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The work was performed at the laboratory on semi-continuous casting unit (SCCU) of the Institute of Non-Ferrous
Metals and Materials Science of SFU in order to carry out comparative studies of the modifying ability of Al — 5Ti — 1B
ligature and a promising modifying ligature Al —-3La — 1.5B. Casting and modification of experimental flat ingots was
carried out according to the casting modes, which provide the parameters of the cast workpiece structure as close as
possible to the parameters obtained in industrial conditions for ingots with a thickness of at least 300 mm. The paper
presents the results of quantitative analysis of the microstructure of Al — 5Ti — 1B and Al — 3La — 1.5B ligatures. The
paper shows that when 8079 aluminum alloy is modified with Al - 5Ti — 1B ligature rod at the rate of 0.5-1.5 kg/t metal,
the average grain size decreases from 190 to 129 um and there is a zone of columnar crystals, but at the rate of
2-2.5 kg/t metal, the grain size decreases to 100 and 90 um, respectively, with the complete absence of columnar
crystals zone. The paper shows the results of the experiment on modification with Al - 3La — 1.5B ligature at ligature
bar consumption from 0.5-1.5 kg/t metal, where the average size in the obtained ingot samples was from 180 to 100 um,
but at modifier consumption from 2-2.5 kg/t metal the average grain size decreases to 99 and 86 um, respectively.
The paper shows that, according to the results of the experiments, the modifying ligature Al - 3La — 1.5B has better
modifying ability in comparison with the ligature Al — 5Ti — 1B regardless of oxide film contamination and higher amount

of non-metallic inclusions.
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Introduction

luminum and alloys based on it have unique char-

acteristics that allow them to successfully compete

with traditional construction materials and find
application in various spheres [1]. Due to the fact that
aluminum alloys are strong, corrosion-resistant, can be
cut and welded, blanks made of them are widely used in
many industries — shipbuilding, aircraft construction, car
construction, etc. [2]. One of the promising areas in the
production of aluminum alloys is casting for rolling pro-
duction, which is not always ready to fulfill the ever-in-
creasing quality and property requirements of customers.
Therefore, the development of technical and technologi-
cal solutions to ensure the required level of quality of alu-
minum alloy ingots for rolling production is undoubtedly
an urgent scientific and technical problem [4].

At present, for grain refining in aluminum alloy ingots
produced by semi-continuous casting, bar modifying liga-
tures based on Al — Ti — B and Al — Ti — C systems are
mainly used, however, as production experience shows, it
is not always possible to obtain a fine-grained and homo-
geneous structure throughout the ingot volume when
using these ligatures [3—5]. The effect of modification
with these ligatures is achieved due to the intermetallic
phases contained in them, which allow to create addi-
tional crystallization centers — Al;Ti and TiB, [6, 7].

Along with modifying particles Al,Ti and Tib,, rare earth
elements and their compounds, e.g. Sc, Y, Re, In, Yb,
etc., are also becoming popular due to their strong sur-
face-active properties. One of such elements is La as the
most economically accessible one [8—12].

The purpose of the work is to carry out comparative
studies of the modifying ability of Al — 5Ti — 1B ligature
and a promising modifying ligature Al — 3La — 1.5B.

Methodology of the experiment

Al — 5Ti — 1B rod ligature, produced by KBM Affilips
(Netherlands) [13] and Al — 3La — 1.5B ligature rod pro-
duced by Fengyuen Al.Grain Refiner [14] were selected as
the object of study.

An inverted metallographic microscope ZEISS Axio
Observer (OM - optical microscopy) with the program
complex of metallographic analysis Thixomet.PRO was
used to study the microstructure of samples and the qua-
lity of modifying ligature.

Experiments on the evaluation of modifying ability
were carried out in laboratory conditions of the Siberian
Federal University at the semi-continuous casting unit
(SCCU). The process flow diagram is presented in Fig. 1.
Studies were carried out at identical technological param-
eters using aluminum alloy, the chemical composition of
which corresponds to 8079 grade (Table 1).
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Table 1
Chemical composition of 8079 alloy
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“eement | 5 | Fe | wn | Mg | & | P | | zx | n | o | A |

wt. % 0.06 1.04 0.02 0.004 0.0003

The alloy was produced by synthetic method in the
induction furnace IAC-0.16 (Fig. 2) with charge material
loading of 50 kg. per one melting. Aluminum grade AS85,
as well as alloying and modifying additives correspond-
ing to GOST R 53777—2010 were used as the base of the
alloy. The chemical composition of the alloy was analyzed
on an optical emission spectrometer “Foundry master
lab”. During the experimental melts, the temperature of
the molten metal in the induction furnace was 850 °C,
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Fig. 2. Semi-continuous casting unit (photo by authors)
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Table 2
Test matrix at the SCCU
Ligature consumption, kg/t.
Al-5Ti—- 1B 0 0.5 1 1.5 2 2.5
Al -3La-1.5B 0 0.5 1 1.5 2 2.5
Atemplet
Hot top for the study Bottom metal
400 mm

Fig. 3. Scheme of templet sampling for research

in the mixer 750 °C and 700-705 °C on the casting ma-
chine table. After reaching the required chemical compo-
sition, the melt was poured into a rotary mixer, where the
addition of modifying ligature (Fig. 2) Al — 5Ti — 1B and
Al — 3La — 1.5B with different concentration of modi-
fier was carried out. Feeding of the prepared alloy into the
crystallizer of the casting machine was carried out from
the mixer, the speed of inclination of which automatically
varies depending on the casting speed of the ingot and the
level of molten metal in the crystallizer (Fig. 2).

Templates for grain size analysis were taken from a flat
ingot with a cross section of 60x200 mm. at a distance of
400 mm from the bottom of the ingot (Fig. 3). All
obtained macrostructures were analyzed using a
Carl Zeiss Stemi 2000C stereomicroscope.

In accordance with the purpose of the work,
the number of experiments was determined, tak-
ing into account the controlled parameters. Test
matrix is presented in Table 2.

Results and Discussion

The microstructure of the investigated modi-
fying ligatures is presented in Fig. 4. The micro-
structure of Al — 5Ti — 1B ligature shows homo-
geneous distribution of intermetallides along the
ingot cross-section (Fig. 4, a). The average size
of small uniformly distributed Al;Ti particles
reaches 45 um, the size of large particles corre-
sponds to 70 um. The average size of TiB, parti-
cles that will be the center of crystal nucleation
is 2.77 pm. Agglomerates of TiB, inclusions are
drawn into lines, the size of which is in the range
of 25—100 um. (Fig. 4, a). Titanium diborides,
which are not bound in agglomerates, have sizes
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up to 5 um. The average size of non-metallic
inclusions in the ligature bar was 8§ um and
the maximum size was 112 um. The results
of quantitative analysis of the microstructure
of Al — 5Ti — 1B ligature rod are presented
in Table 3.

On the microstructure of Al — 3La —
1.5B ligature rod (Fig. 4, b), the LaB, phase
has a pink color, inclusions of Ti,C Al im-

purity particles (with traces of Fe, La, V) of

Fig. 4. Typical microstructure of investigated ligatures (magnification x500): gray color have the form of polyhedrons.

a— Al — 5Ti — 1B ligature rod, b — Al — 3La — 1.5B ligature rod

Table 3
Results of quantitative analysis of Al - 5Ti— 1B
microstructure

Unit of measurement Analysis result

Max, um
Al Ti

average, um

Max, um
TiB, !

average, um
Size of particle Max, um
clusters TiB, average, um
Non-metallic Max, pm
inclusions average, um

70
45
5.02
2.77
100
25
112

The average size of LaB particles, which
will be the center of crystal nucleation is
1.15 um, TinyAlz 0.63 um. They are located mainly in
association with each other, distributed unevenly along
the cross-section in the form of individual small and en-
larged crystals, as well as in the form of multiple coarse
string clusters oriented along the deformation direction
of the ligature bar. Oxide films are present in the ligature
with a maximum size of 109 um, with an average oxide
size of 28 um. The average size of non-metallic inclusions
in Al — 3La — 1.5B ligature was 18 pm, with a maximum
size of 354 um. The results of quantitative analysis of Al —
3La — 1.5B rod ligature are presented in Table 4.
According to the results of the modifying ligatures
microstructure study, it was found that in the Al — 5Ti — 1B

0 kg/t

1.5kg/t
129 +5um

0.5kg/t 1.0 kg/t
190 £5um 1507 um

2.0 kg/t 2.5kg/t
100 £3 um 90+£2um

Fig. 5. Effect of modification by Al — 5Ti — 1B ligature with different concentration of modifier
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390 + 15 um

1.5kg/t
1164 um
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2.0kg/t
99+ 3um

1.0 kg/t
140 + 4 ym

2.5kg/t
86+2um

Fig. 6. Effect of modification with Al — 3La — 1.5B ligature with different modifier concentration

Table 4
Results of quantitative microstructure analysis
of Al - 3La - 1.5B

Unit of measurement Analysis result

Max, um 1.37
LaBg
average, um 1.15
Max, pm 0.75
Ti,C Al

average, um 0.63

Max, um 109

Oxide films

average, um 28

Non-metallic Max, um 354
inclusions average, pm 18

ligature rod refractory intermetallic particles of titanium
boride (TiB,) with melting point of 3230 °C have an aver-
age size of 2.77 um, and in the Al — 3La — 1.5B ligature rod
refractory particles are lanthanum borides (LaB) with melt-
ing point of 2740 °C and an average size of 1.15 um. Since
the average particle size of LaBy is smaller than the average
particle size of TiB,, it can be concluded that the promising
modifying ligature Al — 3La — 1.5B has better modifying
ability [15].

To confirm these results, comparative studies of the
modifying ability of Al — 5Ti — 1B ligature (Fig. 5) and
a promising modifying ligature Al — 3La — 1.5B (Fig. 6)
have been carried out.

The results of the study of modifying ability of Al —
5Ti — 1B ligature (Fig. 5) at consumption of ligature rod
from 0.5 kg/t to 1.5 kg/t shows that the sample structure
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160 |180=

— Al-5Ti-1B

5047 —— Al-3La-1.5B

140 -
120
100 |-

80 1 1 1
0.5 1.0 1.5 2.0 2.5

Ligature consumption, kg/t

Fig. 7. Change in grain size as a function of modifier consumption

is represented by predominantly equiaxed uniformly
distributed grains with average grain sizes from 190 to
129 microns, which are surrounded by a zone of colum-
nar crystals at the edges. At modifier consumption from
2 kg/t to 2.5 kg/t the highest modification efficiency is
achieved and the absence of columnar crystals zone with
uniform distribution of grains with average grain size
from 100 to 90 microns is observed on the whole inves-
tigated surface, respectively. The results of research of
modifying ability of Al — 3La — 1.5B ligature (Fig. 6) at
consumption of ligature rod from 0.5 kg/t to 1.5 kg/t
shows that the structure of the sample is represented
mainly by equiaxed evenly distributed grains of metal,
with no zone of columnar crystals and with grain sizes
from 180 to 100 microns, respectively. At modifier con-
sumption from 2 kg/t to 2.5 kg/t, very high modification
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efficiency is achieved and no columnar crystal zone is
observed over the entire surface under study with uniform
distribution of grains with average grain size from 99 to 86
um, respectively.

The results of comparative studies of modifying ability
of Al — 5Ti — 1B ligature and promising modifying liga-
ture Al — 3La — 1.5B are shown in the graph (Fig. 7), the
abscissa axis shows the ligature consumption in kilograms
per ton, the ordinate axis shows the average grain size in
micrometers.

Conclusion

According to the results of the study of modifying liga-
tures, it was found that in the Al — 5Ti — 1B ligature rod
refractory intermetallic particles of titanium boride (TiB,)
have an average size of 2.77 um, and in the Al — 3La —
1.5B ligature rod refractory particles of lanthanum boride
(LaBg) have an average size of 1.15 pm, which is 2.5 times
smaller.

In the course of experiments it was found that at the
consumption of ligature rod Al-5Ti-1B from 0.5—1.5 kg/t
macrostructure of the obtained samples is represented
mainly by equiaxed uniformly distributed grains with
average grain size from 190 to 129 microns, respectively,
with a zone of columnar crystals at the edges. At the con-
sumption of this modifier from 2—2.5 kg/t the highest ef-
ficiency is achieved and the average grain size is from 100
to 90 microns, respectively.

Macrostructure of samples modified with Al — 3La —
1.5B ligature at ligature bar consumption from 0.5—1.5 kg/t
is represented by equiaxed uniformly distributed metal
grains with average grain size from 180 to 100 microns.
At modifier consumption from 2—2.5 kg/t, very high
modification efficiency is achieved with average grain size
from 99 to 86 microns, respectively.

According to the experimental results, it can be con-
cluded that the modifying ligature Al — 3La — 1.5B, re-
gardless of contamination by oxide films and a higher
number of non-metallic inclusions, has a better modifying
ability at a consumption of 0.5—1.5 kg/t, which is con-
firmed by experiments conducted in the laboratory condi-
tions of the Siberian Federal University at the semi-con-
tinuous casting unit (SCCU). Thus, the use of modifying
ligature Al — 3La — 1.5B in comparison with ligature Al —
5Ti — 1B allows to obtain ingots with lower metal grain
size. These studies were conducted on a laboratory unit
and the tasks of the research team did not include finding
out the economic effect of the implemented development,
but the authors assume that the implementation of the re-
search results will potentially increase the competitiveness
of finished products. Since research on this subject is still
ongoing, it will be possible to discuss economic efficiency
when the proposed technology is implemented at a spe-
cific production facility.

The study was funded by the Russian Science Foundation
grant No. 24-29-00053, https://rscf.ru/project/24-29-00053/.
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