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Abstract: The electrochemical activity, as well as the peculiarities of corrosion
process on the surface of the 1579 aluminium alloy with welded joint area, were
investigated using Scanning Vibrating Electrode Technique (SVET) and Scanning
Ion-Selective Electrode Technique (SIET) in 3% NaCl. It was established that
corrosion evolution occurred along the weld interface. Methods of anticorrosion
protection based on plasma electrolytic oxidation (PEO) were suggested in this work.
Electrochemical behaviour on the microscale level of aluminium alloy with and
without protective layers was described. Composite polymer-containing coatings
provide the Al alloy with the best anticorrosion protection and improve the corrosion
resistance of the material in the aggressive chloride-containing environment.
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INTRODUCTION
In the recent times, Al alloys are widely used in various areas of science and
technology. Al alloys are popular material to be applied in such fields as automobile,
aerospace and marine construction. At the same time, the presence of the intermetallic
particles and phases with different electrode potential in the aluminium alloys makes
such materials highly susceptible to localized corrosion, especially in the marine
environment (1–3).
For the industrial implementation of aluminium alloys, it is necessary to protect these
materials against corrosion. There are different ways to generate a protective and
anticorrosion layer on the Al alloy surface and plasma electrolytic oxidation (PEO)
method is one of the most challenging one (4–13).
Recently, to increase the corrosion resistance of the PEO-coating the method of
composite
polymer-containing
layer
formation
via
superdispersed
polytetrafluoroethylene (SPTFE) treatment was proposed (14,15). SPTFE treatment
can be used to increase the Al alloy anticorrosion protection. The use of SPTFE
makes a reliable barrier by means of PEO pores sealing and therefore the ions
penetration to the surface of the substrate reduce (14,15).
The way of anticorrosion layer generation on the 1579 Al alloy surface was proposed
in this work. The polymer treated PEO-layer provides the Al alloy with high
anticorrosion protection. The anticorrosion and electrochemical behaviour of the
formed coatings were examined.
In accordance with previous works (4,16–19), the modern informative methods to
study the local features of the corrosion include scanning electrochemical techniques
2-1

(11,20–26), such as Scanning Ion-Selective Electrode Technique (SIET) and Scanning
Vibrating Electrode Technique (SVET).
The study of the corrosion on the 1579 aluminium alloy surface with welded joint
area by means of localized methods is presented. The formation and study of
composite PEO-coating on the sample surface, which improves protective properties
of the material, have been provided as well.
MATERIALS AND METHODS
Samples
The 1579 Al alloy (including the welded joint) (6.701 wt. % Mg; 0.639 wt. % Zn;
0.138 wt. % Cu; 0.548 wt. % Mn; 0.150 wt. % Fe; 0.126 wt. % Zr; 0.107 wt. % Sc;
0.116 wt. % Cr; 0.095 wt. % Ni; 0.021 wt. % Ti; balance – Al) was a specimen for
study.
The PEO-layer was obtained on the Al alloy surface at 0.5 A/cm2. The electrolyte for
PEO consists of NaF and C4H4O6K2∙0.5H2O, 0.3 g/l and 15 g/l, respectively. The
oxidation time was about 160 s. The PEO-layer thickness was 11 µm.
To improve the anticorrosion behaviour of PEO-coating the subsequent treatment of
the surface using Forum® SPTFE was made. The procedure of polymer-containing
layer generation, proposed in this work, was presented in our works (14,15). 20 wt. %
SPTFE suspension in the ethanol was used. The period of sample immersion in the
suspension was 25-35 s. Then the material was dried at 26 °C for 1 hour. The time
and temperature of sample treatment with the polymer after immersion were 30
minutes and 320 °C, correspondingly.
Electrochemical Measurements
The corrosion process development on the welded joint surface of the Al alloy as well
as the anticorrosion properties upgrade after generation of the composite coating were
studied using SVET – SIET equipment (Applicable Electronics, USA).
The typical SVET probe made from Pt–Ir insulated wire covered with a Pt black was
used. The distance between the surface of the investigated material and SVET probe
was 100 μm. The SVET probe amplitude of vibration was about 17 μm. The SIET pH
electrode was used in this work. The SIET microelectrode membrane was defined
previously (22). The pH electrode was backfilled with 0.01 M KH2PO4 in 0.1 M KCl.
The distance between the SIET pH electrode and specimen surface was 40 μm.
Specimens were tested in 3% NaCl solution under open circuit potential.
RESULTS AND DISCUSSION
Figure 1 shows the optical image of the studied welded joint zone before SVET-SIET
tests. This investigated zone is framed (Fig. 1). After 0.5 hours of the specimen
immersion, the corrosion process started. The anodic area on the welded joint zone
was generated. Hydrolysis of the Al alloy sample reduced pH in the anodic area. This
reaction acidifies the solution and increases the corrosion of the material (26).
Corrosion process development from the edge of the studied zone to the bulk layers of
the weld interface was detected by SVET and SIET during the sample immersion
from 1.5 to 9 hours (Fig. 2(a)). Intensive corrosion processes occurred at the weld
interface in accordance with the SVET-SIET data. The reason for a high
2-2

electrochemical activity of the welded joint is connected with microdefects in the
morphological structure. Therefore, in the welded joint zone, there are areas with
different potential, which lead to the development of the corrosion process.

Figure 1. The optical image of the Al alloy specimen with welded joint zone before
SVET-SIET measurements. The weld interface is limited by dashed line.
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Figure 2. 3D distribution of the current density (a) and pH (b) on the surface of the Al
alloy (including welded joint zone) after specimen immersion for 9 hours in 3% NaCl.
It was established that welded joint zone under the influence of chloride environment,
increased the corrosion destruction of the investigated specimen. Thereby, it is
necessary to make an anticorrosion protection of Al alloy.
Rapid corrosion was detected by SVET-SIET methods in the bulk layers of the
welded joint area after sample immersion in the chloride-containing medium for 9
hours (Fig. 2(a) and 2(b)). In the anodic zone, the current density maximum reached
170 μA/cm2. The pH in this zone reduced down to 5.6 (Fig. 2(b)). Analysis of the
SVET-SIET data indicates that welded joint zone of 1579 Al alloy was the area where
the high corrosion passed.
The optical image of the studied surface after SPTFE treatment of the PEO-layer is
presented in the Fig.3. The studied area is framed. It was established that corrosion
activity of the polymer treated specimen did not change during the experimental time.
Therefore, SVET-SIET data presented after 500 hours of specimen exposure to 3%
NaCl solution. The SVET-SIET methods detected small electrochemical changes on
the surface of the specimen (Fig. 4). The welded joint area became a cathodic one
after polymer-containing layer generation.

2-4

Figure 3. The optical image of the Al alloy specimen with welded joint zone after 500
hours of the material exposure. The weld interface is indicated by dashed line.
Analysis of the SVET-SIET data reveals the different electrochemical processes
passing on the specimen surface. Microdefects in the welded joint zone are the reason
for the corrosion activity evolution, which was established by SVET-SIET methods.
After composite coating generation, these microdefects were covered, and therefore,
the weld interface turns into cathodic zone (Fig. 4). The low anodic activity (the
current density equalled to 3 μA/cm2) was registered on the specimen surface (Fig.
4(a)).
Unopened pores in the formed surface layers, which is a specificity of PEO-coatings
(14–16,27–30), caused the presence of the low anodic activity on the surface of the
material. The current density gradient after formation of the composite layer
decreased from 180 μA/cm2 (9 hours) (Fig. 2(a)) down to 11 μA/cm2 (500 hours) (Fig.
4(a)). The weld interface was also detected by SIET as a cathodic zone (Fig. 4(b)).
The reaction of oxygen reduction is a reason for a high pH in the cathodic zone (26).
The pH level in cathodic and anodic areas moved to alkaline values after composite
layer formation (8.2 and 8.1 for the composite coating (Fig. 4(b)), 6.2 and 5.6 for the
bare material (Fig. 2(b)). This effect is connected with inhibition of the corrosion
process by means of the composite coating, thus revealing the high anticorrosion
properties of the polymer treated material.
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Figure 4. 3D distribution of the current density (a) and pH (b) on the surface of the Al
alloy (including welded joint zone) after specimen immersion for 500 hours in 3%
NaCl.
This result showed that PEO and polymer treatment provides a significant protection
of the Al alloy specimen against the corrosive influence. Such layers inhibit the
corrosion process on the studied sample surface. The weld interface turned into
cathodic area, and the corrosion stability of the material improved.
CONCLUSION
Specificity of the 1579 Al alloy corrosion was studied. Corrosion process passing
along the weld interface was detected by SVET-SIET techniques. Microdefects in the
material structure of the welded joint area are the reason for its high electrochemical
activity.
The composite coating decreases the corrosion degradation of the sample. Values of
the current density gradient for the Al alloy specimen reduced from 180 μA/cm2 down
to 11 μA/cm2 due to PEO and SPTFE protection. Such methods make it possible to
upgrade the anticorrosion properties of the 1579 Al alloy (including welded joint area)
in accordance with the SVET-SIET results.
ACKNOWLEDGEMENTS
This work was supported by the Russian Science Foundation (project no. 14-3300009).

2-6

REFERENCES
1. Moreto J A, Marino C E B, Bose Filho W W, Rocha L A, Fernandes J C S: 'SVET,
SKP and EIS study of the corrosion behaviour of high strength Al and Al-Li alloys
used in aircraft fabrication'. Corrosion Science 2014 84 30–41.
2. Grilli R, Baker M A, Castle J E, Dunn B, Watts J F: 'Localized corrosion of a 2219
aluminium alloy exposed to a 3.5% NaCl solution'. Corrosion Science 2010 52 2855–
66.
3. Jinlong L, Hongyun L, Tongxiang L: 'Investigation of microstructure and corrosion
behavior of burnished aluminum alloy by TEM, EWF, XPS and EIS techniques'.
Materials Research Bulletin 2016 83 148–54.
4. Gnedenkov A S, Sinebryukhov S L, Mashtalyar D V, Gnedenkov S V: 'Features of
the magnesium alloys corrosion in the chloride-containing media'. Solid State
Phenomena 2014 213 143–8.
5. Němcová A, Skeldon P, Thompson G E, Morse S, Čížek J, Pacal B: 'Influence of
plasma electrolytic oxidation on fatigue performance of AZ61 magnesium alloy'.
Corrosion Science 2014 82 58–66.
6. Gnedenkov S V, Khrisanfova O A, Sinebryukhov S L, Puz A V, Gnedenkov A S:
'Composite protective coatings on nitinol surface'. Materials and Manufacturing
Processes 2008 23 879-83.
7. Sinebryukhov S L, Gnedenkov A S, Khrisanfova O A, Gnedenkov S V: 'Influence
of plasma electrolytic oxidation on mechanical characteristics of NiTi alloy'. Surface
Engineering 2009 25 565–9.
8. Gnedenkov S V, Sinebryukhov S L, Puz A V, Gnedenkov A S, Vyaliy I E,
Mashtalyar D V, Egorkin V S: 'Plasma electrolytic oxidation coatings on titanium
formed with microsecond current pulses'. Solid State Phenomena 2014 213 149–53.
9. Sun M, Yerokhin A, Bychkova M Y, Shtansky D V, Levashov E A, Matthews A:
'Self-healing plasma electrolytic oxidation coatings doped with benzotriazole loaded
halloysite nanotubes on AM50 magnesium alloy'. Corrosion Science 2016 111 753–
69.
10. Ivanou D K, Yasakau K A, Kallip S, Lisenkov A D, Starykevich M, Lamaka S V,
Ferreira M G S, Zheludkevich M L, Aparicio M: 'Active corrosion protection coating
for a ZE41 magnesium alloy created by combining PEO and sol–gel techniques'. RSC
Advances 2016 6 12553–60.
11. Mohedano M, Serdechnova M, Starykevich M, Karpushenkov S, Bouali A C,
Ferreira M G S, Zheludkevich M L: 'Active protective PEO coatings on AA2024:
Role of voltage on in-situ LDH growth'. Materials & Design 2017 120 36–46.
12. Gnedenkov S V, Khrisanfova O A, Zavidnaya A G, Sinebryukhov S L, Egorkin
V S, Nistratova M V, Yerokhin A, Matthews A: 'PEO coatings obtained on an Mg–Mn
type alloy under unipolar and bipolar modes in silicate-containing electrolytes'.
Surface and Coatings Technology 2010 204 2316–22.
13. Egorkin V S, Gnedenkov S V, Sinebryukhov S L, Vyaliy I E, Gnedenkov A S,
Chizhikov R G: 'Increasing thickness and protective properties of PEO-coatings on
aluminum alloy'. Surface and Coatings Technology 2018 334 29–42.
14. Gnedenkov S V, Sinebryukhov S L, Mashtalyar D V, Egorkin V S, Sidorova M V,
Gnedenkov A S: 'Composite polymer-containing protective coatings on magnesium
alloy MA8'. Corrosion Science 2014 85 52–9.
15. Gnedenkov S V, Sinebryukhov S L, Mashtalyar D V, Nadaraia K V, Gnedenkov
A S, Bouznik V M: 'Composite fluoropolymer coatings on the MA8 magnesium alloy
surface', Corrosion Science 2016 111 175–85.
2-7

16. Gnedenkov A S, Sinebryukhov S L, Mashtalyar D V, Gnedenkov S V: 'Localized
corrosion of the Mg alloys with inhibitor-containing coatings: SVET and SIET
studies'. Corrosion Science 2016 102 269–78.
17. Gnedenkov A S, Sinebryukhov S L, Mashtalyar D V, Gnedenkov S V: 'InhibitorContaining Composite Coatings on Mg Alloys: Corrosion Mechanism and SelfHealing Protection'. Solid State Phenomena 2016 245 89–96.
18. Gnedenkov A S, Sinebryukhov S L, Mashtalyar D V, Gnedenkov S V: 'Features of
the corrosion processes development at the magnesium alloys surface'. Surface and
Coatings Technology 2013 225 112–8.
19. Gnedenkov A S, Sinebryukhov S L, Mashtalyar D V, Gnedenkov S V: 'Microscale
morphology and properties of the PEO-coating surface'. Physics Procedia 2012 23
98–101.
20. Williams G, McMurray H N, Grace R: 'Inhibition of magnesium localised
corrosion in chloride containing electrolyte'. Electrochimica Acta 2010 55 7824–33.
21. Kirkland N T, Williams G, Birbilis N: 'Observations of the galvanostatic
dissolution of pure magnesium'. Corrosion Science 2012 65 5–9.
22. Alvarez-Pampliega A, Lamaka S V, Taryba M G, Madani M, Strycker J De,
Tourwé E, Ferreira M G S, Terryn H: 'Cut-edge corrosion study on painted aluminum
rich metallic coated steel by scanning vibrating electrode and micro-potentiometric
techniques'. Electrochimica Acta 2012 61 107–17.
23. Yan M, Gelling V J, Hinderliter B R, Battocchi D, Tallman D E, Bierwagen G P:
'SVET method for characterizing anti-corrosion performance of metal-rich coatings'.
Corrosion Science 2010 52 2636–42.
24. Falcón J M, Otubo L M, Aoki I V: 'Highly ordered mesoporous silica loaded with
dodecylamine for smart anticorrosion coatings'. Surface and Coatings Technology
2016 303 319–29.
25. Nazarov V A, Taryba M G, Zdrachek E A, Andronchyk K A, Egorov V V, Lamaka
S V: 'Sodium- and chloride-selective microelectrodes optimized for corrosion studies.
Journal of Electroanalytical Chemistry 2013 706 13–24.
26. Nardeli J V, Snihirova D V, Fugivara C S, Montemor M F, Pinto E R P,
Messaddecq Y, Benedetti A V: 'Localised corrosion assessement of crambe-oil-based
polyurethane coatings applied on the ASTM 1200 aluminum alloy'. Corrosion Science
2016 111 422–35.
27. Gnedenkov A S, Sinebryukhov S L, Mashtalyar D V, Gnedenkov S V: 'Protective
properties of inhibitor-containing composite coatings on a Mg alloy'. Corrosion
Science 2016 102 348–54.
28. Sinebryukhov S L, Gnedenkov A S, Mashtalyar D V, Gnedenkov S V: 'PEOcoating/substrate interface investigation by localised electrochemical impedance
spectroscopy'. Surface and Coatings Technology 2010 205 1697–701.
29. Gnedenkov S V, Sinebryukhov S L, Mashtalyar D V, Imshinetskiy I M,
Gnedenkov A S, Samokhin A V, Tsvetkov Y V: 'Protective composite coatings
obtained by plasma electrolytic oxidation on magnesium alloy MA8'. Vacuum 2015
120 107–14.
30. Gnedenkov S V, Khrisanfova O A, Zavidnaya A G, Sinebrukhov S L, Kovryanov
A N, Scorobogatova T M, Gordienko P S: 'Production of hard and heat-resistant
coatings on aluminium using a plasma micro-discharge'. Surface and Coatings
Technology 2000 123 24–8.

2-8

