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Abstract: Borides in traditional high-boron-based alloys are generally located at the grain boundaries and distributed along
the grain boundaries in a network or fish-bone shape with sharp edges and angles, which destroy the matrix continuity and
greatly reduce the mechanical properties of the materials. The effect of carbon content on the microstructure of high boron
austenitic steel was investigated by using optical microscope (OM), scanning electron microscope (SEM), transmission
electron microscope (TEM), time-of-flight secondary ion mass spectrometer (TOF-SIMS) and X-ray diffraction (XRD). The
effect of carbon content on the mechanical properties of experimental steel at 850 ‘C was analysed by using a thermal
mechanical simulation testing machine. The experimental results show that when the carbon content of high boron
austenitic steel is high (0.37%~0.42%, mass fraction), the boride with round shape can be stably obtained, and the boride
is evenly distributed in the matrix with granular dispersion, instead of network and fish-bone distribution along grain
boundaries. The granular discrete boride is the complex compounds of Fe; ;CrysBgo, Mn,Bye and Cr,B according to the XRD
analysis. The addition of Cr and Mn in boride and the increase in matrix carbon content promote the roundness and
granular dispersion of boride. The forging process also plays a direct role in promoting the granular dispersion of boride.
The initial forging temperature of 1 150 ‘C is the basic condition for the granular dispersion of boride.
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Tab.1 Chemical compositions of tested steels
Steel C B Cr Mn Si Ni Cu P S
Al 0.28 0.43 8.24 5.69 0.83 5.74 0.40 0.010 0.023
A2 0.37 0.56 8.75 6.59 1.19 6.04 0.49 0.012 0.010
A3 0.42 0.42 11.16 8.17 1.25 593 0.67 0.016 0.011




Vol.44 No.04
*340- FOUNDRY TECHNOLOGY Apr. 2023

1 Al OM SEM :(a) OM, x50, (b) OM, %200, (c) OM, x500, (d) SEM, x2 000
Fig.1 OM and SEM images of high-boron austenitic steel Al at different magnifications: (a) OM, x50, (b) OM, x200, (c) OM, x500,
(d) SEM, x2 000
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Fig.2 OM and SEM images of high-boron austenitic steel A2 at different magnifications: (a) OM, x50, (b) OM, x200,
(c) SEM, x1 000, (d) SEM, x5 000
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3 A3 OM SEM :(a) OM, x50, (b) OM, %200, (c) OM, x500, (d) SEM, x2 000
Fig.3 OM and SEM images of high-boron austenitic steel A3 at different magnifications: (a) OM, x50, (b) OM, x200, (c) OM, %500,
(d) SEM, x2 000
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5 A2 TEM Fig.4 XRD spectra of high-boron austenitic steels
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Fig.5 TEM image and SAED patterns for high-boron austenitic steel A2: (a) bright field image, (b) SAED pattern at point 1, (¢) SAED
pattern after continuous tilting at point 1, (d) SAED pattern at point 2
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Fig.6 TOF-SIMS results for high-boron austenitic steel A2: (a) microstructure of the analytic area, (b) distribution map of B,
(c) distribution map of C, (d) distribution map of Cr, (e) distribution map of Fe, (f) distribution map of Mn
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Tab.2 Mechanical properties of tested steels at a high temperature of 850 °C
Steel R./MPa R,/ MPa Ry,/Rm R./MPa R2/MPa Ryc02/ R
Al 189.0 154.7 0.82 277.3 167.6 0.60
A2 209.6 197.1 0.94 290.1 184.4 0.64
A3 227.3 213.8 0.94 302.0 212.1 0.70

Note: R,—tensile strength, R ,—yield strength, R,,—compressive strength, R ,—compressive yield strength
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