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Relationship between TiB: Agglomerate Size and Grain Refinement
Effectiveness of Al-Ti-B Grain Refiner®
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In order to reduce the risk of the casting defects, fine grains are required in the aluminum DC casting
process. It is commonplace to use the grain refiner as a means of obtaining the desired grain structure.
Typical grain refiners are Al-Ti-B system. In this study, TiB, agglomerates in Al-Ti-B grain refiner
were observed by multiscale X-ray computed tomography (CT), which has Micro-CT and Nano-CT. The
grain size of cast sample with grain refiner was calculated by grain size prediction model with TiB,
agglomerate size distribution. The predicted grain size and measured grain size showed good agreement
in case that assuming free growth will initiate on larger TiB, agglomerate prior. Additionally, the TiB,
agglomerates at the center or boundary of a-Al grains were observed by multiscale X-ray CT. The
TiB, agglomerates at the center of grain were larger than these at the grain boundary. Therefore, the
assumption of free growth will initiate on lager TiB, agglomerates was estimated to be valid. From
these results, it was estimated that the grain refinement effectiveness of grain refiner was varied by the
TiB, agglomerate size distribution, and it can be calculated by grain size prediction model with TiB,
agglomerate size distribution.
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Table 1 Experimental conditions of AA-TPI test.
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Table 2 Scanning conditions of Micro-CT and Nano-CT.

Parameters Values Unit
Base metal 99.7 mass%Al
Amount of melt 5 kg
Melt temperature 991 K
Grain refiner Al-5Ti-0.2B mass%
Addition rate of grain refiner 0.35 mass%
Holding time 10 min
Cooling rate 6.4 K-s'!

Parameter Micro-CT Nano-CT
X-ray energy 20 keV 20 keV
Scintillator Gd,0,S: Th™ Lu;ALO,,: Ce”

C12849-SY69701 C13440-20CU
Detector Hamamatsu Hamamatsu
Photonics Photonics
Detector area 2048 x 2048 pixel 1024 x 1024 pixel
Exposure time 50 ms 500 ms
No. of projections 1800 1800
Voxel size (0.459 um)3 421 nm)3
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Table 3 Material parameters used in calculation”,

Physical property value Symbol | Units Value

Solid-liquid interfacial energy s Jom™® | 158%10°
Entropy of fusion per unit volume| A4Sy |J K em® | 111x10°
Jom™® |950x10°
Heat capacity of melt per unit volume| Cpy |J* K'-m™®| 258 x10°
Diffusion coefficient (Ti in Al) Dy m?s? [252x107°

Enthalpy of fusion per unit volume| AH
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Table 4 The solute element parameters used in (a) (b)
calculation”.
Solute element| m/(K mass%) k/- Cy/mass%
Fe -2.925 0.03 0.10
Si -6.62 0.12 0.03
Vv 9.71 3.33 0.015
Ti 25.63 7.00 0.004
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Fig. 1 Microstructure of Al-5Ti-0.2B grain refiner
((a) slice image obtained by Micro-CT,
(b) three-dimensional image obtained by Nano-
CT).
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Fig. 2 Comparison of TiBs size distribution measured as
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Fig. 3 Three-dimensional shape of grains in cast sample
((a) overall view, (b) exclude grains in boundary
area).
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Fig. 4 Comparison of grain size between measured and
predicted values.
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Fig. 5 Measured grains and TiB; agglomerates
((@) grains obtained by Micro-CT, (b) TiBs
agglomerates in the center of grain obtained
by Nano-CT.
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Fig. 6 Measured area of grain sizes ((a) grain boundary
obtained by Micro-CT, (b) example of measured
TiB, agglomerates obtained by Nano-CT).
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Table 5 Comparison of the TiB, agglomerate size at
the grain center and the grain boundary.

. i Number of TiB, agglomerates or
TiB, agglomerate size, particles
driB,/mm - -
Grain center Grain boundary

0.0-1.0 104 32
1.0-2.0 27 10
2.0-3.0 3 0
3.0-4.0 3 0
4.0-5.0 1 0

5.0- 3 0
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