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Abstract; Vanadium slag, as raw material, went through calcified roasting processes in the study, and the
thermodynamics and kinetic analysis were conducted for verifying the roasting mechanism. The results show that calcified
roasting process mainly includes iron oxidation, oxidative decomposition of olivine and spinel, as well as calcification.
Based on theoretical and data analysis, calcium-containing phases are formed in the following sequence: CaV,Oq,
Ca,V,0,, Ca,V,04, CaSiO;. At a high temperature, excess CaO reacts with vanadium to generate Ca,V,0, and
CaSi0,. The oxidation and calcification processes of vanadium spinel are controlled by a third-order reaction, and the
apparent activation energy is 282.45 kJ/mol. In the leaching experiment, the leaching rate reaches the maximum after
roasting at 860 °C for 120 min, which is consistent with the results obtained from theoretical analysis of calcified roasting
process.
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Table 1 Main chemical composition of vanadium slag %
Fe A4 Mn Si Ca (0] Cr Ti Al Mg
27.63 9.24 6.62 8.83 231 36.70 2.24 380 1.14 1.49
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Microstructure of vanadium slag
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Table 2 Energy spectrum analysis of vanadium slag %

M 0 Fe Si Ca V. Man Ti Al Cr Mg

1 30.14 46.97 11.88 1.38 0.49 7.70 0.51 0.59 0.07 0.26
2 993 65.66 0.65 0.16 6.58 2.10 10.44 4.17 0.29 0.02
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Fig.2 XRD patterns of vanadium slag before and after

roasting at different temperatures



55 1 )

PR, 4 S A AR AT DM ANAL (b B AT 228l 1220 Hr 105

AN, BT Ca,V,0, Ml Ca,V,0, FRfEIE, CaV,0,
TEIETH 2%, UE A 7E CaO 1t EAEBLF CaV,0, &561LH
Ca,V,0,.Ca,V,04 K5 He i B IE 2] 900 °C , FLA Al A1 1Y)
AR B SE AL =N Ca,V,0, Ca,V,04,{H Ca,V,0, A
REE AR, T HT CaV,04.Ca, V,0, 55 CaO R TFE

3 S OB SOR R RS be i T AR 2 h iR
K be R LM, B3 1,3 653 em™ Ab K CaO HYFE
HEME Wi 500 °C LA CaO HRAEIETT 1A 9855 , 900 °C
i CaO FFAFIEETE R, 3X 5 XRD /e #rah R —3K,

i 600 °C
i 500°C
P8 400°C

LSO

i SR

400 800 1200
%/ em?

B3 PlERERARERERE TS EREBDIMNIE
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Fig.4 Microstructure of vanadium slag before and after
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roasting at different temperatures
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Table 3 EDS analysis results of vanadium slag before and after

roasting at different temperatures

JLR (JET 3580 /%
e - :

(0] Fe Si Ca A% Mn Ti Al Cr Mg
al 31.42 50.61 11.11 0.37 0.37 3.84 0.42 0.10 0.12 1.65
a2 26.49 23.69 25.5111.41 0.69 233 186 7.65 — 040
a3 25.56 44.05 0.26 0.06 10.63 1.63 10.85 1.31 0.57 0.17
bl 28.51 41.52 0.21 1.45 14.03 2.30 8.85 0.47 2.56 0.10
b2 33.18 49.05 7.13 1.85 0.46 6.95 0.43 0.23 0.12 0.59
b3  37.40 14.08 18.38 19.39 0.29 2.46 191 595 0.05 0.10
cl 11.70 7477 0.63 0.49 1.10 4.78 4.86 0.39 0.63 0.64
c¢2 21.59 71.35 0.40 0.43 0.51 2.90 2.02 0.26 0.09 0.46
c3 21.68 66.38 0.13 0.24 0.47 4.55 3.46 0.37 2.04 0.69
dl  10.18 75.68 0.33 0.84 1.50 4.87 4.42 0.30 1.20 0.68
d2  27.58 18.63 1.4518.63 26.60 4.28 2.31 0.26 0.10 0.36
d3 25.00 59.52 0.80 1.48 1.69 4.19 5.44 0.33 1.00 0.54

&l 5 S 900 °C k5 ket BSE 50 M T &40 A [,
HE S aLLE bR T2 Ca VB AFTE R KL 5 8]
NS, Ky Ca V JCRHBA T2 | 52 ASHE I BR R 2R
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Table 4 Main chemical reaction equations of calcified roasting

of vanadium slag
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Fig.6 Relationship between standard Gibbs free energy change of
main chemical reactions in calcified roasting of vanadium slag

and temperature
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different reaction orders n
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Fig. 10 Influence of roasting temperature on vanadium leaching rate
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