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1. Introduction

To elucidate the amount of TiC acting as heterogeneous nucleation site particles for grain refinement in
Ti-6Al-4V, Hetero-3D mission was conducted by melting and solidifying samples in the electrostatic levitation
furnace in the International Space Station (ISS-ELF). Due to the limited number of the space experimental
samples, the method to estimate grain counts in the entire sample, N3, with minimal sample loss was required.

This study aims to propose the method of obtaining Nsp from a cross section of the ISS-ELF sample.

2. Experimental Procedures

Ti-6Al-4V powder with 5 mass% TiC particles was melted and solidified in the ISS-ELF. A spherical
sample with a diameter of 2.26 mm was obtained. A cross section of the sample was obtained by a diamond
wire saw and a polishing machine. Furthermore, a prior-p grain map of the cross section was obtained by an
electron backscatter diffraction (EBSD) analysis with a step size of 2 um.

The Voronoi tessellation (VT), which divides the regions by perpendicular bisectors as grain boundaries
between preset sites, was conducted to simulate three-dimensional grain distribution using visualization
software, OVITO. Eleven models were generated by VT with various grain counts per volume, Nv, from
7 to 333. From each model, cross sections at the same depth as the prior-p grain maps were extracted.
Subsequently, the average grain areas on the cross section, Ao, were calculated with dividing grain counts

by the cross-sectional area.
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3. Results

The dimensionless distance from a spherical center to a cross-sectional center, d, was 73 % of spherical
radius. The prior-f grain map is shown in Fig. 1(a). Grains on the sample surface, surface-grain, had 0.12 mm?
of an average area, Agyface- It Was six times as large as that of grains not on the surface, inside-grain, with 0.02
mm? of an average area, Aj,giqe- The relationship between Nvand A, is shown in Fig. 1(b). The value of Nv

decreased exponentially with increasing Ayoro. Applying Agurface and Ajpsigeto Fig. 1(b), Nv of surface-grain,

Nv-surface, and inside-grain, Nv-inside, Wwere obtained as 10 mm- and 285 mm respectively.
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Figure 1. Analytical results with the cross sections at 73% of d in the sample and VT models. The
highlighted grains with white and black in (a) indicate surface-grain and inside-grain, respectively.
The graph in (b) shows Nv, assuming uniform grain size with the average grain area.

4. Discussion

Because the sizes between areas of surface-grain and inside-grain were extremely different, the value
averaged for all grains in the cross section should not be uniformly applied to Fig. 1(b). By applying Agyrface
and Ajngge separately to Fig. 1(b), Nv was obtained for surface-grain and inside-grain respectively. The equation

summarizing obtaining the grain counts was as follows.

A3/2 A3/2
surface insid
N3D = Vsample 3/2 3/2 Nv—surface + 3/2 =t 3/2 Nv—inside (1)
Asurface + Ainside Asurface + Ainside

where Asurface and Ainside were total area of surface-grain and inside-grain respectively. Eq.1 showed 299 of Nap.

5. Conclusion

To propose a method for estimating Nsp from a cross section of ISS-ELF sample, EBSD analysis and VT
were conducted. By applying Asurface and Ainside from the prior-f grain map and Nv-surface and Nv-inside from Nv-
Ayoro graph to Eq. (1), Nap was estimated to be 299.
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