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ABSTRACT: The aim of this research is to study behavior of the microcrystalline Al-Si alloys modified with
antimony (Sb) and strontium (Sr) at high temperature deformation and the impact of the the deformation
velocity and temperature. The plasticity of alloys is determined by the relative elongation.
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I. INTRODUCTION:

Despite the good qualities of the Al-Si
alloy, its use in the industry as a structural material
is limited due to lack of plasticity. Its mechanical
and technological qualities are determined by the
crystallization velocity. The microstructure of Al-Si
alloys consists primary phase (a-Al) and eutectic of
Al matrix and Si particles. The amount of eutectic in
the microstructure depends on the percentage
content of Si. The morphology of the Si-particles is
lamellar.  Well-known method to improve
mechanical properties is to add chemical modifiers
that affect the formation of microstructures during
crystallization [1, 2, 3, 4]. The morphology of Si
from coarse plastic can be modified into fine
fibrous, which has a beneficial effect on mechanical
characteristics and plasticity. [3, 5, 6].

The general mechanism of chemical
modification is not accepted to explain the
significant microstructural changes when adding
such small quantities of modifiers. One of the
mechanisms suggests that modifier-Al-Si co-
segregations promote twinning by changing the
stacking sequences. Other mechanism suggests that
modifier-Al-Si co-segregations inhibit and restrict
growth of the eutectic Si phase and thus induces a
morphological change in Si-phase (within the Si-
phase at the re-entrant edges of growing surfaces).
[3] Another known mechanism is based on the
atomic adsorbing of modifier atoms at growth from
Si crystal. The change in the sequence of
arrangement forms new twins and locally enables
growth in different directions [7, 8]. Although these
mechanisms provide different characteristics of the
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growth of the eutetic Si-phase, they suggest multiple
twinning reactions and formation of high density of
twins.

The study of the mechanical properties of
microcrystalline alloys provides useful and practical
information about their load behavior and the
influence of thermo-deformation factors. However
proceeding microcrystalline alloys is inconceivable
without studying the mechanical qualities of test
samples with such structure in real size.

Research:

The influence of the temperature T and the
deformation wvelocity ¢ at high temperature
deformation evaluated by the relative elongation
after fracture 6 have been studied for ribbon samples
and compacted samples of Al-11% Si alloy,
modified with antimony (Sb) and strontium (Sr).

The ribbon samples with refined grains are
obtained by selecting the crystallization velocity of
the melt. Five-fold test specimens with a processing
width of 5mm are mechanically cut from the
ribbons. The tensile test is obtained on a solid
kinematic test machine by heating the test
specimens in a salt bath. The temperature is
maintained with accuracy of +2°C, the tempering
time is 30 sec. High temperature deformation of the
specimens is performed while temperature varies in
the range of 450+490°C and the deformation
velocity varies in range of 1.10%+1.107 s™. The
plasticity is determined by relative elongation .

Compacting is performed in two stages:
sealing of the ribbon samples and resulting
compaction. The sealing of the microcrystalline
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ribbon samples is performed by isostatic cold
pressing. The specific pressure is in range of 600 +
650 MPa. The resulting blanks are with diameter of
g40mm and 70+75% density. The resulting
compaction of blanks is carried out by hot extrusion
in heating press form. Extrusion is performed at
T=450°C and two degrees of reduction: 1/12 and
1/25. Five-fold cylindrical test specimens with a
processing diameter of 5mm are made from the

blanks. The tests at room temperature of compacted
samples is carried out on the tensile test machine.

Il. RESULTS:
The data for the obtained grain size at different
composition (Tabl. 1) and the structure of the alloys
(Fig. 1) are shown.

Alloy Grain size [um]
Al-11%Si 0,5
Al-11%Si-0,055%Sh 0,4
Al-11%Si-0,11%Sh 0,5
Al-11%Si-0,22%Sh 0,6
Al-11%Si-0,022%Sr 0,5
Al-11%Si-0,051%Sr 0,5

Tabl.1 The obtained grain size of tested non modified and modified alloys.
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Fig. 1 Microstructure of ribbon samples (TEM): a ) Al-11%Si-0,055%Sb,

b) Al-11%Si-0,11%Sb, c) Al-11%Si-0,22%Sb, d) Al-11%Si-0,022%Sr,
e) Al-11%Si-0,051%Sr.
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The data shows that modifiers don’t change
significantly the size of the grains of the alloys. But
when samples are tested at high temperature
deformation, modified alloys showed significantly
better mechanical properties.

The TEM studies of the alloys shows that
compared with the eutectics of the non modified
alloy Al-11%Si the modification significantly
refines the eutectic. In modified alloys Si-crystals
have a significantly finer structure than the lamelar
structure in the unmodified alloy.

In Fig. 2 is shown the dependence of the relative
elongation on the deformation velocity and the
temperature for test samples of the studied alloys.
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For all alloys the maximum values for J are
at T= 490°C and ¢ = 1.10-3 s-1. The figure also
shows that the Al-11%Si-0,11%Sb alloy shows the
highest plasticity. § increasing as the antimony
content increases. The influence of Sr is similar
because of the increase of the content of Sr plasticity
increases.

The tests at room temperature of
compacted samples is carried out on the tensile test
machine. The results are shown in Tabl. 2.
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Fig. 2 The dependence of the relative elongation on the deformation velocity and the temperature.

Alloy Tensile strength o, [MPa] Relative elongation after fracture &5 [%]
Al-11%Si 190 11,94
Al-119%Si-0,055%Sh 220 10,95
Al-11%Si-0,11%Sb 210 8,6
Al-11%Si-0,22%Sh 170 14,08
Al-11%Si-0,022%Sr 140 10,49
Al-11%Si-0,051%Sr 180 11,26

Table.2 Data from tensile test of compacted samples of non modified and modified alloys
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After compacting, the average grain size is
enlarged twice when comparing with the average
grain size of the ribbons. It varies between 1+1,5um,

| ol -
Fig. 3 Microstructure of compacted sample from Al-11%Si-0,022%Sr
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but it still obvious that alloys are microcrystalline. In
Fig.3 is given microstructure of Al-11%Si-0,022%Sr
alloy.
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Fig.4 The dependence of the relative elongation on the deformation velocity and the temperature at high
temperature deformation tests for all tested alloys.

Fig.4 shows results of high temperature
deformation tests for all tested alloys. It is apparent
that all alloys have higher plastic performance than
the non modified alloy Al-11%Si. The samples of
all modified alloys show higher & wvalues at
T=490°C and ¢=1.10° s* (Only alloy Al-11%Si-
0,055%Shb shows maximum plasticity at £ =5.10° s°
Y. For alloys containing Sh, the antimony content
increases and the values of the relative elongation s
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also rises. Only alloy Al-11%Si-0,022%Sr shows
higher plasticity at £ =1.10° s'1.

The data shows that the test samples from
compacted  blanks  showed higher plastic
performance despite their larger-grained structure. It
is due to the influence of the large-scale factor, more
important than the structural factor in the high
temperature deformation of samples with a
microcrystalline structure. It is also apparent that the
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values of 85 are characteristic of deformation
occurring mainly by grain boundary sliding, i.e. the
tested materials show superplastic properties.

I11. CONCLUSIONS
1. Modifying the Al-11%Si alloy with Sr and Sh
improves the mechanical performance of the no
modified alloy.
2. These modifiers mainly affect on the largeness of
the eutectics and lead to Si-crystals with a finer
fibrous structure compared to the lamellar structure
of Si-crystals in the base alloy Al-11%Si.
3. Ribbon samples of all modified alloys show the
highest values of relative elongation in high
temperature deformation at temperature T = 490 °C
and deformation velocity ¢ =1.107s™.
4. Compacted samples of all modified alloys show
the highest values of relative elongation in high
temperature deformation at temperature T = 490°C
and deformation velocity ¢ = 1.10°s™.
5. After compacting, the mechanical performance at
high temperature deformation at temperature
T=490°C and ¢ =1.10° s?, the samples of all
modified alloys show higher values of relative
elongation &5 than the compacted samples of the
base alloy, despite their larger grain structure
compared to the structure of the ribbon samples.
This is mainly due to the influence of the large-scale
factor, that is more important than the structural
factor at the high temperature deformation of
microcrystalline structure samples.
6. It is also apparent that the values of the relative
elongation &5 are characteristic for deformation
occurring mainly by grain boundary sliding, i.e. the
tested materials exhibit superplastic properties.
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