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THE COMPARISON OF THE POROSITY FORMATION IN
DIFFERENT CASTED SECONDARY ALUMINIUM ALLOY

Abstract: The porosity formation in secondary aluminium cast alloys are one of the main
aspect which can affect the final properties of casts. Whereas these materials are especially
used for production the automotive casts such as engine blocks, cylinder head, chassis
components and so on, it is need the production of the casts without deleterious defects. The
contributions deals with comparison of the porosity formation in secondary AlSi9Cu3 cast
alloy when different moulds (the metallic mould and sand mould) for casting were used. The
material was gravity casted in the both mould. The differences in microstructure and porosity
formation were studied by using light metallography microscopy and image analyser software.
The evolution shows that the experimental material casted into the metallic mould had about
98.78% smaller porosity size in comparison to the material casted into the sand mould,
therefore it showed better properties.
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1. Introduction

Porosity occurs in cast aluminium-silicon alloys during solidification due to the
negative pressure generated by solidification contraction and the pressure
development by evolution of dissolved hydrogen from the growing solid into the
adjacent liquid (Zuo Y. 2011). Porosity can be also classified as a leading cause of
reducing mechanical properties, particularly fatigue resistance, as well as a loss of
pressure stress and degradation of the surface appearance in cast parts (PALYGA L.
2016; ANSON J. P.1999; GONZALEZ R. 2013; BOLIBRUCHOVA D. 2016).

Castings are produced in hundreds of compositions by all commercial casting
processes, including green sand, dry sand, composite mould, plaster mould,
investment casting, permanent mould, counter-gravity low-pressure casting, and
pressure die casting.

Aluminium cast alloys can be divided into two groups: those most suitable for
gravity casting by any process and those used in pressure die casting. Melting and
casting lead to the formation of disturbing textures, such as casting defects and
disturbances arisen by heat treatment. Lower cooling rate setting when casting into
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a sand mould (sand casting) results in a granular structure and lower values of material
properties. Higher cooling rate setting when casting into a metallic mould (chill
casting) results in a fine-grained structure and higher values of material properties.
Reduced mechanical properties and reliability of aluminium cast alloys can be
principally caused by the presence of defects and inhomogeneities (TILLOVA E. 2010;
R0OsSsO M. 2005; PUCHER P. 2011; TAvODOVA M. 2016). Based on the knowledge that
dynamic engineering world continues to exert enormous demands for durable and cost
effective materials (Novy F. 2016) the casts form AISi9Cu3 cast alloy were studied.
This type of material is used for automotive casts and for example cylinder heads have
critical requirements onto microstructure and properties in areas like the combustion
face; the automotive parts that exhibit high complexity, such as intake manifolds, and
they may have very low properties thanks casting, solidification, and heat treatments,
etc. process (MAJOR J.F. 2002).

The study was especially carried out to investigate the influence of usage different
moulds during casting to porosity formation in AlSi9Cu3 secondary cast alloy.

2. Material and experimental procedures

The experimental material is secondary cast AISi9Cu3 alloy (prepared from
recycled aluminium scrap) delivered from two companies - Uneko, spol.s.r.o. (sand
casting — sand mould — Fig. 1a), and Confal a.s. (chill casting — metallic mould - Fig.
1b). The experimental materials were not modified or grain refined. The chemical
composition of the two experimental materials was checked out using arc spark
spectroscopy, and it is shown in Table 1.

a) sand mould b) metallic mould
Fig. 1. Two different moulds for casting experimental material.
Source: own study
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The chemical compositions show, that these alloys have comparable amount of
Cu, Mg, Si and Fe; so the formation of microstructure features will be the same.

Table 1. Chemical composition of experimental materials in wt. %

AISi9Cu3 - sand casting - Unekao, spol.s.r.o.

Si Cu |[Mn |Zn Mg |Fe Ni Ti Sn Pb | Al

10.7 (2.4 0.25 |1.0 0.26 |0.9 0.1 0.05 |0.02 |0.00 |remainder

AISi9Cua3 - chill casting - Confal a.s.

Si Cu |[Mn |Zn Mg |Fe Ni Ti Sn Pb | Al

94 |24 |024 |10 |0.28 |09 |0.05 |0.04 |0.03 |0.09 |remainder

Source: own study

The amount of Fe is higher, comparison with primary aluminium alloys, for both
experimental materials, and is expected the effect of this element on formation of
porosity (SVECOVA I. 2017). Lu in his work (LU L. 2005) reported the Otte’s research
into examining the effect of iron on porosity formation in AISi9Cu3 alloy. Otte has
found that the total level of porosity increased slightly with iron content and that
a large region of interconnected “sponge-like” porosity formed at high iron contents
(Lu L. 2005).

Mechanical properties were measured according to the following standards: STN
EN ISO 6892-1:2010 and STN EN ISO 6506-1. The experimental tensile and hardness
specimens for experimental procedure were made from the casting with turning and
milling operations. Hardness measurement for secondary aluminium alloy was
performed using a Brinell hardness (HBW) tester with aload of 62.5 Kp, 2.5 mm
diameter ball and a dwell time of 15s. The evaluated Brinell hardness reflects average
values of at least six separate measurements. Tensile strength (UTS) was measured
using ZDM 30 testing machine. The evaluated UTS and HBW reflect average values
of at least six separate specimens.

Light microscopy was used to analyse the microstructure and porosity of the
materials after tensile test. The main point was quantitative analysis of porosity in the
specimens, which was carried out using a NEOPHOT 32 light microscope equipped
with a computer running NIS Element 4.0 image analyser software (SKOCOVSKY P.
2000). The pore size (area) and amount (surface fraction) were detected on
longitudinal and transverse sections of the specimens. The resulting value of the
measured parameters reflect average values of at least twenty separate measurements
on each used specimens for tensile test. The specimens for metallographic analysis
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were prepared by standard metallographic procedures (wet ground on SiC papers, DP
polished with 3 pm diamond pastes followed by Struers Op-S and etched for study
under-an optical microscope by standard etcher Dix-Keller and 0.5 % HF).

3. Experimental results

Alloy AISi9Cu3 casted into a sand mould has a significantly smaller value of
HBW and UTS than the same alloy casted into a metallic mould (Fig. 2). The tensile
strength of the materials casted into a sand mould was 143 MPa, and that of the
material casted into metallic moulds was 211 MPa.

B metallic mould m sand mould
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Fig. 2. Ultimate tensile strength of AISi9Cu3 alloys casted into different moulds.
Source: own study

The material casted into metallic moulds has about 32% higher tensile strength
compared to the material casted into sand moulds. The Brinell hardness for the
material casted into sand moulds was 73 HBW 2.5/62.5/15, and that for the material
casted into metallic moulds was 98 HBW 2.5/62.5/15. The material casted into
metallic moulds has higher Brinell hardness by about 25% compared to the material
casted into sand moulds.

The metallography studies show that both experimental materials contain mostly
solidification defects, especially shrinkage porosity (Fig. 2.3) (FINTOVA S. 2008). The
material casted into the sand mould mostly has shrinkage porosity types:

macroporosity, and microporosity in small volume (CAMPBELL J. 1994) (Fig. 2.3a).
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The material casted into a metallic mould has the following shrinkage porosity types:
microporosity mostly, but in very small volumes, and were also identified
macroporosity (CAMPBELL J. 1994) (Fig. 2.3b). Intermetallic phases, especially Fe
rich intermetallic phases, are effective pore nucleation sites (MAHTA M. 2007,
BANGYIKHAN K. 2005, Yu J. 2016).

00

a) Sample casted into sand mould b) Sample casted into metallic mould

Fig. 3. Porosity in AISi9Cu3 casted into different moulds.
Source: own study

Quantitative analysis of shrinkage porosity confirms that the material casted into
a metallic mould has a very small average area of pores in comparison to the same
material casted into a metallic mould (Fig. 4), because the material casted into the
metallic mould has about 4680 um? (transverse section) and 4923 um? (longitudinal
section) average area of pores, compared to 42 301um? (transverse section) and 47309
um? (longitudinal section) in the material casted into the sand moulds, which is about
90 % larger average area.

The difference between evaluated average pore area and average surface fraction
on samples casted into metallic mould and samples casted into sand mould were great.

The samples casted into the sand mould have average surface fraction 3.85% and
samples casted into metallic mould 0.625%, which is about 83% lower amount of
pores in microstructure of samples casted into the metallic mould.

Evaluation of average pores area shows that the material casted into the sand
mould have larger pores — 42 301 pm? while material casted into the metallic mould
have average pores area 4 680 um?, which is about 89% smaller size.
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average area of pores average surface fraction

Plocha = 21341,01 ym?

Plocha = 21456,30 ym*
| =2]
)

Plocha = 24981,53 ym* Plocha = 7869,58 pm*

a) Sample casted into sand mould

Plocha = 637,09 pm?

D 4

Plocha = 553,66 pm?

b) Sample casted into metallic mould

Fig. 4. Quantitative analysis of shrinkage porosity in AlSi9Cu3 cast alloy.
Source: own study

These facts show that the material casted into a metallic mould would have better
mechanical and fatigue properties, because of the size, amount and morphology of
porosity.

4. Conclusions

The presented study has confirmed the differences in the production of aluminium
castings using different casting moulds. Mechanical properties of the material casted
into a sand mould were deteriorated. The material casted into a metallic mould has
about 32% higher tensile strength and about 25% higher Brinell hardness, in
comparison to the material casted into sand mould.
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The shrinkage porosity evolution in experimental materials shown the influence of
different moulds on porosity creation. The material casted into a sand mould has a
greater porosity size in comparison to the material casted into a metallic mould, which
is probably associated with cooling rates of these materials.
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