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Experimental Design - An Overview 
 
In May of 1994, racks of corrosion samples were installed along the Oregon coast.  The 
aluminum alloy 3105 samples were mounted on utility poles in Astoria, Manzanita, Lincoln City, 
Gold Beach, Brookings, Portland, and Albany.  At each coastal location, samples were placed on 
four different poles at various distances from the coast (from as near as 50 feet to as far as 5 
miles).  The inland sites (Portland and Albany) have only one pole per site and are used as 
control sites.  Besides the 3105 alloys, 5052 and 6061 aluminum alloys were placed at all sites. 
 
Since installation, one rack was lost due to the pole being taken down by the phone company (in 
Lincoln City), but the rest of the poles and racks are still in place.   
 
In August of 1995, the aluminum samples were visually inspected, and the remaining six 3105 
aluminum samples in Lincoln City were removed for laboratory examination.  
 
 

Table I - Sample ID, distance from ocean, and sample facing 
for the 6 aluminum alloy samples removed from Lincoln City, 
OR after 15 months exposure.  All samples faced west and 
were orientated at 30E to the horizon. 

Sample ID Distance to Ocean Facing 
  (miles)  
─────────────────────────────────────────────── 
 18 0.043  Skyward 
 31 0.043  Groundward 
 12 0.5  Skyward 
 19 0.5  Groundward 
 17 3.0  Skyward 
 39 3.0  Groundward 
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Non-destructive x-ray analysis was used on the Lincoln City samples to obtain information about 
the nature of the corrosion products.  Because the analysis was performed while the corrosion 
products remained on the surface, aluminum peaks dominated the diffraction pattern, and relative 
peak-heights were different from normal.  Nevertheless, some minerals were identified as part of 
the corrosion products. 
 
Additional descriptions of the experimental design can be found within the paper "Microclimate 
Corrosion Effects in Coastal Environments," which is included at the end of this report. 
 
 
Results and Discussion - Visual Observations 
 
The 3105, 5052, and 6061 aluminum samples from the bridge and utility pole sites were visually 
examined after 15 months of exposure for corrosion and pitting.  There was no sign of pitting 
(but the corrosion products were not systematically removed).  However, localized corrosion was 
evident.  The localized corrosion generally took the form of a discontinuous or continuous 
network of gray etched areas, sometimes containing accumulations of white corrosion product.  
This network appeared to result from precipitation drying patterns.  In a few cases, the white 
corrosion product was wiped off, but no pitting was observed. 
 
Part of the visual observation process included estimating the fraction of the surface that was 
discolored.  The estimation was a rough one, since the observations were made from ladders and 
at times from awkward angles.  Nevertheless, Fig. 1 shows a comparison of the discoloration 
observed on the three aluminum alloys as a function of distance to the ocean.  Based on these 
observations, the following trends were seen:  Increasing the distance from the ocean decreased 
the corrosion attack--no corrosion was observed at the three inland sites.  The groundward facing 
samples were slightly less corroded than the skyward facing samples.  And overall, the corrosion 
of the 5052 was less than that of the 6061, which was less than that of the 3105. 
 
 
Results and Discussion - X-Ray Diffraction of Lincoln City Samples 
 
The non-destructive testing by x-ray diffraction on the unpolished, unprepared flat plates resulted 
in preferred orientations that led to non-standard relative intensities of the detected peaks.  
However, the material is still identifiable as primarily aluminum with very small traces of 
Al(OH)3 Gibbsite and AlO(OH) Diaspore (also referred to as basic aluminum oxide).  Gibbsite is 
well established as a mineral that forms on aluminum during atmospheric exposures.  Peak 
intensities are also disproportionate on the trace phases with some peaks disappearing into the 
pattern of a trace non-crystalline material.  Samples 12, 19, and 17 also have a very small trace 
of an unidentified additional phase.  The x-ray diffraction peaks are shown in Figs 2-7. 
 



Conclusions 
 
After 15 months of exposure to the three aluminum alloys: 
 
C No pitting was observed (but the corrosion products were not systematically removed for 

examination). 
 
C Corrosion generally took the form of a discontinuous or continuous network of gray 

etched areas, sometimes containing accumulations of white corrosion product.  This 
network appeared to result from precipitation drying patterns 

 
C The corrosion products were more prevalent nearer the ocean.  No corrosion products 

were visible on the inland site samples. 
 
C The groundward facing samples were slightly less corroded than the skyward facing 

samples.   
 
C The relative rankings of the alloys in terms of attractive appearance was: 5052 better than 

6061, which was better than 3105. 
 

C X-ray analysis of the 3105 samples from Lincoln City reveal the presence of Al(OH)3 
Gibbsite, AlO(OH) Diaspore (also referred to as basic aluminum oxide), and a trace non-
crystalline material.  Samples 12, 19, and 17 also have a very small trace of an 
unidentified phase. 

 





























Figure Captions 
 
Figure 1 - Percent discoloration (based on visual observations) as a function of the distance to the 
ocean for aluminum alloys exposed for 15 months along the Oregon coast. 
 
Figure 2a - X-ray diffraction results (primary peaks) for aluminum alloy 3105 exposed for 15 months 
0.043 miles from the ocean with a skyward facing (sample 18). 
 
Figure 2b - X-ray diffraction results (trace peaks) for aluminum alloy 3105 exposed for 15 months 
0.043 miles from the ocean with a skyward facing (sample 18). 
 
Figure 3a - X-ray diffraction results (primary peaks) for aluminum alloy 3105 exposed for 15 months 
0.043 miles from the ocean with a groundward facing (sample 31). 

 
Figure 3b - X-ray diffraction results (trace peaks) for aluminum alloy 3105 exposed for 15 months 
0.043 miles from the ocean with a groundward facing (sample 31). 

 
Figure 4a - X-ray diffraction results (primary peaks) for aluminum alloy 3105 exposed for 15 months 
0.5 miles from the ocean with a skyward facing (sample 12). 

 
Figure 4b - X-ray diffraction results (trace peaks) for aluminum alloy 3105 exposed for 15 months 0.5 
miles from the ocean with a skyward facing (sample 12). 

 
Figure 5a - X-ray diffraction results (primary peaks) for aluminum alloy 3105 exposed for 15 months 
0.5 miles from the ocean with a groundward facing (sample 19). 

 
Figure 5b - X-ray diffraction results (trace peaks) for aluminum alloy 3105 exposed for 15 months 0.5 
miles from the ocean with a groundward facing (sample 19). 

 
Figure 6a - X-ray diffraction results (primary peaks) for aluminum alloy 3105 exposed for 15 months 3 
miles from the ocean with a skyward facing (sample 17). 

 
Figure 6b - X-ray diffraction results (trace peaks) for aluminum alloy 3105 exposed for 15 months 3 
miles from the ocean with a skyward facing (sample 17). 

 
Figure 7a - X-ray diffraction results (primary peaks) for aluminum alloy 3105 exposed for 15 months 3 
miles from the ocean with a groundward facing (sample 39). 

 
Figure 7b - X-ray diffraction results (trace peaks) for aluminum alloy 3105 exposed for 15 months 3 
miles from the ocean with a groundward facing (sample 39). 
 




