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The aim of this work is to investigate the
potential to improve the mechanical properties
of some aluminium alloys, in order to obtain
castings with optimum properties. Experiments
have been made with pure aluminium,
aluminium alloyed with 1% Si and 0,9% Mg
and four aluminium cast alloys with 7-12% Si
and various amounts of iron, magnesium,
copper and manganese. To achieve the best
possible solidification, gradient solidification
technology of tensile specimen has been used, in
order to explore the limits of the mechanical
properties in relation to the microstructure. The
experiments show that it is not possible to obtain
good fracture toughness in alloys with a high
iron content. The results also show that many of
the aluminium alloys frequently used today are
not processed in a way that allows optimal
mechanical properties to be achieved. The alloys
with a maximum of 0,4% Fe can give 10-23%
fracture elongation, depending on other alloying
elements such as Si, Mg and Cu. For these alloys
it is worthwhile to improve the melt treatment
and the casting process to obtain properties close
to, or even better than can be achieved in other
manufacturing processes. The experiments have
given results for both columnar and equiaxed
primary solidification structures.
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Introduction
The use of cast aluminium alloys in components for
various applications is increasing. In competition with
other construction materials, mechanical properties are
often considered as being most important. Castings
produced in commonly used processes give inadequate
properties and sometime severe defects, compared to
other manufacturing methods. One could conclude that
the cast microstructure gives poor mechanical
properties, and assume that casting can therefore not be
used in high performance parts. However, we know that
parts produced by e.g. squeeze casting can have

excellent properties. Experiments have shown that the
mechanical properties for cast aluminium alloys are
most often limited by defects created in the casting
process and during solidification, but chemical
composition is naturally also an important factor.1 To be
able to understand the potential for improved
mechanical properties it is necessary to discuss the
microstructure obtained. Not only the chemical
composition, but also the solidification process
influences the microstructure. Typical microstructure
quantities include precipitated phases, phase-fractions,
shape, and coarseness of the phases.

Earlier work has shown that improved
mechanical properties are obtained not only by a
reduction of the secondary dendrite arm spacing but also
by reduced and better distributed porosity, decreased
number and size of intermetallic constituents and a finer
eutectic structure.2 Iron is probably the most damaging
impurity in aluminium alloys because it forms needle-
like intermetallic compounds, which seriously impair the
ductility of the material. The reduced ductility is usually
associated with the formation of the plate-shaped
FeSiAl5 particles, often referred to as the β phase.3

Among the defects created in the casting process,
oxide films and formation of shrinkage- and gas porosity
are the most significant.1 The casting process and the
ingate techniques are therefore of great significance to
avoid inclusion of oxide films in the melt. The oxide
films are detrimental and provide nucleation sites for
porosity. These defects not only limit the mechanical
properties but also give a large scatter of the result.4 To
be able to determine the potential in mechanical
properties it is necessary to eliminate the defects. For
this purpose a gradient solidification equipment was
built, . This equipment has the possibility to remelt the
metal in a protecting atmosphere and to solidify the
metal in a well defined temperature gradient in order to
allow a good feeding of metal during the solidification,
without influence of the filling process. The result will
be a material with no or very low porosity level.

The aim with the current microstructures,
obtained at various solidification rates is to investigate
the potential for improved mechanical properties of
several aluminium alloys when defects such as oxide
films and porosity are negligible. The mechanical
properties that have been treated in this report are
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ultimate tensile strength and fracture elongation. The
microstructure quantities that have been evaluated are
precipitated phases, phase-fractions, shapes and
coarseness (dendrite arm spacing, DAS). The cooling
rates for the different solidification processes were also
evaluated.

Expe rim e ntal

Alloys  and m ate rials
In this report six different aluminium alloys have been
investigated. The compositions range from ”pure”
aluminium (99,5%) to eutectic Al-Si alloy. The chemical
compositions for the different alloys used in this work
are presented in Table 1. The first two alloys are used to
investigate the behaviour of the primary Al-phase with
and without solution hardening effects from Si, Mg and
Cu. These alloys contain a low fraction of eutectic phase.
Furthermore, the iron content is low for these two alloys,
in order two investigate the ductility of the pure α-Al
phase. For the other four alloys the silicon content is
varied from 7 to 12% and one of the alloys has increased
iron content.

Table  1 Ch e m ical com pos itions  for th e  alum inium
alloys used in th is  w ork *)

designation SS-EN SS Al Si Fe Mg Cu Mn Cr

Al99,5 1050A 4007 >99,5 0,07 0,30

AlSiMg 6005 4107 rest 1,0 0,23 0,89 0,08 0,41

AlSi7Mg 42100 4245 rest 6,8 0,12 0,39 0,5

AlSi9Cu3Fe 46000 4250 rest 8,3 0,85 0,19 2,4 0,24 0,05

AlSi10Mg 43100 4253 rest 9,8 0,34 0,43 0,07 0,26 0,02

AlSi12 44100 4261 rest 12,4 0,38 0,01 0,07 0,20
*) Analysis from  optical e m ission spe ctrom e try.

The first two alloys in Table 1 are commonly used for
extrusion and forging. The test bars from these two
alloys were taken from extruded rods, diameter 10 mm.
The other four alloys are commercial casting alloys. The
test bars were machined from ingots of those alloys,
except for the AlSi10Mg test bars which were remelted
and cast into a sand mould in order to get the right
shape.

Expe rim e ntal e q uipm e nt
Due to the difficulties to cast specimens free from oxide
films and porosity defects, directional solidification
techniques have been considered. To eliminate defects of
these types a gradient solidification equipment was built.
The equipment consists of a resistance-heated tube
furnace, a tripod and an electrically driven elevator
equipment as can be seen in Fig. 1. The equipment
offers the possibility to control the solidification rate of
the remelted metal. A cylindrical turned metal bar,
machined from an ingot, enclosed within a graphite
coated quartz tube, was inserted into the furnace. The
metal was remelted in a protecting atmosphere (Ar),
which prevents oxidation. Then the furnace moved with
a constant velocity, v, and the bar is continuously cooled
in air or water. This procedure gives no interference

from oxide films and ensures free feeding of metal
during solidification. The metal was voidless, i.e. free
from visible porosity, and the microstructure exhibits a
directional solidification. At high drawing rate equiaxed
solidification sometimes occurred.

Fig. 1a) A picture  of th e  e q uipm e nt s et-up

Fig. 1b) A outline  of th e  gradie nt solidification furnace
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M e ch anical stre ngth  spe cim e ns
Specimens for tensile testing were machined from the
remelted bars as shown in Fig. 2. The tensile testing was
carried out for each of the six aluminium alloys, each
studied at four different drawing rates.

Fig. 2 Specim e n used for te ns ile  te sting.

M e asure m e nts  of te m pe rature  gradie nts
during solidification
The temperature gradients along the axial direction were
measured with a thermocouple TC (type K, CA). The
TC was placed inside, in the middle of the cylindrical
bar. It was protected with an Al2O3-sheath and fireproof
ceramic slurry at the thermocouple junction, and
connected to data acquisition equipment. The
temperature as a function of time was measured.

Fig. 3 shows how the temperature gradient was
evaluated from the TC-curve as the maximum cooling
rate after the solidification of the metal. The temperature
gradient dT/dx is obtained as the time derivative dT/dt
divided by the speed of the furnace i.e. the drawing rate
(v). The results of the temperature gradient
measurements are presented below, section-by-section,
together with measurements of mechanical properties
and microstructures, for each of the alloys and growth
rates.

TC-curve with the time derivative
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Fig. 3 A TC-curve  w ith  th e  tim e  de rivative  to
dete rm ine  th e  te m pe rature  gradie nt (for AlSi10M g,
v=0,3 m m /s)

M icrostructure  analysis
The microstructure was evaluated with respect to
secondary dendrite arm spacing (DAS) of the Al-phase
and fractions of primary precipitated Al-phase and
eutectic Al-Si-phase respectively. The microstructure
analysis was carried out with an image processing
equipment. The DAS is a measure of the solidification
rate and decreases with increasing drawing rate. It is
generally agreed that increased solidification rate i.e.
decreased DAS has an overall beneficial effect on
mechanical properties. The microstructure was etched
with 0.5% HF for ten seconds at room temperature.

Re s ults
In the section below the results from the mechanical
testing and microstructure analysis are presented. The
discussion is based on the known hardening mechanisms
in aluminium alloys. At the moment we can not separate
the contributions by the different mechanisms of solution
hardening, precipitation hardening and the influence of
composite microstructure.

M e ch anical prope rtie s  and
m icrostructure s
The microstructure morphology obtained by the gradient
solidification equipment was oriented columnar
dendritic except for the two highest drawing rates which
gave equiaxed dendritic morphology. Examples of
oriented columnar and equiaxed dendrites are shown in
Fig. 4 and 5 respectively.

Fig. 4 M icrostructure  s h ow ing orie nte d colum nar
dendrite s  (AlSi10M g)

Fig. 5 M icrostructure  s h ow ing e q uiaxe d de ndrite s
(AlSi10M g)

The results of the temperature gradient, phase fraction,
DAS, solidification rate and mechanical property
(Ultimate Tensile Strength UTS and fracture elongation
(A5)) measurements are presented for each alloy
respectively in sections below.

Pure  Alum inium , Al9 9 ,5 - SS-EN 1050A
In Fig. 6 and 7 the UTS and the fracture elongation are
presented as a function of drawing rate. The ultimate
tensile strength as well as the fracture elongation
increases with increased drawing rate. As mentioned
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above this alloy is used to investigate the behaviour of
the pure primary aluminium phase. For this alloy no
eutectic Al-Si phase was found, but the iron content
leads to formation of iron-rich intermetallic particles in
the microstructure due to the segregation of iron in the
melt during solidification. The iron-rich particles
precipitate in the last solidified areas and lie as a border
around the Al-dendrites. Since the microstructure is
dominated by primary α-Al phase and the amounts of
iron-rich intermetallic phases are small no quantitative
microstructure analysis has been made for this alloy.
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Fig. 6 Th e  UTS as  a function of draw ing rate  for
Al9 9 ,5%
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Fig. 7 Th e  fracture  elongation as  a function of
draw ing rate  for Al 9 9 ,5%

As can be seen in Fig. 6 and 7, pure aluminium has
quite low strength, but very good ductility.

AlSiM g  -  SS-EN 6005
In Fig. 8 and 9 the UTS and the fracture elongation are
presented as a function of drawing rate. For the same
reason as for the previous alloy, no quantitative
microstructure analysis has been made for this alloy.
The alloying content is low and therefore the
microstructure is dominated by the primary aluminium
phase and contains almost no eutectic phase. The
secondary phases precipitate in the last solidified regions
and consist mostly of divorced eutectic solidification
structures. The microstructure obtained for the drawing

rates 0,3 mm/s and 3,0 mm/s are showed in Fig. 10 and
11 below. From the microstructure and mechanical tests,
the solidification structure is a mixture of columnar and
equiaxed growth.
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Fig. 8 Th e  UTS as  a function of draw ing rate  for
AlSiM g
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Fig. 9  Th e  fracture  elongation as  a function of
draw ing rate  for AlSiM g

Compared to the pure aluminium in the previous
section, the UTS has increased about a factor 3 due to
addition of the alloying elements Si and Mg. The
additions have also reduced the fracture elongation by a
factor 3 compared to the pure aluminium alloy .
According to Fig. 8 and 9 the UTS and total fracture
elongation increase when the drawing rate increases
from 0,03 mm/s to 0,3 mm/s, but decreases when the
drawing rate is increased further. The two slowest
drawing rates: 0,03 and 0,3 mm/s exhibit a directional
solidification, while the higher drawing rates: 3 and 6
mm/s gave more equiaxed solidification. The change
from directional to equiaxed solidification can explain
the decrease in UTS and fracture elongation.
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Fig. 10 M icrostructure  of AlSiM g at draw ing rate  0,3
m m /s

Fig. 11 M icrostructure  of AlSiM g at draw ing rate  3,0
m m /s

AlSi7M g - SS-EN 42100
The UTS and the total fracture elongation is plotted as a
function of drawing rate in Fig. 12 and 13. In Table 2
the microstructure- and thermal conditions
corresponding to the specific drawing rate are given.
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Fig. 12 Th e  UTS as  a function of draw ing rate  for
AlSi7M g
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Fig. 13 Th e  fracture  elongation as  a function of
draw ing rate  for AlSi7M g

This alloy has the silicon content 6,8 % wt. and is
suitable for casting. Increased silicon increases the melt
fluidity and also increases the fraction eutectic phase.
The fraction primary phase is 58-62%, depending on the
drawing rate. The fraction primary aluminium phase
increases with increasing solidification rate. The
increase in fraction primary phase and cooling rate
results in increased fracture elongation. The UTS is
approximately the same as in the case of 1% Si
(AlSiMg), which means that the strength of the eutectic
phase does not improve the strength for the entire
material. Surprisingly, the maximum fracture elongation
is close to the AlSiMg-alloy, but the spread in properties
is larger in the cast and remelted alloy. Fig. 12 shows a
strong dependence between UTS and drawing rate. The
fracture elongation also exhibits a similar pattern. The
UTS and the fracture elongation increase when the
drawing rate increases. The scale of the microstructure
is finer for higher drawing rates and a measure of this is
the secondary dendrite arm spacing DAS. The DAS
depends on the drawing rate and can be coupled to the
cooling rate (dT/dt) and the temperature gradient
(dT/dx). The improved mechanical properties can be
explained by the finer silicon particles in the eutectic,
which can be seen in Fig. 14 and 15.

Table  2 Solidification and m icrostructure  prope rtie s
for AlSi7M g.
v [mm/s] dT/dt [K/s] dT/dx [K/mm] DAS [µm] α-Al [%]

6 14,2 2,37 16,8 -
3 13 4,33 12,1 60,44

0,3 2,65 8,83 32,5 61,94
0,03 0,168 5,60 110,6 57,825

Growth
direction

α− Al

iron-rich phase

Growth
direction
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Fig. 14 M icrostructure  of AlSi7M g at draw ing rate  0,3
m m /s

Fig. 15 M icrostructure  of AlSi7M g at draw ing rate  3,0
m m /s

AlSi9 Cu3Fe  - SS-EN 46000
The UTS and the total fracture elongation is plotted as a
function of drawing rate in Fig. 16 and 17. In Table 3
the microstructure analysis and the thermal conditions
corresponding to the specific drawing rate are given.
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Fig. 16 Th e  UTS as  a function of draw ing rate  for
AlSi9 Cu3Fe
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Fig. 17 Th e  fracture  elongation as  a function of
draw ing rate  for AlSi9 Cu3Fe

This alloy is commonly used for high-pressure die-
casting. It is a secondary (recycled) alloy with 0,85% Fe,
8,3% Si and 2,4% Cu. The UTS varies from 140 to 280
MPa when the drawing rate is varied from 0,03 mm/s to
3,0 mm/s and the fracture elongation simultaneously
increases from 0,8 to 3,5%. The main reason for the
improvement of the mechanical properties is the finer
microstructure and the smaller and better-distributed
iron-rich β-phase. The plate-shaped β-phase (FeSiAl5) is
a strong crack initiator and reduces the ductility of the
material. The maximal intercepted length of the β-phase
increases with increased iron content and decreasing
cooling rate.

Table  3 Solidification and m icrostructure  prope rtie s
for AlSi9 Cu3Fe

v [mm/s] dT/dt [K/s] dT/dx [K/mm] DAS [µm] α-Al [%]

6 20,5 3,42 15,1 65,75
3 18,5 6,17 12,9 65,84

0,3 3,18 10,60 23,2 58,675
0,03 0,181 6,03 70

Fig. 18 M icrostructure  of AlSi9 Cu3Fe  at draw ing rate
0,3 m m /s
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Growth
direction

Growth
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Fig. 19  M icrostructure  of AlSi9 Cu3Fe  at draw ing rate
3,0 m m /s

AlSi10Mg - SS-EN 43100
The UTS and the total fracture elongation is plotted as a
function of drawing rate in Fig. 2 and 21. In Table 4 the
microstructure analysis and thermal conditions
corresponding to the specific drawing rate are given.
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Fig. 20 Th e  UTS as  a function of draw ing rate  for
AlSi10M g AlSi10Mg
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Fig. 21 Th e  fracture  elongation as  a function of
draw ing rate  for AlSi10M g

This, as well as the two previous alloys, is a hypoeutectic
casting alloy with 9,8% Si and 0,43% Mg. It is used in
sand and permanent mould casting, and  has good
fluidity due to the high silicon content. Here the
composition has been modified with about 200 ppm Sr.
The fraction primary Al-phase varies from 37 to 48 %.
The UTS varies from 165 to 250 MPa as the drawing

rate is increased from 0,03 to 6,0 mm/s. Fig. 21 shows
the fracture elongation make a large jump up to 16,8 %
at a drawing rate of 0,3 mm/s, and is 6,3-8,5% for the
other drawing rates. The jump can be explained by the
change from directional to equiaxed solidification, i.e.
from drawing rate 0,3 to 3,0 mm/s which can be seen in
Fig. 22 and 23.

Table  4 Solidification and m icrostructure  prope rtie s
for AlSi10M g

v [mm/s] dT/dt [K/s] dT/dx [K/mm] DAS [µm] α-Al [%]

6 29,2 4,87 13,7 41,5
3 10,5 3,50 19,3 48,1

0,3 3,22 10,73 21,7 43,7
0,03 0,25 8,33 66,7 36,9

Fig. 22 M icrostructure  of AlSi10M g at draw ing rate
0,3 m m /s

Fig. 23 M icrostructure  of AlSi10M g at draw ing rate
3,0 m m /s

AlSi12  -  SS-EN 44100
The UTS and the total fracture elongation is plotted as a
function of drawing rate in Fig. 24 and 25. In Table 5
the microstructure analysis and thermal conditions
corresponding to the specific drawing rate are given.
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AlSi12
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Fig. 24 Th e  UTS as  a function of draw ing rate  for
AlSi12
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Fig. 25 Th e  fracture  elongation as  a function of
draw ing rate  for AlSi12

This is a eutectic casting alloy with 12,4 % Si and is
used for sand and permanent mould casting. The high
silicon content leads to a small fraction of primary
phase, i.e. 15 to 31% depending on the drawing rate.
The fraction primary α-Al phase increases with
increasing drawing rate. The UTS and the fracture
elongation increase when the drawing rate is increased
from 0,03 to 0,3 mm/s. When the drawing rate is
increased further, i.e. to 3,0 mm/s there is a change in
the microstructure morphology. The microstructure
changes from directional to an equiaxed dendrite
structure, which leads to decreased fracture elongation.
The increase in drawing rate leads to a finer structure,
which gives increased UTS. Further increase of the
drawing rate to the highest drawing rate used in this
investigation, i.e. 6,0 mm/s leads to a decrease in UTS
and fracture elongation.

Table  5 Solidification and m icrostructure  prope rtie s
for AlSi12

v [mm/s] dT/dt [K/s] dT/dx [K/mm] DAS [µm] α-Al [%]
6 12,5 2,08 18,5 31
3 15,5 5,17 7,55 19,5

0,3 5,7 19,0 14,7 20,2
0,03 0,15 5,00 25,3 14,9

Fig. 26 M icrostructure  of AlSi12 at draw ing rate  0,3
m m /s

Fig. 27 M icrostructure  of AlSi12 at draw ing rate  3,0
m m /s

Analys is  and discus s ion
The casting alloys used industrially give a wide span of
mechanical properties. The primary requirements are in
many cases good fatigue strength, but often also ultimate
tensile strength or yield strength. In automotive
applications the fatigue strength is important but in
safety-critical components the fracture elongation also
needs to be high. To obtain the necessary properties of a
component, the optimum alloy and casting process must
be selected. The experiments performed here show that
some frequently used alloys have a great potential for
high fracture elongation, but this is not  fully used due to
sub-optimal processing. It is relevant to know if it is
worthwhile optimising the process for a particular alloy
to obtain the required properties of the alloy and
component. These experiments show the potential of
some aluminium casting alloys under various cooling
conditions, which can be obtained, in different casting
processes.

The fracture elongation seems to be the most
critical parameter to measure, in order to achieve the
maximum potential of the aluminium alloy. The
solidification rate is very important for some alloys due
to formation of poor microstructures, but is of less
importance for others. The experiments can be used as a
guide in selecting the best casting alloy, in combination
with the best solidification conditions (e.g. wall
thickness) and casting process. At this point a complete
understanding of the relations between microstructure
and mechanical properties in aluminium-based alloys is
lacking.

Growth
direction

 α- Al

eutectic
phase

100 µm
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To be able to explain the behaviour of a microstructure
consisting of mixed phases, it is necessary to understand
the behaviour of the individual phases. The
microstructure of aluminium casting alloys mainly
consists of the primary Al-phase and the secondary
eutectic Al-Si-phase. For recycled alloys, with increased
iron content, the amount of iron-rich intermetallic
phases and eutectics can be significant. The pure Al-
phase is quite soft but exhibits very good ductility. When
the amount of additional elements is increased, various
hardening effects increase the strength of the Al-phase
significantly, with a reduced, but still good ductility. In
the case of casting alloys with a high amount of silicon
(≥7 wt. %) the amount of eutectic Al-Si phase is
substantial. The overall mechanical properties will
therefore depend on the properties of the constituent
phases. Not only their fraction and individual properties,
but also their size and morphology will influence the
mechanical properties of the material. It is generally
agreed that the mechanical properties are enhanced with
increased solidification rate, i.e. finer structure, which
agrees with the experimental results shown in this paper.
Increasing cooling rate leads to an increased fraction of
primary precipitated Al-phase and a higher fraction of Si
in the eutectic phase. The Si particles decrease in size
when the cooling rate is increased.

By increasing the drawing rate in the gradient
solidification equipment, the temperature gradient
decreases due to limitations in heat transfer. When the
drawing rate is increased from 0,3 to 3 mm/s there is a
change in morphology from oriented columnar dendritic
to equiaxed dendritic structure.

The fraction of primary Al-phase precipitated
increases with increasing cooling rate and decreasing
silicon content. When the cooling rate is increased a
finer eutectic structure is obtained and the fraction
silicon in the eutectic Al-Si phase increases. The
fraction as well as the maximum length of the plate-
shaped iron-rich β phase (FeSiAl5) increases with
increasing iron content and decreasing cooling rate. At
low cooling rates and at low iron content it is the
eutectic structure that limits the ductility of the material.

The fracture elongation as well as the UTS
increases with increasing drawing rate. This is in
apparent contradiction with the solution hardening
effect, which normally gives lower elongation with
increased UTS. In this case the increased drawing rate
leads to an increased amount of primary aluminium
phase and finer and better distributed intermetallic
particles, which can explain the increase of the fracture
elongation and UTS when the drawing rate is increased.

The experiments show that even for a relatively
pure alloy an increased cooling rate leads to an increase
of both the strength and the ductility. The dendrite
structure could give 40-60% fracture elongation. The
addition of 1% Silicon and 0.9% Mg gives a large
increase in strength and a considerable decrease in
fracture elongation. The properties are measured on the
as cast microstructure. Probably the high Mg-content
causes the alloys to precipitation harden during the
cooling down to room temperature and continued ageing
occurs at room temperature. Without directly

quantifying the effects of changes in microstructure, the
experiments gave very interesting results of what can be
achieved in a well-controlled solidification process as in
the gradient solidification equipment. The results of the
mechanical properties have been extracted and
summarised in Tables 6 and 7. In these experiments and
this selection of alloys, the optimal technical properties
have been obtained with as-cast microstructures i.e.
without any modification or grain refining additions.
Firstly, these tables can be used to select the right type of
aluminium alloy and solidification conditions to obtain
specified mechanical properties. Secondly, casting
conditions, such as melt treatment, ingate optimization,
cooling conditions and feeding need to be optimized. If
an inappropriate alloy is selected the optimal cast
material properties can never be obtained.

Table  6 Th e  ultim ate  te ns ile  stre ngth s  (UTS) obtaine d
in th e  gradie nt solidification e q uipm e nt at
diffe re nt cooling rate s  for various  alloys (as -
cast condition)

Alloy UTS (low cooling rate) UTS (high cooling rate)

Al99,5 60 MPa 85 MPa
AlSiMg 180 MPa 240 MPa
AlSi7Mg 150 MPa 250 MPa

AlSi9Cu3Fe 150 MPa 290 MPa
AlSi10Mg 160 MPa 250 MPa

AlSi12 180 MPa 250 MPa

Table  7 Th e  fracture  elongation (A5) obtaine d in th e
gradie nt solidification e q uipm e nt at diffe re nt
cooling rate s  for various  alloys (as -cast
condition)

Alloy A5 (low cooling rate) A5 (high cooling rate)

Al99,5 40 60
AlSiMg 18 24
AlSi7Mg 13 16

AlSi9Cu3Fe 1 4
AlSi10Mg 5 23

AlSi12 5 10

Conclus ions
Experiments with different aluminium alloys and
solidification conditions show that the maximum
mechanical properties obtainable, such as ultimate
tensile strength and fracture elongation, vary widely.
The gradient solidification technology of tensile
specimens gives a tool to explore the limits of the
mechanical properties in relation to microstructure. One
important conclusion is that we can never expect to
obtain good fracture toughness in cast aluminium alloys
containing high iron levels , due to formation of needle-
shaped phases. Another conclusion is that many of the
alloys used today are not processed (i.e. ingate
techniques) in a way that allows optimal mechanical
properties to be achieved. For these alloys it is
worthwhile to improve the melt treatment and the
casting process to get properties close to or even better
than can be achieved in other manufacturing processes.
The gradient solidification technique is outstanding in
producing test material with low or negligible levels of
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casting defects, comparable to continuous casting
methods which give similar results but with less
flexibility. The gradient solidification technique is a
valuable technique to optimize the alloying composition
to achieve better strength as well as ductility.
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