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Influence of operation parameters on thermal characteristics
of roasting shaft furnace for direct extracting vanadium
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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 m’/t, the gas solid water equivalent is approximately 0.95, the roasting air volume is 1 082 m’/t, the ratio
of roasting air volume and cooling air volume is 2, and the suitable pellet diameter is 46 mm.
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Fig. 1 Structural diagram of roasting shaft furnace for

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

magnetite pellets %

V,0s TiO, TFe ALO; 8SiO, CaO MgO FeO

1.50 16.80 48.70 5.00 4.60 1.57 390 1793
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Table 2 Chemical reactions in shaft furnace

P2 SN o .
AH/(kJ-mol )
V,0;(s)+2FeO(s)+1.50,(g)—V,05(s)+Fe,04(s) —538.84
V,05(s)+Na,CO3(s)—2NaVO;(s)+CO,(g) —64.54
V,05(s)+Ca0(s)—Ca(VO;),(s) —251.40
Si0,(s)+Na,CO3(s)—Na,Si05(s)+CO4(g) —33.70
V,05(s)+MgO(s)—>MgO-V,05(s) -127.29
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Table 3 Core parameters of vanadium titanium

magnetite pellets

24 ol
BRHA M AE A/(W-m K 4.7
BRI LE A e/(Ikg VKT 0.273 6-T+683
KPR EAR dym 0.038
BRIAHEEE pd(kgm™) 1796
KRR ¢ 0.426
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Table 4 Comparison of measured temperature and numerical

simulation of gas in furnace

- 2N A GiEbs)
FfEm IREK BHIEK RE%
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 L5 624 675 -8.17
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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

- A HR G Kl M i kL
O/(m* ) Op/(m™t™) dy/mm
1 1088 1244 38
2 816 1244 38
3 490 1244 38
4 544 1244 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
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