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Abstract

Family of the aluminium alloys with silicon addition is an important group of non-ferrous casting alloys. They exhibit very good
technological properties, especially castability. Aluminium alloys are known for their low density, which in connection with high
mechanical properties and relatively low price create very good structural material. Magnesium addition to the Al-Si alloys enables their
age-hardening, resulting in even better mechanical properties. However, formation of the microstructure of the alloy has to be precisely
controlled to avoid formation of massive, brittle silicon crystal. Presence of large, platelet-like particles of silicon, dramatically decreases
material mechanical properties. Second factor, which must be taken into consideration is casting porosity, which may significantly
decrease fatigue life of the element. Many researches consider effect of modification or refining on the microstructure of the castings made
from the AI-Si alloys. However there is lack of detailed investigation on the mould components influence on the microstructure. Such
components may be protective coatings applied for the mould sand during the gravity casting of Al-Si alloys. Following paper presents
results of the research on the influence of applied mould protective coatings on the microstructure of AlSi7Mg sand cast alloy. Five
different protective coatings were applied. Macro observations, qualitative and quantitative microstructure evaluation of the AlSi7Mg alloy
was conducted during the researches. Results revealed, that application of the coatings does not influence the size and distribution of the a-
Al dendrites, however it influences size of Si particles in a significant way. It was revealed that application of water-based coatings affects
the heat flow in the mould material-liquid alloy system, thus causing growth of silicon particles.

Keywords: Metallography, AlSi7Mg alloy, Microstructure, Protective coatings, Sand casting

1. Introduction conductivity) allow application of aluminium alloys also e.g. in

power plant industry. Majority of the structural elements are
produced mainly by means of casting. Large-sized parts are sand-
cast. The most important aluminium casting alloys is the Al-Si
family, which possess good technological properties, especially
castability. Addition of elements such as Mg, Cu or Zn enables
age hardening of the AI-Si alloys, which in turn, results in
increase of mechanical properties [1-3].

Aluminium alloys are one of the lightest structural materials.
They are characterized by a high mechanical properties as well as
good corrosion resistance. These properties make from aluminium
alloys great structural material for industries, in which weight
savings are essential. These are mainly transportation and
aeronautical industries. Interesting physical properties (high
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The main disadvantage of the Al-Si alloys is their tendency
for formation of massive, brittle Si crystals during solidification.
They significantly affect mechanical properties. Iron is considered
to be an impurity in the aluminium alloys, moreover there is no
completely effective method of removing this element from the
Al-Si alloys [4 - 6]. Iron forms numerous types of phases in these
alloys. B-AlsFeSi phase forms massive, brittle acicular particles,
affecting mechanical properties and hindering flow of liquid metal
in the mould resulting in increased porosity. Several methods of
suppressing formation of this phase are mentioned in the
literature. First of all, addition of elements such as Mg or Mn
causes formation of relatively harmless n-AlFeSiMg or a-Al(Fe,
Mn)Si phases with Chinese-script morphology [7, 8]. Another
method may be alloy modification — which may also lead to
formation of above mentioned phases or may decrease size of the
B-AlsFeSi precipitates [9].

Formation of massive Si crystals during the binary eutectic
mixture solidification is retarded by Al-Si alloys modification or
increasing cooling rates. In the case of large-sized, sand cast
elements, the cooling rate is low, so the modification is the only
method of eutectic refinement. Addition of Na, Sr, Ti or so on
leads to formation of fibrous eutectic mixture, resulting in
enhanced mechanical properties [10].

Precise control of solidification process is essential for
achievement of castings with acceptable microstructure and free
from casting defects. Application of mould elements such as chills
and feeders has a significant influence on the alloys
microstructure. However influence of the protective mould
coatings was not preciously investigated. As the industrial
practice shows, application of different protective coatings may
lead to increased porosity and disturbed heat flow in the mould
cavity. Following work presents results of the research on the
influence of mould protective coatings on the AISi7Mg alloy
microstructure.

2. Material for the research and

methodology

Material for the research consisted of AISi7Mg aluminium
casting alloy. The chemical composition of the alloy is shown in
the table 1. Six 100x50x20mm specimens were cast for the
research (Fig. 1). The alloy was poured at 710+5°C into the furan
moulds. The mould cavities of five plates were covered with the
different protective coatings: Koalid 2290 — alcohol-based coating
for sand moulds; WV-Coating 401 200 - water-based coating used
for cores produced by a ColdBox method; PV-Coating W220 —
water-based coating used for cores produced with HotBox
method; Dimanol Al — alcohol-based coating used for cores and
moulds, creates overcooling effect; Tellurschlichte 813 — alcohol-
based coating containing tellurium, creates overcooling effect.
Sixth plate was cast as a reference specimen, without any coating.

Specimens for the macro- and microstructure investigations
were cut from the centres of the plates. Each plate was cut in the
same place. Specimens for the macrostructure observations were
prepared with following procedure: grinding on the SiC abrasive
papers and polishing on the diamond suspensions with mean grain
size 6um, 3um and 1pm. Macrostructure was observed on the

Olympus SZX9 stereoscope. Specimens for microstructure
observations were also polished on the colloidal silica with grain
size 0.05pum. Observations were conducted on un-etched
specimens. Quantitative evaluation of the Si and Fe-bearing
phases parameters was done at 20 images recorded with 1000
times magnification. a-Al dendrites parameters were evaluated on
8-10 images recorded with 50 times magnification. The
researches were conducted both on the edge of the specimens, as
well as within the plates interiors.

|
j‘.;i]

Fig. 1. Casting pattern and description of the specimens

3. Research results

3.1. Macroscopic observations

Surface of the plate cast without any protective coating is
characterized by a uniformly distributed roughness. In another
cases, little holes and surface punctures were distributed non
uniformly. What is more, geometrical defects were observed in
the plate cast with PVV-Coating W220. The edges in this case were
significantly curved (Fig. 2), top and bottom surfaces were not
completely flat. Similar defects were observed in plate cast with
WV-Coating 401-200.

Fig. 2. Plates surfaces; 1 - Koalid 2290, 2 - WV-Coating 401 200,
3 - PV-Coating W220, 4 - Dimanol Al, 5 - Tellurschlichte 813

The biggest porosity at the plates flat sections was observed in
case of castings made with water-based WV-Coating 401 200 and
PV-Coating W220. It was distributed less uniformly than in plates
cast with overcooling coatings as well as in the plate without any
coating (Fig. 3).
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Table 1.

Chemical composition of the investigated alloy (wt. %)
F

Si e Cu Mn Mg Cr Ni Zn Ti Na Zr
PN EN 1706 6.5-7.5 0.19 0.05 0.10 0.25-0.45 - - 0.07 0.25 -
Melt No.: 1519004 7.38 0.13 0.02 0.024 0.25 0.003 0.04 0.017 0.124 0.0049 0.0013

a)

b)
Fig. 3. Porosity at the plates sections; a) Plate cast with WV-
Coating 401 200; b) Reference plate

3.2. Microstructure of AlSi7Mg alloy

The microstructure of the AISi7Mg alloy in the as-cast
condition was investigated previously [11]. The investigations
revealed that AISi7Mg alloy microstructure consists of a-Al + -
Si eutectic mixture between the a-Al solid solution dendrites.
What is more, some Fe-bearing intermetallic phases are observed.
These are: blocky a-Al;;(Fe;2Mngg)sSi, phase, acicular f-
AlsFeSi phase and Chinese-script like 7-AlgFeMg;Sis phase. Also
Mg,Si phase may be observed. In the specimens cast for the
research, a-Al + B-Si eutectic possess mainly fibrous morphology,
however some coarse, platelet like Si crystals are observed,
especially near the specimens edges (Fig. 4a). Morphology of the
iron-bearing phases suggest presence of all, above mentioned
phases. Even though Mg content is low in the alloy, some Mg,Si
particles are observed (Fig. 4b).

Fig. 4. AlSi7Mg alloy microstructure, LM; a) Coarse B-Si
crystals; b) Mg,Si phase

3.3. Quantitative microstructure evaluation

a-Al dendrites quantitative measurements results are shown in
the table 2. Their volume fraction is similar in each plate,
regardless of analysed area. In each case it is equal about 60%.
What is more their distribution is quite homogenous. Mean length

of the chord transecting the flat section of the dendrites is higher
far from the casting edges in each plate. This means that a-Al
dendrites are coarser within the plates interiors, regardless of the
specimen. There were not noticed any differences in the size of
dendrites in each plate.

Table 2.
a-Al dendrites metallographic parameters (E — edge of the plate, |
— interior of the plate)

_ Koalid C\é\%r-lg C(lj;t/i_ng Dimanol Tellurschl e
Specimen 2290 401200  W220 Al ichte 813
E | E | E | E | E | E |

Volume

fraction 63.1 63.5 60.5 61.1 60.4 61.2 59.5 57.0 63.0 58.7 59.9 60.3
W[%]
Variability

factor 3.14 2.69 1.29 2.36 1.2 1.53 1.96 2.51 1.41 4.38 2.19 2.73
(W) [%]

Mean

chordd 0.054 0.062 0.050 0.059 0.053 0.059 0.050 0.057 0.054 0.058 0.050 0.059

[mm]
Variability

factor v(d) 63.2 84.8 84.9 80.2 80.9 81.4 82.5 80.1 87.1 83.7 82.8 82.2
[%]

Metallographic parameters of the eutectic Si are shown in the
table 3. Volume fraction of the eutectic silicon decrease far from
the plates edges. Similarly to the dendrites fraction, it does not
depend on the applied protective coating. The mean area of the Si
particle flat section decreases within the plates interior. In this
case definitely the finest particles were observed in the plates
coated with overcooling coatings and in the reference plate.
However, this may be stated only for the plates interiors. At the
edges, this dependency is opposite. Finer Si particles are observed
in the plates cast with water-based coatings and with the Koalid
2290 coating.

Table 3.
Eutectic Si metallographic parameters (E — edge of the plate, | —
interior of the plate)

Koalid

WV-  PV-

Coating Coating Dimanol Tellurschlichte

Reference

Specimen 2290 401200 W220 Al 813
E | E | E | E I E I E |
Volume
fraction iy 7.256.586.235.39 7.5 6.416.555.56 7.46 7.45 6.685.94
[%]
Variability
factor 38.647.528.531.428.130.417.840.7 341 39.2 33.939.8
v(Wy) [%]
Meanarea , 1o 5 908,044.085.814.027.451.43 944 2,05 15.62.32
A[mm]
Variability
factor v(A) 221 194 152 294 165 291 186 276 169 293 180 281
[%]
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3.4. Discussion

Eutectic Si precipitates in each case are finer within the plates
interiors. The silicon crystals near the castings edges possess
unmodified morphology. The most evident case is the reference
specimen, in which Si crystals are more than six times bigger at
the plate edges. Application of the mould protective coatings does
not affects size and distribution of a-Al dendrites. However,
application of water based coatings and Koalid coating seem to
cause slight increase of silicon particles size within the plates
interiors. Distributions of the Si particles size is shown in the
figures 5 and 6. While the distributions are similar at the plates
edges (Fig. 5), within the plates interiors higher volume fractions
of the smallest particles are observed in casts with applied
overcooling coatings and in reference specimen (Fig. 6). This is
probably caused by higher heat abstraction rates in these cases. It
seems that water-based coatings and Koalid coating affect heat
flow at the moulding sand/liquid metal interface. Moreover, the
plates cast with application of these mould coatings are
characterized with increased non-uniformly distributed porosity
and some geometrical defects.

Cast edge

Volume fraction [%]

6.75-7.5 7
9-9.75 7
11.25-12 /
13.514.25/
15.75-16.5/
18-18.75/
202521/
12.5423.25]‘
24.7525.5 ]
29.25-20/
%

Average area of the Si flat section [pm?]
Fig. 5. Si particles size distribution at the plates edges
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Fig. 6. Si particles size distribution within the plates interior

4. Conclusions

1. Application of mould protective coatings may result in
surface and geometrical defects in the castings.

2. Application of cores water-based coatings result in
increased porosity of the casting. It may be the result of

reduced heat conductivity at the mould material/liquid metal
interface.

3. The distribution of the Si particles sizes is similar in
reference specimen and in the specimens with applied
overcooling coatings. This indicates that these coatings do
not affect heat flow in the mould material-liquid metal
surface.
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