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Abstract: Carbide is the main precipitated phase in steel, and precipitated strengthening can effectively improve the
strength and toughness of steel. High magnetic field has been widely used in the field of materials as an important means to
regulate the microstructure (including carbides) in steel. At present, some achievements have been made on the evolution
mechanism of structure, magnetism and stability of complex carbides in steel under high magnetic field. In this paper, the
evolution of precipitates is reviewed, with emphasis on the evolution of structure, magnetism and stability of carbides under
conventional conditions and high magnetic field. The evolution of carbide precipitation induced by magnetic field was
analyzed from the perspectives of dynamics and thermodynamics, and the effect of carbide on the mechanical properties of
materials under strong magnetic field is discussed. Finally, the problems in the process of phase precipitation controlled by
high magnetic field are discussed and the future development direction is prospected.
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Tab.1 The lattice parameters (A), density (g/cm?), volume (A°), formation enthalpy (eV/atom) and magnetic moment/Fe
atom (uy/Fe atom) for iron carbides

ity A% K

[ 25 [ #F . ) . R A JE e T EEPEN
v-FeC Fm3m 3.92 3.92 3.92 7.51 59.99 0.52 1.323 3]
v-Fe,C Pm3m 374 3.74 3.74 7.48 5223 0.05 1.255 [3]
n-FeC Fd3m$ 10.48 10.48 10.48 8.79 1151.02 0.15 1.980 [22]
10.06 10.06 10.06 7.40 1018.11 1.34 - [20]
y-FexCq Fm3m 10.38 10.38 10.38 3.08 1118.39 0.05 2.03 [23]
10.47 10.47 10.47 7.87 1147.73 0.02 232 [24]
1-Fe,C Panm 470 427 2.82 7.26 56.59 0.017 1.61 [25]
470 428 2.82 7.26 56.73 0.017 1.290 [21, 26]
0-Fe:C Prma 5.03 6.72 448 7.87 151.55 0.024 1.863 [25]
481 6.52 431 8.81 135.36 0.03 1.374 3]
Fe,C, Prma 5.62 2.59 10.75 8.15 156.12 0.12 1.362 3]
o-Fe,Cy Pama 4.52 6.86 11.72 7.83 363.23 0.03 1711 [25]
4.52 6.86 11.73 7.83 363.40 0.022 - [21]
e-Fe,C P12 476 476 428 733 84.02 -0.002 1.189 [3]
h-Fe,C; P6mme 6.83 6.83 449 8.59 165.17 0.03 02 [19]
6.86 6.68 428 8.59 199.91 0.03 1.368 3]
X-FesCs C12/cl 11.53 446 4.98 7.89 256.09 0.08 1.634 A T4
11.57 451 4.99 7.75 260.38 0.018 - [21]
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Fig.1 The unit cell structure of x-FesC, and basic structural units”
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Fig.2 Contour plot of T¢ of bet-Fe as a function of the lattice
parameters a and c. The region where 7 is shown is confined by
the bee ground state (black asterisk) and the failure points (&,,) at
different 7' (stars, numbers denoting 7). The Curie temperature
corresponding to each failure point (sz ) can be read from the

legend. The ground state bec structure possesses the highest

calculated 7¢ in the region shown. The dashed line represents the

hyperbola of constant volume equal to the bec equilibrium

volume. The insets sketch local spins for the unstrained parent

lattice and for the strained lattice at high temperature, illustrating
the magnetic disorder increase with tensile strain®!
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Fig.3 The framework of the 48h/32f/8c¢ sites in Fe,; ,Cr,Cs. the red atom in the centre represents the 8¢ Wyckoff position, and the green

and blue atoms represent the 48h and 32f Wyckoff sites for Fe and Cr atoms, respectively
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Fig.4 Microstructure of the precipitated phase in the specimen
tempered at 700 C for 3 600 s without and with magnetic field
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Fig.5 Micrographs of carbides obtained by tempering at 650 “C for 1 h without and with a 14 T magnetic field*”
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Fig.6 TEM micrographs of precipitated phases and 3D atom probe experimental analysis in Cu/Ni steels®!
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Fig.7 The magnetic field-induced magnetic free energy change and the factor R for assessing the contribution of the magnetic field®
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Fig.8 The mechanical properties of the specimens tempered without and with high magnetic field""
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