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Abstract

Anodic oxidation of aluminum alloy in a ternary solution of SAS (sulfuric, adipic and oxalic acids) was carried
out in order to obtain the aluminum oxide layer (Al2O3) and Al203 with inorganic fullerene-like tungsten disulfide
(IF-WS2) named in article as Alz03/IF-WS2. The micro-hardness, thickness, geometric structure of the surface
(SGP) and the microstructures of Al203 and Al203/IF-WS2 were investigated. The influence of electrolysis time,
temperature and type of electrolyte on the micro-hardness of coatings was studied using the Taguchi statistical
method. A L2 orthogonal array with the three main factors of control at two levels each was studied. Signal-to-
noise ratio showed that the great influence of temperature on micro-hardness. The optimized electrolysis
conditions were defined.
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1. INTRODUCTION

The light weight, a quite large corrosion resistance, a simplicity of surface treatment and forming, a total
process ability as a secondary raw material there are just few benefits of aluminum alloys which are widely
used in motorization, aircraft or food industry. In same case the pros of aluminum could stay also its cons, for
example simplicity of forming makes aluminum a material susceptible to mechanical deformation. Aluminum
alloys has high friction coefficient wherefore without appropriate surface treatment it is unsuitable as friction
material. To improve poor wear or/and corrosion resistant of aluminum the various method such as ion
implantation [1], lubricating additives [2], anodic oxidation [3,4], catalytic chemical vapor deposition (CCVD)
[5], electroplating [6], conversion coating [7,8], and polymer coating [9,10], have been applied. In oil-less
tribological coupling, or more precisely in coupling with lack of lubrication fluid, the choice of type of materials
for tribological pair plays an important role. In order to improve the properties of the anodic oxide coatings,
their modifications are made. The authors of the works [12-14] described the microstructure and effects of
improvement of tribological properties caused by the modification of Al203 oxide layer by graphite additive. It
has been reported that the lubricating mechanism was that PTFE particles embedded in porous anodic
aluminum oxide film smeared a transfer film on the sliding path and the micro-pores could support the
supplement of solid lubricant during the sliding, which prolonged the lubrication life of the aluminum alloys [15].
Gyu-Sun Lee at al. showed that the effect of oxide layer developed by tribochemical reaction on the surface is
greater than lubricant reservoir effect of the pore [16]. The objective of the present work is to present the
investigation concern a micro-hardness, a thickness, a geometric structure of the surface (SGP) and the
microstructures of Al203 and Al20s/IF-WS2. The experiment was carried out using the Taguchi experimental
design.
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2. METHODOLOGICAL BASES

Macroscopic images of the samples were made with Omnivision OV12A10 camera (Xiaomi Redmi 5 Plus) and
Olympus BX60M optical microscope with Motic camera while images of the structure and morphology of the
formed surface oxide layers was carried out using JEOL JSM-7100 TTL LV Field Emission Scanning Electron
Microscope. The thickness of the layers was measured with Dualscope MP40 by Fischer, using the eddy
current method. 10 measurements were performed along the length of the sample and then the average value
was calculated. The micro-hardness tests in cross-sections of the samples were performed using Neophot 21
microscope with Hanemann adapter (Vickers indenter) at a load of 0.3 N. The ImageJ software was used for
image analysis. SGP measurements of oxide layers were made by the Taylor Hobson Talysurf 3D pin
profilometer with the accuracy of 2 %. The results of the parameters were developed by using the TalyMap
Universal 3D software. The stereometric analysis was performed on an area of 2 mm x 2 mm. The Taguchi
experimental design has been applied for analyzing the influence of the technological process parameters on
micro-hardness of Al203 and Al203/IF-WS2 coatings. Three control factors were considered: temperature, time
and type of electrolyte. The L2 orthogonal array with the three main factors at two levels each was used for the
study. The signal to noise (S/N) ratio and effects of control parameters were used to determine an expected
S/N ratio under optimum condition. The statistical analysis of the result was performed using the STATISTICA
12.0 software.

3. MATERIALS AND SAMPLE PREPARATION

The starting material for the process was EN-AW-5251 aluminum alloy. Samples were etched sequentially
with 5% KOH solution for 45 minutes, and 10 % HNOs3 solution for 10 minutes, at room temperature. After each
step of etching, the sample was placed in distilled water to remove residual acid. The electro-oxidation of the
aluminum alloy was carried out in a ternary solution of SAS (18 % sulfuric (33 ml/l), adipic (67 g/l) and oxalic
acids (30 g/l)) and in that way the Al203 samples no 1 and 4 was obtained. The Al203/IF-WS2 samples no 2
and 4 was obtained in SAS solution with the same proportion as above and with admixture of 15 g of the
commercially available IF-WS2 nanoparticles (NanoMaterials Ltd) per 1 liter of electrolyte. The hard anodizing
process was performed at 3 A/dm? current density. The details concerning the serial number of samples, IF-
WS: content in the bath acid and time of anodizing are presented in Table 1. In order to ensure homogeneity
of the suspension and to prevent settling of the IF-WS2 nanopowder, mechanical stirring was applied during
the electrolysis process.

Table 1 Factor settings for Taguchi L2 design

Experiment/ Temperature Time Electrolyte
Sample No (°C) (min)
1 25 30 Pure
2 25 60 with IF-WS2
3 30 30 with IF-WS2
4 30 60 Pure

4, RESULTS AND ITS DISCUSSION

The SEM images of the microstructure of the surface layer were shown in Figure 1. The size of the pores for
each sample was assessed by their area. The sample 1-3 have similar pores size - the mean square area of
the pores obtained a value 170 nm? for sample 1, 215 nm? for sample 2 and 208 nm? for sample 3. Pores of
sample 4 have distinctly largest mean area equal to 550 nm2. The extend anodizing time has influence on the
increasing of the mean square area of the pores.
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Figure 1 SEM images of the microstructure of surface layers
(a) sample 1, (b) sample 2 (c) sample 3, (d) sample 4

Figure 2 SEM images of the fresh structure of surface layers
(a) sample 1, (b) sample 2 (c) sample 3, (d) sample 4

The SEM images of the fresh structure of the surface layer were shown in Figure 2. The mean diameter of the
fibers was measured for each sample. The values of mean fibers diameter in the sample 1 and 2 are similar
and is equal to 180 nm. Mean fibers diameter for sample 3 is 110 nm. The lowest diameter of the fibers has
sample 4 - 80 nm. From the knowledge it is known that in Al2O3 coatings, obtained on aluminum alloy, the
micro-hardness decreases in gradient as the distance from the ground increases. It is related to decrease the
diameter of nanofibers likeways. Therefore, the Vickers indentation imprints were taken in the same distance
on each coating. Example picture and measurement of Vickers indentation imprint for the sample 2 is shown
at Figure 3.

1070



JEV. w o
ME 1AL

2019

May 22" - 24t 2019, Brno, Czech Republic, EU

¢ Results

[Fie Edt

Font Results

225831 133167 249 50.000
135409 117.333 159694 -18726 8.780
132385 100024 160.665 -108.153 9.091
132385 100.024 160.665 -108.153 9.091

Figure 3 (a) Vickers indentation imprint at 0.3 N for the sample 2,
(b) example measurement of diagonals performed in ImagedJ software
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Figure 4 The thickness (a) and the micro-harness (b) of oxide coatings
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Figure 5 Analysis of effects of control
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Figure 6 The surface roughness parameters Ra

The results of micro-harness and thickness of coatings are presented in Figure 4. Thickness of coatings
strongly depends on time of electrolysis. For samples 1 and 3 the values was ~28 um and ~29 um respectively
and for samples 2 and 4 the values was ~55 um and ~50 um respectively, which was expected (Figure 4b).
Take into consideration the fact mentioned above the micro-hardness of the coating could be compared. From
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the applications point of view in oxide coatings the high micro-hardness is required, therefore the S/N ratio
calculation according ,larger the better” was used. The results of effects on S/N ratio are shown in Figure 5.
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The great significance of temperature and then time is observed. Moreover Taguchi method could be also
used for proposing the expected S/N ratio under optimum conditions of technological route (Table 2).

Figure 7 Example of isometric image of surface layers -sample 2 (b)

Table 2 Expected S/N Ratio under optimum condition

Expected S/N Ratio under optimum condition
Average= 75.33 Sigma =0.80
Factor Level Effect size
Temperature 25°C 0.550
Time 1h 0.402
Electrolyte With IF-WS> 0.132
Expected S/N 76.42

In order to comprehensive analysis of the properties of the Al203 and Al2Os/IF-WS:2 surface layers the results
of Ra roughness parameters were shown in Figure 6. According to bar graph the values of Ra were
comparable within the limits of error regardless of technological parameters. In Figure 7 the example of
isometric image of surface layers was shown.

5. CONCLUSIONS

The Al203 and Al203/IF-WS:2 surface layers were obtained in a three-component’ SAS electrolyte. The Ra
roughness parameters of obtained coatings were comparable within the limits of error. The thickness of
coatings depends on time of electrolysis. The extend anodizing time has influence on the increasing of the
mean square area of the pores. Taguchi statistical method was carried out and showed that the great
significance influence on micro-hardness has the temperature and then time. The expected S/N ratio showed
that the optimum conditions are: temperature and time of electrolysis 25°C and 1 h respectively and electrolyte
with IF-WS:. The results and recognized problems appear to be useful for similar problems in research [17]
and industrial area [18,19].
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