of the equilibrium compositions of phases during the joint high-temperature 
heating of oxidized nickel ore and copper-bearing sulfide ore allows for predicting the parameters of the 
process. Calculation of the equilibrium amounts and phase compositions formed by heating up to 1300 °C of 
the working medium composed of oxidized nickel ore, roasted copper sulfide ore and calcium oxide was made 
at a weight ratio of 1 : 0.6 : 0.1. It was shown that non-ferrous metals (copper, nickel and cobalt) were 
concentrated in sulfide and metallic phases. The additive of reductant (carbon) into the working medium 
allowed for adjusting the metallization degree of mattes and recovery of target components. The best of the 
results were achieved by adding of 3.1% of carbon by weight of oxidized nickel ore into the working medium. 
In the run, fusible iron-magnesium-silicate slag and matte contained 15-20% of non-ferrous metals and about 
20% of sulfur was formed. Furthermore, carbon addition would greatly reduce the sulfur emission into the gas 
phase by heating of charge. 

According to the simulation results it was shown that the option technologically justified was co-
processing (1300 °C) of oxidized nickel ore, partially oxidized sulfide copper ore (desulfurization degree is 
about 70-85%), calcium oxide and carbon, taken in a weight ratio of 1 : 0.6 : 0.1 : (0.01-0.03). Matte as a 
product formed by sulfide and metallic phases has fully corresponded with the composition of nickel matte of 
the existing plants. The matte was comprised of, % wt.: 51.6-69.2 Fe, 20.9-30.4 S, 5.1-8.0 Ni, 3.4-5.5 Cu, 0.7- 
0.9 Co, 0.7-2.4 Zn, 0.07-0.08 Pb and 0.004-0.016 As. Its weight was from 8 to 13% by weight of the initial 
charge. The ores components have extracted into the matte in such degrees, %: 94.7-99.3 Ni, over 99.9 Cu, 
60.5-94.9 Co, 23.3-41.7 Zn, 15.7-24.7 Pb and 3.3-8.9 As. Enrichment degree of the matte relative to the 
original working medium was 7.7-11.8 for nickel, 7.8-12.5 for copper, and 7.5-9.8 for cobalt; metallization 
degree of the matte was equal to 14.7-53.5%. Desulfurization degree by heating and melting of the charge was 
2.7-11.9%. Slag (sum of oxide phases) have satisfied the requirements of nickel production, its composition 
have varied in the following range, % wt.: 53.0-57.4 SiO2, 13.1-14.3 MgO, 7.3-7.9 CaO, 3.4-3.9 Al2O3, 14.2-
18.9 Fe, less than 0.01 Ni and Cu, 0.005-0.060 Co, 0.02-0.09 Zn, less than 0.001 As, Pb and Sb. Its weight 
was equal to 79.7-87.1% of the charge. Components recovery into the slag was, %: 0.8-5.3 Ni, less than 0.01 
Cu, 4.5-30.0 Co, 5.1-20.0 Zn, 2.4-8.9 As and less than 0.001 Sb. Basicity of the slag was equal to 0.63-0.76. 
Values of conditional equilibrium constants of exchange reactions between the matte and slag were 0.006-
0.014 for nickel, 0.037-0.096 for cobalt. 

The data obtained is expedient to use for a substantiation of the technology of the joint complex 
treating of oxidized nickel ores and copper-bearing sulfide ores. 

 
 

References 
[1] E.N. Selivanov, A.M. Klyushnikov, R.I. Gulyaeva, V.M. Chumaryov, V.N. Zakirnichnyj. Prospects of the 

direct metallurgical processing of sulfide ores. Proceedings of the conference "Prospects of the 



THERMODYNAMIC MODELING OF THE JOINT PROCESSING OF OXIDIZED NICKEL ORES… __________ 34-42 

©Butlerov Communications. 2017. Vol.49. No.1. P.34-42. __________ E-mail: journal.bc@gmail.com __________ 35 

development of metallurgy and machine building, using of completed basic research and R&D." 
Yekaterinburg: Ural worker. 2015. P.309-312. (russian) 

[2] E.N. Selivanov, I.D. Reznik, A.A. Sorokin, V.G. Jakimov, G.P. Ermakov. Prospects of nickel production 
from the oxidized nickel ores of Urals. Proceedings of the international conference "Scientific bases and 
practice of exploration and processing of ores and technogenic raw materials." Yekaterinburg: AMB. 
2003. P.177-184. (russian) 

[3] E.N. Selivanov, D.A. Toloknov, V.M. Chumaryov. Prospects of the melting of oxide and sulfide ores at 
copper-nickel matte. Non-Ferrous Metallurgy. 2011. No.11. P.41-43. (russian) 

[4] E.N. Selivanov, A.M. Klyushnikov, V.M. Chumaryov, R.I. Gulyaeva, V.G. Lobanov. Composition and 
structure of products of the joint smelting of oxidized nickel ores and sulfide copper ores. Butlerov 
Communications. 2016. Vol.47. No.7. P.36-42. ROI: jbc-02/16-47-7-36 

[5] E.N. Selivanov, A.M. Klyushnikov, R.I. Gulyaeva. Technical and economical assessment of the direct 
metallurgical processing of sulfide ores. Non-Ferrous Metallurgy. 2015. No.3. P.15-21. (russian) 

[6] N.G. Ageev, S.S. Nabojchenko. Metallurgical calculations using HSC Chemistry package applications: a 
tutorial. Ekaterinburg: Publishing house of Ural University. 2016. 124p. (russian) 

[7] S.N. Tyushnyakov, E.N. Selivanov. Thermodynamic simulation of phase formation during a cooling of 
zinc-containing copper-smelting slag. Butlerov Communications. 2015. Vol.43. No.9. P.102-107. ROI: 
jbc-02/15-43-9-102 

[8] S.N. Tyushnyakov, E.N. Selivanov. Thermodynamic simulation of zinc reduction from copper-smelting 
slag. Butlerov Communications. 2015. Vol.43. No.9. P.108-115. ROI: jbc-02/15-43-9-108 

[9] N.A. Vatolin, G.K. Moiseev, B.G. Trusov. Thermodynamic simulation in high temperature inorganic 
systems. M.: Metallurgy. 1994. 352p. (russian) 

[10] N.N. Akinfiev, S.S. Epifanova. Research in a training workshop on chemistry (thermodynamics). M.: 
RSGPU. 2008. 29p. (russian) 

[11] N.V. Gudima, Yu.A. Karasyov, B.B. Kistyakovskij, E.P. Kolker, B.I. Ravdanis. Technological 
calculations in the non-ferrous metallurgy. M.: Metallurgy. 1977. 255p. (russian) 

[12] I.D. Reznik, G.P. Ermakov, Ya.M. Shneerson. Nickel. Vol.3. M.: Science and Technology. 2003. 608p. 
(russian) 

[13] I.D. Reznik, G.P. Ermakov, Ya.M. Shneerson. Nickel. Vol.2. M.: Science and Technology. 2001. 468p. 
(russian) 

[14] A.V. Vanyukov, N.I. Utkin. Complex processing of copper and nickel raw materials. Chelyabinsk: 
Metallurgy, Chelyabinsk Branch. 1988. 432p. (russian) 

[15] I.D. Reznik, E.N. Selivanov, A.I. Okunev, E.Ya. Gurevich, T.A. Harlakova, Yu.A. Sasovskih. 
Formation of oxysulfides in pyrometallurgical processing of nickel mattes and converter slags. Non-
Ferrous Metals. 1991. No.7. P.6-8. (russian) 

[16] N.I. Kopylov, M.P. Smirnov, M.Z. Toguzov. Diagrams of state in the metallurgy of heavy non-ferrous 
metals. M.: Metallurgy. 1993. 302p. (russian) 

[17] E.N. Selivanov, A.A. Sorokin, N.V. El'kina, L.G. Frolova, A.L. Danilushkin. Distribution of impurity 
elements during the smelting of the ores from Serovskoye deposit. Non-Ferrous Metallurgy. 1993. 
No.10. P.17-20 (russian) 

[18] F.K. Crundwell, M.S. Moats, V. Ramachandran, T.G. Robinson, W.G. Davenport. Extractive 
Metallurgy of Nickel, Cobalt and Platinum-Group Metals. Oxford: Elsevier. 2011. 610p. 

 


