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1. Introduction

ABSTRACT

In this paper, thick and hard oxide coatings resistant to wear were produced on 2017A-T6 Al alloy by the
microarc oxidation (MAO) technique in an alkali electrolyte consisting of different sodium silicate con-
centrations (0-8 g/1). The coatings were characterized by means of optical microscopy, scanning electron
microscopy (SEM), X-ray diffraction (XRD) and surface profilometry. Microhardness, scratch adhesion
and pin-on-disk sliding wear tests were also performed to evaluate the tribological properties of the
coatings. The influence of sodium silicate concentration on the structural and tribological properties of
the MAO coatings was discussed. Results reveal that increasing sodium silicate concentration from 0 to
8 g/l in the electrolyte caused an increase in the electrolyte conductivity (from 7.71 to 18.1 mS/cm) and
a decrease in positive final voltage (from 627 to 590V) in the MAO process. In response to the increase
in sodium silicate concentration, the thickness, surface roughness (R,) and critical load (L.) correspond-
ing to adhesive failure of the coatings were increased simultaneously from 74 to 144 pm, and 4.4 to
6.58 wm, and 127.76 to 198.54 N, respectively. At the same time, the phase structure and composition
of the coatings also varied by the participation of silicate ions in the reactions and their incorporation
into the coating structure. Moreover, it was observed that the coating formed in the low sodium silicate
concentration (4 g/l) had higher surface hardness (2020 HV) and improved wear resistance than the one
(1800 HV) formed in the high sodium silicate concentration (8 g/1). The coatings produced in three differ-
ent electrolytic solutions provided an excellent wear resistance and a load carrying capacity compared
to the uncoated aluminum alloy.

© 2010 Elsevier B.V. All rights reserved.

change the structure of the surfaces by heat treatment or by adding
new alloying elements. Related to the former, various metallic and

Aluminum, one of the most weight-saving materials and the
second most existing metal in the earth, shows much superior per-
formance than the conventional materials due to its high strength
to density ratio and easy formability. However, aluminum alloys
have low hardness, poor tribological properties and relatively low
yield strength when compared with steels and cast-irons. As a
result, these materials are vulnerable to wear in sliding and rolling
contact situations [1]. The way of avoiding the wear formation both
on high strength and low strength metals is to modify their surfaces
to resist wear. There are many known ways of performing this. One
of them is to change the surface modification of metals by deposit-
ing oxide-resulting elements to the surfaces. The other one is to
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ceramic coatings have been studied and applied by surface modifi-
cation processes such as physical vapor deposition (PVD), chemical
vapor deposition (CVD), ion beam assisted deposition (IBAD), hard
anodizing, thermal spraying, laser surface alloying, and sol-gel [2].
However, TiN, CrN or diamond-like carbon (DLC) coated aluminum
alloys by various PVD methods often exhibit limited tribological
performances due to the elastic and plastic deformation of the sub-
strate under mechanical loading, since the coatings are usually too
thin to support heavy loads and protect the substrate at the contact
points [3,4]. Hard anodizing and thermal spraying have suffered
from the low load support of the underlying material and/or insuf-
ficient adhesion, which reduce their durability [5]. Moreover, most
of the methods mentioned above involve high temperatures during
processing, which may degrade the coating and/or substrate and
may not be suitable for deposition of alumina coatings on relatively
low-melting-point substrates, such as aluminum alloys.
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Table 1
MAO process parameters at different electrolyte compositions.

Solution code Electrolyte composition

Conductivity (mS/cm) Final voltage (V) (negative/positive)

Eq 2 g/l KOH, distilled water
E 4g[l -Na,SiO3-5H,0, 2 g/l KOH, distilled water
Es3 8 g/l Na,Si03-5H,0, 2 g/l KOH, distilled water

7.74 143/627
11.2 162/607
18.1 178/590

Arelatively novel method, called microarc oxidation (MAO) has
been developed to produce thick and hard ceramic coatings on Al,
Ti, Mg metals and their alloys [6-8]. The MAO technique is known
by various names such as plasma electrolytic oxidation, plasma
anodizing, and anodic spark deposition [9]. MAO is based on the
conventional anodic oxidation of processing metals and alloys in
aqueous electrolyte solutions under the additional condition of
plasma discharge at exceeding the critical values of the polariza-
tion potential [10]. The process consists of numerous simultaneous
plasma discharges leading to localized high temperature and high
pressure over the surface of specimen [11]. This method combines
the electrochemical oxidation with a high voltage spark treatment
resulting in corrosion and wear resistant coatings [12]. In addi-
tion, this method is economically efficient, ecological friendly and
characterized by high productivity. Moreover, bulk material tem-
perature is kept less than 100 °C in this process.

The properties of MAO coatings are affected by the processing
parameters, such as composition of electrolyte and alloy [13], elec-
trolyte temperature, treatment time and voltage [14], and current
density [15-17]. High quality coatings can be formed by suitable
selection of these process parameters. From this point of view,
the composition and the concentration of electrolyte during the
process play a crucial role in obtaining the desired coatings of
special phase component and microstructure. Significant progress
have been made on the preparation of MAO coatings in various
specially selected electrolytes and their combinations in order to
provide protective coatings of corrosion, wear resistant and func-
tional coatings on the Al alloys in the past decades [18-36]. Among
these electrolytes, aqueous solutions of silicates, which are able
to passivate the aluminum surfaces over a wide range of poten-
tials and temperatures, were found to be some of the most suitable
electrolytes for this method [18-21].

The earlier studies [22-33] mostly focused on optimization
of electrolytes composition and concentration in order to obtain
coatings with special phase composition. However, the system-
atic effects of the sodium silicate concentration on the structural
and tribological properties of such coatings are not yet clear. The
principal aim of the present work is to study systemically the influ-
ence of the sodium silicate concentration on the microstructure,
phase structure, hardness, surface roughness, adhesion and wear
properties of the oxide coatings formed on 2017A T6 alloy.

2. Experimental

Rectangular samples (45 x 25 x 4mm?) of aluminum alloy Al-2017A were used
as substrates; the nominal composition of this alloy by wt.% is 0.53% Si, 0.25% Fe,
4.34% Cu, 0.60% Mn, 0.76% Mg, 0.17% Zn, 0.02% Ti, 0.02 Zr and Al is the balance.
Prior to the coating, samples were polished with abrasive papers up to 1200 grits,
degreased with acetone and rinsed with distilled water. The MAO treatment device
consisted of an alternating current power supply unit with 100 kW, a stainless steel
container, a stirring and cooling system. The stainless steel container and the Al alloy
samples were used as cathode and anode, respectively. To study the effect of sodium
silicate concentration on the structural and tribological properties of MAO coatings,
three kinds of aqueous electrolytes were prepared to produce the coatings. The elec-
trolytes prepared from potassium hydroxide (KOH) and different concentrations of
sodium silicate in distilled water denoted by E;, E, and E;.The conductivity of the
electrolytes was determined by a conductivity meter (Mettler-Toledo, Germany).
According to the discharge characteristics that appeared during the processes, differ-
ent process final voltages were determined. During MAO processing, the electrolyte
temperature was controlled to remain lower than 35 °C, by cooling the electrolyte
solution with a heat exchanger situated in the electrolytic cell. The current den-
sity was predefined as 0.150 A/cm?. All the samples to be coated were treated for

150 min. The electrolytes composition, electrolyte conductivity and relevant final
voltages are given in Table 1.

Atthe end of the coating process, the power supply was switched off and samples
were taken out of the electrolytic bath, washed in running water, dried with warm
flowing air. The thickness of the MAO coatings was measured using an eddy-current
coating thickness measurement gauge (Fisher, Germany) at 20 randomly selected
locations. The surface roughness (R,) was measured using a Veeco Dektak® pro-
filometer and average values were calculated. Phases of as-deposited and polished
MAO coatings were investigated by means of Rigaku X-ray diffractometer. Philips
field emission SEM was employed to examine the microstructure and cross-sectional
morphology of coatings. In addition, the measurement of cross-sectional microhard-
ness was measured by an Anton Paar microhardness tester. The micro scratch mode
of the Nanovea scratch test machine was adopted to assess the adhesion strength of
the coating to the substrate. The test involved drawing a diamond stylus of 0.2 mm
radius over the coating surface at a constant traveling speed of 5mms-! and at
continuously increasing load. The critical load (L.) at which adhesive failure of the
coating occurred was detected by optical microscopic examination of the scratch
track after the test, and was used as a measure of the coating adhesion strength. The
tribological behavior of the specimens was measured by the pin-on-disc tribometer
(CSM Instruments) under unlubricated condition at room temperature (RT) and in
ambient atmosphere. A tungsten carbide (WC) ball of 6 mm diameter was used as
counter face sliding partner against MAO coating. The tests were carried out at a
normal load of 5N for 5 km at 25°C with a maximum sliding speed of 3 cm/s and
amplitude of 18 mm. The relative humidity was between 52% and 83%. The frictional
force was measured by a load cell attached to the loading arm and recorded by the
computer through the data login and acquisition system. Then, the depths of wear
track of coatings were measured from the wear grooves by using Veeco Dektak 8
surface profilometer.

3. Results and discussions
3.1. Morphology of the coating

Fig. 1 shows the surface morphologies of the oxide coatings
deposited at different solutions. As it is seen from Fig. 1, the coating
surfaces contain many randomly distributed pores with different
size and shapes appearing as dark circular spots. Each pore serves
as a discharge channel. The pores are surrounded by molten oxide
that is rapidly solidified. The porous feature strongly depends on
discharging nature involved in the MAO mechanism [7]. As the
sodium silicate concentration increases, the number of such micro
discharge channels on the surface decreases. It can also be seen
that the pore size of the micro discharges increases. This is based
on the fact that multiple discharging occurs at a relatively weak
local region of the coating or several discharging channels connect
and finally incorporate into a single larger channel. As a result, the
pore size and porosity of the coating are increased.

The cross-sectional micrographs of MAO coatings are shown in
Fig. 2(a)-(c) and reveal that MAO coatings consist of three lay-
ers: a porous outer layer (1); a dense inner layer (2); and a thin
interfacial layer (3) below the dense layer. Such kind of coating
structure was also reported by other researchers [1]. The porous
outer layer (1) predominantly consists of low temperature phases
(y-Al;03). The dense inner layer (2) is formed by high temperature
modifications and consists of a-Al,03 phase. The thin interfacial
layer (3) consists of complex phases of the substrate alloying ele-
ments. The thickness, structure and composition of these three
layers change relatively each other with the sodium silicate concen-
tration. Increasing the sodium silicate concentration in the solution
leads to increase both the thickness of the dense and porous outer
layer of the coatings, simultaneously. The dense layers in the coat-
ings produced in the solution of E;, E; and E3 have a thickness
about 62, 70 and 82 p.m, respectively while the outer porous layers
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Fig. 1. Surface morphologies of oxide coatings deposited in different solutions: (a)
Eq; (b) E2; (c) Es.

in the coatings have a thickness about 10, 22 and 30 p.m, respec-
tively. Although the thickness of the dense layer of the coating
produced in the E3 was higher than the one of the coating pro-
duced in the E, solution, its microstructure seems to be looser than
that of the coating produced in the E; solution. This is based on the
fact that intensive micro discharges occur and release more energy
on the thick coating [9,12,25] produced in higher sodium silicate
concentration and cause structural defects leading to a loose and
coarse-grained structure. The dense layer shows better mechanical
properties than the porous layer [9]. Therefore, a thick dense layer
is favorable for the coating quality.

3.2. Presence of phases

Fig. 3illustrates the XRD patterns of the oxide coatings deposited
on Al 2017A alloy in the three electrolytic solutions. It is seen that
the coating produced in E; solution is only composed of y-Al;03

Fig. 2. Cross-section of the coatings deposited in different solutions: (a) E1; (b) Ez;
(C) Es.

Fig. 3. XRD patterns of the oxide coatings deposited on Al 2017A alloys in the
different solutions: E;, E3, and Es.
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Fig. 4. XRD patterns of the inner layers at different distance from the interface of
the oxide coatings deposited in the different solutions: (a) E;; (b) E3; (c) Es.

and a-Al,03 phases while the coatings produced in E;, E3 solu-
tions are composed of y-Al, 03, a-Al, 03 and mullite (3Al,03-2Si0;)
phases. The characteristic diffraction peaks of a-Al,03, y-Al,03,
and mullite phases in the coating produced different solutions
are different. As the sodium silicate concentration in the solution
increases, the intensity of diffraction peaks of a-Al;03 and y-Al, O3
decreases while the intensity of mullite phases increases. This is
mainly caused by incorporation of silicate ions into coating struc-
ture in the form of mullite phase. The existing silicon in the form
of mullite phase comes from the electrolyte constituents during
the plasma chemical reaction. The mullite phase is found only in
the loose outer layer of the coatings and its amount is increased by
increasing the sodium silicate concentration.

The phase composition of MAO coatings depends on coating
parameters and coating thickness and varies from surface to inter-
face of coating/substrate [6,9,34]. In order to observe this variation,
the coatings produced in the different solutions were grounded
layer by layer many times from surface to interface of coat-
ing/substrate until a coating layer with 30 wm thickness remained
on the surface of each coating. XRDs conducted on the grounded
inner layers for each time are shown in Fig. 4(a)-(c). With ground-
ing the coating layers, the content of mullite and y-Al, 03 gradually

Fig. 5. Influence of the sodium silicate concentration on the hardness profile of the
coating.

decreases along the coating thickness. The a-Al,03 content con-
tinuously increases from surface to interface of coating/substrate.
The characteristic diffraction peaks of a-Al, O3 phase in the coating
produced in E; solution (Fig. 4(b)) are stronger than those in E; and
E3 solutions (Fig. 4(a) and (c)). This indicates that the content of
a-Al; 03 phase in the coating produced E; solution is higher than
those in E; and E3 solutions. Further study revealed that among
the coatings produced in three solutions; the content of y-Al,03
phase was the highest in the coating produced E; solution while
the content of mullite phase was highest in the coating produced
E3 solution. Both y-Al,03 and mullite phase in E; and E3 solutions
disappear at about 70 pm from the interface. The main phase in
the coating produced E; and E3 should be a-Al, 03 phase, while the
one in the coating produced in solution E; is y-Al,03 phase. The
difference in the content of y-Al;03 and a-Al, 03 in the outer layer
and internal layers of the coatings is mainly caused by variation in
the cooling rate of the molten alumina in the microarc zone [6].
The porous outer layers directly connected with electrolyte solu-
tion have a higher cooling rate, which promotes the formation of
v-Al; 03 phase during the solidification of alumina. However, in the
inner layer of the coating, the cooling rate is smaller because of the
low thermal conductivity of alumina in the coating. The underlying
layers of the coatings remain hotter and the temperature is high
enough to transform the originally formed ~y-Al,05 to 8-Al,03 and
OL-A1203.

3.3. Hardness of the coating
The cross-sectional microhardness distribution of the coatings

produced in different solutions is illustrated in Fig. 5. As it is seen
in Fig. 5, the microhardness distribution of MAO coatings is not

Fig. 6. Influence of the sodium silicate concentration on the surface roughness.
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homogeneous. From the coating/substrate interface to the outer
layer of the coating, hardness first increases with distance and
reaches its maximum value. After reaching its maximum value,
the microhardness of MAO coatings begin to decrease gradually
towards the coating surface. Such kind of microhardness distri-
bution was reported in [17,35]. This is attributable to both phase
composition changes and a corresponding increase in the coating
porosity. The ceramic coatings are mainly composed of a-Al, 03, y-
Al,03 and mullite phases. The distribution of these phases defines
the hardness profile of the coating. As it is seen in Fig. 5, the micro-
hardness values of the coating produced in solution E are less than
the ones produced in the E,, and E3 solutions, because the coat-
ing produced in this solution is mainly consists of y-Al,03 phase
with low hardness, while those produced in E; and E3 are mainly
composed of a-Al,03 phase with high hardness. The microhard-
ness of the coating produced in E3 solution is relatively lower than
the one produced in E; solution, because the layers of the coat-
ing produced in E3 solution are less compact than that produced in
E, solution and content of a-Al,03 phase in the coating produced
E3 solution is less than that in E; solution. The difference in the
hardness of the coating is greater especially in the outer surface of
the coatings. The reason for this is that increasing the sodium sil-
icate concentration in the electrolyte leads to accelerated coating
growth and substantial increase in formation of mullite phase and
coating porosity which reduces the hardness of coating. The sur-

face microhardness (140 HV) of 2017A aluminum alloy substrate
was significantly increased to the hardness of 1478 HV, 2020 HV
and 1800 HV after the coatings produced in the solutions of Eq, E;
and Ez, respectively.

3.4. Surface roughness of the coating

Fig. 6 shows the influence of the sodium silicate concentration
on the surface roughness. The introduction of sodium silicate into
the electrolytic solution leads to significant changes in the dis-
charge characteristics of the sparks at the surface. High sodium
silicate leads to increased sparking discharge intensity and con-
tributes the accumulation of the coating products and forms a
coarse-grained structure leading to high surface roughness. The
low sodium silicate tends to form fine grain structure and causes
lower surface roughness than the high sodium silicate. Further-
more, the microarc oxidation coating prepared from high sodium
silicate solution has a higher total coating thickness than those
prepared from low and without sodium silicate solutions. With
increasing the thickness, the surface of MAO coatings is gradually
roughened as a result of the reducing the pore number and as well
as the increasing pore size. This observation is in good agreement
with an earlier study [22]. As it is seen from Fig. 6, after 4 g/l sodium
silicate concentration, the increasing trend in the surface rough-
ness of the coating decreases slightly with increasing the sodium

Fig. 7. SEM morphologies of wear tracks of microarc oxidation coating produced different solutions against WC ball: (a) solution E;; (b) solution E;; (c) solution Es.
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Table 2
Wear results of coatings produced in different solutions.

Solution As-deposited oxide coatings Polished oxide coatings
Friction coefficient Depth of wear track of coating (jm) Friction coefficient Depth of wear track of coating (jum)
Eq 0.535 9.7 0.388 0.6
E; 0.588 124 0.459 03
Es 0.872 17.3 0.405 0.4

silicate concentration. This could be attributed to the large dis-
charge sparks with a long time occurring on the surface of thick
coating. Because the large discharge sparks release more energy
and cause the coarse-grained discharge products leading to high
surface roughness to melt.

3.5. Tribological properties of the coating

SEM morphologies of the sliding wear tracks with magnifica-
tions of 80x (left) and 2500x (right) of microarc oxidation coatings
produced in different electrolytic solutions tested against a tung-
sten carbide (WC) ball at 5N load are shown in Fig. 7. After the
investigation of the surface morphology of the coatings exposed to
wear, the type of wear mechanism was identified as an abrasive
wear. As it is seen from SEM images of the coatings produced in
different solutions, there are differences in the wear tracks mor-
phologies of the coatings worn off. The surface of the coating
produced in the solution (E; ) without sodium silicate was not worn
off in a homogeneous way while the ones produced in the solu-
tion (E,) and (E3) were worn off in a homogeneous way and were
flattened. Some cracks were detected on the surfaces of the coat-
ings. Coating damage occurred on the regions surrounded by the
cracks on the loose outer layer of the coating produced in the solu-
tion E3. No coating delamination has been observed in the oxidized
specimens throughout the test.

3.6. Friction coefficient

The results of the average friction coefficient of coatings pro-
duced different solutions derived from the pin-on-disc sliding wear
tests are given in Fig. 8. All the three curves show that the friction
coefficients are low at the beginning, then gradually increase and
then remain constant with distance. The trend of the initial “run-
in” stage of wear test is due to the surface structure and roughness.
Because the outer surface layers of the MAO coatings have relatively
a loose, porous and low hardness, the surfaces of the coatings are
exposed to much less resistance against sliding.

The effect of the sodium silicate concentration on the coefficient
of friction and surface roughness of the coatings are given in Fig. 9.
As the sodium silicate concentration is increased, the coefficient of
friction increases. This may be due to the changes in phase compo-
sition, hardness and a corresponding increase in a coarse-grained
structure leading to high surface roughness. High surface roughness
and granular and irregular coating products on the surface creates
a resistance against sliding and cause an increase in the coefficient
of friction.

Along with the images obtained from SEM, 3D (three-
dimensional) wear tracks were also studied using a surface
profilometer. The 3D profiles of the wear tracks developed on the
surfaces of the as-deposited oxide coatings produced in different
solutions during reciprocating wear tests are given in Fig. 10. As it
is seen from the 3D profiles of the wear tracks, increasing sodium
silicate concentration in the electrolyte increases the dept of wear
track of the coating. The coating produced in E; solution is only
composed of y-Al,03 and a-Al, 03 phases, while the coatings pro-
duced in E; and E3 solutions are composed of y-Al,03, a-Al, 03 and
mullite (3Al,03-2Si0;) phases. The hardness of the coating consist-

ing of y-Al,03 phase is higher than the one consisting of mullite.
Increasing the sodium silicate concentration in the solution leads
to decrease the hardness of the outer layer while it increases the
thickness and porosity of the loose outer layer of the coatings. For
this reason, the depth of wear track of the coating produced in solu-
tion E; is less than those produced in the other solutions. Due to

Fig. 8. Friction coefficient vs. sliding distance for the coating produced in different
solutions: (a) solution E;; (b) solution E;; (c) solution Es.
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Fig. 9. Variations in the surface roughness and friction coefficient with the sodium
silicate concentration.

wear, there is a change in the depth of wear track of the coating
which is given in Table 2.

Considering the depth of wear tracks of the as-deposited oxide
coatings, it was understood that almost no wear occurred in the
inner layers of the coatings. The wear only occurred on the porous
outer surface of the coatings. Therefore, it was identified that the
results of wear represent only wear of the outer layer of the coat-
ings. Since the inner region of the coatings is denser and harder than
the outer part of the coating, it is expected that this regions would
be more resistant to wear and its wear rate would be much lower.
To verify this, the coatings produced in the different solutions were
grounded (polished) from surface to interface of coating/substrate
until a coating layer with 30 pm thickness remained on the surface
of each coating and were subjected to wear test at the same test
parameters. The related wear test results are also given in Table 2.

Fig. 10. 3D profiles of the wear tracks developed on the surfaces of the as-deposited
oxide coating produced in different solutions: (a) solution E;; (b) solution E;; (c)
solution Es.

Table 3
Scratch test critical loads on the coating produced different solutions.

Solution Coating thickness (pm) Critical load Lc (N)
Eq 74 127.76
E; 94 188.64
E3 144 198.54

The coefficient of friction and the wear track depths obtained
from the wear tests of the coatings grounded in this manner are
lower than those of the as-deposited oxide coatings. The low coef-
ficient of friction might be due to two reasons. One is the grounding
of the surfaces of the coatings with a proper operation removes
the extremely rough surface of the as-deposited oxide coating and
makes surface smooth and generate a low friction with a low shear
force. The other is that the very fine wear products produced during
sliding enter into the micro pores present in the coating and partly
act as a solid lubricant.

The low depth of wear track in the inner layer of the coatings
is connected with a structural change in the coating’s inner region.
The inner layer was more compact than outer layer, and pore den-
sity decreased from outer layer to inner layer in MAO coatings (see
Fig. 2). Comparing the depths of wear track of the each polished
coatings (grounded to a thickness of 30 um) produced in different
solutions, it can be seen that the depth of wear track of the coating
produced in E; solution is minimum, while the one of the coat-
ing produced in E; solution is maximum. The reason of this is that
the surface of the polished coating produced in E; solution consists
of high content of y-Al,03 phase with low density and low hard-
ness, and low content of a-Al,03 phase, while the one produced
in E; solution consists of high content of a-Al,03 phase with high
density and high hardness.

3.7. Adhesion of the coating

The adhesion of coatings produced from different solution was
investigated with a scratch test. The related scratch test results for
the surface layer produced on 2017A alloy are given in Table 3. The
critical load (L¢) at which adhesive failure of the coating occurred
was detected by optical microscopic examination of the scratch
track after the test. These measured critical loads are the charac-
teristic values of each coating. The higher critical load, the better
adhesion properties of the coating is achieved. The value of L
increases with increasing sodium silicate concentration. The high-
est critical load was recorded for the coating produced in the E3
solution whereas the coating produced in the E; showed the low-
estone. The critical load value of the coating produced in E3 solution
is higher than the others. This could be explained by high hardness,
high thickness, high load carrying capacity of coating and the way
of connection of the interfacial region to substrate. Each coating
with different hardness due to its coating thicknesses and phase
structure has different load carrying capacity and causes different
degree of plastic deformation on the substrate at the same amount
of applied load.

An increase in the adhesion strength of MAO coating with
increasing the coating thickness may be explained by MAO coat-
ing formation mechanism on aluminum alloys. With increasing the
coating thickness, a larger volume of metal enters into the oxida-
tion process and the adhesion strength of the coating increases even
more. The metallurgical intermixing and inter diffusional bonding
generated by microarc process also lead to high degree of interfacial
adhesion between ceramic coatings and substrate [5]. In addition,
coating produced by MAO method, in contrast to many other coat-
ing methods, grows into the substrate [6] and does not contain an
artificial interface which would weaken the coating adhesion.
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4. Conclusions

1. Increasing the sodium silicate concentration in the electrolyte
leads to increase both the thickness of the dense and porous
outer layer of the coatings, simultaneously. The increase in the
thickness of the outer layer of the coatings is higher than the
ones in the dense layer of the coatings.

2. The coating produced in the electrolyte with low sodium sili-
cate concentration has higher microhardness values and better
wear resistance than the one formed in the electrolyte with
high sodium silicate concentration and in the electrolyte without
sodium silicate. These increased hardness and wear resistance
are the result of decreased coating porosity and increased ratio
of coating with phase structure especially increased rate of a-
Al;05.

3. The introduction of sodium silicate into the electrolyte leads to
significant change in the discharge characteristics of the sparks at
the surface. High sodium silicate leads to increased sparking dis-
charge intensity and contributes the accumulation of the coating
products and forms a coarse-grained structure leading to a high
surface roughness. The low sodium silicate tends to form fine
grain structure and causes lower surface roughness contrarily to
high sodium silicate.

4. Increasing the sodium silicate concentration in the electrolyte
leads to increase both the thickness of coatings and adhesion
strength of the coatings, simultaneously. Anincrease in the adhe-
sion strength of MAO coating with increasing coating thickness
may be explained by MAO coating formation mechanism on alu-
minum alloys.

5. The coatings produced in each of three different electrolytic
solutions provide a high surface hardness, a good interfacial
adhesion, a load carrying capacity and an excellent wear resis-
tance to uncoated aluminum alloy.
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