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Failure Analysis of Drain Tube for Hot-Blast Stove
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Abstract; Stainless steel drain tube from a hot-blast stove for the preheating air was premature failure. The main phenom-
enon was that the wall thickness of the expansion joint of the hot-air stove’s air outlet tube was reduced at the failure point,
with cracking and punching. It was observed that certain areas occurred through-way cracking in the thinned tube while oth-
ers showed significant collapsing. A fracture taken from cracking areas was analyzed by SEM and was found to have a mix-
ture of intergranular and transgranular cracking. Metallographic examination and chemical analysis of two specimens, also
from the failed region, revealed the presence of large grain with widened grain boundary and wedge-type cavities at grain-
boundary triple points, which were caused by operating temperature exceed those intended for this steel and may be promoted
by grain-boundary precipitates. Failure of the tube was atiributed to creep-type rupture at high-temperature conditions resul-
ting from prolonged overheating and to thinning of the way by high-temperature corrosion and oxidation to the point at which
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the hot-air pressure in the tube and eventually lead to overload failure of the hot air pipe.
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Fig. 1 Representive topography of the outer (a) and the inner (b) surfaces of a failed tube during operation
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Fig. 2 Images of the close-up views of the fracture surfaces (a), fractures at collapsed area (b) and uncollapsed area (c)
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Fig.3 SEM images of typical surfaces fracture in D, showing secondary cracks and dimples of ductile fracture (a) ; surface of fracture of E area

in which the fracture appears to be a “Rock candy” (b) ; the inner surfaces of the collapsed area H (c¢) ; detail from fig. 3¢ (d)
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Tab.2 Chemical compositions of failed tube compared with standard 0Cr25Ni20 stainless steel ( w /%)
Element C Si Mn P S Cr Ni Cu Mo
National standard 0. 090 1.50 2.10 0. 045 0. 035 24.00 ~26. 00 19. 00 ~22. 00 — —
Measured value 0. 058 0.45 1.11 0. 020 <0. 005 23.85 18. 84 0. 080 0.073
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Fig. 4 Images of the polished sections about collapsed (a) and uncollapsed (b)
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Fig. 5 Image of the etched sections of the failed tube of E area
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