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Study on oxidizing roasting behavior of pellets produced with a certain

vanadium-titanium magnetite Hami Xinjiang
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Abstract: The vanadium-itanium magnetite resources in Hami area of Xinjiang are abundant; utilizing this kind of
magnetite for pellet production holds significant theoretical and practical value for promoting green transformation of the
iron and steel industry. In this study the vanadium-titanium magnetite from Hami area of Xinjiang was studied on the
effects of preheating and roasting conditions to the properties of pellets of vanadium-itanium magnetite and XRD and
SEM-EDS was used to detect and analyze its phase composition and microstructure thereby revealing the consolidation
mechanism of the pellets of vanadium-titanium magnetite during oxidizing roasting. The results indicate that the optimal
process conditions for the pellets of such vanadium-itanium magnetite are preheating at 900 °C for 18 min followed by
roasting at 1 250 °C for 12 min under which the roasted pellets achieve a compressive strength of 2 579.61 N/P. The
oxidation consolidation process can be divided into three stages: In the initial stage of oxidation magnetite and titanium
magnetite undergo oxidation resulting in large pores and loosely distributed particles with low compressive strength. In the
intermediate stage of oxidation magnetite and titanium magnetite further undergo oxidation to generate hematite and ferrous
titanate while ilmenite reacts with hematite to generate haplotypite reducing the porosity and densifying the pellet

structure. In the final stage hematite recrystallizes well and aggregates into larger particles forming a highly compact
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structure among particles essentially completing the oxidation consolidation and significantly enhancing compressive
strength of pellets. The findings of this study provide a basis for the application of vanadium-titanium magnetite in pellet
production process.
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Table 1 The chemical composition and loss on ignition of the test raw materials %
TFe FeO TiO, V,0q Si0, CaO Al, O, MgO Na, O
60. 22 25.30 5.20 0.75 3.73 0. 84 3.25 1.46 0.12 -2.01
2.40 0.15 — — 58.61 3.05 18.21 — 4.56 10. 50
2
Table 2 Particle size distribution and specific surface area of vanadium-titanium magnetite
( ) 1%
/(em®eg™)
=0. 074 mm 0.045 0.074) mm <0.0045 mm
11. 06 31.03 57.91 1216
3
Table 3 Basic performance indicators of bentonite
/ 1% / <0.074 mm
(mLeg™) ’ g+(100 g) ) 1% (200 ) 1%
41 316 33.20 72.95 98. 80
D8
Advance X Tescan ( SEM-EDS)
19 .
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2.1.1
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1
o 2 ~4 o
Fig. 1 Phase composition of the vanadium-titanium
magnetite 2
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Fig.2 Compressive strength of preheated pellets under

different preheating conditions

(a) » (b)

4

Fig. 4 Porosity of roasted pellets under different

preheating conditions
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Fig. 5 Compressive strength of roasted pellets under
7

different roasting conditions
Fig.7 Degree of oxidation of pellets at different

roasting temperatures
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Fig. 8 Compressive strength of pellets at different

roasting temperatures
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9 4 o 300 C Fe,0, + FeTiO; = Fe,TiO5 + FeO (3)
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o (4) o
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9 XRD
Fig. 9 XRD patterns of pellets at different roasting
temperatures
4
Table 4 Phase composition of pellets at different

roasting temperatures

/°C
300 Fe,0, FeTiO, Fe, ;s Ti, 50, Fe, VO,
so0 Fe, 0, FeTiO, Fe, ,; Ti, 50, Fe, VO, .Fe, 0, «
Fe,TiO,
o0 Fe,0, FeTiO, Fe, ,; Ti, » 0, Fe, VO, .Fe, 0, «
Fe, TiO; \Fe, TiO,;
800 FeTiO; \Fe, 0, .Fe, TiO; Fe, TiO,
1 000 Fe, 0, Fe, TiO, \Fe, TiO
1200 Fe, 0, Fe, TiO, \Fe, TiO

1280 Fe, 0, Fe, TiO; \Fe, TiO

4Fe, O, + FeTiO, =4Fe, O, * FeTiO,  (4)

800 C Fe 0, Fe, VO,
Fe, 75Tig 55 0,4 Fe,0,
(5) . (6) .
Fe; 0, +0.250, =1.5Fe,0, (5)
2Fe, VO, =2Fe0 + Fe,0, + V,0, (6)
1 000 C  FeTiO,
Fe,TiO 5 o
1280 C
1 000 ~1 280 °C Fe, 0,
Fe,TiOs+ Fe,TiO 50
Fe;0,+ FeTiO,+ Fe, ;s Ti; s 0,~ Fe,VO,  MgCO,.
Fe, 75 Tiy 25 Oy FeTiO;,  Fe,TiO;
FeTiO, Fe,TiO,s Fe, VO,
2.2.3
300 ~1 280 C
10 5 o
300 C
o 500 C
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/°C: (a) 300; (b) 500; (c¢) 600; (d) 800; (e) 1000; (f) 1280
A~1L— o
10 SEM
Fig. 10 SEM analysis of pellets at different roasting temperatures
5 EDS ( ) 1280 C (G- ]
Table 5 EDS analysis results of pellets at different ). (H. K )
roasting temperatures % (I. L ), 1 280 C
(¢} Fe Ti \ Si Al Ca N
A 17.90 80.18 0.40 0.45 0.34 0.27 0.01 o
B 15.44 73.55 2.02 0.77 3.76 2.00 0.99
C 2535 60.84 2.53 4.01 1.96 3.05 2.26 3
D 18.57 75.21 3.62 1.20 0.31 1.08 0.01 11 o
E 14.51 77.22 3.15 1.10 2.52 1.05 0.45 11
F 28.80 56.05 3.48 3.76 2.89 2.15 2.87
G 18.46 74.20 4.51 1.24 0.41 0.93 0.25 (1) (300 ~500 C)
H 7.73 86.13 4.32 0.8 0.26 1.22 0.08 . .
I 22.59 68.10 3.47 2.14 0.64 1.89 1.17
J 18.89 74.42 8.11 0.42 0.98 1.51 0.28
K 13.30 75.80. 4.21 0.97 3.10 2.48 0.14 )
L 19.89 67.80 3.25 1.45 2.94 2.04 1.43 ’
(2) (600 ~1 000 °C)
800 °C o
1 000 °C ;
0 1 280 °C
500 C (3) (1000 ~1 280 C)
(A ) (B ) 600 C .
(C o 1 000 ~
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11
Fig. 11 Schematic diagram of consolidation mechanism

of vanadium-titanium magnetite pellets
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