Solidification Characteristics of the Modified AA308-Type Alloys
Determined by Thermal Analysis and EDS

B. A', Dedavid, E. M', Costa and C. R.F?, Ferreira, C. R.F.

1- Pontificia Universidade Catdlica de Rio Grande do Suf, Centro de Microscopia Eletrénica e
Micreandlises e Faculdade de Engenharia, Av. Ipiranga, 6681, Prédio 30, 90.619-900, Porto Alegre,
RS, Brazil. Telephone: +55 (051) 320-3584, FAX: +55 (051) 320 3540 - berenice @em.pucrs.br,

eleani@em.pucrs.br

2- Universidade Federal do Rio Grande do Sul, Centro de Tecnologia, Laboratorio de Fundicao, Av. Bento
Gongalves, 9500, 91.501-970, Porto Alegre, RS, Brazil. frick @ vortex.ufrgs

Abstract

The AA 308-type alloy is one of the most widely
used aluminum diecasting alloys, and it is applied in
many components in the automotive industry. The aim
of this work is to investigate the solidification char-
acteristics related to the precipitated phases that are
formed in the modified AA 308-1ype alloys with high
magnesium content. The solidification process of the
alloy with the presence high quantity of magnesium
under investigation has been followed by thermal
analysis, EOS (Emission Optic Spectroscopy), and
subsequently by metallographic examination of the
solid samples using SEM and EDS.

The considered alloy was solidified in a ceramic
crucible of 35 mm diameter placed inside a resistive
furnace. A thermocouples set was connected o a com-
puter system in order to obtain the soliditication char-
acteristic curves. In our experimental system the so-
lidification process starts when a metallic bar made
of aluminum reaches the melt at the same time when
the furnace is turned off: The average of cooling rate
obtained was 3,7 °C/s and the typical cooling curve
showed characteristics peaks that correspond to the
distinet precipitates formed during the solidification
of the experimental alloy.

KEYWORDS: Aluminum casting allay, thermal
analysis, microstructure, and microanalysis.

1- Introduction

Aluminum is a light metal, and it is often specified mn
engineering applications for its feature. The as casting AA
308-1ype alloys are frequently used for the fabrication of
innumerable components by the automaotive industry because
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they present good mechanical characteristics and appreciable
castability. The concentration range of the following elements
composes the typical AA 380.1 alloy (1) S17.5-9.5%, Fe
1.0%, Cu 3.0-4.0% and Mg 0.1%. Tt is well known that the
microstruciure properties of AA380 type-alloys can be al-
tered by magnesium addiction (2).

Since thermal analysis and EDS are very powerful tech-
nigues to obtain information about the evolution of micro-
structure developed during the solidification process related
to the rate cooling (1.3), we made use of both techniques
accomplished by the metallographic techniques in order to
understand the behavior of the microstructure during the
solidification course of the modified AA 308-type alloys with
high magnesium content, as for example types and distribu-
tion of precipitates developed in the metallic matrix.

2 - Materials and Methods

The samples utilized in all experiments were obtained
from casting ingots which were pouring in a permanent
molding using an approximately superheating ot 60 “C. The
magnesium was added in the elementary form m the basic
alloy which was obtained from the Al-Si and AIl-Cu master
alloys and also from commercial Al

The chemical composition of the experimental alloy used
in our experiments was determined by Optical Emission
Spectroscopy (OES) and Graphite Atomic Absorption Spec-
troscopy (GAAS) techniques. Table 1 shows the chemical
composition of the experimental alloy as well as the compo-
sion of the commercial AA308. 1 wype alloy.

For the thermal analyses the experimental alloy was
melted in a ceramic crucible of 35mm diameter using a re-
sistive furnace. The melt was maintained at 20 ° C above the
melting temperature during one hour to achieve complete
stabilization. Three k-type thermocouples, 10 mm equally
placed from each other and horizontally distributed. were
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focated in the center of the nielt and were connected 10 a
computer system in order o obtain the solidification curves.
The solidification process occurs when a metallic bar made
of aluminum reaches the melt when the furnace is furned
off. The average of cooling rate obtained with the alumi-
num bar was 3.7 °C/s. The temperature/time relation in the
center of the ingot, acquired by the centritl thermocouple,
gives us a simple cooling curve that shows the start and end
of the solidification process that can be seen in Figure J.
Information about this may be obtained if the first deriva-
tive of the cooling curve is calculated as shown in Figure 2.

For microsuucture analyses. the cylindrical samples were
cut horizontally in the thermocouple point. The surface was
ground on. successively finer emery papers and polished in
a suspension of ALO, with grain size of 1pum. The polished
samples were elched by 0.5% HF- solution in distiliate wa-
ter and exasnined in & Scanning Electron Microscope (SEM)
in combination with an Energy Dispersive X-ray Spectrom-
eter (EDS) for quantitative chemical analysis in order 10 iden-
tity the different konds of precipitates present in the actual
material. The SEM analyses were performed by using both
Secondary Electrons (SE) and Electrons Back Scattering —
BSE modes.

3 - Results and Discussion

The experimental alloy modified by the adding high
magnesium content exhibited z large solidification zone,
ranging from 625°C 10 490°C as can be seen in Figure 1. As
nucleatton and growth proceed into the casting, more heat
is generated in the surface than in the center, once onr ex-
perimental system arrangement extracts the heat through the
melaliic bar located in the center of the melt, where the ther-
mocouples sel was placed. The peak related to this fact is
more evident due to the high coaling rate used during the
expeviments and it docs not go back o its ariginal steady
state value as can be observed by the accentuated difference
in temperature between peak 1.and peak 2 in Figore (. The
consequence of this in the microstructure appears through
development of Lypical aluminum dendrites in the back-
around as shown in Figure 3.

According to the EDS results, the peak indicated as num-
ber bon Figure ), corresponds to Whe development of alumi-
aum dendritic network: the peak 2 corresponds (o precipita-
tion of Al -phases, such as Ai (Fe. M) Si in the still pre-
ewtetc nterdendnitic liquid; peak 3 is related (o eutectic main
reaction mvolving nucleation of St crystals; peak 4 corre-
sponds {o precipitation containing Al,, such as Al FeSi. pcak
5 refers (o precipitation of Mg Si; peak 6 is related (o pre-
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cipitation of A),Cu and peak 7 refers 10 complex phases. as
Al Mg Cu,Si

Figure 4 shows an image of (he experimental alloy micro-
structure obtained by SEM in the BSE mode. Figure 5 shows
a more delailed image of Tigure 4. at each location the com-
position identification was made by EDS. where white needles
correspond to ALFcSi, black script phase to Mg,Si. in addic-
tion to Si, AlFeSi and Al Mn Si, particles. The numbers
marked in figure 5 correspond to the same peak numbers
showed in figore 2, respectively.

The presence of both. the peak number 5 i the ¢ooling
curve and the black seript phase, which is specifically lo-
cated in the Al-Sieutectic region (see microstructure repre-
sentative in figure 3) reveals the high magnesium content
existing in our sample.

4 - Conclusions

Considering the ntilized cooling rate during the solidifi-
cation process and also mn view of 1the high magnesium
amount additionared 1o the AA308-type atloys we concluded
that (his clement segregates preferentially to the
interdrendritic region in precipitated phases as Mg,Si and in
the complexes phases as ALMg,Cu,Si |,
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Si Fe Cu Mg
Alloy (% in weight) | (% in weight) | (% in weight) | (% in weight)
AA 380.1(1) 75835 1.0 3.0-4.0 0.1
Basic Alloy ' 9.59 1.04 3.54 0.004
Experimental Alloy " 9.32 - 3.4 2.35

i- Optical Emission Spectroscopy.
li- GAAS-Graphite Atomic Absorption Spectroscopy.

Table1- Chemical compositions of the experimental alioy and the commercial AA30E. | lype alioy:
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Figure 1- Typical cooling curve for the expenmental alloy and ils firs! derivative, showing the starting and the ending of
salidification proceeding (ranging tron 625°%C lo 450C7,
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Flgure 2- A detalled expenmental afloy cooling curve and its lust Jenvative. This curve was taken from the thermooouple that
was 30 mm dislanced from the aluminum bar.

Figure 3- Microstructura 1mage
showing the development of tymical
aluminum dendnites i the back
graund.
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Figure §- A more detalded image of Figure 4,
each numbered localion, the composition
1dentification was made by EDS. The numbers
specihed 11 the microsiructure also correspond (0
the numbars of the curve in Figure 1.
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Figu.e 4- Microstructure image of the
exgerimental alioy obtained by SEV mn
the BSE mode qing evidence tr the
dilferences in the compositior Jf the
phases
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