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Abstract

The effects of sulphur addition on the microstructure and mechanical properties of sand cast

Al-12wt%Si alloy have been investigated in this study. For this purpose, different amounts of sulphur
were added to Al-12wt%Si alloy in an induction furnace to produce sand castings for micro-structural
and mechanical properties analyses. Tensile and hardness tests were carried out to determine the
mechanical properties while optical microscopy was used to investigate the microstructure of the cast
samples. The results showed that the addition of sulphur to Al-12wt%Si alloy modified the Al-Si eutectic
morphology from needle-like (flake-like) eutectic silicon structure to fine-globule eutectic silicon
structure. The optimum modification level of sulphur was found to be 0.02-0.05% of the weight of the
alloy. Increase in concentration of sulphur above the optimum level of modification decreased the degree
of fineness of the eutectic silicon structure with significant decrease in mechanical properties of the alloy
and this is suggested to be a result of the formation of brittle sulphur compound at the grain boundaries
of the alloy when the optimum concentration was exceeded.

Keywords: Aluminum alloys; sand casting; microstructure; mechanical properties; optical microscopy

1. Introduction 56 modification has been the subject of intense
The Al-12wt%Si alloy is an important Al-Si57 research efforts dating back to early 1920s till
casting alloy. This alloy represents a typical’8 today. Pacz [7] discovered that Al-Si alloys
composition for a cast alloy because it has the59 containing between 5 and 15% Si could be
lowest possible melting temperature (577°C)Y60 treated with fluxes of alkali fluorides to yield
which is its eutectic temperature [1]. Al-Si61 alloys of improved ductility and machinability.

eutectic is an irregular and coupled eutectic, and/1 Over the years, many research works on
the eutectic silicon is believed to be the leading/2 modification have been carried out and a number
phase in unmodified alloys, growing ahead of theé73 of conflicting theories have been advanced to
eutectic aluminum during solidification [2]. 74 explain  modification. In most of the
The Al-Si eutectic undergoes a change in75 experimental studies on modification, there is a
morphology upon addition of trace amount of/6 general suggestion that modification involves
certain elements e.g. strontium and sodium, and/7 the neutralization or poisoning of potent
this process is often referred to as eutectic/8 eutectic silicon nucleants; AIP [8,9] and B-(Al, Si,
modification. Modification transforms the brittle,/9 Fe) [10], during eutectic nucleation resulting in
coarse and acicular eutectic silicon in the80 supercooling of the melt, and restriction of the
unmodified structure to fine fibrous eutecti®81 eutectic silicon growth during eutectic growth
silicon in the modified structure with attendant82 which also results in supercooling of the melt.
improvement in mechanical properties of the83 Eutectic silicon, at this large supercooling,
alloy [3-6]. As a result of its commercialB4 nucleates and grows isotropically into fine
importance, study of this phenomenon of85 fibrous structure through the channels between
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the eutectic aluminum cells that have beerd4
made to nucleate and grow ahead of the silicord5
at higher temperature. 46
The most common modifiers used in the47
industry are sodium and strontium [11]. The48
limitations of the use of strontium as a modifier49
are its high cost and the increased porosity level50
in castings modified with strontium [12-16]51
The limitation of the use of sodium is that52
sodium is easily lost from the melt by53
volatilization [16]. 54
There is then need for further research work on55
the modification of Al-Si cast alloys. Research56
has scarcely been done on modification of57
eutectic Al-Si cast alloys with sulphur. In this58
study attempts were made to modify Al-59

12wt%Si sand cast alloy with sulphur. 60

61
2. Experimental Procedure 62
2.1  Production of Al-12wt%Si Alloy 63
In the present investigation, the charge6t4
materials consisted of commercial purity65
aluminum and silicon. Table 1 shows their66
individual chemical compositions67

Degasification of the melt was done with MnCl268
Sulphur, in elemental form, was used to modify69

the alloy. 70
Table 1: Chemical composition of the charge 71
materials 72
Element Aluminum Silicon 73
Al 99.71 0.185 74
Si 0.045 99.341 75
Ca - 0.082 76
Fe 0.230 0392 77
Cu 0.002 -
n 0.006 - ;g
Mn 0.001 -
Mg 0.001 ; 80
Cr 0.001 - 81
B 0.004 - 82
Al-12wt% Si alloy was prepared from the above>>

charge materials in a clay graphite crucible in anS?
induction furnace and the melt was held a
750°C. After degassing with manganese chloride3®
(MnClz), sulphur powder duly wrapped ind/
aluminum foil was added to the melt fo
modification. The melt was gently stirred for 3
sec with an alumina stirrer after addition o
modifier to ensure effective mixing and thereby91
maximize modification. Melts were held for 5
min and cast into cylindrical test bars o
dimension 30 mm diameter x 175 mm length in
sand moulds. Sulphur additions of 0.02, 0.05,95
0.08 and 0.1% of the weight of the alloy were
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made to four sets of castings respectively while
one set was not modified to serve as the control.

2.2  Mechanical Testing and Metallography
Tensile properties of the alloys were
determined from ASTM standard tensile test
bars machined from the cast cylindrical bars, in
as cast condition using a Universal Testing
Machine. Hardness test was carried out on 15
mm diameter x 10 mm long cylindrical test bars
machined from the cast cylindrical bars in the
as-cast condition using a Rockwell hardness
tester. Microstructural analysis was carried out
on the specimens prepared from the broken
tensile test bars to examine the effect of the
modifier additions on the morphology of the
eutectic silicon phase. This was performed using
an OLYMPUS optical microscope. The surfaces
of the specimens were ground with different
grades of emery paper from rough to fine
grades. The final polishing was done on a
Struers-Rotopol-V  polishing machine using
diamond paste and polishing cloth. The samples
were etched with caustic soda solution (1g
sodium hydroxide; 99cm3 water) [17].

3. Results and Discussion
3.1  Microstructural Studies
Figures 1a and 1b are micrographs of unmodified

Al-12wt%Si alloy casting in as cast condition
showing microstructures in which the eutectic
silicon phase is dispersed in the aluminum matrix
with needle-like morphology which is actually
plate or flake-like in three dimension. Addition of
0.02% sulphur to the alloy produces fine
eutectic silicon morphology (Figure 2). There
seems to be the presence of few coarse silicon
particles sparsely dispersed in the aluminum
matrix, otherwise the needle-like eutectic
silicon has been transformed to fine scale
structure.

Figure 3 shows that modifying the alloy with
0.05% sulphur gives a microstructure of fine
fibrous eutectic silicon morphology devoid of
any needle-like silicon structure. The
microstructure is comprised of fine fibrous
eutectic silicon of fairly uniform size and
distribution in the aluminum matrix which is
consistent with the effect of modification as
reported by other researchers [5, 6, 18-20].
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6

Figure 1a: Micrograph of unmodified Al-12wt% S1'7

alloy casting (200x).

3 T
R 2
Figure 1b: Micrograph of unmodified Al-12wt% 21

Si alloy casting (400x).

18
19

0

22
23

Figure 2: Micrograph of Al-12wt%Si + 0.02% Si 25

alloy casting (200x).
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Figure 3: Micrograph of Al-12wt%Si +
0.05%Salloy casting (200x).

Figure 4: Micrograph of Al-12wt%Si + 0.08%S
alloy casting (200x).

Figure 5: Micrograph of Al-12wt%Si + 0.1% Si
alloy casting (200x).
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Modifying the alloy with 0.08% sulphur produces54
a microstructure of refined eutectic siliconS5
structure though the silicon phase is not as fine as56
the one obtained for the 0.05% sulphur-modified57
alloy (Figure 4). The micrograph of the alloy58
modified with 0.1% sulphur shows the presence59
of fine eutectic silicon and coarse particles that60
may be silicon particles or other unidentified Al-61
Si phases unevenly dispersed in the aluminum62
matrix (Figure 5). This implies that the optimal63
modification level of the alloy with sulphur hash4
been exceeded. 65
66
Effect of Sulphur Addition on thé7
Mechanical Properties of Al-12wt%Si Alloy68
The results of the mechanical properties of the69
experimental alloy castings in as cast condition70
are presented in Figures 6-8. 71
Figures 6-8 show the variation of mechanical72
properties of the various alloy castings with
sulphur addition.
The unmodified alloy casting has UTS of 154.4
MPa and addition of 0.02% sulphur of the weight
of the alloy significantly increases the UTS to
approximately 178 MPa, followed by the alloy
modified with 0.05% sulphur with UTS of 169.4
MPa. The alloys modified with 0.08% and 0.1%
sulphur of the weight of the alloy have UTS of 161
and 160 MPa respectively, which are not much
higher than that of the unmodified alloy. The
modified alloys show an increase in UTS as the
modifier level is increased up to a certain point
and then the UTS starts decreasing withyg
increasing modifier level, signifying that the74
optimum addition level of the modifier has been75
exceeded. It can be seen from the result that there
is also an initial increase in the 0.2% proof stress
with increasing level of modifier addition
followed by a decrease in the proof stress with
increasing modifier level. The 0.02% sulphur-
modified alloy gives the highest 0.2% proof stress
of 126 MPa. The highest elongation of 9.2% is
obtained for the alloy modified with 0.02%
sulphur and on increasing the modifier level the
elongation reduces until it gets to 4.6% for the
alloy modified with 0.1% sulphur. The same
trend is noticed in the hardness of the
experimental alloys, with the alloy modified with
0.02% sulphur having the highest hardness value
of HRA 47 while the one modified with 0.1%76
sulphur has the least hardness value of HRA 39.
It can be seen from this experimental study that78
modification of Al-12wt%Si sand cast alloy with

3.2
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sulphur improves the mechanical properties of
the alloy in terms of the ultimate tensile strength,
0.2% proof stress, percentage elongation and
hardness which is as a result of the modified
eutectic silicon morphology obtained in the
microstructure of the alloys. It can also be
observed that very slight coarsening of the fine
eutectic silicon structure occurs as the
concentration of the sulphur increases beyond a
certain level with attendant significant decrease
in otherwise well improved mechanical
properties though the mechanical properties still
remain better than those of the unmodified alloy.
The cause of this significant decrease in
mechanical properties despite the still refined
eutectic morphology may be the formation of a
brittle sulphur compound in the alloy which,
owing to its brittle nature, reduces the
mechanical properties of the alloy.
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Figure 6: Variation of UTS/0.2% Proof Stress of Al-
12wt%Si sand cast alloy with sulphur addition.
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Figure 7: Variation of Hardness of Al-12wt%S5i sand
cast alloy with sulphur addition.
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Figure 8: Variation of % Elongation of Al-12wt%Si 2>
sand cast alloy with sulphur addition. g g
This possible explanation could be said to be58
similar by analogy to that found in steel where59
the presence of brittle sulphides at the grain60
boundary interfaces decreases the mechanica
properties of the steel [21]. Further studies tcd2

support this theory should be considered. 63

64
4. Conclusion 65
The effects of sulphur addition on thed0
microstructural modification and mechanicalp7

properties of sand cast Al-12wt%Si alloys have68
been investigated. The following conclusions ca
be made from the foregoing experimental resultsy,
and theoretical analysis. 71
Sulphur can successfully modify Al-12wt%Si
alloy, giving it fine fibrous eutectic silicon73
morphology and significantly improving it
mechanical properties. Modifying the alloy withy5
0.02% sulphur of the weight of the alloy mostyg
significantly improved its mechanical properties77
closely followed by modifying the alloy wit
0.05% sulphur. The optimum level o
modification of the alloy was found to be 0.02g
0.05% sulphur of the weight of the alloyg)
Increasing the concentration of sulphur beyon
the optimal level moderately decreased th
degree of fineness of the eutectic silicong,
morphology but significantly reduced thegs
mechanical properties of the alloy. The cause ofgg
this significant decrease in mechanical properties,
despite the still refined eutectic morphology i
suggested to be the presence of a brittle sulphur89
compound in the grain interfaces of the alloy. 90
91
92
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