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Effects of cooling rate and modification on microstructure of
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Abstract:

In this research, the effects of cooling rate and modification on the microstructure of
A319 alloy containing 1% wt Fe have been investigated. Experiments were conducted
with unmodified and modified alloys on the fluidity test strips in permanent cast iron
mold with vanous thicknesses (1, 3, 5, 7, 9 and 12 mm). To modify, A319 alloys were
prepared by the use of modifiers elements (Mn, Cr, Co and Sri The fluidity of all samples
was determined and the relationships between modification. castng thickness and fluidity
have been investigated. The results showed that modification has changed the
morphology of needle-beta phase to Chinese script-alpha phase and improved the fluidity
of the alloy. Further results showed that increasing cooling rate improves the
modification. Sr addition was found to be more effective 1 modification of the
microstructure compared to other modifying elements

Keyv words: A319 alloy. modification. intermetallic. cooling rate.
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ABSTRACT

Research on the fluidity in Fe-containing A319 alloys was
conducted by using the strip fluidity test moid. Roles of Cr,
Co, Mn and Sr as modifier of iron intermetallic were
evaluated. The results obtained indicated that the modified
alloys exhibit an improved fluidity when compared with
untreated alloy. The modification leads to change of
morphology platelet beta phase to Chinese script alpha
phase. The presence of beta phase interferes with fluidity
by interfering with liquid flowing in interdendritic channels.
Among of modifiers, Sr showed best fiuidity properties.

Keywords: A319 alloy, fluidity, modification, strip fluidity test
mold, intermetaliic.

INTRODUCTION

Cast A319 alloy, due to its excellent strength-to-weight
ratio, high impact toughness, low coefficient of thermal
expansion, proper castability and good corosion
resistance is extensively used in the automobile industry
especially in the production of engine blocks, cyfinder
heads and transmission cases {1].

Fluidity of casting alloys is defined as the ability of
molten metal to completely fill @ mold cavity especially in
producing castings with thin sections and complicated
shapes [6].

Aluminum forms a variety of intermetallic compounds
with its alloying elements. Intermetatiics are actually solid-
solutions that have substantial capacity to dissolve othér
elements [8]. The solubility of Fe in motten aluminum is
quite high and causes the eventual dissolution of ferrous
material in contact with molten atuminum [2]. Typical
morphologies of Fe-rich intermetallics include needle-like
that known as beta phase and Chinese script. star-ike
and polyhedral phase known as alpha phase. The
Chinese script morphology of alpha phase occurs during
sutectic solidification with alpha aluminum. The alpha
phase appears as polyhedrons if it solidifies as a primary
phase. it seems presence of intermetaliics causes fiuidity
of afloy decreases. The presence of coarse beta phase
piatelets interferes with feeding and castability, reportedly
by interfering with liquid flowing in interdendritic channiels.
The pnmary effect 1s increased porosity 8.

Modification changes beta phase momnology and is
achieved by rapid solidification, chemical modification and
thermal modification Mn. Cr and Co are commoniy used

for chemical modification and addition of these elements
to the melt containing iron changes the needle beta phase
into Chinese script form {2].

Increasing Mn will progressively reduce the number and
size of beta phase particles to the point where none
appear at all. In A319 alloy, Mn:Fe ratios of 06:1t0 0.7°1
is suggested. However, the amount of Mn needed to
neutralize Fe varies with cooling rate during solidification
[8}.

Cr additions to 319 alioy caused coarse beta platelets o
be replaced with Chinese script identified as alpha Al.,
(Fe,Cr).Sis, but likely the same Al;sFe,Si, phase. CrFe
ratios of 1.3 is effective in A319 alioy.

Co has an effect similar to Mn. but slightly higher
concentrations are needed and a globular Fe-fich phase
is formed. Co:Fe ratios 1:1 is found to be appropriate.

While the most common purpose of Sr addition is to
modify the eutectic Si particle, the action of Sr on the
fragmentation and dissolution of the beta plate-like phase
also take place at the same time. However, a third, not so
benefitical particulary in the case of Al-Si-Cu alloys, where
the presence of Sr causes segregation of the CuAl
intermetallic phase in areas away from the eutectic Si
regions . Addition of 30C ppm Sr to alloy containing 1 wit%s
Fe is benefit to neutrafize detrimental effect of iron and
silicon {5).

Cooling rate and modification can after the iron
intermetallic morphology in conjunction with each other to
optimum fluidity of afioy.

This study intended to evaluate the influence of Cr, Co,
Mn and Sr on the fluidity of A319 diecasting alloy under
various cooling rates microstructural observations ang
image analysis weere camed out to comelate the
solidification characteristics of alloy with its fluidity [2]
EXPERIMENTAL
Melt preparation and casting procedure

The chemical composition of the as-received 319
aluminum atloy used in experiments is shown in tabie 1
Table1. chemicaj composition of A319 alioy

Al Si Cu Mg Mn Fe Zn

Balanced 541 228 034 027 012 00¢

The allcy ingots were cut and melted in a graphre

cracibie  an electnc resistance fumane To stugy o
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ABSTRACT

In ALSi alloys, the properties are influenced by
size and morphology of iron-bearing
intermetallics. The B-AI5FeSi iron intermetallic
phase is known for its detrimental effect on
mechanical properties. In this study the influence
of grain refinement on the size and morphology of
iron-bearing intermetallics in 319 aluminium alloy
containing twt% Fe was examined.

ALST-1B and Al-10%Zr master alloys were used
as grain refiner to obtain different contents of Ti
and Zr, 0.01-02wt% and 0.01-0.1wt%,
respectively. Variation of the size of iron-bearing
intermetallics was determined using image
analyzer. [t was interesting to note that although
increasing levels of Al-5Ti-1B leads to the
formation of the finer grains, an increase in the
length and thickness of B-Al5FeSi needles was
found to be dominant in microstructure. However,
the presence of Zr increases the thickness of §-
AlSFeSi phase without any considerable changes
in the length. Further results showed that higher
levels of Zr convert the crystaflization of harmful B
phase needles to less harmful a-Chinese script
phase.

Keywords. A319  aluminium  alloy, iron
intermetallics, Ti, Zr, grain refinement

INTRODUCTION

Aluminium-Silicon alloys are widely used in
casting due to their excellent castability
which makes them possible to produce
reliable castings even in complex shapes,
particularly in automotive industry.’

Various alloying elements such as Cu, Mg
Mn. Fe, Ni, Cr, Co and Be are added to
these alloys to improve the mechanical
properties and/or to suppress the effect of
some undesirable impurity element 28

One of these impurity elements is fron.z Iron
partly goes into solution in the matrix and
partly forms intermetaliic particles with
aluminium and other alloying elements
during solidification process« Depending

AY

upon the alioying composition, the iron
intermetallics can mainly occur in the a-
Alis(Fe Mn)sSiz or B-AlsFeSi forms.s The B-
AlsFeSi platelet/needle like iron
intermetallics is considered the most critical,
as it significantly reduces the alloy ductility
and fracture toughness. This is mainly
because of the more severe stress
concentration effect that the shape edges of
the needie introduce into the alloy's matrix.
in comparison, the a-iron Als(Fe Mn)sSiz
phase. due to its compact morphology
(Chinese script like in appearance), is less
harmful to the mechanical properties.a o

In addition of the shape and volume percent
of iron intermetallics, the grain size is the
most important factor that controls the
mechanical properties of AIl-Si alloys. 1t is
well known that the addition of Ti in the form
of Al-5Ti-1B master alloy to the molten AJ-Si
alloys. converts a coarse grain structure to
fine equiaxed structure. Like titanium.
zirconium aiso behaves as a grain refiner in
Al-Si alloys. but its effect is much less than
that of titanium.«s 12

Although the effect of Ti and Zr on the grain
size of Al-Si alloys is well established. there
1s not enough information on the influence of
the grain refiner on the size and morphology
of iron-bearing intermetallics.

This investigation was conducted to study
the effect of varying concentrations of Ti and
Zr on the soiidification microstructure and
distribution of phases in A319 aluminium
alloy

Experimental procedure

The chemicé analysis of as-received 315
aluminium a2y s shown in Table * along
with  the Auminium Association (AA)
standard co~position. The 319 aluminium
alloy ingots were cut, dried and melted in a
graphite cruc tie of 1Kg capacity. using an
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Abstract
In this research, the effects of cooling rate and modification on the

microstructure of A319 alloy containing 1% wt Fe have been investigated.
Experiments were conducted with unmodified and modified alloys on the
fluidity test strips in permanent cast iron mold with various thicknesses (1,
3,5, 7,9 and 12 mm). To modify, A319 alloys were prepared by the use of
modifiers elements Mn, Cr, Co and Sr). The fluidity of all samples was
determined and the relationships between modification, casting thickness
and fluidity have been investigated. The results showed that modification
has changed the morphology of needle-beta phase to Chinese script-alpha
phase and improved the fluidity of the alloy. Further results showed that
increasing cooling rate improves the modification. Sr addition was found
to be more effective in modification of the microstructure compared to

other modifying elements.

Key words: A319 alloy, modification, intermetallic, cooling rate

www.iragfmavad.com

Age Gpodize g (loedil @2 5o



University of Tehran

Faculty of Engineering
Department of Metallurgy and Materials

The study of cooling rate on morphology of
intermetallics in modified A319 Alloy

By: Ali Azizi Ghahrudi

Under Supervision of
Dr. M. Emamy
Dr. J. Rasizadeh

A thesis submitted to the Graduate Studies Office in partial
fulfillment of the Requirements for the degree of master science in

Casting

September 2005

Www.iran—ma‘v’,ad\.gorr;‘, S
CAANE

Ao Gpodize 5 Ot @50





