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Effect of heat treatment on microstructure and mechanical
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Abstract: According to the double layer metal characteristics of stainless steel clad plate, the heat treatment process, high
temperature and rapid cooling and low temperature and slow cooling, for 316L/Q345R clad plate after vacuum hot rolling
was formulated. Scanning electron microscope and energy spectrum analysis were used to investigate the microstructure,
topography and constituent of clad plate specimens before and after heat treatment. The change rules of interface
microstructure, phase structure and constituent were also studied. By applying shear, stretch and impact tests, the
mechanical properties of specimens at two states were tested to investigate the relationship between the microstructure
and mechanical properties. The results indicate that, after vacuum hot rolling, the clad plate can be successfully combined.
The low alloy steel side microstructure of hot rolling sample consists of ferrite and pearlite, so, the mechanical property is
poor. The precipitation of Cr carbide is more in the stainless steel side. After heat treatment, Bainite appears in the
microstructure of sample, and Cr of the stainless steel side is dissolved again in the heating system. The heat treatment
can achieve the synergistic effect of composite structures, such as duplex structure and interfacial diffusion of alloy
elements, thus, greatly improve the mechanical properties and corrosion resistance of clad plates.
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Table 1 Chemical composition of stainless steel clad plate material
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Fig. 1 Heat treatment process of clad plate sample
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Mass fraction/%
Material
C Si Mn P S Ni Cr Mo Fe
Q345R 0.150 0.35 1.40 0.020 0.0100 - - - Bal.

316L 0.016 0.51 1.11 0.022

0.0011 0.11 16.32 2.06 Bal.
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Fig. 2 Microstructures of Q345R side at hot rolling: (a) Surface;

(b) Core; (c) Near interface
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Fig. 3 Microstructures of Q345R side after heat treatment:

(a) Surface; (b) Core; (c) Near interface
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Fig. 4 Microstructures of 316L stainless steel side at different
states: (a) Hot rolling state; (b) After heat treatment
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Fig. 5 EDS results of point and line analysis: (a) Hot rolling state line scanning; (b) Hot rolling state point spectrum; (c) Heat

treatment state line scanning; (d) Heat treatment state point spectrum
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Fig. 6 Hardness distribution near interface: (a) After hot rolling; (b) After heat treatment
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