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Abstract - Aluminium AA7075 material has found to have a widespread application in aerospace and automotive industry 
owing to its better mechanical properties. Localized Corrosion was found to have a major issue, occurring in AA7075 
material which limits its application in certain areas. Lot of research work is ongoing in enhancing the corrosion resistance of 
the material. Nano powder based Metal coating has been found to be more effective in reducing metal affinity towards 
corrosion and acts as a protective surface to the substrate against the corrosion. Collective studies related to different coating 
techniques performed on AA7075 is limited. Hence in this review paper, comparative studies related to ceramic Nano 
composites and polymer based coating on AA7075by Plasma Electrolytic Oxidation (PEO)and chemical synthesis process 
are discussed. Also the performance of coating are explained in-order to understand its effectiveness. Finally, the corrosion 
behavior of above coatings, fabricated on AA7075 material are studied using Potentio-dynamic polarization (PDP) 
techniques and the surface morphology of the material was studied through microscope and SEM analysis. 
 
Keywords - AA7075, Ceramic Nanometal Coating, Polymer Coating, PEO, Chemical Synthesis Method, PDP, Coating 
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I. INTRODUCTION 
 
The applications of AA7075 aluminum alloy as a 
structural materials in sectors like aircraft, 
automobiles, and spacecraft elements is increasing 
because of its desirable strength to weight 
characteristics. Structural weight reduction enhances 
the payload capacity of the aircraft as well as better 
fuel consumption which results in optimized 
performance of the spacecraft’s [1-3].But due to the 
presence of intermetallics in its microstructure which 
are formed during alloying process, they are highly 
susceptible to localized corrosion[4].  Hence to avoid 
metallic corrosion, various coatings are performed on 
AA7075 based on its application and work 
environment.  
Radiation protection and thermal control with desired 
absorptance and emittance values are the important 
properties that are required in the spacecraft 
components. In electronic house packages for thermal 
control applications, black corrosion resistant coating 
with the high emittance are the requirement for 
internal spacecraft components [5].Shrestha et al. [6] 
found better thermo-optical properties along with 
acceptable corrosion resistance on high strength 
aluminum alloys AA7075 & AA2219 with black 
PEO coatings.  
Also the European Space Agency (ESA) extensively 
studied the Gray black PEO coatings on aluminum 
alloys (AA2219 and AA7075Z) as thermal-control 
coatings for spacecraft material applications 
Conventionally, Chromate conversion based coatings 
are used widely to avoid corrosion. But chromate 
coatings have toxic hexavalent chromium and 
because of this, chromate-free coatings are 

increasingly preferred with better corrosion 
protection properties. Hence for corrosion protection 
coatings, polymers have been introduced in painting 
formulations. For better corrosion protection 
Polyaniline (PANI) has been reported as a coating, 
because of its redox properties Mirmohseni and 
Oladegaragoze [7] investigated PANI coatings on 
iron by chemically synthesized and deposited 
technique and their results revealed that the PANI 
coating promoted low porosity and enhanced 
corrosion protection due to the formation of an oxide 
passive layer on the substrate [8]. 
For valve metals (Al, Mg, Ti and Zr and its alloys) 
undergoing high wear and abrasion, Plasma 
electrolytic oxidation (PEO) considered to be widely 
used coating technologies [9–12]. 
From the above literature review, it is clearly seen 
that, various coatings were performed on AA7075 
through PEO and chemical synthesis techniques to 
enhance the corrosion resistance of the base metal. 
But very limited, comparative studies are available. 
Hence in this present review work, detailed 
comparison of polymer and ceramic based coatings 
performed on AA7075 was studied. 
 
II. POLYANILINE/POLYVINYL CHLORIDE 
BLENDED COATINGS PERFORMED ON 
AA7075 BY CHEMICAL SYNTHESIS 
METHOD. 
 
Rafael Marinho et.al [13] chemically synthesized 
blended Polyaniline and Polyvinyl chloride coatings 
for the corrosion protection of AA7075 aluminum 
alloyin 3.5% NaCl solution with(thicknesses 5 - 30 
μm) were used. In their investigation when examined 
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by electron microscopy, it is found that PVC 
predominated at the surface by forming well-defined 
structure, and constituted bulkmatrix. PANI at the 
substrate/coating interface formed agglomerates 
within the bulk and concentrated in a layer. 
 
Surface morphologies, cross-section analysis. 
PANI is used as a corrosion protection coating and 
the surface morphology represents presence of 
intrinsic pores or cracks in the coating. This affects 
the performance for long exposure times. Hence to 
avoid this and to improve the adhesion, structureand 
morphology modified PANI-based coatings are 
fabricated. PANI/PVC blends provided defect-free 
surface, as PVC acts as a second component that can 
fill out the structure which improves the physical 
barrier effect by decreasing the porosity and water 
uptake.The surface roughness of the coated specimen 
was analyzed by atomic force microscope (AFM) and 
the results are represented from figures 1 a-d.Figure 
1bdisplays Nano scale holes which that can evolve to 
pores. The morphology of the PANI/PVC 1/1 coating 
(Figure 1d) is similar to that of PVC, with deflections 
that are more pronounced and display a gravel like 
texture. 
 

 
Figure 1 a-d. AFM images of PANI, PVC, and PANI/PVC 

blend at several magnifications. 
 

Coating Performance: The corrosion protection for 
AA7075-T6 aluminum alloy is largely influenced by 
the roughness and thickness of the coating material. 
PANI has low water intake capability when the 
coating was smooth. On the other hand, coating with 
high thickness provides high roughness and reduces 
the corrosion protection behavior. Hence, more than 

the thickness, the performance was linked to the 
roughness and morphology of the coatings. The thick 
coatings have lower roughness values which also 
decreases the superficial area of electrolyte exposure. 
 
III. CERAMIC NANO COMPOSITE 
COATINGS TREATED AA7075 BY PLASMA 
ELECTROLYTIC OXIDATION (PEO) 
METHOD. 
 
Ceramic nanoparticles (α-Al2O3 and m-ZrO2) 
through plasma electrolytic oxidation method were 
fabricated on AA7075in silicate + KOH electrolyte. It 
is found that the hard α-Al2O3 incorporated coating 
shows improved corrosion resistance than m-ZrO2 
incorporated coating. This is due to the presence of 
hard α-Al2O3 in the coating structure with higher 
thickness. Henceforth, the corrosion resistance of the 
α-Al2O3 has improved.In- order to enhance the 
corrosion resistance, hydrophobic surfaces were made 
on PEO treated α-Al2O3 and m-ZrO2 coatedAA7075 
by stearic acid and myristic acid. 
Surface morphology study by SEM analysis: SEM 
microstructure reveals the closed pore morphology 
with leaf-shaped ridges formed on the surface of 
sample. However, pedal like features was observed in 
the surface SEM microstructure of stearic acid 
modified PEO treated sample AA-S as shown in fig 
2(a-b).  
 

 
Fig 2.b 

 
There is no discontinuity at the interface as the PEO-
coated samples show better adhesion to the substrate. 
Although PEO coatings show porous microstructure, 
there is no evident of thickness pores,this implies that 
the poresare present on the surface of the coatings are 
shallow and partially filled with coating materials and 
nanoparticles. The PEO treated samples thicknesses 
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ofA, AA and AZ are 20±1 μm, 26±1 μm and 24±1 
μm, respectively. 
3.1 Comparative analysis of Electro chemical 
study (Potentio-dynamic Polarization) results: 

 
Fig3. a. PANI/PVC PDP results 

 
Fig3. b.  PEO treated samples A, AA and AZ PDP results. 

 

 
Fig 3.c. PDP curves for samples AA, AA-S and AA-M in 3.5 

wt% NaCl 
 

 
Fig 3.d.PDP curves for samples AZ, AZ-S and AZ-M in 3.5 

wt% NaCl. 

From the Polarization measurements results, 
thecorrosion current densities Icorr for the 
PANI/PVC(fig 3.a)polymer coatingsexhibited lower 
value when compared to that of same material, which 
indicateslow susceptibilities to corrosion. The 
increased corrosion protection performance relative 
to comparable pure PANI coating of comparable 
thickness as proven by the electrochemical 
measurements. 
On the other hand, corrosion resistance of the 
nanoparticle incorporated PEO coatings significantly 
improved by the hydrophobic treatments.The sample 
A, PEO treated with KOH and silicate electrolyte 
solution, sample AA with PEO treated α-Al2O3 
nanoparticles and AZ, PEO treated m-ZrO2 
nanoparticles. Correspondingly AA-S and AA-M 
relates to stearic acid modified PEO treated α-Al2O3 
and AZ-S and AZ-M represents myristic acid 
modified PEO treated m-ZrO2 nanoparticles. 
The stearic acid modified PEO treated α-
Al2O3sample exhibited highest Ecorr and lowest icorr 
values(fig 3.d). Which provided sealed pore 
morphology and enhanced the corrosion resistance of 
the sample. Also, polymer based coatings has greater 
Ecorr value, which directly indicates the much high 
corrosion resistance of the material when compared 
with ceramic based coatings. 
 
IV. DISCUSSION 
 
Chemical synthesized PANI processed coatings has 
the presence of pores, that allows water uptake, this 
makes the coating structure undergoes expansion and 
relaxation and worsens the coating strength, if has 
long exposure times. Hence in this situation, 
relatively quickcorrosion process occurs and there is 
not appropriate time for PANI to support the 
formation of a passive and stable layer of metallic 
oxide.Electrochemical tests provenhigh resistance to 
water uptake, low susceptibility to corrosion,good 
performance,and low corrosion current densities over 
15 days of exposure to saline solution. Polymers 
possess good adhesion and has the advantage of easy 
processability characteristics.[15-18]. 
Comparatively in ceramic coating, due to the 
incorporation of nanoparticles into the coating,Grain 
level uniform distribution of coating material with the 
substrate is formed, increases the thickness, and 
consequently for the current higher discharge energy 
is required to pass through it. Because of the higher 
discharge energy, relatively bigger pores and thick 
pancake like features are created on its surface. It is 
to be noted that discharge pores generally help the 
oxygen evolution to escape its way through the 
coating and may help to form the stable growth of 
PEO coating without oxygen entrapment. The stearic 
acid modified Al2o3PEO coating showed excellent 
corrosion resistance.Stearic acid treatment seal the 
micro pores which are formed and hence the water 
droplet is not quickly penetrating the sample and 
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exhibits better corrosion resistance behavior.Two 
layer structures namely, outer porous layer and inner 
dense layer was exhibited byPEO coated samples 
[19].Better mechanical interlocking was provided by 
the outer porous layer which improves the adhesion 
of organic or polymeric topcoats. In contrast, using 
chemical synthesis approach large-scale production is 
made possible [20]. 
On comparing both the polymer and ceramic coating, 
their selection for corrosion protection depends on 
few factors, like operating temperature and service 
environments, for higher temperatures ceramic 
coatings are used. Polymer based coating are less in 
cost when compared with Nano sized ceramics and 
offers excellent corrosion protection as long as the 
coating was smooth and intact. But for applications 
involving wear, ceramic Nano particles withstand the 
environmental abrasion and provide protection to the 
substrate. 
 
V. CONCLUSION 
 
1. A detailed comparison between ceramic based 

Nano coatings and polymer based coating were 
made and their corrosion behaviors are studied. 

2. Electrochemical analyses showed that there is 
enhanced protection using blends when 
compared to pure PANI coatings with reduced 
porosity 

3. The blend showed a distribution of PVC and 
PANI domains that contributed to its better 
protection performance. 

4. The PEO treatment can be employed to fabricate 
thick ceramic coatings with highcorrosion 
resistance,higher hardness good thermal stability 
and with better wear resistance property. 

5. In ceramic coatings, the corrosion resistance of 
α-Al2O3 incorporated PEO coating is 
significantly improved by hydrophobic 
treatments. 
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