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Effect of Annealing Temperature on Microstructure and Properties of
Laser Cladding Stellite 6 Alloy on 12Cr1MoV Steel Surface

FU Heng, GU Yufen', SHI Yu, WANG Quanbo

State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals, Lanzhou University of Technology, Lanzhou730050, China

Abstract: Stellite 6 alloy coatings were fabricated on 12Cr1MoV steel via laser cladding and subsequently annealed at dif-
ferent temperatures to investigate the effects of annealing on their microstructure and properties. The results indicate that the
grain size of the clad layer increases with rising annealing temperature. While low-temperature annealing (450 °C) had little
influence on the phase composition, annealing at 650 °C for 2 h promoted the transformation of the metastable FCC y-Co
phase into the stable HCP ¢-Co phase, simultaneously improving microstructural homogeneity and the distribution of car-
bides (e.g., Cr;C;, Cr;Cs). However, higher annealing temperatures led to coarsening of both the microstructure and carbide
precipitates, accompanied by enhanced diffusion of Fe from the substrate into the coating. Consequently, the hardness and
wear resistance of the clad layer deteriorated with increasing annealing temperature. The coating annealed at 650 °C exhib-
ited the best corrosion performance in 3.5 wt.% NaCl solution, reflected by the highest corrosion potential (-0.284 V) and
the lowest corrosion current density (9.967x10~7 A/cm?®). Further increase in annealing temperature significantly degraded
the corrosion resistance.
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Table 1 Chemical composition of 12Cr1MoV steel and Stellite 6 alloy powder (wt. %)

AR C Cr Si w Fe Mo Ni Mn Co \% P S
12CrIMoV 0.08 0.93 0.20 — Bal 0.27 — 0.45 — 0.15 0.011 0.004
Stellite6 1.15 29.00 1.10 4.00 3.00 1.00 3.00 0.50 Bal — — —
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Fig. 1 Schematic diagram of laser cladding
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Table 2 Laser cladding process parameters

WOLTiR Pl Rk RN FEm PR
/W /(mm-s™") /(g-min™') /(L+min™") /(L-min™") 1%
2 800 10 12.3 5 15 45
®3 BARLETIZSY

Table 3 Annealing heat treatment process parameters

e/ °C PEIRHREEPC ARIRHE] /min BT
<300 450 120 [ v 1)
<300 650 120 B 2
<300 850 120 B 20
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Fig. 2 Macroscopic morphology of the cladding layer and dye

penetrant testing results
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Fig.3 SEM images of the cladding layer after annealing at different temperatures
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Fig. 4 XRD patterns of the cladding layer after annealing at different temperatures
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Fig. 5 Microhardness of the cladding layer cross-section
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Fig. 6 Elemental surface scan analysis of the substrate and cladding layer
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Fig. 7 Friction coefficient variation curve and wear mass comparison of the cladding layer
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Fig.8 Wear morphology of the cladding layer and substrate
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Table 4 Maximum and average friction coefficients of the cladding

layer and substrate

AL FRE A OREEAGE R TR B/
PSSt 0.558 0.425 6.2x10™
450 °Cx2 hi & 0.511 0.417 5.1x107
650 °Cx2 hil & 0.562 0.442 8.7x107*
850 °Cx2 hil 0.617 0.469 1.2x107
b 0.622 0.569 2.3%x107
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Fig. 9 Polarization curves and Nyquist plots of the substrate and clad-

ding layer in 3.5wt.% NaCl solution

®5 EMMBEBEREIS wi.%NaClARPHBLESH
Table 5 Electrochemical parameters of the substrate and cladding

layer in 3.5 wt.% NaCl solution

Ak H )y R DA Al g 285 e P HL BH
1 E.J/V I,/(A-em™) R/(Q-cm?)
B2 -0.711 2.408x107° 1280
AR -0.301 6.188x107 8434
450 °Cil k -0.296 3.609x107 12 001
650 °Cik k. -0.284 9.967x107 44329
850 °Cik sk -0.311 1.073x107 3157
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