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Abstract:Modification of alloys is an important part of the metallurgical process, and this also applies to aluminum alloys, particularly for
Al-Si (silumins). As a modification of the material we can utilise the modification using the selected element or heat treatment of alloys, or a
combination of both processes. One of the elements that it is possible to modify the alloy of Al-Si used is antimony (Sb). The paper examines
the possible effect of the modification of that element and heat treatment on the final structure of the alloy AISiI9CuMnNi and other selected
properties after machining. In the experiments three castings from the alloy AISi9CuMnNi were made without modification, three castings
with the modification and without heat treatment, three castings with modification and without heat treatment, and three castings with modifi-
cation and heat treatment. The described experiment and analysis are part of extensive research undertaken at Faculty of Production Technology
and Management, J. E. Purkyn& University in Ustinad Labem.
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1. Introduction for CSN 42 0056 defined as the process by which a
product or product parts in solid state is subjected to one
Generally, alloys are modified and thermally pro- or more cycles of annealing to achieve the desired struc-
cessed to improve their chosen technological properties. ~ ture or substructure and properties (MICHNA S. 2005).
This applies to aluminum alloys and specifically alloys As part of the experiments tool wear of insert after
based on Al-Si, called Silumins (BOLIBRUCHOVA, D.  the turning of experimental samples were made
2005, LIPINSKI,T. 2011). (KocmaN, K. 2011, DUGIN, A. 2012).
Alloy AISi9CuMnNi, which will be investigated, The alloy was at FPTM JEPU made of individual in-
falls into the group of alloys based Al - Si. Within ex- gredients and there are no master alloys. In Tab. 1 it is

periments FPTM this alloy was modified by 0.2 wt. % the basic composition of this alloy.
Antimony, and by heat treatment processed, too.
(TILLOVA, E., 2013, ROUCKA, J., 2004)
The investigated alloy was also heat-treated. Heat
treatment of aluminum and its alloys can be in the sense

18


mailto:naprstkova@fvtm.ujep.cz
mailto:cais@fvtm.ujep.cz
mailto:sviantek@fvtm.ujep.cz

NatasaNaprstkova, et. al. Influence of antimony modification and heat ..., VVol. 8(3)/2015

Tab. 1 Content of alloying elements in the alloy

Element Range [wt. %] | Chosen [wt. %]
Si 10 10
Cu 0.8-1.2 1
Mn 0.6-0.8 0.7
Ni 0.8-1.2 1
2. Introduction
For the experiment castings from alloy

AISi9CuMnNi were made, a total of twelve castings.
They were divided into four groups of three castings.
The first group of castings has not been modified or
thermally processed. The second group was modified
antimony without further heat treatment. The third
group of castings were heat treated without modifica-
tion antimony. The last group was modified antimony
with subsequent heat treatment.

The alloy AISi9CuMnNi was made at FPTM from
individual components and not applied to the master al-
loy. For the modification 0.2 wt. % Antimony (Sh) was
used.

Besides modification the part of the castings was
also heat treated. As a kind of heat treatment solution
annealing leading to an increase in material hardness
and uniformity of the chemical composition. In the first
part, the hardening of the material supercritical cooling,
and in the second part of the artificial aging. The entire
course of the heat treatment process took approximately
16 hours. First, the samples were heated in the melting
furnace for a certain time. The next stage was rapid
cooling in a water bath, and samples were then put into
a drying furnace for the rest of the process. The drying
furnace was set to turn off automatically after six hours
at a temperature of 160 ° C, cooling of the samples was
carried in the shutdown of the furnace.

Test samples were machined on a lathe Emco Mat -
14 S, which is at the FPTM available. (NAPRSTKOVA N.
2012)Set cutting conditions were based primarily on the
type of machine and tool. Cutting tools used were plates
(inserts) PRAMET DCMT 070202 E — UR and based
on the material to be machined and used machine and
tool was set depth of cut a,=1 mm and feed per revolu-
tion f=0,12 mm.rev™. Cutting speed v; was necessary to
adapt the options of used lathe Emco Mat - 14 S, partic-
ularly its maximum rotation speed n. Cutting plate was
clamped at the outer bracket SDJCR 12 12 F 07 KT 016.
All the working conditions for the machining are set to
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achieve the maximum load inserts.
3. Realized analyses

For checking the correct chemical composition of
the samples a spectrographic analysis was carried out.
The composition of the samples was examined equip-
ment INNOV Delta X, several randomly selected sam-
ples were analyzed for comparison by using equipment
Q4 Tasman. (KALINCOVA D. 2010)

The results of spectrographic analysis carried out on
samples No. 1 to 6, which have not been modified anti-
mony, showed that during the production of castings a
certain quantity of manganese and nickel in the alloy
were lost. For samples that have been modified anti-
mony, it is again evident that a certain quantity of man-
ganese and nickel decreases. There was also a slight de-
crease in antimony.

For determining the effect of heat treatment and Sh
modification to the alloy AISI9CuMnNi microscopic
analysis was carried out.

At first samples of the alloy which had not been
modified with antimony or the material heat treatment
taken place, were taken (Fig. 1). The structure of all
samples without modification and heat treatment was
very similar. Silicon needles were relatively large and
irregularly arranged.

Fig. 1.Example of structure unmodified casting, mag.
100x

Further samples were analyzed without modifica-
tion antimony, but after heat treatment. The example of
microstructure of these samples is shown in Fig. 2. On
the microstructure more uniform distribution needles of
silicon are evident.

Other evaluated samples were modified antimony,
but without heat treatment. The example of structures is
shown in Fig 3. From this it is evident that modification
to the microstructure is significantly affected and the
modifying effect of antimony can therefore be seen.
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Fig. 2.Example of structures of the unmodified cast-
ing after thermal proessing, mag. 100x

Fig. 3.Example of structure modified casting, mag.
100x

The last samples were evaluated, which have been mod-
ified and have undergone thermal treatment. On Fig. 4
is examples of obtained structures. This modifying ef-
fect of antimony is apparent and also an effect of heat
treatment on the more uniform distribution of structure.
Silicon particles are finer and have rounded edges.

Fig. 5. Example of structure modified casting after
heat treatment, mag. 100x

Generally the occasional occurrence of porosity can
be observed in castings, which is a consequence of cast-
ing technology. All samples were prepared by gravita-
tional casting.

Each area for measuring of tool wear is shown inFig.
6. Evaluation was carried out according to characteris-

tics of the standard 1SO3685. (SUCHANEK D. 2011,
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VALICEKJ. 2008) For measurement the software Quick-
PHOTO CAMERA 3.2 was used.

of cutting plate(insert)

In Fig. 7 is the graph of measured results of wear in
the back area of the tool (VBc, VB, VBmax).

From this graph it is apparent that the order of tool
wears for each group of samples in all parameters (VB,
VBc, VBmax) are identical. As the heat treatment, as
well antimony as a modifier according to the measured
results had a favorable, even if relatively small effect on
the size of the tool wear.
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Fig. 7.Average tool wear
4. Conclusion

For this experiment a total of four kinds of castings
were carried out (the castings without heat treatment
and without modification antimony, castings without
heat treatment and modified antimony, castings with
heat treatment without modification antimony and cast-
ings with heat treatment and modified antimony). Anti-
mony was dosed in pure form in an amount of 0.2 wt.
%. As the heat treatment was applied solution annealing
for more uniform structure with subsequent hardening.

A spectrometric analysis was carried out for control-
ling the resulting composition of the castings. The next
step of the experiment was to analyze the microstructure
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of castings. For samples with thermal treatment the ef-
fect of processing on the uniformity of the microstruc-
ture was detectable. A very significant impact on the
microstructure had the modification by antimony. Mi-
crostructure eutectics was formed consisting of fine par-
ticles of silicon in o phase. Due to the modification ef-
fects of antimony finer and partly curved needles
silicon were formed which should have a positive effect
on the properties of the material.

The next step was to evaluate the wear inserts after
turning. VB, VBc and VBmax were measured accord-
ing to standard ISO 3685. From the measured values it
shows that the positive effect on the tool wear has not
only the antimony, but especially the heat treatment.
Most worn plates were used for turning cast without
heat treatment and without antimony. Conversely, the
least worn plates were used for turning castings after
heat treatment with modification by antimony. Beyond
the positive effect on tool wear the positive effect of an-
timony on the built-up edge was also observed.

The presented results are part of larger research car-
ried out at FFTM JEPU.
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