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Abstract – The effect of iron removal from Al-Si alloys was
studied alongside the effect of sodium refinement of the
structure. The properties used to assess structural changes
were; ultimate tensile strength, percentage elongation,
microhardness, impact strength, bend strength, electrical
conductivity and resistivity. The studied alloys were
chemically analysed and tested using standard equipment
and techniques. The results obtained showed that the ratio of
iron to cobalt equals 1:1 gave a decrease of iron from 1.7% to
0.44%. The results further indicated that UTS of cast Al-
11%Si +1.7% Co +1%Na alloy increased with the removal of
iron from 124.05 N/mm2 to 148.20 N/mm2, percentage
elongation from 2.6% to 5.47%, impact strength from
0.054J/cm3 to 0.072J/cm3, while microhardness and
electrical conductivity decreased from 236.0 to 231.0 and
1880µs/cm to1054µs/cm respectively for the Co content of
1.7%. Results are explained in terms of the quantity of iron
removed and the refinement of the structure by NaCl. Al-
11%Si + 1.7%Co + 1%Na alloy which has high mechanical
and physical properties was developed and recommended for
ingot and shaped castings.

Keywords – Effect, Al-Si Alloy, Fe-Removal, Structure,
Refinement.

I. INTRODUCTION

The Al-Si alloys belong to a group of cast aluminium
alloys produced by the addition of significant amount of
Si to commercial pure aluminium [1]to yield an alloy with
a relatively low melting point (577 oC), high fluidity and
ductility. The Si is responsible for the enhanced fluidity of
the alloy, allowing it to flow more easily through die and
mould cavities to fill thin as well as intricate shapes, and
produce stronger components. The low melting point of
these alloys reduces the burden of energy and refractory
on the furnace, making foundry operation easy and
economically viable. Refractories are indispensable in the
metallurgical industry, they are expensive, heavy and since
they are imported, they are unreliable in supply [2]. The
ductility of the alloy however, enables it to be cast, cold
worked or drawn into wires without distortion or rupture.
The low melting point, fluidity, ductility of Al-Si alloy and
other properties justify its use in alloy development and
casting of shaped components.

There are basically three groups of Al-Si alloys [1],
grouped according to their silicon content, namely;
hypoeutectic (5-10%Si), eutectic (11-13%Si) and
hypereutectic (14%Si and above)  The eutectic Al-Si alloy
finds the widest application in the industries for general
casting, because of its superior casting properties,  good
corrosion resistance and high mechanical properties. The
hypoeutectic Al-Si alloys with their coarse structure are
used for the production of pistons. The coarse structure

also known as coarse primary β crystallites lower the
mechanical properties of the alloys.

The hypereutectic Al-Si alloy is used for the production
of engine blocks which work under hard condition. To
achieve this, the alloy is further alloyed with copper,
nickel, magnesium or chromium. Silicon is hard and
brittle, hypereutectic Al-Si alloys (for its large content of
silicon) are not expected to posses enough ductility and
strength to be as useful as the eutectic or hypoeutectic
alloys.

The alloys are applied widely for general casting of
shaped parts such as pistons, crankcases; engine and
cylinder blocks [3]. Apart from its use as a casting
material, the alloys are also suitable for welding wire,
brazing material due mainly to the low melting point
advantage. Aluminium displays good electrical
conductivity but specific alloys have been developed with
higher resistivity. These alloys are useful in high
resistivity electrical motors. These alloys are also useful in
electronics for spray forming technology to control
thermal expansion coefficient of certain equipment.

Al-Si alloys contain aluminium, silicon and other
impurities from scraps but the most serious problems in
Al-Si alloys are the platelet form of solidified Si and
presence of brittle iron- containing compounds. The
solidification of Al-Si alloys results in the formation of
insoluble iron-containing compounds of Al8Fe2Si, Al5FeSi
and Si platelets with complex morphologies. The nature
and morphologies [8,9] imply why they are detrimental to
the mechanical properties of silumins and difficult to
remove. The improvement mechanisms for the alloys are:
Rapid solidification of melt (Al-Si) which reduces
solidification time and grain size of castings. With a
higher cooling rate, grain density increases, dendrite arm
spacing decreases, and the average pore size decreases.
Accordingly, cooling rate of the casting is normally used
to control microstructure and thus change the fatigue and
wear behaviour of Al-Si alloy [4]. Precipitation of high
Fe-rich phases is mainly applied to purify Al-Si cast alloys
[9]. Iron is removed by the formation of primary Fe-rich
intermetallics, generally primary α-Al15 (FeMn)3Si2
(called sludge) and the cheapest and the most effective
way to correct the effects of silicon and iron in the Al-Si
system of alloys is to modify the structure of silicon and to
recompact the structure of the iron-containing compounds.
Both processes are conducted while the alloy is in the
liquid state [5].

The study is aimed at improving the mechanical  and
physical properties  of the Al-Si alloys by way of milling-
down and recompacting the Si platelets and intermetallic
compounds in the liquid state.
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II. MATERIALS AND METHODS

The materials used in sample preparation of the test
pieces were carefully selected. Earlier studies in
improving the mechanical properties and structure of Al-Si
alloys [5] and the position of the transitional metals in the
periodic table of elements served as the basis for selecting
doping and modifying elements. The need for a cleaner
environment and cheaper supply of aluminium alloys
informed the use of scrap.

Aluminium solid scraps were sorted and chemically
analysed using Atomic Absorption Spectrometer technique
to determine the iron content of the eutectic Al-Si alloy
(containing 1.7% Fe and other trace elements).

1000 grams of Al-Si scrap each were weighted-out
using a chemical balance and the elements with an
electronic balance. The charges were introduced into an
electric furnace using metallic crucible and melted at the
temperature of 800 oC. The melts were doped with
different % by weight of each dopant (Table 4.1) and
dissolved by stirring for complete dissolution of the
dopants in the melts. The doped and well homogenised
melts were cast at the temperature of 720 oC and prepared
in triplicates for analysis and tests. The control alloy was
cast by melting and pouring the Al-Si alloy only into the
mould at the ambient temperature. Measures taken to
assure quality of specimens were smearing of the steel
mould with water- carbon solution to prevent dissolution
of iron in Al-Si alloys, removal of flux on the surface of

the liquid and preheating of mould to a preset temperature
of 250 oC

The melts of the iron corrected and improved alloys
were modified with 1% Na in the form of NaCl. The NaCl
was added to the liquid alloy and stirred as a way of melt
refining and removal of residual sludge consisting mainly
of CoFe, MnFe, MoFe and NiFe residues.
2.1. Tests for Properties and Analysis

The Al-Si alloys were subjected to chemical analysis,
mechanical and physical property tests and microstructure
analysis.

Ultimate tensile strength was determined using
Universal Tensile Machine (UTM), model TUE-C-100,
micro hardness by Micromet 200 series Rockwell Testing
Machine "Buchler", model 60044, impact strength by
"Samuel Denison" impact testing machine, model Leeds
LS10 2DE, bend test was conducted using "Control
Wizard Basic" Bend Testing Machine of 200KN capacity
and 64AB maximum pressure and electrical conductivity
was determined using conductivity meter, model DDS-307
with platinum black electrode as the probe medium and
the transformation of  conductivity equation [6] was used
to calculate the alloys resistivities.

Microstructure analysis was achieved using a
Metallurgical Microscope “Olympus C-35AD-4” type
PMG 3 which was fitted with a camera. Micrographs were
observed and taken at x100 magnification.

III. RESULTS AND DISCUSSION

Table 4.1: Iron content, mechanical and physical properties of Al-11%Si alloys doped with Co, Mn, Mo, Ni and modified

In all the studied alloys (Table 4.1), removal of iron
occurred which was attributed to the action and physics of
the doping elements.  The amount of iron removed
increased from 74 to 93%.

Analysis of results showed that the improvement of
strength was favoured by the removal of iron below the
iron critical level through doping, at the ambient time and
temperature. The well doped Al-Si alloys except a few
were at the peak of tensile strength after the removal of
iron from the melt. This agrees with the report [7] that the
reduction in both strength and ductility is caused by an
increasing amount of AlFeSi crystallites in place of the

fine eutectiferous silicon. This was also confirmed by the
micrographs of doped and modified Al-Si alloys (Plates 2
to 9).  No primary alpha intermetallic compounds were
observed while the Si became finer in comparison to the
parent alloy (Plate 1). This can be explained by the
quantity of iron removed and consequent refinement of the
structure by NaCl.

Resistivity was increased in all the   alloys cast thus;
agreeing with the known principle [7] that resistivity of a
metal is increased by even a small amount of impurity.
The increase in resistivity as a result of Co, Mn, Mo and
Ni doping of Al-Si alloys is probably connected with

S.
No.

Alloy
Composition

Iron
Content,

%

Mechanical and physical properties
UTS

N/mm2
%E
x10-1

Hv MOI
J/m3

MOR
N/mm

σ
μs/cm

ρ x 10-4

cm/μs
1. Al-SI 1.70 124.05 2.60 236.0 O.054 72.55 1880 5.32
2. Al-Si +1.7%Co 0.44 148.29 5.47 231.0 0.072 51.61 1054 9.49
3. Al-Si+5.1%Co 0.33 134.44 4.27 229.0 0.061 48.94 - -
4. Al-Si+3.4%Mn

Al-Si+5.1%Mn
0.48
0.40

146.66
133.42

3.73
0.153

242.0
248.0

0.081
0.086

52.55
47.83

924
1410

10.82
7.095

6. Al-Si+0.85%Mo 0.35 145.15 3.40 267.0 0.077 48.96 1070 9.35
7. Al-Si+1.7%Mo 0.19 111.38 2.07 221.0 0.050 48.77 1360 7.35
8. Al-Si +0.85%Ni 0.12 135.05 3.87 258.0 0.068 58.79 1430 6.99
9. Al-Si +3.4%Ni 0.23 110.91 5.00 272.0 0.046 49.34 880 11.36
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lattice defects induced by the doping elements and because
of the introduction of scattering centres by these dopants
that reduced mean free path of the alloys [10]. The
changes in resistivity in all the studied alloys were
however very small (in the range of 5.32 x 10-4 to 11.36 x
10-4

Cm/μs).  This means that the energy band structure was
not much altered and the electronic characteristics of the
solid Al-Si alloys were preserved. It is evidenced however
that the physical properties of electrical conductivity and
resistivity of the alloys were sensitive to structural changes
in the studied alloys and that these properties like the
mechanical properties depend mainly on the content of the
alloying elements

The results further showed that except for a few of the
alloys, all mechanical properties tested were improved in
comparison with the parent alloy. A more significant
decrease was however observed in the tensile strength of
the Mo and Ni doped alloys of 1.7% and 3.4% wt ratios
(111 N/mm2) respectively. The improvement observed
with majority of the properties tested can be further
explained as a result of the refining and cleaning effects of
NaCl which depleted the various iron residues   and other
degrading impurities in the melt before casting.  The
results showed that UTS values of the maximally doped
and modified alloys are within the range of 135-148 N/m2.
When these values are compared with the UTS value of
the parent alloy, it becomes clear that it is significantly
high. The high UTS values obtained is backed-up with the
result of metallurgical microscopy Plates 2 to 9, which in
deed confirmed the removal of iron and structural
modification of the silicon platelets.

The effect of the doping and refinement of the structure
by high purity elements forced the alloys to acquire
slightly different higher tensile strength, percentage
elongation, resistivities, impact strengths but   electron
conductivity and micohardness were lowered.

The microstructure (Plates 2 to 9) conformed that iron
removal from Al-Si alloys occurred as there were no
AlFeSi crystallite observed and the solidified Si platelets
were seen in some places to be finer in comparison to the
parent alloy (Plate 1), as a result of the effect of the
dopants .  The maximal doped and modified alloys (Plates
2 to 9) were observed to be of more improved
morphologies. The constituents were seen to be finely and
evenly distributed in the microstructure. Therefore, it is
concluded that the effects of the elements on Al-Si alloys
depend not only on the concentration but also on the form
and distribution of the elements in the alloy. Varied
concentrations of dopants resulted in iron removal from
Al-Si alloys and changes in properties depending on what
phases were formed.  Addition of a small amount of
sodium led to the suppression of the finger-like spikes that
crystallized naturally from Si and the complex compound
formed with Fe and Al.  Plates 2 to 9 also showed that
there was no independent nor additional phase/s formed
with dopant addition and the most improved morphologies
and properties were observed in the microstructure of the
Co alloys (Plates 2 and 3)

IV. CONCLUSIONS AND RECOMMENDATIONS

The following conclusions were made from the study.
1. Iron removal from Al-Si alloys by Co was most

effective and the percentage of iron removed was 74%
at Co to iron ratio of 1:1.

2. The effectiveness of Co as iron-removing agent for Al-
Si alloys depended on the dopant concentration. This
was confirmed by the variation of the composition of
the dopant. The maximal iron corrected and modified
alloy is Al-11%Si + 1.7%Co+ 1% Na.

3. The removal of iron from Al-Si alloys favoured the
improvement of structure and its mechanical
properties. The improvement was made manifest when
the doped and modified alloys were compared with
initial alloy.

4. It was evidenced from the study of the effect of Fe
removal from Al-11%Si alloys that the UTS, %E,
MOI, and resistivity were increased but Hv, MOR and
electrical conductivity were lowered.

5. The low iron content and high extensibility of the iron
corrected Al-Si alloy is anticipated to result in decrease
stress shielding effects and increase implant stability as
a biomaterial; it is therefore   recommended for
biocompatibility study.

6. The improved alloys are relatively inexpensive
compared to virgin Al-Si alloys and can be used to
reinforce plastics. In addition, it has high tensile
strength and dimensional stability. The improved Al-Si
+ Mn alloys because of its high tensile strength and
modulus are recommended for use in ingots and other
casting applications.
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Plate 1: Al-11%Si   x100

Plate 2 : Al-11%Si  + 1.7% Co + 1% Na  x100

Plate 3: Al-11%Si + 5.1% Co + 1% Na  x100

Plate 4 : Al-11%Si  + 3.4% Mn + 1% Na      x100

Plate 5: Al-11%Si + 5.1% Mn + 1% Na x100

Plate 6: Al-11%Si + 0.85% Mo + 1% Na      x100

Plate 7: Al-11%Si + 1.7% Mo + 1% Na       x100

Plate 8: Al-11%Si + 0.85% Ni   + 1% Na    x100

Plate 9: Al-11%Si + 3.4% Ni + 1% Na x100


