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Abstract

In this study, analytical thermochemical modeling factors that contribute to maintaining a specific temperature range during
vanadium roasting as a pretreatment using a rotary kiln are investigated. The model-related mechanisms include thermochemical
reaction rates, heat balance, and heat transfer, through which the resultant temperature can be estimated intuitively. Ultimately,
by optimizing these parameters, the ideal roasting temperature in the kiln is 1000 °C (or =1273 K) for long-term operation.
Therefore, the heat generated from hydrocarbon (natural gas) fuel combustion and ore oxidation reactions, as well as the radiant
heat transferred to ores, are assessed. In addition, thermochemical methods for relieving the temperature gradient in order to
maintain the optimum temperature range of the rotary kiln are suggested.
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Rate coefficients for roasting temperature
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Possible incorporation of Na,CO; salt concentration effect
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Fig 1. Demonstration of vanadium roasting rate efficient variation according to roasting temperature and potential incorporation
of salt effects (Left), and the two plots on roasting rate coefficient Ink’ versus inverse temperature (1/K) (Right-top) and

Ink versus increase temperature (1/K) (Right-bottom).
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Table 1. Vanadium roasting rate coefficients for the re-
action (k) and the diffusion (k’) dominant regions,
respectively

Temp () | ey | RXC-dom, |K44DifEdom.
1123 4.80 3.32E-02 1.78E-04
1173 16.40 3.64E-02 2.81E-04
1223 63.00 3.81E-02 4.28E-04
1273 74.60 4.49E-02 6.30E-04
1323 80.50 4.71E-02 9.00E-04
1373 84.40 4.74E-02 1.25E-03
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Fig. 2. Magnetite oxidation time for ore particle size dp = 10 um (Left) and dp = 60 um (Right) for various roasting temperature
from 500 K to 1300 K, based on the oxidation rate equation.
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Fig 3. Total heat required for ore roasting from inlet ore temperature to 1300 K (Top-Left); heat generation during magnetite
oxidation in ore according to bed temperature values (Top-Rigt); and the schematic demonstration of the hypothetical

rotary kiln for the ore roasting (Bottom).
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