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Effect of post rolling heat treatment on microstructure and properties of
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Abstract: The effect of controlled cooling and tempering treatment after rolling on microstructure and properties of 3161./Q370qE stainless
steel clad plate was studied. The microstructure of the clad plate was analyzed using metallographic microscope, scanning electron
microscopy (SEM), energy dispersive spectrometer ( EDS), and backscattered electron diffraction ( EBSD) technique. The interfacial
bonding strength and mechanical properties of the clad plate were tested by tensile shear and tensile tests. The results show that compared
with the water cooling and air cooling, the thickness of the decarburization layer and carburized layer of the stainless steel clad plate
quickly cooled to room temperature after rolling is reduced to 40 and 20 wm, respectively. Water cooling accelerates the low-temperature
transformation of carbon steel, the microstructure of the decarburization layer of carbon steel is composed of fine-grained ferrite and
bainite, the austenite grains in the carburized layer of the stainless steel are refined, and the tensile and shear strength of the composite
interface is significantly improved. After tempering treatment, the thickness of the decarburization layer and carburized layer at the
composite interface of the water-cooled clad plate slightly increases. The carbon steel structure transforms into coarse-grained ferrite and
tempered sorbite when tempered above 500 °C, and the stainless steel austenite structure becomes uniform. The shear strength at the
composite interface decreases, but it is still higher than that of the water-and-air-cooled clad plate after rolling. The stainless steel clad
plate prepared by water cooling to room temperature after rolling and tempering at 450 °C for 1 h has good comprehensive mechanical
properties, with the interface tensile shear strength of 364 MPa, the yield strength and tensile strength of 594 MPa and 661 MPa,

respectively, and the elongation of 18%.
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Table 1 Main chemical compositions of the base and cladding of the stainless steel clad plate ( mass fraction, %)

Material C Si Mn Cr Ni Nb Ti Mo N Fe
Q370qE 0.15 0.22 1.39 0.11 0.12 0.017 0.013 - - Bal.
316L 0. 025 0.55 1.35 16.91 10. 03 - - 2.02 0.015 Bal.
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Fig. 1  Microstructure of Q370qE carbon steel in the clad plate under different cooling methods after rolling (a) water-and-air-cooled
Q370qE; (b) water-and-air-cooled interface area; (c) water-cooled Q370qE; (d) water-cooled interface area
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Fig. 2 Microstructure of 316L stainless steel in the clad plate under different cooling methods after rolling

(a) water-and-air-cooled 316L; (b) water-and-air-cooled interface area; (c) water-cooled 316L;

(d) water-cooled interface area
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Fig. 3 Element line scanning analysis of the clad plate interface under different cooling methods after rolling

(a) water-and-air-cooled; (b) water-cooled
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Fig. 4 EBSD morphology of the Q370qE/316L composite interface area under different cooling methods after rolling

(a) water-and-air-cooled; (b) water-cooled
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Fig.5 Macroscopic morphology of tensile shear fracture surface of Q370qE/316L composite interface under

different cooling methods (a) water-and-air-cooled; (b) water-cooled
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Table 2 Tensile mechanical properties of stainless steel clad plate under different cooling methods

Post-rolling cooling method Yield strength/MPa

Tensile strength/MPa

Elongation/ % Yield-to-strength ratio

water-and-air-cooled 523

water-cooled 637

611 19 0. 86
804 14 0.79
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Fig. 7 Microstructure of Q370gE carbon steel in the clad plate tempered at different temperatures
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(a) 400 C; (b) 450 °C; (c) 500 C; (d) 550 C

Fig. 8 Microstructure of 316L stainless steel in the clad plate tempered at different temperatures

(a) 400 C; (b) 450 C; (c) 500 C; (d) 550 C
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Fig.9 Interfacial tensile shear strength of the stainless steel

clad plate before and after tempering
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B 10 ASIRIELE 01K A 43 PR BT W LA ZIESL (a) 400 °C5 (b) 450 °C; (¢) 500 C;5 (d) 550 C
Fig. 10 Macroscopic morphology of tensile shear fracture surface of the composite interface tempered at

different temperatures (a) 400 C; (b) 450 C; (c¢) 500 °C; (d) 550 C
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Fig. 11 SEM morphology of tensile shear fracture on carbon steel side of the clad plate interface tempered
at different temperatures (a) 400 °C; (b) 450 C; (c¢) 500 °C; (d) 550 C
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Table 3 Tensile mechanical properties of the stainless

steel clad plate after tempering treatment

Tempering Yield Tensile Elongation/  Yield-to-
temperature/°C  strength/MPa  strength/MPa % strength ratio
400 597 678 15 0.88
450 594 661 18 0.90
500 584 658 18 0.89
550 596 670 19 0.89
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Fig. 12 SEM morphology of tensile fracture surface of water-cooled stainless steel clad plate after tempering at 450 °C

(a) integral fracture; (b) Q370qE carbon steel; (c¢) 316L stainless steel
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