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Topology and differential geometry-based three-dimensional
characterization of pearlite spheroidization mechanism
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Abstract

We investigated the pearlite spheroidization of
a 0.85 mass% C-Fe carbon tool steel under
700°C static annealing conditions using a
combination of FIB-SEM and computer-aided
three-dimensional ~ (3D)  tomography  to
reconstruct the 3D images, and then used the
microstructure  variation in  Gaussian/mean
curvature to discuss and clarify the topological
characteristics and the elements contributing to
the  mechanism  of  complete pearlite
spheroidization. 3D visualization demonstrated
that the intrinsic holes play an important role in
the initiation and development of pearlite
spheroidization, due to the mean curvature
differences between the hole edge and the
adjacent flat surface of the lamella. Furthermore,
the growth mechanism of the inter-hole
coalescence is not only induction of
morphological evaluation of the 3D lamellar
structure, but also influenced the topological
characteristics of the genus. At the initial stages
of pearlite spheroidization, the hole coalescence
and expansion cause the break up of large
cementite lamellae into several long narrow
ribbons, which makes the genus per unit volume
(9v) decrease. The cementite ribbons will change
their shape to spheres or coarse particles by

Rayleigh’s perturbation process after long



spheroidization period, which decrease the final
carbides and the g, number. Through the control
of the pearlite spheroidization mechanism, CSC
has successfully developed the high carbon tool
steels and these tool steels have broadly applied
in high quality garden tools, saws, knives and
tape measures.
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