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a  b  s  t  r  a  c  t

The  synthetic  Al–Zn  binary  alloys  were  prepared  in a vacuum/atmosphere-controlled  furnace  with  the
addition  of  1,  4, 8, 10,  15  and 33  wt.%  Zn.  The  alloys  and  pure  Al  were  coated  by  microarc  oxidation  in
the  electrolyte  containing  sodium  silicate  and  potassium  hydroxide  for  120  min.  XRD,  scanning  electron
microscope  (SEM)–energy-dispersive  X-ray  spectroscopy  (EDS),  profilometry  and  Vickers  microhardness
measurements  were  employed  for  the  characterization  of  the coating.  The  higher  amount  of  Zn  in the
substrate  promoted  the formation  of porous  coating.  The  outer  regions  of  all  coatings  were  loose  and
weak,  while  the  inner  regions  were  relatively  denser  and harder.  The  features  on  the  coating  surface
became  coarser  with  the  increase  of Zn  content  in the  alloys,  which  resulted  in  the increase  of surface
eramic coating
l–Zn alloys
lumina

roughness  from  9.3  �m  to 12.5  �m. The  coating  thickness  increased  from  80  �m to 120  �m  with  the
increase  of  Zn  content  in the  substrates.  Mullite  and  �-Al2O3 phases  were  formed  on  all  coatings  and
�-Al2O3 phase  was  also  formed  on  coated  pure  Al and  Al–Zn  alloys  with  1–10  wt.%  Zn.  Increasing  amount
of  Zn  in  the Al–Zn  alloys  suppressed  �-Al2O3 formation  and  reduced  the  microhardness  of  the  coatings.
The  Zn  concentration  was  constant  throughout  the  coating  for the  alloys  with  lower amount  of Zn,  though

m  in
it decreased  gradually  fro

. Introduction

Aluminum alloys containing Zn as one of major alloying ele-
ents (7000 series) are mostly preferred in aerospace, automotive

nd textile industries for their attractive mechanical properties
uch as high strength/weight ratio, high toughness and very high
uctility. Addition of Zn into these alloys improves castability,
echanical properties and helps to overcome hot tearing [1–4].
owever, the addition of Zn element deteriorates the atmospheric
orrosion resistance of the 7000 series Al alloys and so this limits
he usage of these alloys [5].

Therefore a suitable coating is needed to improve the corrosion
esistance of the 7000 alloys. Anodizing is an important surface
odification technique applied extensively to Al based alloys to

mprove their surface properties. However, this method is harm-
ul to the environment due to the acidic electrolytes. Furthermore,
oatings obtained using anodizing are relatively thinner and have
ow hardness, thus it does not meet the needed requirements [6–8].
or that reason, a novel method called microarc oxidation (MAO)

lso known as plasma electrolytic oxidation (PEO) is applied to
cquire hard oxide coatings on aluminum and its alloys because of

∗ Corresponding author. Tel.: +90 262 605 26 64; fax: +90 262 653 84 90.
E-mail address: gencer@gyte.edu.tr (Y. Gencer).

925-8388/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
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terface  to surface  for  the  alloys  containing  higher  amount  of  Zn.
© 2012 Elsevier B.V. All rights reserved.

its unique properties such as excellent adhesion to the substrate,
high thickness, hardness, corrosion and wear resistance [6,7,9–11].

There are several parameters affecting MAO  coating properties
such as, composition of the substrate and electrolyte, process time
and temperature, applied voltage and current density [7,9–12]. The
studies on the MAO  coating process and characterization of Al and
its alloys concentrated mostly on the effects of electrical param-
eters, electrolyte chemical composition and process time on the
coating properties [7,11–13]. The effect of chemical composition
of the substrate, which is also an important process parameter,
was studied indirectly in some limited research by choosing dif-
ferent commercial aluminum alloys as substrates with different
chemical compositions. Due to the fact that the commercial alloys
contain other alloying elements, it is not easy to reveal the indi-
vidual effect of a certain alloying element. For example, the MAO
behavior of 2214-T6 and 7050 Al alloys was studied [14,15].  The
substrate materials consisted of different amounts of Zn, Mg and
Cu. It was reported that, the growth of �-Al2O3 was inhibited on
7050 compared to 2214-T6 and this was attributed to the amount
of Zn in the alloys. However, it is not easy to conclude this, because
not only Zn amount but also Mg  and Cu amounts change in both
alloys [15].
The effect of Si, Mg,  Cu, Li, Fe in commercial alloys was investi-
gated in another study and it was  found that high Si content had
an adverse effect on wear resistance of MAO  coating [10,14,16,17].
However, it was  also reported that Si had a negative and Li had a

dx.doi.org/10.1016/j.jallcom.2012.02.094
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
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ositive effect on MAO  coating formation kinetics. As one of the
ther alloying element used in Al alloys, Mg  has no effect on the
oating thickness, yet it slightly decreases the surface roughness
17]. Individual effect of alloying element additions on MAO  coat-
ng of commercial Al alloys with different content was  not clear
ue to the effect of other alloying elements existing in the alloys
10,18–20].  To our knowledge, only the specific effect of Mg  as an
lloying element on MAO  coating properties on Al alloys was  stud-
ed in a limited composition range. It was reported that �-Al2O3
ormation was inhibited when the amount of Mg  is higher than

 wt.% [14]. A recent comprehensive study on the influence of Mg
n MAO  behavior of aluminum showed that �-Al2O3 formation
as inhibited and mullite formation was reduced while the coating

hickness increased with increasing amount of Mg in the substrate
21].

Zinc is the major alloying element for Al 7000 series alloys,
herefore it is important to investigate its specific effect on MAO
oating of Al–Zn binary alloys. Although there are several studies
n 7000 series Al alloys, the effect of Zn on MAO  coating proper-
ies is not clear [14,15,22–24]. In this study it is aimed to reveal
he specific effect of Zn on MAO  coating properties of Al–Zn binary
lloys.

For the purpose, synthetic Al–Zn binary alloys were prepared
nder a vacuum/atmosphere controlled furnace with addition of
, 4, 8, 10, 15 and 33 wt.% pure Zn into pure aluminum and the
ubstrates characterized. Then, the surfaces of the Al–Zn alloys
ogether with pure aluminum were coated for 120 min  under the
ame electrolyte bath and electrical conditions using MAO  sys-
em. The coatings were characterized by XRD, scanning electron

icroscope (SEM)–energy-dispersive X-ray spectroscopy (EDS),
nd profilometry and microhardness measurements.

. Experimental

Pure aluminum (99.9%) and pure zinc (99.99%), obtained from Alfa Easer,
ere used to prepare synthetic Al–Zn binary alloys with 1, 4, 8, 10, 15 and

3  wt.% Zn and these alloys assigned as Al–1Zn, Al–4Zn, Al–8Zn, Al–10Zn,
l–15Zn and Al–33Zn, respectively. The Al–Zn alloys ingots with the dimensions
f  80 mm × 50 mm × 25 mm were prepared by melting and casting in a vac-
um/argon gas atmosphere controlled furnace. The ingots were sliced to obtain
0  mm × 25 mm × 5 mm Al–Zn alloy substrates for MAO  coating. The surface of
he specimens were ground using 80–1200 grit emery papers and polished using
–1 �m diamond paste. After grinding and polishing, the substrate samples were
leaned in an ultrasonic bath of ethanol for 5 min. Pure aluminum samples with the
ame dimensions were also prepared similarly for comparison purpose. Veeco Dek-
ak  8 profilometer was  used to determine the surface roughness of the uncoated
l–Zn substrates. The area of 5 mm × 5 mm was scanned (20 scans) on each
ample.

An  electrolyte was  prepared by dissolving 12 g/l Na2SiO3 and 2 g/l KOH in 300 l
istilled water. The process was carried out by means of a homemade MAO  coat-

ng unit with an asymmetric AC power supply. The current density was maintained
pproximately 0.25 A/cm2 for each sample. The electrolyte was mixed by pressur-
zed  air continuously to keep the electrolyte homogenous and its temperature was
ept  at 20 ◦C by circulating cold water around the electrolyte cell during the MAO
rocess. All specimens were MAO  coated for the duration of 120 min using the same
rocess parameters. The MAO coated samples were ultrasonically cleaned in deion-

zed water to remove possible electrolyte residues on the coating and dried under
ow of warm air.

Bruker D8 advanced X-ray diffractometer with a Cu K� radiation, over a 2� range
rom 10◦ to 90◦ , was  employed for the phase characterization of coating obtained on
l–Zn binary alloys and pure Al samples. Further XRD scans of the MAO coatings of
ure  Al, Al–4Zn and Al–33Zn alloys were carried out after removing approximately
alf the coating thickness by conventional grinding.

The surface roughness of the coated samples was  measured by means of the
ame Profilometer by scanning the same region and parameters used for the bare
ubstrates. The surfaces of coated samples were examined with FEI/Philips XL30
EG ESEM scanning electron microscope after gold coating. Then the samples were
ut  into two equal pieces, mounted into epoxy resin, ground and polished to expose

he cross-section of the coating. Anton Paar MHT-10 microhardness tester attached
o  a Zeiss optic microscope was used for Vickers indent formation from substrate
o the surface of the coating with the applied loads of 50 g for 10 s. Furthermore,

icrostructural examination and determination of the chemical composition of the
AO  coated samples were carried out by cross-sectional SEM with EDS analysis.
Fig. 1. XRD patterns from surface of MAO  coatings: (a) Al–1Zn, Al–8Zn, Al–10Zn,
Al–15Zn, (b) pure Al, Al–4Zn, Al–33Zn and (c) surface of ground coatings of pure Al,
Al–4Zn, Al–33Zn.

The samples exposing the cross-section of the coating were gold coated before the
SEM analysis.

3. Results
The XRD patterns from the surface of MAO  coatings of pure Al
and Al–Zn (1, 4, 8, 10, 15, 33 wt.% Zn) and from surface of the coat-
ing after removing around half the coating thickness were given
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Fig. 2. The surface and cross-sectional SEM micrographs of the MAO  coated pure Al and Al–Zn alloys; the surface: (a) pure Al, (b) Al–1Zn, (c) Al–4Zn, (d) Al–8Zn, (e) Al–10Zn,
(f)  Al–15Zn and (g) Al–33Zn, the cross-sectional: (h) pure Al, (i) Al–1Zn, (j) Al–4Zn, (k) Al–8Zn, (l) Al–10Zn, (m) Al–15Zn, (n) Al–33Zn and higher magnification of the regions
close  to coating/substrate: (o) Fig 2a, (p) Fig. 2c, (r) Fig. 2n.
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Fig. 3. The cross-sectional micrograph with a typical SEM–EDS analysis results: (a)
62 Y. Gencer, A.E. Gulec / Journal of Allo

n Fig. 1a, b and c, respectively. The surface XRD results show that
ll coatings consist of mullite (Al6Si2O13) and �-Al2O3 phases. In
ddition to these oxide phases the presence of Al originated from
he substrate was also evident in XRD pattern for the coatings on
l–Zn alloys up to 15 wt.% Zn containing alloys. The formation of �-
l2O3 was also evident for the coatings on Al, Al–1Zn and Al–4Zn on
urface XRD patterns (Fig. 1a,b). XRD scans from ground surface of
AO  coatings further confirm the presence of �-Al2O3 with higher

mount in the inner region of the coatings of pure Al and Al–4Zn
hile the absence of �-Al2O3 for the coating of Al–33Zn (Fig. 1c).

t should be noted that there are two unidentified peaks with low
ntensities on XRD pattern of Al–4Zn coating after removing half
f the coating layer. Both of the XRD scans from outer surface and
nner regions revealed that the intensity of mullite phase decreases

ith the increasing amount of Zn in the substrate.
The surface SEM images of MAO  coated pure Al and Al–Zn alloys

re illustrated in Fig. 2a–g. The surface of MAO  coated pure alu-
inum is composed of various sized spherical shaped porous and

ollow hemisphere features and the smaller sized spherical fea-
ures are dominant as shown in Fig. 2a. Some regions of the coating
urface have a relatively glassy appearance with some cracks and
orosities. A similar appearance with relatively higher amount of
lassy regions is evident on the surface of coatings of Al–Zn alloys
ith 1, 4, 8, 10 wt.% Zn (Fig. 2b–e). The coatings on the Al–15Zn and

he Al–33Zn have relatively rougher surfaces with higher amount
f sponge-like spherical/hemispherical features. Also similar cracks
re noticeable on the surface of all Al–Zn alloys as in the case of
he coating on pure Al. Fig. 2h–r illustrates the cross-sectional SEM
mages of coated pure Al and 1, 4, 8, 10, 15 and 33 wt.% Zn alloys.
hese images showed that adhesion between substrates and coat-
ngs is very well. The interface between the oxide coatings and the
ubstrates are wavy in nature. Outer regions of the coating were
oose and porous while inner regions seemed dense. It was  seen
hat the number of these pores was in tendency of increase with
ncreasing Zn content in the substrate material. Precipitates were
bserved in the regions near coating–substrate interface. The pre-
ipitates were seen as bands for the alloys containing Zn up to 4 wt.%
Fig. 2a–j). However, with the increase of Zn element in substrate

aterial, these precipitates tended to disappear. There were rela-
ively very few precipitates in the coating of Al–8Zn and Al–10Zn
Fig. 2k and l). It was not possible to observe these precipitates in the
oatings of Al–Zn alloys with Zn content more than 10 wt.% (Fig. 2m
nd n). The further cross-sectional SEM images taken with higher
agnification from the regions near coating–substrate interface of

ure Al (Fig. 2h), Al–4Zn (Fig. 2j) and Al–33Zn (Fig. 2n) were given in
ig. 2o, p and r, respectively. The irregular shaped precipitates are
ore clearly seen for the MAO  coatings of pure aluminum (Fig. 2o)

nd Al–4Zn (Fig. 2p), while the precipitates are much less in the
oatings of Al–4Zn and even completely disappeared on the MAO
oating of Al–33Zn (Fig. 2r).

The porosities in the outer loose regions are larger than in the
nner dense regions for all coatings and are not distributed evenly
n the outer loose region of the coatings. The size and number of
hese round shaped porosities in the coatings increase with amount
f zinc in the substrates even in the inner dense region of the
oatings. The cross-sectional SEM images show also that, there are
icrocracks in outer regions of coatings (Fig. 2h–n).
SEM–EDS analysis results of the coating on pure Al and Al–33Zn

ere illustrated in Fig. 3. Typical SEM–EDS results show that the
uter region of the coating is rich in silicon. Although Si was  not
etected in the dense region of coating and substrate, its relative
mount starts to increase from the dense region toward the surface

f coating for the coating of pure Al and Al–33Zn (Fig. 3a and b).
he presence of the oxygen is almost constant from interface to
he surface of the coating (Fig. 3a and b). The relative amount of
l is approximately constant in the substrate, sharply decreases in
line  SEM–EDS analysis of pure Al, (b) line SEM–EDS analysis of Al–33Zn alloy, (c)
spot SEM–EDS analysis of precipitate marked in Fig. 2h.

the substrate/coating interface, more or less invariable in the inner
dense region and slightly decreases in the outer loose region of the
coating on pure Al (Fig. 3a). K was also detected in the coatings
and its relative amount continuously increases from interface to
the outer surface of the coating (Fig. 3a). There are some variations
in the relative amount of Al and Zn in the substrate. The amount of
Zn in the dense region is relatively higher than the amount in loose
outer region (Fig. 3b). These SEM–EDS results are typical for the
coatings of other Al–Zn alloys. Furthermore, Fig. 3c illustrates the
spot SEM–EDS analysis of precipitates marked as “Alpha-Al2O3”
in Fig. 2h. This spectrum reveals that these precipitates are pure

aluminum oxide as they contain only aluminum and oxygen.

Fig. 4 illustrates surface roughness (Ra) of the coated samples
change with the amount of Zn in Al–Zn substrates while the surface
roughness of the uncoated samples was  approximately 0.25 �m.
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ig. 4. The change in MAO  coating thickness and surface roughness (Ra) with Zn
ontent in Al–Zn alloys.

he average surface roughness value of the coating is 9.3 �m for
ure Al and it increases with Zn content in the substrates up to
2.5 �m.  Although there is a scattering for the surface roughness
alues, the increase is approximately linear with Zn content in the
ubstrates.

Fig. 4 also illustrates the average thickness values determined
rom cross-sectional views of the SEM micrographs. It can be seen
hat coating thickness values increase with Zn content. The increase
s not very significant for the coatings formed on Al–Zn alloys con-
aining 15 wt.% Zn but it increases considerably for the coatings
ormed on Al–Zn alloys containing 33 wt.% Zn. The lowest thickness
alue was attained on Al–1Zn and the highest thickness value was
ttained on Al–33Zn with the average thickness values of 80 �m
nd 120 �m,  respectively. It should be noted that the scattering in
he thickness values are really high.

The typical microhardness profiles obtained from the measured
icrohardness values of Vickers indents for the coatings are illus-

rated in Fig. 5. The figure reveals that the maximum hardness
alues were measured at the region close to substrates (10–15 �m
o the interface) with a highest value of 1855 HV for the coating

f pure Al and the hardness values decrease with distance from
ubstrate–coatings interface for all coatings. The addition of Zn
o the substrate results in lower microhardness values obtained
rom the inner region of the coatings close to coating/substrate

ig. 5. The microhardness profiles from the substrate/coating interface to the sur-
ace of MAO  coatings for pure Al and Al–Zn alloys.
 Compounds 525 (2012) 159– 165 163

interface. The obtained hardness values from the outer region of
the coatings were not consistent and consequently they were dis-
regarded due to the presence of many porosities and cracks in those
regions.

4. Discussion

The cross-sectional SEM examination results showed that the
Al–Zn alloys coated by MAO  consisted of two main regions: (I)
Loose, porous, weak outer region and (II) relatively denser, harder
inner region.

According to the SEM–EDS analysis, it was thought that the
source of the detected Si and K elements in the outer loose region
was Na2SiO3 and KOH, which were used in electrolyte. The high
Si concentration in the outer region promoted the mullite phase
formation which was determined by XRD. Since the electrolyte
penetrates and accumulates in the plasma channels, a reaction
occurred and continued among Al, O and Si due to local high
temperature and pressure provided by sparks. The formation of
the mullite in the coating was  a result of this reaction. As the
plasma channels and open pores become larger, accumulation
and reaction of the electrolyte in the plasma channels increased
and therefore promoted the mullite phase formation in the outer
region. In addition to mullite phase formation in the coatings,
the formation of �-Al2O3 was  detected by XRD analysis. Further-
more, the XRD results (Fig. 1) from the outer surface of coatings
and from the surface of ground coatings confirmed the existence
of �-Al2O3 phase in coatings of pure Al and Al–Zn (1–4 wt.%
Zn) alloys. This result is in agreement with the other studies in
which the dense region, close to coating/substrate interface of
the MAO  coatings on aluminum alloys, contains �-Al2O3 phase
[11,14,18,19,25].

The formation of �-Al2O3 phase in both outer and inner regions
was usually reported, but the existence of this phase was  more
dominant in inner region. The transformation to metastable �-
Al2O3 was  attributed to the rapid solidification of formed AlxOy

phase. Since, the surface of the coatings is continuously cooled
by the cold electrolyte, �-Al2O3 phase was also observed in outer
region along with mullite phase [10].

The inner dense region of the coating has less porosity and
band like or individual precipitates formed depending on Zn con-
centration in the substrates. SEM–EDS results revealed that these
precipitates are pure aluminum oxide. As reported in the literature,
the precipitates in the dense region close to coating/substrate inter-
face in the form of band or just individual precipitates are �-Al2O3
phase [14]. Especially, the increase of intensities of �-Al2O3 phase
peaks from surface XRD results (Fig. 1b) to ground coatings XRD
results (Fig. 1c) further confirms that those precipitates were �-
Al2O3. This was supported by microhardness measurements in this
study as well. The region containing a band of irregularly grown
precipitates has higher microhardness values of approximately
1855 HV (Fig. 5) for coated pure Al. Although the microhardness
value of fully dense �-Al2O3 is comparably higher than this value,
lower microhardness values of the coatings may  be arisen from
microstructural defects existing in the coating such as pores and
microcraks.

It should also be noted that although the XRD pattern showed
the presence of �-Al2O3 phase for the substrates that contain 4 wt.%
Zn and less (Fig. 1), its occurrence was  also evident for coatings
with higher Zn content (Al–8Zn and Al–10Zn) as can be seen in the
cross-sectional SEM micrograph (Fig. 2k–l.). The region containing
a small amount of �-Al2O3 precipitates has lower microhardness

values of approximately 920 HV for Al–10Zn (Fig. 5). Absence of
�-Al2O3 phase peak in the XRD result of Al–8Zn and Al–10Zn is
attributable to the high thickness of the coatings and the very low
amount of the phase in the coatings.
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�-Al2O3 phase, in the form of precipitates in the dense region
f the MAO  coating, is more stable than �-Al2O3 as metastable �-
l2O3 phase can transform to �-Al2O3 at temperatures higher than
273 K [26]. Owing to the low thermal conduction of oxide based
eramic coating, as reported in the previous studies, the thicker
AO  coating result in �-Al2O3 phase in the inner regions trans-

orm to �-Al2O3 due to slow cooling [14,26,27].  In contrast to the
ndings of the reported studies, the coating thickness increase did
ot promote the �-Al2O3 formation in this study. Since the thick-
ess of the coating increased by the amount of Zn in the Al–Zn
lloys (Fig. 4), the �-Al2O3 formation was not promoted; even its
ormation was suppressed (Fig. 1). MAO  coated pure Al and low
n containing Al–Zn alloys (Fig. 2h–j) exhibited �-Al2O3 phase yet,
ts existence diminished with the Zn amount (Fig. 2k–l) and dis-
ppeared with higher amount of Zn though the coating thickness
ncreases with Zn amount in the substrates. The complete disap-
earance of �-Al2O3 was also confirmed by XRD results obtained
fter removal of half of the coating on Al–33Zn (Fig. 1c). This finding
s in agreement with the study of commercial Al alloys contain-
ng different amount of Zn [15]. It was found that �-Al2O3 phase

as suppressed with amount of Zn in the alloy. However, the
resence of other alloying elements prevented to understand the

ndividual effect of Zn due to their effects on the process [15].
herefore, it should be noted that it is not easy to claim that the
oating thickness and consequently the cooling rate is not the
nly controlling parameter of transformation from �-Al2O3 to �-
l2O3.

Although increasing amount of Zn in substrate material resulted
n more Zn penetration to the coating (Fig. 3b), there wasn’t any
n-containing phase even on the coatings of Al–Zn alloys with high
n content. This was most probably because Zn containing phases
ere not stable and partially dissolved from coating and transferred

o the electrolyte during subsequent microarc formation.
The absence of Zn containing phase might also be attributed

o existence of Zn in solid solution in the formed oxide phases.
his distributed Zn in the coating resulted in suppression of the
ormation of �-Al2O3 in the coatings. This phenomenon may  be
ttributable to the trace amount of Zn in the alumina matrix of
he coating. The higher ionic radius of Zn+2 than that of Al+3 and
ifferent valance value distorted and disturbed the lattice and
lectronic structure of alumina. Therefore, Zn amount in Al–Zn
ubstrate and consequently the trace amount of Zn in the coating
ight have suppressed transformation from �-Al2O3 to �-Al2O3.

n addition to the suppression of �-Al2O3 formation, the over-
ll microhardness values of the coatings were declined with the
ncreasing amount of Zn in substrate and consequently in the coat-
ngs.

The thickness gain may  be attributed to porosity formation
ue to very high evaporation rates of Zn in the coating with high
ontent of Zn in the substrate for the same amount of oxidized
aterial. Furthermore, Zn content also decreased the melting tem-

erature of Al–O mixture. This contributed to the formation of
lassy Al–Zn–Si–O mixture, which accumulated on the surface
uch easier. Therefore, the Zn content in the substrate increased

he thickness of coating. The increased amount of Zn content in
l–Zn substrate also raised the coating roughness (Fig. 4) because

he micro-sparks intensified with the increasing coating thickness
nd made surface much more rougher [19]. The coating thickness
lightly changed in compositions between pure Al and 15 wt.% Zn.
owever, there was a remarkable increment in the coating thick-
ess of 33 wt.% Zn containing substrate. It was seen that increasing
n content in substrate material resulted in rougher coatings. Inner

egions of the coatings included finer pores whereas outer regions
ncluded coarser ones.

The formation of cracks on the surface of MAO  coated samples is
ttributed to low thermal shock resistance of oxide based ceramic

[

[
[
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coating by rapid cooling and high pressure created by sequential
material transfer through plasma channels. The crack formation
was less evident because of the high amount of sponge like features
created on the coating of Al–Zn alloys with high content of Zn
(Al–15Zn and Al–33Zn).

5. Conclusions

In this study, binary Al–Zn alloys and pure Al were coated by
MAO  for 120 min. These results were acquired:

1. Well-adhered coatings on the substrates consisted of two main
regions: (I) dense inner region, (II) porous and loose outer region.
Zn addition increased the porosity level in the coatings.

2. The increase in amount of Zn in Al resulted in a rougher surface.
3. Mullite and �-Al2O3 phases existed on all coatings; �-Al2O3

phase was also formed on coated pure Al and Al–Zn alloys with
1–10 wt.% Zn.

4. The �-Al2O3 phase was observed mainly in inner region of coat-
ing as band of precipitates for low content Zn, these precipitates
decrease with increase of Zn and completely disappear with
33 wt.% Zn.

5. Although the coating thickness increased with Zn addition, the
formation �-Al2O3 was  suppressed and consequently hardness
value of the coatings decreased.

6. The Zn concentration was constant throughout the coating for
the alloys with lower amount of Zn though it decreased gradually
from interface to surface for the alloys containing higher amount
of Zn.
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