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Abstract

Elements that are deliberately added to aluminum alloys or
are incorporated into the alloy later depending on the
production process affect the final product properties. In
addition, liquid metal cleaning is important in minimizing
undesirable elements. Considering the production process,
one of the most harmful impurities that is likely to pass into
the alloy via diffusion for aluminum is the element, Fe. It is
known that this is due to the fact that although Fe is highly
soluble in liquid aluminum and its alloys, it has very little
solubility in solids. Depending on the Fe -content,
mechanical properties, porosity and fluidity properties are
affected in aluminum alloys. In this study, stainless and
carbon steel rods were dipped into the melt at 700 °C and
750 °C for 1, 2 and 5 h. Castings were performed before
and after degassing. Four-channel fluidity mold with

different section thickness was used in the trials. Addi-
tionally, microstructure characterization was performed
under varying casting conditions. Fluidity Index was pro-
posed which is a single value measured from all fluidity
values in different sections. When the results were exam-
ined, it was determined that the diffusion material, holding
time, casting temperature and liquid metal cleanliness had
an effect on the fluidity. Due to the increase in diffusion
time, a decrease in fluidity was observed in both carbon
steel and stainless steel. It was found that fluidity was
significantly reduced when using stainless steel.

Keywords: A356, Fe phase content, fluidity, liquid metal
cleaning, microstructure

Introduction

Casting is known as a manufacturing process performed by
pouring liquid metals into the mold cavity. With this
method, complex shaped parts can be easily produced from
all kinds of materials that can be melted." Due to its
strength and lightness, thin-walled castings are produced in
applications such as such as aviation, defense and auto-
motive industry. In these castings, the ability of the casting
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material to fill the mold is important. Studies on design and
casting conditions are constantly carried out to meet the
requirements of producing products with good mechanical
properties. Aluminum alloys and composites are widely
used in these studies due to their material properties.’
However, in thin-walled castings of aluminum, it may
cause production problems related to mold filling. Rapid
cooling of some parts of the casting reduces the fluidity of
the molten metal. This can cause the molten metal to
solidify before completely filling the mold cavity. There-
fore, one of the main factors to be considered in foundry
applications of thin-section castings is the measurement of
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fluidity, and attention should be paid to various factors
affecting fluidity.’

Fluidity is not just a property of the liquid, such as vis-
cosity and density, but its complex behavior under certain
conditions during solidification in the mold. Fluidity is
used to indicate how far a molten metal can flow before
solidifying. Fluidity represents an important property for
casting alloys.*” Fluidity is a length usually measured in
millimeters or meters. There are test methods that use
molds such as spiral mold, u-shaped sample, rod-shaped
sample for fluidity measurement.®™ Many factors affect the
fluidity of liquid metal. The factors that determine the
fluidity can be listed as the composition of the alloy, alloy
properties, mold properties, casting temperature and melt
cleanliness level.”'* Additionally, solidification range and
phase composition have an impact on fluidity. The fluidity
of aluminum alloys is also affected by the presence of
inclusions such as aluminum oxide, which can reduce flu-
idity. In addition, casting conditions such as solidification
mode, metal composition and pouring temperature are
critical factors affecting the fluidity of aluminum
alloys.'>'®

The most important factor in the use of aluminum alloys
and the production of quality parts is the quality of the
molten metal and the minimization of undesirable ele-
ments. Elements affecting impurities in aluminum casting
are usually listed as Fe, Zn, Cu, Mg and Mn.'”" TIron is
one of the elements that has the most negative impact on
the impurities of aluminium casting alloys. It supports the
formation of intermetallic phases during the solidification
of aluminium alloys, which can affect the properties of the
final product.’*~* These intermetallic phases can block the
interdendritic flow channels, resulting in decreased fluidity,
and may also affect the overall properties of the alloy.**
These intermetallic compounds are known to have adverse
effects on mechanical properties, porosity, castability,
corrosion resistance and surface treatments due to their
complex shape and geometries. Although iron is highly
soluble in liquid aluminium and its alloys, it has very little
solubility in the solid and therefore tends to form com-
pounds with other elements to form various types of
intermetallic phase particles.”**’ Fe element forms phases
such as Al3Fe, Al6Fe, AlgFe,Si, Al5FeSi, AI8FeMg3Si6 in
the alloy. It was observed that Fe in the melt decreases
fluidity due to increased intermetallic formation and
increased sludge formation.?®

Procedures such as liquid metal cleaning, addition of
neutralizing alloying elements, use of filters, etc. are
applied to eliminate the harmful effects of impurity ele-
ments in the alloy. The most widely used procedure in this
context is liquid metal cleaning such as rotary degassing. In
the studies, it has been observed that the mechanical
properties of alloys subjected to liquid metal cleaning
increase, with a decrease in porosity, and they contribute
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positively to fluidity.>*=' There are studies showing that
the fluidity of aluminum alloys can be improved by adding
rare earth elements.’>*> Consequently, iron plays a crucial
role in influencing the fluidity of aluminum alloys through
its interaction with other elements, the formation of inter-
metallic compounds, and its influence on solidification
processes. Understanding the effects of iron on aluminum
alloys is crucial to optimizing their properties and perfor-
mance in various applications.

In this study, the effect of iron diffusion on the fluidity of
A356 cast aluminum alloy was investigated. A 4-channel
mold was used for the fluidity tests and castings were
carried out at two different temperatures with different Fe
contents.

Material Method

A356 aluminum alloy was used in the experiments. In the
study, in order to increase the Fe content of the alloy, two
rods were dipped into the melt and held for 1, 2 and 5 h.
Diffusion time was determined considering the foundry
conditions. One of the rods was carbon steel (St1020) and
the other was stainless steel (SS430). The application
temperatures were 700 °C and 750 °C. Experimental
parameters are given in Table 1.

Samples were collected before and after degassing. Rotary
degassing was carried out with nitrogen at 300 rpm, 5 1/min
flow rate and 5 minutes in 8 kg capacity SiC crucible. In
the study, a total of 28 castings were made in accordance
with the test parameters, along with 4 reference castings. In
the casting experiments, the filling of the liquid metal into
the mold was carried out at the same speed. Filling con-
tinued until the liquid metal advance stopped and the mold
was no longer filled. Figure 1 shows a schematic view of
the experimental application.

The fluidity tests were carried out in a 4-channel permanent
with thickness ranging from 2 to 8 (as seen in Figure 2,
dimensions are in mm). The die was coated with BN and
preheated to 250 °C.

Table 1. Experimental Parameters

Alloy Diffusion Holding Casting Treatment
material time temperature
A356 Carbon Steel 1h 700 °C After
(St1020) 2h Degassing
Stainless 5h 750 °C Before
Steel Degassing
(SS430)
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Figure 1. Schematic view and flowchart of the experimental process.
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Figure 2. (a) The CAD model and (b) dimensions of 4-channel fluidity test mold.

The mold design was selected in an aim to understand the
fluidity length of the alloy in different section thickness in
one casting. Therefore, the lengths at different thickness
were compared. In such analysis, the interpretation of the
pouring becomes complicated. Therefore, a fluidity index
was proposed in this work when such different section
thickness was used as fluidity test. The length of fluidity
was divided to the thickness and the sum of each channel
value was used as a single number as an indication of
fluidity length which was named as “Fluidity Index”
(Equation 1):

fluidity length

Fluidity index = | ———————>—
uiaity index Zchannel thickness

Eqn. 1
Samples were taken from a 6 mm thick section for
microstructural examinations. The samples were subjected
to grinding, polishing and etching for metallographic
preparation. Grinding was done with 180, 400, 800,
1000, 1200 and 2000 grit SiC papers. The polishing
process was carried out with diamond suspension, colloidal
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silica and water. Etching was done with Keller reagent
solution. Microscopic examination of the samples was
made with a Nikon Eclipse LV 150N model optical
microscope.

Experimental Work

After castings were completed, the specimens were
removed from the mold and examined. Chemical analysis
results of the samples obtained from experiments carried
out to detect changes in chemical composition due to the
diffusion effect are given in Table 2.

When the values given in Table 2 were examined, it was
determined that the amount of Fe% element increased with
the increase in diffusion time and casting temperature.
Additionally, an increase in the amount of Cr% and Ni%
was detected in experiments where stainless steel diffusion
was applied. Images of the reference samples without
diffusion are shown in Figure 3, with carbon steel dipped

International Journal of Metalcasting/V olume 19, Issue 3, 2025



Table 2. Chemical Composition Results of Test Samples (%wt)

Diffusion Experimantal Si Fe Cu Mn Mg Zn Ti Ni Pb Sn Cr Al
material procedure
None 700-BD-DO 7.140 0.108 0.003 0.002 0.251 0.001 0.113 0.003 0.001 0.001 0.001 92.300
750-BD-DO 7.011 0.112 0.004 0.002 0.264 0.003 0.114 0.005 0.003 0.001 0.007 92.400
700-AD-DO 7.240 0.138 0.011 0.004 0.365 0.001 0.113 0.008 0.001 0.001 0.015 91.900
750-AD-DO 7.080 0.231 0.013 0.005 0.351 0.001 0.112 0.012 0.001 0.001 0.021 92.000
Carbon 700-BD-D1 7.171 0.121 0.004 0.008 0.246 0.007 0.132 0.003 0.000 0.001 0.001 92.294
Steel 700-BD-D2 7.241 0.310 0.004 0.003 0.222 0.004 0.136 0.004 0.002 0.000 0.001 92.058
700-BD-D5 5.861 1.973 0.006 0.017 0.152 0.033 0.141 0.003 0.004 0.003 0.003 91.800
750-BD-D1 5.784 1.450 0.005 0.009 0.160 0.004 0.151 0.011 0.006 0.004 0.003 92.300
750-BD-D2 5795 1.985 0.004 0.109 0.152 0.004 0.147 0.007 0.003 0.001 0.003 91.868
750-BD-D5 5294 2359 0.005 0.013 0.115 0.004 0.133 0.008 0.004 0.001 0.003 92.047
700-AD-D1 6.647 1.229 0.009 0.008 0.234 0.005 0.110 0.011 0.002 0.001 0.020 91.713
700-AD-D2 6.441 1.334 0.010 0.009 0.218 0.005 0.116 0.019 0.003 0.001 0.026 91.807
700-AD-D5 6.508 1.986 0.009 0.013 0.185 0.005 0.116 0.061 0.004 0.009 0.034 91.065
750-AD-D1 6.020 1.760 0.008 0.014 0.121 0.001 0.131 0.055 0.004 0.001 0.021 91.800
750-AD-D2 6.176 2.049 0.011 0.019 0.183 0.008 0.121 0.054 0.002 0.003 0.035 91.363
750-AD-D5 6.230 2.830 0.013 0.025 0.168 0.001 0.123 0.068 0.010 0.001 0.029 90.400
Stainless 700-BD-D1 7.014 0.458 0.082 0.009 0.203 0.013 0.115 0.024 0.002 0.001 0.033 92.026
Steel 700-BD-D2 6.360 1.100 0.382 0.027 0.109 0.025 0.119 0.049 0.002 0.001 0.056 91.700
700-BD-D5 6.610 1.390 0.344 0.037 0.098 0.026 0.123 0.091 0.004 0.001 0.134 91.000
750-BD-D1 6.540 1.220 0.391 0.036 0.072 0.030 0.109 0.090 0.003 0.001 0.119 91.200
750-BD-D2 6.559 1.670 0.508 0.045 0.072 0.040 0.095 0.134 0.004 0.001 0.263 90.562
750-BD-D5 6.453 1.709 0.545 0.047 0.060 0.044 0.087 0.144 0.004 0.001 0.281 90.572
700-AD-D1 6.710 0.811 0.081 0.015 0.172 0.005 0.135 0.052 0.003 0.001 0.068 91.800
700-AD-D2 6.259 1.190 0.462 0.029 0.131 0.032 0.110 0.061 0.003 0.001 0.124 91.573
700-AD-D5 6.526 1.215 0.454 0.027 0.093 0.034 0.099 0.099 0.003 0.001 0.128 91.297
750-AD-D1 6.300 1.620 0.389 0.046 0.086 0.033 0.110 0.136 0.004 0.003 0.198 90.900
750-AD-D2 6.474 1.802 0.499 0.045 0.061 0.039 0.102 0.172 0.004 0.001 0.275 90.479
750-AD-D5 6.423 2.120 0.553 0.057 0.046 0.044 0.093 0.199 0.004 0.002 0.368 90.036

Experimental procedure explanation; 700 Casting Temperature 700 °C, 750 Casting Temperature 750 °C,

AD After degassing, BD

Before degassing, DO No diffusion, D1 1 hour holding time, D2 2 hours holding time, D5 5 hours holding time

samples in Figure 4, and with stainless steel dipped ones in
Figure 5.

The liquid metal flow distances of the cast samples in each
channel were measured, and the results and fluidity index
values are given in Table 3. The graphical representation of
the results are given in Figure 6.

Figure 6 summarizes the findings of fluidity test results. It
can be seen that as expected, as the casting temperature
increases, fluidity increases regardless of the condition of
the melt. This can also be generalized for section thickness
as well: as the section thickness increases, the fluidity
increases regardless of the casting conditions. As a general
observation, the increased Fe content of the melt resulted in
decreased fluidity. In the case of stainless-steel dipped
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melt, the fluidity decreases even further compared to car-
bon steel dipped melt.

The values obtained when the experimental parameters are
analyzed in the 4-channel fluidity pattern; it was observed
that the liquid metal advances were between 1 mm and 33
mm with a2 mm section thickness, between 103 mm and 300
mm with a 8 mm section thickness, between 31 mm and 298
mm with a 4 mm section thickness, and between 14 mm and
290 mm with a 6 mm section thickness. When the fluidity
index values were calculated, the values were found to be
between 28.21 and 133.83. It was observed that the lowest
fluidity index value was in the samples where liquid metal
cleaning was not performed using 700 °C stainless steel, and
the highest fluidity index value was in the samples where
liquid metal cleaning was applied at 750 °C without diffusion
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Figure 3. Fluidity results of as-received alloy with no diffusion.

effect. If the test parameters are examined separately, the
effect of casting temperature and liquid metal cleaning
process on fluidity will be evaluated first.

The fluidity index was measured as 49.99 at 700 °C without
cleaning and 80.87 when cleaning was performed. The
fluidity index of the samples that were not cleaned at the
alloy casting temperature of 750 °C was measured as 69.08
and when the liquid metal cleaning was done, it was
measured as 101.63. Studies on the subject also emphasize
that temperature changes in aluminium casting alloys affect
the fluidity of the alloy. The fluidity of aluminium alloys is
a multifaceted phenomenon affected by various factors.
Adding various elements to the A356 aluminium alloy
increases the recrystallization temperature and affects the
fluidity of the alloy.®* When the alloy temperature was
increased at certain intervals, an increase in the fluidity of
the alloy was observed and it was observed that the fluidity
of the alloy increased at the highest casting temperatures.>
It has also been stated that increasing the melting tem-
perature when melting aluminium alloys leads to a pro-
portional increase in the fluidity length of aluminium
alloys.*® In a different study, fluidity increases not only by
increasing the casting temperature but also by increasing
the mold temperatures.’’ Studies generally show that
temperature plays a very important role in affecting the
fluidity of aluminium casting alloys and that different
alloys exhibit different responses to temperature changes.

The average fluidity index obtained in castings made
without diffusion is 129.33; it was measured as 81.69 at 1-h
diffusion application time, 64.16 at 2-h diffusion applica-
tion time and 53.35 at 5-h diffusion application period. In
Figure 6, the results obtained from the experiments on the
effect of liquid metal cleaning on fluidity at varying tem-
peratures after the diffusion of carbon steel and stainless-
steel materials, which are used to examine the diffusion
effect by material effect, are given graphically.
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In the experiments using stainless steel, the fluidity index
was measured as 39.10 at 700 °C without cleaning, and
64.21 when cleaning was performed. The average fluidity
index of samples that were not cleaned at the alloy casting
temperature of 750 °C was measured as 56.42, and when
liquid metal cleaning was performed, it was measured as
89.14. In castings made by placing a carbon steel rod into
the liquid metal, the fluidity index was measured as 40.33
at 700 °C without cleaning process, and 79.88 when
cleaning was done. The average fluidity index of samples
that were not cleaned at the alloy casting temperature of
750 °C was measured as 62.74, and when liquid metal
cleaning was performed, it was measured as 99.4. In
casting processes, the relationship between temperature
and section thickness plays a critical role in completely
filling the mold. Figure 6 shows the results obtained at
varying cross-sections and temperatures under all experi-
mental conditions graphically.

Liquid metal flow distances at 700 °C; it was calculated as
8.71 mm with 2 mm section thickness, 70.36 mm with 4
mm section thickness, 105.93 mm with 6 mm section
thickness and 206.64 mm with 8 mm section thickness.
Under the same conditions, the liquid metal advance dis-
tance was calculated as 13.79 mm with a 2 mm section
thickness, 87.57 mm with a 4 mm section thickness, 154.36
mm with a 6 mm section thickness and 246.71 mm with an
8 mm section thickness at 750 °C. When the section
thicknesses were examined due to the temperature increase,
the temperature value did not differ much in the 2 and 4
mm sections, but it was clearly seen in the 6 and 8§ mm
thick sections. It is thought that the similar progress in 2
and 4 mm section thickness despite the temperature
increase is due to very rapid heat loss due to the thin
section thickness in contact with the movement of the
liquid and mold and the pressure effect depending on the
section. In general, as the section thickness and casting
temperature increase, the liquid metal advance distance
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Figure 4. Fluidity test results of carbon steel dipped A356 alloy.

also increases. Similar results have been obtained in studies
conducted in the literature on the subject.*®*!

As a result of the evaluation of the test samples made by
applying the test parameters of diffusion time, liquid metal
cleanliness and casting temperature in the A356 aluminum
alloy, it was determined that Fe diffusion had negative
effects on the fluidity by placing both carbon steel and
stainless-steel rods. When the liquid metal advances due to
Fe diffusion were examined, it was seen that the liquid
metal advance distances decreased more in experiments
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using stainless steel. As a result of the examinations, it was
determined that the fluidity properties of the alloy
decreased in castings made by iron diffusion. This situation
is thought to be due to the compounds that may emerge in
the structure due to iron diffusion affecting the fluidity. In
studies conducted in this context, similar results can be
found in the literature.

Fe is an impurity element found in aluminum-silicon

casting alloys and contributes to the formation of inter-
metallic compounds.** Different compounds contained in
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Figure 5. Fluidity test results of stainless steel dipped A356 alloy.

aluminum alloys tend to form brittle intermetallic com-
pounds, which emphasize the reactivity of iron and alu-
minum.* In addition, the presence of Mg in the aluminum
alloy causes an increase in the diffusion of Fe into alu-
minum and promotes the formation of the Fe,Als inter-
metallic compound.** The solid solubility of the Fe
element in aluminum alloys is quite low. The low solid
solubility of the Fe element increases the formation of
intermetallic compounds.*® The formation of intermetallic
compounds is affected by the metals present in the alloy
and the size of the interaction zones of the connections of
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the compounds.*® In aluminium based alloys, iron leads to
the formation of intermetallic compounds that show the
reactivity of iron and aluminium at contact interfaces
within the alloy.*’ It is also known that the diffusion of the
iron element into liquid aluminium causes the formation of
intermetallic Fe,Als phases in different connections within
the alloy in aluminium and steel materials.** Iron dissolved
in aluminium alloys has a strong tendency to decompose
due to being solid particles and therefore increases the
formation of iron-containing intermetallic compounds.®®
The iron element forms various intermetallic phases when

International Journal of Metalcasting/Volume 19, Issue 3, 2025



Table 3. Liquid Metal Flow Distance and Fluidity Index Results

Diffusion material ~ Experimantal procedure

Liquid metal flow distance (mm)

Before degassing

After degassing

Thickness (mm) Fludity index  Thickness (mm) Fludity index
2 8 4 6 2 8 4 6
None 700-DO 4 300 144 217 1116 33 300 126 290 133.8
750-D0 5 300 183 242 126.0 78 298 106 258 1457
Carbon steel 700-D1 8 191 48 54 48.8 27 300 95 172 103.4
700-D2 4 135 44 41 36.7 7 246 111 94 77.6
700-D5 3 126 40 49 354 2 243 32 115 58.5
750-D1 2 264 124 102 82.0 24 300 99 258 117.2
750-D2 5 184 72 79 56.6 6 291 51 239 91.9
750-D5 2 161 59 82 49.5 3 300 96 156 89.0
Stainless steel 700-D1 2 182 53 84 51.0 16 208 97 112 76.9
700-D2 1 140 49 47 38.1 5 228 54 104 61.8
700-D5 17 13 31 35 28.2 9 181 61 69 53.8
750-D1 3 228 84 132 73.0 26 261 103 178 101.0
750-D2 2 207 66 96 59.4 13 278 97 153 91.0
750-D5 4 129 37 57 36.8 20 253 49 129 75.3

combined with aluminium and manganese elements,
clearly demonstrating the reactivity of iron and aluminium
in the alloy.*® In addition, aluminium-rich compounds tend
to form aluminium-rich intermetallic compounds such as
Fe,Als or FeAl;.*” Based on the cooling curve analysis and
Fe phase formation sequences.,so*57 after o-Al dendrite
formation, around 574 °C, eutectic Si starts to form.

When all the fluidity data is subjected to regression anal-
ysis using MiniTab, Equation 2 and 3 were obtained. It was
found that p value is less than 0.001 with 90.66 % R value.

Before degassing:

Fluidity = 107 — 0.127X,; — 42.45X, — 81.9X; + 7.39X3
+ 1.801X3 + 0.1362X;.X3 — 2.557X,.X3
Eqn. 2

After degassing:

Fluidity =91 — 0.127X,— 42.45X, — 70.2X3 + 7.39X§
+ 1‘801X§ + 0.1362X;.X3 — 2.557X,.X3
Eqn. 3

Where X1 is temperature, X2 is duration and X3 is
thickness. Based on Equation 1, the data of 4-channel
fluidity tests results were evaluated with the new proposed
fluidity index and the results are presented in Figure 7. It
can be seen that as temperature is increased, fluidity index
increased. The fluidity index is higher when carbon steel is
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dipped into the melt, however the index is lower when
stainless steel is dipped into the melt. As duration of the
dipped steels are increased (i.e. increased Fe content),
fluidity index decreases exponentially. If the melt is not
treated (no degassing), the fluidity index low but it
increases almost double when melt is treated, and oxides
are removed. When all the fluidity data is subjected to
regression analysis using MiniTab, Equation 4 and 5 were
obtained for fluidity index. It was found that p value is less
than 0.001 with 90.66 % R* value.

Before degassing:

Fluidity index = —147.8 4+ 0.3984X,—44.2X,

+5.983X3 Eqn. 4
After degassing:
Fluidity index = —179.5 + 0.3984X;—44.2X,
+5.983X3 Eqn. 5

where X1 is temperature, X2 is duration.

Equation 4 and 5 show the equations of fluidity index by Fe
content, casting temperature and treatment of the melt with
and R? of 94.1 %. It can be seen that duration of dipping of
steel rods has 60 % effect on the fluidity index which
indicates that Fe content has significant effect on the flu-
idity whereas treatment of the melt has 25 % effect on the
fluidity index. Representative microstructure images of the
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Figure 6. Fluidity test results.

casting samples taken at different magnifications under
varying conditions are given in Figure 8.

In the base alloy, there was no observation of Fe-inter-
metallic phases in the microstructure. This is due to the low
Fe content of the alloy which was around 0.12 wt%. As the
duration of dipping the steel rods in molten aluminum, the
number and distribution of Fe phases starts to increase. In 1

1598

h, when carbon steel was dipped, approximately 50 pm
length needle-type beta-Fe intermetallics were observed. In
2 h, the segregated and accumulated beta-Fe phases in the
size of 100 pm were observed in the microstructure. On the
other hand, when stainless steel was used, after 1 h of
dipping, alpha type chunky Fe-intermetallics were
observed in the microstructure. The sizes of these alpha
phases were almost not changed by duration being in the
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Figure 7. Fluidity index change with iron content and treatment.

range of 200 pum however their numbers were increased
with duration. It is well-known and reported in the litera-
ture that cooling rates higher than 20 °C/s can suppress the
platelet-like morphology and

provide a less harmful o-phase shape.”®°* In this work,
permanent die moulds were used for the fluidity tests,
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therefore the observation of alpha phases was considered to
be due to high cooling rate.

Based on the chemical composition data in Table 2, sludge
factor was measured for all testing parameters.’®%-63-04
Figures 9 and 10 were plotted where the effect of sludge
factor, temperature and fluidity index can be seen. In
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Figure 8. Microstructure images obtained under changing casting conditions.

castings at 750°C, the decrease in fluidity index with
increased sludge factor is much higher than the castings at
700°C. This could mainly be due to the fact that dissolution
of Fe, Cr and Ni is much faster and higher at high tem-
peratures. The increase of these elements in molten alu-
minum will result in formation of more Fe-based
intermetallic phases.

Considering the relationship between sludge factor, casting
temperature and fluidity index, Figure 10 reveals that
higher the casting temperature and lower the sludge factor
will result in the highest fluidity index. On the other, it is
important to note that degassing increases fluidity as well.
In the presence of oxides in the unclean melt, the
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nucleation of Fe-phases are enhanced which was shown by
Cao®"° in their work. Bas”' had also reported similar
findings where the density of distribution of Fe-phases
were directly related with the oxide content of the melt.

Conclusion
It is possible to summarize the results obtained from the
experiments carried out within the scope of the study as

follows;

e It has been observed that increasing the casting
temperature of the liquid metal increases the
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content.

It has been found that melt cleanliness has a
significant effect on the fluidity. The fluidity
length is almost doubled after degassing.

When the effect of Fe diffusion was examined, it
was determined that Fe diffusion had negative
effects on fluidity by dipping carbon and stainless
steel rods.

It has been determined that the fluidity properties
decrease with increasing diffusion time (i.e.
increased Fe content).

In experiments using stainless steel in liquid
A356, due to increased Fe and Cr content in the
alloy, it was observed that the fluidity was
decreased significantly lower than carbon steel
dipped melt.

As the section thickness increases, the liquid metal
advance distance also increases. While there is not
much difference between the liquid metal
advancement conditions in 2 and 4 mm cross-
section channels, the differences become evident

International Journal of Metalcasting/V olume 19, Issue 3, 2025

sludge

© 700
i <750
.
‘v
'S o *
- @
| @ 0
e . )
] L J
& &
) 20 40 60 80 100 120 140 160
fluidity index
fluidity index
< 60
M 60 - 80
M 8 - 100
M 100 - 120
W 120 - 140
u > 140

720 730
temperature

(b)

Figure 10. Contour map of fluidity index, temperature and sludge factor (a) before degassing, (b) after degassing.

as the temperature increases in 6 mm and 8 mm
cross-section channels.

The fluidity length at different thickness channels
gives more indicative information compared to
standard spiral test moulds. The newly proposed
fluidity index based on the 4 channel mould
provides a single value that includes fluidity
distance in different thickness which can be
effectively used as an indication of fluidity length
of cast aluminum alloys.
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