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Abstract; For any plant, it is very important to generate electricity without forced outages. Failure of boiler tubes is the
major concern of forced outages at the coal-fired thermal power plant, especially at ultra-supercritical units. 12CrlMoV
steel has been widely used as tubes in the ultra-supercritical boiler. Cause of the failed reheater tube joint of 12Cr1MoVG
steel was studied by chemical composition test, microstructure analysis, crack morphology observation, joint structure,
hardness, and welding qualities analysis. The results show that the crack initiated from coarse grain heat affect zone
(HAZ) along with the circumferential distribution, and propagated along grain boundaries. There are macrocracks, micro-
cracks and voids in the cracking region. According to the microstructure, position, process and fractography analyses of
the cracks, it is concluded to be the weld reheat cracking. The failure of the tube is mainly due to bad welding quality,
characterized by high residual stress, coarsened grain size, and so on. Formation of intergranular cavity and microcrack is
shortened by high residual stress and is easier due to plastic-deformation disharmony between coarse grains.
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Fig. 1 Digital photos of damaged low temperature reheat tubes:
(a) all failed tubes, (b) firstly failed tube
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Fig.2 Digital photos of the failed tube: (a) external morphology,
(b) internal morphology
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Table 1 Chemical composition of failed tube( w /%)
C Mn P S Si Cr Mo \% Cu
Tube (12Cr1MoVG) 0.12 0.56 0. 008 0. 005 0.21 0.95 0.26 0.15 —
GB 5310-2008 0.08~0.15 0.40~0.70 <0.025 <0.010 0.17~0.37 0.90~1.20 0.25~0.35 0.15~0. 30 —
Weld Joint (R317) 0. 082 0. 80 0.012 0. 008 0.41 1. 15 0. 46 0.18 0.15
DL/T 869-2012 0.05~0. 12 <0.90 <0. 035 <0. 035 <0. 60 0.8~1.50 0.40~0. 65 0.10~0. 35 —
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Fig. 3 Microstructure of the base metal 12Crl MoV from fire-facing side
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Fig. 4  Optical images of the macrostructure of weld joint on the

axial section: (a) penetrated part, (b) not-penetrated part
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Fig. 5 Microstructure of weld joint on the circular section; (a)

middle part, (b) edge part
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L. is abbreviation for location. Outer side (L.1) and inner '

side (L.2) of welding joint, coarsened (L.3) and fine (L.4)
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Fig. 6  Vickers hardness of different locations in failed tube
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Fig. 7 SEM images of fracture morphologies of failed tube
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Table 2 Probable failure mechanism of cracks in present work
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Crack features in the present work

Possible failure mechanism

a. Intergranular propagation and
oxidation layer on the surface.

b. No plastic deformation around
the leakage position.

c.Apparent creep damage, such as
a cavity, intergranular microcrack
while no
Bainite phase.

degeneration of the

d. Located in coarse grain HAZ,
severe residual stress all around.

Stress corrosion

Intergranular corrosion

Hydrogen damage

Over-heating for long time

Corresponding crack features Possibility
Occurs mostly in a corrosive environment with corrosion Denied
. . enie

products in cracks. Transgranular cracking.
Corrosion products in cracks. Intergranular cracking. Mostly .
- - Denied
initiate from the inside of the tube.
Intergranular cracking. no plastic deformation around the
leakage. Decarbonization in the vicinity of crack and inside .

. . L Denied
the surface tube. occur mostly in water. Cracking from inside
to the outside of the tube.
Apparent creep damage, such as a cavity, intergranular mi-
crocrack. apparent degeneration of the Bainite or Pearlite Denied

phase. Intergranular cracking.
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Fig. 8 Ilustration of reheat intergranular crack in the coarsened grain in HAZ
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