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The Influence of Manganese on Phase Formation
In the Al-fe-S1 System

Introduction products from aluminum alloys of local con-
Today, the Republic of Kazakhstan has a tent, subject to the updating of the moderniza-
high potential for the development of produc- tion of current production or the creation of a

tion, processing and production of finished = new group of aluminum alloys. For this, all the HEM
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necessary resources are available, namely:
the availability of raw materials, fairly cheap
electricity, rising prices for metal.

One solution to this problem is the use of
modern technological solutions to create a
group of aluminum alloys from domestic raw
materials.

The manufacture of products from alumi-
num alloys with improved performance char-
acteristics is one of the current areas of mod-
ern materials science. One of the promising
technologies for producing such alloys is ad-
ditive technologies (layer-by-layer synthesis
technology). This technology makes it possible
to significantly speed up the solution of prob-
lems of technological preparation for the pro-
duction of finished products, namely, it allows
the use of deformable aluminum alloys to pro-
duce complex-profile products.

The Al-Fe-Si system has been widely stud-
ied for a long time [1-3]. This system is of con-
siderable interest, since iron and silicon are the
most common impurities in aluminum alloys.
In aluminum alloys, these elements usually
form hard and brittle ternary phases. This af-
fects the chemical and mechanical properties
[4]. Aluminum alloy is improved by chang-
ing the chemical composition and processing
method [5]. Iron is the most common and
harmful impurity element in aluminum alloys
due to the formation of iron-containing inter-
metallic compounds, which negatively affect
the mechanical properties of aluminum alloy
components [6]. The most harmful intermetal-
lic compound in Al-Si-Fe alloys is the S-phase
(B-AlsSiFe) [7]. B-AlsSiFe has a negative effect
on the mechanical properties of the aluminum
alloy, since it forms hard and brittle needles.
To change the morphology of B-particles, tran-
sition metal additives (Mn, Cr, Zr, Ni, Be, V, Co,
Ti) are used. Mn is most often used, since it is
the most effective [8]. The addition of manga-
nese affects the microstructural morphology,
hardness, mechanical properties and fracture
behavior [9]. Microchemistry has a significant
effect on the recrystallization grain structure
and texture after isothermal annealing of Al-
Mn-Fe-Si alloys [10]. The addition of manga-
nese stabilizes @-particles due to the exchange
of manganese atoms for iron atoms. This leads
to a transition of the S-phase to a cubic mor-
phology [11]. Increasing the Mn content im-
proves the mechanical properties [12, 13].
Small additions of Mn prevent the formation
of the [B-phase, causing the formation of less
harmful intermetallics. The Mn:Fe ratio up to
0.5 changes the morphology of [B-particles
from needle-shaped to polygonal in Al-Si alloys
[14]. It is of interest to consider the influence
of manganese on the phase composition of in-

I termetallic alloys of the system. The aim of this

study is to determine the effect of manganese
at different Mn:Fe ratios on phase formation in
the Al-Fe-Si system with high content of both
silicon and iron.

Material and research methodology

At the initial stage, when choosing an alu-
minum alloy, it was decided to consider an Al-
Fe-Si alloy with the addition of manganese as
an alloying element. For this purpose, funda-
mental research was carried out on the opti-
mal choice of manganese concentration and
its effect on the formation of iron-containing
phases responsible for high mechanical prop-
erties. Using Thermo-Calc (version TCW8, da-
tabase TTAL 8.2) program a system based on
aluminum was analyzed in order to determine
the concentration limits for the appearance of
primary crystals of Mn-containing phases.

The results obtained and their discus-
sion

The Al-Fe-Si-Mn diagram has a very com-
plex structure and includes five Fe-containing
phases. Conventionally, the section was divid-
ed into 3 concentration regions at which the
maximum transition of phase a@ (AlgFe,Si) to
phases 8 (AlsFe,Siy) and @w, (AlisSioMny).

Crystallization of the alloy begins with the
formation of the #,, (compound, %: 59,51Al,
39,6Fe, 0,82Si) phase and Tgw, (compound, %:
51,05Al, 33,89Fe, 15,05Si).

Next, at a temperature of approximately
780°C, crystallization of phase begins @ (com-
position, %: 57,11Al, 32,55Fe, 10,33Si. Phase
@ has a fairly narrow crystallization interval
and its formation is suppressed by the forma-
tion of phase 8, which is an extremely undesir-
able process, since the presence of this phase
in the alloy significantly worsens the mechani-
cal characteristics of the future alloy.

Phase /8 (AlsFe,Si,) is the most harmful, re-
ducing the mechanical properties of aluminum
alloys. In particular, platelet or needle-shaped
AlgFe,Si, phases not only decompose the ma-
trix, but also promote the formation of casting
defects such as pores and shrinkage porosity.

These phases easily cause stress concen-
tration and crack propagation, thereby becom-
ing the weakest areas in Al-Si alloys. As can be
seen from the section, it is impossible to com-
pletely get rid of the 8 phase (13-16, 19-22,
24-41 areas); moreover, this phase suppress-
es the @ phase, which is a very undesirable
process.

At the same time, the formation of a phase
is observed throughout the entire cross sec-
tion of the section aw, (5-18, 21-28 region).
Phase A|15Mn3Si2 (26,30/0Mn, 8,90/OSi), denot'
ed in the same way as Al;,Mn,Si, Al;;MnsSi,
AlgMn,Si; s, @ (MnSi) or @, exists in the region
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of homogeneity 25-29%Mn, 8-13%Si. Phase
Qv has a skeletal shape and has a less harmful
effect on the mechanical properties of the alloy
compared to other phases. Primary crystals of
this phase have the shape of equiaxed poly-
hedra; they often form clusters. This phase
has a cubic lattice (the most favorable for fur-
ther deformation of the alloy) (space group
Pm3, 138 atoms in a unit cell) with parameter
a=1,265-1,268 nm or 1,260 nm. The phase
density is 3,55 g/cm3, and the microhardness
at room temperature is 8,8 GPa. The solubility
of manganese in the Al;sMnsSi, phase is 0,7-
0,8% [15].

It is also necessary to note the brittle phase
Tsmn, Which precipitates throughout almost the
entire region of the alloy, but in small quanti-
ties (within 1-2% with a manganese content of
approximately 25%). It can be assumed that
at such low concentrations this phase can pre-
cipitate either along the grain boundaries, or
will precipitate in the form of individual dis-
persed particles and thereby have a positive
effect as a strengthening additive.

Phase diagrams do not fully give us an idea
of the relationship between the phases includ-
ed in each area of the diagram, i.e. one region
may consist of several phases, but the ratio
of each individual phase in this region is un-
known. Therefore, further composition curves
for the Al-Fe-Si-Mn alloy with variable manga-
nese and iron content were constructed. The
construction of such composition curves makes
it possible to predict the amount of a particular
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phase at a certain temperature. Such curves
are necessary in the future when developing
heat treatment regimes.

Composition curves were constructed for
manganese contents of 5, 15, 25%, respec-
tively (Figure 2).

With a manganese content of 5% at a tem-
perature of 780°C, the maximum content of
the « phase is formed within 38%, then de-
creases to 28% at a temperature of 480°C,
further this phase is not observed. Those the
region of existence of the @ phase is the tem-
perature range within these limits. At manga-
nese contents of 15% and 25%, no evolution
of the @ phase is observed.

With a manganese content of 5% [ (Al9Fe-
2Si2), the phase is formed at a temperature
of 620°C and the transformation proceeds up
to room temperature and its content reach-
es 82%.With a manganese content of 15%,
phase separation occurs in the temperature
range of 500°C and up to room temperature,
the maximum content is approximately 58%
at 200°C. With a manganese content of 25%,
this phase has a fairly narrow crystallization
range (400-50°C) with a maximum content of
18% at room temperature.

With a manganese content of 5% au,
(Al;5Si,Mn,), the phase is formed at a tempera-
ture of 820°C and the separation ends at a
temperature of 380°C, the maximum content
of this phase is observed at a temperature of
620°C, approximately 92%. With a manganese

content of 15%, phase separation occurs in the HEHl
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temperature range of 810°C and up to room
temperature. Moreover, the maximum content
of almost 100% is observed in the tempera-
ture range of 810-500°C; a further decrease in
temperature reduces the concentration of this
phase to 12%.

With a manganese content of 25%, this
phase, on the contrary, has a fairly wide crys-
tallization range (810-50°C), the maximum
content of 98% is formed in the temperature
range 790-380°C. A further decrease in tem-
perature entails a decrease in the concentra-
tion of this phase to 64% at room temperature.

Thus, we can conclude that the @ phase is
transformed into the 8 and a@w, phases in areas
of elevated temperatures (810-380°C) with an
optimal manganese content of 5%. A further
increase in the manganese concentration is
impractical, since it does not affect the forma-
tion of the @ phase.

Next, we plotted the dependence of the
mass fraction of solid phases on temperature
during crystallization of the Al-Fe-Si-Mn alloy,
calculated using the Thermo-Calc program
(version TCW8, TTAL8.2 database), shown in
Figure 3. The dotted lines show nonequilibrium
crystallization.

At a manganese content of 5 and 15%,
crystallization of the 0, (Al;sFe,) phase begins
primarily from the liquid phase (Figure 3a, b).
This phase is one of the most complex struc-

I tures of intermetallic compounds, having a

monoclinic unit cell. Silicon is added to prevent
the formation of 8, phase particles and to en-
sure precipitation of the AlgFe,Si phase into
the alloy. Next comes the separation of the @u,
phase in parallel with the phases of the 7 com-
position. And just from this cooling curve it can
be assumed that the 7 phases will precipitate
in small quantities along the grain boundaries
of the aw, phase, thereby increasing the tech-
nological properties of the alloy with further
plastic deformation.

At a manganese content of 25%, the Tgu,
phase (composition, %: 51.05Al, 33.89Fe,
15.05Si) primarily crystallizes, presumably in
the form of dispersoids. Next comes the pre-
cipitation of the au, phase up to 550°C, and the
crystallization of the 8 phase is minimal, which
is most likely explained by the wide range of
crystallization of the aw, phase. Also in the
structure there is the presence of structurally
free silicon (crystallization range 600-550°C).

Conclusions

Using the Thermo-Calc software package
(version TCW8, TTAL8.2 database), an exper-
imental calculation was carried out to deter-
mine the optimal concentration of manganese
as an alloying element when producing an alu-
minum-based alloy.

The @ phase we are interested in has a fair-
ly narrow crystallization range and its trans-
formation is suppressed by the undesirable
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B phase. Accordingly, it was decided to add = a@w, phase; it has a fairly wide crystallization
manganese as an alloying additive in order to = range and helps suppress the formation of the
suppress the formation of the 8 phase. With a /3 phase. A further increase in manganese con-
variable manganese content of up to 5%, the centration does not entail significant changes.
@ phase is completely transformed into the
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