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ABSTRACT

This work investigated how trace additions of Mm,afd
V affect the morphologies of harmfHAlIFe5Si
intermetallics, mechanical properties and corrosion
behavior of A356 secondary alloy with an iron corntef
0.30wt%. The needle shapgdintermetallics are
replaced by a Chinese script compound when Mn, Cr
and V are added. The mechanical properties of A356
secondary alloys were improved by the modificatbn
the g-intermetallics intog-iron compounds. The corrosion
behavior of the modified secondary alloy was simita
both, the A356 primary and the unmodified secondary
alloys.Thus, small additions of Mn, Cr and V improve
the mechanical properties without negatively afferthe
corrosion resistance of A356 secondary alloy.

Keywords: A356 alloy, corrosion/*iron phasesg-iron
phases, secondary alloy, mechanical properties.

1. INTRODUCTION

Primary aluminium alloys are widely used in the
manufacturing of safety parts for the automotiwauistry
due to their good mechanical properties. In cohtras
secondary aluminium alloys are rich in impurities,
particular in iron, resulting in worse mechanical
properties when compared to the corresponding pyima
alloys". This is because of the presence of harfabn
compounds which tend to initiate cracks and proedsy
pathways for crack propagatfoh Therefore, these alloys
are nowadays not used in the manufacturing of gafet
parts with high mechanical requirements. Howeves, t
use of recycled alloys has increased consideraatgise
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of potential energy savings, and generates less CO
emission compared to primary aluminium production
The addition of trace elements like Mn, Be, V, &nd Co
could improve the quality of secondary alloys witgh
iron content™® because they prevent the formatiorpof
AlsFeSi phases by changing the morphology of thg of
AlsFeSi phase into a less harmful one (Chinese saript
globular). However, by introducing additional aliog
elements the overall amount of intermetallic conmutsu
increasey.

The present work investigates the effect of addgiof
Mn, Cr and V on the morphology of the intermetailtam
compounds, mechanical properties and corrosion
resistance of A356 secondary alloy and the cormedipg
A356 primary alloy.

2. DESIGN OF EXPERIMENTS
2.1. TEST MATERIALS

Three alloys were prepared by melting commercidd@\3
alloys: a) primary alloy A356, b) secondary allé&y866
with 0.30 wt% Fe) and c¢) secondary alloy modifieithw
Mn, Cr and V additions in form of master alloys.eTh
amount of additions has been optimized in a presviou
investigation™. The chemical compositions of these alloys
were analyzed by spark emission spectrometer
(Spectrolab) and are presented in Table 1. For each
experiment, 40 kg of each alloy were melted inlactec
furnace with a capacity of 60 kg. The alloys were
modified using AISr10 master alloy and refined gsin
AlITi5B1 master alloy. The melt was degassed with
nitrogen gas for 20 min using a graphite lance.nTthe
melts were poured into a sand moulds at a temperatu
between 720 °C and 740 °C and rectangular testleamp
with dimensions of 190x90x12mm were obtained.

2.2.HEAT TREATMENT, MICROSTRUCTURE
CHARACTERIZATION AND TENSILE TESTING

The alloys were heat treated to the T6 condition
consisting of a solution heat treatment at®r 8h,
followed by water quenching to ambient temperatanel
subsequent artificial aging at 136 for 8h. The
characteristics and chemical composition of the
intermetallic iron compounds were examined using
scanning electron microscopy (SEM) equipped with an
energy dispersive X-ray spectrometer (EDS).

For the quantification of length and area fractiétoths
anda iron compounds, twenty images were obtained at a
magnification of 2000X. The plate length for the

F-compounds and the longest dimension for the
a-compounds were measured, respectively. The area
fraction and length of each compound was estimated
using a LAS V4.2 image analyzer.

Tensile test specimens were machined and tested
according to UNE-EN ISO 6892-1:2010. For each alloy
three test specimens were tested

2.3. SALT SPRAY TEST

Salt spray testing was conducted in accordance with
ASTM B117. Test samples in the shot blasted stéte w
dimensions 190x90x12mm were exposed for 336h in a
salt fog chamber WEISS SC/KWT 10000 (pulverised
solution of 5% NaCl, 35°C and Hr >95%). At the @fd
the test, samples were cleaned according to ISO
8407:2009 and visual inspected.

24. ELECTROCHEMICAL MEASUREMENTS

Electrochemical tests were performed in a 0.03 MCINa
solution by means of a Gamry Reference 600 potstatio
using a conventional three-electrode cell: the wayk
electrode is the specimen under study; saturatéd gty
was used as the reference electrode; and a spatigym
wire was used as the counter-electrode. In allszdake
tested area was approximately 1.20 cfie tests were
performed at ambient temperature and in triplicate.
The potential was scanned at a rate of 0.167mdfa fin
initial potential of —0.3 V, with respect to theapcircuit
potential, to a potential at which the specimerched a
current density of 0.25mA/c¢m

3. RESULTS AND DISCUSSION

3.1. EFFECT OF ALLOYING ELEMENTSON THE
MICROSTRUCTURE

The microstructure of the primary A356, secondaBpé\
and modified secondary alloy with T6 heat treatneest
shown in the Figure 1.

The microstructure of the A356 primary alloys (Figsl
la-b) is typical of hypoeutectic aluminium-silicatioy
consisting ofa-aluminium, eutectic silicon and platelet
shapeg3-AlsFeSi and Chinese scrigAl gSigMgsFe iron
compounds. The secondary alloy with high Fe content
(Figures 1c-d) reveals the formation of lafyeeedles.
With increasing the Fe content to this alloy, u®180
wt%, the number and length @ineedles was increased.
In the modifiedsecondary alloy (Figures le-f) it can be
observed that the harmf@iphases are almost completely
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replaced byi- iron compounds of the A(FeMnCrV)Si,
type with a less harmful chinese script morphology.

A

Table 1. Chemical composition (wt. %)

Alloy Si Fe Cu Zn Mg Mn Cr Ti \% Sr
Primary A356 6.74 0.19 <0.01 <0.01 0.50 0.01 <0.0 0.16 0.0p6 014.
Secondary A356 alloy 7.25 0.30 0.05 0.05 0.50 0.05 <0.0 0.1¢ 0.0p9 3.0
Modified secondary alloy | 6.72 0.30 0.04 0.05 0.46 0.11 0.17 0.1p 0.040 0.4

15
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Fig. 1. Optical microstructure of the a-b)primary A356, c-d)secondary alloy and e-fymodified secondary alloys.

In table 2 the measured characteristier@ind 3 -iron Table 3. Chemical composition average of aand
compounds are summarised. The length and are#fract compounds
occupied by thg-compounds increases with increasing Alloy Compound| Al Si Fe | Mn| Cr
iron content and decrease with increasing the obte Primar
modifying elements. A356y B 594 | 16.3| 243
It can be observed that when microadditions of\@r, Secondary
. B 619 | 18.7| 179 13
and V are made, th&iron compounds are transformed alloy
P i Modified
almost completely mt_w iron compounds. The large secondary a so1| 118 148 55 7
compounds have a size between 7030 alloy
Table 2. Characteristics of intermetallic iron 3.2. EFFECT OF ALLOYING ELEMENTSON THE
compound CORROSION RESISTANCE
Characteristics of iron compounds
Average Maximum [, o The figure 2 shows the surface of the test sanmgfldse
Alloy Length Length primary A356 (Figure 2a), secondary A 356 alloyg(ke
a | B | Omx | Ag Aq 2b) and modified secondary alloys (Figure 2c) &fter
: (Um) | (um) | (um) | (um) | (um) | (um) 336 hours exposure in the salt spray chamber. The
'nggy 37 - 87 - | o0is| - appearance of specimen after test shows no signtfic
Secondary| g - - ] - ] difference on the corroded surface.
alloy )
Modified
secondary| 55 77 69 340 0.03 1.3
alloy

A semi-quantitative EDX-analysis of the chemical
composition has been conducted on 10 representative
andS-iron compounds in each alloy. The measured
average compositions are summarized in Table 3.
Additionally, the morphology of some analyzedand#
compounds and the corresponding chemical compositio
are presented in Figure. 1. It can be observedtieg®
compounds of the secondary base alloy contain small
amounts of Mn. This element was already presetitan
recycled base alloy.

a) anary A356 alloy
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c) Modified A356secondary allc
Fig. 2. Salt spray test of a)primary A356, b)secondary
A356 alloy, c)modified A356 secondary alloy

Figure 3 shows the scanning electmitroscope ar
optical microscope micrographs of tbi@s«-section and
the surfacef the corroded modified secondalloy. It
can be seen that the corrosion progpséerentially
through the eutectic areasd not at the intermetallic irc
compoundsThese results are consistent with th
described by other authdfd*

a) Crosssection of the corroded surfa

L‘l‘_n"‘;:gvm" %
b) Corroded surfac
Fig. 3. Corrosion of modified A356 secondary alloy

g

The corrosion potential measured along 168h, resak
practically constant since the beginning of theesixpent
and it is practically the same for all the sam|-800mV
(vsAg/AQCl), figure 4.
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Figure 4 . Variation of corrosion potential along
time.

In order to study the corrosion kinetics, pontestyizamic
polarization curves were performed on the threzya
(primaryA356, secondary and modified secondary all
Figure 5shows the polarization curve primary A356,
secondary and modified secondary alloys in 0.03aCP
solution. As it can be seen, the curves for thiediht
samples pictured a similar behavior in their shap:
spite of the variation in theilomposition and
microstructureThe anodic curve seems to prese
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pseudo-passive behavior characterized by a sloease
of the currents density with the potential. All the
specimens were found to possess a near-equabpittin
potential (Epit), with an average value of abo@0mV

vs Ag/AgCI. The corrosion rate could be estimatede
to 5x10” Acm®. Anyway, this kind of behavior reveals a
material under activation control. Although alurmimu
cast alloys tending to form a compact layer of hyeld
aluminum oxide on its surface, the presence oidels
interact with the film promoting its dissolution.

0.4

E

06

07

0.8

E(ViAgiAgS)

0.9+

404

414

1.2 T T T T T T T
10" 10 10 107 10" 10 10 10 10"

iAan?)
Fig. 5 Polarization curves of the secondary alloys

The cathodic curve for oxygen reduction is quitéedént
than the anodic one. For both secondary alloysirelée
potentials more negative than the Ecorr, the ctirren
density is almost independent of the electrodemntiate
This is classical behavior of materials under coitregion
control and is a characteristic curve for the diitun-
limited reduction of oxygelf.

Nevertheless, we should note that compositional
modification of the alloy does not have a detrinaént
effect on the corrosion resistance properties ®f th
unmodified alloy.

3.3. Effect of microalloying elements on mechanical
properties

The tensile properties obtained for each alloy are
presented in Table 4. It can be seen that the mexdia
properties comparable to the ones of the correspgnd
primary can be achieved by appropriate additions of
alloying elements. For comparison of the mechanical
properties of the different alloys the quality imd@ was
also determined. The quality index, Q = UTS Hdg E,
relates the tensile strength, UTS, and the eloogak, by
the coefficient K> The parameter K is an empiric
coefficient and was found to be 150 MPa for AlSi7Mg
alloy. Both parameters Q and K are independertief t
heat treatment for this alloy.

As expected, the lowe& value of 370 MPa was obtained
for the unmodified secondary alloy with the highgst
compound area fraction of 0.85 %. In contrast & kig
value of 413 MPa, was achieved for the modified
secondary alloy. This value is very similar to @ealue

of the primary alloy.

Table 4. Mechanical properties of the alloys
E

uTS YS Q
Alloys (MPa) (MPa) (%) (MPa)
Primary

A356 283 208 8.0 419

Secondary | 5, 195 5.3 370

alloy

Modified

secondary 274 200 8.5 413

alloy

CONCLUSIONS

The effect of small microadditons of Cr, Mn and Wtbe
morphology of iron-compounds, mechanical properties
and corrosion behavior in A356 secondary alloytheen
investigated and compared to the corresponding A356
primary alloy. The following conclusions have been
drawn:

e The quality index, Q = UTS +Hog E, was found to
decrease strongly by the presencg-8i5FeSi
compounds.

e Additions of Mn, Cr and V are very effective to
substitute the harmfl-AlsFeSi compounds by
Chinese script-iron compounds.

* Mechanical properties comparable to the ones of the

corresponding primary alloy have been achieved by
appropriate additions of alloying elements.

* No significant differences in the corrosion behavio
have been observed in the salt spray and
electrochemical test.

» This was confirmed by the metallographic analysis
which revealed that corrosion occurred preferetial
through the eutectic regions and not at the
intermetallic iron compounds.

* Thus, A356 secondary alloys with a Fe content of
0.3 wt.% Fe and modified with small Mn, Cr and V
additions could be used for applications with high
quality requirements without affecting negativeie t
mechanical properties or the corrosion behavia in
saline environment.

» Corrosion behavior remains unchanged in spite®f th
compositional modifications.
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