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Corrosion protection in the aerospace industry

Until recently... Nowadays...

@QEDES Cr(VI) Cr(lll) or Cr-free

Cr(Vl)-based primer Cr-free primer

Anodised or
chemical

conversion coating
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Towards more resilient, sustainable, competitive and intelligent electrochemical surface treatments
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New approach based on layered double hydroxides

Cr-free primer
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Layered Double Hydroxides (LDH)

mierreg Y covnes.,.. | RESINSURF
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J. Tronto et al., Conducting Polymers / Layered

Double Hydroxides Intercalated Nanocomposites,

in Materials Science - Advanced Topics, Y. Mast%i 6
(Ed.), InTech Pub, 2013.
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Intercalation of inhibitors in the LDH structure
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SMT Encapsulation Platform SIVLT)

SMALLMATEK

Based on the physicochemical properties of the active compound and
on their application, the most suitable carrier is selected

v’ Specific release profiles. AEP lications:

v' Provide mechanical and temperature v Multifunctional coatings
protection. v Food packaging

v’ Prevents degradation or spontaneous v’ Drug release
leaching.

v Water purification/pollutants removal
v Might decrease toxicity v Fertilizers 9
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Layered double hydroxides (LDH) ﬁl‘m&g

General properties and structure

— Positively charged layers

Basal
spacing

" Anions
Interlayer

region

Brucite-like
sheet

O M2*/m3* cations
@ OH anions

vV V V ¥V V V VY
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Brucite (Mg(OH),) modified material
Clay type and lamellar material
Crystalline material

Anion-exchange ability

Variable chemical composition
Temperature and mechanically stable

Low or no toxicity (for traditional compositions)

10
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AFM images

SEM images

particles

Altura: 56.8 nm Altura: 26.62 nm
Largura/Comprimento:  Largura/Comprimento
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Mechanism of LDH pigment activity SIVIT)
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- = : = == Coating with enhanced
= — = barrier properties

(passive protection)

Aggressive

r species

LLI = Coating failure due to a

= == = =_ = defect or pore.

E = = 2= = = Loss of passive protection

3)

x .

IC'IDJ = __:: = __ Capture of aggressive species
= _ T= = and release of corrosion

— = inhibitor

(active protection)

@ corrosion inhibitors ® Water molecules @ Aggressive species (e.g. chlorides and sulphates) or external

stimuli (e.g. pH variation) 12
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LDH film for TSA sealing and corrosion inhibitor incorporation ﬁf&g

LDH sealing process — conversion coating
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'A great tecnological complex

cidetec
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D ata Turnover in 2025  People in the workforce (E lzl;o apse zgtfrrd?;]eac:l:r) (2:)2\;?]?2;5) Spin-offs
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energy storage

surface engineering
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Electrophoretic Coatings

Conventional Cr*¢-based .
coating systems for Current Cr*6 partlally free Advantages'

Aeronautical Applications coating systems RESINSURF

Green technology

- Production capability
+6 ‘
Cr*® free top coat Cr*® free top coat ST e e @

. Cr*® free primer
Cr* primer C ‘ Cr*® primer C (e-coating)

- Ability to incorporate

n E c H A corrosion inhibitors

EUROPEAN CHEMICALS AGENCY

s - Excellent corrosion &

*
* REACH %

S chemical resistant system

Cr*¢ free top coat Cr*6 free top coat Cr*® free top coat

. |
e-coating w/o-I e-coating w/-I e-coating w/-I
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Electrophoretic Coatings

How are coatings developed at CIDETEC? cidetec>

p =
Anaphoretic deposition: A coating process (e-coating) in which electrically charged paint particles are deposited onto a conductive metal suriace engineenng

surface under the influence of an applied electric field between two electrodes.

Coating thickness
Power supply (DC) 9 Throw power

Power -
;o (180V 1A]

[ Anode (+) ] + = [ Cathode (-) |

Particle with
net negative
charge
2 t
8 ! 3 Coating film
I
é : ¢) Final phase
£
i : Time
1) Current seeks the way of the
lowest resistance.
E-3
£ | t3 ,
=2 | 2) Outer surface the electrical
% : resistance increases.
o = |
[ E'Coatlng ] £ e 3) The current seeks for a path
3 with less resistance. 17

L. Besra, M. Liu / Progress in Materials Science 52 (2007) 1-61
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Electrophoretic Coatings

°o

Oo _ . Optimisation of bath (ZP, PS, conductivity) and process
- Laboratory scale CflthG_C) (voltage applied, deposition time, others) parameters.
E 1 L _ 5 L surface engineering

Surface/cross-section characterisation (microstructure,

2 SS cathodes corrosion and chemical resistance, adhesion, others).

(counter electrodes)
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Monitoring of voltage applied & current response: Cross-sectional FESEM analysis:

4
4
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otgidinn (working electrode) 3 T 1o0v-1cample AA2024-T3
— - 0 MN 180V -8 samples
. Etchin 21
Degreasing - 9 ! :
:1 = 2000 E_coahng ) WD= 85mm  EHT= 500KV SignelA=SE2 Meg= 100KX ?'I.S"etaca_w >
3— N
Q 8 1000
= o
o
@

{4
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Electrophoretic Coatings
sealown’ RS T S v > e > S

200 L -400L

W N

Panels dimension: 150 x 100 x 2 mm or complex geometries

“UAEEPENLE

cidetecy 1

surface engineering
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Electrophoretic Coatings

11 L
Scale up Alkaline Rinsing . . Rinsing Rinsing Permeate
degreasing X 2 RO GHETE X 2 Uk X 2 rinsing
200L-400L <

\

Final aspect of
| e-coated panels

Aluminum test panels (AA2024-T3) before (a) and after (b) electrophoretic
lacquering.

20
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Electrophoretic Coatings

Neutral Salt Spray (NSS) exposure: Filiform Corrosion Test:
ISO 9227 ISO 4623-2 / EN 3665

(a) without inhibitor (b) with LDH-BTA vith A complete Cr*6 free system was tested:

— % i i T ‘“,g\

cidetec>

surface engineering

Optical images 10X Optical images 10X
Filament greater length > 2 mm

S
AT .

o’

Top coat Top coat

e-coating w/o-| e-coating w/-|

AA2024-T3 AA2024-T3
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Electrophoretic Coatings

Chemical Resistance Test = 1SO 2812-1: Determination of resistance to liquids Part1: Immersion in liquids other than water

| | =TT

NF EN 4868: 70 £ 5°C 336 h

—— o Cross-sectional FESEM analysis: .idetecs

Example of AA2024-T3 e-coated panel . surface engineering
- _ A1. E-coating w/-I (20 pm):

A2. E-coating w/-l (20 pm) after Skydrol:

cidetec>

surface engineering

B1. E-coating w/-l (50 um):

Scratch test

B2. E-coating w/-l (50 pm) after Skydrol:

The 2024-T3 aluminium coated panels
were half-immersed in skydrol.
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Electrophoretic Coatings

Summary RESINSUREF results obtained: 202473 panels tested: 150 x 100 x 2 mm

Test ISO Assessment Criteria RESINSURF systems:

Dry adhesion test ISO 2490 Grade 0 All systems - Grade 0
Neutral salt sora 1SO 9227 1) No blisters after 1000 h Most of the systems 2> 500 — 1500 h w/o defects
pray 2) No blisters after 3000 h 3000 h achieved > e-coating w/-l (50 pm)
Eiliform corrosion test ISO 4623-2 Filament greater length <2 mm after 1000 h at 1) TSA w/o-l + e-coating w/-I + top-coat
EN 3665 40+2)°CandRH (82 £ 3) % 2) CCC1 + e-coating w/-l + top-coat
- . ISO 6270-2 No delamination nor blistering, adhesion grade e . .
E;r:?jfr':é’art?jfta”ce by SO 4628-1/-2 <1 after 500 h of immersion at (40 + 3) °C and g':a?;s:e;“s = No delamination or blistering and
ISO 2490 RH of 100 % aprox. -
: : ISO 2812-1 I L . o e
Chemical resistance by ISO 4628-1/-2 No delamination nor blistering, adhesion grade All systems - No delamination or blistering and
Skydrol immersion 1SO 2490 <1 after 336 h of immersion at (70 = 5) °C Grade =1

. T Chemical Resistance Test
Neutral Salt Spray Test Humidity Resistance Test

. Front view

cidetec>

surface engineering

23
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Validation of Chromium Free Surface Protection Systems

Aluminium Cr *¢Free

'»"' — | substrate Anodic layer Cr*® primer "'tﬂania
== : : - == : : 4 ready to depart
— o= =7
N A CURRENTLY
A Y : - ;
T—— g -\ Q- \ U ) :
g R WY N
Aluminium  Cr *6Free Cr*6 Free primer
\ ¥ \\ \ | substrate  Anodic layer (E-coating)
Q;. ‘\ \ - S
\ \ \ N A .::
_:x_. W EILE \ Lt ] RESINSURF
| L
\‘\ \‘ % \
\\‘ \ | !
\

Corrosion inhibitors?

fagen exdraida deinternet
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Validation of Chromium Free Surface Protection Systems

Processing of aluminium alloys using TSA anodizing, E-coating
and corrosion inhibitors, followed by characterization tests according
to aerospace requirements

| TRATAMIENTOS |

titania
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Validation of Chromium Free Surface Protection Systems

Anodizing TSA + Inhibitors (NaVO,)

SEM. Top V|ew , - . , EDS analysis Cross-

SEM. Cross-section Zn Lal,2

336 h 983 h 1991 h 2500 h 3000 h

Corrosion resistance test. :
Neutral Salt spray test
(1ISO 9227)

TSA anodizing With 28
corrosion inhibitors
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Validation of Chromium Free Surface Protection Systems

E-coating + Inhibitors (ZnAl-BTA LDH)

EDS analysis. Cross-

Aluminium substrate

168 h 168 h 508h 1008 h 1508h

E-coating Without E-coating With
corrosion corrosion inhibitors

L P PN Ry

Corrosion resistance test.
Neutral Salt spray test
(1ISO 9227)

29
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Validation of Chromium Free Surface Protection Systems

Corrosion protection schemes
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Validation of Chromium Free Surface Protection Systems

Characterization Testing results

Layer Thickness (SEM)
Paint adhesion (dry, water and skydrol)
Corrosion resistance (Neutral salt spray)

Paint compatibility (filiform corrosion)

titania
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Validation of Chromium Free Surface Protection Systems

« Layer thickness

E-coating E-coating

T

R
R o
R A
EET

R
R e o R ok
e e

o R ) G

Anodizing

=y

Anodizing
= Al

2212 pm ; - = g 'E-coating with 13.89 um

z 2.69 um

v

2.00ps 0.0° 500kV 106um 1200x 2.6mm T1 A+B 0.10nA 2.6212mm 9 > 2.50ps 0.0° 15.00kV 50.8pym 2500x 7.0mm T1 A+B 1.6nA 6.9999 mm

2% ) et
TX" 9mm ETD SE 0.10 nA 7.0003 mm

v tilt  H % v
2.50ps 0.0° 2.00kV 50.8um 2500x 7.

Anodic layer thickness requirement: 2-7 ym @
-coating thickness requirement: 12-30 pym < -
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Validation of Chromium Free Surface Protection Systems

T T

Anodizing Anodizing

Alu

« Paint adhesién (dry)

(ISO 2409)
Requirement. < Grade 0

Grade 0
« Resistance to water
(ISO 2409/1SO 2812-2)
Inmersion time: 336 h
Temperature: 23+ 2 °C
Requirement: < Grade 1

Grade 0

. [
 Resistance to skydrol
(ISO 2409/1ISO 2812-2/1SO4628-2)

Inmersion time: 336 h
Temperature: 70 £ 5 °C

Requirement: < Grade 1

Grade 0 Grade 1 Grade 0 Grade 1
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Validation of Chromium Free Surface Protection Systems

« Corrosion resistance.
Neutral Salt spray test
(1ISO 9227)

Anodizing o Anodizing

o i

1008 h 3000 h

Requirement:

>3000 h

ST TR >

Foaire L3

7075T6 BARE 7075T6 BARE 202473 BARE 2024T3 CLAD
2024T3 CLAD =
7075T6 BARE titania

ready to depart
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Validation of Chromium Free Surface Protection Systems
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Requirement: Maximum
length of filaments on each

side of scratchs: 2 mMm

Exposure time: 960 h
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Validation of Chromium Free Surface Protection Systems
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¢ Corrosion inhibitors improved the corrosion performance of both TSA
and E-coating.
* When both layers were combined, negative effects were identified,

affecting both paint adhesion and corrosion performance.

E-coating technology shows strong potential as a chromium(VI)-free

alternative. The results achieved provide valuable insights for its further

development.
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Thanks for your attention!
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Webinar Pilot 2 - September 16", 2026.
Advancing Sustainable Surface Treatments

Thank you very much for your attention
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