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Abstract. The hypereutectic aluminium-silicon alloys In recent years, new alloys and composites have been

AlSi25Cu4Cr and AlSi25CuSCr are heat treated TS5, T6 and
T7. The quenching of the alloys was carried out under the
same conditions. Artificial aging at TS was carried out at a
temperature of 180° C for 2, 4 and 6h, and at T6 at 180° C for
8, 10, 12 and 14h. The artificial aging of the studied
compositions at T7 was carried out at a temperature of 370°
C for 20, 40 and 60 min. The influence of heat treatment on
the size, shape and distribution of primary and eutectic
silicon crystals in the alloy structure was investigated. It was
established that the proposed heat treatment regimes do not
lead to a significant change in the shape and size of the
primary silicon crystals, but contribute to their uniform
distribution in the structure of the studied alloys. Rounding
of the silicon crystals in the composition of the eutectic of the
investigated alloys was observed.

Keywords: heat treatment, hypereutectic aluminium-silicon
alloys, structure.

[. INTRODUCTION

The main application of alloys of the Al-Si system is
for the manufacture of pistons for internal combustion
engines. The hypereutectic aluminium-silicon alloys have
poor casting properties, and because they crystallize over
a wide temperature range, microsuction porosity is
observed in the castings. To obtain solid castings, various
casting methods are used - casting in stilts, semi-liquid
stamping, casting under gas pressure [1]-[3].

introduced in the automotive industry [4], [5]. In order to
obtain aluminum alloys with modified structures and
increased mechanical properties, new types of modifiers,
rare earth elements are used, and different amounts of
phosphorus are experimented with [6]-[14]. Research is
being conducted on the operational properties (wear
resistance and corrosion resistance) of the alloys intended
for the manufacture of pistons for internal combustion
engines, as well as new coatings aimed at improving their
wear resistance [15]-[19].

The aim of the present work is to study the influence
of different heat treatment regimes on the size, shape and
distribution of primary and eutectic silicon crystals in the
structure of AlSi25Cu4Cr and AISi25Cu5Cr alloys.

II. MATERIALS AND METHODS

The object of the present study are supraeutectic
aluminum-silicon alloys AlSi25Cu4Cr and AlSi25Cu5Cr.
The investigated alloys were prepared by two different
technologies. One technology for producing the alloys
involves melting the pure metals in an electric resistance
furnace and casting the resulting alloys into a block. The
compositions obtained in this way are re-melted, and
immediately before pouring, the metallurgical processing
of the melts (refining, degassing and modification) is
carried out. Phosphorus in the amount of 0.04% was used
to modify the AlSi25Cu4Cr alloy, and the AISi25CuSCr
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alloy was modified with 0.07% P. Experimental castings
have been cast. The chemical composition of the prepared
alloys is shown in Table 1 and Table 2. Castings obtained
by this technology are subjected to thermal treatment TS
and T7. The heating to homogenize the structure before
hardening was carried out at a temperature of 510-515°C,
the holding time at the indicated temperature was
6h30min., and for hardening a cooling medium of water
with a temperature of 20°C was used. Artificial aging at TS
was carried out at a temperature of 180°C and holding
times were 2h, 4h and 6h. During heat treatment the T7
temperature for artificial aging is 370°C and holding times
are 20min, 40min and 60min.

TABLE 1 CHEMICAL COMPOSITION OF ALSI25CU4CR (%) REMELTING

Si Cr Fe Ni Al

25,13 0,65 0,135 0,0051 rest

TABLE 2 CHEMICAL COMPOSITION OF ALSI25CUSCR (%) REMELTING

Si Cu Cr Fe Ni Al

25,24 4,72 0,589 0,349 0,031 rest

The second technology for obtaining the studied alloys
involves melting the pure metals in an electric resistance
furnace, refining, degassing and modifying the melts and
direct casting of experimental castings (without using
remelting of previously prepared alloys). Phosphorus in
the amount of 0.04% was used to modify the Al1Si25Cu4Cr
alloy, and the AIlSi25Cu5Cr alloy was modified with
0.07% P. The chemical composition of the alloys thus
prepared is shown in Table 3 and Table 4. Castings from
the thus prepared compositions were subjected to T6 heat
treatment, in which the hardening process was carried out
as in TS5 and T7. Artificial aging at T6 was carried out at a
temperature of 180°C and holding times were 8h, 10h, 12h
and 14h.

TABLE 3 CHEMICAL COMPOSITION OF ALSI25CU4CR (%) PURE METALS

Si Cu Cr Fe Ni Al
24,98 3,69 0,538 0,16 0,005 rest
TABLE 4CHEMICAL COMPOSITION OF ALSI25CUSCR (%) PURE METALS
Si Cu Cr Fe Ni Al
25,31 4,32 0,528 0,122 0,005 rest

III. RESULTS AND DISCUSSION

The results of the microstructural analysis show that
the AlSi25Cu4Cr and AlSi25Cu5Cr alloys obtained by
remelting a block and modified with 0.04% P and 0.07%
P respectively at a temperature of 830°-850°C have a
modified structure. The primary silicon crystals in the
structure of the alloy AlSi25Cu4Cr modified with 0.04%
P are finely divided and evenly distributed in its structure,
with the main amount of crystals having sizes of 19-27

84

pum, and crystals with larger sizes are also found. The
silicon crystals in the composition of the eutectic are
plates, which in the observed field of the sandpaper have a
needle-like shape and linear dimensions of 12-15 pum

(Fig. 1).

Fig. 1. Microstructure of alloy AlSi25Cu4Cr+0.04%P
(remelting) x100.

In the structure of the AISi25Cu5Cr alloy modified
with 0.07% P, a large part of the silicon crystals are in the
form of plates with a length not exceeding 45-50 um and
a width of 12-15 pm, single crystals with an irregular
shape and a significant amount of primary silicon crystals
with sizes in the range of 17 -27 um, and eutectic silicon
measures 5-7 pm (Fig. 2).

Fig. 2. Microstructure of alloy AlSi25Cu5Cr+0.07%P
(remelting) x100.

In AlSi25Cu4Cr and AlSi25Cu5Cr alloys obtained
from pure metals and subjected to modifying treatment
with 0.04% P and 0.07% P, unmodified primary Si crystals
can also be observed in their structure. The reason for this
is most likely a loss of part of the used phosphorus
modifier, which was introduced into the melts through
CuP10 at a temperature of 900°-930°C [20], [21]. A large
part of the primary Si crystals in the AISi25Cu4C +
0.04%P alloy structure are of irregular shape and cannot
be measured; those that have been measured are 35 to 50
pum in size. Eutectic Si crystals are in the form of needles
with linear dimensions of 30 - 54 um. (Fig. 3).

In the structure of the alloy obtained from pure metals
AlSi25Cu5Cr and modified with 0.07%P, irregularly
shaped Si crystals are observed, which are not subject to
measurement. The modified crystals are polyhedral, the
measured and calculated conditional average diameter is
32 um. The silicon in the composition of the eutectic is in
the form of needles with an average linear size of 25.7 pm.

(Fig. 4).
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Fig. 3. Microstructure of alloy AlSi25Cu4Cr+0.04%P
(pure metals) x100.

Fig. 4. Microstructure of alloy AlSi25Cu5Cr+0.07%P
(pure metals) x100.

The structure of an AlSi25Cu4Cr alloy modified with
phosphorus in the amount of 0.04% and subjected to TS5,
in which the artificial aging was carried out at a
temperature of 180°C and the holding time was 2h is
shown in Fig. 5. The conditional average diameter of the
primary silicon crystals is in the range of 32-38um.
Crystals in the form of polygons with straight walls
predominate, but primary silicon crystals in the form of
plates are also observed. The silicon crystals in the
composition of the eutectic are in the form of "needles"
varying in size from 11 to 14 pm.

Y3,
5 \4 g%

S

Fig. 5. Microstructure of alloy AlSi25Cu4Cr+0.04%P
(remelting) T5 (180°C/2h) x100.

The microstructure of alloy AlSi25Cu4Cr + 0.04% P
and subjected to T5, in which the artificial aging was
carried out at a temperature of 180°C and the holding time
was 4h is shown in Fig. 6. The primary Si crystals have
sizes in the range of 18-29um and are evenly distributed
in the alloy structure. Some of the eutectic Si crystals have
a rounded shape, there are also those in the form of plates,
and their sizes are in the range from 8 to 14 um.

After heat treatment T5, in which the artificial aging
was carried out at a working temperature of 180°C and a
holding time of 6h, the AlSi25Cu4Cr + 0.04% P alloy has
a structure that is shown in Fig. 7. Fine and evenly
distributed primary silicon crystals with sizes in the range
of 21-25 um are observed. The silicon crystals in the
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composition of the eutectic are rounded in shape and 11 to
14 pum in size.

Fig. 6. Microstructure of alloy AlSi25Cu4Cr+0.04%P
(remelting) T5 (180°C/4h) x100.

Fig. 7. Microstructure of alloy AlSi25Cu4Cr+0.04%P
(remelting) TS (180°C/6h) x100.

The AlSi25Cu4Cr alloy, which was produced from
pure metals and modified with 0.04% P, was subjected to
T6. The structure of the alloy, where the artificial aging
was carried out at a temperature of 180°C and the holding
time was 8h, is shown in Fig. 8. A large proportion of the
primary Si crystals in the alloy structure are irregularly
shaped and not measurable, and those measured are 43 pm
in size. The eutectic Si crystals are spheroidal in shape,
with one part of them having a nominal average diameter
of 17 um, and others with dimensions of 27 pm.

Fig. 8. Microstructure of alloy AlSi25Cu4Cr+0.04%P
(pure metals) T6 (180°C/8h) x100.

After heat treatment T6 and artificial aging at a
temperature of 180°C and a hold time of 10h, the modified
silicon crystals in the structure of the alloy AlSi25Cu4Cr
+0.04% P were crushed. They have a conditional average
diameter of 22.6 um. A change in the shape and size of the
eutectic silicon crystals is also observed, some of the
crystals are spherical in shape and have a conditional
average diameter of 4.5 um, and the other part are in the
form of thin plates with linear dimensions of 26.3 um

(Fig. 9).

The alloy AlSi25Cu4Cr + 0.04% P after T6 and
artificial aging at 180°C and retention of 12h has a
structure shown in Fig. 10. Eutectic silicon has a rounded
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shape, the main amount of eutectic silicon crystals have a
conditional average diameter of 5.5 pm, a small amount
with a conditional average diameter of 18 pum is also
observed. The modified Si crystals in the alloy structure
are 20 to 50 um in size.

Fig. 9. Microstructure of alloy AlSi25Cu4Cr+0.04%P
(pure metals) T6 (180°C/10h) x100.

Fig. 10. Microstructure of alloy AlSi25Cu4Cr+0.04%P
(pure metals) T6 (180°C/12h) x100.

Artificial aging at a temperature of 180°C and holding
for 14h after quenching leads to the production of the
finest crystals of eutectic silicon in the structure of the
alloy AISi25Cu4Cr + 0.04% P (Fig. 11). They are rounded
in shape and have an average diameter of 7 pm. The
modified Si crystals in the alloy structure are 16 to 45 pm
in size.

Fig. 11. Microstructure of alloy AlSi25Cu4Cr+0.04%P
(pure metals) T6 (180°C/14h) x100.

With T7 heat treatment and artificial aging at 370°C
and holding for 20 min. the structure of AlSi25Cu4Cr +
0.04% P alloy consists of uniformly distributed primary Si
crystals with sizes of 19 to 23 pm. Both rounded eutectic
silicon crystals and in the form of plates with sizes in the
range of 9-14um are observed (Fig. 12).

The AlISi25Cu4Cr + 0.04% P alloy subjected to T7 and
artificial aging at 370°C and holding for 40 min. has a
structure shown in Fig. 13. The primary silicon crystals are
finely divided and uniformly distributed with sizes ranging
from 19 to 23 um. The silicon crystals in the composition
of the eutectic have a rounded shape, there are also those
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that are in the shape of plates, and their sizes are in the
range of 5-8pm.

The microstructure of the alloy AISi25Cu4Cr + 0.04%
P subjected to T7 and artificial aging at 370°C and holding
for 60 min. is composed of faceted primary silicon
crystals, which have a nominal average diameter of 34-
39um. Individual crystals of primary silicon and of larger
sizes are observed. The silicon crystals in the composition
of the eutectic are in the form of plates and polygons with
sizes from 3 to 7 um (Fig. 14).

Fig. 12. Microstructure of alloy AlSi25Cu4Cr+0.04%P (remelting)
T7 (370°C/20min.) x100.

Fig. 13. Microstructure of alloy AlSi25Cu4Cr+0.04%P (remelting)
T7 (370°C/40min.) x100.

Fig. 14. Microstructure of alloy AlSi25Cu4Cr+0.04%P (remelting)
T7 (370°C/60min.) x100.

The structure of AISi25CuSCr alloy modified with
phosphorus in the amount of 0.07% and subjected to TS,
in which the artificial aging was carried out at a
temperature of 180°C and the holding time was 2h is
shown in Fig. 15. The primary silicon crystals are in the
form of polygons with straight walls, there are also crystals
with a plate shape. The conditional average diameter of the
primary Si crystals is 8-13um. Single plate-shaped
primary silicon crystals 29-43pm in length are observed.
The silicon in the composition of the eutectic is in the form
of plates with dimensions of 4-6 pm.
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Fig. 15. Microstructure of alloy AlSi25CuSCr+0.07%P (remelting)
T5 (180°C/2h) x100.

The microstructure of an alloy AlSi25Cu5Cr + 0.07%
P subjected to TS heat treatment , in which the artificial
aging was carried out at a temperature of 180°C and the
holding time was 4h is shown in Fig. 16. The primary
silicon crystals are evenly spaced and have the shape of
polygons and plates with an overwhelming conditional
mean diameter of 19-24um. The silicon crystals in the
composition of the eutectic are in the form of needle-like
platelets and rounded grains with dimensions of 9-13pum

After heat treatment T5, in which the artificial aging
was carried out at a working temperature of 180°C and a
holding time of 6h, the AlSi25CuS5Cr + 0.07% P, the alloy
has a structure that is shown in Fig. 17. Fine primary
silicon crystals are observed in the form of polygons and
plates distributed uniformly in the structure. The
conditional average diameter of the primary silicon grains
is in the range of 11-14pm.

Fig. 16. Microstructure of alloy AlSi25CuSCr+0.07%P (remelting)
T5 (180°C/4h) x100.

Fig. 17. Microstructure of alloy AlSi25CuSCr+0.07%P (remelting)
T5 (180°C/6h) x100.

The alloy AlSi25Cu5Cr, which was produced from
pure metals and modified with 0.07% P, was put under T6
heat treatment. The structure of the alloy, where the
artificial aging was carried out at a temperature of 180°C
and the holding time was 8h, is shown in Fig. 18. Most of
the primary Si crystals in the alloy structure are irregularly
shaped and not measurable, and those measured are 25.3
pum in size. The eutectic Si crystals are spheroidal in shape
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with a conditional average diameter of 6.3 pm, and others
are in the form of thin plates with linear dimensions of 22.2
um.

After heat treatment T6 and artificial aging at a
temperature of 180°C and holding time of 10h, Si crystals
with a regular shape (polyhedral with straight walls) and a
conditional average diameter of 20-43um are observed. in
the structure of the alloy AISi25Cu5Cr + 0.07% P. The
eutectic silicon crystals have a spheroidal shape and a
conditional mean diameter of 6.4 um (Fig. 19).

Fig. 18. Microstructure of alloy AlSi25Cu5Cr+0.07%P
(pure metals) T6 (180°C/8h) x100.

Fig. 19. Microstructure of alloy AlSi25Cu5Cr+0.07%P
(pure metals) T6 (180°C/10h) x100.

The alloy AlSi25Cu5Cr + 0.07% P after T6 heat
treatment and artificial aging at 180°C and retention of
12h has a structure shown in Fig. 20. The Si crystals in the
composition of the eutectic are rounded in shape and up to
7 pm in size. The majority of primary Si crystals are of
regular shape and reduced sizes in the range of 16 to 27
pm.

Fig. 20. Microstructure of alloy AlSi25Cu5Cr+0.07%P
(pure metals) T6 (180°C/12h) x100.

Artificial aging at a temperature of 180°C and hold
time of 14h after hardening leads to a change in the
structure of the AISi25Cu5Cr + 0.07% P alloy (Fig. 21).
Most of the Si crystals in the composition of the eutectic
are rounded in shape and up to 7 pm in size, but part of
them are separated in the form of wafer with linear
dimensions of 16-30 um. The modified primary Si crystals
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are in the form of polygons with straight walls and
polyhedral, and the measured and calculated conditional
average diameter is 25.6 pm.

With T7 heat treatment and artificial aging at 370°C
and holding for 20 min. the structure of alloy
AlSi25Cu5Cr + 0.07% P consists of primary silicon
crystals of regular shape - polygons with straight walls, as
well as plate-shaped ones with sizes in the range of 18-27
um. Single crystals with an average diameter of 35-51um
are observed. The silicon in the composition of the eutectic
is in the form of rounded crystals and plates resembling
needles with dimensions of 8-10 um. Single plates with a
length of 24-28 um are observed (Fig. 22).

R

"

Fig. 21. Microstructure of alloy AlSi25Cu5Cr+0.07%P
(pure metals) T6 (180°C/14h) x100.

Fig. 22. Microstructure of alloy AlSi25CuSCr+0.07%P (remelting)
T7 (370°C/20min.) x100.

The AlISi25Cu5Cr +0.07% P alloy subjected to T7 and
artificial aging at 370°C and holding for 40 min. has a
structure shown in Fig. 23. Part of the silicon crystals in
the composition of the eutectic are in the form of plates,
but there are also those with a rounded shape and sizes
from 7 to 12 um. The primary silicon crystals have a
regular shape (polygons and plates) with dimensions of
17-22 pm.

Fig. 23. Microstructure of alloy AlSi25CuSCr+0.07%P (remelting)
T7 (370°C/40min.) x100.

The microstructure of the alloy AlSi25Cu4Cr + 0.04%
P subjected to T7 and artificial aging at 370°C and holding
for 60 min. consists of primary silicon crystals of regular
shape and sizes in the range of 20-24um. In the
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composition of the eutectic, finely divided silicon crystals
are observed, which are 7-10 pm in size and have a
rounded shape (Fig. 24).

J

Fig. 24. Microstructure of alloy AlSi25Cu5Cr+0.07%P (remelting)
T7 (370°C/60min.) x100.

In the AlSi25Cu4Cr + 0.04% P alloy subjected to T5
heat treatment, it was observed that with increasing the
holding time, the shape of both primary silicon and
eutectic silicon crystals was mainly affected. The primary
Si crystals are uniformly distributed, of approximately the
same size and regular shape. Eutectic Si crystals are
rounded in shape.

The AlSi25Cu4Cr alloy, which is produced from pure
metals and modified with 0.04% P, is subjected to T6 heat
treatment, where the artificial aging temperature is the
same as T5 (180°C). The artificial aging carried out at a
temperature of 180°C and retention of 8h, 10h, 12h and
14h has the strongest effect on the eutectic silicon. It gets
a rounded (spheroidal) shape. Finest eutectic silicon in the
structure of the investigated alloy AlSi25Cu4Cr + 0.04%
P was obtained during artificial aging at 180°C and
retention of 14h.

After the heat treatment T7 in the structure of the
AlSi25Cu4Cr alloy modified with 0.04% P, a tendency to
increase the primary silicon crystals was observed with an
increase in the holding time during the artificial aging
carried out at a temperature of 370°C. With a retention time
of 60 min. at 370°C the primary silicon crystals are of the
largest size. No significant change in the shape and size of
the eutectic silicon crystals was observed at the three
retention times (20min., 40min. and 60min.) at the
working temperature of artificial aging.

In the AlSi25CuSCr alloy modified with 0.07% P and
subjected to T5, a change in the shape of the eutectic and
primary silicon was observed. Silicon in the composition
of the eutectic acquires a rounded shape, fine plates are
also observed. Polygonization of primary Si crystals is
observed, they are evenly distributed in the alloy structure.

After heat treatment T6 alloy AlSi25Cu5Cr modified
with 0.07% P has in its structure eutectic silicon with a
rounded shape. At artificial aging 180°C and holding for
8h, eutectic Si was observed both in spherical shape and in
the form of plates. At a holding time of 10h and 12h, only
rounded eutectic silicon crystals are observed in the
structure of the alloy, and as the holding time increases to
14h, a tendency to change the shape of silicon in the
composition of the eutectic is again observed. In addition
to spherical crystals, plate-shaped crystals are also
observed.
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In the structure of the alloy AlSi25Cu5Cr modified
with 0.07% P and subjected to thermal treatment T7, no
significant changes in the shape and size of the primary
silicon crystals were observed. During artificial aging at a
temperature of 370°C and holding for 20 min. eutectic
silicon is in the form of thin layers, rounded crystals are
also found. As the retention time increases to 40 min.
silicon in the composition of the eutectic is crushed and a
change in the shape of the thin plates is observed as they
become more massive. When held for 60 min. at the
selected operating temperature of 370°C, the eutectic
silicon crystals are rounded in shape.

IV. CONCLUSIONS

The proposed heat treatment modes do not lead to a
significant change in the shape and size of the primary
silicon crystals, but contribute to their uniform distribution
in the structure of the studied AISi25Cu4Cr and
AlSi25Cu5Cr alloys modified with 0.04% P and 0.07% P,
respectively. Rounding of the silicon crystals is observed
in the composition of the eutectic of the studied alloys.

During the T7 heat treatment of AlSi25Cu4Cr alloy
modified with 0.04% P, a tendency for the growth of
primary silicon crystals was observed. With a retention
time of 60 min. at an operating temperature of 370°C, the
primary silicon crystals are of the largest size.
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