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Introduction

The user’s demands for refractory materials to plug the tap-hole and allow stable operation of the blast furnace have become more and more severe in recent years. To suppress the operative problems, it is important to know how the tap-hole materials plug the furnace. Hence, the authors made a quantitative evaluation of the condition of tap-hole materials used to plug the furnace, from the standpoint of rheology.

Experimental Procedure 
In the refractories field, the rheological properties are usually evaluated by using a plot of shear rate and shear stress. The shear stress of tap-hole materials was measured by changing the shear rate using a capillary rheometer method1). 


The measurement method involved the following: A mold, in which the diameter and length of the capillary and the diameter of the cylinder are known, and an Instron-type testing machine. The moving velocity of the partition of the pressure cylinder was given by the velocity of the crosshead speed. In this case, a shear rate dγ/dt was applied to the tap-hole materials, and the shear stress was obtained by measuring the injection force F. The cross head speeds were changed and the injection forces were measured. A shear stress-shear rate curve was obtained by combining these results.


The test materials were commonly used commercial tap-hole materials. The effect of viscosity and the content of coal tar were investigated.

The pressure changes were measured during tap-hole material injection in an actual operation. We estimated the plug condition of the tap-hole material in a blast furnace based on the rheological characteristics that were determined, and the relationship between the amount of material injected and the pressure of the actual operation.

Results and discussion

The resistance increased with the material injection into the capillary. The resistance became a maximum value when the material reached the exit and that value was maintained during the injection. The maximum value was the extrusion force for the extruding velocity.


The rheological property of the tap-hole materials was found to be a typical Bingham fluid as shown by the relationship of the shear stress τw and the shear rate dγ/dt as τw = τ0 +μB·dγ/dt where τ0 is the yield stress and μB is a constant corresponding to viscosity (Fig. 1).
The effect of viscosity and the content of coal tar on the yield stress τ0, and the constant μB were investigated, and both increased for the coarse-grain rich mixes, high viscosity tar, and lower content of tar. The magnitude of increase of μB was slightly greater than in τ0.
From the pressure changes during tap-hole material injection in an actual operation, we discussed the accumulation of tap-hole material in the blast furnace. The material was extruded into the furnace in a shape of a rope which was about 80 mm in diameter and about 30 m in length. The rope-like material was presumed to accumulate (Fig. 2), and react with the slag in the free space of the furnace during 10 and more years of service.
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Fig. 2 An estimated illustration of the injection of the tap-hole material into blast furnace. 





Fig. 1 The shear stress vs. shear rate plot of material A.








