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On the paper the influence of modifying micro additives on the refinement of primary silicon crys-
tals in the hypereutectic AlSi21CuNi piston silumin have been examined. As the modifiers there
were used micro additives of Phosphorus in the form of AICul9P1.4 and CuP12 pre-alloys, sulfur in
the form of CuS and iron in the powdered form. The modifying micro additives were used separately
and together. Micro additions of iron were used together with phosphorus. Sulfur micro addition
provided the fragmentation of the primary silicon crystals, but not as effective as the phosphorus
micro additive. The best effect of fragmentation of the primary silicon crystals was ensured by the
combined addition of phosphorus in the form of AlCul9P1,4 pre alloy with a micro additive of

powdered iron which reduced the average size of the primary silicon crystals from 114 um to 20 um.
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1. Introduction

The hypereutectic Al-Si alloys are characterized by the
presence of large primary silicon crystals in their microstruc-
ture. These crystals reach sizes above 100 um and even
above 150 pm. Such large silicon crystals, often with com-
plex shapes, make machining more difficult and have an
adverse effect on the smoothness of machined surfaces, es-
pecially for piston castings. It also worsens the tribological
properties and durability of pistons.

Favorable refinement of the primary silicon crystals in the
hypereutectic Al-Si alloys, provides modification treatments
that induce heterogeneous crystallization of the primary
silicon. It is now generally accepted that an effective inocu-
lant of silicon is a phosphorus micro addition
(PONIEWIERSKI, Z. 1966, PONIEWIERSKI, Z. 1989, EIGENFELD,
K. 2000, TENEKEDJIEV, N., ARGO, D., GRUZELSKI, J. E. 1990,
MULLER, K. 1996) that forms AIP phase on Al-Si alloys,
which causes the heterogeneous nucleation of silicon crys-
tals. According to some researchers (TENEKEDJIEV, N., ARGO
D., GRUZELSKI, J.E. 1990) already a small addition of phos-
phorus in the amount of 0.001-0.01% results in a satisfactory
refinement and even distribution of the primary silicon crys-
tals in the structure of the hypereutectic Al-Si alloys. Some
researchers (PONIEWIERSKI, Z. 1966, MICHALSKI, M.,
ROMANKIEWICZ, F. 2017) claim that the sulfur micro additive
also refines primary silicon crystals and modifies eutectic.
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Other researchers (EIGENFELD, K. 2000, MULLER, K. 2000)
found that the effect of the refinement of primary silicon
crystals can be activated with an iron micro additive that can
form FeP phase particles (MULLER, K. 2000) and FeP1,8
phase particles (EIGENFELD, K. 2000).

2. Description of the experiments

The authors decided to verify the possibility of refining of
the primary silicon crystals with use micro-additives of
phosphorus, iron and sulfur using the AlISi21CuNi piston
alloy with chemical composition according to Polisch Stand-
ards (PN 76 / H-88027). After melting the alloy, it was heat-
ed to 800°C and held for 30 minutes.

Modification treatments were carried out at a temperature
of 750°C. On the table 1 are given the type and amount of the
modifying additives that was used on the research.

Phosphorus was introduced into the modified alloy in the
form of AlCul9P1,4 and Cupl2 pre-alloys. The sulfur was
used in the form of CuS sulphide, while the iron was used in
powdered form.

The results of the tests are illustrated in Figures 1-18. The
effects of the modification were assessed based on the study
of the solidification process of samples of the tested alloy by
the use of ATD method and the study of alloy microstruc-
ture.
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Table 1. The influence of modifying micro additives on the dimen-
sions of primary silicon crystals

No The average Te
of | Type and amount of modifier size of Si [°C]
Melt crystals [pum]
1 Without modification 114 574.9
2 Modif. 1.07% of Al- 26 574.4
Cul9Pl,4
3 Modif. 1.07% of Al- 29 553.4
Cul9P1,4 and 0.04% of CuS
4 Modif. 0.07% of CuS 58 555.8
5 Modif. 0.5% of AICul9P1,4 35 553.0
and 0.07% of CuS
6 Modif. 1.07% of Al- 20 550.0
Cul9P1,4 and 0.02% of Fe
7 Modif. 0.12% of CuP12 43 554.6
8 Modif. 0.12% of CuP12 and 72 553.6
0.02% of Fe
9 Modif. 0.12% of CuP12 and 68 553.9
0.01% of Fe

3. Analysis of the results of experiments

The ATD diagrams for AlSi21CuNi silumin without modi-
fication (Fig. 1) is characterized by overcooling of the crys-
tallization temperature of the primary silicon and a slight
decrease of the eutectic solidification temperature (574.9° C).
A similar temperature of solidification of eutectic (574.4°C)
was demonstrated by the alloy modified with the addition of
AlICul9P1.4 (Fig. 3). In other cases of silumin modification
(Figures 5, 7, 9, 11, 13, 15, 17), the eutectic solidification
temperature decreased (Table 1).

750

TL°C]

tls]

T, [Krsg]

600 4f

500 e e e . i e
240 360 480

Czas t,

[=]

Fig. 1. Diagram of Thermal-Derivation Analysis of hypereutectic
silumin AlSi21CuNi without modification
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Fig. 2. Microstructure of hypereutectic silumin Al1Si21CuNi
without modification: a) mag. 100x, b) mag 500x
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Fig. 3. Diagram of Thermal-Derivation Analysis of hypereutectic

silumin AlSi21CuNi modified with 1.07% of AICul9P1,4
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Fig. 4. Diagram of Thermal-Derivation Analysis of hypereutectic
silumin AlSi21CuNi modified with 1.07% of AICul9P1,4
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Fig. 5. Diagram of Thermal-Derivation Analysis of hypereutectic
silumin AlSi21CuNi modified with 1.07% of AlCul9P1,4 and
0.04% of CuS
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Fig. 6. Diagram of Thermal-Derivation Analysis of hypereutectic
silumin AlSi21CuNi modified with 1.07% of AlICul9P1,4 and
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Fig. 7. Diagram of Thermal-Derivation Analysis of hypereutectic
silumin A1Si21CuNi modified with 0.07% of CuS
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Fig. 8. Diagram of Thermal-Derivation Analysis of hypereutectic Fig. 10. Diagram of Thermal-Derivation Analysis of hypereutec-
silumin AlSi21CuNi modified with 0.07% of CuS tic silumin AlSi21CuNi modified with 0.5% of AICul9P1,4 and
0.07% of CuS
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Fig. 9. Diagram of Thermal-Derivation Analysis of hypereutectic Fig. 11. Diagram of Thermal-Derivation Analysis of hypereutec-
silumin AlSi21CuNi modified with 0.5% of AICul9P1,4 and 0.07% tic silumin AlSi21CuNi modified with 1.07% of AlCul9P1,4 and
of CuS 0.02% of Fe
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Fig. 12. Diagram of Thermal-Derivation Analysis of hypereutec-
tic silumin AlSi21CuNi modified with 1.07% of AICul9P1,4 and

Fig. 14. Diagram of Thermal-Derivation Analysis of hypereutec-
tic silumin AlSi21CuNi modified with 0.12% of CuP12
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Fig. 15. Diagram of Thermal-Derivation Analysis of hypereutec-

Fig..13.' Diagram qf Thermal-Dgrivatiop Analysis of hypereutec- tic silumin AlISi21CuNi modified with 0.12% of CuP12 and 0.02%
tic silumin AISi21CuNi modified with 0.12% of CuP12 of Fe
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Fig. 16. Diagram of Thermal-Derivation Analysis of hypereutec-
tic silumin AlSi21CuNi modified with 0.12% of CuP12 and 0.02%

of Fe
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Fig. 17. Diagram of Thermal-Derivation Analysis of hypereutec-
tic silumin AlSi21CuNi modified with 0.12% of CuP12 and 0.01%
of Fe
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Fig. 18. Diagram of Thermal-Derivation Analysis of hypereutec-
tic silumin AlSi21CuNi modified with 0.12% of CuP12 and 0.01%
of Fe

Metallographic studies of AlISi21CuNi silumin showed that
the unmodified silumin (Fig. 2) was characterized by large
primary silicon crystals with an average size of 114 pm and
developed form. All modifying micro additions used in the
study caused the refinement of the primary silicon crystals
with a different effect (Table 1). Among the individual addi-
tives modifying the very good effect of the refinement of the
primary silicon crystals was assured by the addition of Al-
Cul9P1,4 (Fig. 4). The effect of the modification was im-
proved with the use of this additive simultaneously with
powdered iron (Fig. 12). Modification treatment of silumin
with the addition of CuS (Figure 8) and the addition of
CuP12 (Figure 14) proved to be less effective. Simultaneous
modification with the addition of CuP12 and iron powder did
not show clearly a better effect of silicon refinement (Figures
16 and 18).
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4. Conclusions

Research on the modification of AlISi21CuNi piston silum
proved that the phosphorus micro additive in the form of
AlCul9P1,4 and CuP12 pre-alloys and sulfur in the form of
CusS sulphide causes the refinement of primary silicon crys-
tals. The use of phosphorus in the form of the AICul9P1,4
pre-alloy provides a more advantageous effect of the refine-
ment of the primary silicon crystals than the addition of
phosphorus in the form of CuP12. The best effect of the
refinement of the primary silicon crystals is ensured by the
simultaneous modification of silumin with a phosphorus
additive in AICul9P1,4 in the amount of 1.07% and a simul-
taneous addition of 0.02% iron powder.
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