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Abstract The chemical composition, microstructure, and grain refining perfor-
mance of high-quality Al–5Ti–1B master alloy were investigated. The results show
that the content of alloying elements Ti and B in theAl–5Ti–1Bmaster alloy is stable.
The content of impurity elements Fe, Si, V, and K is very low. The microstructure
of Al–5Ti–1B master alloy is uniform, fine and no oxide inclusions. The average
size of TiAl3 and TiB2 phases is 16.7 and 0.73 μm, respectively. By adding 0.2 wt%
Al–5Ti–1B master alloy, the grain size of pure Al has been refined to 75.7 μm,
showing an excellent grain refining efficiency, strong ability to anti-fading and good
adaption to a wide range of aluminum-melt temperature.

1 Introduction

In the industry producing aluminum and its alloys, it is often first critical to obtain
a fine equiaxed grain structure by adding grain refiner [1, 2]. A variety of benefits
could be achieved such as an improvement of mechanical properties, formability and
machinability, and so on. The Al–5Ti–1B master alloy becomes the most commonly
used grain refiner. As reported that 75% of the product of aluminum and its alloys has
been added the grain refiner of Al–5Ti–1B master alloy [3]. Various quality grades
of Al–5Ti–1B master alloy are selected to produce different aluminum products.
As to the high-precision aluminum product such as foil, cans and PS version, the
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Al–5Ti–1B master alloy needs a higher requirement of metallurgical quality and
grain refining performance.

However, the production of high-quality Al–5Ti–1B master alloy rods is difficult.
Traditionally, the high-quality Al–5Ti–1B master alloy rods are mainly imported
from abroad [4]. In recent years, we have successively developedmultilayermultifre-
quency coil electromagnetic induction melting technology, purification technology
of alkaline earth metal fluoride melt and high-strain high-speed continuous casting
rolling technology [5–7]. The quality of the Al–5Ti–1B master alloy rods produced
by us has reached the international leading level.

Thus, in this paper, the chemical composition, microstructure, and grain refining
performance of the high-quality Al–5Ti–1B master alloy rods produced by us has
been investigated. It could be meaningful for grain refiner manufacturers and alu-
minum processing enterprises in selecting and using high-quality Al–5Ti–1B master
alloy rods.

2 Experimental Procedure

Three batches of Al–5Ti–1B master alloy rods with a diameter of 9.5 mm produced
by our research group were investigated. The chemical composition of the alloy
rods were analyzed by JY-ULTIMA2 inductively coupled plasma atomic emission
spectroscopy (ICP-AES), and the results are listed in Table 1. The microstructures
were observed by Leica DMI3000M optical microscopy (OM) and the morphology
and size of the TiAl3 and TiB2 particles in the microstructure was further observed
and measured by JCXA-733 scanning electron microscopy (SEM).

Industrial pure aluminum (99.7 wt%) was used to perform the grain refining per-
formance of the Al–5Ti–1Bmaster alloy rods. It was melted in a well-type resistance
furnace with a graphite crucible and cast into a cylindrical steel mold (outside diam-
eter × height × thickness: 75 mm × 25 mm × 5 mm) with a silicon dioxide foam
[8]. Three experiment groups were designed. The first group: four different contents
of 0.05, 0.1, 0.2, and 0.3 wt% Al–5Ti–1B master alloy rods were added into the
aluminum melt when the temperature was 720 °C, respectively. After 10 min of
stirring and holding, the melt was cast into the mold. The second group: six dif-
ferent holding times of 1, 2, 10, 30, 60, and 120 min were processed after addition

Table 1 The chemical
composition of the
Al–5Ti–1B master alloy rods

Batch Content (weight percentage, wt%)

Ti B Fe Si V K

1 5.12 1.09 0.10 0.081 0.011 0.028

2 5.09 1.06 0.11 0.090 0.013 0.027

3 5.11 1.05 0.11 0.093 0.021 0.031

Average 5.11 1.07 0.11 0.088 0.015 0.029
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of 0.2 wt% Al–5Ti–1B master alloy rods when the melt temperature was 720 °C,
respectively. The third group: four different melt processing temperatures of 690,
720, 750, and 780 °C were selected to add 0.2 wt% Al–5Ti–1B master alloy rods,
respectively. After 10 min of stirring and holding, the melt was cast into the mold.
After casting, the aluminum ingots were sawed off along the middle axle. The grain
structures were observed after grinding, polishing and etching with a strong mixed
acid solution (70 ml HCl + 25 ml HNO3 + 5 ml HF) of the half ingots and average
grain sizes were measured by quantitative metallography method.

3 Results and Discussion

3.1 Chemical Composition

The contents of alloying elements and main impurity elements of the Al–5Ti–1B
master alloy rods are listed in Table 1. It indicates that the content of Ti and B
elements in the three batches of Al–5Ti–1B master alloy rods are relatively stable,
with an average value of 5.11 and 1.07 wt%, respectively. In order to avoid secondary
pollution of the aluminum melt which influences the quality of aluminum products,
the content of impurity elements Fe, Si, V, and K needs to control. For example, the
production of high precision aluminumproducts such as foil, cans, and PS version the
content of impurity elementswithinAl–5Ti–1Bmaster alloy rods is as lower as better.
As shown in Table 1, the impurity elements Fe, Si, V, and K in the Al–5Ti–1Bmaster
alloy rods has an average value of 0.11, 0.088, 0.015, and 0.11 wt%, respectively.
They are far less than that of the standard Al–5Ti–1B master alloy rods in China. In
addition, they are also lower than that of the Al–5Ti–1B master alloy rods produced
by theEnglandLSM,DutchKBW,SpainAleastur, and SouthKorea SLMcompanies.

3.2 Microstructure

Figure 1 shows the microstructures and EDX analysis of the Al–5Ti–1Bmaster alloy
rods. It consists of TiAl3 and TiB2 particles and without oxides or inclusions. The
TiAl3 particles are in block-shaped or plate-shaped and have a uniform average size
of 16.7 μm (Fig. 1a, indicated by black arrows). The TiB2 particles are dispersedly
distributed in the α-Almatrix with an average size of 0.73μm, and themaximum size
of its agglomerate is less than 5 μm (Fig. 1a and b, indicated by white arrows). Their
size, shape, and distribution could take an important effect on the grain refinement
performance of the Al–5Ti–1B master alloy rods, and thus the quality of aluminum
products. The fine block TiAl3 phase and dispersion of fine granular TiB2 particles
could enhance the grain refining effect, while coarse TiAl3 phase and TiB2 particles
would reduce it [9]. In addition, the coarse TiB2 particles and its agglomeration
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Fig. 1 Microstructures (a, b) and c, d EDX analysis of the Al–5Ti–1B master alloy rods

are ready to cause defects such as pinhole, tear and scratch on the surface of high
precision aluminum products such as foil, cans, and high-grade PS version.

3.3 Grain Refining Performance

The as-cast grain structure of the industrial pure aluminum ingot without the addition
of the Al–5Ti–1B master alloy rods is shown in Fig. 2. It mainly consists of coarse
columnar crystals and a small part of equiaxed grains in the central zone (diameter
about 10 mm). The average grain size is large of 2800 μm. In addition, within the
surface layer (thickness about 5 mm) relatively smaller columnar crystals are formed
due to the rapid cooling of the steel mold.

The as-cast grain structures of the industrial pure aluminum ingots after adding
different amounts, i.e. 0.05, 0.1, 0.2, and 0.3 wt%, of the Al–5Ti–1B master alloy
rods are shown in Figs. 3, and 4 presents the relationship of the average grain size
and the additive amount. It indicates the coarse columnar crystals (seen in Fig. 2)
are fully transformed into fine equiaxed grains only by a small additive amount of
the 0.05 wt% Al–5Ti–1B master alloy rods (as seen in Fig. 3a). Furthermore, the
average grain size is significantly decreased with the increase of the additive amount
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Fig. 2 As-cast grain
structure of the industrial
pure aluminum ingot without
the addition of the
Al–5Ti–1B master alloy rods

20mm 

up to 0.2 wt% (Figs. 3 and 4). However, further increase of the additive amount up
to 0.3 wt%, the decrease of the average grain size is limited. By the addition of the
0.2 wt%Al–5Ti–1Bmaster alloy rods, the average grain size of the as-cast industrial
pure aluminum ingot has been significantly refined from 2800 μm to 75.7 μm. This
demonstrates that the Al–5Ti–1B master alloy rods produced by our research group
have great grain refining performance.

The effect of holding time after the addition of 0.2 wt% Al–5Ti–1B mas-
ter alloy rods on the as-cast grain structure of the industrial pure aluminum
ingot is shown in Figs. 5, and 6 presents the relationship of the average grain
size and the holding time. It indicates that the average grain size is rapidly
refined from 2800 μm to 88.3 μm after holding time of 2 min (as seen
in Fig. 5a). With the extension of holding time, the average grain size is
continually slow decreased and then slowly increases. Even though the hold-
ing time prolonging to 120 min, the average grain size is only grown up to
109.5 μm. Therefore, the Al–5Ti–1B master alloy rods possess a fast grain
refinement response performance and a high resistance to grain refinement reces-
sion.

In viewof themelt, the temperature could be differentwhen adding theAl–5Ti–1B
master alloy rods in various manufacturers of aluminum and its alloy, the response
ability to different melt temperatures is also one of the important indexes of grain
refining performance [2]. The effect ofmelt processing temperatureswhen adding the
0.2 wt% Al–5Ti–1B master alloy rods on the as-cast grain structure of the industrial
pure aluminum ingots are shown in Figs. 7, and 8 presents the relationship of the
average grain size and the melt processing temperature. It can be seen that fully fine
equiaxed grains are obtained at a wide range of melt processing temperature, i.e.,
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(a) (b)

(c) (d)

Fig. 3 The effect of the additive amount of the Al–5Ti–1B master alloy rods on the as-cast grain
structure of the industrial pure aluminum ingot: a 0.05 wt%; b 0.1 wt%; c 0.2 wt%; d 0.3 wt%

Fig. 4 Relationship between
the average grain size of the
as-cast industrial pure
aluminum ingot and the
additive amount of the
Al–5Ti–1B master alloy rods
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(a) (b)

(c) (d)

Fig. 5 The effect of holding time after the addition of 0.2 wt% Al–5Ti–1B master alloy rods on
the as-cast grain structure of the industrial pure aluminum ingot: a 2 min; b 10 min; c 60 min;
d 120 min

Fig. 6 Relationship between
the average grain size of the
as-cast industrial pure
aluminum ingot and the
holding time after the
addition of 0.2 wt%
Al–5Ti–1B master alloy rods
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(a) (b)

(c) (d)

Fig. 7 The effect of melt processing temperature when adding the 0.2 wt% Al–5Ti–1B master
alloy rods on the as-cast grain structure of the industrial pure aluminum ingot: a 690 °C; b 720 °C;
c 750 °C; d 780 °C

690–780 °C (Fig. 7). The average grain size is almost unchanged at the range of
690–750 °C (Fig. 8). At high melt processing temperature of 780 °C, the average
grain size only has a little increase. Thus, it confirms that the Al–5Ti–1B master
alloy rods possess a high response ability to melt temperature, i.e., it can obtain a
significant grain refining performance at low melt temperature as well as high melt
temperature.
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Fig. 8 Relationship between
the average grain size of the
as-cast industrial pure
aluminum ingot and the melt
processing temperature when
adding the 0.2 wt%
Al–5Ti–1B master alloy rods

4 Conclusions

(1) The main alloying elements Ti and B are relatively stable with an average value
of 5.11 and 1.07 wt%, respectively, and the main impurities Fe, Si, V, and K
are relatively low with an average value of 0.11, 0.088, 0.015, and 0.11 wt%,
respectively.

(2) The TiAl3 particles formed in the Al–5Ti–1B master alloy are in block-shaped
or plate-shaped with a uniform average size of 16.7 μm. The TiB2 particles are
dispersedly distributed in the α-Al matrix with an average size of 0.73 μm, and
the maximum size of its agglomerate is less than 5 μm

(3) The optimal addition of the Al–5Ti–1B master alloy rods is 0.2 wt% and could
significantly refine the average grain size of the as-cast industrial pure aluminum
ingot to 75.7μm. It possesses a fast grain refinement response, high resistance to
grain refinement recession and an adaption for a wide range of melt processing
temperature.
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