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Abstract

This paper deals with influence of chrome additamd heat treatment on segregation of iron basedegham the secondary alloy
AlSi7Mg0.3 microstructure by chrome and heat treatimliron is the most common and harmful impunityaluminum casting alloys and
has long been associated with an increase of gadéfects. In generally, iron is associated with firmation of Fe-rich intermetallic

phases. It is impossible to remove iron from mglstandard operations, but it is possible to elaténts negative influence by addition
some other elements that affect the segregatiémterimetallics in less harmful type or by heat tmgent. Realization of experiments and
results of analysis show new view on solubilityirmin based phases during melt preparation with érigton content and influence of

chrome as iron corrector of iron based phases.

Keywords: Secondary AlSi7Mg0.3 based alloys, Iron phasesrmhl analysis, Iron correctors, AICr20, Heat treaim

1. Introduction

Due to increase requirements on the quality ofingst final
fatigue properties and due to the pressure on pofcdinal
castings, it is necessary to search compromisethancasting
production from secondary alloys with the presentevarious
impurities. Basis for initiating of this work wasclaof theoretical
knowledge by using secondary Al-Si-Mg alloys witlgher
amount of iron and its appropriate and efficieim@ation in
production of demanding casting for automotive stduby serial
conditions. Secondary aluminum alloys are made ofit
aluminum scrap and workable aluminum garbage byctieg.

Production of aluminum alloys belong to heavy seurc
fouling of live environs. Care of environment in usdry of
aluminum connects with the decreasing consumptiessurce as

ARCHIVES of FOUNDRY ENGINEERING Volume 14,

energy, materials, waters and soil, with increaseyaling and
extension life of products. More than half aluminwn the
present produce in European Union comes from redychw
material. By primary aluminum production we needoa of
energy and constraints decision mining of baux@eEsiropean
Union has big interest of share recycling aluminang therefore
increase interest about secondary aluminum allogscast stock
from them.

2. Experimental work

An experimental melts were realized at foundry fabary
located in Department of Technological engineerindniversity
of Zilina. Melts was carried out in an electricabistance furnace
T15, controlled by PID regulator CAL 3200 in a gréelerucible

Issue 2/2014, 9-12 9



treated by protective coating. Individual casts sisted from
creating four samples poured at a temperature 760°&. Melt
was poured into chill mold with minimal temperatwie100 °C.
As an experimental material was used AlSi7Mg0.®yallThe
chemical composition of used alloy is shown at &abl

Table 1.
Chemical composition of AlSi7Mg0.3 cast alloy
El. Si Fe Cu Mn Mg Ni
[wt.%] 6.9¢ 0.120¢ 0.003¢ 0.0037 0.389¢ 0.004:
El. Cr Pb Ti Zn Sh
[wt.%] 0.001: 0.003: 0.114. 0.008: 0.000:

Into experimental alloy was added certain amounAl&e10
master alloy (deliberate “contamination”), to irmse the iron
content. The main aim was to increase the ironestrit alloy, so
that amount is close to maximal allowed contentciigtomer
specification for automotive components, made fregoondary
alloys AISi7Mg0.3. Added amount of AlFel0O into thmasic
AlISi7Mg0.3 was 70000 ppm of the total batch. Therltal
composition of alloy with higher amount of iron shown in
Table 2.

From experimental melts were taken samples (1-wéh 2-
with 0.5 wt.% Cr, 3- with 1 wt.% Cr and 4- with 1.5 @%). For
these samples were prepared samples for metallugrap
observation and mechanical tests (Brinell hardnesk tansile
strength). Half of samples was tested in as cast sind half after
heat treatment (Fig.1).

Table 2.
Chemical composition of AISi7Mg0.3 cast allloy waldition of
iron

El Si Fe Cu Mn Mg Ni
[wt.%] 64¢ 1.28C 0.0(83  0.C92 0.349 0.04
El. Cr Pb Ti Zn Sk
[wt.%] 0.087 0.06 0.113 0.020 <0.004

To influence the segregation of iron based phasesster
alloy AICr20 had been used. Into alloy with highencunt of
iron, different amount of master alloy AICr20 hacbeadded: 0.5
% (melt no. 2), 1 % (melt no. 3) and 1.5 % (melt 4h The
chemical compositions of these melts are in Table 3

Table 3.
Chemical composition of melts after addition of reastlloy
AICr20

a) 0.5% Cr
El Si Fe Cu Mn Mg Ni
[wt.%] 6.41 1737 0.04 0.12¢ 0.23C 0.08(
El Cr Pb Ti Zn Sk
[wt. %] 0.289 0.00¢ 0.111 0.02i <0.00(4
b) 1% Cr
El Si Fe Cu Mn Mg Ni
[wt.%] 643 1733 0.055 0.12¢ 0.324 0.C81
El Cr Pb Ti Zn Sk
[wt. %] 0411 0.06 0.110 0.02i <0.00(4
c) 1.5%Cr
El Si Fe Cu Mn Mg Ni
[wt.%] 645 1.65¢ 0.05¢ 0.11¢ 0.34% 0.081
El. Cr Pb Ti Zn Sk
[wt.%] ~0.47: 0.066 0.0¢ 0.027 <0.00¢4
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By closer look at chemical composition we can see a
increasing amount of iron content with increasingoant of
AICr20 alloy. In all cases there was an increas&arf content
over 1 % Fe, what is maximum allowable contenttlfids type of
alloy.

To influence the segregation of iron based phaskeat
treatment T6 had been used (Fig.1).

Zolution heat treatment ( ZH T
Teur - — -

&— Quench

Tagre| | /

Time
Fig. 1.Heat treatment of alloy
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& ging treatrment

Heat treatment of this alloy constists of solutsimg (keep in
furnace at 535 °C for 6 Hrs); quenching (sudden chiag in
water at 50 °C); natural ageing (up to 8 Hrs);
and precipitation (keep in furnace at 170 °C foirg).

At Fig. 2, Fig. 3, Fig. 4 and Fig. 5 are shown rostructures
of samples from melts with higher amount of irond anith
addition of AICr20 in as cast state and after heaatient.
Influence of the iron amount on the microstructarel shape of
intermetallic phases was studied by classic blagkite contrast
method. Sample preparation and execution of metafthic
image was executed in a standard way for evaluatibn
intermetallic phases in aluminum alloys. Evaluadadhples were
etched by 20 ml of 80, + 100 ml of HO. Images of alloy
microstructures were obtained by light microscopeQRHOT
32. In Fig. 2 is shown microstructure of samplenfraelt with
higher amount of iron. The structure consists @i eutectic,
dendrites ofu — phase excreted in the form of white unites and
black areas as iron based particles. The dominaaepis phase
knows as beta- or - needles phasg-é%i. By analysis of the
microstructure we can see impact of the iron om itmsed
particles themselves. Addition of chrome decredsesamount of
phases (needle-like) and we can also see segnegten called
“sludge particles” (Fig. 3a).

For all samples were evaluated tensile strength and
elongation. The tensile test was performed on aileemachine
WDW - 20 in the laboratory of mechanical tests, udrsity of
Zilina at 22 °C. Results of tensile strength measerem are
presented at Fig 6.

After heat treatment were observed the spheroidisabf
eutectic Si and segregation and solution of longiéte needles
(Fig. 2b,4b)

After addition of iron into the basic alloy decredstensile
strenght on 167 MPa. But after addition of chromeréased
tensile streght above 170 MPa, except for the 1.6r%Tensile
strenght was also measured after heat treatmeniltRe$ tensile
strength measurements are presented at Fig. 7.
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a) Cast state b) afteathtreatment a) Cast state b) afeatitreatment
Fig. 2.Microstructure of AlSi7Mg0.3 (1.280 wt.% Fe; 0 wt.% Fig. 5.Microstructure of AISi7TMg0.3 (1.654 wt.% Fe, 1.5. ¥4
Cr), etch. H,SO, Cr), etch. H,SO,

Tensile strenght AISi7TMg0.3

Tensile strenght [MPa]

Cr [wt. %]

Fig. 6. Tensile strength of alloys after chrome addition

a) Cast state b) afmthtment -
Fig. 3. Microstructure of AISi7Mg0.3 (1.737 wt.%,F®5 wt. % 240
Cr), etch. H2$4 220 Tensile strenght of
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Fig. 7. Tensile strength of alloys after chromeitidid and heat
treatment
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In all cases, tensile strenght did not reached niv@mum
required value for this type of alloy after hea@atiment.

Elongation of basic alloy is according to Europ&tandard

. in range of 1 — 2 %. Results of elongation measunésnafter

2l : Bl addition of chrome are presented in Fig. 8.

a) Cast state b) afeathreatment

Fig. 4.Microstructure of AlSi7Mg0.3 (1.733 wt.% Fe, 1 #.

Cr), etch. H,SO,
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Fig. 8.Ductility of alloys after chrome addition

Brinell hardness tests have been performed at tiparaent
of Technological engineering laboratory. Brinell d@ess
measurement has been performed at 22 ° C on thsunmg
device Innova Test, model Nexus 3002 XL with atdigoutput.
The prints have been made by using the ball of 5 drameter.
Compressive strength was equal to 2452 N (250 k@) an
compressive strength endurance time was 15 s (HBS0AL).
Processed results of measurements are shown High@
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Fig. 9.Brinell Hardness of alloys after chrome addition
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3. Conclusions

The goal of the article was to evaluate the eftéfcthrome
and heat treatment in secondary alloy AlSi7Mg0t3s Ipossible
to conclude that high chrome content has detrinhémtaence on
microstructure — occurrence of very thick and loroyn based3
(AlsFeSi). Presence of AICr20 has also impact on thergthases
occurrence, whose chemical composition will be dranh by
EDX analysis in further work. Addition of chromecheases
tensile strength and decreases elongation; howeven higher
amount of chrome decreases tensile strength. Heatntent of
alloy after addition of chrome increased tensilerggth, but its
value is still not sufficient. The heat treatmelgoachanges Fe-
rich phases. Long needle particles were shortenddnarrowed
into small needles phases. Therefore we can sdyctiome can
be used as iron corrector in secondary aluminuaysul|
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