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Effect of Tempering Temperature on Microstructure and Properties of
Laser-cladded Martensitic Stainless Steel Layer

Zhu Hongmei, Hu Wenfeng, Li Yongzuo, Li Baichun, Qiu Changjun”
School of Mechanical Engineering , University of South China, Hengyang, Hunan 421000, China

Abstract Some problems, such as distortion and cracking, can be observed in the laser cladding layers because of
their non-equilibrium microstructure and residual stress. Herein, the tempering heat treatment is used to improve
the comprehensive properties of a 420 martensitic stainless steel coating. Further, the effect of tempering
temperature on the microstructure, mechanical properties, and corrosion resistance is investigated. The results
denote that the as-cladded specimen mainly comprises martensite, austenite, and M,; C; carbide and that reversed
austenite can be observed after the tempering treatment is conducted at 200 °C and 400 ‘C. The tempering
temperature affects the mechanical properties. The tensile strength (approximately 1800 MPa) and microhardness
(approximately 530 HV) of the as-tempered specimens at low (100 °C and 200 C) and medium (400 C)
temperatures are comparable with those of the as-cladded specimen. Furthermore, the elongation of the specimens
increases with the increasing tempering temperature. However, the strength and microhardness considerably
decrease and the elongation slightly decreases after high-temperature tempering treatment (600 ‘C). Therefore, the
as-tempered specimen at 400 °C exhibits optimum comprehensive mechanical properties but slightly lower corrosion
resistance when compared with those of the as-cladded specimen and the commercial 420MSS martensitic stainless steel.
Key words laser technique; tempering heat treatment; laser cladding; martensitic stainless steel; microstructure
and properties
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Table 1 Chemical composition of 420MSS powder
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Fig. 1 Laser cladding and tensile specimen. (a) Experimental equipment; (b) laser cladding process;

(c¢) schematic of sectioned tensile specimens; (d) geometry of tensile specimen
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Fig. 2 Schaeffler diagram of cladding layer and XRD spectra of laser cladding layers in different states.

(a) Schaeffler diagram; (b) XRD spectra of specimens in different states
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specimens in different states
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Table 2 Tensile properties of specimen of laser

cladding layer in different states

Specimen R./MPa R./MPa Elongation /%
As-cladded 1786 1240 6.2
As-tempered (100 ‘C) 1797 1100 8.0
As-tempered (200 C) 1780 1050 11.2
As-tempered (400 C) 1742 1081 14.1
As-tempered (600 C) 1340 1007 13.4
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Fig. 4 Tensile curves and fracture morphologies of specimens of laser cladding layers in different states. (a) Tensile curves;

(b) fracture morphology of as-cladded specimen; (c) fracture morphology of as-tempered (100 ‘C) specimen;

(d) fracture morphology of as-tempered (200 °C) specimen; (e) fracture morphology of as-tempered (400 °C)

specimen; (f) fracture morphology of as-tempered (600 °C) specimen
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Fig. 5 SEM images of specimens of laser cladding layers in different states. (a) As-cladded; (b) as-tempered (400 C)
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Fig. 6 TEM analysis of as-cladded specimen and as-tempered specimen at 400 °C. (a) Bright field image and selected area
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electron diffraction (SAED) of as-cladded specimen; (b) dark field image and SAED of austenite in as-cladded

specimen; (c) dark field image and SAED of M;; C; carbide in as-cladded specimen; (d) bright field image and

SAED of as-tempered (400 “C) specimen; (e) dark field image and SAED of austenite in as-tempered (400 C)

specimen; () dark field image and SAED of M;C; carbide in as-tempered (400 ‘C) specimen
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Fig. 7 Polarization curves of different specimens
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