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PREPARATION OF THE CONTACT SURFACE WITH 
THE COMPOSITION NEAR-EUTECTIC  SILUMINS 

EPOXY (ALSI11/EP) 

Abstract: This article presents preparation of  near-eutectic aluminum-silicon surface 
(AC-AlSi11) by anodic oxidation, which produces a porous oxide layer (Al2O3) substrate 
constituting the permanent adhesive connection with an epoxy composition. Documents 
influence of silicon educe in the form of unmodified alloy (AC-AlSi11) and modified 
(AC-AlSi11 + M) in the anodizing process, uniform structure and thickness of the oxide 
layer and the topography of the surface to improve adhesion of the resin to AlSi alloy  
This paper also describes the influence of  the oxidized surface position in relation to the 
negative electrode i to the coating. In assumption elements of the test spatial castings  will 
change the distribution of the electric field h resulting in a heterogeneous structure of the 
coating.  The effect of surface preparation by oxidation on the mechanical properties of 
the connection AlSi alloy-resin is also described. The motivation for this study was a new 
group of products - spatial skeleton castings in which by regulation and prediction of 
effects at the border of the contact between ceramic and casting has influenced on 
structural and mechanical properties of cast skeleton composites.
Key words: oxidation, skeleton casting, adhesive connection

10.1. Introduction 

Ever-increasing demand for materials characterized by a low density 
while maintaining the mechanical properties similar to metal has lead to 
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the  creation of a group of materials : metal foams. Metallic foams are 
produced by metallurgical methods using appropriate blowing agent or 
blowing gas which forms bubbles (
2011)
foams may serve as an alternative to the materials used in the automotive 
industry for example: the elements of the vehicle chassis, reducing the 
mass of the vehicle thereby enhancing its performance; in aerospace 
structural components for aircrafts. Due to porous structure metallic 
foams are very good at absorbing the kinetic energy and that makes them 
suitable for components with controlled deformation zone in the transport 
vehicles (

M. 
) s

difficult due to the problem of joining them with other materials, different 
load distribution and different strength properties resulting from 
stochastic topography, ie randomness of the pore arrangement and 
stereological characteristics. These defects are not present in skeletal 
casts, for which by controlling the size and arrangement of joints it is 
possible to design the shape and size of cells. Skeleton castings 
manufacturing is based on the casting cores with prepared internal 
geometry using conventional casting methods

. The mechanical 
properties of these casts can be improved by using polymer filling 
materials, as confirmed by the initial studies conducted at the Department 

iversity of Technology (
). The joint of the filling material with aluminum 

skeleton should give high adhesion and provide high strength properties, 
correctly distributing stress. Therefore, it is necessary to use materials 
which in the liquid state should dampen the surfaces, have low surface 
further studies from duroplast materials chemically hardened epoxy 
resins were chosen, combining advantages of the technological and 
mechanical properties. Even in the case of complex compositions mainly 
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the epoxy resin – curatives rheological properties  provoke skeleton 
reinforcement wetting processes. A significant influence on the 
dampening and adhesion of the preparation method has a surface which 
largely affects the strength of the joint. Effective development of area for 
aluminum alloys casting can be provided in a physical, chemical and 
the skeleton casting skeletal casts and small areas between the surface of 
the developing ligaments usage of physical methods is difficult. It was 
therefore decided to increase the surface development of aluminum alloys 
by electrochemical oxidation. Coating produced by this method  is porous 
and has a high surface development dependent on the chemical 
composition of the oxidized alloy (A. Posmyk 2010). 
10.2. Conditions of the study

The study attempted to determine the effects of inoculation of the 
structure causing fragmentation of solution of silicon in aluminum and 
the change of morphology and fragmentation of silicon ( ) at the 
assumed near- 11 alloy, the effects of 
inoculation  on the oxidation process, topography of the oxidation surface 
as well as the thickness of the resulting oxide layer are described. The 
rationale for this research was the fact that, in the alloys of high silicon 
content in the process of anodizing may appear oxide layers with 
irregular structure and the isolated precipitates of alloying elements, 
differentiated surface of the sleleton casting is most advantageous and 
desirable. In previous studies ( ) near-
eutectic  alloy of aluminum was selected, silicon AC-AlSi11 (Table 2.1) 
as a material for skeleton casting manufacturing  One of the important 
feature of the structure made from this alloy is the characteristic 
absorption of static and dynamic loads by partial plastic deformation and 
brittle fracture of spatial lattice ligaments. The proposed composition of 
the alloy and the characteristics of the microstructure can give 
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information about the behavior of plastic and brittle under-and over-
eutectic alloys. An additional advantages of the chosen material are very 
good casting properties for such the complex geometry like sleketon 
castings where the diameter of ligament is about 5 mm.

Table 10.1. Chemical constitution AlSi11 according to PN-EN 1706:2001
Alloy Chemical constitution, [%]

Si Cu Mg Mn Inne
EN AC -
AlSi11

0,24 0,23 0,02 0,58 0,08 0,05 0,05

-

The scope of the study including the following:
-  melting and metallurgical processing of alloy AlSi11;
- creating the experimental AlSi11 casts;
- electrolytic creations of the oxide layer with high surface area;
- thickness measurement and research were made with the use of           
Taylor-
- microscopic examination of the surface after oxidation;
-  measurement of adhesion of the resin to the AlSi alloy.
10.2.1. Processing of metallurgical and casting AlSi alloy  

The melting and modification AlSi11 was performed in a graphite 
AlSi11 alloy strontium content of 80 ppm was used.  Pouring temperature 
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Fig.10.1. Geometrical form of the samples used for testing. 

10.2.2. Anodic oxidation of the samples

The oxidation of the samples was done in a way that allowed to 
control the effect of the relation between cathode and ligament. It is 
important in shaping the  oxide coating. 

Therefore, the plating tank of the sample provided in a controlled 
10.2) which enables the oxide film thickness distribution 

depending on the position of the oxidized surface (5) relative to the 
cross section (5) and round (3). 

The arrangement of the square sample is directly related to the 
formation of an oxide layer, the fastest increase of the oxide layer is 
10.2).  

This comes directly from the distribution of magnetic field lines. 
10.2 shows the circular sample (3), which is a model cross-

sectional shape of the cells forming the connector skeleton casting. 
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Fig.10.2. The scheme of the anodic oxidation of samples from the spacing: 1 - 
power supply unit, 2 - power cords, 3 - oxidized sample (cylindrical), 4 - 

galvanic tank, 5 - oxidized sample (rectangular) connected to the positive 
terminal of the power supply (+) 6 - electrode lead - cathode (-). 

Fig. 10.3 The scheme of the oxidation of real objects: 1 - cast skeleton 
connected to the positive pole of the power source - the anode (+), 2 - electrode 

lead cathode (-). 

On the surface of the sample there are two indicated areas:  I, which 
was expected to have a thicker coating and the area II, where the oxide 
film was expected to have a smaller thickness. The target orientation of 
skeleton casting  rela .3) during the 
process of electrolysis there can be "shaded" areas, particularly the 
interior, in which one side is made thinner oxide layer. During the 
oxidation of samples one can use two lead electrodes and reduce 
differences in the thickness of the oxide coating, but during the oxidation 
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of the spatial lattice it is not possible to introduce the electrodes between 
ligaments. There is only the possibility of using multiple electrodes, as 

.3. 
To study the influence of oxidation on the surface topography using 

two sets of samples made of the following materials: aluminum alloy 
with silicon (AC-AlSi11) and modified (mortar aluminum - strontium) 
aluminum- groups 3 samples 
were created. Anodizing was carried out as follows: 
- etching; 
- sensitisation;
- anodized at a current density of 0.8 A dm 2. 
10.2.3. Measuring the thickness of the oxide layer

Measurement of thickness of the oxide layer on the surfaces of the 
2.4) in the 10 selected points with the meter 

accuracy of 5% of 
the measured value.

Fig.10.4.  Cross-section of the sample with the selected measurement points 
(1-10) oxide layer thickness. 

10.2.4. Researches  were made with the use of Taylor-Hobson 
profilometer surface topography

In order to determine the topography of the surface oxide coatings 
produced on the test AlSi alloy  as tests were performed contact less, 3D 
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and 2D profilometer using optical profilometer Thanks to the device 
measurements without degradation and deformation of the silicon 
precipitates and coatings, which take place during the measurement 
method with contact.
10.2.5. Measurement of adhesion to the surface of the resin AlSi alloy  

The samples were joined with the epoxy composition. Cross-linking
of the resin was performed at room temperature for 24 hours. AlSi11/EP 
samples were tested for tensile strength.

Fig. 10.5. Adhesive connection area (1) Tensile strength test connector 
silumin-resin: a - AlSi11/EP, b - AlSi11 + M / EP. 

10.3. The test results
10.3.1. The study of macro-and microscopic

Samples after oxidation were tested macroscopic, microscopic and 
profilometer to determine its topography. The results of macroscopic 

10. 10. ÷10.11.  
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Fig. 10.6. View surface of the samples after oxidation: a) AlSi11, b) AlSi11 + 
M: 1 - oxide coating was thicker in place without silicon alloy non modified, 

2 - oxide coating was of greater thickness at the silicon melt without modified. 

Fig. 10.7. View of AlSi11 alloy surface from oxidation (a) and after oxidation 
(b): 1 - educe silicon 2 - separation of silicon by chemical and electrochemical 

processing, 3 - oxide coating formed on the alloy solution. 
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Fig. 10.8. View of of the surface of the alloy AlSi11 for qualitative analysis (a) 
and the content of selected elements (b): 1 - point analysis of the chemical 

constitution of the oxide coating. 

Table 10.2. Percentage content elements point analysis
Component Wt% At%

O 42,40
Al
Si 02,52
S 03,71

Fig. 10.9. View of of the surface of the alloy AlSi11 for qualitative analysis (a) 
and the content of selected elements (b): 1 - the point of analysis for the educe 

of the chemical constitution of silicon. 
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Table 10.3. Percentage content elements point analysis
Component Wt% At%

O 
Si

Fig. 10.10. View of surface of the alloy AlSi11 + M before (a) and after 
oxidation (b): 1 - educe of silicon, 2 - educe the silicon exposed by the 

chemical or electrochemical processing, 3 - oxide coating on the alloy matrix. 

Fig. 10.11. View of of the surface of the alloy AlSi11 + M for qualitative 
analysis (a) and the content of selected elements (b): 1 - point analysis of the 

chemical constitution of the oxide coating. 
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Fig. 10.11. View of of the surface of the alloy AlSi11 + M for qualitative 
analysis (a) and the content of selected elements (b): 1 - point analysis of the 

chemical constitution of the oxide coating. 
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Table 10.4. Percentage content elements point analysis
Component Wt% At%

O 31,41
Al 40,22 27,78
Si 03,43
S 05,71 03,32

Fig. 10.12. View of of the surface of the alloy AlSi11 + M for qualitative 
analysis (a) and the content of selected elements (b): 1 - the point of analysis 

for the educe of the chemical constitution of silicon. 

Table 10.5. Percentage content elements point analysis
Component Wt% At%
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10.3.2. Measurement of coating thickness
The measurement results of oxide film thickness of the oxidized 

10.4) depending on the 
position with respect to the cathode are shown in the form of bar graphs  

10.13÷10.. ig. 10.15.

Fig. 10.13. Statement of oxide layer thickness of 10 measuring points for 
AlSi11.

Fig. 10.14. Statement of oxide layer thickness of 10 measuring points for 
AlSi11+M.
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Fig. 10.15. Comparison of the thickness of the oxide layer produced on the test 
materials.

10.3.3. Profilometer investigation
 10. 10.17a) 

10. 10.17b, c) were registered, which read the 
parameters in elevation summarized in Table 10. .

a)  
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b)  

c)  
Fig. 10.16. Influence of the oxidising process on the AlSi11 alloy surface 

topography: a) 3D-Roughness profile, b) 2D-Roughness profile from the place 
after Si-grain removing, c) 2D-Roughness profile from the flat surface.
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b)  

c)  
Fig. 10.17. Influence of the oxidising process on the AlSi11M alloy surface 

topography: a) 3D-Roughness profile, b) 2D-Roughness profile from the place 
after Si-grain removing, c) 2D-Roughness profile from the flat surface.

Fig. 10.18. Abbot-curves for surfaces of investigated alloys: a) AlSi11-alloy, 
b) AlSi11M-alloy. 
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Table 10.6. Chosen surface roughness parameters of anodic oxide layer 
on investigated alloys

µm 
AlSi11O1) 18,3 40 1270

AlSi11MO1) 21,8
1) oxidized

10.3.4. Measurement of adhesion of the resin to the oxidized surface 
AlSi alloy 

During the study a series of breakaway strength tests of samples were 
taken from AlSi11/EP and AlSi11 + M / EP. The values of measured 
force at which the destruction of resin- AlSi alloy  joint occurred allowed 
to determine damaging stress damage
10. . 

Fig. 10.19.  Summary of the results of breakaway strength of samples made of 
AlSi11/EP and AlSi11 + M / EP. 
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10.4. Discussion of the results

Microscopic analysis shows that the oxide film formed on the 
unmodified alloy AC- 10. ÷10.
consists of a large number of large islets (3, 10.7b) separated by large Si 

10.7b) which is confirmed by the results of the 
2.8-2. 10.4). The reason for this 

formation is the structure of the alloy, which consists of large Si 
10.7a) and larger areas of the matrix. Thicker layer 

is formed on the aluminium matrix. 
The precipitation in the inoculated AlSi alloy are fragmented (1, 

10.10a), and therefore there are larger number of them Therefore, during 
10b) 

separated by a large amount of silicon precipitates (2, 10.10b). This is 
10.11÷10..12 and

Table 10.5).
it is clear that the surfaces of the samples produced from the cathode 

10.13÷10..14), 
both the alloy and the unmodified or modified.

In the analysis of charts of surface roughness after oxidation test 
alloys that electrolytic oxidation process consisting of chemical and 
electrochemical oxidation has a significant impact on the topography of 
the surface alloy. Also  the topography significantly affects AlSi alloy  
modification. In the unmodified alloy containing more grains of silicon, 
there is the leaching of chemicals, which is a consequence of larger 

 10. the produced 
10.117b) with a depth of 100 µm and a width of 250 µm. Distribution of 
surface roughness at the vertices after oxidation AlSi alloy  modified is 

10.18) than unmodified. Area share of curves (solid 
10.18) shows a large volume of cavities inequalities and helps 

to increase the adhesion of the resin to AlSi alloy.
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filler material of skeleton castings adhesion not only creates a joint in a 
place where there is an oxide layer, but on the exposed are anchored on 
precipitated silicon phase, which protrude above the surface. On the 
surface areas can also occur where the filler material flows into the large 
craters, which were created by the removal of silicon precipitates during 
chemical and electrochemical machining.

AlSi11 alloy inoculation treatment comminuted large hard phase 
precipitation of silicon during the oxidation which may be exposed and 
connected to the filler material can crumble even at low loads weakening 
the joint.

10.4 b, c) for AlSi11 and 
AlSi11 + M is changed to black, it can provide the etching in the 
oxidation of aluminum and silicon unveiling phase precipitates in the 

10.4 c) AlSi11 + M appear brighter areas on the surface 
after oxidation, it may provide for the accumulation of Al2O3 layer 
between the silicon phase precipitates, which was confirmed by 
qu 10.11÷10.12). 

Fig. 10.20. Image for connection with visible destruction zone for samples a) 
AlSi11 + M / EP, b)AlSi11/EP 1 - damage cohesive zone 2 - zone of destruction 

adhesive. 
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oxidation of aluminum and silicon unveiling phase precipitates in the 
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between the silicon phase precipitates, which was confirmed by 
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10.
from the fact that the resin, as compared to the alloy has a relatively low 
strength properties. 

While  test of the adhesion of the resin to the sample AlSi11 + M 
.10.20a) tensile strength increase led to a rupture of intermolecular 

bonds  in epoxy resin composition, and thereby to decohesive destruction. 
On the surface destruction of the resin during adhesion tests to the sample 

.20b), two zones are shown ie the residue of the resin and 
the exposed surface of the oxide. It can be assumed that in the initial 
stage of destruction had decohesion character, resulting expanded area to 
the time when the increasing tension resulting from the reduction in 
surface area resulted in the accumulation of destructive stresses in the 
epoxy resin composition. 
10.5. Summary

The study results showed a significant effect of electrolytic oxidation 
of the alloy casting AC-AlSi11 both unmodified and modified on the 
topography of the surface. Obtained oxide coating is the islet structure ie 
consists of a greater thickness formed on the material of the matrix and of 
a very small thickness formed around the silicon precipitates. Also the 
distance from the cathode surface affects the coating thickness and a 
uniformity of the structure, which have an impact on the adhesion of the 
resin. The shell is composed from a lot of craters that can be penetrated 
when filling with liquid resin. This was confirmed by strength tests. 
Surface topography of the oxide coating on the alloy samples AlSi11 + M 
has a different profile with protruding silicon fine precipitates which form 
in combination with the resin durable and strong joint. Modification 
resulting in fragmentation of AlSi alloy  the silicon precipitates results, 
the coating has a more uniform structure, regardless of the position of 
oxidation surfaces relative to the cathode. 

Despite the known adverse effects on the border of epoxy - aluminum 
alloy obtained favorable combination of aluminum alloy with an epoxy 
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resin, as evidenced by the prevalence of cohesive mechanism of 
destruction compared to the mechanism of joint destruction adhesive 
materials. 
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