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Influence of operation parameters on thermal characteristics 
of roasting shaft furnace for direct extracting vanadium 

 
GAO Jianye1, LUO Xufeng1, SUN Yongjun1,2, DONG Hui1 

 
 (1. SEP Key Laboratory on Eco-industry, Northeastern University, Shenyang 110819, China; 

2. AVIC Commercial Aircraft Engine Co., Ltd., Shanghai 200241, China) 
 

Abstract: Based on the local thermodynamic non-equilibrium model, the three-dimensional stable-state gas-solid heat 
transfer model of roasting shaft furnace for compact extracting vanadium was established. By virtue of user-defined 
functions in Fluent, the chemical reaction heat was defined within the solid energy equation in the form of heat source, 
and the air resistance coefficients in the source terms of momentum equation were corrected and defined by the layer 
pressure drop formula in shaft furnace. The effect of operation parameters on the thermal behavior in shaft furnace was 
conducted. The results show that in the adjustable production range, the pellet temperature decreases in the roasting 
section and increases in the cooling section with the increase of pellet diameter, besides, the soaking section is extended. 
For a given pilot scale roasting shaft furnace of 330 t/a, the suitable operating parameters are as follows: cooling air 
volume is 544 m3/t, the gas solid water equivalent is approximately 0.95, the roasting air volume is 1 082 m3/t, the ratio 
of roasting air volume and cooling air volume is 2, and the suitable pellet diameter is 46 mm. 
Key words: vanadium titanium magnetite; roasting shaft furnace; moving bed; gas-solid heat transfer; numerical 
simulation 
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Fig. 1  Structural diagram of roasting shaft furnace for 

direct extracting vanadium 
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Fig. 2  Three-dimensional physical model of 

roasting shaft furnace for direct extracting vanadium 
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Table 1  Composition ratio of vanadium titanium 

magnetite pellets               %  

V2O5 TiO2 TFe Al2O3 SiO2 CaO MgO FeO

1.50 16.80 48.70 5.00 4.60 1.57 3.90 17.93

 

[17]

2  
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2   

Table 2  Chemical reactions in shaft furnace 

 
 

�H/(kJ·mol�1)

V2O3(s)+2FeO(s)+1.5O2(g)�V2O5(s)+Fe2O3(s) �538.84 

V2O5(s)+Na2CO3(s)�2NaVO3(s)+CO2(g) �64.54 

V2O5(s)+CaO(s)�Ca(VO3)2(s) �251.40 

SiO2(s)+Na2CO3(s)�Na2SiO3(s)+CO2(g) �33.70 

V2O5(s)+MgO(s)�MgO·V2O5(s) �127.29 

 

UDF
 

1.3   

0 Pa 0 Pa

 
1.4   

Standard k��
[18]

STANDARD
SIMPLE

256 624  
1.5   

2.78 t/h
3 456 m3/h 1 373 K

3 024 m3/h 300 K
3

665 W/m3  

4

4.98%

 
 

3   

Table 3  Core parameters of vanadium titanium 

magnetite pellets 

  

�s/(W·m�1·K�1) 4.7 

cs/(J·kg�1·K�1) 0.273 6·T+683 

dp/m 0.038 

�s/(kg·m�3) 1 796 

� 0.426 

 
4   

Table 4  Comparison of measured temperature and numerical 

simulation of gas in furnace 

 

/m 

 

/K 

 

/K 

 

/% 

1 5.5 577 602 �4.33 

2 3.9 1185 1126 4.98 

3 3.7 1130 1072 5.13 

4 3.1 848 872 �2.83 

5 2.4 784 819 �4.46 

6 1.5 624 675 �8.17 

 

2   
 

1 100~1 200 K[19]

X�O�Y
3(a) (b) 1 100 K

3
850 K

1 150 K

975 K 700 K
 

3(c)
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Fig. 3  Temperature and velocity distributions in roasting shaft furnace 
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Table 5  Operating parameters for condition analysis 

 
 

QL/(m3·t�1) 

 

QB/(m3·t�1) 

 

dp/mm 

1 1 088 1 244 38 

2 816 1 244 38 

3 490 1 244 38 

4 544 1 244 38 

5 544 774 38 

6 544 719 38 

7 544 664 38 

8 544 719 23 

9 544 719 31 

10 544 719 46 

11 544 719 53 

 

816 m3/t
1 000 K

800 K
544 m3/t

1 100~1 150 K
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1 050 K
[20] 490 m3/t

1 200 K

544 m3/t
 

 

 
QL/(m3·t�1) 1 1 088 2 816 3 544 4 490  

4   

 

Fig. 4  Curves of pellet mean temperature distribution 

changing with different cooling air volumes along height 

direction of shaft furnace 
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Fig. 5  Curves of pellet mean temperature distribution 

changing with different roasting wind volumes along height 

direction of shaft furnace 

 
2.3  

544 m3/t
1 082 m3/t

23 31 46 53 mm
6

6

 



6                                    1331
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Fig. 6  Curves of pellet mean temperature distribution 

changing with different pellet diameters along height 

direction of shaft furnace 

 

 
6 23 mm

31 mm 1 200 K

46 mm 53 mm
53 mm

530 K
544 m3/t

1 082 m3/t 46 mm
0.95  

 

3   
 

1) 

8.17%  
2) 

 
3) 330 t/a

544 m3/t
0.95 1 082 m3/t

2:1 46 mm  
 

 
 
[1] , , , . 

: , 201110371297.9[P]. 2012�04�11. 

ZHANG Jingfan, DONG Hui, CAI Jiuju, et al. Method and 

device of oxidation-sodium roasting with shaft furnace type: 

China, 201110371297.9[P]. 2012�04�11. 

[2] , , , . 

[J]. , 2012, 34(6): 5�8. 

DONG Hui, FENG Junsheng, LI Peng, et al. Research of a 

new-style roasting shaft furnace of vanadium oxide[J].Industrial 

Furnace, 2012, 34(6): 5�8. 

[3] , , , . 

[J]. ( ), 2013, 34(7): 

980�984. 

DONG Hui, FENG Junsheng, LI Peng, et al. Numerical 

simulation on gas flow affected by constructional parameters of 

pelletizing shaft furnaces[J]. Journal of Northeastern University 

(Natural Science), 2013, 34(7): 980�984. 

[4] , , . [J]. 

, 2004, 39(4): 60�63. 

WANG Guosheng, DONG Hui, CAI Jiuju. Analysis and 

simulation of thermo process in pelletizing shaft furnace[J]. Iron 

and Steel, 2004, 39(4): 60�63. 

[5] LEONG J C, JIN K W, SHIAU J S, et al. Effect of sinter layer 

porosity distribution on flow and temperature fields in a sinter 

cooler[J]. International Journal of Minerals, Metallurgy and 

Materials, 2009, 16(3): 265�272. 

[6] AL-SUMAILY G F, NAKAYAMA A, SHERIDAN J, et al. The 

effect of porous media particle size on forced convection from a 

circular cylinder without assuming local thermal equilibrium 

between phases[J]. International Journal of Heat and Mass 

Transfer, 2012, 55: 3366�3378. 



                                                 ( )                                                49  1332 

[7] GHADI A Z, VALIPOUR M S, BIGLARI M. CFD simulation of 

two-phase gas-particle flow in the Midrex shaft furnace: the 

effect of twin gas injection system on the performance of the 

reactor[J]. International Journal of Hydrogen Energy, 2017, 

42(1): 103�118. 

[8] ZHOU P, LI H L, SHI P Y, et al. Simulation of the transfer 

process in the blast furnace shaft with layered burden[J]. Applied 

Thermal Engineering, 2016, 95: 296�302. 

[9] FU D, CHEN Y, ZHAO Y F, et al. CFD modeling of multiphase 

reacting flow in blast furnace shaft with layered burden[J]. 

Applied Thermal Engineering, 2014, 66: 298�308. 

[10] , , , . 

[J]. ( ), 2012, 42(2): 

301�307. 

JIANG Lu, HUANG Shan, WANG Tiancai, et al. 

Three-dimensional numerical simulation of gas-solid flow and 

roasting process coupling in pelletizing shaft furnace[J]. Journal 

of Southeast University (Natural Science Edition), 2012, 42(2): 

301�307. 

[11] BLUHM-DRENHAUS T, SIMSEK E, WIRTZ S, et al. A 

coupled fluid dynamic-discrete element simulation of heat and 

mass transfer in a lime shaft kiln[J]. Chemical Engineering 

Science, 2010, 65: 2821�2834. 

[12] KRAUSE B, LIEDMANN B, WIESE J, et al. Coupled three 

dimensional DEM-CFD simulation of a lime shaft 

kiln-calcination, particle movement and gas phase flow field[J]. 

Chemical Engineering Science, 2015, 134: 834�849. 

[13] KRAUSE B, LIEDMANN B, WIESE J, et al. 3D-DEM-CFD 

simulation of heat and mass transfer, gas combustion and 

calcination in an intermittent operating lime shaft kiln[J]. 

International Journal of Thermal Sciences, 2017, 117: 121�135. 

[14] ZHANG X H, CHEN Z, ZHANG J Y, et al. Simulation and 

optimization of waste heat recovery in sinter cooling process[J]. 

Applied Thermal Engineering, 2013, 54(1): 7�15. 

[15] . 

[D]. : , 2015: 30�31. 

SUN Yongjun. Numerical study of gas-solid heat transfer on 

roasting shaft furnace for vanadium titano-magnetite in western 

Liaoning province[D]. Shenyang: Northeastern University. 

School of Metallurgy, 2015: 30�31. 

[16] MAHMOUDI Y, MAEREFAT M. Analytical investigation of 

heat transfer enhancement in a channel partially filled with a 

porous material under local thermal non-equilibrium condition[J]. 

International Journal of Thermal Sciences, 2011, 50 (12): 

2386�2401. 

[17] . [M]. : , 2000: 57�58. 

HUANG Daoxin. Vanadium abstracting steelmaking[M]. Beijing: 

Metallurgical Industry Press, 2000: 57�58. 

[18] NAKAYAMA A, KUWAHARA F. A general macroscopic 

turbulence model for flows in packed beds, channels, pipes, and 

rod bundles[J]. Journal of Fluids Engineering, 2008, 130(10): 

1135�1150. 

[19] . 

[D]. : , 2015: 18�29. 

SHAO Yingcong. Experimental study on roasting and leaching 

process of compact extracting vanadium process and analysis on 

thermo process in roasting shaft furnace[D]. Shenyang: 

Northeastern University. School of Metallurgy, 2015: 18�29. 

[20] . [M]. : , 2008: 

116�129. 

ZHANG Yimin. Pellets theory and technology[M]. Beijing: 

Metallurgical Industry Press, 2008: 116�129. 

(   ) 

 


