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Swelling Behavior of the Iron Ore Pellets with Lime Stone

during Reduction

Takeshi SUGIYAMA, Yoshio KIMURA, Osamu TSUCHIYA and Reiziro NISHIDA

Synopsis:

The swelling of the Brazillian ore pellets during reduction is examined. In the sample pellets CaO/SiO;
ratio and the amounts of CaO+SiO; are controlled from 0 to 1.5, 0.3 to 12 wt% respectively.

(I) The swelling ratio becomes less than 10 vol% at the reduction degree of 30% by using the pellets in
which CaO/SiOz is more than unity and CaO+SiO; is more than 8 wt%.

(2) The volume of slag phase in pellets decreases during reduction. The hematite phase swells, due

to the producing conditions.

(3) The higher the reduction temperature rises, the more the metallic iron swells in the beginning

and afterwards the more rapidly it shrinks.
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Table 1. Chemical composition of Brazillian ore.

Chemical composition (%) Ca0+Si0; (wi% ) in

T.Fe FeO SiO; Al;O5 CaO MgO indurated pellets

No.169.50 0.02 0.13 0.59 0.05 0.02| For 0.3 wt%
No.2167.44 0.22 0.96 1.03 0.05 — | For 4.1 wt%
No.3 [ 67.84 0.29 2.60 0.35 0.03 0.02| For 7. 8,11.7 wt%
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Table 2. Kind of bonding structure of pellets.

. Production conditon '
gfi’nedmg Bonding structure
Temp. (°C) | CaO/SiO,

A 1200 0 Primary hematite bond

B 1300 0 Secondary hematite bond

C 1250 0.5 Low basicity slag bond

D 1300 1.0 Middle basicity slag bond

E 1200 1.5 Calcium ferrite bond

F 1 300 1.5 High basicity slag bond

Table 3. Analysis of the slag in the pellet.

Bonding Kind of . .
type slag Fe, 03 CaO Si0, | C/S | A:B
c A 33.22 18.13 43. 65 0.37 66. 4
B 15.28  36.40 48.32 | 0.75 | 33.6
D A 22.69  33.66 43.71 | 0.77 | 42.0
B 29.37 39.04 31.59 1.24 58.0
E A 73.39 17.58 9.03 | 1.95 | 72.4
B 16. 56 45. 84 37.61 1,22 27.6
F A 1. 46 68.83 29.71( 2.32 | 16.3
B 14.71 49.28 36,01 | 1.37 | 83.7
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Fig. 1. Effect of the porosity on the swelling of
the pellets reduced to 309, at 900°C.

Indurated temperature CaQ/SiO2
A 1300°C 0
B 1200°C 1.5

Photo. 1. Optical microstructures of the pellets
reduced at 900°C.
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Fig. 2. Effect of the diameter on the swelling
of the pellets (CaO/Si0O,=0) reduced to 309,
at 900°C.
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Fig. 3. Effects of the concentration of CaO+4 SiO,

(%) in each kinds of pellets on the swelling at 30
9% of reduction degree.
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Fig. 5. Comparison of the swelling among each
kinds of pellets with 4 wt?% of CaO+SiO, re-
duced to 309;.
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Table 4. Chemical composition and the reduction
properties of the reduced pellets.

Reduction Reducti Swell-
Time | T-Fe Fe () Fe(Il)| qectcior\ ing
Temp (°C) (min) degree (%) (%)
700 211 74.35 58.27 16. 08 27.5 15.3
750 158 74. 50 54. 36 20.14 28.5 19.4
800 127 74.17  56.69 17. 48 28.4 26.4
850 110 74,57  56.32 18,25 28. 4 33.8
900 87 75.29 58.45 16. 84 28.5 30.0
950 50 73.72  49.80 23.92 28.4 39.4
1 000 50 74.28 56.13 18.15 28.5 45.2
1050 50 74.28  56.50 17.78 28.4 35.9
900 15 73.44  44.12 29.32 13.3 26. 4
CaO
0 2 4 6 8 10 Si02
Fe20s Si02(%)

Fig. 6. Equi-swelling diagram at 900°C of
reduction temperature.
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Fig. 7. Effect of reduction temperature on the
swelling of acid pellets reduced to wustite.
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Fig. 8. Changes in the concentrations of Fe(II)
and M. Fe, the swelling and the reduction degree
of acid pellets.
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Table 5. Chemical composition and the reduction properties of the reduced pellets.

Reduction Reduction Swelling
Temp. (°C) Time (min) T.Fe Fe (1) Fe () M. Fe degree (%) (%)
900 20 73. 82 47. 38 25. 69 0.74 16. 3 25.3
900 101 76. 46 57.156 9.9 9. 40 33.0 41.2
900 119 78. 00 57.15 7.73 13.12 39.9 44.3
900 163 82.10 42, 82 7.82 31. 46 52.5 51.5
900 198 82.75 41.70 7.17 33.88 58.5 46.3
900 269 86. 94 25. 97 5. 31 56. 04 69. 6 38.9
900 316 91.13 17.22 4.37 69. 53 79.8 38.6
800 121 79. 31 44, 85 13. 61 20. 85 50. 4 22.2
800 198 89. 92 19.23 3.85 66. 84 80. 2 17.9
1 000 74 80. 98 46. 36 8.93 25. 69 50.3 96. 7
1000 128 88. 43 24,21 3.99 60. 23 80. 8 130. 4
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Fig. 9. Effect of the reduction time and tempera-
ture on the volume of metallic iron.

i

Photo. 2. Optical microstructures (A) and SEM
photograph (B) of the pellets reduced at 1000°C.
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Fig. 10. Swelling behavior under the various
kinds of redution conditions.
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Fig. 11. Comparison of the swelling during reduc-
tion among each kinds of slag phase and iron
oxide in the pellets reduced to 30%.
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Mark : Indurated temperature (°C)-CaO/SiO;
A, a:1300-0 B, b:1250-0.5 C, c:1300-1.0
D, d:1200-1.5

Photo. 3. Optical microstructures (A-D) and SEM
photographs (a-d) of the each kinds of pellets re-
duced to 289;.
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