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Failure Analysis of Valve Stems and Their Laser Cladding Repair
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Abstract: The failure analysis of the three-eccentric butterfly valve stem serviced in a Sang Shuping No.2 Mine gas extrac-
tion system and the drain gate valve stem was systematically investigated and the main failure mechanical was homogeneous
corrosion in H,S, CO,, SO, medium. In order to improve the corrosion resistance of these stems, laser cladding with Inconel
625 alloy was proposed. Microstructure observation, chemical composition, microhardness and electrochemical tests were
performed to evaluate the cladding layers. The results show that the Inconel 625 wire cladding layer and powder cladding
layer are consisted of dendrite structures. The cladding layers are free from cracks and pores, showing good bonding with the
base metal. The contents of Cr element are higher in the interdendrite regions than that in the dendrite regions. Particles which
are rich in Nb are precipitated in the interdendritic regions. The cladding layers show quite uniform element distribution on
the whole, where Ni, Cr, Mo, Nb elements present transitional distribution at the interface. The corrosion potential of the Inco-

nel 625 cladding layer is higher than that of the base metal. The corrosion current density of the cladding layer 7, (8.62x107
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A/cm?®) below that of the base metal (8.23x10° A/cm?). The charge transfer resistance of Inconel 625 cladding layer obtained
by the equivalent circuit fitting is R, 9.9x10* Q-cm’, far higher than that of the base metal (R,, 2.6x10° Q-cm?). It is concluded

that the corrosion resistance of the cladding layer is better than that of the base metal. The repaired valve stems have been in

service for 2 months in the coal mine without failure and still operates normally, while the new valve stems failed after only 1

month of service. It is proved that the Inconel 625 laser cladding layer has well protected the substrate.
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Fig.1 Structure of three-eccentric center butterfly valve and wedge
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Fig.2 The morphology of the failed valve stems
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SN 3 TR .

%=1 Inconel 625 BMLZER D (FRESE, %)

Table 1 Chemical compositions of the Inconel 625 (wt. %)

C Cr Fe Ti Mo Ni Nb
2k 0.01 2212 0.04 015 8.82 Bal. 3.58
WA 0059 2123 412 029 808  Bal 329
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Fig.3 Laser wire cladding repair of butterfly valve stem
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Fig. 4 Morphology of Inconel 625 powder
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Fig. 5 The laser powder cladding repair of gate valve stem
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Fig. 6 The microstructure of laser wire cladding layer
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Fig. 7 The microstructure of laser powder cladding layer
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Fig.8 The SEM microstructure and EDS analysis of laser wire cladding layer
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Table 2 EDS results of the laser wire cladding layer (wt. %)

x3 MRBABEEEDSKHNER(REHNE, %)

Table 3 EDS results of the laser powder cladding layer (wt. %)

T Si Cr Fe Ni Mo Nb JiE[E Si Cr Fe Ni Mo Nb
g 1 0.23 18.55 15.37 Bal. 6.65 1.51 SR 0.40 19.49 9.17 Bal. 5.41 1.18
WEE2 057 20.16 7.13 Bal. 11.18 5.41 T2 026 17.91 14.43 Bal. 6.93 1.59
HEE 3 0.29 20.86 10.35 Bal. 6.78 1.81 TSR3 0.40 18.61 12.76 Bal. 9.22 18.68
WEE4 025 2221 5.37 Bal. 7.28 1.47 iEKl4 015 22.15 5.26 Bal. 7.80 2.09
HEE S 0.25 21.36 521 Bal. 731 1.97 &R 5 0.30 21.67 5.21 Bal. 7.39 1.67
EEe 030 19.04 4.16 Bal. 8.45 21.64 iR 034 16.17 3.05 Bal. 7.76 33.86
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Fig. 9 The SEM microstructure and EDS analysis of laser powder cladding layer
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Fig. 10 EDS line scanning results of powder laser cladding layer
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Fig. 11 Microhardness distribution of the laser cladding layer
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Fig. 12 Electrochemical tests results of laser power cladding
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