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Abstract

The prolonged operation of large-scale blast furnaces is an important means to achieve energy
saving, emission reduction, cost balance, and high productivity in ironmaking processes. The most
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critical factor affecting the lifespan of a blast furnace is the damage to the hearth carbon bricks. In
this paper, a detailed analysis of the erosion behavior of the hearth carbon bricks in a 4000 m3
blast furnace in China was conducted. The changes in the chemical composition and physical
properties of the carbon bricks were studied, and the micro structural composition of the residual
carbon bricks on the hot face was discussed, leading to the establishment of the erosion mechan-
ism of the hearth carbon bricks. The results indicate that the erosion of the hearth carbon bricks
in the 4000 m3 blast furnace is uneven in both the height and circumference directions. In the
height direction, the most severe erosion occurs at a distance of 2.1 m below the centerline of the
iron tapping hole. In the circumference direction, the most severe erosion mainly occurs directly
below the iron tapping hole and in the surrounding area. The overall erosion morphology of the
hearth resembles an “elephant foot” shape. After nearly 15 years of usage, the compressive strength
of the blast furnace carbon bricks significantly decreased, while the ash content increased noticeably.
A large amount of zinc deposition was found between the cracks of the carbon bricks in the fur-
nace and inside the brittle layer of the carbon bricks, effectively proving that the deposition and
infiltration of zinc vapor on the surface of the carbon bricks are important reasons for promoting
the formation of the brittle layer of the carbon bricks, reducing the resistance of the carbon bricks
to molten iron erosion, and increasing the risk of fracture of the furnace carbon bricks.
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Figure 1. Design drawing of blast furnace hearth
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Figure 2. Vertical erosion line of blast furnace tapping hole
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Figure 3. Circumferential erosion line of 8th layer carbon bricks in blast furnace
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Figure 4. Analysis results of carbon brick core sample elements
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Figure 5. Physical performance analysis of residual carbon brick before and after blast furnace
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Figure 6. Optical analysis and SEM-EDS analysis of hot surface of carbon bricks in hearth
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Figure 7. Formation mechanism of zinc deposition between the cracks of furnace cylinder charcoal brick
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Figure 8. Formation mechanism of embrittlement layer of furnace charcoal brick
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