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In this study, heterogeneous nucleation behavior of
L1, cubic structure of Al7NigsTi intermetallic
compound particles having small misfit with fcc Al
was studied. Al-Aly7NigsTi grain refiners were
fabricated by spark plasma sintering (SPS) method
using gas atomized Alx7NigsTi intermetallic
compound particles. Grain refining efficiency of Al
cast by the fabricated grain refiners with L1, structure
nucleation sites was investigated.
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1. Introduction

Grain refinement is widely used in Al foundries to
promote a fine equiaxed grain structure with improved
mechanical properties. Generally, grain refinement of
Al and Al alloys can be achieved by adding grain
refiners, such as Al-Ti, Al-Ti-B and Al-Ti-C alloys
with heterogeneous nucleation sites of AlsTi, TiB; and
TiC particles, into the melt. There should be two
approaches to enhance the refining performance of
grain refiners. One is achieved by increasing the
number of heterogeneous nucleation sites in the melt
[1]. Another one is achieved by decreasing lattice
registry between heterogeneous nucleation site and the
Al [2]. Meanwhile, it is known that alloying with a
certain amount of transition element such as V, Cr,
Mn, Fe, Co, Ni, Cu and Zn causes the transformation
from the DOy, type tetragonal structure of AlsTi into
high-symmetry L1, cubic structure [3-6]. Since the
lattice constant of Al,7Nig3Ti intermetallic compound
with L1, structure is a = 0.394 nm [7], disregistry
value between Al.7NigsTi intermetallic compound
and Al can be calculated to be 2.71 % for all planes,
which is much smaller than that for platelet plane of
AlsTi phase [2]. Therefore, it is expected that the
Al,7Nig3Ti intermetallic compound particle with L1,
structure become favorable heterogeneous nucleation
sites for Al cast. In the previous study, grain refining
performance of Al-L1, type Alx7FeosTi refiner has
been studied [8]. In this study, Alx7NigsTi
intermetallic compound with L1, cubic structure was

chosen as the heterogeneous nucleation site, since the
disregistry value between Alo7NigsTi and Al is
smaller than that of Al,;FeesTi and Al First,
Aly7NigsTi intermetallic compound particles were
prepared by gas atomization. Then, Al-Alx7NigsTi
grain refiners were fabricated by SPS method. The
grain refining performance of fabricated refiners for
pure Al cast was investigated.

2. Experimental Procedure

Al>7NigsTi intermetallic compound particles with
L1, structure were prepared by gas atomization
method. The particles in the range of 75-150 pm were
sintered with pure Al particles by SPS method.
Volume fraction of Al,7NiosTi particles within the
refiner was fixed to be 10 vol.%. Microstructural
evolution for the Al,7NigsTi particles and the refiner
was studied by scanning electron microscope (SEM)
with energy dispersive X-ray spectrometer (EDS).
Phase analysis was carried out by the X-ray diffraction
(XRD) technique using Cu Ka radiation. The refiner
was added into the pure Al melt at 750 °C.
Subsequently, the melt was stirred for 30 s. After a
certain holding time, the melt was poured into a steel
mold. Microstructural obsevations were carried out
with an optical microscope. The mean size of a-Al
grains was calculated by using a mean linear intercept
technige. The mechanical property of Al cast was
evaluated by vickers hardness test.

3. Results and Discussion

SEM microphotograph of Al,7NigsTi particles
prepared by gas atomization is shown in Fig. 1. As
shown in Fig. 1, most of the particles are spherical.
Dendrite structure is also observed on the surface.
EDS and XRD analyses revealed that these particles
have the stoichiometric chemical composition of
Aly7NigsTi and L1, structure.

SEM  microphotograph of the Al-10vol.%
Al 7NiosTi refiner fabricated by SPS method is shown
in Fig. 2. It is seen from the figure that the spherical
shaped particles are successfully embedded within the
Al matrix. Also, the clear interface is shown between



Al>7NigsTi particles and Al matrix. It was also
confirmed that there is no reaction between
Al>7NigsTi particles and Al matrix by analyses of
EDS.

Macrographe of unrefined pure Al sample cast is
shown in Fig. 3 (a). Fig. 3 (b) shows the
macrostructure of Al cast refined by the Al-10vol.%
Al7NigsTi refiner, where holding time is 690 s. The
Al cast without refiner has coarse and inhomogeneous
grains, as shown in Fig. 3 (a). On the other hand, the
grain size becomes smaller and more homogeneous in
the Al cast with the Al-10vol.% Al,7Nio3Ti refiner, as
shown in Fig. 3 (b).

Fig. 4 shows the effect of holding time on the
grain size of a-Al. The grain size of casts added the
refiners reaches to minimum at 690 s and then an
ascending trend with the holding time. Since
Al>7Nio3Ti intermetallic compound phase cannot exist
within the Al matrix in equilibrium state, the
decomposition of Al,7NigsTi intermetallic compound
particles occurs during the casting, which may result
in the fading behavior.

Fig. 1 Backscattered electron composition
image of Al,7Nio3Ti powder.
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Fig. 2 Backscattered electron composition
image of Al-10vol.% Al»7NiosTi refiner.

Fig. 3 Photographs of Al casts with and
without Al-10vol.% Al»7NigsTi refiner.
(@) without refiner, (b) with the refiner
(holding time 690 s)
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Fig. 4 Average grain size of the Al casts
plotted against the holding time.

4. Conclusions

Al-10vol.% Al»7NiosTi refiners are able to be
fabricated by SPS method. The grain size of Al cast
becomes smaller and homogeneous microstructure
could be achieved in the Al casts with the refiners.
Therefore, usefulness as the heterogeneous nucleants
of A|2,7Nio,3Ti was indicated.
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