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with a plasma-based anodic coating
on aluminium 2024 alloy

Combining the Mako shark skin texture

Project Outline

WP1. Texture definition
WP2. Riblets production

WP3. PEO coating

Reduction of turbulence
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WP4. Corrosion testing
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Definition of the biomimetic texture EURCORR
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Biomimetic texture production on AA2024 alloy
Riblets have been produced by through-mask

electrochemical etching

g

(TMEMM)

Civil use UAV

Dielectric mask ink-jet printing

UV curing
Build-up of 10-20 layers

Electrochemical etching F s e
l4hsat2,5A/cm2

DC or pulsed DC

in 1,77 mol/L NaNO4
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PEO coating optimization: Methods and procedure EURCORR
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PEQ: Plasma ElecCtrolytic Oxidation Potentiostatic PEO in AC mode with 60-40-7 square waves
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Locidhginagioot o] 0% cathocic
- Ut 9 'qt T 0o 7% cathodic vs anodic peak
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@makoproject plasma discharges

Time [ms]

+ Definition of the electrical input

+ Effect of the electrolyte composition
« Sodium silicate (Na,SiOx)
« Sodium hydroxide (NaOH)
« Solution alkalinity

+ |dentification of the best recipes
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PEO coating optimization: Electrical input definition EURCORR
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Current density - Growthrate KC Process A: Short process (9°), thin coating D\
Step 1 120 sramp 300V, s
Applied potential Step 2 120 s ramp 310V,
Must allow sparking onset Step 3 180 s ramp + 120 s maintenance 340V
Current is proportional to him \_ P P )
( Process B: Long process (14’), thick coating )
______ Maintenance time Step 1 120's ramp 300V,
Maintenance allows coating growth
:{ Decreasing current during growth Step 2 120 s ramp 310 Vims

Larger sparks at longer times

Step 3 180 s ramp + 200 s maintenance 330V s
Step 4 100 sramp + 100 s maintenance 350 Vs
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PEO electrolyte optimization: Sodium silicate (Na,SiOs)

( A\
( Electrolyte ) ( KOH [mol/L] )(Na28i03 [g/L])(Glycerin [g/L] ) C Thickness (proc.B) )( R, (EIS)[Q - m?] )G”” [mA - m'2D
0.20K 0.20 - 10 20.43 um (= 11%) 3.7 62

0.20KS 0.20 10 10 43.15 um (= 11%) 18.5 7
\ 4
-0,2 15
14 + AA2024
03 4 13 + . -
’ 12 | Without sodium silicate
04 + T —With sodium silicate
07 Development of the porous layer
o 051 TO7
7 ¢ 8t . . )
. =71 Increase in coating thickness at
S Egl constant standard deviation
07 4 j: et
L1 et . | Corrosion resistance improvement
087 2 4 ,.-....w“' °
-0,9 f f f f f f } 1 “/.
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For conciseness, only results obtained on process B specimens are given. | 0 7
Electrochemical tests executed in 3.5% w/w NaCl after Th immersion.




PEO electrolyte optimization: Sodium hydroxide (NaOH)
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(Electrolyte) (oH- [mol/L]Y( ko [mol/L] NaOH [moI/LX\la2$|O3 [g/L] Y Glycerin[g/L] ) (" Thickness (B) )@ [ m2] o [mA - 2D
0.20KS 0.20 0.20 10 10 43.15 um (= 11%) 18.5 7
0.20 KNS 0.20 0.04 0.16 10 10 34.32um (£ 5%) 23.6 9
- J
-0,2 17
161 AA2024
03 1 / 15 + .
14 1 —Without NaOH
04 1 bl With NaOH
Slight decrease in coating thickness 1
at constant/lower standard deviation ~ a °°1 T T
2 ¢ 97
> 06+ T 8t
Larger R, value m E .
07 T 6 T
Higher slope of the anodic branch o1 e e
08 1 L] 3 o . .
09 ' ' ' . . . . 24 et
1E-02 1E-01 1E+00 1E+01 1E+02 1E+03 1E+04 1E+05 1E+06 1 / Re(Z) [Q m2]
toglt (A=) ° 0 1 2 3 4 5 6 7 8 9 10 1I1 12 13 14 15 16 17
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PEO electrolyte optimization: Sodium hydroxide (NaOH) EURCORR
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—Without NaOH
With NaOH

Intensity [a.u.]
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Coating compaction

AR %

EHT=20.00kV IProbe= 100pA  Vacuum Mode - High Vacuum Mag = 5,00 KX

La rg e u pta ke Of a m o r p h o u S S i I i Ca H WD = 90mm  Detector = SEI Chamber = 1.04¢-003 Pa  Reference Mag = Out Dev. SAMM

Sodium aluminates needles on the surface
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PEO electrolyte optimization: Alkalinity (OH-) EURCORR
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(7 \)
(EIectronte) @H' [moI/LKKOH [moI/L]X\laOH [moI/LM\lazsiO3 [g/LMGcherin [g/LD ( Thickness (B) )@p [Q- m2mcor, [mA - m‘2D

0.20KNS 0.20 0.04 0.16 10 10 34.32um (£ 5%) 23.6 9

0.09 KNS 0.09 0.014 0.076 10 10 13.01um (= 12%) 25.3 16
\§ J

-0,2 24 1

AA2024
0 L 22 +
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PEO electrolyte optimization: Alkalinity (OH-) EUR®CORR
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= Al ‘ ¥ %)
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T e
L] Avaw Smaller and less connected pores
| | | [ [
: : : : : : : : 0] Na,Al,,0;,.,
| | | | [ |‘ I . .
|| R Lower amorphous silica, higher alumina
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| | I [l (I
| 1 N Ll l L | - -
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Identification of the best procedure: Effect of the environment EURECORR
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Identification of the best procedure: Long-term behaviour
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The three coatings selected above have been exposed for 96h in 3.5% w/w NaCl simulating seawater.
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Coating application to the textured surfaces EURCORR
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A comprehensive comparison between the PEO processes EURCCORR
(ElectrolyteD C Alkali [mol/L] )(Nazsio3 [g/L]) (Thickness)(Corrosion)C Porosity )(Durability)( Texture }
0.20K KOH, 0.20 . % % i ; ;
0.20KS KOH, 0.20 10 A yave % yere yere
0.20 KNS KOH+NaOH, 0.20 10 PARAGAS PARAGAS PARA G e AR ¢ PAGAGAGAS
0.09KNS KOH+NaOH, 0.09 10 RAQAS KRR ARAQA G e DARAGAS PAGAGAGAS
\ )

Sodium silicate-free process has been discarded.
Sodium hydroxide-free process is not accurate enough at reproducing the biomimetic texture.

Low-alkali process shows a slightly larger durability due to the improved microstructure.
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Conclusions and future developments EURCCORR
- Sodium silicate (Na,SiO;) help developing thick and corrosion resistant coatings.
- Sodium hydroxide (NaOH) offers a compaction effect, increasing corrosion resistance.
- Areduction of alkalinity (OH-) leads to a better microstructure, but with a reduced growth rate.
« Allthe coatings show a quite fast degradation when exposed to aggressive environments.

« PEO canreproduce the biomimetic texture, with an accuracy depending on the electrolyte.

« Studying the corrosion resistance of the textured and coated surfaces.
+ Implementing a pore sealing post-treatment for reducing porosity.

« Addressing theriblets tip rounding issue during PEO.
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