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Effect of TiB, Particle Size on the Refinement of
the Aluminum Cast Structure by Adding Al-Ti-B Grain Refiner™

Akihiro Minagawa * *

The casting defects such as shrinkage porosities and hot tears are reduced by grain refinement in cast

products. The Al-Ti-B grain refiner is added to the molten aluminum during a casting process to achieve

the fine grain structure. The Al-Ti-B grain refiner shows a good grain refinement effectiveness, however

the risk of increaseing the inclusions is involved. Therefore, it is required to reduce the usage of the

grain refiner. The optimization of the usage of the grain refiner is difficult, because the inoculation

efficiency varies depending on the manufacturer, content and lots. Free growth model proposed by Greer

suggests that the TiB, particle size distribution is one of the factors that change the inoculation

efficiency. On the other hand, the effect of the particle size distribution have not been verified by

experiment and/or calculation using multiple grain refiners. In this study, a grain size prediction model

was developed in order to clarify the cause of the variation of the inoculation efficiency. The calculation

results were compared with the experimental data which was obtained by TPI test.
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Table 1 List of grain refiners used in the experiments.

Manufacturer Content (mass%)
Grain refiner A X Al-5Ti-1B
Grain refiner B Y Al-5Ti-1B
Grain refiner C X Al-5Ti-0.2B
Grain refiner D Y Al-5Ti-0.2B
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Table 2 The material parameters used in the calculation®.

Symbol | Units | Value
Solid-liquid interfacial energy osL m]/m? 158

Physical property value

Entropy of fusion per unit volume | ASy []J/K m?|1.11x10°
J/m® | 950%10°

Heat capacity of melt per unit Co |J/K m?| 258x10°
volume

Diffusion coefficient (Ti in Al) Ds m%/s |252x107

Enthalpy of fusion per unit volume | AHy

Table 3 The solute element parameters used in the

calculation®.
Solute element | 7/(K/mass%) k/- Cy/mass%
Fe -2.925 0.03 0.10
Si -6.62 0.12 0.03
\% 9.71 3.33 0.0150
Ti 25.63 7.00 0.0044

) Al5Ti-1B (b) AL5Ti-02B

Fig. 1 Microstructures of the grain refiner.

(a) SEM image (b) Measured particles

Fig. 2 Result of the image analysis.
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Fig. 3 TiB; particle size distributions and log-normal
distribution (x, = 0.67, In o = 0.52).

Fig. 4 Experimental results of TP1 test.
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