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Corrosion inhibitors and
Layered Double Hydroxides (LDH)

Dr. Alexandre Bastos

Researcher at DEMaC / CICECO 
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Corrosion protection in the aerospace industry

Nowadays…

Cr(III) or Cr-free

Substrate

Active pretreatment

Cr-free primer

Topcoat

Until recently…

Cr(VI)

Substrate

Cr(VI) pretreatment

Cr(VI)-based primer

Topcoat

Anodised or 
chemical 

conversion coating
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Advancing Sustainable Surface Treatments

RESINSURF project

Towards more resilient, sustainable, competitive and intelligent electrochemical surface treatments
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Advancing Sustainable Surface Treatments

New approach based on layered double hydroxides

Substrate

Active pretreatment

Cr-free primer

Topcoat

Cl-

Inib-

Cl- Inib-
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Layered Double Hydroxides (LDH)

6

RSC Adv. 5 (2015) 98853 

Brucite
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Hydrotalcite

[Mg6Al2(OH)16]CO3.4H2O

Al Al
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CO3
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Proc. Indian Acad. Sci. (Chem. Sci.) 113 (2001) 671 

J. Tronto et al.,  Conducting Polymers / Layered 
Double Hydroxides Intercalated Nanocomposites, 
in Materials Science - Advanced Topics,  Y. Mastai 
(Ed.), InTech Pub, 2013.
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Intercalation of inhibitors in the LDH structure

Metavanadate

(VOx)

L-cysteine

Tannic acid

Inhib–

Cl–

Benzotriazole

(BTA)

1 μm 1 μm

Particles PowderSurface film
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Layered double hydroxides (LDH) as a versatile
approach to protect metallic surfaces

Dr. Frederico Maia

General Manager

frederico.maia@smallmatek.pt
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SMT Encapsulation Platform
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Advancing Sustainable Surface Treatments

Layered double hydroxides (LDH)
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Advancing Sustainable Surface Treatments

Layered double hydroxides (LDH)
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Mechanism of LDH pigment activity
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Advancing Sustainable Surface Treatments

LDH film for TSA sealing and corrosion inhibitor incorporation
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Electrophoretic Coatings:
A Sustainable and Cr-Free Technology for Corrosion Protection of Aeronautical Aluminium Alloys.

Dr. Rosalina Pérez

Researcher and Project Manager 



300

People in the workforce

K e y 
D a t a

30M€
Turnover in 2025

> 100
European projects

(> 25 as coordinator)

6

Spin-offs

35 M€
Invested

(20121-2025)

A big player in Surface Engineering

+220 
customers in 2025

+100
people
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AA

Cr+6 anodic / CCC

Cr+6 primer Cr(VI)

Cr+6 free top coat

Conventional Cr+6-based 

coating systems for

Aeronautical Applications

AA

Cr+6 free anodic 
layer / CCC

Cr+6 free primer 
(e-coating)

Cr+6 free top coat

AA

Anodic layer w/-I

e-coating w/-I

Cr+6 free top coat

AA

Anodic layer w/-I

e-coating w/o-I

Cr+6 free top coat

AA

Anodic layer w/o-I 

e-coating w/-I

Cr+6 free top coat

Advantages:

- Green technology 

- Production capability

- Ability to incorporate 

corrosion inhibitors

- Excellent corrosion & 

chemical resistant system

Electrophoretic Coatings

Current Cr+6 partially free 

coating systems

AA

Cr+6 free anodic 
layer / CCC

Cr+6 primer Cr(VI)

Cr+6 free top coat
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Electrophoretic Coatings

How are coatings developed at CIDETEC? 

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

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

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

Coating thickness Throw power

1) Current seeks the way of the 

lowest resistance.

2) Outer surface the electrical 

resistance increases.

3) The current seeks for a path 

with less resistance.
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Electrophoretic Coatings

Laboratory-scale

Degreasing
Etching

1L – 5 L

E-coating

AA anode 
(working electrode)

2 SS cathodes 
(counter electrodes)

Optimisation of bath (ZP, PS, conductivity) and process

(voltage applied, deposition time, others) parameters.

Surface/cross-section characterisation (microstructure, 

corrosion and chemical resistance, adhesion, others).

Cross-sectional FESEM analysis:
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Monitoring of voltage applied & current response:
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Electrophoretic Coatings

“Scale-up”

200 L – 400 L

Alkaline 

degreasing

Rinsing

x 2
Acid etching

Rinsing

x 2
TSA

Rinsing

x 2

Panels dimension: 150 x 100 x 2 mm or complex geometries
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Advancing Sustainable Surface Treatments

Electrophoretic Coatings

200 L – 400 L

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

Final aspect of 

e-coated panels

Permeate 

rinsing
Alkaline 

degreasing

Rinsing

x 2
Acid etching

Rinsing

x 2
TSA E-coating Curing

Rinsing

x 2

“Scale-up”
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Electrophoretic Coatings

 (a) without inhibitor (b) with LDH-BTA (c) with LDH-BTA-50 µm 
500 h 

   
1000 h 

   
2000 h  

   
3000 h 

   
 

Neutral Salt Spray (NSS) exposure:
ISO 9227

Filiform Corrosion Test:

ISO 4623-2 / EN 3665

Optical images 10X

E-coating w/o-I E-coating w/-I

Optical images 10X

AA2024-T3

Anodic layer w/o-I

e-coating w/o-I

Top coat

AA2024-T3

Anodic layer w/o-I 

e-coating w/-I

Top coat

A complete Cr+6 free system was tested:

Filament greater length < 2 mm Filament greater length > 2 mm 
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Advancing Sustainable Surface Treatments

Electrophoretic Coatings

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

NF EN 4868: 70 ± 5ºC 336 h

The 2024-T3 aluminium coated panels 

were half-immersed in skydrol.

Front view

Half-immersed
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s
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u
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Example of AA2024-T3 e-coated panel

Cross-sectional FESEM analysis:

A1. E-coating w/-I (20 µm):

A2. E-coating w/-I (20 µm) after Skydrol:

B1. E-coating w/-I (50 µm):

B2. E-coating w/-I (50 µm) after Skydrol:
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Advancing Sustainable Surface Treatments

Electrophoretic Coatings

Summary RESINSURF results obtained:

Test ISO Assessment Criteria RESINSURF systems:

Dry adhesion test ISO 2490 Grade 0 All systems → Grade 0

Neutral salt spray ISO 9227
1) No blisters after 1000 h

2) No blisters after 3000 h

Most of the systems → 500 – 1500 h w/o defects

3000 h achieved → e-coating w/-I (50 µm)

Filiform corrosion test
ISO 4623-2

EN 3665

Filament greater length < 2 mm after 1000 h at 

(40 ± 2) °C and RH (82 ± 3) %

1) TSA w/o-I + e-coating w/-I + top-coat

2) CCC1 + e-coating w/-I + top-coat 

Humidity resistance by 

condensation

ISO 6270-2

ISO 4628-1/-2

ISO 2490

No delamination nor blistering, adhesion grade 

≤1 after 500 h of immersion at (40 ± 3) °C and 

RH of 100 % aprox.

All systems → No delamination or blistering and 

Grade ≤ 1

Chemical resistance by 

Skydrol immersion

ISO 2812-1

ISO 4628-1/-2

ISO 2490

No delamination nor blistering, adhesion grade 

≤1 after 336 h of immersion at (70 ± 5) ºC 

All systems → No delamination or blistering and 

Grade ≤ 1

AA2024-T3 panels tested: 150 x 100 x 2 mm
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Webinar Pilot 2 - September 16th, 2026.

Advancing Sustainable Surface Treatments

Chromium-free coatings:
Validation of Chromium Free Surface Protection Systems for Aerospace Aluminium Alloys

Raúl Páez

Researcher and Project Manager 
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Innovative Surface Treatments for Corrosion Protection

Your LOGO here

Validation of Chromium Free Surface Protection Systems

It is a center specialized on materials 

and processes, highly focused in 

aerospace industry
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CURRENTLY

Imagen extraída de internet

Webinar Pilot 2 – September 16th, 2026.

Innovative Surface Treatments for Corrosion Protection

Imagen extraída de internet

Aluminium

substrate

Cr +6 Free 

Anodic layer

Corrosion inhibitors?

Validation of Chromium Free Surface Protection Systems

Cr+6 primer

Aluminium

substrate

Cr +6 Free 

Anodic layer

Cr+6 Free primer 

(E-coating)
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Innovative Surface Treatments for Corrosion Protection

Processing of aluminium alloys using TSA anodizing, E-coating

and corrosion inhibitors, followed by characterization tests according 

to aerospace requirements

Validation of Chromium Free Surface Protection Systems
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Anodizing TSA + Inhibitors (NaVO3)

SEM. Top view

Webinar Pilot 2 – September 16th, 2026.

Innovative Surface Treatments for Corrosion Protection

Validation of Chromium Free Surface Protection Systems

Aluminium

Anodizing with Inhibitors

EDS analysis. Cross-

section
SEM. Cross-section

Corrosion resistance test.

Neutral Salt spray test 

(ISO 9227)

336 h          983 h         1991 h       2500 h    3000 h

TSA anodizing with 

corrosion inhibitors
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Innovative Surface Treatments for Corrosion Protection

Validation of Chromium Free Surface Protection Systems

E-coating layer

26.32 µm

Aluminium substrate

Aluminium

E-coating with inhibitors

SEM. Cross-section EDS analysis. Cross-

section

E-coating + Inhibitors (ZnAl-BTA LDH)

168  h 168 h          508 h       1008 h      1508 h

Corrosion resistance test.

Neutral Salt spray test 

(ISO 9227)

E-coating without 

corrosion 

inhibitors

E-coating with 

corrosion inhibitors
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Innovative Surface Treatments for Corrosion Protection

Aluminium

Anodizing

E-Coat

Aluminium

Anodizing with Inhibitors

E-coating

Aluminium

Anodizing

E-Coat with inhibitors

Aluminium

Anodizing with Inhibitors

E-coating with inhibitors

Validation of Chromium Free Surface Protection Systems

Corrosion protection schemes 

Aluminium alloys

• 2024T3 BARE

• 2024T3 CLAD

• 7075T6 BARE



Characterization Testing results 

Webinar Pilot 2 – September 16th, 2026.

Innovative Surface Treatments for Corrosion Protection

Tests

Layer Thickness (SEM)

Paint adhesion (dry, water and skydrol)

Corrosion resistance (Neutral salt spray)

Paint compatibility (filiform corrosion)

Validation of Chromium Free Surface Protection Systems
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Innovative Surface Treatments for Corrosion Protection

Aluminium

Anodizing

E-coating

Aluminium

Anodizing with Inhibitors

E-coating

Aluminium

Anodizing with Inhibitors

E-coating with inhibitors

Aluminium

Anodizing

E-coating with 

inhibitors

Validation of Chromium Free Surface Protection Systems

• Layer thickness

Anodic layer thickness requirement: 2-7 µm

E-coating thickness requirement:  12-30 µm
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Innovative Surface Treatments for Corrosion Protection

Grade 0 Grade 5

Aluminium

Anodizing

E-coating

Aluminium

Anodizing with Inhibitors

E-coating

Aluminium

Anodizing with Inhibitors

E-coating with inhibitors

Aluminium

Anodizing

E-coating with inhibitors

Grade 5 Grade 0

Requirement:  ≤ Grade 0 

• Paint adhesión (dry)
(ISO 2409)

Validation of Chromium Free Surface Protection Systems

• Resistance to water
(ISO 2409/ISO 2812-2)

Inmersion time: 336 h

Temperature: 23± 2 C

• Resistance to skydrol
(ISO 2409/ISO 2812-2/ISO4628-2)

Inmersion time: 336 h

Temperature: 70 ± 5 C

Grade 2Grade 1Grade 0 Grade 0

Grade 1Grade 0 Grade 0 Grade 1

Requirement:  ≤ Grade 1 

Requirement:  ≤ Grade 1 



Webinar Pilot 2 – September 16th, 2026.

Innovative Surface Treatments for Corrosion Protection

Aluminium

Anodizing

E-coating

Aluminium

Anodizing with Inhibitors

E-coating

Aluminium

Anodizing with Inhibitors

E-coating with inhibitors

Aluminium

Anodizing

E-coating with inhibitors
• Corrosion resistance.

Neutral Salt spray test

(ISO 9227)

Validation of Chromium Free Surface Protection Systems

3000 h

7075T6 BARE 2024T3 CLAD

3000 h

7075T6 BARE

1508 h 1008 h

2024T3 BARE

2024T3 CLAD

7075T6 BARE

Requirement: 

>3000 h
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Innovative Surface Treatments for Corrosion Protection

Aluminium

Anodizing

E-coating

Aluminium

Anodizing with Inhibitors

E-coating

Aluminium

Anodizing with Inhibitors

E-coating with inhibitors

Aluminium

Anodizing

E-coating with inhibitors

2024T3 CLAD

Requirement: Maximum 

length of filaments on each 

side of scratchs: 2 mm

1.840 mm

Exposure time: 960 h

• Paint compatibility.

Filiform corrosión 

(UNE-EN-3665)

Validation of Chromium Free Surface Protection Systems
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Innovative Surface Treatments for Corrosion Protection

Validation of Chromium Free Surface Protection Systems

CONCLUSIONS

❖ 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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Innovative Surface Treatments for Corrosion Protection

Thanks for your attention!

Validation of Chromium Free Surface Protection Systems
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Q & A session

Webinar Pilot 2 - September 16th, 2026.

Advancing Sustainable Surface Treatments
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Thank you very much for your attention 

Webinar Pilot 2 - September 16th, 2026.

Advancing Sustainable Surface Treatments

Project (GA number: S1/1.1/E0025) co-financed by the Interreg Sudoe Programme through the European Regional Development Fund (ERDF). 

Ongoing project: 2024 – 2026
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