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In this contribution we reconstruct the three dimensional microstructure of a dual-phase steel based on the tomographic
experimental data provided by the 3D electron backscatter diffraction (3D EBSD) method. The cross sections of the resulting
microstructure are compared to the 2D reconstruction, which are obtained directly from the 3D EBSD data. We also perform
FE-simulations based on these geometries and observe comparable results in 2D and 3D.
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1 Introduction

One important contributor to the macroscopic (effective) properties is the micro-heterogeneity of the material such as e. g.
the ferrite-martensite phase topology in dual-phase steels. Consequently, the consideration of the microstructure during the
simulation of the mechanical behavior of such materials using the Finite Element Method is an essential task, cf. [1,2]. This
requires geometrical models of the microstructure for the discretization by finite elements. Especially, the reconstruction of
microstructures in 3D is in the focus of attention in the last years. A high-potential tool for obtaining such three dimensional
information on the microstructural topology is the 3D electron backscatter diffraction (3D EBSD) method.

2 EBSD-FIB data

The 3D electron backscatter diffraction (3D EBSD) method provides cross sectional information including a metallographic
characterization of the considered material. Thereby a joint high-resolution field emission SEM/EBSD set-up is coupled with
a focused ion beam system (FIB) and provides a set of cross-sectional planes of the considered dual-phase steel obtained
via sequential serial sectioning and joint EBSD phase and texture mapping. The dual beam set-up (SEM,FIB) is shown in
Fig. 1a,b. For our analysis we consider a dual-phase steel sample, which is characterized by a martensitic inclusion phase
embedded in a ferritic matrix phase.
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Fig. 1 3D EBSD: a) equipment, b) technical setup, cf. [3], and c) two examples of obtained cross-sections of the considered dual-phase
steel. The micrographs are color-coded with respect to the phases (white: ferrite, black: martensite) and with an approximate dimension of
15 x 15 um?.

The sample of the considered dual-phase steel is mounted on a tiltable holder inside the microscope, cf. Fig. 1b. During the
investigation the sample is tilted between two positions, viz. the FIB-cutting and the EBSD positions. In the cutting position
the FIB system mills thin layers (10 nm - 1 um thick) from the investigated surface of the sample. The other position is used
for the EBSD analysis, where an electron beam is focussed onto the milled surface and the back scatter diffraction patterns
are monitored by the EBSD camera. Due to different diffraction patterns several properties of the sample can be analyzed
for each point, e. g. crystal orientation, phase and internal distorsion. From such maps the grain and phase topology can be
reconstructed. More specific, in the current case a reconstruction of the in-plane morphology of the ferritic matrix and the
martensitic inclusion phase are conducted based on these back scatter diffraction patterns. Such micrographs are exemplarily
depicted in Fig. 1c. For more details concerning the 3D EBSD method we refer to [3,4].
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504 Section 8: Multiscales and homogenization

3 Reconstruction of the microstructure

Before the binary images of the micrographs resulting from the 3D EBSD can be stacked for the three dimensional reconstruc-
tion several preprocessing steps on the images are necessary. At first some pixel rows/columns are cut away to remove errors
on the boundaries. Then the application of a segmentation filter results in an image mask, which represents the interface be-
tween inclusion and matrix phase. To avoid irregular inclusion geometries arising from tiny artifacts we modify the inclusion
image mask by three filters: remove tiny areas, fill small holes and finally smooth and denoise the inclusion phase.

a)

Fig. 2 Geometrical reconstruction of the microstructure: a) 3D reconstruction based on 50 EBSD slices, b) extraction of the cross
section marked in a), and c) direct 2D reconstruction of considered cross section from EBSD slice. The dimension of the slices is
15.7 um x 16.2 pm and the 3D reconstruction exhibits a thickness of 4.9 pm.

b)

In Fig. 2a the 3D reconstruction is shown resulting from the stackering of the preprocessed images, where a distance of 0.1 um
between the slices is considered. Therein we mark the position of one cross-section, which is extracted for the comparision
with the image arising directly from the EBSD data, see Fig. 2b,c. From this comparison we observe that the basic structure
is very similar, except for some deviations due to the approximation required for the reconstruction of the third direction.

4 Comparison of 2D and 3D Simulations

Here, we apply each of the microstructural geometries (2D and 3D) shown in the previous section to a FE-simulation of a
uniaxial tension test. Therefore we discretize the 3D microstructure (Fig. 2a) by about 2 million tetrahedral elements and the
2D microstructure (Fig. 2¢) by about 3500 triangle elements. Both element types use quadratic ansatz functions to approximate
the primary variables.
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Fig. 3 Results of homogeneous tension tests: Von Mises stress distributions in the a) 3D microstructure, b) extracted cross section, and c)
2D reconstruction, associated to the geometries shown in Fig. 2.

In Fig. 3 the results of the FE-simulation are shown, wherein the von Mises stress distribution is depicted for the 3D mi-
crostructure and the extracted cross-section as well as for the associated 2D microstructure, cf. Fig. 2. The comparison of the
results of the 3D and 2D simulations shows variations in the stress distributions, however the maximal values are on a similar
level. A possible reason for this is the deviation of the morphologies in the 2D and 3D reconstruction and consequently the
next step should be the enhancement of the reconstruction.
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