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The aim of the research was to assess the influence of additions of different proportions of aluminium
waste chips from the machining technology on the melt quality and final properties of AlSi7Mg0.3 alloy
casts. All casts were created using by gravity casting technology into preheated metal mold.
The first cast was a pure AlSi7Mg0.3 alloy, followed by other samples with contents of 10, 30, 50, 70 wt.%
of aluminum waste chips in the batches. All the samples were subjected to the Brinnel hardness and
Vickers microhardness of solid solution of «(Al). Also, Density index was measured. At the end of
research, the microstructures of the samples were analyzed using a Laser Confocal Microscope Olympus
Lext OLS 5000. The use of chips from machining affects the gasification of the alloy. Some mechanical

properties of the material deteriorate, which is confirmed by analysis in this paper.
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1 Introduction

Al-Si alloys are the most used materials in foundry.
They have a wide range of applications due to the
combination of suitable mechanical and foundry pro-
perties. These properties are mainly influenced by
their chemical composition. These are alloys impor-
tant for all branches of industry, mainly the automo-
tive and aviation industries. [1, 2, 3] We can influence
the mechanical properties by adding alloying elements
(changing the chemical composition) or by heat tre-
atment [4] The wide area of use of aluminum alloys
also brings the necessity of machining these alloys.
Chip machining is based on the principle of removing
material in the form of chips, which gives the work-
piece its final shape. [5] By machining, we obtain the
final shape of the workpiece, but also waste in the
form of the chip removed. It is necessary to continue
to work with this metal waste and use the possibility
of recycling and remelting. The problem with these
chips is a strong thermal load during the machining
process itself and subsequent oxidation during remel-
ting. Recycling techniques are constantly being deve-
loped that can further process this small scrap. [6, 7]
The experiment will bring us knowledge about the be-
havior of the recycled material, and subsequently we
can use it again or adjust the metaurgy for processing.
Aluminum alloys can be machined dry, or with the use
of a process cooling liquid. Dry machining problems
are caused by low melting point and high adhesion.
The choice of optimal cutting conditions or the use of
a suitable process liquid is necessary. [8] Process fluids
improve the tribological processes of tool contact with

the machined surface. Process fluids help wash away
chips, cool the tool and workpiece, reduce friction and
thereby improve surface quality. Some process fluids
have a negative effect on the environment when they
are recycled. However, in some cases they can also
affect the possibility of using chip waste after machi-
ning. [9] If we recycle the scrap in the form of chips,
the process is more demanding due to the small size
and contamination by process fluids. Scrap in the
form of chips quickly oxidizes due to moisture, and
during remelting, a large proportion of the mass is
burned in the furnace. Aluminum scrap recycling has
several processes: Sorting, compaction, melting,
degassing and refining. [10, 11, 12] The properties of
casts are mainly influenced by microstructural changes
during the crystallization processes of the molten
alloy. Before choosing a suitable material for the
required application, checking the microstructure and
gasification is necessary. [13, 14] The Density index is
measured using a special devices such as the 3VT Plus
and the MK 3000 special scale. [15, 16] The use of
waste chips for remelting is limited in industry. The
recycling process is very important. The experiment
will verify the possibilities of using the material obta-
ined in this way and provide information about the
properties of the remelted material.

2 Materials and methods

AlSi7Mg0.3 alloy was used for the experiments.
This alloy is characterized by good toughness and duc-
tility, with a minimum number of alloying elements
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and impurities. It is a foundry alloy that has good
foundry properties, machinability, corrosion re-
sistance and weldability. It is most often casting into
metal or sand molds, using low pressure or gravity
casting. This alloy finds application not only in the au-
tomotive industry, but also in the aviation and rocket

Tab. 1 Chemical composition of AISi7Mg0.3 (EN 42100) [14]

industries. The alloy has a small tendency to shrinkage
during casting, for this reason it is advisable to refine
the grain by inoculating with B, Ti. [14] Chemical com-
position of AlSi7Mg0.3 alloy according to standards is
in the Tab 1.

Chemical el. Al Si Mg

Fe n Cu

91.3-93.3 6.5-7.5 0.25-0.45

wt [%]

0-0.25 0-0.19 | 0-0.1 0-0.07 0-0.05

2.1 Sample preparation

First of all, it was necessary to prepare a cast from
the AlSi7Mg0.3 alloy for turning and the production
of chips for their subsequent remelting in different
contents together with the AlSi7Mg0.3 alloy. The ba-
tch was melted in a graphite crucible at a temperature
of 740 °C. Metal mold was preheated to 200 °C. Be-
fore casting, the oxide layer was removed from the
surface of the melt (see Fig. 1).

T —

Fig. 1 Oxide layer removal before casting

Tab. 2 Measured chemical composition of ALSi7Mg0.3

After removal of the oxide layer from the surface
of the melt, gravity casting began (see Fig. 2). Casting
was at a temperature of 730 °C and the cast weighed
3 kilograms.

Fig. 2 Casting of pure ALSi7NMg0.3 alloy

After casting the real chemical composition was
measured by Q4 Tasman Spectrometer. determined
chemical composition of the cast is in the table below

(Tab. 2).

Chemical el. Al Si Mg

Fe n

wt [%0] base 7,03 0.31

0.21 0.09 0.08 0.02 0.04
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Then there was the production of chips. AG
COOL B 553 process fluid was used during turning.
This process fluid is semi-synthetic and miscible with
water. It contains a moderately high content of min-
eral oil, which forms a stable emulsion together with
water. It is characterized by very low foaming, both in
hard and soft water with excellent rinsing and cooling
effects. [17, 18] After the cast was clamped, the revo-
lutions were adjusted so that the cutting speed corre-
sponded to the parameters defined by the tool manu-
facturer and material removal began. The lathe was
cleaned before use to avoid contamination with chips
from previous machining. For the designed weights of
the batches for subsequent melting, it was necessary
to create at least 1600 grams of Al chips.

After obtaining the aluminium chips from machi-
ning, it was necessary to prepare the amount of pure
alloy in the crucible. Five melting crucibles were pre-
pared, into which the pure alloy was subsequently
weighed. The first crucible contained only pure alloy
to allow comparison of the other samples. Another
four melting crucibles were used to weight the chips.
The 100 g, 300 g, 500 g and 700 g of chips were suc-
cessively prepared in the crucibles with different con-
centrations of pure alloy (see Tab. 3). All crucibles '
contained 1 kilogram of material. Fig. 3 Machining of the cast of the AISi7Mg0.3 alloy

Tab. 3 Overview of input raw materials for individual pouring crucibles
Cast / crucible Weight of pure AlSi7TMg0.3 [g] Alsnxgeégsh;‘l’ifps (el
Sample 1 1000 0
Sample 2 900 100
Sample 3 700 300
Sample 4 500 500
Sample 5 300 700

The melting crucibles were placed in the furnace,
where they remained for about 4 hours until the ma-
terial melted. The run-up to the melting temperature
was realized gradually from the ambient temperature
(21 °C). During melting, a sample was taken from each
melt to measure the Density (Dichte) index.

A part of the melt was removed with a stainless
steel ladle, which was then poured into pre-prepared
cups that were heated to 200°C. One of the crucibles
was cooled in air. The second crucible was placed in
the vacuum chamber. For the analysis was used the
Vacuum Density Tester 3VT plus (see Fig. 4).

From each melt with a different percentage con-
tent of chips, two casts were created, which were used
to measure the gas concentration in the alloy. An
Electronic Density Index Balance MK 3000 was used
for this measurement (see Fig. 5), which is used to eva-
luate and determine the gassing rate of aluminum all-
oys in percent.

Fig. 4 Vacunm Density Tester 31T plus
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Fig. 5 Electronic Density Index Balance MK 3000

The rest of the melt was always by gravity casting
into a metal mold, followed by weighing. For the next
hardness, microhardness of solid solution measuring
and microscopy analyses the samples were cutted. The
cutting and sampling scheme is shown in the figure
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below (see Fig. 6). Each of the samples was measured
and observed under an optical microscope.

Fig. 6 Preparing of the samples for next measuring and ana-
lyses

3 Results
3.1 Microscopy observation

The images of microstructure of the samples 1 and
5 were selected for comparison. The samples in Fig.
7a and Fig. 8a were cooled in air and samples in Fig.
7b and Fig. 8b were cooled in vacuum. Due to obser-
vation, the microstructure all samples contains solid
solution a(Al) and eutectic. Eutectic is in the interden-
dritic spaces. The samples, that have cooled in vacuum
contain porosity and that affects mechanical final pro-
perties. For observation and analysis was used a Laser
Confocal Microscope Olympus Lext OLS 5000.

———
e

RITN

Fig. 7 Microstructure of the Sample 1, a) cooled in air, b) cooled in vacunm
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Fig. 8 Microstructure of the Sample 5, a) cooled in air, b) cooled in vacuum

3.2 Weight loss during remelting

Graph 1 shows the amount of cast mass for indi-
vidual samples, i.e. the usable part, and how much
waste and dross was created during remelting. It is ob-
vious that with the increasing percentage of chips
from machining, much more waste is produced in the

— 600
D
£
5 0
=

0

0

Sample 1 Sample 2
B Weight before melting

form of smear than when remelting pure alloy. The
smallest difference in weight between the input and
output weights (2.6 hm. %) was found for sample 1,
when it was a pure alloy. For sample 5, where the ratio
of pure alloy and chips was the same, when exceeding
more than 50 wt. % of waste occurs and the waste is
greater than the weight of the pure alloy.

1000 I
|
800
1
60 Z
40 .
20

Sample 3 Sample 4 Sample 5

Weight after casting

Graph 1 Weights of casts before and after remelting with aluminium chips

3.3 Hardness

All of the samples were subjected to Brinell hard-
ness measurement according to standards. Each of the
sample was measured 10x. ERNST AT 250 DR-NX
Tester device was used to measurement. The obtained
median values are shown in the graph below (see
Graph 2). Due to the large porosity, some

measurements had to be repeated. The measured va-
lues for samples that were cooled in air are higher than
for samples that were cooled in vacuum. The highest
values were obtained for sample 1. The lowest values
were for sample 5. It is true that the greater the con-
tent of chips (waste) in the alloy, the lower the Brinell
hardness.
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Graph 2 Brinnell hardness of the samples of AlSi7Mg0.3 alloy

3.4 Microhardness

Microhardness analysis was performed on each of
the sample. For the measurements were used digital
FM-300 MicroHardness Tester. The medians of the
values of microhardness of solid solution «(Al) are
shown in the Graph 3 below. Samples were taken
from the bottom of the casts (see Fig. 6) As with
Brinell hardness measurements, some measurements

70
60

5

o

HV 0.01
W
o S o

[a)

Vacuum Vacuum

Sample 1 Sample 2

Sample 3

had to be repeated due to high porosity. Solid solution
o(Al) was measured 10x for each sample. The highest
microhardness was found for the sample 1, that
cooled in air. The lowes value was found for the
sample 5, that cooled in vacuum. It can be seen from
the graph that the higher the concentration of chips
(waste) in the alloy, the lower the microhardness of the
solid solution a(Al).

40
2
1

Vacuum Vacuum Vacuum

Sample 4 Sample 5

Graph 3 Vickers microbardness of the samples of AlSi7Mg0.3 alloy

3.5 Density index

Graph 4 show differences between measured Den-
sity indexes. As you can see, the lowest values were
measured for sample 1, which did not contain any
concentration of waste aluminum chips. This sample
was pure alloy and was used to compare the results.
The highest values were found for sample 5, which

contained 70 wt. % waste aluminium chips in the ba-
tch. The difference between sample 1 and 5 is almost
threefold in the density index value. Samples 2, 3 and
4 had similar values. A density index value in the order
of tens of % is a negative phenomenon, and when
choosing such a material for a given application, there
may be problems in terms of strength etc.
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Graph 4 Density index of the samples

4 Conclusion

Analyzes prove that the content of waste chips re-
duces the mechanical properties of the AlSi7Mg0.3
alloy. The higher the percentage content of chips in
the alloy, the worse the mechanical properties, espe-
cially hardness and microhardness. The difference of
Brinell hardness of alloy between sample 1 and sample
5 was 17 %. The difference of Vickers microhardness
of solid solution a(Al) between sample 1 and sample 5
was 22 %.

Significant porosity was observed in the
microstructure of the alloy, and thus the gassing value
increases. In one sample (sample 5), the wight of slag
was greater than the weight of the pure alloy. The di-
tference of Dichte index values between samples 1
and 5 a was more than threefold. Value increased from
5,7 % to 17,3 %. Samples with higher concentrations
of waste aluminum chips had a large amount of burn-
through. The gases produced during this phenomenon
influence the internal structure of the casts and thus
its final properties.

It is clear from the analyzes that the use of waste
chips affects the internal structure of the casts and the
final properties of the material. The results and appe-
arance of the microstructure give us information that
can be used in further processing. By adjusting the me-
tallurgy, which can be the goal of further research, we
can obtain a better material. Recycling and sustainabi-
lity is important in all industries. Whether it is
worthwhile to use waste chips depends on the
required quality of the material in terms of chemical
composition or the area of application of the alumi-
num alloy. The results help us to modify the me-
tallurgy and consider the possibilities of mechanical
processing of chips from machining before melting. If
we are going to use recycled material for casting, it is

necessary to always monitor the mechanical properties
in order to meet the requirements for the quality of
the casting.
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