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Failure Analysis on Weld Leakage of Boiler Water Wall in Thermal
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Abstract: A circumferential crack appeared in the middle of a 12Cr1MoV water wall butt weld, leading to leakage failure.
In order to investigate the cause of leakage failure, macro inspection, magnetic particle testing, hardness testing, metallo-
graphic analysis, full element analysis and energy spectrum analysis were carried out on the weld, and a model was estab-
lished to discuss the causes of water wall weld leakage failure in four stages. The research shows that the inclusion of S ele-
ment in the weld is the main control factor of the weld leakage failure. The contraction tensile stress provides the conditions
for the formation of intergranular hot cracks for the low melting point eutectic that segregates at the grain boundary. The in-
tervention of oxygen causes local oxidation of the hot cracks. The actual operation comprehensive stress makes the oxidized
intergranular hot cracks expand and fuse at multiple points, forming macro cracks, and finally leading to weld leakage, It
provides a theoretical reference for leakage failure caused by intergranular thermal cracks in water wall welds of thermal
power plants.
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Table 1 Chemical composition of base material for leaking water-

cooled wall tubes (wt. %)

i H C S Mn Cr
S LR 0.11 0.27 0.58 1.03
JRGE T LA 0.13 0.31 0.56 1.04
GB/T 5310—2017
0.08~0.15  0.17~0.37  0.40~0.70  0.90~1.20
(12Cr1MoVG)
TiH Mo \Y% P S
S8 T ANEERA 0.32 0.22 0.009 0.002
JEAE T IR AA 0.30 0.22 0.012 0.004
GB/T 5310—2017
0.25~0.35  0.15~0.30  <0.025 <0.010
(12Cr1MoVG)
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Fig. 1 Macro morphology of water wall pipe welds
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Fig.2 Vickers hardness of welds and base metal on the firefacing

side weld
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Fig. 3 Water-cooled wall pipe tensile specimen sampling location and

dimensions
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Table 1 Comparison of room temperature tensile properties of water

wall tubes

. Jit IR EiRAL: Y
PrRRE (R - -
RcL/MPa Rpu.z/ MPa R /MPa

BRI — 380 578

A — 357 580

GB/T 5310—2017
>255 470~640
(12CrIMoVG)
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Fig. 4 Metallography of welds on the fire facing side and back side
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Fig.5 Oxidation morphology of intergranular crack of weld at fire

facing side
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Table 3 Chemical element analysis data of firefacing side weld (wt. %)

Hfi C Si Mn P
S 0.063 0.54 0.89 0.013
Frif® 0.05~0.12 <0.6 <0.9 <0.035
AE S Cr Mo \%
S 0.004 1.12 0.48 0.19
e <0.035 0.8~1.5 0.40~0.65  0.10~0.35
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Table 4 Energy spectrum element data of weld crack on the fire facing side (wt. %)

JLE CK OK SiK SK VK CrK Mn K FeK MoL
&K a 0.14 24.54 0.39 — — 0.37 1.28 73.29 —
1% b — 12.33 2.42 0.35 0.59 3.07 4.50 76.33 —

2
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Fig. 6 Energy spectrum diagram of intergranular crack of weld at fire facing side
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Table 4 Energy spectrum element data of weld fracture on the fire facing side (wt. %)

JTE CK 0K SiK SK VK CrK Mn K Fe K MoL
&K a 0.49 11.5 0.6 0.4 — 1.06 0.86 85.09 —
% b — — 2.67 1.23 1.33 3.77 91.01 —




55 4 1]

MMRR, 55 JCHLT Bk v BE AR A i e 2R 200 B 89

B7 eSS O REEE

Fig. 7 Energy spectrum of weld fracture on the fire facing side
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Fig. 8 Four stages of welding crystal crack development
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