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ABSTRACT

Primary AlSi1O0MnMg alloy is the most widely usedios
for manufacturing of vacuum assisted high presdige
castings (VPDC) with high ductility requirements.this
alloy, die soldering is avoided by a high Mn le(@b -
0.6 wt. %) while Fe is kept low (< 0.2 wt. %). Such
combination guarantees that the Al-Fe-Mn-Si
intermetallic phases are of theAl ;5(FeMn)}Si,
polyhedral or Chinese script type which is leashifal
to the ductility. But the use of a secondary abdlpws to
significantly reduction of the cost of the castiragsthe
raw material is cheaper and also requires lesggrier
their manufacturing.

On the other hand, secondary alloys contain a highe
amount of Fe, a common impurity, which also redudies
soldering but is detrimental to the ductility deethe
formation of needle/platelet shap@d\l sFeSi phase.
Microadditions based on Mn have been found to be
effective in transforming the needle/platelet stigpe

phases into Chinese scriptiron phases with a less
harmful morphology even in relatively high Fe aloy

In this work a secondary alloy with 0.60 % Fe and
different Mn microadditions, has been cast in pasts
with different wall thicknesses using VPDC techmplo
The effect of microadditions and wall thicknesstioa
morphology, amount and size of intermetallic irdrapes
has been investigated using image analysis and a@dp
to the corresponding AISi10MnMg primary alloghe
results show that the cooling rate is an importactor to
control the size and area fraction of the interiflietion
compounds. The additions of Mn results in modifaat
of the-AlsFeSi compounds into a less harmful Chinese
script and/or finex-iron compounds. However, an
increase in the area fraction of the intermetallic
compounds is observed.

Keywords. High pressure die casting, vacuum assisted,
[+iron phasesg-iron phases secondary alloy, high
ductility.
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INTRODUCTION

Primary aluminum-silicon-magnesium alloys are hy fa
the most widely used type in the manufacturingadéty
parts for the automotive industry, such as suspansi
components and wheels, due to their excellent loitisga
and good mechanical propertiggich can be further
improved by heat treatment: solution, followed bater
guenching, followed by artificial aging T6 or T7ntil
the introduction of thin walled structural partstie
1990's, these safety critical components were mostl
produced in Permanent Mould and sometimes in Sand o
Squeeze casting. Conventional primary alloys maxstly
the AISi7Mg type, and sometimes with higher Siq4.1)
appear best suited to these parts/processes.

The more recent structural castings, being extretéh
walled (of the order of 2.5 mm) and of rather great
dimensions usually require the use of High PresBige
Casting. As they must be defect free and heatatidsato
attain the requested properties, ductility and adeility
being the most difficult to achieve, vacuum must be
applied as well as a combination of precautioreging to
the die design, die lubricant, melt quality andtghrofile.

Secondary alloys usually contain impurities or ¢érac
elements such as Fe, Cu, Zn, Mn, Cr etc. From these
elements iron is the most deleterious one withnekga
the ductility, due to its tendency to form brittle
intermetallic phases such g\l sFeSi phases. These
phases are detrimental to the mechanical properties
especially ductility and also to the shrinkage hvétar,
and must be kept at levels as low as possible.eftrer,
secondary alloys are very seldom employed for the
manufacturing of parts with high mechanical projsrt
requirements. However, the use of recycled alloiysgls
potential cost and energy savings, and generassi1e
emission compared to primary aluminium production.

High pressure die casting (HPDC) is one of the most
popular processes for the fabrication of partgtier
automotive aluminium industry due to its high
productivity. In HPDC molten aluminium is injected
under high pressure into a die cavity. Conventi¢iRDC
alloys are usually secondary alloy, in which iren i
intentionally in the range of 0.8-1.1 wt. % in orde
prevent molten metal soldering to the’die However,
conventional HPDC alloys and processes are naldeit
for high ductility castings and safety parts dugh

presence of-AlsFeSi phases. For this reason, the primary

AISi10MnMg alloys with a maximum iron content of
0.25 and high Mn to avoid die soldering were depeth
Nevertheless, the use of recycled alloys can reduce

significantly the fabrication costs of a part bgri@asing
die life, die manufacturing and maintenance make up
more than 10% of HPDC cast.

It is well known that addition of elements suchvés, Cr,
Sr, Co, Be and Ca can neutralize the effect ohtdrenful
iron phases by substituting them by iron compouwids
a less harmful morphology. The effect of these oiicr
additions on the iron compounds has investigated by
several authofg®. Furthermore, the effect of cooling rate
and other variables such as temperature gradigparant
rate of solidification on the reduction in sizepmher and
volume fraction of Fe-intermetallic compounds hasib
studied with great interest by several researdfigts
However, the effect of alloying elements and capliate
has not received much attentibin components
produced by HPDC.

The present work investigates the effect of sndditéons
of Mn and wall thickness and thus cooling ratelon t
morphology, size and area fraction of the interflieta
iron compounds of an AlSi10MnMg secondary alloytwit
high iron content. Wall thicknesses representaiivitbe
most common components produced by HPDC were
selected for this study. The aim was to substitiute
AlSi10MnMg primary alloys with high Mn content by
less expensive secondary alloys with high iron eont
and moderate Mn content.

DESIGN OF EXPERIMENTS

A Bubhler cold chamber high pressure die-castinghimec
with a 520 tonne locking force, a shot sleeve \aith
internal diameter of 60 mm and a stroke of 450 rmes w
used in the tests (Figure 1). In the first stethef
injection process the plunger was constantly acatdd
in order to reduce the gas entrapment during thése.
The velocity was kept constant in the second pHilsey
the cavity of the die. The velocity was 3.5 m/@ider to
ensure the filling of the section of 1 mm. The vatu
achieved inside of the die allowed also the goliddi
during this phase. In this case, the third phdee, t
compression phase, started when the plunger felt a
backpressure. For each experiment, 40 kg of edap al
were melted in an electric furnace with a capaaity

60 kg. The alloys were modified using AlSr10 master
alloy. The melts were poured at a temperature letwe
680 °C and 710 °C into the shot sleeve.
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Figure 1: Equipments where the research was
performed

The chemical compositions of the alloys used ia Wdrk
are presented in Table 1. Alloy A is a typical paim
AlSi10MnMg alloy for VPDC castings with a Mn conte
of 0.68 wt.% and low Fe content of 0. wt. %. Alloys B
and C are secondary alloys with 0.58 %tof Fe and a
Mn contents of 0.22 and 0.57 ¥ respectively. Th
higher Cu and Zn content present in both alloyn@& @
in comparison to the primary variant, is typica
recycled aluminum. fie three alloys ha\Sr addition for
eutectic Si modificationAlloy A and B present a similz
total Mn+Fe of 0.85 wt. % (alloy A) and 0.81 wt.(@loy
B).

The die was designed to fabricate a step test pidbe
sections of 1, 2, 4, 6, 10 and 15 mifestep test piece is
shown in Figure. The effect of wall thickness on t
morphology and size of the iron compounds is efstaddi
in the stepsf 1, 4 and 6 mm by optical and scann
electron microscopy. The characteristics and chalr
composition of the intermetallic iron cqpounds were
examined using scanning electron microscopy (S

with an energy dispersive &y spectrometer (EDS

Figure 2. The step test pieces produced for the
rrent evaluation. The measures are indicated in mm.

For the quantification of length and area fractdioths
andairon compounds, twenty images were obtained
magnification of 2000X. fie plate lengtifor the

L compounds and tHengest dimensiofor the

a-compounds wermeasured, respectively. The a
fraction and length of each compound was estim
using a LAS V4.2 image analyz

3. RESULTSAND DISCUSSION

3.1. EFFECT OF ALLOYING ELEMENTSON THE
MICROSTRUCTURE

The iron compounds formed in the 6 mm step of &g
piece of the primary and secondary alloys are shav
the microstructures dfigure 3.The microstructure of the
primary alloy (Figure 3a) consists of primary alaimim,
eutectic Al-Siand compact intermetal particles. The
eutectic silicon cannot be distinguished from
aluminium in the scanning electron microscope duiaé
similar atomic weight oAl and Si. This facilitates th
guantitative analysis of the iron rich compoundsthie
microstructure oftte primary alloy two sizes «
compounds can be obser The largea compounds
have a size between 1IB4m and are probably primary
phases which have formed in the shot sleeve, il
formation of the small particlea occurred during
solidification in the die.

The secondarglloy with low Mn content (alloy B
reveals the formation of bc fine @ compounds and large
£ needlegFigure 3b). With the additic of Mn to this
alloy, up to 0.58wvt % (alloy C in Figure c), the
formation of$ compounds wasuppressed and instead
smalla (rounded and Chinese script) and laa
compounds (Chinese script) appe:. The latter ones
have a size of 50-7jsm and are probably primary pha:
that have been formed in shot sle The results of the
microstructure ingstigation show that as reportec
literature Mn is an effective element in changihgf
intermetallic compounds to Chinese script or potiraé
primary phase morphologf*°.

In alloy C, with an addition of Mn equal to the Fe cont
thef compound formation icompletely avoided.
However, the Mn addition probably could be reduaed
should be optimized faheHPDC process regarding
ductility. Indications about the best quantity to be ac
reported in literature are often not very pre and
sometimes even contradict®. One reason for this could
be that the optimum addition also depends on tbhérgp
rate. ®me authors found that if the cooling rate is f
enough the formation gi-AlsFeSi can be minimised or
even suppressédn addition to this, the magnesit
content has also to be taken into account, becme
iron present in the alloy will combine with Mg afatm 1t
Al-Fe-Si-Mg compounds.
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Table 1. Chemical composition (wt. %)

. . . Total
Alloy Si Fe Cu Mn Mg Cr Ni Zn Ti Sr FetMn
A-Primary* 1070 | 017 | <001 | 068 | 047 | <0.01| 001 | 001| 005| 0.006] 0.85
B'iﬁ:‘ﬁﬂr‘fary 9.07 058 | 003 | 022 | 035 | 001| 001| 003 003 00195 0.81
CﬁgﬁOM”gary 979 | 058 | 003 | 057 | 036 | 001| 001| 003 003 00218  1.16

*The primary alloy corresponds to the norm ENACHRF?, Si: 9.0-11.5, Fe: 0.25, Cu: 0.05, Mn: 0.4-0.68:104.-0.6 wt. %.
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Figure. 3 Effect of alloying elements in the 6 mm step, microstructures and location of EDS analysis of the
intermetallic iron compounds indicated with arrows: a) the primary alloy A, b) secondary alloy B with low Mn
content and c) secondary alloy C with high Mn content.

The compositions ofr andf compounds are summarized compounds have Fe and Mn in their chemical

in table 2. It can be observed that all intermetall composition. However, the Mn content in the
compounds of alloy B is very small in comparisomhwi
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the concentration in alt compounds. As the content of increased. This effect is again attributed to highe
Mn increases in the alloy its quantity also incessis the solidification cooling rate present in the 1 mnypste
analyseda compounds while the iron content decreases.
It can be observed that the iron compounds of the
secondary alloys contain small amounts of V, prépab
residual in the secondary alloy.

BILBAO
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Table 2: Chemical composition of a@and 8 compounds
in wt. % determined by EDS analysis.

Alloy| Compound | Al S Fe Mn V
A a 75.4 11.4 2.2 11.0 -
B B 722 | 195 6.7 1.5 -
a 68.6 | 10.8| 13.3 7.0 0.3
C a 67.5 9.5 10.0| 12.8 0.3

3.2EFFECT OF WALL THICKNESSON
MICROSTRUCTURE

Figure 4 shows the microstructure of the steps withall
thickness of 6, 4 and 1 mm for alloy A (primaryog)l.

The results of the image analysis are listed ind8bThe
microstructures of alloy A reveal a large and small
polyhedrala iron compounds with a compact morphology
in each analyzed step. I¢dntermetallic compounds are TR T T
observed. It can be seen that the area fractiemafl o —
particles decrease slightly by reducing the wadlkhess. ()

The largea particles have a similar size in each step
between 10-1¢im (see Table 3). This confirms that the
large ones have been formed in the shot sleeve. The
reduction of the size of the smallparticles can be
explained by the fact that in the thin steps thaling rate
is higher than in the thick steps and hence nuoleaate
for intermetallic particles is increased. Thisris i
agreement with the investigation of Seifeddfveho also
found that at higher cooling rate the amount, sizeé
volume fraction of the intermetallic iron compoundsre
reduced in the alloy A390.

: : - Figure. 4 Microstructures of the primary alloy with
The effect of wall thickness on the intermetaltiani high Mn and low Fe content (alloy A) showing the

compounds of the steps with V,Va” thicknesses df &nd effect of wall thickness on the intermetallic iron
1mm of the secondary alloy with low Mn (alloy Bear compounds in the steps of (a) 6 mm, (b) 4 mm and (c)
shown in Figure 5 and Table 3. In this alloy cogkse 1 mm.

needles and fine intermetaliccompounds are formed. It

can be clearly seen that the length and in pasidtie

area fraction, of th@ compound decreases significantly

by decreasing the wall thickness. In the thinntg snly

few # compounds are detected (area fraction of 0.07 %).

Similar observations were made for tneompounds

which show a decrease in length and area fractimenw

the wall thickness is reduced and hence coolirgisat
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Figure 5. Microstructures of the secondary alloy with
low Mn content (alloy B), showing the effect of wall
thickness, (a) 6mm, (b) 4mm and (c) Imm.

Figure 5 and Table 3 show the effect of wall thiess of
the steps for secondary alloy C with a Mn contejtad to
the Fe content. Additions of Mn resulted in thenfation
of large Chinese scrigt compounds and small rounded
or Chinese scriptr compounds. The large Chinese
script compounds have a similar size in each stéwpden
50-75um. This indicates that the large ones have been
formed in the shot sleeve. acompounds are observed
in none of the steps.
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Figure 6. Microstructures of the secondary alloy with
high Mn content (alloy C) showing the effect of wall
thickness on the intermetallic iron compounds in the
steps of (@) 6 mm, (b) 4 mm and (c) 1 mm.

The characterization of the intermetallic iron cauapds
of the three analyzed alloys are summarized inerabl
The formation ofs iron compounds is more affected by
the reduction in wall thickness than théron
compounds; in the step with the lowest wall thidsef
1 mm the nucleation is almost completely suppressed
However, also the size afcompounds is reduced by
decreasing the wall thickness. Thus, the coolitg isaan
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important factor to control the size of thenda
compounds obtained in the microstructure.

Table 3: Characteristics of the intermetallic iron
compounds in the three alloys

s £ (um) am) | el
Alloy (mm) | Average | Maximum | Average | A; | A,
Length Length Length | (%) | (%)

6 - - 3.3"1 - | 156

A 4 - - 3.2M - |1.4cC
1 - - 2.6 - |1.20

6 13.81 42.0 4.0 0.6M®.74

B 4 10.2¢ 28.7 4.2 0.2¢] 0.9z
1 7.58 12.8 3.4 0.d70.43

6 - - 2.6072 - |2.7¢

C 4 - - 3.072 - | 2.69
1 - - 2.972 - | 242

O1 Coarsen compact particles of 10-16m are not considered.
2 Chinese script coarsa particles of 50-75um are not
considered.

Figure 7 shows the area fraction of all intermatatbn
compoundsy andg in the steps of 6, 4 and 1 mm for the
three studied alloys. It can be seen that the &lshows
the lowest area faction of intermetallic iron comapds
while alloys A (primary variant with high Mn contign
reveals a slightly higher area fraction. The seaoynd
alloy with high Mn presents the double area fractiden
compared with the primary alloys. Thus, it will be
necessary to optimize the Mn content in order tmiob
the lowest amounts of intermetallics possible witho
forming harmfulg compound. However, for avoiding die
soldering high total amount of Fe plus Mn are dakir

Furthermore, a small decrease of area fraction with
reduction of wall thickness is observed. Severthans
observed the same decrease of area fraction widingo
rate increases, and they attributed this to a daléye
%rowth mechanism of the intermetallic iron compasifid

Aves lrac

Wall Bickness
Figure 7. Effect of the alloying elements on the
area fraction of the intermetallic iron
compounds. Note: Both a@and gcompounds are
included in the area fraction of alloy B.

CONCLUSIONS

The effect of different Mn microadditions to secand
alloys and wall thicknesses (cooling rates) on the
morphology, particle size and the area fraction of
intermetallic iron compounds has been investigated
step test parts and compared to the corresponding
AISi1l0MnMg primary alloy The following conclusions
have been drawn:

* A higher cooling rate, obtained in the thinnestlegl
step, results in an important reduction in size and
total volume of thgg-compounds, but much less so of
the a-iron compounds. The formation of thghase
can be almost suppressed in the thinnest step with
1 mm.

» Additions of Mn are very effective to substituteth
harmful 8-AlsFeSi compounds by Chinese script
and/or finea-iron compounds. However, with
increasing Mn content also the size and area @macti
of the a-iron compounds increase.

» ltis believed that the largestiron compounds
appear in the shot sleeve and that their sizegeha
controlled by the temperature and dwell time. A
special attention should be given to the conditions
the shot sleeve, with a view to limiting as much as
possible the precipitation at this step of the pssc

Future work should also concentrate on determirireg
effect of morphology, particle size, and area foacton
the mechanical properties.
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