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Abstract 

Aluminium and its alloys are widely used in the aviation sector due to their lightweight and their high 
specific strength. They require surface treatments in order to improve their corrosion resistance, such 
as anodising which has traditionally carried out using a chromic acid bath. Although chromium has 
been regularly used in industry for more than a century, progressively restrictions and rigorous 
controls have been imposed because of environmental and health concerns. The objective of this 
thesis is to study the tartaric sulphuric anodising as an alternative anodising process without 
hexavalent chromium. The tests were performed on three aluminium alloys AA2024-T3, AA7175-
T7351 and AA6061-T6. It was analysed the coating thickness, the coating weight, the corrosion 
resistance and the loss of the absorption power achieved by the anodic film with excellent results. 
Also, it was studied the compatibility of the anodic coating with various current post-treatments. It was 
tested three different sealings: with hot water, with potassium dichromate and with the chemical 
conversion coating Bonderite® M-CR 1200S Aero. On samples without sealing, it was applied an 
epoxy primer and a polyurethane topcoat in use by Airbus. It was demonstrated the compatibility of all 
of them with the anodic film, except in the case of the Bonderite® M-CR 1200S Aero on the AA2024-
T3 which did not pass the corrosion test.  Finally, it was analysed the performance of a new non-
chromate product for the acid etching process. The alternative product studied, as a substitute of the 
current bath with sodium dichromate, was the Bonderite® Smutgo NCB that achieved successful 
results.  
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Anodising 

 
 
INTRODUCTION 
 
Hexavalent chromium compounds, also known 
as Chromates, have been widely used in the 
aircraft industry during the last decades. Their 
most important applications in this sector are 
the protection of metallic surfaces thanks to 
their high corrosion resistance.  
 
Because of the health and the environment 
risks that the exposure to chromates involves, 
they were considered Substances of Very High 
Concern (SVHC) by the European Community 
Regulation on Chemicals (REACH). In order 
not to affect the industry negatively and to 
ensure a progressively replaced of them, they 
were incorporated in the authorization list with 
a sunset date of 2017. [1] 
 
In order to meet this regulation, new alternative 
processes without chromium hexavalent 
compounds able to give the some performance 
of the current ones have to be studied. It 
affects many industries, but specially the 

aeronautic sector, where the anticorrosive 
properties of them are critical.  
 
This work focuses on the analysis of the 
Tartaric Sulphuric Anodising (TSA), as a 
chromium-free alternative for the current 
Chromic Acid Anodising (CAA), and on the 
study of Bonderite® Smutgo NCB, as a 
substitute of the current acid etching bath with 
sodium dichromate.  

 
THEORETICAL REVIEW  
 

Anodising process 
 
Aluminium in contact with oxygen produces a 
thin oxide layer called alumina, Al2O3. It has a 
heterogeneous and irregular nature that affects 
its protective properties. It can be improved 
increasing its thickness artificially through the 
anodising process. This treatment is able to 
generate a layer that provides excellent 
corrosion protection and increases the 
adhesion of organic coatings compared with 
the bare metal.  



 

The anodising process can be divided in three 
important successive steps. The first one is the 
surface conditioning which consists of a 
degreasing phase followed by an etching. 
Once the surface is ready the second step is to 
anodise and finally the third and last step is the 
application of the post-treatments. 
 

Pre-treatments 
 
Degreasing and cleaning  
 
The main objective of them is to remove any 
traces of dirt that can be deposited on the 
metal surface during the manipulation or 
transportation of the material. The main dirties 
found on the aluminium surface are: marking 
inks, grease, lube oils, polishing residues, 
finger marks, metal chips and welding fluids.  
 
Etching 
 
The controlled etching of the surface is a 
critical step in the process. It consists in 
removing the aluminium oxides that may be 
present on the surface in different quantities 
and forms in order to provide a uniform base 
for the anodising. There are two different types 
of etchings: the alkaline etching and the acid 
etching. 
 
The alkaline etching bath is normally 
composed by an aqueous solution of sodium 
hydroxide and it requires another subsequent 
process with nitric acid. For this reason, it is 
rarely used in the aviation sector.  
 
The acid etching has been traditionally 
performed with a solution composed of 
sulphuric acid, hydrofluoric acid and sodium 
dichromate at room temperature. This last 
component, like all hexavalent chromium 
compounds, is considered hazardous and 
carcinogen. Because of the health concerns 
about them, alternative products have been 
developed based on phosphoric and sulphuric 
acid solutions. In the aeronautic sector the 
most new favourable formulations are 
composed by sulphuric acid, ferric sulphate 
and acid nitric, as for example, the Bonderite® 
Smutgo NCB studied in this thesis.   
 

Anodising 
 
The anodising consists in connecting two 
electrodes to a current rectifier and immersed 
them in an electrochemical cell containing an 
electrolyte. The aluminium acts as an anode 
and it is where the oxidation occurs. When the 
electric current is applied to the system the 

electrons flow from the anode to the cathode 
leaving cations on the aluminium alloy surface.  
If the electrolyte is an acid solution, the oxygen 
from the electrolytic dissociation of water will 
react with the cations of the anode in order to 
produce alumina on the surface of the alloy.  
The conversion process of aluminium is 
determined by the time and the electric current 
density of the anodising, if these parameters 
increase the conversion increases too. The 
morphology and the thickness of the anodic 
film also depend on the voltage, temperature 
and electrolyte composition.   
 
Anodic film structure 
 
There are different factors that will affect the 
anodic film structure. The most important 
ones are the electrolyte composition and the 
anodising conditions, such as: the 
temperature, the voltage or the duration of the 
process. However, the anodic film structure 
can be classified in two main groups: the 
barrier films and the porous films.  
 
The barrier anodic films are generated in 
electrolytes whose pH is near neutral, between 
5 and 7. These films grow uniformly along the 
surface of the aluminium alloys. They are really 
adherent and non-conductive. The oxide 
growth takes place until its electrical resistance 
is so high that the current flow cannot circulate 
to the anode. 
 
The porous anodic film is generated in alkaline 
and acid electrolytes. It is composed of two 
different layers: a thin, dense and compact 
internal layer called barrier film and another 
one external and porous. The barrier film is 
generated during the first minutes of anodising. 
Its thickness is approximately between 0.1 and 
2% of the total anodic film. It is not porous and 
because of its microstructures failures is 
conductive. When the barrier film reaches its 
limit thickness, over its surface a continuous 
porous film is generated, see Figure 1. 
Because of the porous nature, this layer 
increases its thickness during the anodising 
whereas the barrier film thickness remains 
constant. The aluminium oxidation and 
dissolution occurs through the pores.  

  

 

Figure 1. Scanning electron micrograph of the 
porous anodic film[2] 



 

Electrolytes  
 
In this work the coating films obtained with the 
chromic acid and the tartaric-sulphuric 
electrolytes are analysed and compared.   
 
The CAA was the first anodising process 
developed. The coating film generated in this 
bath gives high corrosion protection and 
adhesion. It is not aggressive to the 
aluminium and affects lightly its fatigue 
strength.  
 
The TSA has been developed by Airbus in 
order to obtain an anodising process without 
hexavalent chromium able to achieve the 
same performance of the CAA. Apart of being 
a chromate-free process, it presents some 
other technical advantages. The time needed 
to achieve the required thickness is lower, it is 
reduced almost by half, and the voltage is 
also inferior. Moreover, the treatments and the 
maintenance costs are reduced because their 
electrolytes are more sustainable and have a 
lower environment impact. Another important 
point that makes this alternative attractive is 
that the current installations for the CAA are 
easy to adapt to the new ones doing minimal 
modifications. On the other hand, the main 
disadvantage of the TSA is the fungus growth 
in the treatment line. In order to avoid fungal 
contamination the installation requires 
activated carbon filters (AC filter) or ultraviolet 
lamps (UV lamps). 
 

Post-treatments 

 
Sealing with hot water 

 
The anodic film obtained after the aluminium 
anodising is porous and has absorbent 
properties, for this reason is not protective 
enough against corrosion. In order to improve 
the properties of the anodic film, it is applied 
the process called sealing. It consists in 
immersing the aluminum in hot demineralised 
water in order to hydrate the alumina and close 
the porous structure. 
 
Chemical Conversion Coatings 
 
The chemical conversion coatings are 
protective and adherent layers whose main 
objective is to improve the adhesion 
between the organic coating and the 
aluminium alloys surface. 
 
 They also provide protection against 
corrosion and are used as a treatment in 
areas where the anodic film is damage or in 

parts where is difficult to get a good 
anodising of the surface because of their 
shape.  
 
Organic coatings 
 
The organic coatings in aeronautical 
applications are composed by two layers, a 
primer and a topcoat. Their main function is 
to protect the aluminium alloy of oxygen, 
ions and water. In case that some agent 
was able to penetrate into the coating they 
must act as corrosion inhibitors too.  
 
Between the metal and the organic coating 
is applied a conversion coating whose main 
functions are to improve the adhesion 
between them and provide some corrosion 
resistance. The conversion coating can be 
an anodic film or a chemical conversion 
coating.  
 
The primers are applied directly on the 
conversion coating and its main function is 
to give resistance against corrosion. 
Nowadays, they normally are chromate 
products and can have around a 25% of 
chromate inhibitors. The most used one is 
strontium dichromate. The topcoats protect 
of mechanical damage and some of their 
components are UV absorbers in order to 
avoid coating photodegradation.    

 
EXPERIMENTAL PROCEDURE  
 

Test specimen definition 
 
The three aluminium alloys chosen for the 
performance of the tests are widely used in 
aeronautic applications and they are 
representative of the 2xxx, 7xxx and 6xxx 
series, specifically, they are the AA2024-T3, 
AA7175- T7351 and AA6061-T6.  Their 
dimensions are detailed in Table 1. 
 

Aluminium alloy Dimensions [mm] 

AA2024-T3 
125x80x1 to 4 

250x75x0.5 

AA6061-T6 250x75x0.8 to 1.3 

AA7175-T7351 125x80x1 to 4 

Table 1. Test specimen definition 

 

Test specimen preparation 
 
The samples preparation before performing the 
quality tests can be divided in three important 
successive steps: the pre-treatments, the 
anodising itself and the post-treatments.  
 



 

As it can be seen in Figure 3, the pre-
treatments consist of an alkaline pre-
degreasing, followed by an alkaline degreasing 
and an acid etching.  After each bath it is really 
important to rinse well the samples and 
remove all the products, otherwise if some 
product remains on the specimen they could 
damage the surface or contaminate the next 
bath.  
 
It was studied two different baths for the acid 
etching. The first one is the most widely used 
nowadays and has a hexavalent chromium 
compound, sodium dichromate. The second 
was studied as an alternative to the first bath 
with a non-chromate product, the Bonderite® 
Smutgo NCB. All tests were performed with 
both products to verify that the use of the new 
one does not compromise the effectiveness of 
the anodising and to confirm that the same 
results are achieved with both of them.   
 
Once the pre-treatments have been applied 
and the samples have been rinsed, they are 
ready to be anodised. The TSA electrolyte 
cycle applied is shown in Figure 2. 
 

  

Figure 2. TSA electrolyte cycle 

 
After the anodising and the proper rinsing, the 
post-treatments can be applied. It was studied 
the compatibility of three different current 
sealings: with demineralised hot water, with 
Bonderite® 1200S and with potassium 
dichromate. After their application the samples 
finally are rinsed and dried in oven.  
 
The process followed in the case of painted 
samples was slightly different. After the 
anodising and the proper rinsing the 
specimens are immediately dried. And they are 
painted within 24 hours after the anodising 
treatment. The paint applied was an epoxy 
primer, 37035A, and a polyurethane topcoat, 
Aerodur Finish C 21/100 UVR, both in use by 
Airbus. 

 
In the Figure 3 there is detailed the procedure 
with the products used and their working 
conditions. 

 

 
Figure 3. TSA anodising process 
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RESULTS 
 

Quality of the TSA anodic film 
 
The objective of this section is to study the 
quality of the TSA film. It is analysed the 
thickness, the coating weight, the corrosion 
resistance and the loss of the absorption 
power achieved by the anodic film.  
 
All the samples were immersed in the pre-
degreasing, the degreasing, the acid etching 
and the anodising baths. After them the 
samples did not receive any post-treatment. 
Only for the performance of the corrosion and 
the dye spot tests they were immersed in the 
sealing tank of hot demineralised water in 
order to close the pores of the TSA film. 
 
Three different parameters are compared and 
studied. First of all, if there is a significant 
difference between the coating films obtained 
on the three different alloys, or otherwise, if the 
results obtained are similar regardless its 
composition and its thermal treatment. Also, it 
is analysed if the etching bath has influence on 
the final results. It is verified if the new etching 
bath without chromium compromises the 
effectiveness of the anodising process and it is 
confirmed if the same results are achieved with 
both of them. And the last analysis done is the 
comparison between the values obtained with 
the TSA anodising and those obtained with the 
CAA anodising, to see if the first process is a 
really good substitute for the second one.  
 
All the information and values related with the 
CAA anodising tests were provided by the 
chemical laboratory at OGMA. The results 
presented in the next sections correspond to 
the quality control tests of February.  However, 
the comparison between the CAA and the TSA 
processes is only performed for the AA2024 
and AA7175 because they are the only 
representative alloys of its production right 
now. 
 
TSA coating thickness 
 
The thickness of the anodic film was measured 
according to ISO 2360 using the Elecometer 
355. The results obtained are shown in Table 
2. 
 
The coating thicknesses obtained on each 
alloy are not only homogeneous but also 
satisfactory. The thickness must be between 2 
and 7 µm and they are around 3 and 4 µm. 
Also it can be seen that they are similar, so, 
the TSA thickness film produced during the 

anodising process is not influenced by the 
composition or the heat treatment of the alloys 
tested. Analysing the thicknesses obtained in 
the same alloy but using a different etching 
bath, it cannot find any significant differences 
in the results either. 
 

Test specimen 
Thickness [µm] 

Material Acid etching 

AA2024 Bath 1 4.0 

AA2024 Bath 2 3.3 

AA7175 Bath 1 3.2 

AA7175 Bath 2 4.2 

AA6061 Bath 1 3.7 

AA6061 Bath 2 3.2 

Table 2. TSA coating thickness 

 
In the next table, Table 3, it is shown the 
thickness obtained with the CAA process 
provided by OGMA’s laboratory on four 
samples of AA7175 and four samples of 
AA2024.   
 

material 
thickness 

[µm] 
 material 

thickness 
[µm] 

AA7175 2.8  AA2024 3.7 

AA7175 2.9  AA2024 3.9 

AA7175 5.4  AA2024 3.9 

AA7175 4.2  AA2024 4.5 

Table 3. OAC coating thickness 

 
Comparing the Table 3 with the Table 2 it can 
be seen that in terms of coating thickness the 
results obtained with the TSA anodising are 
equivalent to those obtained with the CAA 
anodising.      
 
TSA coating weight 
 
The coating weight was calculated according 
to ISO 2106. The results obtained are shown in 
Table 4.  
 

Test specimen Coating weight 
[mg·dm

-2
] Material Acid etching 

AA2024 Bath 1 58.6 

AA2024 Bath 2 53.7 

AA7175 Bath 1 56.65 

AA7175 Bath 2 61.1 

AA6061 Bath 1 57.89 

AA6061 Bath 2 61.86 

Table 4. TSA coating weight 

 
The coating weight obtained must be higher 
than 22 mg·dm

-2
. So, it can be seen analysing 

the results that they are satisfactory in all the 
alloys. There is no significant difference 
between the coatings weights obtained on 
them. Regardless the composition and the 
thermal treatment, all three have very similar 
values. Comparing the results obtained on the 



 

same alloy but using a different etching bath, it 
is seen that they are almost equal, without 
significant differences.  
 
In the Table 5 there are the results obtained 
from the test specimens anodised with the 
CAA bath. There are three samples of the alloy 
AA7175 and three more of the alloy AA2024. 

 

material 
Coating 
weight 

[mg·dm
-2

] 
 material 

Coating 
weight 

[mg·dm
-2

] 

AA7175 59.74  AA2024 53.39 

AA7175 59.63  AA2024 53.28 

AA7175 60.17  AA2024 54.14 

Table 5. CAA coating weight 

 
Comparing the coating weights obtained with 
the TSA anodising with those obtained with the 
CAA anodising, it can be concluded that they 
are equivalent.  
 
TSA coating corrosion resistance  
 
The corrosion resistance of the anodic film was 
evaluated according to ISO 9227. As in the 
case of the CAA film, it is considered that the 
TSA film gives a good protection against 
corrosion when at least they can protect the 
aluminium alloys for 96 hours inside the salt 
spry chamber after the sealing with hot water. 
After this period on the samples’ surfaces 
cannot appear any irregular dark grey area 
such as marks, streaks or spots. It can have at 
most 2 pits·dm

-2
 and any of them can exceed 

0.8 mm in diameter. The results obtained are 
shown in Figure 4.   
 

 

Figure 4. TSA coating corrosion resistance:            
(1) AA7175, (2) AA6061 and (3) AA2024  

 
The test demonstrates that the TSA film is able 
to give the same corrosion protection than the 
CAA film. It is verified its compatibility with the 
three alloys tested regardless of the 
composition and the heat treatment received. 
And also it is checked that the results obtained 

using the Bonderite® Smutgo NCB are 
excellent. 
 
TSA coating degree of sealing 
 
The degree of sealing of the TSA coating is 
evaluated checking its resistance to a dye spot 
with prior acid treatment according to ISO 
2143. In order to pass the test the coloration 
reaming on the samples must be weak and its 
classification, from 0 (total loss of absorptive 
power) to 5 (null loss of absorptive power), has 
to be 0, 1 or 2. Results are presented in Figure 
7.   
 

Test specimen 
Classification 

Material Acid etching 

AA2024 Bath 1 1 

AA2024 Bath 2 1 

AA7175 Bath 1 1 

AA7175 Bath 2 1 

AA6061 Bath 1 1 

AA6061 Bath 2 1 

Table 6. TSA coating degree of sealing 

 
On all the alloys tested, regardless of the 
chemical composition and the heat treatment, 
is achieved a good degree of sealing able to 
repel the dye spot. All of them present a high 
loss of absorptive power. Once again, the 
results obtained are satisfactory with both, the 
samples immersed in the first etching bath and 
the ones immersed in Bonderite® Smutgo 
NCB.  
 

Quality of the post-treatments 
 
In this section it is studied and analysed the 
compatibility of the TSA coating film with the 
different post-treatments. One of the TSA film 
main functions is to provide and facilitate a 
good adhesion between the aluminium alloy 
and the post-treatments, for this reason it is 
fundamental to check if exists a perfect link 
and compatibility between both and if they 
provide a good protection to the alloy. 
Depending on the post-treatment it was 
performed different types of tests in order to 
check its quality. For the potassium dichromate 
it was performed two tests: it was checked its 
corrosion resistance and its degree of sealing. 
In the case of the specimens with Bonderite® 
1200S it was performed only the corrosion 
resistance test. And for the painted samples it 
was analysed the adhesion achieved.           

 
Post-treatments corrosion resistance 
 
The corrosion resistance test for the post-
treatments was performed according to ISO 

1 

2 3 



 

9227. They are considered to give a good 
corrosion resistance when after 336 hours of 
exposure inside the spry salt chamber the 
samples show less than 2 pits·dm

-2
 and any of 

them exceed 0.8 mm in diameter.  On the test 
specimen’s superficies cannot be any irregular 
dark grey areas such as spots, streaks or 
marks. 
 
Potassium dichromate 
 
In the Figure 5 and Figure 6 there are the 
results obtained after the corrosion test on the 
samples with potassium dichromate.  
 

 

Figure 5. Potassium dichromate corrosion test with 
etching bath 1: (4) Alloy 2024, (5) Alloy 7175 and  

(6) Alloy 6061 

 

 

Figure 6. Potassium dichromate corrosion test with 
etching bath 2: (7) Alloy 2024, (8) Alloy 7175 and  

(9) Alloy 6061 

 
As it can be seen, the results obtained are 
completely satisfactory because after 336 
hours of exposure there is no evidence of 
corrosion on any of the test specimens. It can 
be concluded that the potassium dichromate is 
completely compatible with the coating film 
produced in the TSA anodising bath in the 
case of all the alloys tested and confirm that 
their combination provide the corrosion 
resistance required.  
 
Comparing the test specimens immersed in the 
two different acid etching baths, it can be 
affirmed that using the Bonderite® Smutgo 
NCB the results achieved in terms of corrosion 
resistance are equivalent to those obtained 
with the etching bath with chromium.    
 

Bonderite® M-CR 1200S Aero 
 
In the following two Figures, Figure 7 and 
Figure 8, it can be seen the results obtained 
after the corrosion test on the samples with 
Bonderite® 1200S.  
 

 

Figure 7. Bonderite® 1200S corrosion test with 
etching bath 1: (10) Alloy 2024, (11) Alloy 7175 and          

(12) Alloy 6061 

 

 

Figure 8. Bonderite® 1200S corrosion test with 
etching bath 2: (13) Alloy 2024, (14) Alloy 7175 and          

(15) Alloy 6061 

 
As it can be seen in the above figures, on the 
alloys AA7175 and AA6061 has not appeared 
any corrosion, so they have passed the test 
successfully. There is a really good 
compatibility between the TSA film and the 
Bonderite® 1200S on them, and as a result, 
these treatments give a very good protection. 
In the case of these alloys the same 
satisfactory results are achieved with the two 
etching baths. 
 
In the case of the alloy AA2024, the results are 
completely different and it has not passed the 
corrosion resistance test. Corrosion began to 
appear after only 144 hours inside the salt 
spray chamber, and as it can be seen, the 
samples have a high grade of corrosion after 
336 hours of exposure. 
 
The corrosion has appeared on both samples, 
on the samples immersed in the first acid 
etching bath and on the samples immersed in 
the second one. Therefore, it can be concluded 
that the problem is not related with the acid 
etching.  
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In order to see if it is possible to achieve better 
results, the test was repeated on the AA2024 
modifying different parameters. In order to 
eliminate the corrosion originated on the 
samples where the wire was placed, it was 
tested as an alternative method of subjection a 
titanium rack. The second action was to isolate 
the edges of the samples in order to reduce 
the corrosion originated in this zone. And 
finally, it was verified if incrementing the time of 
immersion in the Bonderite® 1200S bath or 
modifying the drying process was achieved 
and improvement. 
 
The results obtained are shown in Figure 9. 
The specimen 18 followed the same process 
as the previous ones but it was immersed with 
the titanium rack instead of using the wire. The 
specimen 19 was immersed with the titanium 
rack too and it was immersed in the 
Bonderite® 1200S tank for 3 minutes instead 
of 2. The samples 16 and 17 were immersed 
with the titanium rack and their edges were 
isolated with adhesive tape, both were 
immersed for 2 minutes but the sample 16 was 
dried with compressed air and in oven and the 
other one only with compressed air. As it can 
be seen, although the zones with corrosion 
were reduced it was not possible to eliminate 
them completely.   

 

 

Figure 9. Repetition of the Bonderite® 1200S 
corrosion test on the AA2024 

 
The negative result on the alloy AA2024, 
whose main alloying element is copper, can be 
related to its composition. According to the 
study conducted by García Rubio, the 
morphology of the anodic film depends on the 
alloy. If it has a high copper alloying element 
the anodic film presents distorted porous, 
whereas if the containing is lower present 
organised films. The corrosion resistance is 
also affected for the alloy composition. Anodic 
films with high copper tend to degradation 
whereas those with low copper content present 
a better sealing. [3] 
 
After the analysis performed it can be 
concluded that the Bonderite® 1200S as a 
post-treatment is compatible with the TSA 
anodising in the case of the alloys AA7175 and 
AA6061.  

In the case of AA2024, although it was 
possible to reduce the initial corrosion, it was 
not entirely eliminated and did not pass the 
corrosion test. 
 

Post-treatment dye spot resistance 
 
Potassium dichromate 
 
The performance of this test verifies if there is 
a good compatibility between both, the TSA 
anodising film and the potassium dichromate, 
checking if it was achieved a good quality of 
sealing. After the application of the dye spot 
the coloration remaining on the samples must 
be weak. In order to pass the test, the 
classification, from 0 (total loss of absorptive 
power) to 5 (null loss of absorptive power), has 
to be lower than 2.  In Table 7 there are the 
obtained results.  
 

Test specimen 
Classification 

Material Acid etching 

AA2024 Bath 1 2 

AA2024 Bath 2 1 

AA7175 Bath 1 1 

AA7175 Bath 2 1 

AA6061 Bath 1 1 

AA6061 Bath 2 1 

Table 7. Potassium dichromate dye spot test 

 
It can be concluded that the potassium 
dichromate on the TSA anodising film achieves 
a good quality of sealing for all the alloys, 
regardless of its chemical composition and its 
heat treatment. The results of the test are very 
satisfactory on all the samples regardless the 
acid etching bath applied, since it is confirmed 
the loss of absorptive power on all of them. 
 

Paint adhesion 
 
The paint adhesion test was performed 
according to ISO 2409. It was performed the 
dry and wet adhesion tests on samples painted 
with primer (P) and samples painted with 
primer plus topcoat (P+TC). This test checks if 
the TSA coating film gives a good link between 
the aluminium alloy and the paint applied on 
the samples.  The results obtained are shown 
in the next sections. In order to pass the test 
the detachment degree, from 0 (any paint 
detachment) to 5 (high paint detachment), 
must be 0 for the dry adhesion test and 0 or 1 
for the wet adhesion test.   
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Dry paint adhesion test 
 
In Table 8 and Table 9 it can be seen the 
results obtained in the dry adhesion test. 
 

Test specimen 
Classification 

Material 
Acid 

etching 
Paint 

AA2024 Bath 1 P 0 

AA2024 Bath 1 P 0 

AA2024 Bath 2 P 0 

AA7175 Bath 1 P 0 

AA7175 Bath 1 P 0 

AA7175 Bath 2 P 0 

AA6061 Bath 1 P 0 

AA6061 Bath 1 P 0 

AA6061 Bath 2 P 0 

Table 8. Dry adhesion test on samples painted with 
primer 

 
Test specimen 

Classification 
Material 

Acid 
etching 

Paint 

AA2024 Bath 1 P+TC 0 

AA2024 Bath 1 P+TC 0 

AA2024 Bath 2 P+TC 0 

AA7175 Bath 1 P+TC 0 

AA7175 Bath 1 P+TC 0 

AA7175 Bath 2 P+TC 0 

AA6061 Bath 1 P+TC 0 

AA6061 Bath 1 P+TC 0 

AA6061 Bath 2 P+TC 0 

Table 9. Dry adhesion test on samples painted with 
primer plus top coat 

 
Analising the results obtained it can be 
concluded that the TSA coating film gives very 
good adhesion between the three different 
alloys tested and the applied paint in both 
cases, with only primer and with primer plus 
top coat. Analysing the differences between 
the samples immersed in the bath of 
Bonderite® Smutgo NCB with those 
submerged in the first etching bath, it can be 
seen that there are no significant differences 
as the degrees of paint detachment obtained in 
both cases are equal. 

 
Wet paint adhesion test 
 
In Table 10 and Table 11 are presented the 
results obtained with the wet paint adhesion 
test. 
 
It can be concluded that the TSA film gives a 
good adhesion between the three alloys tested 
and the applied paint, in both cases, with only 
primer and with primer plus top coat. The same 
good results are achieved on the samples 
immersed in the first acid etching bath and on 

the specimens immersed in the Bonderite® 
Smutgo NCB bath. 
 

Test specimen 
Classification 

Material 
Acid 

etching 
Paint 

AA2024 Bath 1 P 0 

AA2024 Bath 1 P 0 

AA2024 Bath 2 P 0 

AA7175 Bath 1 P 0 

AA7175 Bath 1 P 0 

AA7175 Bath 2 P 0 

AA6061 Bath 1 P 0 

AA6061 Bath 1 P 0 

AA6061 Bath 2 P 0 

Table 10. Wet adhesion test on samples painted 
with primer 

 
Test specimen 

Classification 
Material 

Acid 
etching 

Paint 

AA2024 Bath 1 P+TC 1 

AA2024 Bath 1 P+TC 0 

AA2024 Bath 2 P+TC 1 

AA7175 Bath 1 P+TC 1 

AA7175 Bath 1 P+TC 1 

AA7175 Bath 2 P+TC 1 

AA6061 Bath 1 P+TC 0 

AA6061 Bath 1 P+TC 0 

AA6061 Bath 2 P+TC 0 

Table 11. Wet adhesion test on samples painted 
with primer plus top coat 

 

CONCLUSIONS 
 
The TSA film obtained on the three alloys 
tested (AA2024, AA7175 and AA6061) is 
comparable to the CAA film in terms of 
thickness, coating weight, corrosion resistance 
and degree of sealing.  

 
The TSA anodic film provided good adhesion 
between the three  aluminium alloys tested and 
the organic coating in use by Airbus, the primer 
37035A and the topcoat Aerodur Finish C 
21/100 UVR. Both of them passed with 
excellent results the dry and wet adhesion 
tests. 

 
Potassium dichromate post-treatment is 
compatible with the TSA anodic film on the 
three alloys tested. They provided the required 
corrosion resistance and achieved a high 
quality of sealing. 
 
The Chemical Conversion Coating Bonderite® 
M-CR 1200S Aero is compatible with the TSA 
anodic film on the alloys AA6061 and AA7175, 
however, not on the alloy AA2024. The first 
two passed with great results the salt spry test 
but on the AA2024 corrosion appeared after 



 

only 144 hours inside the salt spray chamber 
and it had a high grade of corrosion after 336 
hours of exposure. 
 
Bonderite® Smutgo NCB did not affect the 
effectiveness of the TSA anodising and is 
completely compatible with the process. It is a 
good non-chromate substitute for the current 
etching bath composed of sodium dichromate, 
sulphuric acid and hydrofluoric acid. 
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