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Failure Analysis of Superheater Tube Bank Leakage in Continuous
Low Load Operation
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(1. Jinan Branch of China Petrochemical Corporation,Jinan,China,Post Code:250000; 2. State Nuclear Power Plant Service
Company , Shanghai, China, Post Code ;201101 ; 3. Shandong Ji Lian Petrochemical Engineering Co. ,Ltd, Jinan,China,
Post Code :250000)

Abstract: Transverse cracks were found in some tube banks of superheater in high temperature section,
after a recently continuous low load operation of a certain medium pressure gas-fired steam boiler. The
main risk factors that might cause the leakage of the hoiler tube in operation were analyzed , according to
the equipment parameters, historical operation data and process structure characteristics of the boiler. Fur-
therly ,the hardness testing, penetrant testing , tensile testing , metallographic testing and other testing tech-
niques were used, to elimate the possibility of defects caused by improper use of heat exchange tube mate-
rial , internal scaling of furnace tube caused by steam water quality and local metal overheating during low
load operation. Finally it was confirmed that the main reason for the cracking of the heat exchange tube
was the continuous stress corrosion affected by chloride ion, through analyzing and comparing the failure
mechanism. According to the structural characteristics of the boiler water supply process, chlorine ion mo-
nitoring measures should be added ,to prevent the quality of boiler feed water from being polluted by ab-
normal feeding in units.
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Fig. 1 Heat exchange tube with multiple cracks
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Tab. 1 Operation duration of each load section

Fidko-nt BINETRIA BIRELETH KD
15 ~20 3 844 2195
20 ~30 6 149 683
30 ~40 1016 102
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Tab. 2 Inlet and outlet steam temperatures

K Hh FZEIIRE/C A FIZEIIRE/C
bl o] FH{E e FE{A
15 ~20 381 ~439 402 268 ~360 322
20 ~30 438 ~447 446 250 ~255 251
30 ~40 434 ~450 441 248 ~253 250
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Tab. 3 Flue gas inlet temperature
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HimR/ - h”
btz - {E
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Fig. 3 Outer surface of heat exchange tube
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Fig. 4 Inner surface of heat exchange tube
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Tab. 4 Spectral analysis data

TR RSN % GB/T 5310 HUE Y Bk o K5 [
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v 0.2 0.15~0.30
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Tab. 5 Micro Vickers hardness data
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Tab. 6 Tensile test data at room temperature
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Fig. 7 Metallographic structure (500 times)
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Fig. 12 Crack morphology on the outer wall surface
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