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Investigation of Filiform Corrosion of Coated Aluminium
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Summary: Filiform corrosion on different aluminium alloys, coated with a clear
varnish has been studied. Image analysis and metallographics were used to
characterize the corrosion. It has been shown, that filiform corrosion consists of a
lateral propagation of filaments and an attack on the aluminium under the filaments.
The extent of filiform corrosion is dependent on the sort of alloy and the
pretreatment of metall surfaces.
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Introduction
Filiform corrosion is a particular type of localized corrosion of coated aluminium and occurs by

the following conditions:
- at a wet environment with relative humidity of 40-90 %

- at the presence of ionic substances, for instance chlorides
- at the presence of defects in the coating [1-8].
Filiform corrosion is characterized by a lateral propagation of filaments and an attack under the

filaments on the substrat [9,10]. Figure 1 and 2 show two examples.

Figure 1. Lateral propagation of filaments of EN AW 2024, T42, coated with a 2K-PUR-AY
coating

The aim of this work was to investigate the influence of the substrat material and the treatment of
surfaces of the filiform corrosion of coated aluminium alloys. Different pretreatments of surfaces

were used: alkaline degreasing, etching, yellow chromating, treatment with zirconiumfluoride
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and anodizing. It was used a clear coating matetial and many aluminium alloys used in industrial

manufacturing.

Figure 2. Attack under a filament of EN AW 6082, T4, coated with a polyester powder coating

Experimental

Substrates: Aluminium alloys used for this investigations are shown in table 1.

Table 1. Aluminium alloys

aluminium with high purity | A199,999

EN AW 2XXX EN AW 2017A, 0
EN AW 2017A, T42
EN AW 20244, O
EN AW 2024, T42
EN AW 2024, T62

EN AW 5XXX EN AW 5005, H14
EN AW 5754, 0
EN AW 5754, F22
EN AW 5754, H22
EN AW 5182, 0
EN AW 5182, H19

EN AW 6XXX EN AW 6060, extruded
EN AW 6016, T4

EN AW 6082, T4

EN AW 6082, T651

EN AW 7XXX EN AW 7020, T6
EN AW 7075, T76
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Pretretment of metall surfaces [10]:

alkaline degreasing:
etching:

yellow chromating:
Zr-F-Polymer:

anodizing:

P3 almeco 20/HNO;

P3 almeco 20/P3 almeco 40, NaOH/ HNO;

P3 almeco 20/P3 almeco 40, NaOH/ HNOs/Alodine C6100
P3 almeco 20/P3 almeco 40, NaOH/ HNO3/Alodine 4830/31
P3 almeco 20/P3 almeco 40, NaOH/ HNO3/H,S04 (GS)

Rinsing processes were carried out, but they are not mentioned.

Coating:

Loading:

Exposure time:
Test procedure:

Results

2K-PUR-AY (clear varnish)

Filiform corrosion was initiated by one-hour treatment with
hydrochloric acid in according to DIN EN 3665 and following
storage at 40°C and 82% relative humidity.

2000 hours

Image analysis of propagation of corrosion filaments and
metallografical analysis of the attack on the substrat were carried

out.

Both phenomena - lateral propagation and appearence of corrosion within the substrat - are

dependent on the pretreatment of metall surfaces and on the metal itself. The following figures 3

- 7 shows the lateral propagation of filaments.

Figure 3. A199,999 Figure 4. EN AW 2XXX
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Figure 5. EN AW 5XXX

alkaline
degreasing
etching

yellow

unode'l!:ng

Figure 6. EN AW 6XXX Figure 7. EN AW 7XXX

The formation of filiform corrosion is dependent on the pretreatment of metall surfaces. The best
method to reduce filiform corrosion is to anodize, following by yellow chromating or treatment
with zirconiumfluorides. Extensive filiform corrosion was also found when metal surface was
only degreased or etched.

Lateral filiform corrosion and depth of the filiform corrosion attack are dependent on the metal.
The chemical composition of the alloy plays an important role.

Alloys with copper and zinc have a high susceptibility to filiform corrosion. Aluminium with
high purity shows a high filiform corrosion resistance.

The attack within the substrat has a special appearance. There are some alloys, they show
intergranular attack (EN AW 2017, EN AW 6016), some alloys show roughening of the surface
(EN AW 5005, EN AW 6006) and other show only even uniform corrosion (Al199,999). In some
cases shallow pit building occurs (EN AW 5182, EN AW 7020). In the first case of intergranular

attack precipitations on grain bonderies are important (table 2, figure 8-10).
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Table 2.Examples of corrosion attack under the filaments

substrat pretreatment of metall |attack under the filament
surfaces Appearance image of|max.
attack depth
[pm]
Al99,999 etching
yellow chromating uniform attack <5
Zr-F-polymer
anodizing
EN AW 2017A |etching intergranular attack 120
T42 yellow chromating with grain 120
Zr-F-polymer disintegration 130
anodizing 140
EN AW 5182 |etching shallow pit formation 35
H19 yellow chromating intergranular attack 100
Zr-F-polymer and pitting 100
EN AW 6016 |etching intergranular with 110
T4 yellow chromating formation of pits 110
Zr-F-polymer 130
EN AW 6060 |etching 10
extruded yellow chromating roughening 5
Zr-F-polymer 10
EN AW 7020 |etching roughening, shallow 25
T6 yellow chromating pit formation 25
Zr-F-polymer 25
anodizing 55
EN AW 7075 |etching intergranular with 50
T76 yellow chromating grain disintegration 60
Zr-F-polymer 55
anodizing 80
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a) b)
Figure 8. Attack under the filament on EN AW 5005, H14
a: etching
b: Zr-F-polymer

IKS Dresden 74100 Probe 49

b) b)
Figure 9. Attack under the filament on EN AW 2017, T42
a: etching
b: Zr-F-polymer

a) b)
Figure 10: Attack under the filament on EN AW 6016, T4
a: etching
b: Zr-F-polymer
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