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Abstract: Secondary AlZn10Si8Mg (UNIFONT® - 90) cast alloy are used for engine and vehicle constructions, hydraulic unit and 
mould making without the need of heat treatment because this alloy is self-hardening. Mechanical properties depend upon the 
morphologies, type and distribution of the intermetallic phases. It is therefore important to study the intermetallic phases occurring in 
the secondary Al-alloys, where they found more than in the primary-Al alloys. Study of intermetallic phases in the alloy was performed 
on an optical microscope using classical etching techniques to invocation black - white contrast as well as unconventional methods for 
invocation colour contrast to the observed surface of the material. Another unconventional method of etching is called deep etching with 
concentrated HCl. Deep-etching consist of dissolving the alpha-matrix in the reagent and than we are able to see the 3D morphology of 
eutectic Si particles and intermetallic phases. 
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1. Introduction 
Aluminium is a young metal, having only been produced 

commercially for 153 years. Despite the fact that copper, lead and 
tin have been in use for thousands of years, today more aluminium 
is produced than all other non-ferrous metals combined. Its unique 
combination of properties makes it suitable for myriad applications. 
It has become the world's second most used metal after steel. 
Production of primary and secondary aluminium globally constantly 
increasing and the global aluminium industry has therefore 
developed a four-pronged voluntary strategy to meet the challenges 
of climate change, which encompasses the full lifecycle of 
aluminium from production, to primary use, to recycling and reuse: 
1. Reduce greenhouse gas emissions from aluminium production;  
2. Increase energy efficiency in aluminium production; 3. Maximize 
used-product collection, recycling and reuse; 4. Promote the light 
weighting of vehicles [1].  

The remelting of recycled metal saves almost 95 % of the 
energy needed to produce prime aluminium from ore, and, thus, 
triggers associated reductions in pollution and greenhouse 
emissions from mining, ore refining, and melting. Increasing the use 
of recycled metal is also quite important from an ecological 
standpoint, since producing aluminium by recycling creates only 
about 5 % as much CO2 as by primary production [2-4]. Recycled 
Al-Zn-Si casting alloys can often be used directly in new cast 
products for automotive industry, mechanical engineering, in 
hydraulic castings, textile machinery parts, cable car components, 
mould construction or big parts without heat treatment [5]. 

Generally, the mechanical and microstructural properties of 
aluminium cast alloys are dependent on the composition; melt 
treatment conditions, solidification rate, casting process. The 
mechanical properties of Al-Zn-Si alloys depend, besides the Zn, Si, 
Mg and Fe-content, more on the distribution and the shape of the 
silicon particles [6]. The presence of additional elements in the  
Al-Zn-Si alloys allows many complex intermetallic phases of which 
may have different morphology and configuration.  

The various of etching techniques such as development of 
black-white contrast, the colour or deep etching susceptible to know 
the morphology, size distribution and intermetallic phases in these 
alloys. The Manual of etching and foreign literature contributory to 
find a suitable etchant, which is action on the surface of 
metallographic sample, evoked a chemical reaction of material and 
etchant. This process visualizes the microstructure of material with 
different intermetallic phases. Experimental work also using the 
available techniques for observing on the optical microscope (for 
example polarized light) and SEM (for example detection of 
backscattered electrons (BSE), which also provides new 
information in observation on the structure of the material. This 
work is focused on study of microstructure and its intermetallic 

phases of AlZn10Si8Mg cast alloy with various techniques of 
etching. 

2. Experimental material 
As an experimental material was used secondary (scrap-based - 

recycled) unmodified AlZn10Si8Mg cast alloy (UNIFONT® - 90) 
with very good casting properties, good wear resistance, low 
thermal expansion and very good machining [5, 7].  

Test bars (ø 20 mm with length 300 mm) were produced by 
process sand casting in foundry UNEKO, s.r.o., Zátor, Ltd. Czech 
Republic. The melt was not modified or refined. Chemical 
composition of the alloy is present in Table 1. The mechanical 
properties of the sand casting alloy AlZn10Si8Mg are: tensile 
strength 220-250 MPa, yield strength 190-230 MPa, elongation  
1-2 %, Brinell hardness 90-100 HB. 

Table 1: Chemical composition of AlZn10Si8Mg alloy (wt. %) 

Zn Si Mg Mn 
9.6 8.64 0.452 0.181 
Cu Fe Ca Ni 

0.005 0.1143 0.0002 0.0022 
Cr Hg Ti Cd 

0.0014 0.0006 0.0622 0.0001 
Bi P Sb Al 

0.0003 0.0001 0.0007 rest. 

AlZn10Si8Mg cast alloy is a self-hardening alloy that is 
particularly used when good strength values are required without 
the need for heat treatment. Self-hardening starts when the castings 
are removed from the mould and the final mechanical properties are 
achieved after storage of approximately 7 to 10 days at room 
temperature. In the process of thin-walled castings self-hardening 
completed after 7 days and the thick-walled castings after 10 days 
[7].  

3. Experimental work 
Controlling the microstructure during solidification is, 

therefore, very important. The Al-Zn-Si eutectic and intermetallic 
phases form during the final stage of the solidification. How the 
eutectic nucleates and grows have been shown to have an effect on 
the formation of defects such as porosity and microporosity too. 
The defects, the morphology of eutectic and the morphology of 
intermetallic phases have an important effect on the ultimate 
mechanical properties of the casting. 

Metallographic samples were prepared from selected specimens 
for bending impact toughness test (after testing) and the 
microstructures were examined by optical microscopy (Neophot 32) 
and scanning electron microscopy - SEM (VEGA LMU II). As-cast 
and laser treated specimens were sectioned and prepared by 
standards metallographic procedures (mounting in bakelite, wet 
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ground, DP polished with diamond pastes, finally polished with 
commercial fine silica slurry (STRUERS OP-U) and etched by 
different etchants [8]. 

The microstructure of scrap-based - recycled AlZn10Si8Mg cast 
alloy, consist of primary phase (α-solid solution), eutectic (mixture 
of α-matrix and fine spherical silicon particles) and variously type’s 
intermetallic phases, Fig. 1a, as a Chinese script, respectively 
skeleton-like phase - Mg2Si, oval round like particles Al2CuMg, 
long thin needles - Fe-rich phase - AlFeMnSi, sharp-edged or 
rounded particles - AlFeMnSiNi and ternary eutectic Al-MgZn2-
Cu), Fig. 1b. Typical microstructures, in non etched state, of the  
as-cast alloy are shown in Fig. 1b. The α-matrix precipitates from 
the liquid as the primary phase in the form of dendrites and is 
nominally comprised of Al and Zn. SDAS factor (secondary 
dendrite arm spacing) was 64.65 mm [8]. 

 
a) as-cast state 

 
b) intermetallic phases 

Fig. 1 Microstructure of the AlZn10Si8Mg cast alloy, no etching 

Series of practical guides for etchants and etching methods of 
classical aluminium alloys of castings, which are used of distinguish 
the structural components of black-white contrast, describes in more 
detail techniques of etching. 

3.1 Observation by black-white contrast 

Representative samples of the as-cast state (1.5 cm x 1.5 cm) 
were etched by standard black-white reagents (0.5 % HF, Fuss,  
Dix-Keller, and H2SO4), Table 2. 

Table 2: Etchant to evocation the black-white contrast 

Black-white contrast 
Etchant 0.5 % HF Fuss Dix-Keller H2SO4 

Time of etching 10 s 10 s 15 s 30 s by 70 °C 

After classic black-white etching was in the structure observed 
the α-phase - light areas, dark grey particles of different 
morphology (round like particles, Chinese script, long thing 

needles), Fig. 1a. α-phase and dark gray particles were shown about 
equally by used etchant. The H2SO4 pointed the most intensive 
phases of needles to black colour. Other etchants colours these 
needles to light gray. Other etchants coloured these needles to light 
gray colour. Etchant Fuss and Dix-Keller partially etch the matrix. 
HF etchant enabled distinguish two phases in the shape of Chinese 
script (phase stained blue or black). As the practical experience with 
different etchant and photographic documentation of Fig. 2, as best 
suited for documenting the cast state, making the best resolution of 
types occurring phases appear etchant Fuss and 0.5 % HF. 

  
Fuss H2SO4 

  
0.5 % HF Dix-Keller 

Fig. 2 Microstructure of AlZn10Si8Mg alloy, application of black-white 
etchant 

3.2 Observation by colour contrast  

The etchant for produce black-white contrast always cannot 
achieve adequate contrast between the phases be present. Necessary 
to resolution is achieved by applying unconventional etching 
techniques such as: colour etching and deep etching. Etchant to 
produce colour contrast are shown in table 3. 

Table 3 Etchant to evocation the colour contrast 

Colour contrast 
Etchant Weck-Al Ammonium molybdate Murakami 

Time of etching 15 s. 4 min. 20 s. 

By etchant Weck-Al (Fig. 3) is quite difficult to choose a 
suitable etching time (in literature, it is recommended 5 to 45 
seconds, which is quite a long time interval). Degree of etching 
samples are checked visually, if the surface is buff coloured to 
consider the etched sample. By this etching should be pale 
intermetallic phases, Fig. 3a. In Fig. 3b is shown much etched 
microstructure. Effect of Murakami etchant (Fig. 3) was very 
similar to the applied etchant Dix-Keller, which is strongly etched 
the matrix and the contrast has been achieved, ensuring the quality 
of identification of phases. The assessment shows that the etchant is 
not in colour etching alloy AlZn10Si8Mg appropriate. 

To correct the etched sample surface etchant ammonium 
molybdate, (Fig. 3), consider that on which creates a bluish veil. 
Intermetallic phases should be brown or light gray. Even 
experimenting with different etching time could not be achieved 
bluish discoloration of rounded particles in eutectic. Intermetallic 
phases will always be brown or light gray. 

α - phase 

eutectic 

α - phase 
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Weck-Al Weck-Al (very etched) 

  
Murakami Ammonium molybdate 

Fig. 3 Microstructure of AlZn10Si8Mg alloy, colour contrast 

As is results from practical experience of the individual colour 
etchant and photo-documentation of Fig. 3, as best suited for 
documenting the cast state, making the best resolution of types 
occurring phases, it seems etchant Weck-Al. 

3.3 SEM observation 

Form and distribution of intermetallic phases are determined 
from 100 to 1000 magnification (size evaluated by staff). Secondary 
phases are characterized by the chemical formula, for example 
AlFeMnSi, unless the formula is known, describe the abstract 
elements contained [9, 10]. The various phases reported in this work 
were identified using scanning electron microscope VEGA LMU II 
linked to the energy dispersive X-ray spectroscopy (EDX analyzer 
Brucker Quantax). All phases were analyzed by EDX technique 
[11].  

Use of the detectors, which are part of SEM, enables us to 
accurately identify the different structural components (Fig. 4) of 
the sample surface metallographic sections. EDX analysis (surface 
analysis or in foreign literature - mapping) was applied of samples 
etched 0.5 % HF etchant. Phases mapping are documented in Fig. 5 
and Fig. 6. Analysis shows that the basic structure of the alloy is 
formed from: α-phase (solid solution of Zn in Al) and eutectic - 
dark gray crystals Si in α- phase (Fig. 5). Silicon particles are like 
small grains of poorly rounded, thickened grains were observed on 
the periphery of dendrites α-phase.  

Intermetallic phases observed by SEM were on the basis of 
(Fig. 4) [11]: 

• Copper - phase Al2CuMg; 

• Iron - phases AlFeMnSi, AlFeMnMgSi or AlFeMnNi; 

• Magnesium - Mg2Si; 

• Zinc - MgZn2 (in ternary eutectic Al-MgZn2-Cu). 

Using electron microscopy observation was also identified 
compact oval-shaped areas, ternary eutectic Al-MgZn2-Cu phase 
(Fig. 6), which of an optical microscope was not observed. 

Small rounded particles were identified as light phase, oval 
Al2CuMg and services are likely Al-MgZn2-Cu ternary eutectics 
[8]. 

 
Fig. 4 Microstructure of AlZn10Si8Mg alloy, 0.5 % HF, SEM 

  

Fig. 5 Mapping of AlZn10Si8Mg alloy, as-cast state 

 
Fig. 6 Mapping of phase Al-MgZn2-Cu 

3.4 Deep etching 

The specimen preparation procedure for deep-etching consists 
of dissolving the aluminium matrix in a reagent [9] that will not 
attack the eutectic components or intermetallic phases. The 
residuals of the etching products should be removed by intensive 
rinsing in alcohol. The preliminary preparation of the specimen is 
not necessary, but removing the superficial deformed or 
contaminated layer can shorten the process. Some samples were 
also deep-etched for 10 s in HCl solution in order to reveal the 
three-dimensional morphology of the silicon phase (Fig. 7a, b) [12, 
13]. 

Silicon crystals observed in the metallographic plane cut as 
poorly rounded grains of smaller and larger sizes. After deep 
etching (Fig. 7c) we can see that the silicon is crystallized in the 
form of bars, which grow clusters from a single nucleating site. 3-D 
form bars corresponds metallographic sections, i.e. bunchy in the 
middle of the arrangement prevailing fine round bars and outwards, 
we see increased incidence of so called plate type with typical 
hexagonal shape, characteristic for the modified alloys (Fig. 7d). 
These plates of crystals having cranked arrangement of silicon 
wafers, we observe Si-plate plates under large angle [9]. 

 

Mg Al Zn 
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Si Cu 
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a) b) 

  
c) d) 

Fig. 7 Microstructure of silicon particles after deep etching, HCl, SEM 
 
Morphology of the iron intermetallic phases occurring in the 

alloy after deep etching is documented in Fig. 8. AlFeMnSi phase, 
observed on metallographic sections oriented to different needles, to 
form very thin plates and was observed primarily in the immediate 
vicinity of casting defects such as cavities and bubbles. 

 

  

 

Fig. 8 Microstructure of AlFeMnSi 
phase, HCl, SEM 

 

4. Conclusion 
In this paper was evaluated the microstructure of the alloy 

AlZn10Si8Mg using different etching techniques. The structure of 
the alloy in the as-cast state is composed of α-solid solution, 
eutectic and various intermetallic phases.  

Black-white contrast defines the distinction between matrix (α-
solid solution) and eutectic (mixture of α-matrix and fine spherical 
silicon particles). To identify the intermetallic phases was achieved 
by highlighting the biggest differences between the phases using the 
etchant Fuss and 0.5 % HF. 

Colour contrast was to highlight the different phases of multiple 
colour tones. The most significant changes were achieved of Weck-
Al etchant (the Chinese script phase - the Mg2Si colours to black, 
copper phase in the form of oval round like grains were pale gray, 
etc.).  

SEM observations on the structure identified ternary eutectics 
type Al-MgZn2-Cu and iron phase AlFeMnNi that the observation 
of optical microscopes was not identified. In identifying the type of 
phase was used EDX analysis techniques. The results of the facial 
mapping and chemical composition were determined types of 
phases.  

3D morphology of Si particles as well as some intermetallic 
phases was observed after deep etching.  

It is important to have a properly prepared surface of sample for 
all types of etchant and it is very important to follow the proper 
etching time to achieve the desired highlight the structure of the 
material.  
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