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Abstract

In this paper a self-hardening Al-based alloys (AlZn10Si8Mg)
with potential application in automotive industry have been
proposed.

Samples produced with different solidification rate have been
considered. = Mechanical  strength,  hardness  evolution,
morphological behaviour and corrosion resistance of the prepared
samples with different content of Mg (in the range of 0.5+3 wt%)
have been investigated. Fracture surface analysis has been carried
out to identify the presence of defects on the fractured surface and
finally to correlate them to the mechanical performances.

As expected, higher solidification rate favours the development of
the finest microstructure connected to good mechanical
performances. A uniform distribution of a very fine Zn-based
intermetallic phase, responsible of the self-hardening feature of
the alloy was detected.

Addition of Mg up to 1% contribute to enhance the alloy
mechanical performances and its resistance to the corrosive
media.

1. Introduction

There is an increasing interest to employ light-weight materials to
decrease energy consumption and emissions of gas in the
environment [1]. This is a very important target and involves
particularly ~ transport industries. Aluminum alloys reveal
important properties (low density, high strength stiffness to
weight ratio, good formability and good corrosion resistance) and
for this reason they are suitable for the manufacturing of
components for automotive and aerospace applications [2-5].

It has been widely reported the great effort within the research
community to develop new alloys and/or innovative processes for
the production of high performance industrial components. Semi-
solid processes (thixoforming, rheocasting) [6-10] and some
innovative technique, such as advanced squeeze casting [11-15]
have been considered as near net shape route able to reduce the
presence of defects (shrinkage or gas porosity) generated usually
in the conventional Al casting parts. Actually, high investments
related to these processes delay their extensive industrial
application.

An attractive option can be attributed to use of a "self-hardening"
aluminum alloys [16]. This class of alloys has a particular
characteristic: they are subjected to a natural ageing phenomenon
and after a period of about 7 to 10 days can achieve a good final
mechanical properties without any further thermal treatment [17-
18]. This issue represents an important benefit contributing to
reduce considerably the production cost of some components.

In this paper a self-hardening Al-based (AlZn10Si8Mg) alloy,
produced by die-casting, with increasing Mg content has been
produced and investigated. Comparison of three types of alloys,
considering also the solidification rate, has been carried out with
the aim to find an optimal composition and condition for good
mechanical performance and good corrosion resistance
achievements.

2. Experimental Procedures

The alloys, with the chemical composition reported in Table 1,
have been produced by die casting technique in Teksid
Aluminum Srl (Carmagnola, Torino-Italy).

Structural and mechanical properties, as well as corrosion
resistance, as a function of Mg content have been investigated.
Since the maximum solubility of Mg in Al is at 17.4% wt. under
equilibrium condition, the Mg content usually does not exceed
5% in wrought alloy and does not exceed 10% in cast alloy. For
these reasons in this investigation the Mg content is maintained in
this range.

The alloys produced, with an increasing Mg content have been
labeled as Sample 1 for AlZn10Si8Mg alloy, Sample 2 for
AlZn10Si8Mgl alloy and finally Sample 3 for AlZn10Si8Mg3
alloy, as reported in Table 1.

Table 1 Chemical composition (wt. %) of the three alloys

produced

Elements Si Fe Cu | Mn | Mg | Zn Ti Al

Sample 1 | 7,5- | 0,30 | 0,10 | 0,15 | 0,2- | 9,0- | 0,15 | bal.
95 0,5 | 105

Sample2 | 7,5- | 0,30 | 0,10 | 0,15 | 1,0 | 9,0- | 0,15 | bal.
9,5 10,5

Sample 3 | 7,5- | 0,30 | 0,10 | 0,15 | 3,0 | 9,0- | 0,15 | bal
9,5 10,5
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Figure 1. Step casting geometry used for the study.

To analyse the effect of the solidification rates on the
microstructure of the casting for all compositions considered a
special geometry, presented in Figure 1, has been developed.

The weight of the aluminium alloy casting, without runner system
is about 0.5 kg.




The above mentioned configuration allows obtaining casting with
different solidification rates with different microstructure
development in the produced casting. In this step casting a range
of thickness going from 5 to 20 mm has been generated and the
solidification rate decreases from zone A (close to the runner) to
zone D (close to the riser) providing a diverse microstructural
behavior in the casting.

The alloys mechanical performances have been investigated using
some samples extracted directly from the prepared configuration.
In particular, samples (50mmx10mmx5mm) coming from zone A
and C have been employed for the determination of their flexural
stress and flexural strain at break through three point bending test
(Dynamometer Zwick Z100 tool). Due to the dimensions of the
samples, which are not appropriate for tensile test, three point
bending test method has been adopted. The applied load
corresponds to 5 KN.

For impact test samples extracted from zone B and D have been
employed, in order to monitor the energy absorbed by the samples
during fracture. Charpy pendulum, 50 J at room temperature, and
un-notched samples with standard dimension
(10mmx10mmx55mm) have been used for the test.

On the polished samples hardness measurements have been
performed using a Volpert DUO1 tester. A force of 50 N has been
applied for 15 s for each measurement and a minimum of 5
indentations were performed on each samples.

Samples for morphological analysis, have been extracted from
those tested from mechanical point of view and then have been
prepared by a standard metallographic technique by mounting
and polishing procedures. The microstructure of the samples has
been investigated using an optical microscope, (OM, MeF4
Reichart-Jung) and Scanning Electron Microscopy (SEM, Leo
1450VP) equipped with Energy X-rays Dispersive Spectroscopy
unit (EDS, Oxford microprobe) used for compositional analysis.
The same instrument has been used for fracture surface analysis
carried out on the fractured surfaces, after mechanical tests, to
determine some causes related to the samples failure.

X-ray technique (X-ray, PANanalytical tool with Cu K,
wavelength of 1.5418 A) has been employed for phase
identification.

Corrosion test in a salt spray chamber has been carried out
according to the Standard ISO 9227 wusing the whole
configuration, with all compositions, to check the effect of Mg on
the corrosion resistance of the alloys. Following the visual
inspection of the whole configuration, some samples have been
extracted directly from the step casting piece and then have been
submitted to some mechanical properties assessment to compare
the alloys behaviour prior and after corrosion test. The corrosion
resistance has been monitored for all the three alloys inserting into
the test chamber containing the corrosive media (the solution used
was NaCl 5wt%) for 480 hours as provided by the Standard. The
chamber was maintained at a temperature of 35°C for the entire
test period.

3. Results and discussion

Microstructure analysis

The solidification is critical for the development of the
microstructure in the casting and can be considered as a
responsible for the mechanical properties development. The
solidification can be divided principally into two stages: firstly the
primary a-Al phase and the eutectic regions have been developed
followed by the separation of the secondary intermetallic particles
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from the melt. The effects of the cooling rates and as consequence
of the increased solidification rates within the cast micro-structure
generally are able to avoid the development of segregation,
considerable phase dispersion.

The alloys with different solidification rate and different Mg
content have been submitted to morphological observation. The
microstructure of all studied alloys consists in a-Al precipitates
originated from the liquid metal as primary phase. This solid
solution is immersed in the Al-Si eutectic mixture.

Figure 2 reports the microstructure of the alloys as a function of
Mg content and solidification rate. In particular, the condition
reported, for comparison, corresponds to the alloys extracted from
zone A and C, with high and slow solidification rate, respectively.
Independently from the Mg content, high solidification rate
promotes a rapid nucleation and growth of the particles and the
development of a finer particles/microstructure. Due to the rapid
solidification the primary o-Al phase cannot grow up to a full
dendritic morphology prior to a total solidification of the melt. In
particular, a finer microstructure has been observed for samples
coming from zone A (with the highest solidification rate, left hand
side in Figure 2) compared to zone C (with the lowest
solidification rate, right hand side in Figure 2).
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Flgure 2. Mlcrostructure of the alloys c0ﬁ51dered as functlon of
Mg content and of solidification rate, left hand side samples type
A, right hand side samples type C.

The morphology of the samples results to be governed by the Mg
content. As Mg percentage increases (passing from the top of the
figure to the bottom) the development of a more accentuated
dendritic morphology can be observed, the structure growths into
the formation of a-Al in form of dendrites associated to some
more highlighted segregation of the eutectic regions (moving from
top to bottom in Figure 2). In the case of a modest amount of Mg
the microstructure shows an acicular features. At comparable
positions among the castings no considerable variation has been
evidenced.

In all alloys Mg based intermetallics with a Chinese-script
morphology (areas evidenced in Figure 2) has been detected. The
dimension of the Mg, Si compounds can be directly correlated to



the Mg content in the alloy: as expected higher percentage of Mg
leads to the enlargement of Mg,Si particles. At the same time,
the solidification rate controls the growth of the intermetallic
particles: in the case of samples extracted from zone C with lower
solidification rate the largest precipitates have been developed. A
relatively equivalent condition has been obtained with high Mg
content and low solidification rate..

Figure 3 reports the spectra obtained by X-Ray analysis. Some
differences have been evidenced: in all alloys considered the
presence of a-Al and Si has been detected, but the diffraction
signals related to the presence of Mg, Si secondary phase are more
accentuated in the case of AlZn10Si8Mgl and AlZn10Si8Mg3
alloys compared to the AlZn10Si8Mg alloy. The presence of
MgZn, intermetallic phases has been also detected.

i | e " * g
it | I - " u
i s z L . A
s o - | X . & . I L I X b
§ -
B D S T Tk, V. A * A ok "
1000 e it i P e
’ N - J . . e
oo x| |I A ) 1
s * i a ||
— ) o, V-.,Jk“rl he | . ||| A A =
a0 P st ot st P A
L
] |
s R - -
"1 | | | a b "L
. x e [ N I 4l I| R
— o i\ A n |
\ et Ml | . I . | A a
1 R | - L. V. W f— R

L T T T T T T T
® # [ ] ] [] ®

Figure 3. X-Ray diffractograms for the studied alloys.

The presence of Zn- based (bright white particles in Figure 4) and
the hexagonal a-AlFeMnSi intermetallic particles (grey particles
in Figure 4) have been detected by SEM observation and EDS
analysis which interrupt randomly the microstructure of the alloy
for all compositions. Zn has been subjected to a diffusion process
responsible of the self-hardening behaviour of these type of
alloys. The diffusion process seems to be stabilized after 20 days,
no significant differences have been detected after this period, as
microstructure and mechanical behaviour regards. Even if iron is
generally considered as unfavourable impurity in the casting, it
has been maintained at low level and in the presence of Mn,
which has the capacity to alter the morphology of the
intermetallics, the promotion of the formation of a more compact
a-AlFeMnSi intermetallic particles has been performed. In this
way the negative effect on the mechanical properties (in particular
as ductility concerns) and on the corrosion resistance has been
limited. As Mg content increases the development of MgZn,
intermetallic particles is highlighted as indicated in Figure 5. In
this microstructure MgZn, intermetallic particles are near to the
AlZn intermetallics. Migration of Zn has been occurred within
the grain boundary and a diffusion of this element to produce
MgZn, intermetallics has been observed.

Mechanical properties evolution

In Figure 6 the energy absorbed by the un-notched samples has
been reported. At high solidification rate there are no differences
between the energy absorbed in the samples during fracture. Even
if, the Mg content increases in such situation, the intermetallic
particles present a small dimensions and, due to the their uniform
distribution within the microstructure, no negative effect on
impact resistance has been produced. When the solidification rate
decreases and Mg content increases, due to the development of a
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coarser microstructure with larger intermetallic particles the
impact energy of the samples has been considerably decreased.
Superior hardness has been measured in the case of Mg rich alloys
due to the growth of hard intermetallic particles within the
structure.
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Figure 4. SEM mlcrtructure of the AlZn10Si8Mg alloy showing
the presence of Zn and Fe-based intermetallic particles.
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Figure 5. SEM microstructure showing the presence of the
intermetallic particles in the as -cast sample.

In the case of the highest Mg content, as solidification rate
decreases, a locally amplification of this property has been

obtained. Figure 7 reports the results of a three point bending test
carried out on the samples. Sample B with 1% of Mg shows an
enhanced flexural stress at break compared to Sample A for both
microstructures with high solidification rate and low solidification
rate, respectively, due to the strengthening effect of Mg,Si
intermetallic particles. The further increase of Mg content,



determines a rapid decrease of the flexural stress at break for both
microstructures as a consequence of the evolution of a large
precipitates. These precipitates, mostly due to their large size,
contribute to the crack developments and consequently to the
failure of the alloy. The same trend, a drastic reduction has been
obtained as the flexural strain at break concerns.
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Figure 8 SEM fractographs of Sample 1.

Figure 6. Impact Energy for the alloys investigated.
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Figure 7. Flexural stress at break for the alloys investigated.

On the fractured surfaces fracture surface analysis has been
performed. Different types of defects have been accidentally
detected with a limited effect on the alloys mechanical properties
evolution. Figures 8-10 report the fracture surfaces of the alloys:
in all cases a mixed type of fracture has been illustrated
characterized by some dimples and cleavage fracture regions.

The presence of aluminium porosities (Figure 8), shrinkage
porosities (Figure 9) and the presence of some brittle particles
(Figure 10) have been occasionally observed.
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Figure 9. SEM fractographs of Sample 2.
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Figure 10. SEM fractographs of Sample 3.

216



Corrosion resistance investigation

The corrosion resistance capability of the alloys have been
monitored over 20 days during immersion in the corrosive
medium, as represented in the image in Figure 11. At pre-set
time the samples have been extracted from the batch in order to
check the degradation level and to assess if the corrosion is only a
surface phenomenon or involves the complete metal matrix.
Comparison of the samples has been realized to verify the effect
of the Mg addition on the corrosion resistance of the alloys.
Figure 12 shows the images attained after the maintenance for 24,
168 and 480 hours in the corrosive ambient. After 480 hours of
exposure the samples are no longer detected.

After 24 hours of exposure, the alloys with a higher content of Mg
seems to be more resistant to the corrosive environment: at the
end of the corrosion test the exposed surface is more or less
identical to the original one. Some preliminary mechanical

analysis carried out on some samples removed from those
exposed to the corrosion test are very promising: in fact, the
mechanical performance after corrosion test are quite equivalent
to those obtained previous to corrosion test, meaning that the
some minor changes involve only the surface of the alloy and
does not affects their general mechanical behaviour.

Figure 11. Set-up of the corrosion batch for the experiment
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Figure 12 Photos of the sampfes anal_y‘sgd in the corrosive
medium
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At the end of the corrosion test no variation of the impact energy
has been achieved for the alloys obtained with high solidification
rate.
4. Conclusions

In this paper AlZn10Si8Mg alloys with increasing Mg content
were studied. The effect of the solidification rate on the alloys
performances was investigated. Based on the results obtained up
to now the following conclusions can be drawn:

1. as it is well known, the solidification rate has an
important effect on the microstructural evolution: higher
solidification rate favours the development of a finer
microstructure  connected to higher mechanical
performances;
at low solidification rate, as a consequence of the
development of larger Mg,Si particles, lower impact
energy was measured, while concerning flexural stress
at break alloying with 1% of Mg seems to be a good
option; increasing the Mg content up to 3% a negative
effect was achieved;
apart from the solidification rate, high Mg content
reduces the flexural strain at break of the alloys;
at the end of the corrosion test the impact energy was
measured; in the case of alloys obtained with high
solidification rate no variation of the mechanical
properties was recorded,
combining the mechanical properties development and
the corrosion resistance of the alloy it has been found
that a rapidly solidified self-hardening AlZn10Si8Mgl
alloy appears a good candidate for automotive
component production.
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