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Abstract  
The atmospheric corrosion behaviour of AA6063 with exposure to FeCl3 containing deposits 
has been investigated using X-ray computed tomography (X-ray CT) analysis. A voluminous 
corrosion product cap with AlCl3, Al(OH)2Cl and/or Al(OH)Cl2 and large pores was 
observed, located on top of a layer of iron oxide deposits at the surface/interface of the 
aluminium sample. The iron oxide layer appeared continuous, with regions not covered by 
this layer showing excessive corrosion, most likely a direct result of a redox driven local 
corrosion cell. The work reported here aims to study the effect of FeCl3 on the rate of 
corrosion product formation and its effect on the structural integrity of AA6063 under 
atmospheric marine exposure conditions. 
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Introduction  
Alloy AA6063 is one of the most common aluminium alloys due to its high strength-to-
weight ratio and high resistance to corrosion. The alloy is typically used as window frames, 
heat exchangers in air-conditioning units, and heat dissipating industrial components. Its 
broad application as a structural material results in exposure to a wide variety of 
environments. Exposure to sea-salt containing droplet deposits, for example, can result in 
localised corrosion accompanied by corrosion products, which typically obscure the depth and 
severity of attack [1,2].   
 
Aluminium alloys and steel fasteners are often found in close proximity, exposing aluminium 
to rust and other Fe-containing corrosion products. The possibility of either galvanic coupling 
of steel components to AA6063 or the development of local redox cells can provide an 
electrochemical driving force for accelerated corrosion. Redox cells are often found around 
ferrous- or ferric-compounds coupled with aluminium [3,4].  
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Figure 1: Identification of information from CT scan 
reconstructions with associated interpretations. 

This paper sets out to investigate the exposure of Aluminium alloy 6063-T5 to Fe-containing 
solutions, here simulated in our experiments by using FeCl3 droplet exposures. The corrosion 
product formation is explored using a quasi in-situ x-ray CT approach [5], allowing for a 
detailed analysis in a non-destructive manner [6].  
 
Experimental Procedure  
A block of extruded aluminium alloy 6063-T5 with a chemical composition (wt. %) of 0.56% 
Si, 0.03% Mn, 0.20% Fe, 0.02% Ti, 0.02% Zn, 0.53% Mg and Al (bal.) was used in this 
study. The material had a hardness of 92 HV1. Rectangular coupons with dimensions of 
20mm x 20mm x 0.5mm (l x w x t) were prepared, with the surface first ground to 4000 grit, 
followed by a diamond polish to a 1µm finish. The samples were then electro polished in a 
20:80 (vol.%) perchloric acid - ethanol solution, by applying 20V for 1 minute, followed by 
immersion in distilled water, and drying in hot air. 

 
X-ray CT data was acquired with an XTH Nikon 320kV scanner, using an accelerating 
voltage of 140kV, with a current of 120µA. The exposure time per projection was 500ms. A 
tungsten target was used with a 0.25mm copper filter. 5013 projections were recorded with a 

field of view of 3192µm x 
2296 µm, giving a voxel 
resolution of 7µm. The time 
of each scan was around 1 
hour, with the data then 
reconstructed, filtered and 
grey-scale segmented. 
Identification of the various 
features in the tomography 
scan is carried out based on 
min./max. grey-scale values, 
with heavier elements 
appearing brighter on the 
radio-graph, inverse to the 
energy absorbed. A 
breakdown of what is 
observed is given in Figure 1.  
 
For the in-situ X-ray CT 

experiments, coupons were 
exposed to a 35µl droplet of 2M 
and 3M FeCl3 and left to 
corrode for 7 days. The sample 

was then scanned in the XTH Nikon scanner. Figure 2 shows the routine used for X-ray CT 
analysis. The humidity was monitored to ensure that it stayed within the 60-80% range 
throughout the experiment. This was achieved using a humidity logger. Large variations in 
the humidity can affect the corrosion rates as the local humidity influences the amount of 
water being present on the surface and therefore the concentration of the salt solutions.     
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Results and Discussion 
 
The information provided in the 3D X ray CT scans was used to determine the distribution of 
the corrosion products. Fe containing products seem to have formed a layer directly above the 
Surface/interface of the aluminium, shown in Figure 3. The corrosion products in the upper-
most layers contain large pores, as well as AlCl3, Al(OH)2Cl and/or Al(OH)Cl2, which form 
the more voluminous product cap. The iron deposits on the surface at the aluminium 
corrosion product interface contain various iron oxides. These corrosion products have been 
identified using XRD (X-ray diffraction), EDX (Energy Dispersive X-Ray Spectroscopy) and 
FTIR (Fourier Transform Infrared spectroscopy). 
 
The iron rich layer most likely played a major role in the inhibition of further corrosion 
directly beneath this layer. In contrast, larger metal loss in the form of locally corroded 
patches were observed at the periphery of this Fe-containing layer, observed in Figure 3 (a & 
b) after exposure to 2M and 3M FeCl3, respectively. The top layer appears to be brittle and 
porous, with the latter possibly related to preceding cathodic reactions at the sample surface, 
involving hydrogen evolution. The Fe layer appears continuous, with regions not covered by 
this layer showing excessive corrosion. This layer is most likely a direct result of a redox 
driven local corrosion cell, involving the reduction of ferric ions and oxidation of aluminium. 
 
 
 

Figure 2: Schematic procedure for corrosion testing of AA6063-T5 
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Figure 3: (a) X-ray CT slice showing a cross section of corrosion products, Iron rich deposits 
(white) are located directly above the surface of the aluminium base. The sample was exposed 
to a 35µl 2M droplet of FeCl3, (b) showing a cross section of corrosion products, with 
numerous pores, and an iron rich film on top. The sample was exposed to a 35µl 3M droplet 
of FeCl3. 

 
Conclusions 
• The effective application of X-ray CT for the analysis of marine corrosion and the 

development of corrosion products, in-situ, has been demonstrated. 
• A layering of the deposition of corrosion products and reactants has found, with the iron-

based products forming continuous iron oxide rich regions beneath a voluminous cap 
containing aluminium corrosion products and large pores. 

• The iron-rich layer seemed to inhibit corrosion directly beneath the continuous layer, with 
local corrosion observed at the circumference. 
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