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Abstract 

The USS Arizona is just one of the many ships scattered all around the waters of the world 

which has been corroding continuously since its untimely demise.  It is corroding in a salt water 

environment heavily populated by marine organisms and frequently disturbed by tourist and 

navy boats.  Due to this dynamic environment the USS Arizona resides in, there is a plethora of 

different factors affecting the rate at which the battleship is corroding which range from 

chemical factors such as dissolved oxygen content, mud composition, and salinity to physical 

factors such as erosion corrosion from boats and ocean currents [4.]  The purpose of this study 

is to investigate a couple of those factors and, in particular, to get a few steps closer to reaching 

the project-wide goal of completing a cohesive computer-based model of the corrosion of the 

USS Arizona.   

The six samples of USS Arizona steel that my graduate advisor, Nathan Saunders, and I 

received from Waipio Point, HI were tested in different pH-valued mock seawater solutions to 

determine the relative corrosion rates of the metal specimens when in contact with different 

environments.  Also, one of the steel samples was investigated to determine the mechanisms, 

extent, and effects of crevice corrosion occurring at the interfaces between rivets and steel 

plates.  These objectives were accomplished by doing potentiodynamic cathodic and anodic 

polarization (PaP) tests on the metal samples, completing x-ray diffraction (XRD) investigations 

on oxidation samples at the rivet-plate interface, determining weight percentages of crevice 

corrosion-inducing minerals, and analyzing microstructures and macrostructures of the metal 

samples.   
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It was found that the metal samples corroded at similar rates at pH 4 and 7; however 

corrosion rates steeply increased when we tested corrosion susceptibility in pH 2 solutions.  X-

ray diffraction showed that there were two common minerals in the rivet-plate interfaces, 

goethite and magnetite, which tells us that there is at least one crevice corrosion mechanism at 

work in the crevices from which we took oxidation samples.  The metal samples were 

reaffirmed as medium carbon steel based on their corrosion rate patterns and past research on 

carbon content of the steel sample [7], while the macroetch revealed plastic deformation 

around the rivet in plate A-6 based off of grain size and distribution.
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1. Introduction 

 Steel subjected to a marine environment for a considerable length of time will corrode 

by numerous mechanisms ranging from biofouling to erosion corrosion by waves and sand to 

ordinary oxidation by rusting.  This range of corrosion mechanisms can make the identification 

of a definite corrosion rate for any material in a marine environment difficult.  As such, in 1983 

collaborative research started under the Submerged Cultural Resources Unit and the National 

Park Service to document the state of one especially significant piece of United States history, 

the USS Arizona battleship, and begin working toward an evaluation of corrosion damage on 

the ship in order to determine when the ship will structurally fail and whether or not attempts 

should be made to preserve the ship [5.]   

This evaluation of corrosion can be based on many different topics and the aspects we 

chose to analyze were the effects of differing pH levels on corrosion rates, the effects of the 

microstructure and macrostructure of the steel on relative corrosion rates, and the effects of 

crevice corrosion on the steel.  There are a couple of ways to test each of these variables, but 

we chose to use potentiodynamic cathodic and anodic polarization (PaP) testing to determine 

the effects of different pH values on corrosion rates, polishing paired with microscopy and 

macroetching to investigate microstructure and macrostructure, and x-ray diffraction (XRD) and 

weight % evaluations to discover the presence and abundance of crevice corrosion products in 

between the rivets and plates of one of our steel specimens.  In this study, each of these test 

methods was used to determine the relative and overall corrosion rates of the metal used to 

build the USS Arizona. 
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2. Broader Impact 

The USS Arizona has been lying in solemn silence beneath the Pacific Ocean for almost 70 

years.  The ship serves the dual purpose of being a World War 2 memorial which represents the 

beginning of the ¦ƴƛǘŜŘ {ǘŀǘŜǎΩ ƛƴǾƻƭǾŜƳŜƴǘ ƛƴ ²ƻǊƭŘ ²ŀǊ н in the Pacific theatre and a mass 

grave for the 1,102 sailors and marines whose bodies were never recovered from the ship [5.]  

Yet, memories are not the only thing that still resides in the hull of the USS Arizona.  There are 

many shipwrecks around the coastal United States and southern Pacific Ocean that would be 

considered threats to the environment if they ever experienced a catastrophic structural failure 

strong enough to cause a collapse of the hull [6.]  This is because many ill-fated ships, including 

the USS Arizona, have a large supply of oil on board left over from their operational days [6.]  In 

particular, the USS Arizona has residual Bunker C fuel oil, a thick black viscous fuel oil [2,] 

remaining from its service in the Navy; it is a situation that should not be ignored.   

 In lieu of the memorial, cemetery, and environmental-related aspects of this project, it 

seems fitting that the USS Arizona receives full attention in regard to evaluating the state of the 

ship and preventing disaster from occurring at the memorial site in Pearl Harbor.  Our research 

holds the potential to provide helpful information on corrosion rates relative to pH levels, steel 

microstructure and macrostructure, and crevice corrosion that could aid the project as a whole 

in progressing towards the ultimate goal of producing a full structural model of the aging ship 

including all aspects of corrosion.  The preservation of the USS Arizona at the Pearl Harbor 

Memorial is vital to preserving a unique piece of United States naval history and protecting the 

environment of Pearl Harbor. 
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3. Procedure 

3.1 Materials 

Six samples of medium carbon steel from the USS ArizonaΩǎ superstructure (everything above 
the main deck) at Waipio Point, HI 

Lab grade sodium chloride 

Deionized water 

6M HCl 

Methanol or ethanol 

3.2 Equipment 

Potentiostat/Galvanostat 

Flat cell apparatus 

Polishing equipment 

Metal specimen mounting equipment 

Optical microscope 

Scanning electron microscope 

X-ray diffractometer 

Abrasive saw 

3.3 Potentiodynamic cathodic and anodic polarization testing 

Rectangular pieces of metal less than 1in x 1in were cut from our Waipio Point metal 

specimens with a band saw and an abrasive saw.  They were then cut to make sure they were 

less than 3/8in thick and polished using a 240 grit wheel followed by 400 grit and 600 grit 

wheels.  After that the samples were put in an ethanol (or methanol)-filled beaker, which was 

then placed in a sonic resonator bath, and subjected to sonic surface cleaning for five to ten 
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minutes.  Afterwards, the samples were rinsed off with ethanol and wrapped up in delicate task 

wipes until it was time for them to be tested.   

Lastly, the samples were individually tested in a flat cell apparatus by ASTM standard G-

61 and subjected to open circuit, linear polarization, and tafel testing in that order.  In each of 

these tests, the flat cell was filled with 3.56% NaCl solution prepared with deionized water that 

was mixed with HCl to produce the desired pH level for each test.  All mixing of solutions was 

done, of course, in a separate bottle before testing in the flat cell.  Based off of these tests, 

corrosion rates were produced from a data analysis program on the computer and recorded for 

each metal sample with each different solution.  Appendix A contains a description of the 

potentiodynamic polarization testing analyses.   

3.4 Microscopy 

Rectangular pieces identical to those described in the previous subsection were cut 

from the Waipio Point samples.  They were then mounted in phenolic powder and polished on 

grinding wheels in this order: 240, 400, 600, 800, and 1200 grits followed by a 1 micron wheel, 

and a 0.3 micron wheel to finish.  The pieces were then rinsed with ethanol or methanol to 

remove polishing residue and etched with a 2% Nital solution.  The etching entails brushing a 

polished surface with the nital, waiting a few seconds for the etchant to make the surface 

cloudy, and then rinsing the sample off with ethanol to protect the surface from further 

corrosion.  Following this the samples were dried using a hot air hand dryer and then observed 

via an optical microscope. 
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3.5 Macroetching 

A piece of plate A-6 approximately 3in x 3in in size, which included a rivet and three 

layers of steel plates, was subjected to macroetching.  The surface under observation was 

polished and then cleaned to remove any debris from the cutting process.  Afterwards, it was 

submerged in a 3M HCl solution for an hour.  Next, the sample was taken out of the HCl bath 

and rinsed with hot water followed by an ethanol (or methanol) rinse to preserve the specimen.  

Finally, the specimen was dried using a hot air hand dryer and examined on a well-lit surface for 

visible granular and structural properties. 

3.6 Crevice corrosion analysis 

Plate A-6 was cut in a fashion that split the rivets which were connecting three steel 

plates together in half.  The crevices between plates and the rivets (Figure 1) were observed 

with the naked eye and a 10x zoom spy glass for areas of noticeably accelerated crevice 

corrosion.  The rivets were then hammered loose from the plates and the oxidation from the 

plate-rivet interfaces was scraped off.  These oxidation samples were pulverized and then 

analyzed using XRD ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ƻȄƛŘŀǘƛƻƴǎΩ compositions. Lastly, weight percentages of 

goethite and magnetite were taken to determine how prevalent the crevice corrosion 

mechanism was. 
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Figure 1: Source of Oxidation Samples 

 

 

 

4. Results 

4.1 PH Testing 

The six metal samples (Figure 3) we tested from the USS Arizona were all tested in a flat 

cell (Figure 2) linked to a potentiostat and a computer (Figure 4) for data analysis. 

 

     Figure 2: Flat Cell 
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Plate A-1 

 

Plate A-2 

 

Plate A-3 

 

Plate A-4 

Figure 3: Metal Samples of the USS Arizona 

 

Plate A-5 

 

Plate A-6 

 

Plate A-6 with Rivet Portion Removed 
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          Figure 4: Flat Cell, Potentiostat, and Computer Apparatus 

 

Some of the trends we discovered during the course of our PaP testing were expected 

while others were quite unexpected.  The main trend we found, which matched up with past 

research we found that dealt with medium carbon steel being tested in aerated water [3,] was 

that between pH 4 and 7 corrosion rates of the same metal at both pH-levels varied minimally 

(within ten mpy (mils per year,) with one mil equal to one thousandth of an inch) and showed 

few patterns in relation to corrosion rates.  The pH 2 solution we tested with always gave 

corrosion rate results around an order of magnitude higher than those found when testing pH 4 

and 7 solutions.  This also goes along with the research we found [3.]  When the pH of the 

mock-seawater solution was below pH 4, corrosion rates greatly increased.  The full corrosion 

rate data is displayed in Table 1. 
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Table 1: Corrosion Rates of USS AZ Samples 

  Sample  Corrosion Rate (mpy) based on pH 

  pH 7 pH 4 pH 2 

  Plate A-1 18.76 6.77 180.4 

  A-2 12.28  7.92 425 

  A-3 11.15 16.94 290.6 

  A-4 17.15 5.102 44.56 
  A-5 9.314 10.11 248.6 

  A-5 rivet 18.98 10.98 93.25 

  A-6 top of rivet 0.564*  20.083 250.3 

  A-6 middle of rivet 8.019 9.824 294.1 

  A-6 bottom of rivet       

  A-6 Plate 1 12.39 1.081   

  A-6 Plate 2       

  A-6 Plate 3       
*  Sample was tested under less than ideal test conditions 

²Ŝ ŘƛŘƴΩǘ ŦƛƴŘ ŎƻƴŎǊŜǘŜ ŜǾƛŘŜƴŎŜ ƻŦ Ƴŀƴȅ ŎƻǊǊƻǎƛƻƴ ǊŀǘŜ ǇŀǘǘŜǊƴǎ ōŜǘǿŜŜƴ ŀƴŘ ŀƳƻƴƎ 

samples of metal.  We found some evidence based off of pH 4 tests that the top of the rivet in 

plate A-6 may be corroding faster than the pieces of steel around it, however the results of pH 

2 and 7 testing on these same pieces suggested different trends. 

4.2 Microscopy 

 The microscopy showed us that there are a high amount of inclusions in the steel 

samples from the USS Arizona.  This helps us characterize the steel that was used to make the 

ship.  Seeing as the ship was built in 1915, it can be expected that inclusions would be 

significantly more prevalent than they are in steel today.  There was little out of the ordinary in 

terms of observations on the microstructure of the USS AZ samples, as is shown in Figures 5-9.  
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They were all hypoeutectoid in carbon content with fine and/or coarse pearlite observed in the 

structure and proeutectoid acicular ferrite at the prior austenite grain boundaries.  We 

observed banding in the microstructure of a plastically deformed piece of plate A-4.  Banding 

usually prompts higher ŎƻǊǊƻǎƛƻƴ ǊŀǘŜǎΣ ōǳǘ Ƙƻǿ ƳǳŎƘ ƘƛƎƘŜǊ ƛǎ ǎƻƳŜǘƘƛƴƎ ǿŜ ŘƻƴΩǘ ƪƴƻǿ.  

 

Figure 5: Micrograph of Plate A-4 
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Figure 6: Micrograph of Plate A-5 

 

    

Figure 7: Close-Up Micrograph of Plate A-5 
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Figure 8: Micrograph of Plate A-5 Rivet 

 

Figure 9: Micrograph of Plate A-6 Rivet 

 

 


