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Analysis of secondary phases and their geometric phases at interface
of Cr-Ni-Mo alloy steel for brake discs of high-speed trains

KANG Hao',LIU Ning,FENG Gangzhen,JIA Yubo

(School of Mechanical Engineering, Lanzhou Jiaotong University , Lanzhou 730070, China)

Abstract: Taking the quenched and tempered Cr-Ni-Mo alloy steel for brake discs of high-speed trains as
the research object, the morphology of the secondary phase is observed and the size is measured by
transmission electron microscopy, and the secondary phase is identified by energy spectrum analysis and
electron diffraction; the principle of full-field strain measurement by geometric phase analysis (GPA) is
explained in detail, it is proposed to use the geometric phase analysis to study the matching relationship in a
certain direction at the interface between the matrix and the secondary phase through the bicrystal electron
diffraction pattern obtained by the Fourier transform of high-resolution transmission electron microscopy
(HRTEM) images of the matrix and the secondary phase. The results show that the secondary phase of Cr-
Ni-Mo alloy steel used in brake discs for high-speed trains is mainly in the form of rods, and there are a
small amount of secondary phase with small size and approximately round shape; the energy spectrum
analysis combined and the electron diffraction method shows that the secondary phase with approximately
round shape and small size particles is the Mn-containing M.;Cs carbides; the strain fields in the x,xy and y
directions at the interface between the matrix and the secondary phase M.;C; is obtained by geometric phase

analysis, the matching relationship between matrix (ﬂ?) crystal planes and the secondary phase Ma;Cy
(113) crystal planes is determined to be semi-coherent.
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Fig.1 Microstructure and elemental energy spectrum analysis of Cr-Ni-Mo alloy steel

(a)morphology of matrix and secondary phase; (b)elemental distribution of C; (c)elemental distribution of Mn;

(d)elemental distribution of Cr; (e)elemental distribution of Mo (f)elemental distribution of Ni
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Fig.2 High-resolution images of matrix and secondary phase in Cr-Ni-Mo alloy steel

(a)morphology of matrix and secondary phase ; (b)high-resolution image of matrix; (¢)diffraction pattern of matrix ; (d)high-resolution image of matrix

and secondary phase ; (¢)high-resolution image of secondary phase ; (f)diffraction pattern of secondary phase
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Fig.3 Geometric phase analysis of Cr-Ni-Mo alloy steel matrix and secondary phase

(a)high-resolution image of matrix and secondary phase ; (b)bicrystalline diffraction patterns; (c¢)selection of reciprocal space vector;

(d)strain distribution in & direction; (e)strain distribution in xy direction; (f)strain distribution in y direction;

(g)comparison of strains in x,xy,and y directions at the interface
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Fig.4 Interface matching relationship between Cr-Ni-Mo alloy steel matrix and secondary phase

(a)interplanar crystal spacing of matrix (112 ); (b)interplanar crystal spacing of secondary phase (113 );

(¢)interface matching between matrix and secondary phase
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