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Effect and mechanism of calcination temperature on
reduction swelling rate of low silica magnesium pellets
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2. Shougang Research Institute of Technology, Shougang Group, Beijing 100043, China)

Abstract: The compressive strength, microstructure and reduction swelling rate of low silica magnesium pellets with
1.5% MgO and 3.0% MgO (mass fraction) calcinated at different temperatures were studied. Apparent activation energy
of low silica magnesium pellets calcinated at different temperatures was also obtained by Arrhenius formula and
reduction test. The rate controlling mechanism of reduction reaction was determined from apparent activation energy
together. The results show that, when the calcination temperature is low, few magnesium ferrites form in low silica
magnesium pellets and unreacted MgO exists, and the reduction process is controlled mainly by gas diffusion and
interfacial chemical reaction, which results in high reduction swelling rate and deteriorates the strength. While calcination
temperature increases to 1280 C, there forms large amount of magnesium ferrites in pellets and the compressive strength
of pellets increase significantly. Later stage of reduction reaction of low silica magnesium pellets (specially the pellets
with 3.0%MgO) calcinated at high temperature is mainly controlled by solid diffusion, that is ferric ion solid diffusion, so
almost no iron whiskers form, which decreases the pellet swelling rate.
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Table 1 Chemical compositions and particle size of experimental materials

Mass fraction/%

Item

Fe, FeO SiO, CaO ALLO; MgO  Ignition loss rate  Size less than 0.074 mm
Iron ore concentrate 69.58  29.32 1.52 0.28 0.30 0.40 —2.56 88.95
Light-burned magnesite - - 1.91 1.52 0.12 80.69 2.21 98.56
Bentonite - - 60.35 2.21 14.1 2.12 8.91 99.36
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Table 2 Chemical compositions of pellets

Mass fraction/%
Pellet
Fe[ FeO 8102 CaO AIzO3 MgO Kzo NaZO
1.5%MgO 66.25 0.34 1.91 0.30 0.38 1.50 0.023 0.067
3.0%MgO 65.02 0.37 1.90 0.33 0.37 3.01 0.026 0.066
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Fig. 1 Changing curves of compressive strength of low silica

magnesium pellets with calcination temperature

Fig. 2 SEM images of pellets calcinated under different temperatures (A: Unreacted MgO; B: Forsterite; F: Hematite; M:
Magnesium ferrite): (a) Pellet with 1.5%MgO, 1200 C; (b) Pellet with 3.0%MgO, 1200 C; (c) Pellet with 1.5%MgO, 1280 C; (d)

Pellet with 3.0%MgO, 1280 C
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Fig. 3 XRD patterns of low silica magnesium pellets
calcinated under different temperatures: (a) 1.5%MgO, 1300 C;
(b) 3.0%MgO, 1300 C; (¢) 1.5%MgO, 1200 C; (d) 3.0%MgO,
1200 'C
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Fig. 4 Changing curves of pellet reduction swelling rate with

calcination temperature

400r e 5%MgO

— e 3.0%MgO
300

200

100

Compressive strength/(N-pellet™)

0 12I00 12I20 12I40 12I60 12I80 13IOO
Calcination temperature/C

Bl 5 IR R BRI TS 55 5 Bt R el 1) A2 14 ih 2

Fig. 5 Changing curves of compressive strength of pellets

with calcination temperature after reduction swelling
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Fig. 6 Relationship between reduction degree and reduction time at different temperatures: (a) Pellet with 1.5%MgO, 1200 C;
(b) Pellet with 3.0%MgO, 1200 C; (c) Pellet with 1.5%MgO, 1280 C; (d) Pellet with 3.0%MgO, 1280 C
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Fig. 7 Arrhenius plots of reduction reaction of pellet: (a) Pellet with 1.5%MgO, 1200 C; (b) Pellet with 3.0%MgO, 1200 C; (¢)

Pellet with 1.5%MgO, 1280 ‘C; (d) Pellet with 3.0%MgO, 1280°C
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Table 3  Apparent activation energies of pellet reduction

reaction
E,/(kJ'mol™")
Reduction
degree/% 1.5%Mg0O 3.0%MgO 1.5%MgO 3.0%MgO
(1200 'C) (1200 °C) (1280 °C) (1280 C)

10 39.02 41.18 34.87 45.83
30 47.59 53.26 55.13 66.87
50 55.75 60.75 81.12 104.64
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Table 4 Corresponding relationship between apparent
activation energy and rate-controlling machanism of reduction

reaction

Rate-controlling machanism E,/(kJ-mol™)

Gas diffusion 8-16
Gas diffusion and interfacial chemical reaction 29-42
Interfacial chemical reaction 60—67

Solid diffusion >90
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Fig. 8 SEM images of pellets after reduction swelling: (a) Pellet with 1.5%MgO, 1200°C; (b) Pellet with 3.0%MgO, 1200 C; (c)

Pellet with 1.5%MgO, 1280 C; (d) Pellet with 3.0%MgO, 1280 ‘C
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