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Fundamental Study on the Softening Properties of Sinter
by Measuring the Apparent Softening Viscosity
Yuji IwaNnaga
Synopsis :

Isothermal softening tests of pre—reduced sinters under a constant load were carried out in order to clar—
ify their softening properties in terms of softening viscosity.
(1) Softening viscosity decreases with decrease in sinter size and shows a minimum at a certain pre—

reduction degree.

(2) Softening viscosity of slag phase is smallest in the mineral phases which compose the sinter.

It is

suggested that formation of slag phase having high softening viscosity improves softening properties of sin—

ter.

(3) Softening properties are improved by controlling gangue minerals, especially by increase in GaOf

Si0O, ratio.

(4) Shrinkage degrees during reduction process under simulated conditions of temperatures and gas
compositions in a real blast furnace are in good agreement with the values obtained by integrating the
shrinkage rate based on the softening viscositv with respect to the shrinking time.
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Fig. 1. Experimental apparatus for the softening
test.
Table 1. Characteristics of sample.
Chemical compeosition (%) RDI1
Sample (-3
T.Fe FeO CaO SiO; Al,03 MgO TiO; mm%)

Sinter A 56.3 5.6 9.6 6.5 1.7 L7 0.4 25.7
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Fig. 2. Shrinkage curves by using sinter A.
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Fig. 3. Relation between the load and the shrink—
age rate by using sinter A.
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Fig. 4. Effect of prereduction degree on the sof-
tening viscosity by using sinter A.

— 160 —



BB REEEIEIC X 5 SR 0 BILERIC BT 3 5 @R ET

2225

10"
Prereduction degree 43%

1100C

10'% /0/

o

1200C

10°F

Softening viscosity(dyne -s/cm?)

108 . )
5 10 15 20

Sinter size (mm)

Fig. 5. Effect of particle size on the softening
viscosity by using sinter A.
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Fig. 6. Change in the amounts of mineral phases
contained in the sinter A during the reduction
process at 900°C.
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Fig. 7. The generalized model of softening be-

havior.
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Table 2. Amount of mineral phases in sinter A of various reduction degree and its softening

viscosity at 1 100°C.

Amount of each mineral phase (%)

Softening viscosity
of sinter A

Reduction degree (%)

Metallic Fe Waustite Hematite Magnetite Calcium-~ferrite Slag (dyn-s/cm?)

] 0 [4] 0. 45 0.17 0.19 0.19 3.41x10M
0.25 0.04 0.56 0.09 0.04 0.05 0.22 8. 48 10°
0.34 0.09 Q.63 0.03 0.0t 0.02 0.22 4.09x 101
0. 45 0.15 0.62 [¢] 0 0 0.23 2.92x 1010
0.56 0.22 .54 Q 0 0 0.24 3. 89x 101
0. 64 0. 30 0. 45 /] 0 0 0.25 5.07 x 1070
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Table 3. Comparison of softening viscosities of
cach mineral phase by experimental results and
calculated one at 1 100°C.

Experimental values

Kind of Estimated

mineral phase values Present work by other works
Metallic Fe 1.5 10" 4.6x10! 3.4x10M ©
Hematite 6.1x 10" 9.1x10 3.6x101 9
Magnetite 3.9x 10" 6. 7x10M 7.8x 101 ©
Waustite 1. 2x 1010 2.8x10'° 3.4x101 ©
Calcium-ferrite 8.1x10°
Slag 6.2x 108
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Fig. 8. Change in existing amounts of each mineral phase in the various sinters.
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Fig. 9. Effect of gangue composition on the softening viscosity of slag at 1 000°C.
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Fig. 10. Experimental conditions for the softening
test.
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